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CHLORALAMID.— Introduced  in  1889  by  Professor 
Vdii  Mering  as  an  hypuotic.  It  is  formed  by  tlie  com- 
binatiun  of  one  part  of  formamide,  C'HO.XHo,  with  two 
parts  of  cldoral  anhydride,  OC'ljCIIO.  Its  fornuda  is 
CClsCH.OH.CONHi.and  would  more  correctly  be  named 
cliloral-formamidc.  or  foriniate  of  chloral.  The  produc- 
tion of  this  compound  is  due  to  the  efforts  of  chemists  to 
introduce  into  chloral  some  known  stimulant  to  over- 
come the  depression  of  the  circulation  that  accompanies 
the  use  of  chloral.  This  von  Merinjr  thought  he  had  ac- 
complished, as,  after  absorption,  chloralamid  is  decom- 
posed by  the  alkalies  in  the  blood  into  chloral  and  am- 
monium" formate.  The  latter  exercises  a  stimulating 
effect  upon  the  heart  and  circulation.  In  addition  to  this 
absence  of  a  depressing  effect,  other  advantages  over 
chloral  are  claimed:  It  is  much  less  disagreeable  in  taste, 
and  more  soluble,  characteristics  which  render  it  easy  of 
administration.  It  is  less  irritating  to  the  stomach,  docs 
not  derange  the  digestive  organs,  and  seldom  causes  head- 
ache, giddiness,  or  any  disturbance  of  the  nervous  S3'stem. 

It  occurs  in  white  crystals  which  have  a  faintly  bitter 
tasteand  no  odor,  and  are  neutral  in  reaction.  Itis  soluble 
in  ten  parts  of  cold  water  and  in  one  and  a  half  parts  of 
alcohol.  The  salt  should  never  be  dissolved  in  hot  water, 
nor  heated  above  120'  F.,  as  at  that  temperature  it  is  de- 
composed. It  is  also  decomposed  by  alkalies  and  alkaline 
carbonates.  It  is  compatible  with  weak  acids,  which  in- 
crease its  solubility  and  render  the  .solution  more  stable. 

Chloralamid  has"  not  replaced  chloral  hydrate  nor  has  it 
been  very  generally  cmploj'cd,  as  its  advantages  are  not 
very  e\idcnt.  Whether  it  is  less  depressant  than  chloral 
hydrate  or  not,  is  a  question  that  has  caused  much  dif- 
ference of  opinion.  Recent  researches,  however,  seem  to 
have  shown  that  the  formiate  does  exert  a  beneficial 
effect  upon  the  circulation,  especially  when  administered 
by  the  stomach.  It  is,  however,  not  devoid  of  depress- 
ant action,  and  when  introduced  directly  into  the  circu- 
lation, as  in  hypodermic  use,  it  differs  very  little  froiu 
chloral  hydrate.  In  considering  tlie  differences  between 
the  two  drugs,  the  relative  proportion  of  chloi-al  anliy- 
dride  in  each  must  be  kept  in  mind,  1  part  of  the  anhy- 
dride being  present  in  1.3  part  of  chloralamid  and  1.1  part 
of  chloral" hydrate.  With  many  it  is  thought  that  this 
difference  in  strength  really  represents  the  difference  in 
action  between  the  two  drugs.  It  has  also  been  found 
that  chloralamid  is  less  repidly  absorbed  from  the  stom- 
ach, which  renders  it  more  slow  and  gradual  in  its  action. 

Chloralamid  is  employed  as  a  sedative  and  hypnotic  in 
all  the  conditions  in  which  chloral  hydrate  is  indicated; 
notwithstanding  its  reputed  safety  when  there  is  cardiac 
weakness,  it  is  advisable  to  employ  it  in  such  cases  with 
caution. 

The  dose  advised  when  the  drug  was  first  used  was 
from  gr.  xx.  to  xlv.,  and  this  has  been  verj-  generally  ad- 
hered to.  The  average  dose  employed  is  about  gr.  xxx. 
As  a  rule,  it  is  advisable  to  begin  with  a  smaller  dose  of 
gr.  XV,  to  gr.  XX.,  when  the  insomnia  is  not  accompanied 
by  pain  or  excitement.  On  account  of  its  solubility  in 
alcohol,  chloralamid  is  easily  given  in  solution  diluted 
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with  some  aromatic  elixir.  Brandy  or  whiskey  is  a  fa- 
vorite means  and  adds  to  its  beneticial  action.  If  alco- 
holic solution  is  not  desired,  dilute  hydrochloric  acid  will 
be  found  to  serve  the  purpose.  It  may  also  be  given  in 
cachets.  For  whooping-cough  and  other  spasmodic  af- 
fections, it  is  given  in  doses  of  gr.  ij.  every  two  hours. 
Enema ta  may  also  be  employed  when  s\ich  a  means  of  ad- 
ministering the  drug  is  desired.  The  following  formula 
is  recommended  for  this  purpose  :  chloralamid,  gr.  xiv. ; 
dilute  hydrochloric  acid,  gtt.  iij. ;  alcohol,  gtt.  xx. ; 
water,  3  iij.  Beaumont  Small. 

CHLORALIMID.— (Trichlor-cthyliden-imide),  001,,  CH- 
NH.  This  svilistance  is  obtained  by  the  action  of  acetate 
of  ammonia  on  chloral  hydrate:  it  ma.v  also  be  formed 
bj-  heating  chloral  ammonia.  It  is  a  crystalline  acidular 
powder  without  taste,  smell,  or  color,  insoluble  in  water, 
.soluble  in  alcohol,  ether,  and  oils.  It  is  not  affected  by 
heat  or  moisture.  It  possesses  properties  similar  to 
those  belonging  to  chloralamid,  but  is  more  active.  As 
an  hypnotic,  it  is  given  in  doses  of  from  gr.  v.  to  xxx. 
It  is  introduced  as  a  substitute  for  chloral  hydrate  and 
chloralamid.  It  has  not  the  acrid  taste  of  the  former  nor 
the  bitter  taste  of  the  latter.  In  smaller  doses  it  is  said  to 
have  an  antipyretic  and  analgesic  action.  This  drug  has 
not  been  used  to  any  extent,  and  its  superiority  to  chloral- 
amid has  yet  to  be  determined.  Beaumont  Small. 

CHLORATES.     See  Potamum  and  Sodium. 

CHLORATES,  POISONING  BY.— When  we  speak  of 

poisoning  by  chlorates  we  have  in  mind  chietiy  the  poison- 
ing liy  chlorate  of  potassium,  of  which  there  arc  already  a 
goiidiy  numlier  of  cases  on  record.  It  is,  however,  gen- 
erally conceded  that  the  poisoning  is  mainly  due  to  the 
chlorate  ion  of  this  salt.  We  can  also  readily  cause  poi- 
soning by  the  sodium  chlorate,  and  it  is  even  claimed  that 
the  ammonium  salt  is  the  most  poisonous  of  all  the  chlo- 
rates. The  greater  frequency  of  poisoning  by  the  potas- 
sium salt  is  due  to  its  frequent  use.  On  the  erroneous 
supposition  that  the  readily  oxidizing  potassium  chlorate 
will  give  up  oxygen  to  the  tissues  and  fluids  of  the  ani- 
mal body,  this  salt  was  extensively  employed  throughout 
the  entire  nineteenth  century  as  a  therapeutic  agent  for 
all  sorts  of  diseases  (von  Mering '). 

It  is,  however,  a  noteworthy  fact  that,  with  a  few  ex- 
ceptions, the  record  of  poisoning  by  chlorate  of  potassium 
is  practically  not  much  older  tlian  the  last  two  decades, 
i.e.,  since  the  danger  of  this  therapeutic  agent  was  im- 
pressively broughtto  the  minds  of  the  medical  profession 
by  the  writings  of  A.  Jacobi-  and  F.  Marchand'  at  the 
end  of  the  seventies. 

The  tirst  case  on  record  is  apparently  that  which  oc- 
curred in  Tulle,  France,  and  which  was  described  by 
Chevalier  ■•  in  18.").1.  A  man  took  20  gm.  of  the  salt  for  two 
days  and  died  manifesting  violent  symptoms.  This  case 
attracted  considerable  attention,  and  was  apparently  the 
incentive  for  the  toxicological  studies  of  potassium  chlo- 
ate  which  began  in  France  earlier  than  in  other  countries.' 
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riilorides. 


REFEKEKUiS  HANDBOOK  OF  THE  ILEDICAL  SCIENCES. 


There  is  one  other  case  that  deserves  especial  mention.  It 
is  the  tragic  death  of  Dr.  Fountain,  of  E'avenport,  Iowa. 
This  pliysieian.  a  great  admirer  of  potassium  clil(  irate,  read 
a  paper  in  1859  at  tlie  meeting  of  the  American  Medical 
Association,  enthusiastically  recommending  tliis  salt  in 
tlie  treatment  of  pulmonary  tuberculosis.'  This  paper 
called  forth  considerable  discussion  and  not  a  little  adverse 
criticism.  As  an  answer  to  the  statement  of  Osborne ' 
thateveu  fifteen  grainsof  this  drug  sometimes  cause  seri- 
ous svmptoms.  Fountain  took  repeatedly  half-ounce  doses 
without  harmful  effects.  In  1800  Dr!  Elsberg,  of  New 
York,  prescribed  potassiiuii  chlorate  as  a  gargle.  The 
patient  took  it  internally  (about  20  gm.  daily)  and  died 
after  four  days.  A  coroner's  juiy  of  physicians  gave  the 
verdict  that  death  was  due  to  poisoning  b\'  potassium 
chlorate.*  Incensed  by  this  verdict  and  to  prove  the 
innocuousness  of  this  salt.  Fountain  took  on  the  22d  of 
March,  1861,  an  ounce  of  it  in  a  single  dose — and  died  on 
the  29th  of  the  same  month  under  complete  anuria.' 

The  poisoning  cases  on  record  were  brought  about 
mostly  by  taking  a  large  dose  of  the  .salt  either  to  com- 
mit suicide  or  to  induce  criminal  abortion ;  or  it  was 
taken  by  mistake  instead  of  a  cathartic  salt,  or  the  direc- 
tions of  the  phj'sician  were  misunderstood  and  it  was 
taken  internally  instead  of  being  used  as  a  gargle.  There 
is  no  doubt,  however,  that  a  good  many  cases  of  poison- 
ing, and  more  than  were  reported,  occurred  wlien  the  sjilt 
was  taken  internally  for  therapeutic  purposes ;  and  a  few, 
it  seems,  even  when  it  was  used  as  a  gargle.  But  the 
symptoms  of  the  poisoning  resembled  so  much  the  symp 
toms  of  the  disease  for  which  the  salt  was  taken — diph- 
theria, for  instance — that  the  fatal  outcome  was  often 
enough  attributed  to  the  disease  ratlier  than  to  the  drug. 

The  clinical  sj-mptoms  wliich  attracted  attention  in 
the  earliest  observations  were  those  pertaining  to  the 
gastro-intestinal  tract.  Later  on,  dysuric  symptoms  were 
recognized,  and  many  writers  spoke  of  liemorrhagic 
nephritis.  In  the  last  quarter  of  the  century,  however, 
the  attention  o*  writers,  especially  of  experimental  in- 
vestigators, was  attracted  by  the  peculiar  changes  in 
the  blood.  Indeed,  it  had  been  early  observed  that  ex- 
travascular  blood  becomes  bright  red  when  mixed  with 
potassium  chlorate,  and  this  was  taken  as  a  sign  of  the 
oxygenation  of  the  blood  by  the  salt.  The  increased 
brightness,  however,  is  due  not  to  "arterialization  "  but 
to  the  greater  reflexion  of  light  on  account  of  the  dimin- 
ished transparency  of  the  chloratized  blood.  Moreover, 
the  bright  color  very  soon  gives  way  to  a  chocolate  or 
sepia  color  which  was  first  observed  by  Isambert'"  in  the 
extravascular  blood  as  well  as  in  the  blood  of  animals 
poisoned  by  chlorate  of  jjotassium.  Jaderholm  "  was 
the  first  to  recognize  that  the  dark  color  was  due  to 
the  formation  of  methsemoglobin  in  the  blood.  This 
subject  has  been  extensively  studied  by  JIarchand  '-  and 
by  many  subsequent  investigators." 

Methoemoglobin  is  neither  an  oxidation  nor  a  reduction 
product  of  oxyha>moglobin,  as  has  been  assumed,  but  is 
rather  isomeric  with  it.  Jletluemoglobin,  however,  does 
not  give  up  its  oxygen  as  readily  as  oxyha-moglobin. 
Methijemoglobin  is  recognized  by  an  absorption  band  at  the 
red  end  of  the  spectrum  between  C  and  D.  Carbonic  acid, 
higher  temperature,  and  diminished  alkalinity  of  the  blood 
favor  its  formation.  Potassium  chloi-ate  at  first  causes 
the  formation  of  methsmoglobin  within  the  red  cells,  but 
the  latter  is  subseqtiently  dissolved  into  the  serum. 

Besides  its  influence  upon  the  haemoglobin,  potassium 
chlorate  exerts  also  in  some  other  respects  a  deleterious 
eflect  upon  the  red  blood  cells.  They  shrink,  break 
down  into  small  fragments,  and  conglutinate  into  large 
gelatinous  masses.  In  bullock's  blooifl  found  that  all  the 
red  blood  corpuscles  became  smaller  and  more  refractile, 
and  lost  their  biconcavity.  In  such  blood  which  I  kept 
for  over  eight  years,  thecells  never  changed  their  shape 
and  proved  to  be  at  all  times  considerabh"  resistant  to  all 
chemical  and  mechanical  manipulations."  In  my  experi- 
ments blood  mixed  with  potassium  chlorate  remained  free 
from  putrefaction  for  a  considerable  length  of  time.  In 
experiments  of 'Welch  andrnvself,'-"  in  which  it  was  estab- 


lished that  a  certain  degree  of  shaking  caused  a  molecular 
destruction  of  the  red  blood  cells,  wc  found  that  the  ad- 
dition of  potassium  chlorate  made  the  red  cells  resistant 
to  any  kind  of  shaking. 

The  blood  of  different  animals  differs  considerably  in 
its  sensitiveness  to  the  influence  of  jiotassium  chlorate. 
It  is  stated  that  the  blood  of  the  cat  is  eleven  tiiues  more 
sensitive  than  that  of  the  dog;  human  blood  seems  to  be 
equal  in  ils  sensitiveness  to  that  of  the  dog.  The  blood 
of  ral)bits  and  guinea-pigs  poisoned  by  potassiinn  chlo- 
rate shows  neither  during  life  nor  soon  after  death  the 
formation  of  methsemoglobin  or  destruction  of  the  red 
cells.  However,  sixteen  or  twenty  hours  after  death  the 
blood  of  these  animals,  too,  a.ssumes  a  chocolate  color  and 
contains  methaimoglobin.  According  to  Falck,'-''  by  in- 
'jections  of  concentrated  sodium  chlorate,  serum  globulin, 
bile,  etc..  the  blood  of  these  animals  also  responds  to  the 
poisoning  by  potassium  chlorate  with  an  intravital 
formation  of  methaMuoglobin. 

The  prevailing  view  as  to  the  main  causes  of  poison- 
ing bj' potassium  chlorate  presents  itself  as  follows:  In 
acute  poisoning  the  luemoglobin  of  a  very  large  num- 
ber of  red  blood  corpuscles  becomes  converted  into 
metha'moglobin  which  does  not  give  up  its  oxj'gen  to 
the  tissues,  and  asphyxia  is  then  practically  the  cause  of 
death.  In  less  acute  cases,  when  there  still  remains  a 
number  of  normal  red  blood  cells  sufficiently  large  to 
carry  on  an  indispensable  minimum  of  respiratory 
changes,  the  animal  might  smvive  this  primary  attack 
and  the  met  luemoglobin  might  even  gradually  re-form 
into  normal  luemoglobin.  But  then  the  secondary  effect 
of  the  destruction  of  the  red  cells  comes  into  play.  The 
debris  of  the  broken-down  corpuscles  plugs  up  the  renal 
tubules,  causing  all  forms  of  dysuria.  In  these  subacute 
cases  death  is  caused  by  ura'iuia.  Outside  of  these  main 
causes  of  death,  charged  to  the  account  of  the  chlorate  ion 
of  this  salt,  it  is  assumed  that  the  ''  salt  action  "  might  also 
play  a  contributory  role  in  the  fatal  i.ssue,  i.e..  potassium 
chlorate  causes,  like  all  salts,  irritation  and  inflammation 
of  the  gastro-intestinal  canal,  the  kidney  eiiithelium, 
etc.  In  poisoning  with  potassium  salt,  the  depressing 
effect  of  potassium  upon  the  heart  might  also  come  into 
consideration. 

As  to  the  process  by  which  potassium  chlorate  causes 
the  changes  of  the  blood  within  the  living  animal,  we 
have  no  definite  knowledge.  Against  the  supposition 
that  the  change  is  effected  by  the  oxidizing  property  of 
the  drug,  seems  to  be  the  fact,  as  was  shown  by  Isam- 
bert,"  Habuteau,"'  and  von  Mering,'*  that  nearly  the 
entire  quantity  of  the  administered  potassium  chlorate 
ver}'  soon  reappears  in  tlie  urine  entirely  unchanged. 
However,  even  very  minute  reductions  of  the  chloiate 
sjjlt  are  sufficient  to  bring  about  the  changes  in  the  ha>mo- 
globin.  as  is  indeed  surmised  by  von  Mering.  Further- 
more, there  is  no  proof  nor  even  any  good  reason  against 
an  assumption  that  potassium  salt  is  indeed  reduced 
within  the  blood  but  becomes  reoxidized  again  while 
leaving  the  body. 

Kegarding  the  quantity,  it  is  generally  stated  that 
from  15  to  20  gm.  in  a  single  dose  are  fatal.  "We  have 
seen  above  that  30  gm.  killed  Dr.  Fountain.  In  a  series 
of  well  conducted  experiments  bj'  Professor  Tully,  of 
Yale  College,  as  early  as  1832,"  we  find,  however,  that 
he  as  well  as  his  students  had  several  times  taken  one 
ounce  of  this  salt  in  single  dose  without  serious  after- 
effects. And  Percy  ■"  is  authority  for  the  statement  that 
in  1858  A.  Jacobi  had  taken  two  ounces  in  two  days 
without  any  more  serious  effects  than  nausea,  slight 
diarrhoea,  and  increased  diuresis.  It  seems  that  in  the 
early  part  of  the  century  10  to  46  gm.  used  to  lie  the  thera- 
peutic dose  given  internally  within  twenty-four  hours 
(Hcrpin  -' ).  There  are.  however,  cases  on  record  in  which 
10  gm.  have  killed  an  adult,  and  4  gm.  given  in  the  course 
of  one  night  have  killed  an  infant  one  year  old.  The 
effect  seems  to  depend  upon  the  condition  of  the  stom- 
ach; on  an  empty  stomach  the  drug  is  more  poisonous 
(Tacke,-'  von  Mering").  The  condition  of  the  kidneys 
is  also  an  influential  factor,  as  a  pathological  state  of  the 
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kidneys  prevents  the  secretion  of  the  salt  and  thereby 
favors  its  acpinnulaiion  within  tlie  blond  (Lewin  and 
Posner").  Fever,  dyspniea.  and  oth^r  diseased  coiiditious 
of  the  body  also  facilitate  the  poisonous  clTecl  of  tliesidts 
(von  Jleriiisr).  In  animals  the  poisonini:  is  aeccmiplished 
not  only  by  administration  by  the  moiuh.  but  also  and 
in  a  more  marked  degree  by  subcutaneous,  intraperito- 
neal, or  intravenous  injections  of  the  drug. 

Symptoms  and  Coirse. — The  poisoning  has  either  an 
acute  or  a  subacute  course,  according  to  Vlie  quantity  of 
the  chlorate  salt  administered.  When  a  single  large  dose 
is  taken  the  symptoms  of  poisoning  set  in  quite  soon  and 
life  is  terminated  within  a  few  hours.  The  symptoms 
are  violent  and  inces.S!int :  vomiting,  the  dark  vomitus 
containing  mostly  bile,  rarely  blood;  diarrho'a.  sometimes 
bloody;  intestinal  and  at  "times  also  vesical  tenesmus: 
severe  pain  in  the  abdomen,  thirst,  great  prostration,  and 
dyspn(va.  Sometimes  convulsions,  sometimes  coma 
closes  the  scene.  The  mucous  membranes,  the  skin 
under  the  nails,  and  sometimes  also  other  jiarts  of  the 
skin  show  peculiar  cyanotic  discolorations.  The  blood 
is  of  a  chocolate  color  and  contains  metha^mogjobin.  In 
other  cases,  especially  when  smaller  but  rejieated  doses 
are  employed,  the  onset  may  be  quite  insidious  and  the 
poisonins;  run  a  protracted  course  with  a  fatal  termination 
on  the  eighth  or  tenth  day.  In  these  cases,  too.  gastroin- 
testinal  symptoms  prevail,  but  are  less  violent  and  usually 
subside  after  a  day  or  two.  Here,  however,  the  urinary 
disturbance  is  the  predominant  feature.  After  a  short 
period  of  increased  diuresis  the  urine  becomes  more  and 
more  scanty  until  complete  aniiria  sets  in.  which  lasts 
sometimes  for  many  days,  until  death  closes  the  scene. 
The  urine  is  albuminous,  is  of  a  dark  reddish  or  choco- 
late color,  contains  debris  of  red  blood  corpuscles,  some 
"  shadows. "  and  casts  of  reddish-brown  particles.  It  con- 
tains also,  at  least  at  the  beginning,  potassium  chlo- 
rate, metha>moglobin,  and  hfematin.  The  skin  is  of  an 
extreme  pallor  and  icteric,  sometimes  has  copper-colored 
spots  and  mtdtiform  exudative  erythema.  The  spleen 
and  liver  are  enlarged.  The  blood  contains  debris  of  red 
cells  which  are  greatly  reduced  in  number :  the  white  cells 
are  increased  at  the  beginning.-' '-">  but  they  also  decrease 
toward  the  end;  methajmoglobin  is  present  only  at  the 
beginning  of  the  poisoning.  Of  the  subjective  symptoms 
are  to  be  mentioned :  headache,  pains  in  the  abdominal  and 
lumbar  regions,  insomnia,  great  distress,  dyspncea,  etc. 
The  mtdtiform  manifestations  of  ura-mia  are  usually  the 
features  dominating  the  closing  scenes. 

AfTOPsv. — In  acute  cases  the  sepia  color  of  the  blood 
and  many  organs  and  the  presence  of  methsemoglobin 
are  the  characteristic  features.  In  subacute  cases  the 
characteristic  color  is  rarely  present :  but  here  we  find 
depositions  of  broken-down  red  blood  corpuscles  in  the 
bone  marrow,  spleen,  and  liver;  the  latter  two  organs  are 
enlarged.  The  kidneys,  too,  are  usually  swollen,  the 
tubuies  are  tilled  up  with  the  debris  of  the  red  blood 
cells,  the  epithelia  are  in  a  state  of  cloudy  swelling, 
which  is.  however,  according  to  Marchand.  of  a  second- 
ary nature  and  due  only  to  the  pressure  of  the  plugs. 
Thrombi  were  not  found  in  any  part  of  the  body.  The 
mucous  membrane  of  the  gastrointestinal  canal  is  often 
found  to  be  swollen  and  ecchymotic. 

The  Fnigmms  in  well-developed  cases  of  poisoning  is 
quite  bad.  The  mortality  of  seventy  per  cent.,  which  is 
given  by  some  authors,  is  too  low.  as  the  statistics  in- 
clude also  quite  mild  cases.  There  is.  however,  no  doubt 
that  recovery  can  yet  take  place  even  in  quite  desperate 
cases.  At  the  same  time  it  should  be  borne  in  mind  that 
in  many  cases  of  fatal  poisoning  a  temporary  rallying  oc- 
curs which  deceives  both  doctor  and  family. 

In  the  preceding  sketch  I  have  followed  closely  the  lines 
laid  down  by  all  recent  writers  on  the  subject  of  poison- 
ing by  potassium  chlorate.  I  wish  to  add,  however, 
that  to  my  ndnd  the  view  as  it  is  stated  here,  and  as  it 
has  been  in  undisputed  vogue  for  the  last  dozen  years — 
namely,  that  the  changes  in  the  blood  are  the  sole  cause 
of  the  poisoning  symptoms  and  fatal  outcome — is  not  en- 
tirely correct.     I  have  seen  animals  die  in  half  an  hour 


after  intraperitoneal  injection  of  potassium  chlorate,  with- 
out any  changes  in  the  blood  or  the  kidneys.  Of  what 
did  these  animals  die?  There  are  in  the  literature  cases 
of  poisoning  by  potassium  chlorate  in  which  clonic  con- 
vulsions occurred  before  any  signs  of  a  disturbance  of 
the  kidney  were  present,  and  therefore  without  any  cause 
for  uneniia.  What  caused  the  convulsions?  Residts 
which  I  have  obtained  in  a  series  of  e.xperinK-nts"'  might 
oiler  an  explanation  of  these  and  other  sym|)toms.  By 
injecting  gtt.  iij.  to  v.  of  a  five-percent,  solution  of  po- 
tassium cfdorate  into  the  brain  of  rabbits,  the  animals 
pass  through  a  series  of  violent  tonic  and  clonic  convul- 
sions which  end  in  a  paralytic  and  comatose  state.  A 
ten-percent,  solution  of  sodium  chloride  does  not  have 
such  an  effect.  This  shows  that  potassium  chlorate  is  a 
poison  for  the  nerve  cells,  first  exciting  then  paralyzing 
them.  May  it  not  also  be  that  by  introducing  the  po- 
tassium chlorate  into  the  body  by  any  other  method,  some 
of  the  poison  findsits  way  into  the  brain  and  exerts  there 
exciting  and  paralyzing  effects? 

TREAT.NtENT. — As  prophylactic  measures  it  may  be 
suggested  that  the  s;tle  of  potassium  chlorate  should  be 
restricted.  Large  doses  or  prolonged  administration  of 
the  drug  should  be  avoided.  It  should  be  taken  on  a 
full  stomach.  When  prescribed  as  a  gargle  it  should  be 
marked  "Poison."  Pota.s.sium  chlorate  is  excreted  by 
the  milk  glands  and  should  therefore  be  avoided  by  nurs- 
ing mothers.  When  poisonous  symptoms  set  in,  thorough 
washing  of  the  stomach  and  bowels  should  be  practised 
first,  tobe  followed  up  by  the  adnunistration  of  an  ounce 
of  castor  oil.  Small  doses  of  cocaine  and  morphine,  an 
ice-bag  on  the  epiga-strium.  and  other  measures  appro- 
priate to  control  vomiting,  pain,  etc. .  should  be  instituted. 
Drinking  of  water  and  alkaline  solutions  to  stimulate  diu- 
resis, etc.,  should  be  encouraged,  but  acidulous  drinks 
and  lemonades  should  be  avoided.  Cardiac  stimulants, 
to  be  administered  hypodermically.  are  indicated;  caf- 
feine and  sodium  benzoate,  which  are  both  stimidant  and 
diuretic,  are  especially  serviceable.  Oxygen  might  do 
some  good.  Venesection,  followed  by  transfusion  of  an 
alkaline  saline,  might  relieve  the  blood  from  the  delete- 
rious waste  products  and  at  the  same  time  stimulate  diu- 
resis. Cautious  use  of  pilocarpine  to  stimulate  perspira- 
tion and  salivation  is  recommended.  Hot  baths  too  will 
increase  perspiration  and  relieve  the  blood  and  kidneys. 
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CHLORIDES.— The  chlorides  used  in  medicine  are: 
among  the  chlorides  of  the  heavy  metals,  those,  sever- 
ally, of  iron,  mercury,  gold  and  sodium,  and  zinc ;  among 
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the  elilorides  of  the  alkalies,  those,  severally,  of  sodium, 
ammonium,  and  calcium;  and  among  the  elilorides  of  the 
alkaline  earths,  the  chloride  of  barium.  With  the  single 
exception  of  mercurous  chloride  (calomel),  the  chlorides 
of  the  heavy  metals  are  distinguished  among  their  sister 
salts  for  comparatively  free  solul)ility  and  great  intensity 
of  action.  The  iron,  gold,  and  zinc  chlorides  are,  fur- 
thermore, deliquescent  to  a  liigh  degree.  For  detailed 
discussion  of  the  metallic  chloiides.  see  articles  under 
title  of  the  several  metals,  and  for  barium  chloride,  see 
under  Bai-iiim.  lu  the  case  of  the  chlorides  of  the  alkali 
bases,  the  inHuenceover  nutrition  which  they  derive  from 
tlieir  chlorine  element  exceeds  in  medicinal  importance 
■what  properties  are  due  to  the  basic  radicle.  The  chlor- 
ides of  the  alkalies,  therefore,  may  properly  be  regarded 
as  constituting  a  distinct  group  of  medicines, 

.SiMlium  Chliiride :  NaCl.— Sodium  chloride,  well  known 
as  comniim  suit,  table  salt,  sea  salt,  or  simply  salt,  is  offi- 
cial in  the  United  States  Pharmacopoeia  as  fk'dn  Chlori- 
dtim.  Sodium  Chloride.  It  occurs  as  "colorless,  trans- 
parent, cubical  crystals,  or  a  white,  crystalline  powder, 
odorless,  and  having  a  purely  saline  taste.  Permanent 
in  dry  air.  Soluble^in  2.8  parts  of  water  at  I'y  C.  (59' 
F.),  and  in  2..5  parts  of  boiling  water;  almost  insoluble 
in  alcohol;  insoluble  in  ether  or  chloroform.  AVhen 
heated,  the  salt  decrepitates;  at  a  red  heat  it  fuses,  and 
at  a  wliite  heat  it  is  slowly  volatilized  and  partly  decom- 
posed. To  a  non-luminous  flame  it  imparts  an  intense, 
yellow  color.  The  aqueous  solution  of  the  .salt  is  neutral 
to  litmus  paper"  (U.  S.  P.).  While,  as  described,  per- 
fectly pme  sodium  chloride  is  permanent  in  the  air, 
comi'uercial  table  salt,  containing,  as  it  does,  variable 
proportions  of  magnesitmi  chloride,  is  more  or  less  hygro- 
scopic, becoming  damp  on  exposure  to  moist  air.  Salt 
is  tlie  principal  saline  ingredient  of  sea  water,  and  occurs 
native,  also,  in  enormous  quantities  as  a  mineral.  It  is 
obtained  for  commerce  from  salt  mines,  and  also,  to  a 
certain  extent,  by  evaporating  the  water  of  the  sea  and 
of  saline  springs. 

Sodium  chloride  is  an  important  normal  constituent  of 
the  body  fluids,  and  accordingly  is  perfectly  harmless  to 
swallow  in  any  ordinary  quantity.  The  only  eft'ects  fol- 
lowing its  special  administration  are,  in  moderate  dosage, 
an  improvement  of  appetite  and  digestion,  and  probably 
also  a  quickening  of  assimilation  and  nutrition.  In  large 
single  doses  salt  is  decidedly  emetic,  especially  if  taken 
in  a  lukewarm  draught.  Therapeutically,  it  is  in  the 
first  place  important  to  remember  the  absolute  necessity 
of  salt  in  the  dietary,  and  so  to  see  to  it  that  dishes  for 
the  sick-room  are  not  made  too  insipid  by  lack  of  salt. 
Next,  salt  is  a  fairly  serviceable  emetic  ;  but  not  suffi- 
ciently powerful  for  urgent  requirements.  Accordingly, 
it  is  used  rather  as  an  adjuvant  to  more  active  emetics, 
than  as  itself  a  vomiting  agent.  Another  application  of 
salt  is  its  administration,  dry,  in  quantity  of  a  teaspoon- 
fid  or  so,  in  hemorrhage  of  the  lungs,  over  which  affec- 
tion salt  is  supposed  to  have  some  control;  but  such  use, 
although  unoljjectionable,  should  not  be  to  the  exclusion 
of  more  potent  remedies.  In  the  matter  of  external  ap- 
plication, it  is  notorious  that  salt  water  is  more  stimu- 
lating to  the  skin  than  fresh,  and  that,  for  the  purpose  of 
the  constitutional  reaction  to  be  obtained,  salt  baths  are 
more  serviceable  than  fresh,  and  are  borne  by  weaklings 
with  less  danger  of  giving  "cold."  The  dose  of  salt  as 
an  appetizer  is  about  0.6.5  gm.  (gr.  x.),  but  the  dosage  is 
obviously  very  indeterminable,  iind  much  may  be  left  to 
individual  peculiarities  of  taste.  As  an  auxiliarv  emetic, 
1.5-30  gm.  {  I  ss.-i.)  should  be  given  in  a  tumblerful  of 
lukewarm  water.  For  saline  "baths  sea  water  is  best, 
but  when  not  available  a  good  substitute  is  afforded  by 
a  three-percent,  aqueous  solution  of  common  table  salt 
(a  pound  to  four  gallons).  For  the  bathing  of  sensitive 
mucous  membranes,  such  as  the  conjunctiva  or  the 
Schneiderian  mucous  membrane  in  its  upper  portion,  a 
weak  solution  of  common  salt  affords  a  fluid  far  less  pain- 
ful than  simple  water,  for  the  reason  that  such  solution 
approaches  more  nearly  the  normal  specific  gravity  of  the 
fluids  of  the  part.     Such  solution  should  range  between 


one-half  and  one  per  cent,  in  strength,  but  it  is  near  enough 
for  practical  purposes  to  make  the  solution  by  adding  to 
a  couple  of  fluidounces  of  water  as  much  salt  as  will  lie 
on  the  thumb  nail.  For  injection  into  the  nasal  cavity, 
the  solution  shoulil  be  blood-warm. 

Amnioidum  Chlaride :  NHiCl. — This  salt,  commer- 
cially known  as  sal  ammoniac,  and  still  often  called  by 
the  old-fashioned  chemical  name  miniate  of  ammonia,  is 
official  in  the  United  States  Pharmacopa'ia  only  in  a 
purified  condition,  imder  the  title  Ammonii  CJdoridinn, 
Ammonium  Chloride.  Commercial  sal  ammoniac  is  now 
most  commonly  obtained  from  an  ammoniacal  liquor  that 
occurs  as  a  by-product  in  the  making  of  illuminating  gas, 
and  is  in  the  form  of  fibrous  crystalline  cakes  of  a  )iecul- 
iarly  tough  texture,  making  the  substance  very  difficult 
to  pulverize.  In  this  condition  the  sjilt  is  contaminated 
with  chloride  of  iron,  and  has  to  undergo  a  purification 
therefrom  to  fit  it  for  medicinal  use.  The  purified  sal 
ammoniac  is  thus  obtained  granulated,  and  presents  itself 
as  "a  white,  crystalline  powder,  without  odor,  having  a 
cooling,  siiline  taste,  and  permanent  in  the  air.  Soluble 
in  three  parts  of  water  at  15°  C.  (.59"  F.).  and  in  one  part 
of  boiling  water,  but  almost  insoluble  in  alcohol.  On 
ignition  the  salt  is  completely  volatilized,  without  char- 
ting "(U.  S.  P.). 

Physiologically,  ammonium  chloride  seems  to  combine 
to  a  certain  extent  the  peculiar  virtues  of  ammonia  (see 
Ammonia)  with  those  of  the  chlorides.  In  continuous 
full  dosage  it  deranges  the  stomach  and  bowels,  exciting 
vomiting  and  purging.  Its  medicinal  applications  have 
been  very  \aried.  but  those  which  have  best  stood  the 
test  of  well-observed  experience  are  the  use  of  the  salt 
to  relieve  myalgia  and  some  neuralgias,  and  to  promote 
free  expectoration  in  bronchial  catarrhs  in  the  second 
stage,  especially  in  cases  in  which  the  secretion  is  thick, 
tenacious,  and  difiicult  to  dislodge.  By  German  practi- 
tioners the  salt  is  much  employed  also  in  inflammatory 
affections,  generally  where  there  is  some  product  of  the 
inflammation  whose  reabsorption  is  desirable.  The  aver- 
age dose  of  ammonium  chloride  is  from  0.30  to  0.65  gm. 
(gr.v.-x.)  every  two  or  three  hours.  It  is  generally  given 
in  solution,  as  an  ingredient  of  comjiosite  prescriptions, 
and,  since  its  taste  is  very  disagreeable,  it  is  well  to  have 
a  little  licorice  added  to  the  mixture  to  disguise  the 
flavor.  Troches  of  ammonium  chloride  are  official,  each 
containing  0.10  gm.  (gr.  iss.)  of  the  salt.  Externally  ap- 
plied, sjil  ammoniac  in  solution  is  a  gentle  irritant,  and 
an  aqueous  solution,  from  one  to  three  per  cent,  in 
strength,  may  be  used  as  a  lotion  to  sluggish  ulcers,  etc., 
requiring  a  mildly  irritant  impression.  A  local  applica- 
tion in  respiratory  catarrhs  has  also  been  devised  where- 
by the  patient  inhales  the  salt,  formed  in  a  fine  cloud  in 
air,  by  an  arrangement  that  brings  together  the  vapors 
of  hydrochloric  acid  and  water  of  ammonia.  Lastly, 
ammonium  chloride  furnishes  a  possible  means  of  apjily- 
ing  cold,  since  by  solution  in  water  it  reduces  the  tem- 
perature thereof  quite  decidedly.  Thirty -five  partseach 
of  ammonium  chloride  and  potassium  nitrate  to  one  hun- 
dred of  water  will  lower  the  temperature  from  ten  to 
fifteen  degrees  of  the  Fahrenheit  scale.  In  the  absence  of 
ice  such  a  mixture  may  be  put  into  a  rubber  bag  and 
applied  for  purposes  of  refrigenition  during  the  time  that 
the  siilts  are  in  process  of  dissolving. 

Calcium  Chloride:  CaCU. — Calcium  chloride,  "ren- 
dered anhydrous  by  fusion  at  the  lowest  ])ossible  tem- 
perature," is  official  as  Calcii  Chk/ridum,  Calcium  Chlor- 
ide. Such  fused  salt  occurs  in"  white,  slightly  translucent, 
hard  fragments,  odorless,  having  a  sharp,  saline  taste, 
and  very  deliquescent.  Soluble  at  15°  C.  (59°  F).,  in  1.5 
parts  of  water,  and  in  8  parts  of  alcohol;  in  1.5  parts  of 
boiling  alcohol,  and  very  freely  in  boiling  water;  insolu- 
ble in  ether.  Below  a  red  heat  the  salt  fuses"  (U.  S.  P.). 
Calcium  chloride,  because  of  its  extreme  deliquescence, 
must  be  kept  in  well-stoppered  bottles. 

This  salt  presents  a  combination  of  an  acid  and  a  basy- 
lous  radicle,  both  of  which  are  peculiarly  effective  in  the 
determining  of  sound  nutrition.  Accordingly  a  corirse 
of  calcium  chloride  has  been  found  beneficial  in  cases  of 
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indurated  and  enlarged  glands,  or  of  a  manifest  scrofu- 
lous cachexia,  or  of  tabes  nicsenterioa.  In  large  dose  the 
Siilt  is  a  dangerous  irritant.  The  thenipeutic  <|i)se  is  from 
O.G.j  to  1.30  gni.  (gr.  .\.-.\.\.)  taken  preferably  dissolved 
in  a  wineglassful  of  milk  (Cogliill:  The  Pnietitioner,  vol. 
xix..  ]i.  0.")1)  and  after  eating.  Eilicard  Curtis. 

CHLORINE . — Chlorine  is  a  greenish-yellow  gas,  soluble 
in  water,  [x  is.*es.sed  of  a  jieciiliar  and  "disagreeable  odor, 
and  an  intensely  irritant  action  upon  animal  tissues. 
Even  in  the  comparatively  weak  dilution  of  one  per 
cent,  in  air  chlorine  excites  violent  spasm  of  tlie  larynx, 
and  if  actually  inhaled  leads  to  irritation  and  inflamma- 
tion of  the  air  pas.Siiges.  accompanied,  perhaps,  by  hemor- 
rhages, and  jiossibly  followed  by  death.  Haliit,  however, 
establishes  eonsiderjjble  tolerance,  so  that  workmen  in 
V)leacheries  gel  to  breathe  without  distress  a  chlorinated  at- 
mosphere impossible  of  respiration  to  one  unaccustomed. 
Feebly  chlorinated  air  excites  only  a  glow  of  warmth  in 
the  air  passjiges,  and  an  increase  of  bronchial  mucus. 
Taken  internally,  in  the  form  of  strong  chlorinated  solu- 
tions, chlorine  is  powerfully  irritant  and  even  coiTosive. 
In  poisoning  by  inhalation  of  chlorine,  the  sufferer  should 
be  made  to  breathe  cautiously  the  fumes  of  ammonia,  or 
a  weak  mixture  of  sulphuretcd  hydrogen  in  air.  In 
poisoning  by  swallowing,  albumen  should  be  given 
freely,  and  the  lesions  treated  upon  general  medical 
principles. 

Chlorine  is  valuable  to  the  physician  because  of  a  con- 
seiiuence  of  the  strong  affinity  of  the  element  for  hydro- 
gen, with  which  body  chlorine  miites  to  form  hydrochloric 
acid.  By  virtue  of  this  affinity  chlorine  can  decompose 
water,  especially  in  the  light,  appropriating  the  hydrogen 
and  setting  free  the  oxygen.  Such  nascent  oxygen  is 
then  active  for  oxidizing,  and  will  attack  and  decompose 
by  oxidation  any  organic  matter  that  may  happen  to  be 
within  reach.  Vegetable  coloring  matters  and  noisome 
products  of  putrefactive  or  fermentative  piocesses  fall 
particularly  easy  prey  to  active  oxygen,  and  as  a  result 
of  their  oxidation  the  color  of  the  one  group  and  the 
smell  of  the  other  inidergo  complete  abrogation.  In  a 
roundabout  way,  therefore,  chlorine,  in  the  presence  of 
moisture,  is  a  powerful  bleacher  of  organic  dyes  and 
a  deodorizer  of  organic  foulness.  Reasoning  from  the 
easily  obtained  deodorant  action  of  chlorine,  it  is  natu- 
rally hoped  that  the  element  may  also,  under  the  condi- 
tions that  currently  present  themselves,  oxidize  and  so 
disinfect  the  organic  matter  of  particulate  carriers  or  gen- 
erators of  contagium — disease  germs,  comir.only  so  called. 
But  while  there  is  no  doubt  of  the  power  of  chlorine  so  to 
do.  if  in  sufficient  concentration  and  in  the  presence  of 
moisture,  yet  clinical  experience  and  exact  experiments 
combine  to  prove  that  to  disinfect  a  room  occupied  by  one 
ill  of  a  contiigious  disease,  the  chlorination  of  the  air 
must  be  carried  beyond  the  limit  of  rcspirability.  and  to 
a  degree  which  will  also  determine  the  bleaching,  more 
or  less,  of  colored  fabrics.  Sternberg,  experimenting 
with  vaccine  points,  found  that  to  destroy  their  potency 
by  exposure  to  chlorine-charged  air.  a  charge  per  volume 
of  one-half  of  one  per  cent.,  perfectly  maintained,  was 
necessary,  and  an  exposure  to  such  atmosphere  of  six 
hours'  duration.'  Considering,  however,  the  conditions 
presented  by  a  sick-chamber,  where  tight  closure  of  the 
room  is  difficult  to  effect  and  where  the  germs  easily  fall 
into  places  comparatively  inacces.sible.  a  percentage  at 
least  do\ible  the  above — that  is,  one  per  cent. — should  be 
reganled  as  the  minimum  of  probable  efficiency. 

The  therapeutic  application  of  gaseous  chlorine  is  to 
deodorize,  disinfect,  or  both.  For  purposes  of  deodoriz- 
ing simply,  chlorinated  lime  or  chlorinated  soda  are 
fairly  ctiicient.  but  for  aOrial  disinfection  chlorine  gas 
must  be  generated  in  greater  volume  than  can  conve- 
niently be  gotten  from  those  preparations.  At  best,  how- 
ever, chlorine  is  inferior  for  this  purpose  to  sulphur 
dioxide,  since  the  latter  is  probably  more  efficient  as  a 
disinfectant,  while  less  obnoxious  tocarpetsand  clothing. 
For  a  reasonably  reliable  effect,  chlorine  gas  should  be 
evolved  in  great  excess  of  estimated  minimum  percent- 


ages, with  the  room  as  perfectly  closed  as  possible,  and 
with  all  articles  to  be  disinfected  as  freely  exposed  on 
all  sides  to  the  atmosphere  as  may  be.  Much  more  com- 
monly, however,  chlorine  has  been  used  on  the  small 
scale  in  sick-chambers  while  still  inhabited  by  the  pa- 
tient— a  procedure  which,  from  the  ijoint  of  view  of  gen- 
uine disinfection,  is  not  merely  futile,  but  leads  to  the 
positive  danger  of  the  omission  of  other  and  really  potent 
disinfectant  measures.  Ga.seous  chlorine  is  most  conve- 
niently generated  in  considerable  volume  by  Wiggers' 
method,  as  follows:  "  Jlix  18  parts  of  tinely  ground  com- 
mon .salt  with  la  parts  oijim/i/  juiltrriztd  good  liinoxide 
of  manganese;  put  the  mixture  into  a  tlask,  and  pour  a 
emnpletely  coiiUil  mixture  of  iH  |)arts  of  concentrated  sul- 
phuric acid  and  21  parts  of  water  upon  it,  and  shake  the 
tlask:  a  uniform  and  continuous  evolution  of  chlorine 
gas  will  soon  begin,  which,  when  slackening,  may  be  ' 
easily  increased  again  h\  r/enth-  heat  "  (Fresenius).  Ac- 
cording to  Squibb,-  "about  two  hundred  grains  of  the 
common  salt  mixture,  and  half  a  tiuidounce  of  the  sul- 
phuric acid  mixture,  liberates  in  the  course  of  twelve  or 
twenty-four  houi^s  about  fifty  cubic  inches  of  chlorine, 
giving  it  off  pretty  rapidly  for  the  first  two  or  three 
hours,  and  very  slowly  afterward."  Estimating  from 
these  data,  a  cubic  foot  of  chlorine  recjuires  for  its  yield 
about  a  pound  and  a  quarter  of  the  salt  mixture,  and  a 
little  over  a  pint  of  the  acid;  and,  therefore,  for  a  one- 
percent,  chlorination.  by  volume,  of  the  air  of  the  aver- 
age bedroom  of  about  two  thousand  cubic  feet  capacity, 
twenty-five  pounds  of  the  salt  mixture  and  about  eleven 
quarts  of  the  dilute  acid  would  have  to  be  used  I  And 
when  it  is  remembered  that  the  one-per  cent,  impregna- 
tion thus  obtained  is  juobably  the  minimum  of  efficiency, 
comment  is  unnecessary  on  the  common  practice  of  set- 
ting a  saucer  or  two,  holding  each  a  half-ounce  of  the 
salt  mixture,  under  the  sick-bed  with  a  serious  view  to 
disinfection.  All  that  such  procedure  can  possibly  ac- 
complish is  a  slight  deodorizint/. 

Locally,  chlorine,  applied  in  the  form  of  chlorinated 
substances  and  solutions,  operates  as  a  disinfectant,  de- 
tergent, and  deodorant,  and.  by  virtue  of  its  irritant  prop- 
erties, also  as  a  stimulant  to  healthy  action  in  wounds 
and  sores.  The  United  States  Pharmacopoeial  prepara- 
tions of  chlorine,  available  for  the  purposes  thus  sug- 
gested, are  the  following; 

Aqua  Cldori,  Chlorine  "Water. — "'An  aqueous  solution 
of  chlorine,  containing  at  least  0.4  per  cent,  of  the  gas" 
(U.  S.  P.).  Chlorine  gas.  generated  by  the  action  of  di- 
luted hydrochloric  acid  upon  black  oxide  of  manganese, 
is  conducted  into  a  bottle  of  distilled  water  until  the  lat- 
ter, after  agitation,  is  Sitturated  with  the  gas  in  solution. 
The  product,  from  its  extreme  proneness  to  spontaneous 
change,  must  be  put  up  in  "  dark,  amber-colored,  glass- 
stoppered  bottles."  and  these  completely  filled  and  kept 
in  a  dark  and  cool  place.  Chlorine  water,  when  freshly 
made,  is  a  "clear,  greenish-yellow  liquid,  having  the  suf- 
focating odor  and  disagreeable  taste  of  chlorine,  and 
leaving  no  residue  on  evaporation.  It  instantly  decolor- 
izes dilute  solutioiLs  of  litmus,  indigo,  and  other  vegetable 
coloring  matters"  (L".  S.  P.).  Chlorine  water,  especially 
on  exposure  to  light,  tends  to  lose  strength  by  reason  of 
the  chlorine  decomposing  the  water,  and  imitingwith  the 
hydrogen  t  hereof  to  form  hydrochloric  acid ;  when  wanted 
of  full  strength,  therefore,  the  preparation  should  be 
freshly  made. 

Chlorine  water  is  used  in  medicine  mainly  as  a  local 
application,  either  as  a  lotion  for  foul  or  indolent  ulcer- 
ated surfaces  upon  the  skin,  or  as  a  gargle  in  analogous 
conditions  of  the  mucous  membrane  of  the  throat.  If 
freshh'  made  it  is  intoleraljly  pungent  of  chlorine,  and 
should  be  diluted  severalfold  with  water  for  use.  Inter- 
nally the  remedy  is  occasionally  given,  generally  in  the 
so-called  zymotic  diseases,  in  the  hope  proljably  of  a 
constitutional  antiseptic  action — a  hope  little  likely  to  be 
fulfilled.  From  half  a  teaspoonful  to  a  tcaspoonful  may 
be  given  at  a  dose,  diluted  with  five  or  six  volumes  of 
water.  Nothing  organic  should  be  added  to  the  potion, 
such  as  syrup  or  gljcerin,  else  the  free  chlorine  will  rap- 
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idly  disappear  as  such.     The  dose  is  very  disagreeable  to 
take. 

Call:  Cldomta.  Chlorinated  Lime. — This  is  the  prepara- 
tion, commonly  miscalled  chloride  of  lime,  which  results 
from  exposing  calcium  hydro.\idc  (slaked  lime)  to  chlor- 
ine gas.  The  lime  absorbs  the  chlorine  with  the  forma- 
tion of  a  peculiar  product,  which  by  the  standard  of  the 
United  States  Pharmacopoeia  should  contain  "not  less 
than  thirty-tire  per  cent,  of  available  chlorine."  Chlor- 
inated linie  is  in  the  form  of  "a  white,  or  grayish-white, 
granular  powder,  exhaling  the  odor  of  hypochlorous 
acid,  having  a  repulsive,  saline  taste,  and  becoming  moist 
and  gradually  decomposing  on  exposure  to  air.  In  water 
or  in  alcohol"  it  is  only  partially  soluble.  The  aqueous 
solution  first  colors  red  litmus  paper  blue,  and  then 
bleaches  it.  If  the  salt  be  dissolved  in  diluted  acetic 
acid,  an  abundance  of  chlorine  gas  is  evolved,  and  only  a 
trifling  residue  left  undissolved"  (U.  S.  P.).  Chlorinated 
lime  undergoes  spontaneous  change  on  exposure  to  air, 
and  accordingly  must  be  kept  in  well-closed  vessels  in 
a  cool  and  dry  "place.  If  put  up  in  glass-stoppered  bot- 
tles, the  stoppers  must  be  guarded  by  a  thin  smear  of 
paraffin,  else  they  will  become  irremovably  fixed  to  their 
seats. 

The  composition  of  chlorinated  lime  has  proved  a  diffi- 
cult matter  to  determine  definitely.  It  has  been  supposed 
to  be  represented  by  a  mi.xture  of  ciJciiun  chloride  and 
calcium  hypochlorite  (CaCU +  CaCl202),  but  certain 
chemical  considerations  make  it  likely  that  the  true  com- 
position is  according  to  Odling's  formula,  viz..  CaCl.OCl. 
The  important  cliemical  reaction  upon  which  the  medical 
virtues  of  the  comjiound  rest  is  the  ready  decomposi- 
tion of  chlorinated  lime  by  any  acid,  however  weak — 
even  carbonic  acid — with  the  evolution  of  free  chlorine. 
Hence,  by  mere  exposure  to  the  atmosphere,  the  prepa- 
ration continuously  disengages  chlorine  through  at(ack 
by  the  carbon  dioxide  ever  present  in  the  air,  and,  if 
treated  with  an  acid  of  any  power,  such  as  hydrochloric, 
nitric,  acetic,  etc.,  the  yield  of  chlorine  is  prompt  and 
decided.  Medicinally,  partly  through  its  evolving  free 
chlorine  and  partly  by  virtue  of  its  properties  while 
under  its  own  form,  chlorinated  lime  is  alkaline,  desic- 
cant,  irritant,  deodorant,  and  disinfectant.  It  is  also 
cheap,  and  so  combines  many  qualities  that  make  it  of 
genuine  value.  Its  most  common  employment  is  as  a 
disinfectant;  in  which  capacity  for  aerial  disinfection  its 
yield  of  chlorine  is  insufficient,  but  for  direct  application 
to  solid  or  fluid  infectious  material,  or  for  the  cleansing 
of  contaminated  articles,  it  is  excellent.  Its  only  draw- 
backs are  its  chlorinous  odor,  its  powerful  bleaching 
action,  and  the  fact  that  it  attacks  metals.  As  a  deodor- 
ant it  is  very  potent,  operating  in  this  service  even  aeri- 
ally upon  the  foul  gases,  but  being,  of  course,  more 
efficacious  if  directly  applied  to  the  noisome  thing  itself. 
For  use  as  a  disinfectant  or  deodorant,  chlorinated  lime 
may  be  thrown,  in  bidk,  and  liberally,  down  privies, 
drains,  or  sinks,  or  into  chamber  ves.sels  (of  china  or 
glass)  before  use;  or  strewn,  before  scrubbing,  upon  foul 
floors;  or  in  solution,  from  one  to  three  or  four  per  cent. 
in  water,  used  as  a  detergent  lotion  upon  corpses,  slough- 
ing wounds,  or  strong-smelling  feet  or  armpits,  etc.  "in 
these  various  applications  the  preparation  must  rot  be 
applied  strong  to  colored  or  delicate  fabrics,  lest  the  color 
be  discharged  and  tlie  texture  injured.  Apart  from  its 
mere  deodorant  property,  chlorinated  lime  is  serviceable 
in  promoting  healthy  action  in  sluggish  and  foul  sores, 
skin  eruptions,  etc.  For  this  purpose  a  one-percent, 
lotion  is  a  convenient  form  of  application.  Internally, 
chlorinated  lime  has  been  given  as  a  source  of  chlorine, 
aimed  to  combat  the  morbific  principle  in  zymotic  disease. 
It  may  be  given  in  sweetened  solution,  "freshly  mixed 
and  in  doses  of  from  .06  to  .40  gm.  (gr.  i.  to  vi.)."  A  last 
and  special  application  is  the  inhalation  of  the  fumes  of 
chlorinated  lime  in  cases  of  poisoning  by  breathing  sul- 
phureted  hydrogen,  as  may  occur  to^  workmen  entering 
sewers.  The  gas  is  always  immediately  decomposed  by 
the  chlorine  of  the  lime  compound. 

Liquor  Sodee  Ckloratw,  Solution  of  Chlorinated  Soda: 


Labarraque's  Solution. — This  preparation  is  made  by 
pouring  a  boiling-hot  acfueous  solution  of  sodium  carbo- 
nate into  a  filtered  aqueous  solution  of  chlorinated  lime. 
The  sodium  and  calcium  change  places,  calcium  carbonate 
being  precipitated,  and  a  chlorinated  compound  of  sodium 
analogous  in  composition  to  the  pre-existing  calcic  com- 
pound, remaining  in  solution.  But  the  sodium  carbonate 
being  ordered  in  excess,  some  of  this  salt,  unchanged, 
remains  in  the  preparation.  The  mixture,  after  filtra- 
tion, is  brought  to  standard  strength  by  the  addition  of 
water.  The  product  nuist  be  kept,  protected  from  the 
light,  in  well-stoppered  bottles,  and  if  these  be  glass-stop- 
pered, the  stoppers  should  be  overlaid  with  a  thin  smear 
of  melted  paraffin,  else  they  will  become  irremovably 
fixed  in  their  .seats.  Solution  of  chlorinated  soda  should 
contain  "at  least  2.0  per  cent.,  by  weight,  of  available 
chlorine."  The  preparation  is  "a  clear,  pale,  greenish 
liquid,  having  a  faint  odor  of  chlorine,  and  a  disagree- 
able, alkaline  taste.  Specific  gravity  about  1.0.52  at  15" 
C.  (.59^  F.).  The  solution  at  first  colors  red  litmus  paper 
blue,  and  then  bleaches  it.  The  addition  of  hydrochloric 
acid  to  the  solution  causes  an  effervescence  of  chlorine 
and  carbonic  acid  gas  "  (U.  S.  P.). 

Chlorinated  soda  has,  intrinsically,  similar  properties 
to  chlorinated  lime.  and.  like  the  latter  compound,  is 
readily  decompo.sed  l)y  acids  with  the  evolution  of  free 
chlorine.  Its  therapeutic  uses  are  therefore  the  saiue 
as  those  of  the  lime  compound.  The  solution  may  be 
used  as  a  deodorant  disinfectant,  poured  down  drains, 
sinks,  or  into  chamber  vessels  of  crockery  or  glass,  or, 
diluted  from  five  to  tenfold,  emijloyed  as  a  detergent  and 
gently  irritant  lotion  to  foul  ulcers,  skin  eruptions,  etc. 
Like  chlorinated  lime,  this  solution  has  been  given  in- 
ternally in  zymotic  diseases,  the  dose  being  from  one- 
half  to  one  teaspoonful,  diluted  manifold  with  water,  and 
repeated  every  two  or  three  hours.         Edicard  Curtis. 

■  Sternberg:  National  [U.  S.]  Board  of  Health  Bulletin,  vol.  iii.,  p. 
21. 

-  Squibb :  Disinfect:;nts.  The  Medical  Record,  May  1st  and  1.5tti, 
1S6(J. 

CHLOROBROM  is  the  registered  trade  name  of  a  com- 
bination lit  chliindamidand  bromide  of  potassium.  This 
combination,  which  possesses  the  active  properties  of 
both  its  constituents,  has  been  recommended  by  Professor 
Charteris,  of  Glasgow,  as  a  remedy  for  sea-sickness.  He 
liad  used  it  in  many  cases  with  very  gratifying  results. 
A  dose  is  given  after  the  stomach  has  been  emptied  of 
its  contents ;  the  sense  of  depression  is  relieved  and  nausea 
checked:  a  quiet  sleep  follows,  from  which  the  patient 
awakes  relieved  of  all  the  distressing  symptoms.  The 
remedy  may  be  prejjared  as  follows:  Chloralamid,  liro- 
mide  of  potassium,  of  each  3  iss. ;  water,  Jij.:  syrup, 
3  i.     One  to  one  and  a  half  tablespoonfuls  for  a  do.se. 

Beaumont  Small. 

CHLORODYNE.— Chlorodine.  This  title  has  been  ar- 
bitrarily a|iplicd  to  nii.xtures  differing  considerably  in 
composition,  none  of  them  official  in  the  United  States 
Pharmacopoeia.  Remington  has  proposed  the  following 
formula:  Dissolve  gr.  xvi.  of  hydrochlorate  of  morphine 
in  3  i.  of  water  and  fl.  3  i.  of  "alcohol:  add  to  this  chlo- 
roform, fl.  3  iij. ;  tincture  of  cannabis  indica.  fl.  3  ij.; 
tincture  of  capsicum,  yn,  xviij. ;  oil  of  peppermint,  ni, 
iv. :  dilute  hydrocyanic  acid,  m  xxiv. ;  and  perchloric 
(orhydiochloric)acid,  fl.  3  ss.  Each fluidrachm  contains 
gr.  i.  of  morphine.  Oldberg  gives  the  following  as  an 
imitation  of  the  original  chlorodyne:  chloroform.  140 
c.c. ;  ether,  35  c.c. ;  alcohol,  35  c.c. :  molasses.  35  c.c; 
purified  extract  of  licorice,  85  gm. ;  hydrochlorate  of 
morphine,  0.60  gm. :  oil  of  peppei-iuint,  1.20  gm. ;  diluted 
hydroc_vanic  acid,  70  c.c. ;  .simple  syrup,  enough  to  make 
a  total  of  1  litre.  Dissolve  the  morphine  a^d  the  oil 
of  peppermint  in  the  aleoliol,  and  add  the  chloroform 
and  the  ether.  Triturate  the  extract  of  licorice  with 
the  syrup  until  dissolved,  and  add  the  molasses.  Mix 
the  syrup  with  the  above  solution,  and  finallv  add  the 
hydrocyanic  acid.     The  "  National  Formulary  "of  Unoffi. 
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eial  Preparations."  of  the  Ainerican  Pliarmaceutical  As- 
sociation, offers  a  "chloroform  anodyne"  under  the  title 
ifiHtiiro  Chhiroformiet  CiiiiiKibinIndicte  fhmjxm'tn.  N.  F. : 
Compound  Mixture  of  Cliloroforni  and  Cannabis  Indica. 
This  |in'par;ition  may  be  preseribeil  as  a  substitute,  of 
definite  coniiiosition.  for  the  variable  "ehlorodynes." 
Each  tluiilraehm  of  the  mixture  ri'presents  aliout  7. .'5 
minims  of  ehloroform,  "..i  minims  (if  tincture  of  Indian 
cannabis,  8.7.5  minims  of  tincture  of  capsicum,  and  gr.  1 
of  morphine  sulphate.  It  is  tiavored  wilh  nil  of  pejiper- 
mint.  Edward  Curtis. 

CHLOROFORM.— Chloroform,  chemically  trielthro- 
metli'iii,.  uv  nntluiiiil  eldoi-ide.  CHCl,  (formerly  called 
Ureldnriik  fif  form)/!,  and.  popularly,  rhlitrir  itlii-r).  is  an 
ethereal  body  at  one  lime  olitained  by  distilliiii:  cautioiLsly 
ami.\l\ireof"chlorinated  lime,  alcohol,  and  water,  but  now 
most  commonly  produced  by  the  distillation  of  acetone 
with  chlorinated  lime.  Commercial  chloroform  is  very  fre- 
quently impure,  and.  though  unobjectionable  for  e-\ternal 
medical  use.  or.  pharmaceutically.  for  solvent  purposes. 
is  entirely  untit  for  administration  by  inhalation  as  an 
ana'slhetic.  I'nder  the  simple  title  Chli>r"fiivm>iiii,  Chloro- 
form, the  United  States  Pliarmacopn>ia  recognizes  a  puri- 
fied article  "consisting  of  99  to  99.4  jicr  cent.,  by  weight, 
of  absolute  chloroform,  and  1  to  O.G  per  cent.  <if  alcohol." 
The  presence  of  alcohol  in  purified  chloroform  is  for 
preservative  purposes,  since  absolutely  pure  chloroform 
is  prone  to  spontaneous  decomposition.  Chloroform  is 
"a  heavy,  clear,  colorless,  mobile  and  diffusible  liquid, 
of  a  characteristic,  ethereal  odor,  and  a  burning,  sweet 
taste.  Specitio  gravitv  not  below  1.49ilat  1.")'  C.  ♦■59'  F.) 
or  1.473  at  25'  C.  (77'"F.).  Soluble  in  aliout  200  times 
its  volume  of  cold  water,  and,  in  all  proportions,  in  al- 
cohol, ether,  benzol,  benzin.  and  the  ti.\ed  and  volatile 
oils.  Chloroform  is  volatile  even  at  a  low  temperature, 
and  boils  at  60"  to  61°  C.  (140=  to  141. s=  F.).  It  is  not  in- 
flammable, but  its  heated  vapor  burns  with  a  green  flame. " 
Chloroform  isaffected  by  light,  and  accordingly  it  should 
be  kept  in  dark  amber-cfilored  bottles,  which  in  turn 
should  be  well  stopjiered  and  stored  in  a  cool  dark  place. 
Chloroform  of  stanilard  quality  is  now  readily  obtain- 
able, but  nevertheless,  since  an  impure  article  is  positive!}' 
dangerous  for  use  as  an  anaesthetic,  it  is  well  for  the  sur- 
geon, before  using  an  unknown  sample,  to  apply  the 
following  simple  tests:  Pour  a  little  of  the  chloroform 
upon  a  clean  piece  of  filtering  paper  (or  blotting  paper, 
if  filtering  paper  be  not  at  hand)  laid  upon  a  clean  plate 
or  s;iucer.  Rock  the  plate  from  side  to  side  till  the 
chloroform  is  evaporated,  and  as  the  odor  of  the  chlo- 
roform disappears  there  should  be  no  adventitious  smell 
left  to  follow  it.  Next,  shake  thoroughly  in  a  test  tube 
a  portion  of  the  chloroform  with  an  equal  volume  of 
distilled  water,  and  allow  the  two  fluids  to  separate  by 
standing.  The  upper,  aqueous  portion  should  then  not 
redden  litmus  paper,  nor  be  aff'ected  by  a  tive-per-ceut. 
solution  of  either  silver  nitrate  or  potassium  iodide. 

In  its  action  upon  the  animal  economy,  chloroform 
combines  the  properties  of  an  irritant  and  a  specific  neu- 
rotic. It  is  a  substance  of  high  diffusion  power,  and 
hence  capable  of  rapid  and  intense  action.  Applied 
pure  to  the  skin  in  such  manner  as  to  prevent  its  being 
dissipated  by  evaporation,  chloroform  excites  redness 
and  burning  pain,  readily  followed,  if  the  application  be 
prolonged,  by  blistering.  Absorbed  into  the  blood  it 
produces  profound  perversions  of  current  physiological 
status,  of  which  the  most  important  are  derangement  of 
the  cerebral  faculties,  beginning  with  emotional  excite- 
ment and  ending  in  entire  unconsciousness;  derangement 
of  sensation,  shown  most  markedly  in  exaltation  of  the 
hearing  and  dulling  of  tlie  tactile  sense ;  and  derangement 
of  motility — first  tremblings,  or  even  spasms,  and  exalta- 
tion of  reflex  activity,  and.  later,  paresis,  paralysis,  abso- 
lute muscular  lelaxation  and  abolition  of  the  reflexes,  and 
finally,  if  the  dose  be  siiflicient.  arrest  of  action  of  heart 
and  lungs.  As  seen  clinically  in  the  inhalation  of  diluted 
chloroform  vapor  for  the  production  of  anaesthesia  the 
essential  phenomena  present  themselves  as  follows :  Very 


shortly  after  beginning  the  inhalation,  the  subject  shows 
emotional  derangement  generally  analogous  to  that  seen 
in  alcoholic  intoxication,  but,  as  a  rule,  of  more  qiiiet 
tone.  In  the  case  of  naturally  calm  and  self-contained 
individuals,  all  expression  of  emotional  perversion  may 
be  absent,  the  suliject  passing  to  perfect  unconsciousness 
without  a  word  or  a  movement.  As  a  rule,  furthermore, 
the  period  of  active  emotional  display  is  short,  and  un- 
consciousness supervenes  not  much  later  than  four 
minutes  after  the  beginning  of  the  inhalation.  Mean- 
time, in  the  matter  of  afTeclion  of  the  senses,  the  hearing 
has  been  excited  so  that  noises  seem  enormously  magni- 
fied in  intensity,  while  the  tactile  sense,  on  the  contrary, 
has  been  progressively  dulled  This  latter  effect — an;es- 
thesia,  the  most  important,  therapeutically,  of  all  the 
effects  wrought  by  chloroform — l)egins  earlier  and  is 
relatively  more  pronounced  than  in  intoxication  by  either 
alcohol  or  ether.  So  great  is  the  sensory  dulling,  indeed, 
that  surgical  procedures,  except  upon  the  most  acutely 
sensitive  parts  of  the  body,  may  be  practised  without 
pain  in  many  cases  long  before  muscular  relaxation  is 
complete,  and  even  while  considerable  conscious  intel- 
ligence remains.  Motor  disturbances  commonly  begin 
with  a  moderate  degree  of  rigidity,  which,  after  a  flitting 
general  tremor  just  as  consciousness  fails,  quickly  gives 
way  to  a  condition  of  relaxation.  During  the  evolution 
of  these  various  phenomena  the  respirations  have  at  first 
quickened  and  then  slackened,  until  at  last  they  have 
become  shallow  and  slow;  the  heart  has  also  at  first 
quickened  its  pulse  rate,  then  reassumed  the  normal, 
and  later  taken  on  a  more  rapid  but  feebler  action :  and 
the  pupil  has  at  the  beginning  dilated,  and  then  con- 
tracted, and  redilates  only  with  progressive  advance  of 
the  intoxication,  when  the  coma  has  become  dangerously 
profound.  By  the  march  of  these  various  phenomena 
the  subject  is  brought  to  a  condition  where  consciousness 
is  lost,  the  muscular  system  relaxed,  respirations  are  quiet 
and  shallow,  rate  and  quality  of  pulse  not  far  removed 
from  the  normal,  the  pupil  is  still  rather  contracted,  and 
reflex  winking  upon  touch  of  the  conjunctiva  still  slightly 
manifested.  This  condition  is  as  far  as  the  intoxication 
need  be  carried  for  surgical  purposes  imder  ordinary  cir- 
cumstances, and  should  therefore  be  recognized  as  the 
limit  of  effect  sought  to  be  attained  under  such  circum- 
stances. If  the  chloroform  be  further  pushed,  the  respi- 
ration becomes  stertorous,  the  heart's  action  grows  more 
rapid  and  weak,  the  pupils  dilate,  and  all  reflexes  cease; 
and,  next  and  last,  if  the  inhalation  still  continue,  pulse 
and  breathing  fail  and  the  subject  dies.  Upon  dis- 
continuing a  chloroform  inhalation,  the  return  to  con- 
sciousness is  comparatively  rapid,  and  there  is  but  little 
tendency  to  succeeding  nausea,  headache,  or  other 
malaise. 

Such  are.  in  brief,  the  main  phenomena  ordinarily  seen 
in  chloroform  narcosis,  but  departures  from  this  normal 
course  may  occur,  of  which  the  most  notable  are  im- 
natural  intensity  and  prolongation  of  the  period  of  emo- 
tional excitement:  unduly  strong  and  persistent  spas- 
modic symptoms,  and,  most  important  of  all.  sudden 
failitre  of  heart  and  respiration.  Prolonged  and  high 
excitement  and  strong  muscular  rigidity,  or  sjiasms.  very 
commonly  occur  together,  and  are  most  fiequent  in  the 
case  of  hard  drinkers,  who  take  chloroform,  as  they  take 
all  anfcsthetics,  very  badly.  Heart-and-lung  failure, 
likewise,  is  prone  to  occur  in  just  such  cases,  but  can  also 
happen  in  an  inhalation  progressing  in  perfectly  normal 
fashion,  and  when  so  occurring,  is  most  common  in 
subjects  in  the  height  of  health  and  vigor.  Strong 
and  active  males  in  the  prime  of  life,  who  take  chloro- 
form on  the  occasion  of  some  trivial  surgical  procedure, 
thus  constitute  the  class  that  furnishes  the  majority  of 
instances  of  chloroform  collapse.  With  children  the  ac- 
cident is  rare,  and  wilh  parturient  women  rarest  of  all. 
In  the  latter  class  of  subjects  the  presence  of  pain  very 
likely  counteracts  any  jjossible  tendency  to  syncope. 
Collapse  may  occur  at  any  stage  of  the  narcosis,  or  even 
after  the  subject  has  wellnigh  wholly  recovered  there- 
from, but  is  far  more  common,  however,  in  the  earlier 
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stages,  generally  before  consciousness  is  lost.  It  may 
coMie  on  quite  suddenly  after  a  brief  period  of  faltering 
respiration,  or  it  may  follow  great  and  prolonjred  excite- 
ment, violent  struggling,  or  strong  and  continued  mus- 
cular rigidity  or  convulsions,  or  vomiting. 

The  picture  is  like  that  of  shock.  Suddenly  the 
breathing  falters,  and  almost  on  the  instant  the  pulse 
fails,  the  face  blanches,  the  eyes  glaze,  bleeding  from 
cut  vessels  stops  (sui)])osing  an  operation  to  be  in  prog- 
ress), and  the  whole  aspect  is  tliat  of  imminent  death. 
Ordinarily,  imder  prompt  and  proper  treatment,  the  sub- 
ject revives  in  a  \ery  few  minutes,  but  occaisionally  he 
does  not,  andanotlier  "death  from  chloroform"  is  entered 
on  the  discredit  account  of  surgical  annals. 

The  determining  cause  of  chloroform  collapse  is  an 
overdose  of  the  drug.  Overdosage  may  come  about  in 
several  ways.  If  the  subject  is  an  old  toper,  or  is  pre- 
disposed to  heart  failure  by  reason  of  shock,  fatty  heart, 
congestion  of  the  lungs,  or  uriemic  or  septica^mic  poison- 
ing, the  normal  dose  of  chloroform  is  for  him  an  orerdose. 
Again,  even  in  the  case  of  a  .sound  subject,  a  normal 
dose,  in  the  sense  of  a  normal  chloroform  strength  of 
vapor,  may  lead  to  overdosage  by  reason  of  suddenly 
occurring  quick  and  deep  resjiirations.  Such  unusually 
rapid  and  full  breathing  always  follows  the  giving  way 
of  a  fit  of  rigidity  or  of  struggling,  with  its  attendant 
stoppage  of  breathing,  and  the  circumstance  accounts  for 
the  frequency  of  collapse,  already  noted,  occurring  early 
in  the  chloroformization  and  following  a  scene  of  e.xcite- 
ment  and  struggling.  Lastly,  overdosage  may  come  from 
an  overcharge  of  chloroform  upon  the  inhaler,  as  may 
easilj' happen  where  the  inhaler  issimply  a  towel  or  hand- 
kerchief upon  which  an  unmeasured  quantity  of  chloro- 
form is  dashed  from  time  to  time. 

The  action,  of  chloroform  is  complex,  as  is  the  case 
with  the  ethereal  narcotics  generally.  When  blood  is 
charged  directly  with  chloroform,  the  red  corpuscles 
shrink,  and,  if  there  be  free  access  of  air,  dissolve  com- 
pleteh'  in  the  serum,  presiunablj'  as  a  result  of  oxidation 
of  their  substance.  But  in  ordinary  chlorof<irm  narcosis 
the  percentage  of  chloroform  in  the  blood  is  too  slight 
to  lead  to  any  change  in  the  blood  discs.  Certain  of 
the  early  chloroform  effects,  such  as  coughing,  holding 
the  breath  and  struggling,  are  merely  reflexes  of  local 
irritation  of  the  air  passages.  But,"  for  tlie  rest,  the 
essential  phenomena  of  chloroform  narcosis  all  result 
from  a  direct  action  of  the  poison  upon  the  nerre  centres 
of  the  brain  and  spinal  cord  and  upon  the  heai-t,  or  its 
contained  ganglia — an  action  which  in  the  main  is  one 
of  prog  rem  i-e  paralyns  of  function.  The  influence,  how- 
ever, does  not  fall  with  equal  weight  upon  all  the  parts 
affected.  The  brain  is  perturbedbefore  the  cord,  and 
of  the  tracts  of  the  cord,  the  sensory  suffers  earlier  and 
more  severely  than  the  motor.  The  centres  of  the  me- 
dulla succumb  last,  and  again  the  motor  tract  resists 
longer  than  the  sensory,  the"  respiratory  and  vasomotor 
centres  holding  out  the  verv  longest. 

Upon  the  heart,  a  directly  w-eakening  influence  is  a 
characteristic  action  of  chloroform.  If  chloroform  vapor 
is  blown  upon  the  exposed  heart  of  a  frog,  the  orsan 
stops  beating  instantly,  while  its  musculature  relaxes  and 
refuses  to  respond  to  any  kind  or  degree  of  stin.ulation. 
In  ordinary  chloroform  narcosis,  a  fall  of  blood  pressure. 
even  possibly  to  zero,  is  a  classical  feature  of  the  intoxi- 
cation, and  a  progressive  weakening  and  dilatation  of  the 
heart,  beginning  at  the  auricles,  can  be  demonstrated. 
When  the  poisoning  is  intense,  the  heart  beats  more 
slowly  as  well  as  more  feebly,  and  stops  at  last  in  dias- 
tole. 

Just  what  is  the  patMogy  of  chloroform  collapse  has 
been  a  subject  of  dispute  for  many  years.  Some  have 
held  it  to  be  heart  faUure,  pure  and  simple,  due  to  direct 
action  of  the  poison  upon  the  heart  or  its  contained 
ganglia,  while  others,  though  admittins  that  the  heart 
suffers  a  direct  weakening,  yet  maintain  that  there  never 
is  a  primary  cardiac  paralysis,  but  that  death  besins  al- 
ways in  the  centres  of  the  medulla— respiratory  or  vaso- 
motor.   This  latter  belief  received  a  strong  impetus  from 
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its  reaffirmation  by  the  second  Hyderabad  Commission.* 
According  to  Hare  f — himself  a  later  experimenter  with 
chloroform  vmder  commission  from  the  Nizam  of  Hy- 
derabad— the  chain  of  cause  and  effect  in  chloroform 
collapse  is  primary  paralysis  of  the  vnso-motor  centre, 
whereby  vascular  control  wholly  disappears,  the  blood 
collects  in  the  veins,  and  the  subject  dies  as  he  would  die 
from  actual  hemorrhage,  by  failure  of  respiration  and  of 
heart  through  lack  of  blood  to  nourish  the  respiratory 
centre  on  the  one  hand,  and  to  excite  and  maintain  the 
contractions  of  the  heart  on  the  other. 

Whatever  be  the  true  explanation  of  chloroform  col- 
lapse, the  following  clinical  points  seem  now  to  be  estab- 
lished: In  extreme  chloroform  narcosis  the  respiratory 
function  always  fails  before  the  cardiac  ;  but  if  a  falter- 
ing of  the  breathing,  when  it  occurs,  be  not  detected 
instantly  and  treated  promptly  and  properly,  the  associ- 
ated heart  failure  will  follow  surely  and  swiftly  and  will 
at  once  imperil  life.  The  time  elapsing  between  failure 
of  respiration  anil  the  succeeding  failure  of  heart  action 
will  vary  with  the  chloroform  strength  of  the  inhalation. 
If  the  narcosis  is  produced  by  a  prolonged  inhalation  of 
low  chloroform  percentage,  the  heart  may  beat  for  two 
or  three  minutes  after  the  breathing  has  stopped;  but  if  a 
strong  percentage  is  used,  the  one  failure  of  function  will 
follow  upon  the  heels  of  the  other  so  quickly  that  the  two 
will  seem  to  be  simultaneous. 

Chloroform  has  but  little  action  on  the  nerres,  or,  ex- 
cept in  the  case  of  the  heart,  upon  the  muscles,  unless  the 
narcosis  has  been  prolonged  or  repeated.  In  such  latter 
cases,  however,  chloroform  may  cause  a  temporary  fatty 
degeneration,  affecting  not  only  the  muscles,  but  also  the 
liver  and  kidneys.  Ordinarily  this  condition  disappears 
after  a  few  da\'s.  but  while  it  endures,  it  is  obviously  a 
possible  source  of  danger,  and  indeed  accounts  for  occa- 
sional late  deaths  after  chloroform  narcosis. 

Body  temperature  falls  during  chloroform  narcosis, 
mainly  as  a  consequence  of  muscular  inaction. 

Elimination  of  absorbed  chloroform  is  principally  by 
the  lungs  and  kidneys,  and  the  greater  bulk  of  the  poison 
escapes  unchanged. 

The  therajieiitic  applications  of  chloroform  are  locally 
as  an  adilition  to  liniments  for  rubefaction,  or,  in  dilute 
mixture,  as  an  anodyne  for  the  relief  of  itching  or  of 
surface  pains;  by  the  stomach,  principally  as  an  anti- 
spasmodic, notably  in  intestinal  colics,  where  the  power 
of  chloroform  is  unrivalled;  and  by  inhalation,  as  an 
antispasmodic,  an  anodyne,  or,  carried  to  full  narcosis, 
as  an  anastlictic  in  surgical  procedures. 

For  the  local  uses  of  chloroform  the  United  States 
Pharmacopoeia  offers  Linimentum  Chloroformi,  Chloro- 
form Liniment,  a  preparation  compounded  of  chloroform, 
three  parts,  and  soai>  liniment,  seven  parts,  by  measure. 
In  continuous  application  as  an  anodyne,  this  liniment 
should  be  aiiplied  under  .some  air-proof  texture  to  pre- 
vent the  dissipation  of  the  chloroform  by  evaporation. 
Chloroform  is  also  mtu'h  used  as  a  local  anodyne  in  the 
form  of  an  extemporaneous  ointment,  made  by  incor- 
porating one  part  of  chloroform  with  eight  or  nine 
parts  of  some  simple  fatty  basis. 

For  girinrj  by  the  stomach,  chloroform  itself  may  be 
prescribed  in  extemporaneous  mixture  with  glycerin, 
mucilage,  or  syrup.  The  dose  ranges,  for  an  adult,  from 
a  few  drops  tc  a  teaspoonfid.  The  latter  dose,  however, 
is  a  large  one:  it  will  be  apt  to  produce  decided  narcotic 
symptoms,  and  often,  also,  vomiting.  If  ordered  by 
drops,  it  must  be  remembered  that  the  drop  of  chloro- 
form is  unusually  small,  the  number  required  to  till  the 
measure  of  4  c.c.  (fl.  ;  i.)  ranging  from  one  hundred  and 
eighty  to  two  hundred  and  seventy,  according  to  the 
circumstances  of  the  dropping.  Most  commonly  chloro- 
form is  given  internally  in  the  form  of  one  or  otlier  of  the 
following  official  preparations  of  the  L'uited  States  Phar- 
macopoeia: iSpiritus  Chloroformi,  Spirit  of  Chloroform. 
This  is  a  solution  of  chloroform  in  alcohol  of  the  strength 


*  See  the  Lancet  f  jr  the  vear  IS90. 

+  Tlie  Therapeutic  Gazette,  February,  1897. 
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of  six  per  cent,  of  chloroform  by  measure.  Dose,  any- 
where up  to  a  teaspoonful,  diluted  in  some  form  of  mix- 
ture. Emiihiim  Cldorupinni,  Emulsion  of  Chloroform, 
is  compounded  of  chloinform.  expressed  oil  of  almond, 
tragacanth  anil  water,  the  chloroform  beinir  present  in 
the  proportion  of  four  parts,  by  measure.  This  eniulsiun 
keeps  well,  dilutes  smoollily  with  water,  and  so  forms 
a  convenient  prejianition  for  the  i;iving  of  chloroform. 
Since  it  contains  no  alcohol,  the  dose  may  be  proportion- 
ately greater  than  that  of  the  spirit  just  described,  and 
may  be  set  at  from  one  to  two  tablespoonfuls.  Ai/ua 
Chloroformi.  Chloroform  Water.  This  is  simply  a  satu- 
rated solution  of  chloroform  in  distilled  water,  and  is 
necessarily  a  feeble  jireparation,  since  chloroform  liis 
solves  in  water  but  sparingly  (1  part  in  200).  The  water 
may  be  given,  by  itself,  in  doses  of  one  or  two  table- 
spoonfuls,  but  it  is  more  commonly  used  as  a  watery 
menstruum  in  composite  prescriptions,  wherein  the 
chloroform  of  its  composition  acts  as  a  preservative. 

For  administration  by  inhalation,  only  purified  chloro- 
form of  known  good  quality  is  to  be  used.  It  is  most 
connnonly  employed  without  admixture  of  other  sub- 
stances, the  vapor  being  breathed,  diluted  with  air. 
Whether  the  inhalation  be  a  few  w  hills  only  for  the  re- 
lief of  pain  or  spasm,  or  whether  it  be  for  tlie  establish- 
ment of  full  narcosis  for  anaesthesia,  the  fundamental 
principle  must  be  observed  to  administer  the  vapor  svffi- 
citntly  diluted.  Air  overcharged  with  chloroform  vapor 
is  certain  and  swift  death  to  all  animal  life,  and  the  pro- 
portion of  admixtvire  for  human  inhalation  should  not 
exceed,  for  coiitiinnd  use,  three  and  a  half  per  cent,  of 
chloroform  to  air.  When,  therefore,  chloroform  is  ad- 
ministered by  the  homely  apparatus  of  a  handkerchief 
or  towel,  the  points  should  be  observed  not  to  jnit  more 
than  half  a  teaspoonful  or  so  of  the  agent  upon  the  towel 
at  any  one  time,  and  to  hold  the  cloth  free  from  imme- 
diate contact  with  the  face,  so  that  the  inhaled  vapor 
may  be  mixed  aljvindantly  with  air.  It  is  in  this  way 
that  brief  inhalations  are  practised  for  anodyne  and  anti- 
spasmodic purposes.  And  partly,  jierhaps.  because  of 
their  brevity,  and  partly  because  of  the  existence  of  pain 
on  the  occasion  of  the  inhaling,  accidents  during  such 
brief  inhalations  are  rare.  Accidents,  however,  may 
occur  if  the  chloroform  is  »f(^-administered  by  a  subject 
in  the  recumbent  posture.  For  in  such  case,  if  uncon- 
sciousness supervenes,  the  chloroform-charged  handker- 
chief is  liable  to  fall  directly  upon  the  upturned  nose  and 
mouth,  and  there  to  remain,  deliverifig  po.ssibly  danger- 
ous charges  of  vapor  to  the  now  narcotized  subject. 
Accordingly,  self-administration  never  should  be  prac- 
tised unless  the  subject's  head  is  raised  sufticiently  so 
that  in  the  event  of  unconsciousness  the  hand  and  hand- 
kerchief will  certainly  fall  down  and  away  from  the  face, 
and  the  inhalation  thus  automatically  be  stopped.  But 
under  any  circumstances  chloroform  is  a  dangerous  drug 
for  self -use. 

The  giving  of  chloroform  to  the  degree  of  narcosis,  for 
anastlusia  in  surgical  procedures,  is  a  special  topic,  treated 
in  this  work  in  the  following  article,  to  which  the  reader 
is  referred. 

A  last  mode  of  using  chloroform  medically  is  bj-  deep 
injection,  by  means  of  the  hy])odermatic  syringe,  for  the 
relief  of  neuralgia.  About  2  c.c.  (fl.  3ss.)  is  injected  at 
a  dose,  but  the  procedure  is  a  harsh  one.  severe  local  re- 
action having  several  times  followed  the  practice. 

In  the  matter  of  the  toj-irolor/if  of  chloroform,  the  first 
point  to  note  is  that  chloroform  taken  by  swallowing, 
even  undiluted,  is  much  less  dangerous  than  w  ould  be 
supposed.  The  smallest  fatal  dose  of  which  the  writer 
has  read  was  a  drachm  taken  by  a  child  four  years  old* 
(TaylorV  Boehm  ("Ziemssen's  Cyclopa'dia "')  mentions 
half  a  Huidrachm  as  a  fatal  dose,  but  does  not  give  the 
age  of  the  subject.  On  the  other  hand,  cases  have  been 
reported  of  recovery  after  doses  of  from  half  an  ounce 
to  four  ounces  (presumably  fluidounces).  The  symp- 
toms, in  poisoning  by  swallowing,  are  the  production  of 
a  narcosis  generally  similar  to  that  induced  by  inhala- 
tion of  chloroform,  accompanied  in  many  cases  by  gas- 


tric troubles  due  to  the  direct  irritation  of  the  potion. 
The  treatment  must  be  conducted  upon  general  prin- 
ciples, since  there  is  no  chemical  antidote;  to  the  drug. 
Belonging  to  the  subject  of  toxicology  is  the  question 
whether  it  is  i>ossible  to  narcotize  a  sleeping  person  by 
chloroform  inhalation  without  the  subject's  first  awak- 
ening from  the  natural  sUiml)erso  as  to  become  cognizant 
of  the  attempt.  And  from  recorded  cases  and  the  results 
of  experiments,  there  seems  to  be  no  doubt  but  what  the 
question  is  to  be  answered  in  the  allirmative,  )/  the  subject 
is  in  «u«//rf  i/cc/)  when  the  administration  is  made.  But 
otherwise  the  attempt  will  certainly  be  recognized. 

EdiTiird  C'irlis. 

CHLOROFORM.     ETHER.     AND      OTHER     AN>€S 
THETIC    AGENTS.    ADMINISTRATION     OF.— Before 

taking  up  tlic  adniini>tralion  of  ilic  individual  anies- 
thetics  it  will  be  well  briefly  to  consider  certain  questions 
of  a  general  character  relative  thereto,  as  the  choice  of 
the  anjcsthetic.  the  preparation  of  the  patient,  etc. 

In  view  of  the  marked  differences  wliich  exist  between 
the  actions  of  the  several  ana'Sthetics.  it  is  evident  that  in 
certain  cases  the  conditions  presented  by  the  state  of  the 
patient,  the  nature  of  the  operation,  etc.,  may  render  the 
use  of  one  agent  more  suitable  than  another,  and  it  has 
come  to  be  a  well-recognized  fact  that  a  judicious  choice 
of  the  ana'Sthetic.  especially  in  ca.ses  presenting  unusual 
features,  is,  to  all  concerned,  an  important  factor  in  the 
sjitisfaetory  conduct  of  the  ca.se.  In  the  choice  of  the 
ana'Sthetic  the  first  consideration  is  undoubtedly  the 
safety  of  the  patient,  and  it  follows  that  in  ordinary  cases 
that  agent  should  be  employed  which  will  least  endanger 
the  life  of  the  patient.  Omitting  the  important  role  of 
local  anasthesia  and  the  use  of  those  unusual  agents 
whose  true  position  as  to  safety  has  not  as  yet  been  de- 
termined, we  are  brought  to  a  consideration  of  the  rela- 
tive safety  values  of  nitrous  oxide,  ether,  and  chloroform. 

The  statistics  of  ansesthesia.  like  other  statistics,  may 
be  selected  and  manipidated  in  such  a  manner  as  to  prove 
the  particular  views  of  a  given  writer  whether  he  favors 
one  or  the  other  anresthetie.  Good  examples  of  the  fal- 
lacy of  individual  statistics  or  those  derived  from  small 
groups  of  cases,  are  furnished  by  the  report  of  Laurie, 
showing  r)().(K)()  consecutive  chloroform  administrations 
without  a  death,  and  that  of  Anslie.  showing  21  deaths  in 
3.058  chloroform  administrations.  It  is  obvious  that  to 
determine  rightly  the  proportion  of  fatalities  to  adminis- 
tfiitions.  inilivi<liial  statistics  and  smaller  groups  from 
various  reliable  sources  should  be  put  together  till  a  large 
mass  has  been  formed,  the  deductions  from  which  must 
be  of  the  greatest  possible  value: 

.^dmioistr&lioDS.      Deaths.  Rate. 

Statistics  collected  by  JulUard ; 

Chloroform .524.307  161         tin   3,258 

Ether 314,738  21         lln  14.987 

Statistics  collected  by  Ormsby : 

Chloroform 1.52,280  33         1  in   2.873 

Ether  82,815  4         1  in  23,3«M 

Statistics  collected  by  Gurlt  in  Ger- 
many from  1891  to  1897 : 

Chloroform 1  in   2,n39 

Ether 1  in   5,000 

Statistics  from  St.  Bartholomew's 
Hospital  fnm  1875  to  ISSO : 

Chloroform 19,526  13         1  in   l..ve 

Ether 8.491  3         1  in   2.>m 

"Gas  and  ether" 12,941  1         1  In  12,9U 

There  are  very  few  reported  deaths  from  nitrous  oxide, 
and  considering  the  many  millions  of  administratitins  that 
have  taken  place,  the  rate  of  its  mortality  would  prob- 
ably be  one  in  .several  hundred  thousands. 

It  is  the  writer's  opinion  that  the  statistics  of  anaes- 
thesia are  particularly  unreliable  and  misleading  owing 
to  unreportetl  fatalities,  of  which  there  are  probably  a 
far  greater  number  than  of  those  reported.  Julliard  has 
given  particulars  of  20  deaths  by  chloroform  that  took 
place  w  ithin  his  knowledge,  only  3  of  which  had  been 
published.  Waller  refers  to  3  cases  not  reported,  and 
mentions  one  hospital  from  which  2  chloroform  deaths 
were  reported  out  of  9  that  occurred  during  one  year. 
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Anotlier  source  of  error  in  these  statistics  is  the  fact  that 
the  fatalities  reported  are,  for  tlie  most  part,  those  which 
are  due  to  the  immediate  effect  of  the  anaestlietic,  wliile 
tlie  cases  that  die  subsequently  from  conditions  which 
may  be  attributed  partly  or  wholly  to  the  anesthetic  are 
more  apt  to  be  unrecorded.  Ether  probably  furnishes  a 
greater  number  of  these  cases  than  chloroform,  and  in 
consequence  the  statistics  of  this  anesthetic  are  probably 
more  favorable  than  the  whole  truth  of  the  matter  war- 
rants. It  is  therefore  probable  that  nitrous  o.xide  is  the 
safest  general  anesthetic  if  its  use  is  restricted  to  momen- 
tary administration  as  for  tooth  extraction.  The  pro- 
longed administration  of  this  anesthetic  is  quite  a  differ- 
entniatter.  however,  and  at  the  present  time  there  are 
not  sufficient  data  of  its  use  in  this  way  to  warrant 
conclusions  as  to  its  safety.  The  writer  has  administered 
gas  with  air  or  with  o.xygen  for  operations  lasting  from 
a  few  minutes  to  more  than  two  hours  in  several  hundred 
eases,  and  while  he  has  had  no  death,  alarming  states 
have  several  times  appeared  with  such  rapidity  and  so 
little  warning  that  it  .seems  probable  that  the  general 
adoption  of  this  form  of  anesthesia  would  lead  to  a  mor- 
tality more  nearly  approximating,  if  not  exceeding,  that 
of  chloroform  and  ether.  This  opinion  is  strengthened 
by  the  occurrence  of  four  such  deaths  in  New  York  City 
which  have  come  to  the  writer's  notice  within  one  year. 

Ether  is  undoubtedly  sceond  in  safety,  whether  used 
alone  or  following  nitrous  oxide. 

Chloroform  is  the  most  dangerous  of  the  agents  under 
consideration. 

In  mixtures  such  as  A.  C.  E.  the  most  active  ingredient 
is  chloroform,  the  effect  of  which  is  modified  bj-  dilution 
and  by  the  action  of  the  other  elements  of  the  mixture. 
In  point  of  safety  these  mixtures  should  probably  be 
placed  between  ether  and  chloroform,  the  greater  the 
proportion  of  chloroform  the  more  dangerous  the  mix- 
ture. 

It  is  thus  evident  that  from  the  standpoint  of  statistics 
the  choice  of  the  anesthetics  should  be  as  follows: 

First,  nitrous  oxide  for  such  operations  as  necessitate 
no  more  than  one  complete  administration  of  the  gas. 

Second,  ether,  whether  given  alone  or  preceded  by 
nitrous  oxide. 

Third,  a  mixture  such  as  A.  C.  E. 

Fourth,  chloroform. 

There  are,  however,  other  factors  than  statistics  to  be 
considered  before  a  proper  choice  can  be  made,  and  these 
are  found  in  conrn'cWonwMx  the  condition  of  the  patient 
and  t/ie  niitiire  of  the  operation.  Conditions  of  the  patient 
affecting  the  choice  of  the  anesthetic  are  as  follows.  Age 
is  responsible  for  the  presence  of  certain  conditions  which 
may  modify  the  effects  produced  by  the  different  anes- 
thetics and  consequently  their  safety.  It  is  a  popular 
belief  that  chloroform  is  the  ideal  anesthetic  for  children, 
and  that  they  possess  an  immunity  from  its  dangerous 
action  not  enjoyed  by  adults.  The  statistics  of'anes- 
thesia  prove  this  to  be  without  foundation,  and  would 
rather  indicate  a  greater  relative  mortality  in  these  sub- 
jects, as  would  seem  reasonable  iu  view  of  their  delicate 
constitutions.  In  the  [Miiret's  investigation  of  the  chlo- 
roform question,  out  of  400  chloroform  deaths  in  which 
theages  were  stated,  oSwere  fifteen  yearsold  or  vounser. 
This  relative  mortality  of  nearly  fifteen  per  cent,  in  cliil- 
dreu  is  large  when  we  take  into  account  the  fact  that  this 
age  furnishes  but  a  small  percentage  of  the  cases  requir- 
ing anesthetics. 

Ether,  if  presented  in  concentrated  vapor,  is  very  irii- 
tating  to  the  delicate  mucous  membrane  of  the  aiV  pas- 
sages of  infants  and  young  children,  and  the  respiration 
may  become  greatly  obstructed  by  the  excessive  flow  of 
mucus  and  saliva  thus  set  up.  A" properly  diluted  vapor 
of  ether  is  well  borne  by  these  patients,  however,  and  by 
careful  administration  anesthesia  mav  be  accomplished 
without  undue  irritation,  although  miicus  and  saliva  are 
usually  more  abundant  than  in  adults.  Infants  and  very 
young  children  are  easily  asphyxiated  by  nitrous  oxide, 
and  the  period  of  anesthesia  resulting  from  a  single  ad- 
ministration is  so  short  in  these  patients  that  its' use  is 


rarely  advisable.  Older  children  take  gas  more  satisfac- 
torily, although  the  period  of  anesthesia  is  much  shorter 
than"  in  adults,  and  reflex  phenomena  are  more  jiro- 
nounced.  Age  again  becomes  a  factor  in  the  thoice  of 
the  anesthetic  in  those  of  advanced  jears.  Here,  the 
impaired  lespiratory  power,  the  tendency  to  bronchial 
affections  (or  their  presence)  and  to  alterations  in  the 
blood-vessels,  render  the  tise  of  ether  more  dangerous 
perhaps  than  at  any  other  time  of  life.  The  danger  of 
chloroform  in  reference  to  these  conditions  is  not  jiarticu- 
larly  affected,  and  chloroform  is  thus  brought  into  favor- 
able contrast  with  ether  in  the  aged. 

The  mere  age,  however,  should  not  altogether  govern 
the  choice  of  the  anesthetic  without  reference  to  the  con- 
ditions presented  by  each  patient.  JIany  very  old  per- 
sons take  ether  perfectly  well,  and  there  are  some  who 
would  be  greatly  endangered  by  chloroform. 

Nitrous  oxide  with  oxygen  may  occasionally  be  of 
service  in  the  aged  under  circumstances  which  would 
render  the  use  of  ether  or  chloroform  particularly  dan- 
gerous. Exceedingly  fleshy  individuals  are  not.  as  a 
rule,  good  subjects  for  nitrous  oxide  or  ether  owing  to 
the  fact  that  they  are  very  liable  to  difficidties  with  the 
respirati(^n  under  these  anesthetics.  Chloroform  or 
chloroform  mixtures  are  better  taken  by  this  class  of 
patients.  The  condition  of  the  heart  is  occasionally  a 
factor  in  the  choice  of  the  anesthetic.  The  presence 
of  valvidar  lesions  with  perfect  compensittion  does  not 
materially  affect  the  choice  of  the  anesthetic,  as  these 
patients  take  anesthetics  iu  the  usual  manner.  When 
compensjition  is  not  perfect  and  the  patient  suffers  from 
dyspncea,  cyanosis,  cough,  cedema,  effusions,  etc..  the 
use  of  an  anjesthetic  is  more  or  less  hazardous,  and  a 
proper  choice  will  greatly  enhance  the  patient's  sjifety. 
The  presence  of  dyspncea.  cyanosis,  and  cough  contra- 
indicates  the  u.se  of  ether  and  nitrous  oxide.  Chloroform 
is  perhaps  more  suitable  for  these  cases,  particularly  if 
oxygen  is  administered  with  it.  In  all  cases  with  heart 
disease  it  is  advisable  to  avoid  the  struggle  which  fre- 
quently occurs  during  the  period  of  excitement,  and  this 
should  be  done  ir/ie n,  pomble  by  the  administration  of  ga.s 
followed  by  ether. 

ifany  prefer  the  A.  C.  E.  mixture  in  these  cases,  and 
it  is  juolialile  that  if  any  one  anesthetic  were  to  bcclKwen 
for  all  of  this  class  of  cases,  such  a  mixture  would  be 
best. 

Ana;sthetics  are  especially  dangerous  in  cases  present- 
ing degenerative  changes  in  the  heart  muscle.  Chloro- 
form particularly,  and  ether,  or  A.  C.  E. ,  should  be  pre- 
ferred according  to  the  indications  present. 

Disease  of  the  blood-vessels  may  affect  the  choice  of 
the  anesthetic.  Marked  atheroma  contraindicates  ether, 
chiefly  on  account  nf  tlic  danger  of  cerelu-al  hemorrhage 
from  the  elevation  of  blood  jiressurc  which  accompanies 
its  use. 

Chloroform  or  A.  C.  E.  would  be  preferabk-  here,  as  in 
cases  with  aneurism.  Nitrous  oxide  should  not  be  ad- 
ministered to  these  patients  in  the  usual  way.  Its  use 
would  only  be  justified  when  condjincd  with  sutficient 
oxygen  to  obviate  the  asphyxia  which  wotdd  otherwise 
result  anil  which  would  be  dangerous  under  these  cir- 
cumstances. 

The  presence  of  acute  disease  of  the  lungs  is  a  contra- 
indication to  the  use  of  ether,  and  whenever  such  condi- 
tions have  recently  been  present  this  agent  should  be 
administered  with  great  care,  if  at  all.  Chronic  pulmo- 
nary complaints  are  ajit  to  become  more  active  after  the 
administration  of  ether,  particularly  in  old  persons.  In 
cases  of  slight  or  quiescent  pulmonary  tuberculosis  ether 
•is  apt  to  be  harmful  and  should  be  avoided  if  possible. 

Patients  who  are  liable  to  pulmonary  hemorrhage 
should  not  liave  ether.  In  this  class  of  cases  nitrous 
oxide  with  oxygen,  chloroform,  or  A.  C.  E. ,  is  prefer- 
able to  ether. 

Active  disease  of  the  kidneys,  acute  or  chronic,  consti- 
tutes an  indication  for  great  care  iu  the  choice  of  the  an- 
esthetic It  is  very  generally  accepted  that  ether  is  more 
damaging  to  diseased  kidneys  than  chloroform,  and  this 
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is  borne  out  liy  clinical  experience.  Nitrous  oxide  with 
oxytreu  probably  disturbs  the  kidneys  less  than  any 
otlier  general  antesthetic.  and  should  "be  the  tirst  choice 
in  cases  presenting  nephritis,  while  chloroform  should 
be  second. 

Patients  who  are  particularly  exhausted,  collapsed,  or 
anaemic  are  greatly  endangered  by  chloroform.  Ether 
is  preferable  for  these  cases. 

The  jMvsencc  of  dyspnrea.  as  caused  by  the  pressure  or 
direct  intrusion  of  tumors  ou  the  air  passages,  stenosis  of 
the  same  from  false  membrane  or  from  the  presence  of 
foreign  bodies,  compression  of  the  lungs  by  effusions, 
interference  with  respiration  from  abdominal  distention 
or  paralysis  of  the  respiratory  muscles,  is  a  contraindica- 
tion to  ether  or  nitrous  oxide".  Chlorofonn  alone  or  as  in 
A.  C.  E.  is  preferable,  especially  when  administered  with 
oxygen. 

Comatose  or  semi-comatose  patients  require  little  if 
anv  ana;sthetic  and  are  easily  brought  into  a  dangerous 
condition  if  much  is  employed.  The  choice  should  be 
governed  by  the  conditions  present. 

Insanity  iloes  not  appear  from  clinical  evidence  to  in- 
dicate the  use  of  one  particular  anesthetic  rather  than 
another,  and  the  choice  in  these  cases  should  be  deter- 
mined by  other  factors  than  the  mental  state. 

Circumstances  connected  with  the  operation  to  be  per- 
formed often  have  a  determining  influence  upon  the 
selection  of  the  ana-sthetic.  The  sitting  posture  as  usu- 
allv  required  for  tooth  extraction,  and  occasionally  for 
op"eratioGS  upon  the  tonsils  and  adenoid  growths  in  the 
pharynx,  is  a  distinct  contraindication  to  the  use  of  chlo- 
roform, and  the  many  fatalities  which  have  attended  its 
administration  under  these  circumstances  are  sufficient 
warrant  for  the  statement  that  c/ihroform.  should  neter  be 
adminhtercd  to  a  pniient  in  the  sitting  pasition. 

In  operations  on  the  brain  chloroform  is  frequently 
preferred  to  ether  on  account  of  causing  less  congestion. 
In  operations  aoout  the  mouth  and  nose,  when  it  is  neces- 
sarv  that  the  effect  of  the  ana'sthetic  be  maintained  be- 
yond a  brief  period,  the  narcosis  is  best  continued  by 
chloroform  from  a  Junker  apparatus,  although  ether  may 
be  administered  before  the  operation  begins. 

For  abdominal  operations  chloroform  is  preferred  by 
many  operators  on  account  of  the  greater  quietude  of  the 
abdominal  muscles  and  the  less  vigorous  fonn  of  respira- 
tion than  frequently  accompany  the  administration  of 
ether,  though  it  is  possible  with  the  latter  ana?sthetic  to 
produce  satisfactory  results  in  the  majority  of  these  cases 
by  proper  administration. 

"In  operations  upon  the  large  joints,  particularly  the 
reduction  of  dislocations,  upon  the  rectum,  the  deep 
glands  of  the  neck,  the  kidney,  and  for  intestinal  obstruc- 
tion ether  is  preferable  to  chloroform  on  account  of  the 
unusual  tendency  to  shock  which  attends  these  opera- 
tions. Many  fatalities  have  been  recorded  from  chloro- 
form in  these  operations.  The  same  is  held  to  be  true  of 
operations  in  which  the  optic  nerve  is  severed. 

In  obstetrics  much  may  be  gained  by  a  proper  selection 
of  the  anesthetic.  There  are  two  conditions  in  these 
cases  which  call  for  the  use  of  anaesthetics,  one  being  for 
the  relief  of  the  pain  attending  labor,  the  other  for  ob- 
stetric operations.  Since  Simpson,  in  1847,  tirst  advocated 
the  administration  of  chlorofomi  for  the  relief  of  pain  in 
labor,  this  agent  has  been  almost  universally  used  for 
this  purpose  and  almost  to  the  exclusion  of  other  anes- 
thetics. It  has  been  thus  administered  in  a  va.st  number 
of  cases,  and  very  few  fatalities  have  occurred.  Indeed, 
the  administration  of  chloroform  is  held  to  be.  and  prob- 
ably is.  particularly  safe  during  the  latter  part  of  preg- 
nancy owing  to  the  increased  power  and  tone  of  the  vas- 
cular system  and  the  heightened  resistance  of  the  body 
generally.  There  are,  of  course,  exceptions  to  this  rule 
— patients  to  whom  chloroform  must  be  dangerous  under 
any  circumstances — and  these  should  not  be  endangered 
through  mere  routine. 

The  simplicity  of  the  administration  of  a  few  drops  of 
chloroform  to  relieve  a  labor  pain  and  the  delightful  re- 
sult produced  practically  without  danger  or  discomfort, 


give  to  this  anesthetic  a  place  that  will  not  soon  be  held 
by  another  agent. 

The  use  of  ether  as  an  analgesic  during  labor  has  never 
been  extensive;  and  while  ether  is  at  a  disadvantage  as 
compared  with  chloroform  in  point  of  comfort  and  sim- 
plicity of  administration,  it  possesses  certain  advantages 
which  are  often  desirable  and  which  will  be  considered 
later.  The  writer  has  used  ether  for  this  purpose  in  many 
cases  with  the  utmost  satisfaction. 

In  obstetric  operations  surgical  anesthesia  is  usually 
required,  and  in  the  selection  of  the  anesthetic  certain 
points  in  connection  with  the  patient's  special  condition 
should  be  consideretl. 

The  effect  of  the  different  anesthetics  upon  the  uterine 
contractions,  and  the  rapidity  of  the  recovery  of  the 
uterus  from  the  effects  of  the  anesthetic,  are  important. 
Used  simply  as  analgesics  in  labor  there  is  very  little 
effect  upon  the  uterine  contractions,  as  a  rule.  Such 
effect,  however,  is  in  direct  proportion  to  the  amount 
employed,  and  is  manifested  by  lessened  force  and  fre- 
quency of  the  ■■  pains. "  The  writer  is  not  aware  whether 
ether  or  chloroform  is  more  liable  to  such  action,  but 
would  point  out  the  difference  in  the  effects  of  these  two 
agents  when  administered  to  the  more  profound  degree 
necessary  for  obstetric  operations.  Hensen,  Dunhoff, 
and  others  have  demonstrated  that  ether  and  chloroform 
diminish  the  force  of  the  pains,  prolong  the  interval,  and 
lessen  or  suspend  the  action  of  the  abdominal  muscles. 
The  force  of  the  pains  is  quickly  restored  after  ether, 
very  slowly  after  chloroform.  Hensen,  therefore,  con- 
siders that  ether  should  always  be  used  as  the  anesthetic 
in  labor. 

Preparation  for  tJis  Administration. — From  the  stand- 
point of  the  anesthesia  a  number  of  details  of  prepara- 
tion for  the  administration  are  of  much  importance.  The 
general  condition  of  the  patient  should  be  carefully  noted 
several  days  before  the  administration.  The  heart,  hmgs. 
and  kidneys  should  be  thoroughly  investigated.  If  the 
patient's  condition  can  be  improved  or  fortitied  in  any 
way  against  danger  from  the  anesthetic  it  should  be 
done.  The  influence  of  digitalis,  strychnine,  etc.,  for 
several  days  before  the  operation  is  often  beneficial  in 
counteracting  possible  depression  from  the  anesthetic  or 
shock  from  the  operation.  In  cases  in  which  consider- 
able hemorrhage  is  liable  to  occur  during  the  operation, 
the  vessels  should  be  well  tilled  by  the  ingestion  of  con- 
siderable quantities  of  fluid  for  several  days  prior  to  the 
operation.  The  patient's  stomach  should  be  as  nearly 
empty  as  pos.sible  at  the  time  of  the  operation  without 
withholding  nourishment  to  the  extent  of  producing 
weakness.  It  has  been  the  experience  of  many  observers 
that  from  three  to  six  hours  should  elapse  between  the 
taking  of  solid  food  and  the  administering  of  the  anes- 
thetic, preferably  the  longer  time.  The  length  of  this 
period  is,  hfiwever.  of  less  importance  than  the  character 
of  the  food  last  taken,  regarding  which  I  should  say  that 
the  worst  possible  consisted  of  meat,  vegetables,  and 
milk,  and  the  best,  of  clear  soup,  beef  juice,  or  some 
other  non-coagulable  fluid  of  distinct  nutritive  value. 
Aged  and  weakly  patients  should  be  treated  more  leni- 
ently in  respect  to  the  withholding  of  nourishment  than 
the  "voung  and  strong.  "Whenever  it  is  found  desirable 
that  the  patient  should  have  nourishment  less  than  three 
hours  before  the  operation,  it  should  be  administered  by 
way  of  the  rectum.  The  same  is  true  of  alcoholic  stimu- 
lation, which  is  sometimes  desirable  shortly  before  the 
operation.  A  condition  is  occasionally  met  in  cases  of 
intestinal  obstruction  in  which  the  stomach  contains 
material  which  has  passed  into  it  from  the  bowel  and 
which  is  being  vomited  with  little  or  no  effort  (regurgita- 
tive  vomiting).  The  danger  of  infection  of  the  lungs 
through  aspiration  of  some  of  this  material  during  narco- 
sis is  considerable,  and  if  possible  the  stomach  should  be 
thoroughly  washed  out  before  the  administration. 

While  the  time  of  the  narcosis  is  usually  determined 
by  other  circumstances,  it  is  well  to  bear  in  mind  that 
the  patient's  condition  is  usually  best  at  about  eight  in 
the  morning  and  two  in  the  afternoon.     As  regards  the 
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relation  between  fasting  and  the  patients  general  condi- 
tion the  carlv  morning  presents  the  favorable  circum- 
stance of  a  prolonged  fast  which  is  natural  and  which 


FIG    1264.— Gross'  Mouth  Gag. 

does  not  produce  the  weakness  and  faintness  often  felt  in 
passing  the  usual  meal-time.  Although  an  empty  stomach 
is  not  as  essential  before  a  brief  administration  of  nitrous 
oxide  as  before  ether  or  chloroform,  it  is  still  ver_y  desir- 
able and  should  always  be  so  arranged  if  possible.  It  is 
customary  to  ha\e  the  bowels  well  evacuated  before  oper- 
ations, and  a  number  of  points  have  been  observed  in  this 
connection  which  bear  upon  the  auKSthesia  and  the  con- 
dition of  the  patient.  A  drastic  and  vigorous  cathartic 
the  night  before  a  morning  o]5eratiou  is  very  apt  to  leave 
the  patient  not  only  in  a  weakened  condition  but  "  ill " 
by  reason  of  headache,  nausea,  vomiting,  and  general 
nialaise.  The  administration  of  laxatives  for  several 
days  before  the  operation,  together  with  regulation  of  the 


Fig.  1265.— Mathieu's  Tongue-Holding  Forceps. 

diet,  would  seem  to  accomplish  the  purpose  more  satis- 
factorily. The  rectum  and  bladder  should  be  empty. 
This  should  not  be  overlooked  in  brief  administrations  of 
nitrous  oxide,  especially  in  children,  for  there  is  a  distinct 
tendency  toward  evacuation  of  these  organs  under  this 
ana'Sthetie.  Before  the  administration  of  an  ana?sthetic, 
arrangements  should  be  made  for  the  proper  protec«ion 
and  care  of  the  patient  during  the  narcosis. 

Ample  covering  should  be  provided  during  the  opera- 
tion, and  this  is  a  point  frequently  overlooked  or  inade- 
quately carried  out.  The  table  should  be  padded  to  a 
comfortable  degree  if  possible,  and  undue  pressure  ujion 
any  part  of  the  patient  should  be  prevented.  Particular 
care  should  be  taken  that  the  arms  and  legs  do  not  hang 


Fig.  1266.— Puncturing  Tongue-Holding  Forceps. 

over  the  edge  of  the  table,  for  many  cases  of  paralysis 
result  in  this  way.  The  position  of  the  patient  should 
be  as  natural  and  unrestrained  as  possible  in  view  of  the 
requirements  of  the  operation.  Apparatus  used  to  main- 
tain certain  positions,  as  the  crutch  for  the  lithotomy 
position,  and  shoulder  rests  used  in  the  Trendelenburg 
posture,  should  be  well  padded  and  not  too  tightly  ap- 
plied. When  the  arms  are  to  be  extended  over'thehead 
during  the  narcosis  the}'  should  not  be  omr-eitended,  for 
paralyses  have  been  caused  in  this  way. 

The  administrator  should  have  at  hand  and  ready  for 
use  a  mouth  opener  such  as  a  wedge  of  hard  wood,  a 
wooden  conical  screw,  or  some  such  instrument  as  that 


shown  In  Fig.  1264.  a  forceps  for  grasping  the  tongue  as 
shown  in  Fig.  1265.  A  tongue-hokling  forceps  which 
pierces  the  tongue  is  useful  for  such  cases  as  require  the 
tongue  held  forward  for  prolonged  periods,  causing  less 
after  disturbance  than  the  grasping  forceps.  An  excellent 
tongue-piercing  forceps  is  shown  in  Fig.  1266.     A  mouth 


FIG.  1268.— Hewitt's  Mouth 
Prop. 


Fig.  1267.-Denhart's  Mouth  Gag. 

gag  tor  holding  the  jaws  apart  is  often  required  (see  Fig. 
1267).  Mouth  props  as  shown  in  Figs.  1268  and  1269  are 
necessary  for  dental  cases. 

The  following  should  also  be  at  hand:  A  number  of 
small  swabs  should  be  fnd  upon  liandles  or  sponge 
forceps  reafiy  for  use.  A  number  of  towels,  a  small 
basin,  a  hypodermic  syringe  in  imrkiiir/  order,  and  va- 
rious stimuhmts  in  solution  or  tabh't  form,  including 
strychnine,  nitroglycerin,  digitaline.  atropine,  etc..  a 
trachea  tube,  and  instrunu'nts 
necessary  for  tracheotomy,  and 
in  major  cases  it  should  be  seen 
that  apparatus  for  infusion  is 
ready.  A  stomach  tube  is  occa- 
sionallj-  useful. 

The  Admixisth-\tiox. — Prin- 
tiples  of  Admiinntrntion. — At  the 
time  of  the  administration  the 
patient  should  assume  a  natural 
and  comfortabk^  position.  The 
clothing  should  be  loose  eveiy- 
where.  The  presence  of  remov- 
able artificial  teeth  or  other  loose 
bodies  in  the  mouth  .should  be 
ascertained  and  such  should  be  removed.  The  nares 
should  be  free  from  foreign  material.  Natural  quiet 
should  be  maintained  at  the  beginning  of  the  adminis- 
tration and  until  an;c.sthesia  is  complete.  Unnatural 
quiet  and  whispering  should  be  avoided.  The  patient 
should  be  encouraged  in  a  conlident  manner,  for  encour- 
agement lessens  fear  and  fear  produces  a  kind  of  shock 
which  increases  the  danger  of  aiuesthetics.  especially 
chloroform.  The  effect  of  the  ana'sthetic  U])  to  the  time 
of  unconsciousness  sliould  be  briefly  explained  to  tlie 
patient.  He  should  be  instructed  how 
to  breathe,  naturally  but  with  slightly 
more  vigor  than  usual,  not  exces- 
sively. 

The  best  position  for  the  head  dur- 
ing the  administration  is  a  matter  of 
great  importance.  If  a  pillow  is 
used,  it  should  be  small  and  should 
extend  beneath  the  shoulders  far 
enough  to  cause  the  head  to  assume 
a  moderately  extended  position  over 
its  upper  edge.  The  face  should  be 
turned  well  to  one  side,  though  not 
to  the  extent  of  interfering  with  the 
respiration.  In  this  position  the 
tongue  has  less  tendency  to  obstruct 
the  respiration,  and  drainage  from 
the  mouth  is  favored.  The  adminis- 
trator should  never  lose  sight  of  the 
seriousness  of  ana;sthesia.  He  should 
be  familiar  with  its  statistics  and  should  remember  that 
too  great  a  belief  in  the  safety  of  any  one  of  the  anaes- 
thetics constitutes  one  of  its  dangers.     Too  much  must 


Fig.  lawi.—Daintree's 
.Adjustable  Mouth 
Prop. 
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not  be  trusted  to  an  apparatus,  and  it  should  be  remem- 
bered tliat  perhaps  "the  best  apparatus  is  a  srood  man." 
Inhalers  should  be  handled  carefully  and  kept  clean 
for  each  case.  Only  aua'sthelics  "especially  prepared 
for  inhalation  "  by  cliemists  of  known  rejiutation  should 
he  employed.  Chloroform  is  known  to  decomjiose  even 
in  the  bottle  if  e.\posed  to  direct  sunlight  for  a  short 
time  or  to  ordinary  daylight  for  a  prolonged  period. 
Chlorine  and  hydrochloric  acid  are  thus  liljcratcd,  and 
tlic  chloroform  is  rendered  irritating  and  iintit  for  use. 
Chloroform  vajior  is  decomposed  by  an  open  flame  into 
carbonyl  chloride  (phosgene  gas),  an  intensely  acrid  and 


Fig.  1270.— The  Esmarch  Mask.    A.  The  wire  frame;  B,  the  same 
with  flannel  cover. 

pungent  gas  which  causes  great  irritation  of  the  eyes  and 
respiratory  tract.  So  great  is  the  irritation  of  this  sub- 
stance that  a  number  of  deaths  have  been  attributed  to  its 
effect  upim  the  lungs  through  breathing  it  in  operating- 
rooms  wliere  chloroform  was  used  in  the  presence  of  open 
lights  and  where  ventilation  was  poor.  These  deaths 
have  occurred  among  the  physicians  and  assistants  rather 
than  among  the  patients.  Exposure  of  ether  to  light  and 
air  renders  it  unfit  for  use.  through  the  formation  of  acetic 
acid  and  other  products  which  give  it  a  sharp  and  irritat- 
ing odor.  Ether  is  highly  inflammable  and  its  vapor  in 
air  is  a  violent  c-xplosive.  On  account  of  the  great  weight 
of  the  vapors  of  ether  and  chloroform,  an  open  flame  near 
the  floor  is  more  dangerous  than  one  overhead.  When 
chloroform  is  used  in  a  room  in  which  there  is  an  open 
flame,  free  ventilation  should  be  insured  by  drawing  the 
windows  down  from  the  top.  In  practice  the  greatest 
danger  from  the  inflammability  of  ether  has  proved  to  be 
in  connection  with  the  use  of  the  cautery.  Squibb  has 
reported  the  ignition  of  ether  vapor  at  a  point  fifteen  feet 
from  the  source  of  the  vapor. 

During  the  administration  of  an  an;esthetic  the  depth 
of  the  narcosis  is  indicated  by  the  condition  of  certain 
functions  and  reflexes,  upon  the  correct  interpretation  of 
which  often  rest  the  smoothness  and  safety  of  the  ad- 
ministration. The  chief  of  these  in  the  order  of  their 
value  are:  the  respiration,  the  corneal,  conjunctival,  and 
lid  reflexes,  the  pupil.  The  condition  of  these  in  the  dif- 
ferent periods  of  narcosis  has  been  considered  under 
"Phenomena  of  Anai-sthesia."  Vol.  I.,  p.  29y. 

It  will  be  found  in  practice  that  no  one  sign  can  be 
relied  upon  in  all  cases,  and  it  is  better  to  take  into  ac- 
count all  of  the  signs  at  a  given  time  rather  than  to  de- 
pend upon  any  one.  In  children  the  conjunctival  reflex 
is  lost  very  early.  In  neurotic  individuals  the  pupil  is 
apt  to  remain  reflexly  dilated  throughout  the  administra- 
tion. The  breathing,  its  rate,  depth,  sound,  and  altera- 
tions, is  probably  the  best  of  any  one  sign. 

The  administration  of  the  ansesthetic  should  be  lessened 
toward  the  close  of  the  operation,  and  should  be  stopped 
when  all  painful  procedures  have  ceased  or  as  soon  as 
vomiting  or  slight  movement  will  no  longer  disturb  the 
operator.     The  patient  should  be  ■watched  closely  by  the 


administrator  or  by  some  other  experienced  person  till 

signs  of  consciousness  are  present. 

Clih/rnfitriii. — Experiments  by  Snow,  Bert.  Dubois, 
Waller,  and  others,  upon  the  percentage  of  chlorofoini 
vapor  in  air  necessary  to  produce  the  surgical  degree  of 
ana'Sthesia  with  reasonable  safety  and  in  a  ica.sonal)le  time, 
show  from  one  to  five  per  cent,  to  be  the  required  amount. 
The  latter  sti'ength  of  vapor  is  to-day  considered  danger- 
ously high,  and  between  one  and  two  per  cent,  is  thought 
to  be  sutflcient.  Practically  it  must  be  said  that  our 
methods  of  administering  chloroform  are  largely  empiri- 
cal and  far  from  exact.  We  do  not  deal  in  known  |>er- 
eentages,  and  if  it  wei'e  possible  to  do  so  an  indefinite 
factor  would  still  remain  in  the  uncertain  anil  irregular 
intake  of  the  vapor  owing  to  variations  in  the  rate,  depth, 
and  regularity  of  the  respirations.  Snow,  Clover,  and 
others  have  devised  more  or  less  complicated  inhalers  for 
the  purpose  of  administering  chloroform  mixed  with  air 
in  known  percentages  within  the  five-per-cent.  limit,  and 
in  the  hands  of  the  inventors  these  inhalers  proved  most 
satisfactory.  In  the  hands  of  others,  however,  numerous 
accidents  and  deaths  occurred  in  their  use  and  they  are 
no  longer  employed.  The  men,  and  not  the  inhalers,  pro- 
duced the  remdtK.  At  the  present  time  the  administration 
of  chloroform  is  usually  conducted  in  one  of  the  follow- 
ing ways:  From  a  towel;  from  a  handkerchief ;  from  a 
mask  :  from  a  Junker  inhaler. 

A  tiiwel  has  been  used  in  several  ways.  In  one  it  is 
folded  into  a  square  several  layers  thick  and  the  chloro- 
fonn,  several  drachms  at  a  time,  is  poured  upon  one  sur- 
face, which  is  held  close  to  the  face,  flat,  or  in  the  form 
of  a  cone.  This  was  the  original  method  of  Simpson  and 
Lister,  and  was  .supposed  to  furnish  a  vapor  within  the 
limit  of  safe  percentage.  Snow  and  San.som  demonstrated 
that  a  dangerously  high  percentage  might  be  inhaled  by 
this  plan.  Another  method  of  employing  a  towel  is  to 
gather  one  of  its  corners  into  a  concave  shape  and  use 
this  as  a  mask  upon  which  the  chloroform  is  poured. 
By  pulling  the  corner  of  a  towel  through  a  ring  or  safety 
pin  (Lister's  method)  a  very  fair  mask  may  be  formed. 

A  handkerchief  has  often  been  used  either  in  the  same 
way  as  the  towel  or  crumpled  up  and  held  in  the  hand 
or  placed  in  a  cup  or  tumbler,  chloroform  being  poured 
upon  it  and  held  close  to  the  face.  This  is  a  plan  fre- 
quently followed  in  administering  chloroform  as  an  anal- 
gesic in  labor,  a  few  drops  for  each  pain  being  all  that  is 
required. 

Perhaps  the  most  generally  adopted  plan  of  adminis- 
tering chloroform  is  by  means  of  a  mask,  consisting  of  a 


Fig.  1271.— The  Schlmmelbusch  Mask  (folding). 

dome-shaped  wire  frame  covered  by  a  piece  of  flannel. 
The  Esmareh,  Skinner,  and  Schimmelbusch  masks  are  the 
most  employed  (see  Figs.  1270  and  1271). 

In  the  administration  of  chloroform  by  means  of  a 
towel  or  cone,  two  distinct  plans  have  been  followed.  In 
one  it  has  been  pushed  "  powerfully  and  speedily  "  (Simp- 
son) b\-  the  use  of  comparativeh'  large  quantities  at  a 
time,  and  consequently  a  strong  vapor.  This  has  been 
called  the  Scotch  method.  In  the  otiier  plan  small  quan- 
tities at  frequent  intervals  are  used,  and  from  the  fact 
that  a  dro])  bottle  is  usually  employed  and  the  addition 
of  the  chloroform  carried  out  a  drop  or  more  at  a  time  at 
regular  and  short  intervals,  this  plan  is  known  as  "'the 
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drop-by-drop  method."  The  latter  results  in  more  accu- 
rate dosage  thau  the  former,  and  for  that  reason  must  be 
safer  aud  is  to  be  preferred. 

Junker's  inhaler  (Fig.  1372)  is  considered  by  many  to 
be  an  e.\cill<-nt  means  for  the  administration  of  chloro- 
form vapor  with  controllable  accuracy  as  to  strength  and 
quantity.  Its  use  consists  in  forcing  air  to  the  bottom  of 
a  bottle  partly  tilled  with  chloroform  through  which  it 
bubbles  and  passes  out  through  a  tube  which  terminates 
in  a  face-piece  of  some  kind,  a  metal  tube,  or  a  soft 
catheter.  In  ordinary  administrations  a  face-piece  is  used, 
while  ill  operations  about  the  mouth  and  nose  the  tube  or 
catheter  may  be  passed  into  one  or  the  other  of  these  ori- 
fices and  the  administration  proceed  without  interfering 
with  the  operation.  In  operations  in  which  a  preliminary 
tracheotomy  is  jierformed  and  the  administration  of  the 
cliloroform  conducted  through  the  trachea  tube,  an  ap- 
paratus similar  to  that  shown  in  Fig.  1273  is  often  em- 
ployed. The  chloroform  should  be  used  drop  by  drop 
on  the  flannel  top  of  the  conical  mask. 

With  a  jiroper  understanding  of  the  physiological 
action  of  chloroform  and  familiarity  with  the  phenomena 
of  antesthesia  (both  subjects  are  considered  in  the  author's 
article  on  AiK^stJtetics  in  Vol.  I.),  the  administration  of 
this  agent  should  be  conducted  according  to  the  follow- 
ing principles.  A  reasonable  time  for  the  production  of 
complete  chloroform  anaesthesia  varies  from  three  to  ten 
minutes.  A  very  dilute  vaporshould  at  first  be  presented 
to  the  patient.  The  .strength  of  the  vapor  should  be  in- 
creased gradually,  though  as  rapidly  as  possible  in  view 
of  the  comfort  of  the  patient.  On  account  of  the  liability 
of  chloroform  to  cause  inflammation  of  the  skin  if  it  is 
held  in  contact  with  it  under  circumstances  which  inter- 
fere with  its  rapid  evaporation,  it  is  advisable  to  protect 
the  nose,  cheeks,  and  chin  by  an  application  of  vaseline  or 
cold  cream  to  these  parts  before  the  administration,  or  as 
soon  as  the  patient  has  lost  consciousness.  When  uncon- 
sciousness supervenes  the  rhythm  of  the  respiration  will 
be  liable  to  great  alterations,  and  it  should  be  remembered 
that  the  intake  of  chloroform  will  bear  a  direct  relation 
to  the  vigor  of  the  respiration,  provided  the  supply  of 
chloroform  is  a  constant  factor.  When  a  sufficient  depth 
of  anesthesia  has  been  attained  it  should  be  continued  as 
evenly  as  possible.  The  addition  of  chloroform  should 
not  be  interrupted,  but  its  amount  must  be  lessened  to 
the  requirements  of  the  particular  case.  Operative  pro 
cedures  should  not  take  place  while  the  patient  is  in  the 


under  these  circumstances  the  unequal  rates  of  volatility 
of  the  different  ingredients  will  result  in  a  very  different 
vapor  toward  the  end  of  the  process  than  that  at  the  be- 
ginning.    This  is  well  shown  by   the  experiments  of 


FIG.  1373.- 


-Trendelenburg  Apparatus  Used  wim  Ordinary  Trachea 
Tube. 


Minor,  in  which  200  c,c.  of  a  mi.xture  of  ether  and  chloro- 
form in  molecular  proportions  were  distilled  with  the 
following  results: 

60  o.c.  came  off,  the  boiling  point  ran^clag  from  49°     to  .5.3°  C. 

4(1 '       "        '■        •■        '■    53      ■•  m 

."»  "       "        ' 56        "  59 

43 59        '•  63 

Smiles  had  estimated  the  percentage  of  chloroform 
vapor  at  different  times  in  the  evaporation  of  a  mi.\ture 
of  ether  and  chloroform  in  molecidar  jiroportions  by  pass- 
ing air  through  it.     The  results  are  as  follows: 

Amount  Amount  of 

evaporated.  chloroform  In  vapor. 

10  per  cent 14.0  per  cent. 

"       ■  22.5 


20 
30 
40 
.50 
60 
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FIG.  1273.— An  Improved  Junker  Apparatus.  A.  Hand  bellows:  B,  chloroform  bottle 
graduated  to  eight  drachms ;  C,  a  hard-rubber  face-piece  with  (JS)  feather  valve  to 
indicate  lespmition ;  D.  funnel  for  addition  of  chloroform ;  above  this  is  seen  the 
hook  used  to  attach  Inhaler  to  buttonhole;  F.  metal  tube  for  mouth  or  nose:  G, 
flannel-fovered  mask  face-piece. 

lighter  degrees  of  chloroform  narcosis,  as  dangerous  or 
fatal  collapse,  probably  of  reflex  origin,  has  been  fre- 
quently noted  under  these  circumstances, 

A.  C.  E.  and  similar  mixtures  should  be  administered 
on  the  same  principles  as  chloroform,  though  they  must 
be  used  more  freely.  It  is  not  advisable  to  administer 
these  mixtures  from  a  .luuker  inhaler  or  by  any  other 
means  whereby  a  somewhat  large  quantity  is  gradually 
vaporized  by  allowing  air  to  pass  over  or  through  it,  for 

li 


Mixtures    should    therefore    be    administered   by  the 
drop-by  drop  method,  in  which  event  the  last  drops  from 
the  bottle  will  have  the  siime  composition  as  the  first,  and 
each  addition  of  a  few  dro]is  to  the  mask  is  vaporized 
almost  at  once,  so  that  there  can  be  no 
dangerous  accumulation  of  the  less  vol- 
atile chloroform,  which  is  the  most  ac- 
tive and  most  dangerous  element. 

Ether. — There  are  two  distinct  meth- 
ods of  adiiiiiiistcring  this  agent,  the 
"open"  and  the  "close."  In  the  open 
method  there  is  little  or  no  attempt  to 
limit  the  resiiired  air  and  ether  vapor  to 
the  inhaler,  while  the  close  mctlKid  is 
characterized  by  such  limitation,  and  a 
bag  is  provided  in  order  that  a  certain 
amount  of  rebreathing  may  take  place. 

The    chief    advantages    of   the    open 
method  are :   that  a  very  simple  appara- 
tus or  none  at  all  is  necessary  :  that  a  free 
supply  of  oxygen  is  furnished  to  the  pa- 
tient if  the  ether  vapor  is  not  presented 
in  so  high  a  degree  of  concentration  as  to 
thus  limit  the  air;  that  a  new  and  entirely 
clean  inhaler  may  be  furnished  for  each 
patient  without  trouble. 
The  chief  disadvantages  of  the  open  method  are :  that 
the  administration  is  apt  to  be  prolonged,  particulaily  in 
the  stage  of  excitement  and  struggling ;   that  more  ether 
is  wasted  thau  is  consumed  by  the  patient,  and  this  un- 
used ether  changes  the  air  of  the  operating-room  often  to 
a  disagreeable  degree  ;  that  the  after-effects  are  greater, 
probably  owing  to  a  greater  degree  of  saturation  of  the 
patient  with  ether. 
The  advantages  of  the  close  method  are:  that  complete 
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anaesthesia  may  be  produced  rapidly  ■nith  a  compara- 
tively small  amount  of  ether  and  with  comparative  com- 
fort to  the  patient,  if  a  regulating  inhaler,  such  as 
Clover's  or  the  author's,  is  employed;  that  the  stage  of 
excitement  and  struggling  is  often  absent,  and  when  it 
occurs  is  usually  slight  and  of  short  duration;  that  the 
elher  vapor  is  warmed  by  the  air  from  the  lungs  and  is 
therefore  less  irritating;  that  the  ether  vapor  is  largely 
contined  to  the  inhaler  and  does  not  impregnate  the  sur- 
riiunding  air  to  an}'  extent  as  compared  with  tlie  open 
metluuir  that  the  patient  does  not  appear  to  become  as 
Siiturated  with  ether  as  by  the  open  method,  the  after- 
effects  Vicing  less  as  a  rule. 

The  ihief  disadvantages  of  the  close  method  are:  that 
a  more  or  less  complicated  and  cumbersome  inhaler  is 
uecessiiry  ;  that  this  inhaler  is  kept  clean  with  some  diHi- 
culty;  that  more  skill  is  reiiuired  for  the  administration. 

The  best  examples  of  open  inhalers  are  found  in  the 
"ether  coue  "  and  in  the  Allis' inhaler.  The  paper  and 
towel  cone  has  probably  been  used  more  extensively, 
particularly  in  the  United  States,  for  the  administration 
of  elher  than  any  other  form  of  inhaler.  It  can  be  ex- 
temporized at  a  moment's  notice  almost  anywhere  from 
ji  towel  and  newspaper  or  other  suitable  material,  and 
furnishes  an  inhaler  so  simple,  clean,  cheap,  and  effective, 
if  properly  u.sed,  that  it  will  undoubtedly  retain  a  prom- 
inent place  in  the  list  of  ether  inhalers.  Paper  and  towel 
cones  are  made  in  various  shapes  and  sizes,  and  are  con- 
structed on  several  plans.  Usually  they  are  cylindrical, 
open  at  one  or  both  ends  according  to  the  ideas  of  the 


Fig.  1274.— a  Paper  and  Tinvel  Etlier  Cone.    J ,  A  loose  roll  of  gauze 
to  receive  the  ether;  IJ,  loose  pauze  to  retard  escape  of  ether  vapor. 

maker.  The  paper  serves  to  give  shape  and  stiffness  and 
is  impervious  to  air.  The  towel  acts  as  a  cover  and  fur- 
nishes a  soft  edge  for  the  face.  Sponges,  cotton,  or 
gauze,  may  be  used  to  pack  the  upper  end  of  the  cone  to 
receive  the  ether. 

In  the  writer's  opinion  the  best  form  of  cone  may  be 
described  as  follows:  Cuff-shaped,  moderately  stiff,  at 
least  six  or  eight  inches  long  (in  proportion  to  its  diame- 
ter), open  at  l)oth  ends,  the  packing  for  the  reception  of 
the  ether  to  ]k'  f.rcd  in, the  centre  of  the  cuff,  allowing  a 
considerable  space  above  and  below,  the  packing  to  be  of 
some  loose  material  offering  no  appreciable  resistance  to 
the  passage  of  air  through  it,  the  space  above  the  pack- 
ing to  be  filled  with  a  small  qnantitj'  of  loose  gauze. 
Suchacone  is  illustrated  in  Fig.  1274.  The  chief  objects 
attaini'd  in  such  a  cnne  are:  that  a  large  air  space  is  pro- 
vided for  the  acciunulation  of  ether  vapor,  the  esca])e  of 
which  is  retarded  by  its  own  weight  and  by  entanglement 
in  the  meshes  of  the  loose  gauze  above  tlie  packing ;  no 
impediment  to  respiration  as  in  a  cone  with  one  end 
closed;  a  considerable  space  between  the  face  and  the 
packing  which  receives  the  ether. 

A  metallic  cone  is  shown  in  Fig.  1375.  It  has  an  in- 
flatable rubber  face-piece.  Its  upper  third  is  partitioned 
off  by  a  diaphragm  of  coarse  netting,  forming  a  chamber 
for  the  packing  wliich  receives  the  ether.  It  is  perfectly 
■siinple  and  is  easily  kept  clean. 

The  Allis'  inhaler  shown  and  described  in  Fig.  1276  is 
extensively  employed  in  the  United  States  for  the  admin- 
istration of  ether,  and  is  an  excellent  inhaler.     It  is  really 


a  modified  cone,  over  which  it  possesses  no  special  advan- 
tage. 

The  administration  of  ether  by  means  of  an  open  in- 
haler may  be  conducted  in  two  ways.     In  one  the  inhaler 


Fig.  127.5.— Metallic  Cone  with  Pneumatic  Face-Piece. 

is  charged  with  several  drachms  of  ether  and  is  gradually 
brought  toward  the  face  as  rapidly  as  the  comfort  of  the 
patient  will  admit,  more  ether  in  similar  quantities  being 
added  from  time  to  time.  The  other  jilan  is  to  apply  the 
inhaler  to  the  face  of  the  patient  without  ether,  which  is 
to  be  added  gradually,  beginning  drop  by  drop  and  in- 
creasing tlie  amount  as  rapidly  as  may  be  agreeable  to 
the  patient,  and  more  ether  being  added  in  small  quanti- 
ties at  frequent  intervals  throughout  the  administration. 
Preference  for  one  or  the  other  of  these  plans  is  a  matter 
of  personal  opinion. 

Vliifie  InhaUrs. — There  are  many  close  inhalers  for  the 
administration  of  ether,  but  Clover's  and  Orm.sby'sare 
the  original  and  most  employed  types. 

In  Clover's  inhaler  the  ether  chamber  revolves  upon 
the  shaft  of  the  face-piece.  An  index  pointer  attached  to 
the  base  of  the  shaft  may  be  seen  extending  out  beneath 
the  bottom  of  the  ether  chamber. 

When  the  inhaler  is  arranged  as  in  Fig.  1277  air 
breathed  back  and  forth  through  it  will  not  enter  the 
ether  chamber  proper,  but  will  pass  through  the  central 
chimney  only,  the  index  pointing  to  0  (no  ether).  Upon 
rotation  of  the  ether  chamber  the  current  of  air  is  per- 
mitted to  pass  over  the  ether  in  jiroportion  to  the  degree 
of  rotation,  one-half  revolution  bringing  the  index  to  F 


Fig.  1376,— The  Allis  Inhaler  (Improved).  ^4,  Inflatable  rubber  face- 
piece;  B.  metallic  cuff;  C,  frame  with  interwoven  bandage  to 
receive  the  ether ;  D,  needle  for  passing  the  bandage  back  and  forth. 

(full  ether),  in  which  position  all  of  the  air  is  made  to 
pass  over  the  ether  on  its  way  between  the  face-piece  and 
the  bag.  Intermediate  positions  of  rotation  allow  pro- 
portionate amounts  of  air  to  pass  over  the  ether,  and  the 
figures  1,  2,  and  3  to  be  seen  on  the  .side  of  the  chamber 
indicate  that  one-fourth,  two-fourths,  and  three-fourths 
respectively  of  the  air  is  passing  over  ether. 
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Tlie  inhaler  is  used  as  follows:  The  ether  chamber  is 
charged  with  from  one  to  two  ounces  of  ether  through 
D,  and  the  index  tuined  to  0.     The  face-piece  is  applied 


Fir,,  i:.';;.- I'Mvcr-  i'(-ii:ii.|p  Regu- 
lating Ether  Inhaler.  ,-1,  Faoe- 
pieceT  with  inflatable  edge  and 
having  a  ^haft  of  tubing  which 
passes  to  the  centre  of  the  ether 
chamber  as  outlined  in  dotted 
lines:  B.  ether  chamber,  sur- 
rounded in  its  lower  part  bv  a 
water  chamber  which  is  indicated 
in  the  illustration  by  the  dotted 
half  circle:  E,  represents  the 
screw  stopper  to  the  water  cham- 
ber. The  ether  chamber  is  filled  through  D.  C  Thin  rubber  bag 
of  about  one  gallon  capacity,  detachable  from  ether  chamber. 

accurately  to  the  face  during  several  full  exhalations  so 
as  to  distend  the  bag.  The  face-piece  is  now  Icept  ap- 
plied, and  after  ei.ght  or  ten  respirations  without  ether,  the 
chamber  is  graduallj'  rotated  from  0  toward  F  as  rapidly 
as  is  comfortable  to  the  patient.  In  from  two  to  four  iniii- 
utes  the  rotation  will  usually  be  accomplished  and  the 
patient  is  in  the  proper  degree  of  narcosis  or  nearly  so. 

Average  jiatients  will  not  require  a  rotation  beyond 
two  and  one-half  or  three,  at  which  point  the  index  may  be 
kept  till  a  proper  degree  of  narcosis  is  reached.  During 
this  rotation  the  face-piece  should  be  kept  closely  applied 
and  no  fresh  air  admitted  unless  too  marked  c_vauosis  ap- 
pears ;  some  duskiness  is  to  be  expected.  AVhen  the  signs 
indicate  the  proper  degree  of  anaesthesia,  or  before  that 
time,  if  the  cyanosis  becomes  too  great,  a  number  of  res- 
pirations of  pure  air  should  be  given  by  removing  the 
inhaler  from  the  face.  After  maintaining  a  proper  anes- 
thesia for  several  minutes  with  the  index  at  'H.  3,  or  F,  it 
may  be  moved  to  a  point  between  1  and  2,  at  which  the 

desired  level  of  narcosis 
is  found  to  be  maintain- 
ed, and  from  this  time 
on  a  number  of  respira- 
tions of  fresh  air  must 
be  admitted  by  remov- 
ing the  inhaler'from  the 
face  from  two  to  four 
times  a  minute.  Under 
these  circuiustances  the 
normal  color  should  soon 
return.  More  ether  must 
be  added  from  time  to 
time  as  necessary.  In 
cold  weather  and  for 
unusually  vigorous  sub- 
jects it  is  advisable  to 
till  the  water  chamber, 
which  surror  nds  the 
ether  chamber.  with 
warm  water  through  the 
tap  E  before  the  admin- 
istration. 

Ormsby's  Inhaler  has 
been  vaiiously  modified, 
.     ,  ,  aud  with  sliijht  changes 

IS  known  by  several  different  names  as  ParkinsorT's 
Davis',  etc.  It  is  really  nothing  more  than  a  metallic 
cone  with  a  tightly  fitting  face-piece,  a  bag  to  allow 
re-breathing,  and  an  air  tap  to  admit  fresh  air  Con- 
nected with  this  tap  is  a  small  funnel  and  tube  for  the 
purpose  of  adding  ether  to  the  packing.  This  ari-am^e- 
ment  for  adding  ether  is  not  practicable  and  is  rarely 
used.  It  is  better  omitted  as  it  interferes  with  packin'o- 
the  cage  and  with  the  admission  of  air  through  the  tap 

16 


Fig.  1278.  —  Tlje  ( irmsbv  Ether  In- 
haler. A.  Face-piece  with  inflatable 
rubber  edge  ( detachable  i:  B.  tap 
for  admission  of  air  and  addition  of 
ether,  which  passes  to  the  cage  D 
through  the  tube  C;  E.  the  rubber 
bag  which  permits  re-breathing. 


To  use  Ormsby's  inhaler  the  cage  D  is  packed  moder- 
ately full  of  sponge  or  gauze ;  if  a  sponge  is  used  it  should 
be  wrung  out  of  warm  water.  Half  aii^  ounce  of  ether  is 
now  added  to  the  packing,  and  the  inhaler  is  brought  into 
position  on  the  face  as  rapidly  as  the  strength"  of  the 
vapor  will  permit,  the  air  tap  Blieing  wide  open  and  the 
patient  encouraged  to  breathe  deeply.  When  the  face- 
piece  is  in  position  the  air  tap  should  "be  gradually  closed 
and  the  inhr'er  kept  applied  to  the  face  till  anssthesia  is 
complete.  This  is  often  accomplished  without  further 
addition  of  ether.  The  air  taji  should  now  be  opened 
fully  or  iialf-way  and  the  administration  continued,  ether 
being  added  several  drachms  at  a  time  at  moderate  inter- 
vals or  smaller  amounts  more  frequently. 

The  ether  inhaler  shown  in  Fig.  liTO,  and  in  sectional 
view  in  Fig.  1280,  is  one  the  author  has  devised  with  the 


FIG.  1279.— Bennett's  Ether  Inhaler. 

idea  of  combining  in  one  instrument  a  number  of  the  ad- 
vantages of  several,  and  of  furnishing,  in  as  small  a  com- 
pass as  possible,  a  means  by  which'the  air  supply  and 
the  ether  supply  might  be  under  perfect  control. "  The 
inlialer  may  be  described  as  follows: 

It  consists  of  three  parts — the  face-piece,  the  ether 
chamber,  and  the  bag.  The  face-piece  is  cone-shaped; 
its  base  is  oval  and  is  notched  at  the  nasal  end.  The  apex 
is  open  and  is  threaded  to  screw  into  i)lace  on  the  ether 
chamber.  It  is  of  metal,  and  its  free  edge  is  provided 
with  an  inflatable  rubber  cushion,  which  may  be  removed 
at  will.  On  the  side  of  the  face-piece  is  an  air  tap,  A. 
which  may  be  opened  or  closed  to  any  degree.  When 
fully  open,  this  ta]!  has  a  large  capacity— a  desirable  fea- 
ture in  a  bag  inhaler.* 

The  face-piece  is  made  in  three  sizes — small,  medium, 
and  large.  The  medium  size  will  be  found  suitable  for 
all  ordinary  cases,  but  small  children  and  large  men  re- 
quire special  sizes. 

The  ether  chamber,  shown  in  the  "sectional  view," 
consists  of  two  cylindrical  metallic  boxes,  one  fitting  ac- 


FiG,  1280.— Bennett's  Ether  Inhaler ;  Sectional  View. 

curately  within  the  other.     The  inner  box  presents  four 
openings  in  its  sides,  two  of  which,  k  and  opposite,  are 

'In  this  respect  the  Onnshy  apparatus  is  usually  inadequate,  the 
tap  bemg  too  small,  and  in  Clover's  there  is  no  air  tap. 
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of  large  size  ;  the  other  two,  I  and  opposite,  are  smaller 
and  are  connected  by  a  tube  which  passes  throiiijli  the 
centre  of  the  box.  This  part  of  the  ether  chanilier  is 
provided  with  a  cage  of  coarse  wire  netting,  to  hold  llic 
gauze  whicli  receives  the  ether.  The  cage  is  soniewliat 
smaller  than  the  bo.\  it  occupies,  the  intervening  spa<(' 
allowing  the  respired  air  to  circulate  freely  arnuiid  the 
gauze  rather  than  through  it.  thus  olTcriiig  little  or  no 
resistance  to  respiration.  The  cage  also  prevents  the 
gauze  packing  from  protruding  through  the  openings  /• 
and  opposite,  and  th\is  interfering  with  the  rotation  of 
the  inner  chamber.  On  the  closed  end  of  the  inner  box 
is  placed  a  revolving  disc,  presenting  a  small  circvilar 
opening  at  one  point  near  its  periphery;  this  opening  is 
surnicumted  by  a  .short 
funnel-shaped  ehimiuy, 
and  may  be  brought  oji- 
posite  any  one  of  threi' 
openings  in  the  end  of 
the  box.  By  this  ar 
rangement  it  is  possible, 
when  the  patient's  liead 
is  turned  on  the  side,  to 
pour  ether  upon  the 
gauze  without  removing 
the  inlialer  from  the  faei- 
— a  matter  of  great  pra( 
tical  advantage  luidei 
certain  circumstances." 
The  outer  box  presents 
two  large  and  opjiosite 
openings  in  its  sides,  and 
each  of  these  is  sur 
mounted  liy  a  chimney 
one  of  which  is  threadeil 
to  receive  the  face-piece 
the  other  being  smooth 
and  bevelled  to  receive 
the  bag.  On  one  side  of 
the  free  edge  of  this  box 
is  a  slot,  which,  in  con 
nection  with  a  pin  and 
pointer  ou  the  innei 
chamber,  limits  the  m 
tation  of  the  latter  and 
indicates  wliether  '"air" 
or  "  ether "  is  being 
breathed.  When  tlie  two 
parts  of  the  ether  chain 
ber  have  been  put  to- 
gether, they  are  held  in  place  bv  the  thumb  screw  shown 
in  the  drawing,  and  this  serves  the  further  purpose  of  a 
handle  for  revolving  the  inner  cylinder.  • 

By  referring  to  tlie  sectional  view  of  the  ether  cham- 
ber, it  will  be  seen  that  a  tube  traverses  the  centre  of  the 
inner  cylinder,  its  \iiiper  opening  being  marked  I.  Now 
if  the  two  parts  are  j>ut  together  in  the  jjositions  they 
occtipy  in  the  cut.  it  is  evident  that  the  openings  of  tlie 
tube  /  will  correspond  with  those  tnarked  /  and,/ of  the 
outer  cylinder;  and  if  breathing  should  take  place  through 
the  inhaler  so  arranged,  the  air  would  pass  directly 
througli  the  tube  I  without  entering  the  ether  space 
proper.  In  this  position  it  will  also  be  noticed  that  the 
index  pointer,  seen  directly  below  k  in  the  "sectional 
view,"  occupies  the  lower  end  of  the  slot  on  the  outer 
cylinder,  indicating  "air."  If  the  inner  cylinder  is  now 
rotated  so  that  the  index  traverses  toward  "ether,"  it  will 
come  to  a  transverse  line  between  "air"  and  "ether,"  and 
in  this  position  the  openings  of  the  tube  I  are  just  begin- 
ning to  pass  out  of  the  openings  (  and  J,  and  the  openings 
k  and  opposite  are  beginning  to  enter  the  openings  i  and 
;'.     Breathing  through  the  inhaler  in  this  position  allows 

*  In  operations  about  the  tiead  or  neck  it  is  often  desirabte  to  cover 
the  inhaler  and  the  hand  and  ann  of  the  anesthetist  with  a  sterile 
towel.  Under  these  circimisiances  it  is  inconvenient  to  disarranere 
this  every  time  it  is  necessary  to  add  ether,  and  it  was  for  this  class  of 
eases  in  particular  that  the  arran^emenl  was  added.  When  this  plan 
of  uddiuy  ether  is  to  be  used,  the  inhaler  should  be  so  appUed  to  the 
face  that  the  revolving  disc  is  uppermost. 
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Fig.  1"S1.— The  Cioyer-Hewitt  "Gas  and  EUier"  Inhaler.  A,  Face-piece 
with  inflatable  edge ;  B.  ether  chamber  of  Cloyer  inhaler  (improved);  C, 
valve  chamber  of  Hewitt's  gas  apparatus ;  D,  rhs  bag  of  Hewitt's  gas  in- 
haler: E.  ether  bag  of  Clover's  inhaler;  F,  rubber  stopper  wiHi  hollow 
glass  dome,  by  which  ether  may  be  seen. 


a  very  small  percentage  of  air  to  pass  througli  the  ether 
space;  further  rotation  increases  this  percentage,  till 
linally  the  tube  I  has  passed  completely  away  from  the 
openings  /and 7',  and  full  ether  is  on,  the  index  pointer 
being  at  the  upper  limit.  In  tliis  way  the  ether  may  be 
turned  on  as  slowly  as  desired,  and  any  strength  of  ether 
\  apor  may  be  athiiinistered  at  will  throughout  the  nar- 
cosis. 

Tlie  ether  bag  is  of  large  size,  its  capacity  exceeding 
the  most  exaggerated  respiration.  It  is  attached  to  an 
elbow  of  metal  tubing,  by  which  it  is  connected  with  the 
upper  chinmey  of  the  ether  chamber  when  in  use.  In 
this  elbow,  near  the  attachment  of  the  bag,  is  a  large  air 
tap,  C  which  may  be  opened  to  any  degree. 

The  use  of  the  ether 
inhaler  may  be  briefl_y 
(lesciibed  as  follows: 
The  wire  cage  is  jiacked 
tirmly  with  dry  gauze, 
upon  which  one -half 
ounce  or  more  of  ether 
is  poured ;  the  index  is 
now  turned  to  "air."  the 
taps  .1  and  Care  closed, 
several  expirations  are 
caught  to  distend  the 
bag,  and  the  face-piece 
is  then  kept  applied;  the 
index  is  now  turned  to 
the  line  between  "air" 
and  "  ether "  and  is 
moved  forward  slowly 
toward  the  latter,  an  oc- 
casional breath  of  air 
being  given  by  remov- 
ing the  face-piece.  Com- 
plete anaesthesia  is  pres- 
ent in  from  two  to  five 
minutes  in  average  pa- 
tients. The  administra- 
tion now  consists  chiefly 
in  the  regulation  of  two 
factors — the  ether  sup- 
ply and  the  air  supply. 

The  ether  supply :  In 
continuing  the  adminis- 
tration, it  is  best  to  allow 
the  index  to  remain  at 
full  ether  and  to  pour 
from  one-half  to  one 
drachm  of  ether  upon  the  gauze  every  two  or  three  min- 
utes as  necessary.  This  may  be  done  (1)  through  the 
face-piece,  (2)  through  Ihe  chimney,  or  (3)  through  the 
revolving  disc  on  the  end  of  the  ether  chamber;  (1)  is 
preferable  in  usual  cases;  ('2)  or  (3)  is  of  great  advantage 
when  it  is  inconvenient  to  remove  the  inhaler  from  the 
face. 

The  air  supply:  During  the  induction  of  anaesthesia 
enough  air  should  be  given  to  prevent  more  than  slight 
cyanosis.  In  maintaining  anaesthesia  it  is  rarely  neces- 
sary to  exclude  air  to  the  extent  of  causing  any  cyanosis, 
and  the  air  supply  is  to  be  regulated  in  accordance  with 
the  following  facts:  The  tap  C  being  closed,  if  ^4  is 
opened  slightly  the  patient  will  receive  little  air  and 
much  ether:  if  fully  opened,  he  will  receive  much  air 
and  little  ether.  The  tap  .-1  being  closed,  if  f'is  opened 
slightly  the  patient  will  receive  little  air  and  much  ether; 
if  fully  opened,  he  will  receive  much  air  and  much  ether. 
The  quantity  of  ether  neces.sary  in  usual  cases  will 
average  about  four  ounces  for  the  first  hour  and  about 
two  ounces  for  the  second  hour. 

Ether  Prteeded  by  yitrous  Oride. — For  this  excellent 
succession  of  ana-sthetics  we  are  indebted  to  Clover,  who 
called  attention  to  it  in  1876,  and  of  which  Buxton  has 
recentlj-  stated.  "It  is  the  best  method  of  producing  gen- 
eral an;T>sthesia."  The  advantages  of  tliis  succession  of 
ana'sthetics  may  be  briefly  stated  as  follows:  Gi'eat  com- 
fort to  the  patient  in  being  spared  all  knowledge  of  tlie 
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acJministration  of  the  ether.  Great  saving  of  time,  com- 
plete etlu-r  aiKtsthesia  being  aeconiplished  in  from  t%vo 
to  four  niimites  in  average  patients.  Complete  absence 
of  struggling  and  of  the  usual  phenomena  of  the  stage  of 
excitement. 

There  are  two  plans  of  conducting  this  form  of  anges- 
thesia.    In  one,  nitrous  oxide  is  administered  to  complete 


Fig.  13t<2.— Bennett's  "  Gas  and  Ether  "  Inhaler. 

anaesthesia,  when  the  gas  is  stopped  and  strong  ether 
abruptly  substituted  and  rapidity  pushed.  This  was 
Clover's  original  method,  but  through  the  advocacy  of 
the  plan  by  Jlr.  Woodhouse  Braine,  it  has  been  called 
his  method.  Mr.  Braine  changed  from  nitrous  oxide  by 
an  ordinary  apparatvis  to  ether  in  an  Ormsby  inhaler. 

In  the  other  plan,  also  devised  by  Clover,  a  gradual 
transition  from  gas  to  ether  takes  place,  and  to  do  this 
Clover  perfected  an  excellent  inhaler  which,  however, 
was  large  and  impracticable  for  general  use.  Hewitt,  by 
combining  his  own  nitrous-oxide  inhaler  ■with  Clover's 
portable  regulating  ether  inhaler,  has  ])roduced  an  excel- 
lent "gas  and  ether"  inhaler  which  is  shown  in  Fig.  1281. 
A  single  bag  full  of  gas  is  sufficient.  The  gas  inhaler 
fits  imo  the  place  of  the  usual  bag  of  the  Clover  inhaler. 
Gas  is  administered  through  the  charged  ether  inhaler, 
the  index  of  which  points  to  0  (no  ether).  When  two- 
thirds  or  three-fourths  of  the  gas  has  been  breathed 
through  valves,  the  latter  are  thrown  out  of  action  by 
closing  the  tap  at  C,  whereupon  rebreathiilg  of  gas  takes 
place.  At  this  time  ether  is  turned  on  gradually  so  that 
both  gas  and  ether  are  administered.  This  is  continued 
till  signs  of  complete  gas  ansthesia  appear,  when  the 
tap  cutting  off  the  gas  and  admitting  air  is  turned  so  as 
to  do  this.  After  a  few  respirations  of  air  and  ether  the 
tap  is  again  closed  and  gas  and  ether  are  rebreatlied. 
Ether  auitsthesia  is  soon  d'eep  enough  to  discontinue  the 
gas,  and  this  is  done  by  removing  the  gas  inhaler  and 
substituting  the  ether  bag.  Ether  is  now  continued  as 
usual. 

The  author's  inhalers  for  gas  and  for  ether  are  made  to 
combine  in  the  same  way  as  the  Clover-Hewitt  apparatus, 
and  act  on  the  same  plan  (see  Fig.  1282). 

Chloroform,  A.  C.  E.,  ethyl  chloride,  and  ethyl  bro- 
mide have  each  been  administered  before  ether  witli  agree- 
able results,  though  they  are  neither  as  safe  nor  as  pleas- 
ant as  nitrous  oxide  for  this  purpose. 

Xitroxs  Oxide.— Theva  are  several  different  plans  of 
administering  this  agent— pure,  mixed  with  air,  or  mixed 
with  oxygen.  Nitrous  oxide  is  a  true  anaesthetic  and 
does  not  depend  upon  asphyxia  for  its  narcotizing  effect. 
Administered  in  a  pure  state  the  resulting  anaesthesia  is 
complicated  by  asphyxia  depending  upon  deprivation  of 
oxygen.  Given  in  combination  with  small  percentages 
of  air,  complete  antesthesia  may  be  induced  with  marked 
lessening  or  absence  of  asphyxia.  In  combination  with 
oxygen,  complete  anaesthesia  results  without  asphyxia. 
In  order  to  administer  nitrous  oxide  in  its  pure  state  it  is 


necessary  to  employ  an  apparatus  in  which,  through  the 
action  of  valves,  the  inspirations  are  made  to  be  taken 
from  the  gas  reservoir  and  the  expirations  made  to  pass 
out  into  the  surrounding  air. 

Before  gas  was  supplied  in  the  present  portable  form  a 
gasometer  was  an  essential  part  of  a  nitrous-oxide  appa- 
ratus, but  with  the  advent  of  the  small  cylinders  contain- 
ing liquefied  gas  and  with  the  perfection  of  the  accurately 
fitting  face-pieces  of  the  present  time,  the  gasometer  be- 
came unnecessary,  though  it  is  still  extensively  used,  es- 
peciall}'  in  dental  offices.  White's  complete  gas  apparatus 
with  gasometer  is  shown  in  Fig.  1283. 

The  author's  gas  inhaler  (Figs.  1286  and  1287)  consists 
of  thi'ee  parts — the  face-piece,  the  valve  chamber,  and 
the  gas  bag.  The  face-piece  is  identical  with  that  of  the 
ether  inhaler. 

The  valve  chamber  consists  of  two  cylindrical  metallic 
boxes,  one  fitting  accin'ately  within  the  other.  The  inner 
box  contidns  a  T  of  ttibing,  the  longer  or  cross  part  of 
which  traverses  the  centre  of  the  chamber  and  is  joined 

in  the  middle  liy  the 
shorter  or  stem  part  of 
the  T.  The  three  ends 
of  this  T  open  upon 
the  outer  surface  of 
the  sides  of  the  box. 
The  longer  of  these 
tubes  contains  the 
valves  mounted  upon 
a  skeleton  tube,  which 
may  be  removed  at 
will.  The  valve  s 
themselves  consist  of 
thin  rubber  flaps,  fast- 
ened at  one  end  over 
fenestrated  d  i  a- 
phragms  set  in  an  in- 
clined position  in  the 
skeleton  tube.  '  Each 
riiblier  flap  is  rein- 
forced by  a  thin  piece 
of  aluminum  cemented 
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FIG.  1283.— The  White  Nitrous  Oxide  Apparatus  with  Gasometer. 
Showins  end-valve  cylinders  containing  100  gallons  and  450  gallons 
of  liqueBed  nitrous  oxide. 

to  its  surface.  This  keeps  the  rubber  flat  and  prevents  it 
being  forced  through  the  opening  which  it  guards,  during 
violent  respiration.*  On  each  side  of  the  opening  of  the 
short  or  stem  part  of  tlie  T  above  descrilied  is  jilaced 
a  similar  opening  communicating  with  the  general  box 
cavity. 

*  These  valves  may  be  renlaced  when  necessary  by  cutting  pieces  of 
rubber  bandage  into  proper  shape  and  cementing  the  aluminum 
forms  to  them. 
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The  outer  box  ]Mrsents  three  openinjrs  throiijih  its  sides, 
two  of  which  ai'e  jiroviileil  with  chiimieys.     One  of  tlie 
latter  liiis  a  tlirend  cut  iipim  it  for 
tlie  screwing  on  <if  the  face-]iieee. 
Tlie  oilier  is  slijrhtly  bevi'lled  for 
tlie  twistinj;-  on  of  the  gas  bag. 

The  boxes  are  held  together  by 
a  thnnib  screw,  which  also  serves 


Fig.  12S4.— ^Viite's  Portable  Nitrous  Oxide  Apparatus.    Showini;  cylinder  with  yoke  and  wheel  key 


as  a  lisiudle  for  rotating  the  inuer  chamber,  tlie  rotation 
being  limited  by  a  slot  on  the  outer  box  and  a  pin  on  the 
inner. 

The  gas  bag  is  of  pure  rubber,  and  has  a  capacity  of 
about  two  gallons  when  just  full,  but  will  distend  to  sev- 
eral times  tliis  capacity  without  bursting.*  It  is  attached 
to  a  short  metal  tube,"  the  free  end  of  which  is  ground  to 
tit  the  smooth  chinmey  of  the  valve  chamber.  In  this 
tube  is  placed  a  large  air  tap,  shown  at  E  in  Fig.  liSG, 
which  may  be  opened  or  closed  b_v  a  lever.  Woiking 
in  connection  with  this  air  tap  is  a  cut  off,  placed  be- 
tween the  air  tup  and  the  bag,  and  so  arranged  that  when 
the  air  tap  is  fully  open  the  gas  is  completely  cut  off  and 
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Fig.  128.5.— Hewitt's  Nitrous  Oxide  Inhaler.  .4,  Ruliber  face-piece 
with  inflatable  ed^e  ithroush  tube  Gv.  B.  valve  (.'hamber— action  of 
valves  indicated  by  arrows  at  H  and  I;  C.  gas  bag  of  about  two 
pallons  capacity:  D,  slopi'ock  for  disconnecting  a  full  bag  from 
tut)e :  E  and  F^  side-valve  cylinders  with  foot-key. 

confined  to  the  hag.     When  the  air  tap  is  closed  the  bag 
is  opened  into  the  tube.     At  the  opposite  end  of  the  gas 

*  A  very  practical  point  in  new  of  the  fact  that  such  over-distenlion 
is  coiniuon  from  inability  or  failure  to  tum  off  the  jras  in  time,  or 
from  unexpected  nishes  of  iras  from  the  cylinder.  I'nder  thi*se  cir- 
cumstances bags  made  from  non-elastic  material  must  tturst,  and  this 
is  a  matter  of  alarm  from  the  loud  report,  failure  of  the  narcosis  from 
Inability  to  proceed,  and  expense  from  having  to  replace  the  bag. 


bag  is  a  hard  rubber  stopcock,  llirougli  which  the  gas  is 
admitted  to  the  bag.  lly  refeniiig  to  the  sectional  view 
of  the  gas  inhaler,  it  is  appar- 
ent that  if  the  two  boxes  are 
pushed  together  in  the  posi- 
tions they  occuiiy  in  the  cut, 
the  face-piece  sciewed  on  at 
<i.  and  the  inhaler  breathed 
through,  (luring  inspiration 
the  valve  at  d  will  close 
so  that  the  air  must  enter 
through  the  chimney  c,  pass 
through  the  valve  at  the 
opening  //,  and  down  through 
the  opening  f  into  the  face- 
piece.  During  expiration  the 
valve  at  /*  will  close  and  the 
air  must  pass  into  the  T  and 
out  through  d  and  />,  which 
are  now-  together.  The  in- 
haler is  used  in  this  jiosition 
in  the  ordinary  administra- 
tion of  nitrous  oxide.  By 
revolving  the  inner  bo.\  so 
that  d  is  depressed  and  A  ele- 
vated to  'he  limit  allowed  by 
the  pin  and  slot  above  refer- 
red to,  the  opening  h  will  be 
closed  and  (' and  .f/ will  come 
together  with  n  and  c  re- 
spectively. Breathing  now 
takes  place  through  the  bo.x 
cavity,  the  valves  are  out  of 
action,  and  both  inspiration 
and  expiration  pass  through 
the  opening  c.  This  position 
is  used  for  a  short  time  dur- 
ing the  administration  of  "gas  and  ether." 

The  object  of  placing  the  bag  close  to  the  face-piece  ia 
Hewitt's  and  the  author's  inhalers  is  to  avoid  the  resist- 


no.  1286.— Bennett's  Nitrous  Oxide  Inhaler. 

ance  to  respiration  which  is  occasionally  noticed  in  breath- 
ing through  a  long  tube.     This  resistance  causes  a  feeling 


Fig.  1287.— Bennett's  Nitrous  Oxide  Inhaler ;  sectional  View. 

of  suffocation  in  some  patients.  Gas  bags  are  made  of 
pure  rubber  or  rubber  cloth.  The  former  are  to  be  pre- 
ferred for  several  reasons.     Thev  are  less  bulkv,  can  be 
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thoroughly  washed  aud  boiled  ivhen  necessary,  and  will 
distend  greatly  before  bursting. 

In  Hewitt's"  aud  the  author's  inhalers  the  valves  may 
be  thrown  out  of  action  at  ivill,  whereuiJon  to-and-fro 
breathing  will  occur.  This  is  of  service  in  the  adminis- 
tration of  "gas  and  ether."  and  may  occasionallj'  be  used 
in  prolonging  an  administration  which  would  otherwise 
be  cut  short  owing  to  the  supply  of  gas  unexpectedly 
giving  out. 

An  administration  of  jiurc  nitrous  oxide  may  be  briefly 
described  as  follows:  Tlie  gasometer  or  bag  having  been 
filled  from  the  cylinder  and  the  face-piece  accurately 
applied,  a  few  respirations  without  gas  are  permitted,  to 
accustom  the  patient  to  breathing  through  the  valves. 
Gas  is  then  turned  on  and  breathed  by  the  patient  until 
the  signs  of  complete  gas  auicsthesia  are  present.  In  this 
form  of  administration  these  signs  are  largely  due  to  the 
deprivation  of  oxygen  and  consist  chietly  in  cyanosis, 
stertorous,  .I'erky,  respiration,  twitching  movements  in 
the  extremities,  rotation  aud  fixation  of  the  e_veballs,  dila- 
tation of  the  pupil,  aud  absence  of  conjunctival  reflex. 
The  time  consumed  in  such  an  administration  has  been 
found  by  Hewitt  to  be  as  follows:  Maximum.  TO  seconds: 
minimum,  35  seconds;  average,  51  seconds. 

The  duration  of  the  ana-sthesia  resulting  from  such  an 
administration  was  found  b.v  Hewitt  to  vary  between  20 
and  65  second.s,  witli  an  average  of  43.1  seconds.     Hewitt 
later  reduced  this  aver- 
age to   35  seconds  as 
being  nearer  correct. 

There  are  two  plans 
of  administering  gas 
mixed  with  air,  the 
difference  depending 
upon  the  manner  in 
which  the  air  is  admit- 
ted. In  one  a  small 
percentage  is  mixed 
with  the  gas  through- 
o  u  t  the  administra- 
tion, while  in  the  other, 
breaths  of  air  are  given 
intermittentl)'.  A  sin- 
gle complete  adminis- 
tration of  gas  and  air 
consumes  considerably 
more  time  than  an  ad- 
ministration of  gas 
alone.  The  resulting 
anaesthesia  is  some- 
what longer  than  from 
gas  without  air.  and 
there  is  a  marked  less- 
ening or  absence  of 
cyanosis,  twitching 


?ic..  1388.— Hewitt's  Nitrous  O.xirte  and  n.Nvgen  Apparatus.  A.  Face- 
piece  with  intlataljle  edge;  B,  expiratory  valve:  C,  air  tap  for  In- 
spiration when  the  gas  is  cut  otT ;  D.  lever  bv  which  gas  and  o.xygen 
are  turned  on;  E.  special  stopcock  for  turning  on  more  ox'ygen 
than  controlled  by  lever  D ;  F.  inde.x  showing  proportion  of  oxygen 
from  1  to  10 :  G,  douljle  bag,  one  side  for  gas,"the  other  for  o-xyo-en  ■ 
if.  double  tube  (one  within  the  other);  I,  cylinders  of  gas  and 
oxygen. 

movements,  jerky  respiration,  and  other  asphyxial  symp- 
toms. If  too  much  air  is  mixed  with  the  ffas"  excitement 
will  appear. 

_  Mtrous  oxide  mth  orygen  is  most  satisfactorily  admin- 
istered under  increased  atmospheric  pressure,  as  demon- 
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strated  by  Paul  Bert,  but  in  practice  this  method  is  im- 
practicable. Under  ordinary  conditions  this  comliiiiation 
may  be  atlminislered  in  two  ways.  A  definite  peixentage 
mixture  may  be  given  from  an  ordinary  gas  iidialer,  or  a 
special  apparatus  may  be  employed,  by  means  of  which 
a  mixture  of  any  desired  proportions  may  be  used. 

Hewitt  found  the  most  satisfactory  definite  mixture  to 
contain  12.75  per  cent,  of  oxygen.  He  obtained  better 
results,  however,  by  means  of  a  regulating  inhaler,  and 
the  apparatus  shown  in  Fig.  1288  is  the  outcome  of  his 
investigations  on  this  subject  during  a  peiiod  of  eight 
years.  This  apparatus  has  a  regulating  mechauismby 
means  of  which  nitrous  oxide  may  be  given  pure  or  plus 
from  1  up  to  30  parts  of  oxygeu. 

A  typical  administration  with  this  apparatus  may  be 
described  as  follows:  The  bags  having  Ik-cu  emptied  of 
air  and  then  filled  about  three-fourths  full  of  their  respec- 
tive gases,  the  face-piece  is  applied  with  the  index  point- 
ing to  air,  which  the  patient  noAv  breathes  through  the 
inliaier.  "When  it  is  seen  that  the  face-piece  is  well 
applied  the  index  is  turned  at  once  to  1  or  2,  where 
two  or  three  respirations  are  allowed:  the  index  is  now 
moved  forward  a  number  at  a  time,  and  at  each  number 
two  or  three  resjiirations  are  permitted.  "When  the  iudex 
has  reached  6  or  8  about  a  minute  has  elapsed,  as  a 
ride,  and  there  should  be  signs  of  moderate  anaesthesia, 
the  breathing  should  be  .slightly  stimulated,  the  patient 
quiet,  the  color  good,  and  the  conjunctiva  somewhat  in- 
sensitive. Under  these  circumstances  the  inhalation 
should  proceed,  moving  the  index  more  gi-adually  for- 
ward till  signs  of  complete  anfesthesia  are  present.  If 
the  oxygen  has  been  turned  on  too  rapidly  signs  of  light 
narcosis  will  appear,  the  breathing  will  become  shallow, 
there  may  be  excitement,  jjhonation.  movement,  or  letcli- 
ing.  In  this  event  the  intlex  must  either  remain  station- 
ary till  the  signs  pass  oil'  or  mu.st  be  turned  bark  a  point 
or  two  for  a  numlier  of  breaths  and  then  foi  wai'd  more 
.slowly.  AVhen  a  satisfactory  narcosis  has  been  i-eaclied 
the  jialient's  condition  is  usually  as  follows :  The  respira- 
tion is  slightly  stimulated,  the  pulse  is  normal  or  slightly 
stimulated,  the  color  is  normal  or  slightly  flushed,  the 
eyebalis  are  usually  rotated  downward  and  fixed,  the 
conjunctiva  is  in.seusitive,  and  the  extremities  are  relaxed. 
The  narcosis  may  be  continued  as  long  as  re<iuired,  the 
administration  being  governed  by  the  princi|iles  already 
mentioned.  It  will  be  found  that  as  the  inhalation  pro- 
ceeds, a  gradual  increase  in  the  percentage  of  oxygen 
will  be  necessary.  All  changes  in  the  proportions  of  the 
gases  should  be  made  graiflually  if  possible.  Sudden 
changes  iiroduce  marked  effects  which  are  apt  to  inter- 
fere with  the  smoothness  of  the  narcosis.  The  bags  should 
be  kejit  about  two-thirds  full  and  equallv  distended 
throughout  the  administration. 

Gas  and  oxygen  is  unquestionably  the  best  and  safest 
form  of  nitrous-oxide  ana"sthesia.  It  possesses  all  of  the 
favorable  characteristics  of  the  latter,  and  is  to  a  great 
extent  free  from  the  worst  of  its  unfavorabie  features, 
i.e..  the  asphyxial  element,  to  which  may  be  atti-iimled 
practically  all  that  is  dangerous  aud  unpleasant  in  ordi- 
nary nitrous-oxide  auajsthesia.  The  unfavorable  charac- 
teristics of  gas  aud  oxygen  are  as  follows: 

1.  Difficulties,  inconvenience,  and  expense  of  the  ad- 
ministration. 

3.  Light  form  of  narcosis. 

3.  Failure  to  procure  satisfactory  antesthesia,  in  a  small 
percentage  of  cases. 

1.  Gas  and  oxygen  is  vastly  more  difficult  to  administer 
satisfactorily  than  is  chloroform  or  ether,  and  this  is  due 
to  the  fact  that  the  method  presents  a  great  number  of 
technical  details  which  require  considerable  exjierience 
and  the  closest  attention.  It  is  practicallv  impossible  to 
move  the  patient  after  this  anresthetic  ha"s  been  started 
without  disturbing  the  narcosis.  It  is  therefore  neces- 
sary to  have  the  patient  upon  tlie  operating-table  before 
beginning,  and  any  other  than  the  supine  position  renders 
the  administration  too  ditticult  to  be  practicable.  The 
apparatus  is  large  and  is  apt  to  be  in  the  way  if  the  oper- 
ation is  about  the  head  or  neck.     It  is  necessary  to  pro- 
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tect  the  tubes  throuirh  whirli  the  gases  How  from  press- 
ure. If  stepped  upon  they  will  burst,  as  the  nullinr  lias 
several  times  fouutl  nut.  The  cost  of  a  loiij;  iuliniuisira- 
tion  of  gas  anil  o.xvireu  is  considerable  c-ouipaied  with 
etlicr  or  cblorofonii":  live  dollars' worth  of  the  gases  not 
infreiiuently  being  cousiimed. 

•2.  ^Vllil(■"  the  narcosis  may  be  carried  to  a  deeper  de- 
gree with  gas  and  o.xygen  than  with  gas  alone,  it  is  oc- 
casionally not  deep  enough,  and  this  is  very  csiiecially 
true  in  reference  to  rectal  and  abdominal  ojierations. 
The  abdomen  is  peculiarly  apt  to  remain  rigid,  even 
though  the  narcosis  is  deep  and  free  from  signs  of  as- 
phvxia.  an<l  gas  and  oxygen  is  not  to  be  recommended 
for  intra  abdominal  ojierations,  except  in  cases  in  which 
the  advantages  of  this  form  of  aiursthesia  more  than  off- 
set this  particular  disjidvantage. 

3.  Failure  to  produce  satisfactory  annesthesia  is  exceed- 
ingly rare  and  is  very  apt  to  be  the  residt  of  faulty  ad- 
nuuistration.  The  author  is  convinced,  however,  that 
there  are  patients  who.  with  fairly  skilfid  treatment,  will 
not  pass  into  that  quiet,  decji  narcosis  which  is  desirable. 
These  patients  probably  belong  to  the  class  that  take 
ana'slhetics  badly,  requiring  large  doses  and  showing 
marked  resistance  to  the  action  of  the  agent 
used. 

The  Choice  of  Gim  trith  Air  or  irith   O-ryyiii 
as  the  Aiufxthrtic. — The  limitations  above  noted 
in  regard  to  the  scope  of  nitrous  oxide  for  sur- 
gical operations  indicate  in  a  way  its  field  of 
usefulness.      In  the   writer's   judgment,  how- 
ever, the  greatest    indications  for  the  employ- 
ment of  this  form  of  anaesthesia  are  to  be  found :   1.  In  pa- 
tients who  are  more  than  usually  endangered  bj' ether  or 
chloroform,  by  reason  of  their  general  physical  state  or  on 
account  of  the  presence  of  some  special  pathological  con- 
dition.    Examples  of  this  class  are  found  in  verj'  weak 
patients,  in  the  very  aged,  and  in  those  ]iresenting  active 
lesions  of  the  lungs,  the  kidneys,  or  the  heart.     2.  In 
operations  that  are  so  short  or  so  trivial  as  to  render  the 
effects  of  ether  or  chloroform  out  of  proportion  to  the  case. 
3.  In  patients  who  liave  previously  suffered  unusually 
from  the  effects  of  ether  or  chloroform  and  who  have 
great  dread  thereof.     The  following  list  of  cases  from  the 
author's  personal  records  may  be  of  interest  as  indicating 
the  pns.sibilities  of  this  anoesthetic : 

Amputations:  Arm.  for  extensive  necrosis  of  hand. 
Breast,  for  carcinoma,  with  removal  of  the  axillary  glands. 
Toe,  for  gangrene. 

Curetting:  Uterus,  sinuses,  abscesses,  etc. 

E.xcision:  Carbuncles  of  neck,  leg,  etc. 

Incision :  Abscesses  of  neck,  leg,  breast,  vulvo-vaginal, 
etc. 

Laparatomy:  Appendicitis,  exploration,  ventro-fixa- 
tion. 

Plastic  operations  of  face. 

Suprapubic  cystotomy  for  stone. 

Many  cases  of  the  following;  Examinations,  painful 
dressings,  suture  of  wounds,  circumcision,  ligature  of 
hemorrhoids,  anal  and  vaginal  dilatations,  breaking  up 
joint  adhesions,  stretchings  in  orthopa'dic  cases,  etc. 

The  lime  of  operation  in  those  cases  ranged  from  a  few 
seconds  to  ninety  minutes.  The  ages  of  the  patients 
ranged  from  below  one  year  to  eighty -four  years. 

A  single  complete  administration  of  gas  and  oxygen  has 
been  found  by  Hewitt  to  take  an  average  of  11(5  seconds 
and  the  duration  of  the  resulting  ana;sthesia  to  be  44  sec- 
onds as  an  average.  The  longer  or  shorter  the  inhalation 
of  gas  alone  or  in  comliinatiou  with  proper  amounts  of  air 
or  oxygen,  the  longer  or  shorter  the  ansesthesia. 

D-iXOF.KS  OF  AN.ESTHIiSIA  .\XD   ThEIK  TnE.\TirEXT. — 

The  dangers  which  result  from  the  administration  of  an- 
aesthetics are  connected  with  either  the  circulation  or  the 
respiration.  The  dangers  of  chloroform  are  chiefly  in 
connection  with  the  circulation  and  arc  manifested  by 
various  degrees  of  circulatory  depression.  The  dangers 
of  ether  and  nitrous  oxide  are  chiefly  in  connection  with 
the  respiration  and  are  manifested  by  various  degrees  of 
asphyxia.     The  nature  and  manner  of  production  of  these 


conditions  have  been  discussed  in  the  article  Aumalhetics 
(Vol.  I.),  under  "  Physiological  Action  "  and  "  Phenomena 
of  iVmusthesia, "  while  the  class  of  cases  in  which  they  are 


Fig.  1289.— White's  Nitrous  Oxide  and  Oxygen  Apparatus.  A,  Red 
cylinder  containing  W  fralluns  of  oxygen;  B,  blacl{  cylinder  con- 
taining lOU  trallons  of  niinms  oxide;  C,  oxygen  bag;  D.  nitrous 
oxide  bag;  E  and  F,  keys  controlling  liow  of  ttie  gases  through  the 
tubes  G  and  H  ;  O  and  P.  keys  controlling  How  of  gases  to  the  mix- 
ing chamber  M  and  thence  to  the  facf-pjfcc  K.  If  o  is  opened  and 
P  closed,  pure  nitrous  oxide  will  be  breathed.  If  i '  is  closed  and  P 
opened  fully,  pure  oxygen  will  be  hirathed,  oxygen  may  l>e  turned 
on  in  varying  amounts  according  to  the  index  shown  in  P  enlarged. 

most  likely  to  occur  will  be  found  under  "  Choice  of  the 
Anoesthetic." 

The  various  degrees  of  asphyxia  met  during  the 
administration  of  anaesthetics  are  due,  for  the  most  part, 
to  the  following  causes:  Direct  obiitriiclion  to  renjiira- 
tion,  as  caused  by  stertor,  valve-like  action  of  the  air 
passages  and  orifices  above  the  larynx,  and  foreign 
bodies:  »pa»m  of  the  respi rtitory  muscles;  paralysis  of  the 
respiratory  centre  by  an  overdose. 
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The  various  degrees  of  circulatory  depression  met  dur- 
ing ana?stliesia.  Avliich  are  attributaiile,  directly  or  indi- 
rectly, to  the  ana?sthetic.  are  due  either  to  too  little  or 
to  too  much  of  the  agent.  Too  little  of  the  anaesthetic 
causing  incomplete  aua'sthesia  may  result  in  depression 
of  the  circulation  through  nausea  and  through  reHcx 
effects  brought  about  by  operative  procedvn'es.  This  is 
rare  under  ether,  but  not  uncommon  luider  chloroform. 

Circulatory  depression  from  an  overdose  of  the  ana^s 
thetic  occurs  in  two  ways.  If  the  overdose  is  adminis- 
tered gradually  the  dangerous  effects  upon  the  circula- 
tion are  usually  secondary  and  consecutive  to  dangerous 
paralysis  of  the  respiration.  If  the  overdose  is  adminis- 
tered" rapidly  the  circulatorj-  depression  is  usually  pri- 
mary, especially  in  the  case  of  chloroform.  Unduly 
prolonged  narcosis  often  causes  gradual  circulatory 
depression.  The  immediate  dangers,  therefore,  in  the 
administration  of  ansesthetics  are  manifested  by  either 
asphv-xia  or  syncope. 

One  of  the  "greatest  sources  of  respiratory  obstruction 
during  anaesthesia  is  that  associated  ■with  stertur  which 
may  be  of  nasal,  buccal,  palatine,  pharyngeal,  or  laryn- 
geal origin.  Stertor  may  be  inspiratory  or  expiratory, 
and  maj'occur  during  light  or  deep  aniesthesia.  During 
light  anfesthesia  it  is  frequently  reflex  from  operative 
procedures,  while  during  deep  narcosis  it  is  usualh'  para- 
lytic. The  direct  cause  of  stertor  is  the  interference  of 
tile  tissues  and  organs  situated  in  the  air  way  above  the 
trachea  with  the  currents  of  air  during  insiiiration  and 
expiration.  The  situation  of  the  tongue,  its  weight,  and 
its  relations  with  the  epiglottis  and  larynx,  render  it 
perhaps  the  greatest  source  of  obstruction  to  respiration 
during  aua'sthesia. 

In  the  treatment  of  these  conditions  prophylaxis  is  of 
the  greatest  value,  for  a  majority  of  the  difficulties  and 
dangers  of  amiesthesia  are  due  to  faulty  administration. 
Unfortunately,  a  considerable  experience  in  the  adminis- 
tration of  ana'sthetics  is  necessary  before  faulty  adminis- 
tration can  be  corrected. 

Reflex  stertor,  if  troublesome  and  distinctly  connected 
with  the  operative  manipulations,  should  be  met  by  a 
deeper  narcosis.  Stertor  not  resulting  from  too  light 
narcosis  may  be  relieved  by  the  following  measures: 
extension  of  the  head  by  moving  the  chin  away  from 
the  sternum:  pushing  the  lower  jaw  forward  by  press- 
ure bej'ond  its  angles;  pulling  the  tongue  forward  by 
the  tip  or  hooking  it  forward  from  its  base.  One  or 
more  of  these  measures  will  relieve  all  ordinary  obstruc- 
tions to  respiration  during  anaesthesia :  but  should  they 
fail  and  the  asphyxia  be  alarming,  tracheotomj- should  be 
performed  promptly.  Obstruction  to  respiration  due  to 
valve-like  action  of  the  nares,  cheeks,  lips,  and  pharynx 
should  be  prevented  or  relieved  by  the  use  of  a  nasal 
speculum  or  by  opening  the  mouth  and  preventing  its 
closure  by  a  small  prop.  Obstruction  to  respiration  from 
foreign  bodies,  as  blood,  nmcus,  stomach  contents,  or  other 
material,  should  be  met  by  the  prompt  removal  of  same. 

An  exceedingly  rare  form  of  obstruction  to  respiration 
during  anfesthesia  is  that  due  to  spasm  of  the  muscles  of 
respiration  with  absolute  cessation  of  all  respiratorv 
movement.  This  usually  occurs  in  the  early  stages  of 
narcosis  during  the  period  of  general  muscular  rigidity. 
All  that  can  be  done  in  such  cases  is  to  see  that  the  air 
way  is  free  and  then  perform  vigorous  artificial  respira- 
tion. AU  forms  of  obstructed  breathing  resulting  in 
asphyxia,  with  cessation  or  practical  cessation  of  respira- 
tion, should  be  treated  by  performing  artificial  respiration 
after  determining  the  unobstructed  condition  of  the  air 
way.  The  administration  of  oxygen  during  this  time 
would  seem  to  be  indicated  in  hastening  the  relief  of  the 
asphyxia.  Asphyxia  from  paralysis  of  the  respiration 
by  an  overdose  of  the  ana-sthetic  is  to  be  treated  on  the 
lines  already  referred  to.  In  all  cases  of  asphyxia  the 
heart  should  be  sustained  by  the  administration'of  stim- 
ulants, which  will  be  referred  to  under  "  syncope. " 

The  best  methods  of  performing  artificial  respii-ation  for 
the  purpose  under  consideration  are :  simple  compressions 
of  the  chest,  Silvester's  method,  and  forced  respiration. 


Forcible  compression  of  the  chest  and  its  subsequent 
expansion  not  only  creates  a  considerable  movement  of 
air  in  the  lungs,  but  is  a  powerful  excitant  of  respiratory 
effort,  if  the  patient's  condition  renders  such  response 
possible.  Air  expelled  from  the 'lungs  in  this  way  also 
serves  to  relieve  obstructions,  such  as  firm  ajiposition  of 
the  epiglottis  to  the  laryngeal  opening,  foreign  bodies,  etc. 

Silvester's  method  of  artificial  respiration  is  more  read- 
ily carried  out  and  more  effectual  than  other  similar 
iiiethods.  Faradism  of  the  phrenic  nerves  is  a  decided 
aid  to  artificial  respiration.  Forced  respiration  liy  means 
of  the  Fell  O'Dwyer  or  similar  apparatus  would  probably 
be  of  great  value  in  extreme  cases  of  asphyxia  of  this 
nature  if  it  could  always  be  at  hand  and  readv  for  use. 

The  manner  in  which  syncope  is  produced  through  the 
action  of  the  anaesthetic  has  been  considered  in  the  first 
part  of  this  article  under  "action  on  the  circulation." 
The  syncope  which  occasionally  occurs  from  nausea  and 
from  operative  procedures  under  light  narcosis  by  chloro- 
form shoul<l  be  avoided  by  not  permitting  the  conditions 
which  allow  it  to  occur. 

The  minor  degrees  of  circulatory  depression  occurring 
under  chloroform  may  be  relieved  by  lessening  the  ad- 
ministration if  the  narcosis  is  of  moderate  or  deep  degree, 
or  by  changing  to  ether  or  A.  C.  E.  and  by  the  adniinis- 
tration  of  restorative  measures  to  be  considered  later. 

Alarming  degrees  of  .syncope call  for  prompt  and  ener- 
getic treatment.  The  administration  shoidd  be  stopped 
and  nothing  allowed  to  interfere  or  delay  the  application 
of  restorative  measures.  The  condition  of  the  circulation 
and  respiration  should  be  carefully  noted.  The  anaes- 
thetic contained  in  the  air  of  the  patient's  lungs  should 
be  removed  liy  rapid  and  effective  artificial  respiration, 
and  througho\it  the  subsequent  treatment  of  the  case  the 
air  way  should  be  maintained  in  an  unobstructed  condi- 
tion. In  the  treatment  of  the  graver  forms  of  syncope 
the  following  are  the  chief  measures  of  value : 

Posture. — More  or  less  inversion  of  the  patient  (Xela- 
ton's  plan)  is  almost  invariably  practised  under  these 
circumstances,  and  there  can  be  no  doubt  that  many  lives 
have  been  saved  through  this  means.  The  improvement 
in  the  pulse  and  respiration  following  inversion  in  ap- 
proudting  collapse  from  chloroform  is  proof  of  its  value 
under  these  circumstances.  It  is  supposed  to  act  by  de- 
termining a  flow  of  blood  to  the  medulla  and  to  the  heart, 
thus  stimulating  respiration  and  circulation.  Inversion 
has  been  employed,  however,  in  nearly  all  of  the  fatal 
chloroform  accidents,  and  it  is  thus  evident  that  it  is  not 
invariably  effective;  indeed,  it  is  probable  that  it  is  often 
positively  harmful. 

In  sudden  complete  syncope  we  have  seen  that  the 
heart  is  paralyzed  and  distended  with  blood,  as  are  the 
great  vessels  of  the  chest  and  abdomen.  Hill  has  pointed 
out  that  to  invert  a  patient  imder  these  circumstances  is 
"worse  than  useless,"  as  "  ihe  paralytic  dilatation  of  the 
heart  is  thereby  increased."  Hill  recommends  the  fol- 
lowing measures  which  he  has  found  to  relieve  nearly 
every  case  of  this  kind  in  animals.  "  Artificial  respiration 
is  at  once  applied,  the  thorax  is  rhythmically  squeezed 
over  the  region  of  the  heart,  while  the  animal  is  placed 
in  the  horizontal  position.  If  the  jiulse  does  not  speedily 
return  the  animal  is  dropped  into  the  vertical,  feet-down 
posture.  By  this  simple  means  the  heart,  owing  to  the 
influence  of  gravity,  is  emptied  into  the  splanchnic  area, 
and  thus  the  dilatation  of  the  organ  is  relieved.  Artificial 
respiration  is  maintained  throughout  this  mano-uvre. 
After  a  few  seconds  the  animal  is  returned  to  the  hori- 
zontal posture,  and  the  heart  is  thus  filled  with  a  fresh 
supply  of  blood.  If  the  pulse  does  not  return,  the  ma- 
noeuvre is  once  more  repeated.  When  the  pulse  has  re- 
turned and  the  heart  beat  has  become  efficient,  the  artifi- 
cial respiration  can  be  discontinued,  and  after  a  short 
space  of  time  the  natural  breathing  will  usually  return, 
owing  to  the  excitation  of  asphyxia.  During  this  period 
the  pulse  must  be  carefully  watched,  and  artificial  respi- 
ration renewed  if  there  be  any  signs  of  failure.  .  .  .  The 
second  type  of  collapse  (slow  and  gradual  overdose)  is 
relieved  by  the  vertical  head-down  position  (Nelaton's 
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mctlKHl).  It  is  equally  relieved  liy  tlic  horizontiil  posi- 
tion and  iirlilieiiil  respiration.  As  the  an;esllietisl  can 
never  be  sure  whieli  type  of  eollapse  lie  lias  tn  deal  with, 
it  seems  to  me  that  Nelaton's  method  shoiilii  never  be 
employed.  If  we  have  to  deal  with  the  tirst  type  of  col- 
lapse "(sudden  overdose)  Xelaton's  inversion  is  a  fatal 
mistake;  if  the  second  type  of  collapse  confronts  us. 
recoverv  can  be  brought  about  by  performinsr  artificial 
respiration  and  placing  the  patient  in  the  horizontal  posi- 
tion." 

ArtifcidI  iritpiintioii  carried  out  by  rhythmic  com- 
pressions of  the  thorax,  by  Bilvester's  method,  by  methods 
of  forced  respiration,  and  by  faradism  of  the  phrenic 
nerves,  probably  affords  the  most  effective  means  of 
treating  syncope  from  amvsthetics. 

The  method  of  /itart  compreigion ,  commonly  referred 
to  as  the  methcnl  of  Koenig  or  the  ilaas  method,  has 
proved  to  be  of  great  value  in  many  ca.st'S  of  chlorofcirni 
syncope.  The  fidlowing  description  is  that  of  Maas; 
"The  operator  stands  onthe  left  side  of  the  patient  with 
face  toward  the  head  of  the  patient;  the  cardiac  region 
is  pressed  upon  with  ra]iid  and  strong  pressure  by  the 
biiU  of  the  right  thumb  laid  upon  the  chest  between  the 
place  of  apexbeat  and  the  left  border  of  the  sternum;  one- 
hundred  and  twenty  shocks  or  compressions  are  to  be 
made  jier  minute.  Care  must  be  taken  to  exert  enough 
force.  Fix  the  patients  body  by  the  left  hand  on  the  right 
side  of  the  thorax.  Successis  denoted  by  artiticially  pro- 
duced carotid  pulse  and  contraction  of  pupils,  which 
should  control  the  force  and  rapidity  of  impulses.  An 
assistant  shoidd  watch  the  pupil  and"  carotid  pulse.  As 
long  as  the  condition  of  the  patient  does  not  improve  the 
pauses  in  treatment  should  be  as  far  between  and  as  short 
as  possible.  When  the  pupil  contracts  you  may  wait  till 
it  begins  to  dilate,  or  as  long  as  spontaneous  respiratory 
movements  continue." 

Driign. — The  experiments  of  Wood  have  demonstrated 
the  great  value  of  strychnine  and  digitalis  in  the  treat- 
ment of  syncope  from  chloroform,  and  the  inefficiency  of 
alcohol,  atropine,  ammonia,  amyl  nitrite,  and  caffeine  in 
this  condition. 

Strychnine  must  be  used  in  large  doses  under  these 
circumstances.  The  author  has  given  as  nuich  as  gr.  /^ 
in  divided  doses  with  advantage  upon  several  occasions, 
and  others  have  given  still  more. 

The  experiments  of  Schafer  and  others  prove  that 
stiprarenal  extract  acts  as  a  powerful  vaso-motor  stimu- 
lant, and,  as  an  antidote  to  the  depressant  effect  of  chloro- 
form, it  is  highly  recommended. 

The  striking  effect  of  the  rectal,  subcutaneous,  or  in- 
travenous injection  of  saline  solution  in  conditions  of 
shock  and  collapse  is  proof  of  its  value  in  syncope  from 
anaesthetics.  Labordes  method  of  "tongue  traction" 
has  been  resorted  to  in  many  cases  of  apparent  death 
from  anaesthetics  with  excellent  results.  The  tongue, 
being  grasped  by  the  tip.  is  pulled  forward  over  the  teeth 
as  far  out  of  the  mouth  as  possible:  it  is  then  permitted 
to  spiing  back  into  the  mouth.  This  is  repeated  at  about 
the  normal  respiratory  rate  till  respiration  is  re-estab- 
lished. Success  has  been  attained  after  long-continued 
and  apparently  hopeless  effort. 

Briskly  rubbing  the  lips  often  excites  increased  re- 
spiratory efforts,  and  in  the  light  breathing  which  occurs 
early  in  an  overdose  this  may  be  used  with  advantage. 
Faradism  of  the  heart  and  puncture  of  that  organ  with 
a  needle  have  been  recommended  in  chloroform  syncope, 
but  are  of  doubtful  value. 

The  following  valuable  analysis  of  chloroform  fatalities 
is  taken  from  Hewitt  on  anaesthetics :    • 

As  Analysis  of  210  chloroform  Fatalities  (=  109  Collected 

BY  THE  COXIMITTEE  OF    THE    ROYAL    MEDICAL    ASD  CHIBURGICAL 
SOCIETY-.   A.VD  101  COLLECTED  BY  KaPFELER). 

(a)  Sex. 

Males 150 

Females 59 

Not  stated 1 

210 


(b)  Aac. 

Cnder  5  years 2 

ft-1.5yeaiu a 

li>-30    "    49 

31-lo    ••    53 

46-80    "    37 

Over  80  years 3 

Not  stated 4.5 

210 
(c)  Nature  of  Operation.  > 

Amputations 36 

Disliiialfons 16 

Ki'iiioviil  lit  tumors 17 

ExaminatidDS    of     injuries    (Inciuding    putting    up   of 

fraeturesi 9 

Operations  on  male  genito-urinary  organs 20 

Operations  on  anus,  rectum,  etc 11 

Operations  on  female  genital  organs 5 

Operations  on  eye 16 

Hernia 3 

Castration 4 

For  necrosis,  excision  of  bone,  etc 7 

Exoi.sion  of  joints 2 

Foniliif  stniiL'litenlng  of  joints 7 

Forapiiliiniiuii  ut  escharotics 8 

Plastii-  oi^nui'ins 6 

Ligature  of  arteries 1 

Opening  at)scesses  and  sinuses 7 

Impaction  of  fieoes 1 

For  removal  of  teeth 18 

Removal  of  toe-nail 5 

For  relief  of  neuralgia 2 

For  delirium  tremens 2 

For  maniacal  excitement 1 

Not  stated 6 

210 

((0  Period  nf  Inhalation  at  which  Death  Occurred. 

Under  one  minute 10 

One  to  three  minutes 13 

Three  to  five  minutes 12 

Si,x  to  fifteen  minutes 33 

Over  fifteen  minutes 7 

Not  slated 135 

210 

(e)  Staae  of  Anaathe^ia  at  which  Death  Occurred. 

Commencingto  Inhale 14 

Stage  of  excitement 30 

Incomplete  aniesthesia 49 

Fully  under  influence 88 

After  operation 31 

Not  stated 18 

210 

Or,  Before  full  effects  of  chloroform 93 

During  full  effects 68 

After  operation 31 

Not  staled 18 

210 
(f)  Mode  of  Death. 

It  Is  best,  perhaps,  to  keep  the  two  analyses  under  this  heading 
separate. 

Royal  Medical  and  Chirurgical  Committee. 

■'  Syncope 56 

Syncope  during  stage  of  excitement 6 

Died  suddenlv 6 

Died  in  a  fit 10 

PuI^e  and  respiration  ceased  together 9 

Failure  of  respiration  (pulse  not  noted) 6 

Failure  of  respiration  I  pulse  remaining) 2 

Not  staled 1* 

109" 
Kappeler. 

Group  1.  Imperfectly  recorded  cases,  or  cases  in  which  death 

could  not  be  ascribed  directly  to  ch'oroform  61 

Group  2.  Fully  reported  cases  in  which  death  occurred  as  the 

immediate  result  of  chloroform 40 

loi 

Analysis  of  Group  i. 

A.  Death  with  primary  evidences  of  circulatory  failure  (14  luUy 

under  and  9  partially  under  chloiMforiiil ^    23 

B.  Cases  in  which  respiration  ceased  llrst  ( 10  fully  under  and  i 

partially  under  chloroform)  17 

"a 

(O)  Mode  of  Inhalation. 

On  handkerchief,  towel,  napkin,  or  lint 87 

Lint  with  sponge Y 

On  sponge 'i 

With  an  ether  inhaler | 

Snow's  inhaler * 

23 
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An  inhaler *^ 

Paper  bair  or  cloth  cone ^ 

Skinner's  ma^ik '" 

A  mask i 

Esmarcb's  mask ? 

Metal  inhaler  with  plenty  of  air •; 

Clover's  apparatus .» 

Not  stated "^ 

210 

After-Effecti. — The  following  is  a  brief  account  of  some 
of  the  chief  conditions  which  hare  been  called  the  after- 
effects of  ana-sthetics. 

Sanmi  ami  Tomitinr/  constitute  the  most  conspicuous 
and  distressing,  though  not  the  most  dangerous  of  the 
consequences  of  antfsthesia.  Xitrous  oxide  causes  the 
least  after-disturbance  of  this  kind  :  and  while  ether  causes 
nausea  and  vomiting  more  frequently  than  chloi'oform, 
more  cases  of  piotiacted  and  dangerous  vomiting  are 
met  after  chloroform  than  after  ether. 

Patients  differ  greatl.y  in  respect  to  this  effect,  and  a 
patient  may  vomit  excessively  on  one  occasion  and  little 
or  none  on  another  under  apparently  like  conditions. 

Patients  properly  prepared  for  the  administration  have 
less  sickness,  as  a" rule,  than  those  not  so  prepared,  al- 
though in  many  instances  a  case  presenting  a  full  stomach 
and  110  preparation  will  not  be  nauseated  after  ana?sthesia. 

Washing  out  the  stomach  at  the  close  of  the  adminis- 
tration will  lessen  or  prevent  nausea  and  vomiting  in  a 
large  percentage  of  cases,  and  is  an  excellent  routine 
practice  if  carefully  done. 

At  later  peiiods  this  is  also  one  of  the  best  means  of 
treatment,  and  after  consciousness  has  been  restored  it 
may  be  carried  out  at  proper  intervals  by  allowing  the 
patient  to  drink  a  glass  of  warm  water  and  expel  it  by 
vomiting.  A  large  dose  of  the  bromide  of  sodium  or 
potassium  by  way  of  the  rectum  will  often  act  benefi- 
cially in  this  condition,  and  the  administration  of  opium 
is  occasionally  the  only  means  that  will  control  it. 

Ueadarhe  following  anaesthetics,  commonly  seen  after 
prolonged  administration  of  nitrous  oxide,  may  be  best 
relieved  by  cold  applications  to  the  head,  bromides,  or 
opiates. 

Bronchitis,  hroncho-pnewnonia ,  and  typical  lobar  pneu- 
monia have  occurred  with  noticeable  frequency  after 
antesthetics.  These  conditions  arc  observed  after  all  an- 
aesthetics, but  more  commonly  after  ether  than  after 
chloroform.  They  aie  probably  not  due  to  the  direct 
effect  of  the  ana;sthetics  upon  the  pulmonary  tis.sues.  but 
are  caused,  for  the  most  part,  by  infectionsof  the  lungs 
through  material  aspirated  into  them  from  the  throat 
during  the  narcosis,  such  material  often  carrying  pneu- 
mococci  and  other  bacteria  derived  from  the  throat  and 
nose.  Add  to  this  the  chilling  inlluenees  attending  the 
anajsthesia  and  the  operation,  the  repression  of  cougliing 
after  certain  operations,  and  the  exiiosiirc  incident  to 
change  from  the  operating  room,  change  of  clothing, 
etc.,  and  it  is  not  surprising  that  these  pulmonary  after- 
effects occasionally  develop. 

The  treatment  of  these  conditions  is  the  same  as  though 
thej'  occurred  under  other  circumstances.  Prophylaxis 
consists  chiefl}-  in  the  use  of  clean  inhalers,  cleansing  the 
mouth,  nose,  and  throat  before  the  administration,  avoid- 
ing the  aspiration  of  foreign  mateiial  into  the  air  pas- 
sages, keeping  the  patient  from  exposure  and  dejiression. 

Renal  congestion,  nephritis,  and  urinary  suppression  are 
not  infrequently  observed  after  the  administratior  of  an- 
esthetics, as  referred  to  under  "Phvsioloffical  Action." 
The  effects  of  the  deprivation  of  fluids  before  and  after 
operation,  exposure,  and  sepsis  must  not  be  overlooked 
in  this  connection.  Ti'eatment  should  be  carried  out  on 
usual  lines.  Saline  infusion  by  way  of  the  rectum, 
cellular  tissue,  or  veins  has  proved  of  great  benefit  in 
promoting  kidney  action  under  these  conditions. 

Jaundice,  glycosuria,  insanity,  and  other  abnormal 
states  have  been  noted  after  anesthetics  have  been  ad- 
ministered. Their  exact  relations  to  the  narcosis  are  not 
fully  understood. 

After-Care.— Dwr'mg  the  recovery  of  patients  from  the 
effects  of  anssthetics  they  should"  have  certain  special 


care  made  necessary  by  their  condition.  They  should 
receive  assistance  during  the  vomiting  which  may  fol- 
low, and,  owing  to  the  suddenness  with  which  this  may 
occur,  the  patient  should  never  be  left  alone  till  he  is 
quite  capable  of  taking  conscious  care  of  himself. 
Vomiting  is  most  easily  and  safely  accomplished  if  the 
patient  is  on  the  side,  and  this  position  should  be  assumed 
if  possible.  If  the  dorsal  position  is  necessary,  the  head 
should  be  turned  well  to  the  side  during  vomiting  and 
elevation  of  one  shoulder  will  help  the  position.  Large 
particles  of  vomited  matter  should  be  removed  from  the 
mouth  as  quickly  as  possible.  The  common  custom  of 
pushing  the  jaw  forward  dui'ing  vomiting  is  unnecessary 
and  dangerous.  It  defeats  the  effort  of  the  patient  to 
protect  his  air  passages. 

The  patient  must  be  guarded  from  exposure  daring 
recoverv'.  The  chilling  influences  of  the  anaesthetic  and 
the  operation  render  the  patient  unusually  sensitive,  ami 
more  than  usual  coveting  should  be  provided.  Artitic  ial 
heat  should  be  used  if  necessary,  but  in  its  application  it 
should  be  remembered  that  the  patient  is  more  oi'  less 
ana?sthetic  and  may  not  notice  the  presence  of  a  hot- 
water  bag  or  bottle  that  is  burning  him.  This  is  a  fre- 
quent and  disastrous  accident.  The  patient  should  not 
be  exposed  to  draughts.  Undue  sweating  should  be 
avoided. 

The  question  of  food  and  drink  is  important.  The 
custom  of  withholding  everything  for  many  hours  is  im- 
necessary.  The  patient's  desire  for  food  or  drink  is  often 
a  reliable  guide  for  the  beginning  of  the  .same.  Weak 
patients  should  not  be  kept  as  long  as  others  without 
nouiishnient.  As  a  rule,  it  seems  best  to  begin  ■nith 
rather  small  quantities  of  warm  fluids,  proceeding  accord- 
ing to  the  particular  conditions  present.  Thirst  may 
often  be  relieved  by  the  combination  of  large  amounts  of 
fluid  by  the  rectum  and  small  amounts  by  the  mouth. 

Thomas  L.  Bennett. 

[As  this  article  is  going  to  press  the  "report  of  the  An- 
sesthetics  Committee  of  the  Biitish  Medical  Association" 
is  announced.  It  ciimpiiscs  a  careful  and  minute  study 
in  great  detail  of  '2.5,9'20  cases  from  reliable  sources.  The 
following  conclusions,  taken  from  the  Lancet,  London,  are 
thought  to  be  justified: 

CONCLUSIOXS. 

Ttelatire  Safety  of  the  Varioris  Anirsthetict. — 1.  The  rela- 
tive safety  of  the  various  anaesthetics  ma)'  be  gathered 
from  the  statistical  tables  in  the  report.  When  only 
those  ca.ses  of  danger  which  were  held  to  be  due  entirely 
to  the  aniestbetic  are  considered  the  following  instructive 
figures  are  obtained,  fuiiher  emphasizing  the  danger  of 
chloroform  as  contrasted  with  ether.  Cases  of  danger 
(including  deaths)  considered  to  be  due  entirely  to  the 
amesthetic:  under  chloroform,  78,  giving  a  danger  rate 
of  .r)8'2  per  cent. ;  under  the  A.  C.  E.  mixture,  1,  giving 
a  danger  rate  of  .147  per  cent.:  under  mixtures  of 
chloroform  and  ether,  '2.  giving  a  danger  rate  of  .478 
percent. ;  under  the  A.  C.  E.  mixture  folkiwed  by  chloro- 
form, 1,  giving  a  danger  rate  of  1.694  per  cent. ;  under 
chloroform  preceded  by  ether,  o,  giving  a  danger  rate  of 
2.2  per  cent. ;  under  chloroform  followed  by  mixtures  of 
alcohol,  chloroform,  and  ether,  1,  giving  a  danger  rate 
of  .36  per  cent. ;  under  ether,  2,  giving  a  danger  rate 
of  .06.5  per  cent.:  under  "gas  and  ether."  3,  giving  a 
danger  rate  of  .096  i)er  cent.:  under  ether  preceded  by 
chloroform,  1,  giving  a  danger  rate  of  .480  per  cent.; 
under  ether  preceded  by  the  A.  C.  E.  mixture,  0;  under 
the  chloroform  group  of  anaesthetics  (addition  of  the 
first  six  headings  above).  8.S,  giving  a  danger  rate  of 
.584  per  cent. :  and  under  the  ether  group  of  anaesthetics 
(addition  of  the  last  four  headings  above).  6,  giving  a 
danger  rate  of  .085  per  cent.  2.  Although  {excluding 
nitrous  oxide)  ethei  may  be  accepted  as  the  safest  routine 
agent,  certain  circumstances  determined  by  the  state  of 
the  patient,  the  nature  of  the  operation,  etc.,  may  render 
the  use  of  some  other  anesthetic  or  combination  of  antes- 
thetics  both  safer  and  easier. 

llie  Best  Methods  of  Administration. — 3.  No  method  of 
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administration  of  chloroform  is  free  from  danger,  but  an 
examination  of  the  complicated  cases  appears  to  show 
that  the  occurrence  of  danger  depends  largely  upon  the 
administrator  who  emploj-s  any  particular  method.  4. 
No  conclusion  from  the  evidence  before  the  committee 
as  to  the  best  method  of  administration  of  ether  an<l  "gas 
and  ether"  is  possible,  o.  The  data  warrant  the  conclu 
sion  that  the  A.  C.  E.  mixture  should  not  be  given  from  a 
closed  inhaler — e.g..  Clover's.  This  conclusion  applies 
to  all  mixtures  containing  chloroform. 

/>/s^  MethodK  of  J{,.\t(>riitiiiii. — 7.  The  sub-committee  arc 
unable  fiom  the  material  at  their  disposal  to  draw  any 
conclusion  upon  this  point. 

C/iiiic(il  En'deiice  Uiynvdikr/  AmmtJi(tirg  GenernUy. — S. 
Anasthetics  are  more  commonly  associated  with  com- 
plications and  dangers  iu  males  than  in  females.  9.  Ex- 
cluding infancy,  and  taking  anesthetics  collectively,  the 
complications  and  dangers  of  anaesthesia  increase  pari 
ji(is.sti  with  advancing  age.  10.  Anesthetics  are  notably 
more  dangerous  in  proportion  as  the  gravity  of  the  pa- 
tient's state  increases.  11.  Danger  to  life  is  especiallj- 
likely  to  be  incurred  at  early  periods  of  the  administra- 
tion of  ana?sthetics,  while  the  teudenc_v  to  less  grave 
complications  increases  directly  with  the  duration  of  an- 
sesthesia.  I'-i.  The  tendency  for  complications,  danger- 
ous and  otherwise,  to  occur  Increases  ^ri  passu  with  the 
gravity  of  the  operation. 

Cliiiiedl  J-Ji-idtitce  Regarding  Chloroform. — 13.  Chloro- 
form is  about  twice  as  dangerous  in  males  as  in  females. 
14.  Chloroform  is  most  dangerous  during  early  infancy 
and  after  thirty  years  of  age :  least  so  from  ten  to  thirty 
years  of  age.  15.  In  conditions  of  good  health  chloro- 
form is  very  much  more  dangerous  than  otheraua?sthetics. 
In  grave  conditions  chloroform  still  remains  the  least 
safe  auiTsthetic.  but  the  disparity  between  it  and  other 
anesthetics  is  far  less  marked  than  in  health.  16.  When 
danger  occurs  under  chloroform,  whatever  its  exact  na- 
ture may  be,  there  is  abundant  evidence  that  in  a  large 
proportion  of  cases  the  symptoms  that  are  observed  are 
those  of  primary  circulatory  failure.  17.  Imperfect  an- 
esthesia is  the  cause  of  a  large  nutiiber  of  cases  of  danger 
under  chloroform.  18.  Vomiting  during  anesthesia, 
which  may  lead  to  danger,  seems  to  be  more  frequent 
under  chloroform  than  under  other  anesthetics.  19. 
Struggling  is  very  much  more  frequent  in  the  compli- 
cated cases  under  chloroform  than  in  the  uncomplicated, 
and  this  phenomenon  must  therefore  be  regarded  as  a 
source  of  grave  danger  under  chloroform.  20.  The 
tendency  for  circulatory  complications  to  appear  in- 
creases directly  with  the  relative  amount  of  chlorofonn 
n  the  anesthetic  employed.  21.-  "While  vomiting  is 
more  common  after  administrations  of  ether,  severe  and 
prolonged  voniitin.s  is  more  common  when  chloroform 
has  been  used.  2'2.  Circulatory  depression  following 
anesthetics  is  more  common  after  chloroform  than  after 
ether.  23.  AVhile  the  respiratory  complications  of  anes- 
thesia as  a  whole  are  of  equal  frequency  under  the  ether 
and  chloroform  groups  resjiectively,  yet  those  that  occur 
under  ether  are  mostly  of  a  trifling  and  transitory  nature 
w  hile  those  that  occur  under  chloroform  are  more  grave 
and  persistent. 

Clinira!  Evidence  Begarding  Ether. — 24.  Under  ether 
the  complications  of  anesthesia  are  more  frequent  with 
males  than  with  females,  but  with  the  former  thev  are 
generally  slight,  ether  being  rather  more  dangerous  with 
females  than  with  males.  2o.  Ether,  where  employed 
throughout  or  preceded  by  nitrous  oxide  gas  or  by  the 
A.  C.  E.  mixture,  issingularly  free  from  danger  in  healthy 
patients.  26.  Minor  troubles  in  administration  due  to 
laryngeal  irritation  and  increased  secretion  are  more 
common  under  ether  and  "gas  and  ether"  than  under 
chloroform  and  its  mixtures.  27.  Struggling  occurs 
more  frequently  with  ether  when  given  alone  than  with 
other  anesthetics,  but  it  rarely  leads  to  danger.  28. 
After-vomiting  is  tnore  common  with  ether  than  with 
other  anesthetics,  but  it  is  usually  transient.  29.  Bron- 
chitis is  much  more  common  as  an  after-effect  of  ether 
than  of  chloroform.     30.  With  "gas  and  ether,"  as  with 


ether,  dangers  are  more  common  in  females,  although 
complications  are  more  frequent  in  males. 

Clinical  Eridence  Regarding  Mi.riiires  and  Successions 
of  Anesthetics. — 31.  The  A.  C.  E.  mixture  in  most  of  the 
statistical  tables  holds  an  intermediate  position  between 
cldoroform  and  ether.  32.  The  A.  C.  E.  mixture  is  more 
dangerous  in  males  than  in  females,  but  not  to  such  a 
marked  degree  as  is  chloroform.  33.  The  administration 
of  ether  antecedent  to  chloroform  does  not  abolish  the 
possibility  of  chloroform  dangers.  34.  The  various 
mixtures  and  successions  of  anesthetics  were  recorded 
too  infrequently  to  justify  definite  conclusions. 

General  Conclusion. — 35.  From  the  evidence  before  the 
sub-committee  they  are  convinced  that  by  far  the  most 
important  factor  in  the  safe  administration  of  anesthetics 
is  the  experience  which  has  been  acquired  by  the  admin- 
istrator. In  many  cases  the  anesthetization  completely 
transcends  the  operation  in  gravity  and  importance,  and 
to  insure  success,  particularly  in  these  cases,  it  is  abso- 
lutely essential  that  an  anesthetist  of  large  experience 
should  conduct  the  administration.] 

CHLOROL  is  a  disinfectant  and  deodorizer  consisting 
of  an  aqueous  solution  of  one  per  cent,  each  of  bichloride 
of  mercury,  sodium  chloride,  and  hydrochloric  acid,  and 
three  per  cent,  of  copper  sulphate.  W.  A.  Bastedo. 

CHLOROM  A. — Cancer  vert.  A  tumor  belonging  to  the 
general  class  of  sarcoma,  more  preciseh'  to  the  group  of 
lymphoma,  lymphosarcoma,  so-called  leukemic  and 
pseudo-leukemic  tumors,  etc.  The  name  was  given  by 
King,  of  Glasgow,  in  1853,  and  indicates  the  remarkable 
color  of  the  new  growth,  which  is  usually  a  bright  green. 
Chloroma  is  remarkable  for  the  frequency  with  which  it 
affects  the  periosteum  of  the  cranium,  especially  in  the 
orbital  and  temporal  regions  and  in  the  dura.  Various 
other  parts  of  the  periosteum  are  also  frequently  affected, 
besides  the  lymph  glands,  bone  marrow,  liver,  kidneys, 
splyen,  lungs,  pleura,  and  other  organs.  In  some  cases 
the  tumors  have  first  been  discovered  in  ijeripheral  organs 
such  as  the  mammary  gland  or  the  axillary  lymphatic 
glands,  but  even  in  such  cases  it  is  probable  tliat  the  pri- 
mary growth  is  in  the  periosteum  of  the  cranium.  The 
new  growth  has  a  tendency  to  invade  the  connective  tis- 
sue, involving  fascie,  tendons,  etc.,  and  sometimes  forms 
very  extensive  inliltrations.  In  structure  the  tumor 
consists  of  a  fine  reticulum  in  which  cells  of  the  size  and 
character  of  lymphocytes  lie.  traversed  by  bands  of  con- 
nective tissue  continuous  with  that  of  the  seat.  The 
consistence  varies  from  very  soft  to  very  hard,  depend- 
ing chiefly  on  the  connective  tissue.  The  cause  of  the 
green  color  is  not  known.  According  to  some  it  is  a  fat 
pigment ;  others  compare  it  to  the  pigment  of  green  pus. 
Chloroma  occurs  especially  in  early  life,  although  a  num- 
ber of  cases  have  been  observed  in  middle  life,  ilore 
cases  have  been  observed  in  males  than  in  females. 
Clinically,  chloroma  is  characterized  Iiv  rajiidly  increas- 
ing anemia  with  petechie,  nose-bleed,  and  sometimes 
scorbutic  symptoms:  by  loss  of  weight,  fever,  headache, 
deafness,  tinnitus  aurium,  bhndness  and  double  vision, 
and  by  facial  paralysis  and  exophlhalmus.  !>Iany  eases 
have  been  first  seen  in  e.ve  or  ear  clinics,  on  account  of  the 
special  symptoms  mentioned,  and  it  is  possible  that  in 
some  cases  not  examined  anatomically  the  disease  has 
been  mistaken  for  an  ordinary  orbital  sarcoma.  In  a 
number  of  cases  increase  of  leucocytes  has  been  observed, 
the  increase  affecting  especialh'  mononuclear  cells  having 
the  general  character  of  lymphocytes,  the  appearance 
of  the  blood  in  other  respect  closel}'  resembling  that  in 
cases  of  so-called  acute  leukemia.  The  course  of  the 
disease  is  rapid  and  progressive.  The  changes  in  the 
blood  and  the  structure  of  the  tumors  have  led  a  number 
of  observers  to  assign  chloroma  to  the  group  of  diseases 
including  leukemia,  pseudoleukemia,  certain  cases  of 
lymphosarcoma,  and  some  of  the  tumors  described  as 
myeloma.  Ignorance  of  the  etiology  of  all  of  these  proc- 
esses makes  a  definite  opinion  impossible  at  this  time. 
The  idea  of  bacterial  infection  is  very  strong,  but  posi- 
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live  proof  is  as  yet  absent.  Chloroma  should  be  recog- 
nized in  most  cases  comparatively  early  on  account  of 
the  striking  combination  of  symptoms,  especially  from 
the  coexistt-nce  of  ana?mia  -nith  or  without  increase  of 
lymphocytes,  the  characteristic  new  growths  in  the  orbital 
and  temporal  region,  the  ear  symptoms  and  others  men- 
tioned above. 

Most  of  the  observations  on  chloroma  are  referred  to 
in  articles  of  Dock,  American  Juurnal  of  the  Medical  Sei- 
encen.  August.  1893,  and  Lang,  6.,  Archires  genemles  de 
Medecine,'!\oyemher  et  seg.,  1893,  and  July-September, 
1898.  George  Bock. 

CHLOROSIS.— Chlorosis  is  a  term  applied  to  a  specitic 
form  of  aiuemia  which  occurs  in  young  women  about 
pubert}'  and  which  is  often  characterized  by  a  greenish- 
yellow"  tint  of  the  .?kin.  whence  the  derivation  of  the 
name  x^upoc,  yellowish  green. 

Notwithstandiag  the  great  progress,  in  recent  years, 
in  our  knowledge  of  disorders  of  the  blood  and  of  the 
changes,  particularly  in  its  corjniscular  elements,  char- 
acteristic of  different  diseases,  the  position  of  chlorosis 
as  aa  independent  malady  has  been  in  no  way  affected, 
and  it  still  remains  quite  distiuct  from  all  other  amcmias. 
Thus  every  other  form  of  anaemia  is  found  in  both  sexes, 
but  the  occurrence  of  true  chlorosis  in  males  is  now  gen- 
erally denied.  Chlorosis,  therefore,  occurring  onlj'  in 
women,  and  limited  in  1hem  to  the  time  of  life  connected 
with  the  development  of  their  sexual  function,  shows 
that  this  disease  is  somehow  conditioned  by  that  function. 
This  primar}-  fact  should  dispose  of  several  hypotheses 
which  have  been  advanced  both  as  to  its  etiology  and 
its  pathology.  Thus  Sir  Andrew  Clark's  theory  that  it  is 
caused  by  auto-intoxication  from  retained  fstcal  accumu- 
lation leaves  unexplained  why  it  never  happens  to  con- 
stipated men,  and  Virchow's  theory  that  it  is  due  to  con- 
genital hypoplasia  of  the  arterial  system  is  negatived 
by  the  occurrence  of  too  small  arteries,  including  the 
aorta,  in  both  sexes.  The  inference,  therefore,  seems  clear 
that  chlorosis  is  in  some  way  related  to  the  function  of 
ovulation,  and  the  problem  is  to  find  what  that  rela- 
tion is. 

At  present  the  examination  of  the  blood  itself  is  the 
first  requisite  in  detennining  the  nature  of  any  form  of 
anamia.  and  it  is  because  the  changes  in  chlorosis  are  so 
constant  in  their  contrast  with  other  cases  of  blood 
impoverishment  that  its  specific  nature  is  so  plainly 
demonstrated.  Thus  in  all  febrile  ana?mias.  as  in  tuber- 
culosis, rheumatism,  etc.,  the  whole  blood  becomes  im- 
poverished, both  the  corpuscles  and  the  blood  plasma 
being  diminished.  In  chlorosis,  while  the  corpuscles 
may  be  diminished  in  number  (though  very  commonly 
this  is  much  less  than  the  paleness  of  the  patient  would 
suggest),  yet  the  proteids  of  the  plasma,  as  a  rule,  are  in- 
creased, a  feature  peculiar  to  chlorosis.  This  fact  also 
serves  to  distinguish  chlorosis  from  the  anaemia  caused 
by  loss  of  blood,  for  in  the  latter  the  serum  is  more 
watery  and  the  specific  gravity  of  the  plasma  is  low, 
while  in  chlorosis,  different  from  all  other  anfemias,  the 
specific  gravity  of  the  plasma  is  high  and  often  higher 
than  normal.  In  the  secondary  anaemia  of  parenchyma- 
tous nephritis,  the  presence  of  anasarca  and  of  albumi- 
nuria suffices  to  clear  the  diagnosis.  More  uncertainty 
might  arise  in  some  cases  of  inanition  in  young  women 
suffering  from  gastric  ulcer,  especially  as  dyspepsia  and 
gastric  jSains  are  common  among  chlorotics;"  bm  the  pal- 
pable signs  of  gastritis  with  pain  after  eating  and  the  oc- 
currence of  ha-matemesis  are  distinctive  in  these  cases, 
while  the  examination  of  the  blood  does  not  show  the 
specific  deficiency  of  haemoglobin  in  the  red  corpuscles 
characteristic  of  chlorosis,  nor  is  the  chlorotic  hue  present 
in  the  complexion.  Some  leucocytosis  is  also  commonly 
present,  wliile  in  chlorosis  it  is  absent. 

Prom  the  sallow  anaemia  of  some  forms  of  chronic 
hepatic  disease,  as  a  sequel  to  chronic  malaria,  chlorosis 
may  be  distinguished  by  the  conjunctiva  being  quite 
clear  instead  of  yellowish;  there  is  no  enlargement  of 
the  liver,  nor  do  we  find  the  rough,  parchment-like  con- 


dition of  the  skin,  with  movable  folds,  which  distinguishes 
hepatic  marasmus,  as  the  skin  in  chlorotics  is  of  silky 
smoothness  and  well  rounded  or  plump.  In  active  ma- 
laria the  presence  of  the  Plasmodium  malaria'  decides  the 
diagnosis.  From  leukaemia,  which  in  the  absence  of 
emaciation  often  resembles  chlorosis,  the  great  excess  of 
white  corpuscles  at  once  reveals  the  difference,  as  leuco- 
cytosis does  not  occur  in  chlorosis,  nor  does  enlargement  of 
tile  lym]ihatic  glands.  From  that  comparatively  rare  and 
fatal'  disease,  true  splenic  anaemia,  which  occurs  without 
either  involvement  of  the  lymphatic  glands  or  leucocy- 
tosis. tlie  diagnosis  is  easy  bj-  reason  of  the  great  enlarge- 
ment of  the  spleen  in  that  disease,  while  it  is  wholly  ab- 
sent in  chlorosis.  From  pernicious  an;emia.  in  which 
disease  the  common  occurrence  of  a  lcmonyell<iw  hue  of 
the  skin  might  be  mistaken  for  the  tint  of  chlorosis,  the 
examination  of  the  blood  shows  the  greatest  contrasts. 
Not  only  is  the  <liminution  of  the  red  corpuscles  far 
greater  than  in  chlorosis,  but  poikilocytosis  or  irregu- 
Taritvin  the  shape  and  size  of  the  corpuscles  is  character- 
istic ;  megaloblasts  and  microhlasts  and  nucleated  red 
corpuscles  along  with  the  myelocytes  are  found,  all  of 
which  are  absent  or  extremely  rare  in  chlorosis.  The 
most  distinctive  difference,  however,  is  that  which  exists 
between  chlorosis  and  pernicious  anaemia.  In  the  latter 
disease  the  percentage  of  haemoglobin  in  the  individual 
corpuscles,  especially  the  smaller  forms,  is  very  high, 
some  of  them  having  a  brilliant  red  color,  while  deficiency 
of  haemoglobin  in  the  red  cells  is  the  distinctive  feature 
of  chlorosis.  In  the  ana'mia  of  malignant  disease  the 
blood  also  shows  poikilocytosis,  but  otherwise  the  can- 
cerous cachexia  with  its  sallow,  muddy  skin  and  general 
emaciation  would  suffice  to  distinguish  it  from  chlorosis, 
apart  from  the  fact  that  the  latter  is  a  disease  of  youth, 
at  which  period  of  life  cancer  is  rare. 

In  other  words,  the  blood  of  chlorotics  is  deficient  in 
its  oxygen-carrier,  hirmoglobin.  and  scarcely  deficient  in 
anything  else.  The  red  cells  may  equal  in  number  those 
found  in  women  in  fair  health,  but  they  are  pale  and  the 
percentage  of  ha-moglobin  may  fall  from  one  hiuidred  to 
sixty-five,  or  forty  per  cent.,  or  even  lower.  A  loss  of 
breathing  power  necessarily  follows,  with  results,  as  re- 
gards the  muscular  function,  which  adequately  explain 
the  chief  clinical  symptoms  of  the  disease. 

Chlorosis  is  markedly  hereditary,  mothers  of  young 
women  with  it  often  stating  that  they  were  similarly 
affected  when  at  their  daughters'  age.  Different  from 
many  secondary  ana>inias.  it  is  as  often  found  among  the 
well-to-do  classes  as  among  the  poor  or  poorly  fed. 
Among  European  races,  at  least,  it  is  jjretty  equally  dis- 
tributed, being  as  common  in  Italy  as  in  England  or  in 
America.  The  element  of  age,  however,  is  significant. 
A  first  attack  after  twenty -five  is  almost  unknown,  and 
if  it  does  occur  then  or  later  it  is  a  relapse  from  a  former 
attack.  Chlorosis  may  occur  before  menstruation,  but 
the  commonest  period  is  in  the  quinquennial  between 
fifteen  and  twenty. 

Symptoms. — Muscular  power  in  all  animals  is  directly 
proportioned  to  the  activity  of  respiration,  that  is,  to  the 
intake  of  oxygen.  As  it  is  the  ha-moglobin  in  our  blood 
which  enables  us  to  tireathe.  a  deficiency  of  that  element 
will  have  for  its  first  sign  breathlessness.  This  symptom, 
therefore,  is  one  of  the  earliest  and  most  constant  in 
chlorosis.  Mural  weakness  of  the  heart,  at  first  dynamical 
and  later  intrinsic  from  fatty  degeneration,  is  a  natural 
consequence  of  deficiency  of  ox^-gen,  and  hence  these 
patients  are  prone  to  palpitation  on  exertion  and  to  at- 
tacks of  syncope.  The  muscular  apparatus  of  the  ali- 
mentary canal  also  suffers,  and  atony  with  passive  dilata- 
tion of  the  stomach,  and  the  same  condition  in  the 
intestinal  canal,  give  rise  to  the  dyspepsia  and  constipa- 
tion with  borborygmi  which  characterize  a  majority  of 
these  patients.  Easy  exhaustion  and  fatigue  of  the 
skeletal  muscles  is  evidenced  by  the  general  sense  of 
languor  and  lassitude  on  the  one  hand,  and  by  a  great 
variety  of  spinal  aches  on  the  other,  the  commonest 
localities  being,  as  we  might  expect,  at  the  nape  of  the 
neck,  where  the  weight  of  the  head  is  felt,  and  in  the 
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lumbar  region,  wliere  the  whole  weight  most  tells  on  the 
spinal  column  in  standing  or  walking.  As  in  all  cases 
in  which  deficient  muscular  power  fails  to  keep  the  verte- 
brie  in  their  normal  position,  reflected  neuralgisis  from 
pressure  on  the  spinal  loots  arc  very  common.  They 
appear  in  the  form  of  hcailaches.  pains  in  the  eyes,  in- 
tercostal pains,  and  others  refcrrecl  to  various  points  in 
the  abdominal  walls. 

The  chlorotie  hue  is  absent  in  about  forty  per  cent,  of 
all  cn.ses.  whether  blondes  or  brunettes.  The  examina- 
tion of  the  blood  shows  what  a  mistake  it  is  to  suppose 
that  the  disease  neeessitrily  shows  itself  in  the  tint  of  the 
skin.  Some  clear-com]ile.\ioned  blondes  and  likewise 
brunettes  show  nothing  but  simple  paleness  as  an  habitual 
state,  with  faces  also  that  readily  heighten  in  color  on 
excitement.  Nowhere,  however,  is  the  evidence  of  anae- 
mia so  sure  as  on  the  backs  of  the  hands,  and  next  to 
that  on  the  ears.  The  chlorotie  hue,  however,  may  not 
be  sjieeially  noticeable  about  the  face,  and  yet  be  readily 
noted  on  baring  the  chest.  In  typical  ca.ses  the  discolor- 
ation is  very  characteristic,  especially  about  the  lower 
folds  of  the  skin  of  the  face,  but  that  it  is  in  no  sen.se 
jaundice  is  revealed  by  the  pale  caruncle  of  the  eye,  the 
transparent  conjunctiva,  the  blue  sclerotic,  and  the  anse- 
mic  mucous  membranes  of  the  mouth.  No  theory  as  to 
the  cause  of  the  chlorotie  discolorjition  has  yet  seemed  to 
me  satisfactory. 

As  to  special  symptoms,  the  pupils  are  often  dilated 
and  so  sluggish  as  occasionally  to  impart  the  same  star- 
ing expressiim  which  is  of  such  unfavorable  import  in 
renal  disease.  An  annoying  dry  cough  is  sometimes 
(juite  persistent,  especially  at  night,  or  coming  on  in  ex- 
cited conversation.  It  is  probably  connected  with  the 
functional  dyspnoea  of  the  disease  and  is  best  relieved  by 
improving  tlie  blood  and  not  by  cough  medicines,  thougli 
it  is  often  temporarily  allayed  by  ten  or  fifteen  grains  of 
ammonium  bromide  with  a  teaspoonful  of  aromatic 
spirits  of  ammonia.  The  pul.se  presents  some  peculiar- 
ities. Different  from  other  antemias  (except  that  due  to 
kidney  disease),  the  pulse  of  chloroties  often  shows  con- 
siderable tension.  The  difference  in  this  respect  from  all 
febrile  ansmias.  or  from  that  following  loss  of  blood,  or 
in  pernicious  ansemia,  is  quite  pronounced.  This  tension 
may  be  due  to  the  full  volume  of  the  circulating  fluid 
along  with  capillary  retardation  from  lessened  activity  of 
oxygenation  in  the  tissues.  An  indication  that  capillary 
interchange  is  slow  in  chlorosis  is  found  in  the  general 
pufliness  of  the  face  and  extremities  with  a  tendency  to 
cedema  of  the  ankles. 

In  no  other  anaemia  is  the  venous  hum  so  loud  in  the 
jugulars,  partictdarly  the  right,  as  in  chlorosis,  its  loud- 
ness being  increased  on  standing  and  by  light  pressure 
upon  the  vein  with  the  stethoscope.  It  is  a  markedly 
vibratory  sound,  and  the  vibration  of  the  vein  can  often 
be  felt  by  the  finger  laid  upon  it.  It  varies  capriciously 
from  time  to  time,  and  as  it  has  little  diagnostic  or  prog- 
nostic value,  we  will  not  enter  upon  the  difficult  question 
of  the  mechanism  of  its  production. 

Vibration  of  the  arteries  so  that  they  are  seen  to 
throb  also  happens  occasionally  in  chlorosis,  with  now 
and  then  a  systolic  murmur  in  them,  especially  in  the 
left  subclavian,  where  it  might  be  mistaken  for  aneurism. 
Such  arterial  mnmiurs  may  be  due  to  laxity  of  the  vessels 
from  irregular  va.so-motor  tone  of  their  muscular  coats, 
as  in  Graves'  disease. 

The  condition  of  the  heart  calls  for  more  consideration. 
The  old  term  '  irritable  '  well  expres.ses  its  usual  state,  for 
it  is  easily  excited  by  physical  exertion  or  by  emotiou. 
The  impulse  is  diffused  and  weak,  while  the  first  and 
second  valvular  sounds  are  not  merely  loud  but  there  is 
less  difference  between  them  in  quality  than  is  normal. 
Sometimes  the  second  sound  is  louder  at  the  apex  than 
at  the  base.  There  is  often  a  striking  similarity  in  these 
sounds  to  those  observable  in  cardiac  dilatation,  and  that 
they  may  be  due  to  analogous  conditions  is  not  improb- 
able, for  mural  softening  with  temporary  distensibility 
occurs  both  in  anaemia  and  as  a  result  of  poisoning  by 
the  rheumatic  toxin. 


On  the  other  hand,  systolic  functional  cardiac  mur- 
murs are  often  p?cscut  in  chlorosis.  In  alioul  seventy- 
five  percent,  tliey  are  most  pronounced  in  the  pulmonary 
area  and  are  transmitted  to  the  left.  They  often  distinctly 
increase  in  intensity  on  lying  down  and  diminish  on  stand- 
ing up,  or  increase  when  the  patient  is  tuniecl  on  the  right 
side  and  again  lessen  w  hen  be  is  turned  on  tlic  left.  Hold- 
ing the  breath  also  may  diminish  them,  w  bile  they  become 
louder  with  the  succeeding  deep  inspiration.  Organic 
murmurs,  on  the  contrary,  are  rarely  heard  in  thepul- 
nionary  area  and  are  not  much  all'eeted  by  changes  of 
position  except  in  some  ca.ses  of  mitral  stenosi^._  A 
systolic  cardiac  murmur  may  be  suspected  to  be  func- 
tional in  character  when  its  point  of  greatest  intensity 
is  found  in  an  unusual  place  for  an  organic  munnur. 
Thus,  as  just  remarked,  organic  murni\n"s  in  the  pul- 
monary area  are  very  rare,  just  wheic  functional  nuir- 
murs  arc  connnon.  But  I  have  also  found  the  junction 
of  the  left  fourth  rib  with  the  sternum  a  frequent  site  for 
these  sounds,  and  in  se\eral  cases  they  were  hearil  at 
the  junction  with  the  right  fourth  rib.  True  mitral  sys- 
tolic apex  murmurs  are  also  found  in  chlorosis,  and"  of 
the  same  soft  blowing  character  as  that  observed  in  the 
transient  mitral  murmurs  which  develop  in  some  cases 
of  rheumatic  fever.  Ludwig  and  MacAlister  have  shown 
that  the  auriculo-ventricular  muscular  structures  have 
a  sphincter-like  action,  whose  narrowing  of  the  mitral 
orifice  greatly  helps  the  valves  to  close  it.  Any  cause, 
therefore,  which  produces  softening  of  the  cardiac  mus- 
cle, as  the  rheumatic  toxin  does,  or  as  may  also  happen 
in  consequence  of  the  degenerative  effect  of  anffmia, 
would  then  allow  insufficiency  to  occur  without  the 
valves  being  necessarily  diseased  :  and  hence  with  a  res- 
toration of  the  heart  wall  to  its  normal  vigor  these 
murmurs  would  disappear.  It  should  always  be  feared, 
however,  that  an  un<lue  overtaxation  of  the  heart  at 
such  times  might  cause  this  curable  condition  to  pass 
into  permanent  organic  change. 

P.^Tiioi.oGv. — The  pathologj^  of  this  affection  is  still  a 
matter  of  discussion  and  of  diverse  views.  Pathological 
anatomy  supplies  but  few  data  because  patients  rarel)- 
die  from  the  affection.  Rokitansky 'sand  Virchow's  find- 
ings of  general  arterial  hypoplasia  in  cases  of  this  disease 
must  be  regarded  as  chiefly  coincidences,  because  the  great 
majority  of  chloroties  recover  after  proper  treatment, 
which  would  not  be  possible  if  they  were  all  the  subjects 
of  congenital  malformation.  Iron  pills  can  hardly  cure 
an  aorta  if  it  be  too  .small,  nor  does  this  theory  begin  to 
explain  w  hy  such  a  condition  should  diminish  htcmoglobin 
only  and  not  either  the  leucocytes  or  the  albumen,  and 
lastly  why  too  small  arteries  should  be  thus  operative 
only  in  females.  JIany  writers,  from  Andrew  Clarke 
down,  incline  to  the  operation  of  some  specific  toxin  in 
the  blood  as  the  cause  of  the  impoverishment  of  the  cor- 
puscles. As  other  forms  of  aniemia  are  increasinglj' 
ascribed  to  toxsemia  it  is  natural  to  infer  the  same  for 
chlorosis.  The  primary  difficulty  of  this  hypothesis  is 
that  it  affords  no  explanation  why  chlorosis  should  occur 
onlj'  about  or  just  after  puberty,  and  it  does  not  easily 
appear  why  such  special  toxin  should  be  formed  in  the 
gastrointestinal  tract  or  elsewhere  of  yoimg  women  only 
and  not  in  older  women  as  well.  That  the  supposed 
toxiemia  is  of  intestinal  origin  is  negatived  by  the  obser- 
vations of  numerous  investigators  that  neither  indican 
nor  the  ethereal  sulphates  are  in  excess  in  chlorotie  pa- 
tients. The  urine  is  simply  deficient  in  solids,  but  con- 
tains no  excess  of  iron,  as  in  pernicious  anamia,  nor  of 
urobilin. 

I  incline  ratherto  the  view  that  the  constitutional  state 
accompanying  the  first  establishment  of  ovulation  is 
characterized  by  a  special  vulnerability  to  certain  injuri- 
ous influences  which  it  takes  time  to  outgrow.  That  the 
innervation  and  functions  of  the  associated  blood-mak- 
ing viscera  in  the  abdomen  are  readily  disturbed  in 
women  by  influences  propagated  from  the  generative 
organs  is  shown  often  enough  at  the  beginning  of  preg- 
nancy when  vomiting  so  induced  may  be  severe  enough 
to  tliVeaten  life.     The  first  onset  of  menstruation  is  not 
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■without  its  counterparts  to  tlie  tirst  disorders  of  preg- 
nancy, and  as  tlie  derangements  jirogress  in  eitlier  case 
we  liavc  often  tlie  same  curious  pervei'sions  of  the  ap- 
petite, lil<e  the  cravings  for  wholly  abnormal  articles. 
The  gastric  troubles  of  pregnancy  are  explained  by  refle.x 
irritation  from  the  ovarianand  uterine  plexuses,  but  just 
such  reflex  irritation  may  occur  from  deranged  men- 
.struation. 

Menstruation  can  be  arrested  by  putting  the  feet  in 
cold  water,  with  great  risk,  however,  of  inducing  the 
most  pronounced  and  obstinate  disorders  of  the  func- 
tions and  secretions  of  the  entire  gastro-intestinal  tract. 
This  irritation  of  cold,  occurring  under  circumstances 
favorable  for  this  effect,  i.e..  while  the  ovaries  are  ex- 
cited by  tlie  process  of  ovulation,  may  produce  a  persist- 
ent vaso-motor  contraction  of  the  arteries  of  the  pelvic 
viscera  first,  and  of  other  abdominal  organs  in  succession, 
which  effect  is  quite  similar  to  that  sometimes  caused 
by  a  puncture  or  mechanical  irritation  of  a  nerve  of  the 
arm  or  of  the  leg,  such  as  the  musculo-spiral  or  anterior 
tibial,  and  wliicli  may  radiate  to  all  the  arteries  of  the 
limb  and  produce  toiiic  contraction  of  its  muscles  with 
cohlness  and  wasting. 

A  remarkable  case,  published  by  me  in  the  Transac- 
tions of  the  State  Medical  Society  o"f  New  York  for  1867, 
illustrates  very  fully  how  extensive  and  curious  the 
effects  may  be  "of  such  a  reflex  irritation  from  cold  dur- 
ing menstruation.  The  case  was  that  of  a  girl  who  got 
a  wetting  during  a  cold  thunder  shower  while  she  had 
her  coui-ses.  They  were  immediately  arrested,  but  she 
took  no  ncitice  of  any  effect  therefrom  until  she  became 
so  constipated  that  she  passed  a  week  without  an  evacua- 
tion. She  was  obliged  then  to  admit  that  this  was  the 
■case  to  her  teacher  at  school,  because  of  the  excessively 
loud  borborygmi  which  were  heard  by  all  in  the  class- 
room. Two  physicians  were  called  in  consultation,  who, 
finding  they  were  unable  to  cause  a  movement,  and 
stercoraceous  vomiting  having  set  in,  summoned  Dr. 
White,  of  Buffalo,  late  professor  of  obstetrics  in  the 
Bellevue  Medical  College  of  New  York.  lie  diagnosed 
intestinal  obstruction,  and  advised  a  course  of  treatment 
which  produced  a  number  of  free  movements,  •which 
were  remarkable  for  the  almost  total  absence  of  any 
color,  the  fa?cal  lumps  resembling  coarse  plaster.  On 
my  seeing  the  case  and  recommending  a  free  use  of  nitro- 
muriatic  acid,  some  copious  "bilious"  discharges  fol- 
lowed, and  hojies  of  recovery  were  entertained,  when 
the  same  constipation  and  stercoraceous  vomiting  re- 
turned, along  with  a  singular  and  very  different  train  of 
symptoms.  Her  urine  was  suddenly  suppressed  one 
morning,  but  in  twenty-four  hours  the  saliva  and  tears 
welled  out  to  the  extent  of  from  one  to  three  pints  a  day. 
This  continued  for  about  a  week  with  total  suppression 
of  urine  meantime,  when  it  suddenly  ceased  and  the  urine 
commenced  as  before;  and  this  strange  alternation  of 
secretion  reoccurred  again  and  again  about  every  week, 
for  tim  monthfi,  with  alternate  arrest  of  tlie  bowel  move- 
ments to  be  followed  by  fa>cal  vomiting,  until  the  death 
of  the  patient  occurred  from  sheer  exhaustion.  This 
instructive  case  at  least  proves  that  a  shock  of  cold  pro- 
ceeding from  the  feet  may  not  only  arrest  the  menses  by 
reflex  irritation  but  may  also  proceed  to  the  production 
of  virtual  olistruction  of  the  intestines  by  jiaraly.sis,  and 
then  continue  to  spread  from  one  .sympa"tlietic  ganglion 
to  another,  until  the  entire  association  of  secretory  nerves 
becomes  deranged  in  turn,  and  the  whole  process  of  ali- 
mentation perverted. 

_  It  is  quite  conceivable,  therefore,  that  until  menstrua- 
tion is  thoroughly  established,  many  young  girls  may 
have  an  undue  susceptibility  to  sudden  chil^'pa'rticularly 
of  the  feet,  whose  vaso-motor  nerves  are  in  such  close  as- 
sociation with  tlie  pelvic  circulation  that  the  impression 
of  cold  made  upon  them  checks,  while  heat  promotes,  the 
menstrual  flow.  The  sudden  derangement  of  menstrua- 
tion thus  induced  by  cold  might  then  be  propagated,  as 
the  first  effects  of  pregnancy  are  propagated,  until  serious 
disorder  of  the  gastro-intestinal  secretions  intervenes,  with 
consequent  impoverishment  of  the  blood.     Clinically  it 


is  very  frequently  found  that  long  antecedent  to  the  de- 
velopment of  the  special  symptoms,  chlorotic  girls  have 
suifered  from  coldness  of  the  feet,  often  with  muscular 
pains  in  the  lower  extremities  indicative  of  a  pelvic  vaso- 
motor irritatiim.  It  may  be  objected  to  this  view  that 
although  amenorrhcea  is  the  rule  with  chlorotics,  yet 
some  have  a  normal  flow  in  amount  or  even  more  than 
normal;  but,  even  with  these  cases,  the  function  becomes 
in  time  very  irregular  and  ultimatel.y  is  suppressed. 

TnE-\TMF.N"r. — Iron  is  the  specific  for  chlorosis,  and  its 
remarkable  curative  effect  in  this  complaint  is  doubtless 
the  reason  why  iron  is  prescribed  for  every  form  of 
anfemia  under  the  impression  that  it  must  act  as  a  simple 
restorative  when  the  blood  liecomes  deficient  in  red  cor- 
puscles. The  problem,  however,  is  not  so  simple  as  it 
seems,  for  iron  is  actually  mischievous  in  all  febrile  an- 
aemias and  of  no  avail  in  many  grave  forms  that  are  not 
febrile.  Moreover,  in  chlorosis  the  best  I'esults  are 
secured  by  giving  iron  in  large  and  not  in  small  doses, 
in  fact,  in  doses  -which  are  far  larger  than  the  corpuscles 
can  possibl.y  take  up.  Its  presence  in  the  intestinal 
canal  seems  to  act  as  a  stimulus  to  the  assimilation  of  a 
normal  quantity  of  iron  to  restore  the  deficient  ha-nio- 
globin,  and  clinically  it  makes  but  little  difference  what 
the  preparation  of  the  drug  is.  Certainly  the  elaborate 
forms  advertised  as  closer  imitations  of  nature's  own 
pi'ocesses  for  taking  up  iron  do  not  prove  in  practice  to 
have  any  superiority  over  the  common  and  much  cheaper 
ferruginous  salts.  After  repeated  and  careful  com- 
parative observations  with  different  preparations,  I  am 
convinced  that  the  suljihate  of  iron  given  in  ]ull  form  in 
doses  of  from  gr.  iv.  to  vii.,  three  times  a  day,  is  more 
effective  than  most  other  preparations,  not  except- 
ing Blaud's  pills.  A  bi-weekly  action  on  the  bowels 
with  aloes  and  rhubarb  seems  to  hasten  the  assimilation 
of  the  iron,  and  in  all  cases  characterized  by  intestinal 
flatulence  it  is  a  good  plan  to  give  gr.  x.  of  sodium 
benzoate  with  gr.  v.  of  salicin  in  capsules  an  liour 
after  meals.  William  U.  Thomson. 

CHLOR  -  SALOL.  —  CeH,(OII)CO,OC6H,Cl  —  Chloro- 
phenol  salic.ylate,  salicylic-chlorophenol-ester.  By  the 
action  of  phosphorus  pentachloride  on  a  mixture  ofortho- 
and  iiara-chlorophenol.  crystals  are  formed  of  the  orlho- 
and  iiara-salicylic-esters,  differing  from  salol  in  contain- 
ing an  atom  of  chlorine  in  place  of  an  atom  of  hydrogen. 
Both  are  insoluble  in  water  and  .soluble  in  alcohol,  the 
former  melting  at  55°  C.  (131°  F.)  and  the  latter  at  73° 
C.  (101. (i   F.). 

Nencki  found  that  they  split  up  in  the  intestines  into 
a  salicylic  acid  relative  and  clilorophenol,  and  that  salicy- 
luric acid  appeared  in  the  urine.  Girard  speaks  highly 
of  them  as  intestinal  antiseptics  in  diarrha^a  and  cystitis. 
Passerini  obtained  good  results  in  bronchitis  and  pul- 
monary fulierculosis  from  the  inhalation  of  fifteen  drops 
once  or  twice  a  day  fiu'  five  to  ten  minutes.  The  first 
effect  is  said  to  be  irritative,  but  after  a  day  or  two  the 
cough  begins  to  lessen  and  the  secretion  to  diminish. 
The  dose  by  mouth  is  0.33-1  gm.  (gr.  v.-xv.)  three  to 
six  times  a  day.  IF.  ^1.  Bastedo. 

CHOCOLATE.    See  Cacao,  Butter  of. 

CHOL/CMIA.     See  Auto-Intoxication. 

CHOLAGOGUES.— This  term  is  applied  to  medicines 
that  increase  the  secretion  of  bile.  It  has  been  in  use  for 
more  than  two  thousand  years.  The  ancients  observed, 
after  the  administration  of  certain  purgatives,  that  the 
faeces  became  markedly  yellow  or  dark.  They  sujiposed 
this  change  of  color  to  be  due  to  an  increased  secretion  of 
bile,  and  hence  distinguished  the  purgatives  producing  it 
from  others  by  the  term  cholagogues. 

Until  the  middle  of  the  nineteenth  century  clinical  ex- 
perience afforded  the  only  evidence  of  the  existence  of 
cholagogues.  The  color  of  the  fieces  was  held  to  be  a 
certain  criterion  of  the  quantity  of  bile  excreted:  dark- 
colored  stools  indicating  redundancy,  light-colored  ones 
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deficiency  of  bile.  Medicines  that  produce  highly  colored 
dejection.';,  it  wiis  supposed,  notably  augment  the  secre- 
tion of  bile.  But  the  reseaiehes  of  physiological  chem- 
ists have  given  little  support  to  this  theory.  While  it 
was  fouiiil  in  e-\periments  on  animals  upon  which  liiliary 
fistula'  had  been  made,  and  in  ob.servations  on  palienis 
with  accidental  bilinry  fistuliv,  tliat  a  considerable  (juan- 
tity  of  bile  is  secreted  in  twenty-four  hours,  oidy  very 
small  ipiantities  could  be  delected  in  the  fa'ces.  Bidder 
and  Sclunidt '  eslimated  the  ([uantity  of  bile  in  the  fa'ccs 
passed  by  a  ilng  in  live  days,  and  detected  only  about 
one-eighlh  of  the  amount  of  the  bik-  .■leids  thai  had  licen 
secreted.  Hence  it  was  evident  thai  the  greater  jiart  of 
the  bile  acids — in  the  dog  seven-eighths — is  reabsorbed. 
Besides,  it  was  shown  by  Frerichs-  that  the  solid  constit- 
uents of  llie  bile,  especially  the  pigments,  suffer  great 
changes  in  the  intestine.  These  may  vary  much  in  heallh 
as  well  as  in  disease,  depending  upon  the  length  of  time 
the  bile  sojourns  in  the  intestines,  the  kind  of  food  eaten, 
the  medicines  taken,  and  other  unknown  conditions. 
Hence  it  followeil  tliat  the  color  of  the  fa'ces  alfords  no 
certain  clue  to  the  iiuantity  of  bile  secreted.  It  liecanie 
extreiuely  doubtful,  therefore,  whether  the  meilicines  that 
produce  highly  colored  stools  have  any  intluence  on  the 
biliary  function. 

Nor  have  the  numerous  expeiiments  made  in  tlie  Ia.st 
half  century  to  determine  the  intluence  of  medicines  on 
the  biliary  function  fully  dispelled  this  donlit.  Nearly 
all  investigators  found  that  Ilie  medicines  to  which  an 
emiueni  cliohigogue  action  had  been  attributed,  especially 
calomel  and  other  mercurials,  are  destitute  of  the  power 
of  increasing  the  biliary  secretion.  And  in  regard  to 
those  medicines  that  liave  gained  celebrity  in  the  treat- 
ment of  disciises  of  the  bile  passages,  especiall.y  the  alka- 
lies and  alkaline  mineral  waters,  the  results  of  experi- 
mental researches  have  been  so  discrepant  and  mostly  so 
negative  that  some  of  the  best  authorities  deny  tliat  their 
utility  is  due  to  a  stimulant  action  on  the  biliary  function. 
Indeed,  no  other  subject  in  the  domain  of  pharmacology 
and  therapeutics  is  in  so  unsettled  a  condition  as  that  of 
cholagogues,  and  some  recent  com]ietent  writersaverthat 
nearly  all  of  the  experiments  on  animals  which  seemed  to 
demonstrate  that  numerous  medicines  increase  the  secre- 
tion of  bile  were  made  under  such  fault}'  or  abnormal 
conditions  as  to  be  utterly  valueless. 

It  seems  ]iniper,  therefore,  to  consider  in  detail  only 
those  reputed  cholagogues  that  are  of  recognized  value  in 
diseases  of  the  liver  and  bile  passages,  and  to  adduce  the 
experimental  evidence  pertaining  to  their  cholagoguo 
action  only  in  so  far  as  it  may  be  conducive  to  a  better 
understanding  of  their  practical  application. 

Bile. — According  to  recent  researches,  bile  itself  is  the 
mightiest  cholagogue.  Its  power  to  increase  the  secre- 
tion of  bile  has  been  known  for  three  decades.  Schilf^ 
observed,  wlien  he  injected  bile  into  the  duodenum  of  an 
animal  upon  which  a  biliaiy  fistula  had  been  established, 
that  in  twelve  or  fifteen  minutes  a  very  decided  flow  of 
bile  took  place  from  the'  fistula.  In  a  dog  with  a  biliary 
fistula,  the  amount  of  bile  secreted  was  about  2  c.c.  in 
twenty  minutes.  The  injection  of  180  c.c.  of  fresh  ox 
bile  into  the  duodenum  was  followed  by  a  surprising  in- 
crease of  the  amount  of  bile,  so  that  after  a  short  time  10 
c.c.  of  bile  could  be  collected  from  the  fistula  in  twenty 
minutes.  An  analysis  of  the  bile  showed  that  the  solids 
as  well  as  the  water  were  increased. 

Prevost  and  Binet  ^  investigated  the  action  of  numerous 
drugs  on  the  secretion  of  bile  in  dogs  with  biliary  fistuhe. 
Among  those  that  markedly  augmented  the  flow  of  bile 
from  the  fistula?,  bile  itself  had  the  most  pronounced 
effect. 

Doubtless  the  most  important  experiments  demonstrat- 
ing the  action  of  bile  on  the  liver  are  those  of  Pfaflf  and 
Batch, °  made  on  a  woman  who  had  a  biliary  fistula  after 
the  operation  of  cholecystotomy.  The  quantity  of  bile 
this  patient  ordinarily  secreted  in  one  hour  varied  from 
8  to  42  c.c.  Sometimes  the  maximum  was  shortly  before, 
sometimes  shortly  after  meals.  The  secretion,  though 
very  irregular,  geuerall}'  increased  after  meals  and  dur- 


ing the  day,  and  lessened  during  the  night,  reaching  tlie 
niininuun  early  in  the  morning.  The  amount  secreted  in 
twenty-four  hours,  estimateil  for  three  days,  was  nearly 
constant,  varying  only  from  ."iOl  to  .Vi.")  c.c! 

In  order  to  achninister  the  patient's  bile,  it  was  evapo- 
rated and  formed  into  pills  with  glycerin,  so  that  each 
pill  corres])ondcd  to  2o  c.c.  of  bile."  After  three  ]iills, 
given  in  one  day,  the  amount  of  bile  secreted  in  twenty- 
four  hours  was" 540  c.c. ;  after  twelve  pills,  000  c.c,  and 
after  twenty  pills,  685  c.c.  The  solids  of  the  bile  in- 
creased from  1.7  per  cent,  to  2.04  per  cent. 

Ox  gall  dried  to  a  powder  and  made  up  into  pills  with 
glycerin,  each  containing  0.5  gm.  ox  gall,  had  a  more 
notable  elTect,  twenty  pills,  given  dm-ing  a  day,  increas- 
ing the  bile  secreted  in  twenty-four  hotu'sto  7~0c.c.  ;  and 
increasing  the  solids  of  thebile  from  1.09  to  3.03  per 
cent. 

A  mixture  of  pure  salts  of  glycocholic  and  taurocholic 
acids  was  given  in  pills,  each  "containing  0.25  gm.  of  bile 
salts.  Two  pills,  given  in  a  day,  increased  the  bile  to 
701  c.c.  ;  and  eleven  pills,  given  in  a  day,  increased  the 
bile  secreted  in  I  went} -four  hours  to  787  c.c,  and  the 
solids  to  2.18  per  cent. 

Pfaff  and  Balch  recommend,  in  cases  indicating  chola- 
gogues, inspissated  ox  gall  in  ])ills  each  containing  0.25 
gm..  two  to  five  pills  to  be  taken  three  times  a  day. 
Tliey  suppose  that  bile  may  sometimes  be  usefid  in  cou- 
sti|iation  and  in  cases  of  defective  absorption  of  fat. 

Stadclmaim '■  is  of  the  opinion  that  fcu' therapeutic  pur- 
poses the  bile  acids  deserve  consideration,  because  they 
are  thrown  out  unchanged  with  the  bile  anil  sometimes 
Increase  the  water  of  the  bile  as  much  as  eighty  to  ninety 
per  cent.  Besides,  the  salts  of  the  bile  acids  are  the  best 
solvents  of  cholestcrin;  hence  they  may  be  employed  to 
dissolve  concretions  in  the  gall  bladder  and  to  promote 
the  absorption  of  fat  when  it  is  defective  in  conse(|uence 
of  scanty  secretion  of  bile.  The  presence  of  icterus  con- 
traindicates  their  use,  because  the  toxic  action  of  the  bile 
acids  luight  result  in  slowing  of  the  pulse  and  destruction 
of  the  red  blood  corpuscles.  Soditun  glycocholate  has 
been  fiuind  to  be  ten  times  less  poisonous  than  is  sodium 
taurocholate;  hence  for  therapeutic  purposes  inspissated 
o.\  bile,  which  contains  chiefly  the  former,  is  an  appro- 
priate preparation.  Gall  stones,  however,  do  not  usually 
consist  of  pure  cholestcrin,  but  of  layers  of  lime  salt.s 
alternating  with  cholesterin;  hence  bile  or  bile  salts  will 
rarely  dissolve  them. 

Gautier'  slates  that  he  has  frecpiently  used  ox  gall  with 
success  in  cholelithiasis.  He  began  its  use  in  1891  in  the 
case  of  a  woman  who  for  a  number  of  years  had  suffered 
severely  from  so-called  gastralgia.  After  a  very  severe 
attack,  which  was  followed  by  slight  icterus  and  the  pas- 
sage of  numerous  gall  stones,  Gautier  had  rec<iurse  to  a 
decolorized  and  sterilized  extract  of  ox  gall,  each  deci- 
gram of  wdiich  corresponded  to  about  1  gm.  of  gall. 
This  was  given  in  pills  containing  0.1  gm.  The  patient 
took  one  or  two  of  the  pills  during  meals  f<ir  several 
years.  The  attacks  of  colic  ceased.  Gautier  holds  that 
ox  gall  will  not  dissolve  gall  stones  nor  prevent  their 
painful  passiige  tin-ough  the  bile  ducts,  but  that  it  will 
prevent  the  formation  of  fresh  concretions,  and  a  relapse 
after  surgical  removal  of  the  calculi. 

Sodiui/i  ,Siiliri/l'iti. — This  me<licine  has  been  much  em- 
ployed in  various  febrile  affections,  and  as  a  specific  in 
acute  rheumatism,  since  first  recommended  by  C.  E. 
Buss*  in  1875.  Although  large  doses  were  adnunistered, 
no  effects  were  observed  that  could  be  attributed  to  an 
increased  secretion  of  bile.  The  credit  of  the  discovery 
of  its  cholagogue  action  belongs  to  Rutherford.'  Having 
found  experimentally  that  the  benzoates  increase  the 
secretion  of  bile,  he  supposed,  from  the  near  chemical 
alliance  of  salicylic  and  benzoic  acids,  and  from  the  fact 
that  both  combine  in  the  body  with  glycocoll,  that  so- 
dium salicylate  would  exert  some  effect  on  the  secretion 
of  bile.  A  series  of  experiments  on  fasting  dogs  with 
temporary  biliary  fistula?  gave  a  positive  result.  Within 
half  an  hour  after  the  sodium  sjilicylate.  dissolved  in 
water,  was  injected  into  the  duodenum,  a  marked  in- 
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crease  of  the  bile  flow  ensued.  The  dose  administered 
was  small,  in  one  experiment  gr.  xxv.,  in  all  the  other 
experiments  gr.  xx. 

The  researches  of  Lewaschew '"  confirmed  the  results 
obtained  by  Rutherford.  This  experimenter  made  his 
observations  on  fasting  dogs  with  permanent  biliary  tis- 
tula?,  but  in  all  instances  he  gave  the  drug  internally  in 
gelatin  capsules.  He  found  that  the  quantity  of  bile 
secreted  became  greatl}'  increased  within  an  hour' after 
the  administration  of  0,5  gm.  Such  small  doses  some- 
times, tliough  very  rarely,  failed  to  augment  the  bile 
flow,  which  never  occurred  when  the  dose  exceeded  1  gm. 
Larger  doses  than  3  gm.  did  not  produce  a  corresponding 
increase,  the  maximum  elTect  resulting  frnm  doses  of  1..5 
to  3  gm.,  and  continuing  for  more  than  twenty-four 
hours.  Lewaschew  foimd  the  solids  increased,  but  the 
water  much  more,  so  that  the  bile  was  \ery  fluid. 

Prevost  and  Binet  (lot:  cit.)  also  confirmed  the  results 
obtained  by  Rutherford,  noticing  a  very  decided  increase 
of  the  biliary  secretion  in  dogs  after  the  administration 
of  sodium  salicylate.  And  since  then  all  experimenters 
have  found  this  salt  to  be  a  vcrj'  powerful  eholagogue. 

Korte  "  observed  the  action  of  sodium  salicylate  on 
two  patients  with  complete  (that  is,  with  occluded  com- 
mon bile  duct),  and  on  several  with  simple  biliary  fistula'. 
He  states  that,  after  doses  of  2  or  3  gm.  of  sodium  salic- 
ylate, dissolved  in  water,  lie  noticed  a  decided  increase 
of  the  secretion  of  bile.  His  observations  are  very  im- 
portant, since  they  prove  that  sodium  salicjdate  acts  upon 
the  liver  of  man  in  the  same  manner  as  it  has  been  found 
to  act  on  that  of  the  dog. 

From  the  experiments  on  dogs  and  Korte's  observa- 
tions on  patients  with  biliary  fistuhe,  we  may  infer  that 
doses  of  0..T  to  2  gm.  will  produce  a  very  marked  flow  of 
watery  bile  in  affections  of  the  bile  ducts  that  may  be 
benefited  by  such  an  increase  of  the  biliary  function. 
Numerous  reports  made  within  the  last  flecade  have 
shown  that  such  small  doses  proved  efficient.  Thus  Fiir- 
bringer'-  .stated  that  he  had  obtained  good  effects  from 
sodium  salicylate  in  cholelithiasis.  In  one  case  four 
times,  in  another  five  times,  both  women,  gall  stones 
were  discharged  on  the  day  after  administering  the  salt. 
As  a  rule,  he  gives  the  medicine  in  doses  of  0..5  gm.  with 
an  equal  quantity  of  sodium  bicarbonate,  four  times  a 
day. 

Stiller"  reported,  in  1890,  that  he  had  used  sodium 
salicylate  for  five  years,  and  regarded  it  as  a  powerful 
eholagogue.  In  cases  of  gall  stones  he  gave  0..5  gm.  four 
times  a  day,  generally  with  0.01  gm.  of  extract  of  bella- 
donna. 

In  biliary  colic  Strisower '^  at  first  gave  two  doses  of 
antipyriu,  each  0.6  gm.,  at  an  hour's  interval,  and  after- 
ward sodium  salicylate,  0.6  gm.,  three  or  four  times  a 
day.  The  attacks  became  less  frequent  and  soon  ceased 
entirelj'. 

In  a  discussion  on  cholagogues  in  the  Berliner  medi- 
cinische  Gesellsehaft.  Senator'*  stated  that  he  had  obtained 
good  results  from  the  use  of  sodium  salicylate,  especially 
when  given  in  combination  with  extract  of  belladonna. 
Ewald  claimed  to  have  obtained  undoubted  success  in 
cholelithiasis  from  sodium  salicylate. 

Naunyn's  "  experience  willi  sodium  salicylate  was  also 
favorable.  He  repeatedly  gave  3  or  3  gm."  with  success 
in  the  beginning  of  attacks  of  biliary  colic.  While 
Stadelmann  "  fully  agrees  with  other  investigators  as  to 
the  power  of  sodium  salicylate  to  increase  ihe  biliary 
function,  he  having  observed  in  experiments  after  giving 
3  to  3  gm.  a  very  marked  increase  of  the  bile  flow,  lie  dis- 
sents from  all  of  them  as  to  the  utility  of  this  eholagogue 
action  in  catarrhal  icterus  and  in"  cholelithiasis"  He 
holds  that  all  cholagogues  are  worse  than  useless  when 
the  ductus  choledochus  is  occluded,  because  the  bile  is 
secreted  under  very  low  pressure,  and  cannot  in  any  cir- 
cumstances overcome  a  higher  pressure  than  130  to  220 
mm. 

Sodium  Bimrhonate. — It  has  long  been  observed  that 
mineral  waters  containing  a  notable  amount  of  this  salt 
are  of  decided  utility  in  catarrhal  icterus,  in  hvpera?mia 


of  the  liver  from  dietetic  excesses,  and  in  cholelithiasis. 
Frerichs'*  entertained  the  opinion  that  alkaline  mineral 
waters,  especially  Carlsbad,  Vichy,  and  others,  jiroduce 
a  copious  secretion  of  alkaline  bile,  and  that  such  bile 
exerts  a  solvent  effect  upon  cholesterin,  mucus,  and  lime 
salts.  Ewald  "also  attributed  to  the  alkaline  mineral 
waters  the  property  of  increasing  the  secretion  of  bile, 
and  rendering  it  more  watery  and  alkaline.  JIurcliison '"' 
held  that  the  undoubted  utility  of  alkaline  mineral  waters 
and  alkalies  in  cases  of  gall  stones  is  due  to  improvement 
of  the  general  health,  reduction  of  hepatic  congestion, 
and  such  alterations  of  tl.e  bile  as  prevent  the  formation 
of  fresh  concretions.  Senimola  and  Gioffredi  -'  say  that 
alkalies  have  a  well-deserved  reputation  in  the  treatment 
of  hepatic  disorders,  not  because  of  a  purgative  or  ehola- 
gogue action,  but  because  they  act  upon  the  hepatic  cell, 
upon  the  circulation  of  the  liver,  and  upon  the  composi- 
tion of  the  bile  in  such  a  way  as  to  restore  the  normal 
functional  powers  of  the  hepatic  gland. 

The  eminent  writers  on  diseases  of  the  liver  and  bile 
pas,sages  referred  to  based  their  opinions  chiefly  on  clini- 
cal observations.  These  had  indeed  conclusively  proved 
the  utility  of  alkalies  in  affections  of  the  bile  passages, 
but  not  that  they  act  by  rendering  the  bile  more  watery 
and  alkaline.  Nor  do  the  recent  experimental  researches 
on  the  physiological  action  of  alkalies  upon  the  biliary 
secretion  sustain  this  view.  Stadelmann,'-"^  after  investi- 
gating the  action  of  alkalies  upon  the  biliary  secretion  of 
dogs  and  finding  tha't  they  do  not  increase  the  alkalinity 
of  the  bile,  surmises  that  tlieir  tavdiable  influence  in 
cholelithiasis  is  probably  due  to  iusiiissation  of  the  bile, 
which,  in  more  concentrated  form,  ma_v  be  capable  of 
dissolving  gall  stones. 

Experiments  to  elucidate  the  influence  of  sodium  bicar- 
bonate upon  the  secretion  of  bile  have  been  made  by 
numerous  investigators.  The  only  one  that  found  a  de- 
cided increase  of  bile "\\as  Lewaschew.  He  made  a  series 
of  experiments  on  fasting  dogs  with  permanent  biliary 
fistulse.  One  gram  or  less  did  not  alter  the  bile  in  either 
quantity  or  consistency,  but  larger  doses  notably  in- 
creased it  in  (juantity  for  .several  hours,  and  rendered  it 
more  watery,  the  maximum  effect  resulting  from  4  gm. 
The  change  in  the  composition  of  the  bile  occurred  when 
the  dry  salt  was  administered  in  gelatin  capsules,  but 
was  more  pronounced  when  it  was  given  dissolved  in  a 
large  amount  of  water. 

Glass,'-' a  pupil  of  Stadelmann,  experimented  on  dogs 
to  determine  whether  the  salts  of  .sodium,  dissolved  in  a 
large  amount  of  water  and  given  internally,  render  the 
bile  more  alkaline.  Other  pupils  of  Stadelmann  had 
previously  found  in  experiments  that  neither  water  in 
large  quantities  nor  alkalies  increase  the  bile  flow  in  dogs 
with  permanent  biliary  fistula?.  All  the  conditions  nec- 
essary to  obtain  trustworthy  results  were  observed  in 
the  experimentation:  the  animals  were  in  good  health, 
and  were  well  fed  with  a  fixed  diet;  the  bile  was  meas- 
ured every  two  hours,  and  the  observations  continued  for 
t  welve  hours.  Glass  summarizes  the  results  of  his  experi- 
ments as  follows: 

1.  Alkalies  taken  per  os  do  not  enter  the  bile. 

2.  The  alkalinity  of  the  bile  is  not  augmented  by  Ihe 
ingestion  of  alkalies. 

3.  The  relative  proportion  of  the  sodium  and  potassium 
salts  in  the  bile  is  constant. 

4.  A  eholagogue  action  of  the  sodium  salts  is  not  per- 
ceptible. 

The  last  conclusion,  it  seems  to  the  writer,  does  not 
follow  from  the  details  of  the  experiments.  In  five  ex- 
periments, in  each  of  which  the  dog  received  5  gm.  of 
sodium  bicarbonate  in  .500  c.c.  of  water,  the  average  of 
the  quantity  of  bile  secreted  in  twelve  hours  was  11.5  per 
cent,  greater  than  in  previously  made  control  experi- 
ments. In  three  experiments  in  which  the  dog  received 
10  gm.  of  sodium  bicarbonate  in  .500  c.c.  of  water,  the 
average  increase  was  4.2  per  cent.  In  four  experiments 
in  which  15  gm,  of  the  salt  were  given  in  the  same  quan- 
tity of  water,  the  average  increase  in  the  amount  of  bile 
was  1.3  per  cent.     In  four  experiments  in  which  25  gm. 
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of  the  salt  were  jriven  in  the  same  amount  of  water,  a 
diminution  of  the  Inliary  secretion  amouutiuij  to  two  per 
cent,  took  jilace.  Upon  this  diminution  of  tlie  secreticm 
of  bile  l>y  large  doses  of  sodium  l)icarl)onate,  Stadclmann 
seeius  to  liase  his  supposition  tliat  the  favorable  inliuence 
of  this  salt  in  cholelithiasis  is  due  to  inspisssxtiou  of  the 
bile. 

SxJiiiiii  Siilpftiite. — This  salt  is  tlie  principal  constituent 
of  certain  alkaline  mineral  waters,  as  those  of  Carlsbad 
ami  -Marienbad,  loujr  celebrated  in  disea.ses  of  the  liver 
and  bile  jjassiiges.  It  is  the  well-known  purgative  called 
Glauber's  sidt.  which,  on  account  of  its  nauseous  taste,  is 
now  rarely  used. 

The  inliuence  of  sodium  sulphate  upon  the  biliary  se- 
cretion I  if  dogs  was  foiHid  by  Rutherford  and  Vignal  to 
beasliL:lit  increase;  soalso  byPrevosl  and  ISinel.  Glass 
could  tind  no  change  either  in  the  amount  or  in  the  com- 
position of  the  biie.  But  Lewaschew  observed  that  4 
gm.  markedly  augmented  the  secretion  of  bile,  especially 
increasing  the  water. 

Lewaschew  investigated  also  tlie  action  of  the  follow- 
ing mineral  waters:  Carlsbad,  Vichy,  and  Essenluck. 
All  rapidly  increased  the  flow  of  bile,  augmenting  both 
solids  and  thiids.  but  the  latter  more.  The  elTects  of  the 
dilTerent  mineral  waters  were  neaily  the  Siime.  and  hence 
Lewaschew  concluded  that  they  act  iqion  the  li\  er  with 
equal  energy. 

The  results  obtained  in  experiments  upon  dogs  by  dif- 
ferent investigators  us  to  the  action  of  sodium  bicarbonate 
and  suliihale  and  the  alkaline  mineral  waters  are  remark- 
ably contradictory  and  may  create  some  doubt  as  to  their 
\itiiity  It  should  hardly  be  neces.sary  to  remind  the 
reader  that  the  utility  of  the  sodium  sidts  has  been  estab- 
lished Vieyond  doulit  by  innumerable  clinical  observations, 
and  cannot  lie  shaken  or  made  doubtful  by  negative  ex- 
periments on  dogs.  When  experiments  on  human  beings 
have  been  made  in  .sufHcient  number,  the  true  solution  of 
their  mode  of  action,  whether  by  an  increase  of  secretion 
or  by  inspissation  of  the  bile  or  otherwise,  will  become 
clear.  Tlius  far  only  one  surgeon  has  utilized  the  oppor- 
tunity of  observing  the  action  of  Carlsbad  salt  upon  his 
patients.  Korte  {li>f.  cit.)  gave  this  sidt  to  two  patients 
with  complete  and  to  several  with  incomplete  biliary  fis- 
tula-. The  dose  was  one  teaspoonfnl  dissolved  in  one- 
fourth  litre  of  warm  water.  A  decided  increase  in  the 
amoimt  of  bile  from  the  iistulff  was  observed. 

Svditim  P/io»p/Hiti\ — This  Siilt  is  held  by  some  pharma- 
cologists to  be  a  useful  cholagogue.  Its  action  upon  the 
biliary  secretion  was  investigated  by  Rutherford  and 
Vignal  in  one  experiment.  They  observed  a  decided  in- 
crease of  the  flow  of  bile,  with  diminution  of  its  cousi-st- 
ency.  Lewaschew,  in  a  series  of  experiments,  conlirmed 
this  result.  Four  grams,  both  in  the  dry  form  and  in 
solution,  produced  a  very  marked  augmentiition  of  the 
bile  flow,  and  rendered  the  bile  more  watery.  Doses  of 
1  gm.  and  less  had  no  effect,  while  larger  doses  than  4 
gm.  did  not  cause  a  corresponding  increa.se.  He  con- 
cluded that  sodium  phosphate  acts  as  powerfidly  upon 
the  biliary  secretion  as  do  sodium  bicarbonate  and  sul- 
phate, and  that  all  of  these  s;dts  produce  the  maximum 
effect  upon  the  bile  flow  of  dogs  in  doses  of  4  gm. 

Sodhiiii  Benzoiiit'. — Rutherford  and  Dods(foc  riY.)  found 
that  this  Siilt  rapidly  and  decidedly  increased  the  bilcflow 
from  biliary  tistuhe  in  dogs.  Prevost  and  Binet,  in  their 
experiments,  also  observed  a  very  pronounced  cholagogue 
action.  It  greatly  resembles  sodium  .sjilicylatc  in  its  be- 
havior in  the  body,  and  may  be  given  in  the  same  doses, 
from  0.5  to  3  gm.  several  times  a  day. 

Olirt  Oil. — Olive  oil  has  been  used  for  many  years  to 
relieve  the  pain  incident  to  the  passage  of  gall  stones. 
Dunglison'-'  quotes  a  case  in  which  olive  oil  was  taken 
to  allay  severe  pains  in  the  stomach  which  were  ascribed 
to  the  passage  of  gall  stones.  It  caused  the  discharge  of 
masses  of  fatty  matter  of  globular  form  varying  in  size 
from  that  of  a  small  pea  to  that  of  a  moderate  grape. 
Flint-*  relates  that  a  patient  who  consulted  him,  having 
suffered  much  from  the  passage  of  gall  stones,  at  one 
time  took,  for  a  number  of  days,  a  pint  or  more  of  olive 


oil  daily,  at  the  suggestion  of  some  one  who  assured  liim 
that  in  this  way  he  had  gotten  rid  of  a  large  number  of 
stones  without  luiin.  The  jiatient  stated  that,  under  the 
u.se  of  this  remedy,  he  discharged  from  the  bowels  an 
innnense  numbiT  of  small,  haid  bodies,  which  were  sup- 
posed lo  be  biliary  calculi.  Flint  held  these  bodies  to  be 
comiiosed  of  a  concrete  form  nf  Tally  matter. 

Ko.senberg  ■'■  says  that,  all  hough  the  masses  of  concrete 
fatly  matter  were  mi.staken  for  gall  stones,  the  use  of  olive 
oil  was  often  speedily  followed  bv  a  subsidence  of  the 
intense  pain  attending  the  passage  of  biliary  calculi.  He 
refers  to  twenty-one  cases,  three  in  his  own  practice,  in 
nineteen  of  which  the  a<lniinistra1ion  of  large  doses  of 
olive  oil  was  followed  either  by  improvement  or  by  com- 
plete cure.  In  a  scries  of  e.\]ierimenls  on  a  dog  with  a 
jiermanent  biliary  listula.  Rosenberg  foinid  large  doses  of 
olive  <iil  to  cause  regularly  a  marked  increase  of  the  bili- 
ary secretion,  and  he  says  that  the  influence  of  the  oil 
upon  the  hepatic  activity  was  greater  than  that  of  bile 
and  of  salicylate  of  sodium.  He  supposes  that  the  cal- 
cidi  are  forced  oui  of  the  bile  jiassages  by  the  rapid  in- 
flux of  a  large  quantity  of  bile,  and  when  they  are  not 
driven  ovit,  the  pressure  of  the  bile  so  changes  their  posi- 
tion that  the  symptoms  of  impaction  cease  and  the  bile 
tinds  its  way  into  the  bowel. 

The  committee  of  the  therapeutic  section  of  the  Phila- 
delphia Polyclinic  Medical  Society'-'  appointed  to  inves- 
tigate the  results  of  the  treatment  of  gall  stones  (hepatic 
colic)  with  olive  oil,  reported  that  records  of  fifty-four 
cases  had  l:jeen  received :  of  these  cases  two  had  died,  and 
three  were  not  benefited;  in  all  the  other  cases,  ninety- 
eight  percent.,  positive  relief  was  afforded.  The  bene- 
ficial effects  ajipeared  to  Ije  produced  chiefly  by  the  in- 
creased secretion  of  Ijilc,  and  not  by  a  solvent  action  of 
the  oil  on  the  biliary  concretions. 

Schulz,'-*  in  a  case  of  pseudo-hepatic  colic  due  to  ob- 
struction of  the  outflow  of  bile  by  carcinoma  of  the  liver, 
observed  that  olive  oil  decidedly  increased  the  secretion 
of  bile,  evidenced  by  aggravation  of  the  colicky  pains 
and  great  distention  of  the  gall  bladder;  calomel,  on  the 
contrary,  did  not  increase  the  pain  and  did  not  distend 
the  gall  bladder. 

Troitzky '-'  observed  a  case  in  which  there  was  a  fistu- 
lous communication  between  the  gall  bladder  and  the 
exterior.  He  found  that,  when  he  gave  olive  oil,  the 
secretion  of  bile  became  more  abundant.  He  supposes 
that,  in  cases  of  gall  stones  in  which  the  administration 
of  olive  oil  appears  to  be  of  benefit,  the  extra  quantity 
of  bile  raises  the  pressure  behind  the  calculi,  and  thus 
forces  them  ouwaril.  this  action  being  aided  bj-  increased 
peristaltic  movements  of  the  bile  ducts. 

It  is  difficult  to  reconcile  the  above  evidence  supporting 
the  view  that  the  favorable  action  of  olive  oil  in  biliary 
colic  is  due  to  an  increase  of  the  secretion  of  bile  with 
the  opinion  of  Stadclmann.*'  that  cholagogues  cannot 
possibly  be  of  service  when  there  are  obstacles  in  the  bile 
passages,  because  increased  secretion  of  bile  is  not  at- 
tended by  augmented  bile  pressure.  Senator,^'  contrary 
to  Stadelmann,  holds  that  in  partial  obstruction  of  the 
bile  passages  it  is  quite  possible  for  an  increase  of  the  bile 
pressure  to  take  place  and  to  overcome  obstacles.  Doubt- 
less he  bases  his  opinion  on  the  fact  that  he  had  often 
obtained  favorable  results  from  olive  oil. 

PoduphylUn. — A  cholagogue  action  was  attributed  to 
this  purgative  because  frequently  the  stools  that  it  prq- 
duces  have  a  dark  color.  It  had  been  observed  also  that, 
when  the  motions  are  white  or  clayey,  moderate  doses 
often  speedily  restore  the  normal  color  to  the  evacuations. 
Murchison  held  jiodophyllin  to  be  a  good  substitute  for 
mercury  when  from  any  cause  this  is  contraindicated. 

Anstie  investigated  the  physiological  action  of  podo- 
phyllin  on  dogs  and  cats.  He  found  that  occasionally 
bile  was  poured  out  in  large  quantities.  This  he  attrib- 
uted not  to  a  direct  action  on  the  liver,  but  to  irritation 
of  the  mucous  membrane  of  the  small  intestine.  Experi- 
ments on  dogs  with  biliary  fistuUv  were  made  by  the  Edin- 
burgh Committee  '"■  and  by  Rutherford  and  Vignal.  The 
committee  found  that  podophyllin  diminished  the  secre- 
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tion  of  bile.  Large  doses  were  administered  and  free 
purgation  resulted^  wliicli  doubtless,  as  shown  by  later 
investis;ations,  prevented  the  action  on  the  liver.  In  the 
e.\periments  performed  by  Rutherford  and  Vignal,  doses 
that  did  not  purge  severely  always  caused  a  very  decided 
increase  in  the  bile  flow.  The  composition  of  the  bile  did 
not  become  changed.  They  inferred  that  the  augmented 
flow  was  due  to  increased  secretion,  and  not  merely  to 
expulsion.  Since  the  influence  of  bile  itself  has  been 
carefullv  investigated  on  dogs  with  biliary  fistulre,  the 
decided  "increase  of  the  bile  flow  in  Rutherford's  experi- 
ments has  been  attributed  to  the  bile  used  as  a  vehicle  for 
the  podophvllin.  Rutherford  says,  in  his  comment  on 
his  ninth  experiment,  in  which  he  had  injected  12. 2  c.c. 
of  bile  into  the  dog's  duodenum,  and  aliout  an  hour  later 
nine  grains  of  podophvllin  suspended  in  12  c,c.  of  bile, 
that  "the  increase  might  possibly  have  been  owing  to 
the  injected  bile"  (np.l-it.,  p.  17). 

That  podophvllin  increases  the  biliary  secretion  incon- 
sequence of  a  direct  action  on  the  secreting  apparatus  of 
the  liver  is  strongly  sustained  by  an  extended  series  of 
experiments  on  cats  and  dogs  by  Podwyssotzki.'^  He 
investigated  the  physiological  action  of  podophyllin,  and 
of  pod'ophyllotoxiii  and  picropodophyllin,  two  active 
principles  lie  had  isolated  from  podophyllin  and  from  the 
rhizome  of  Podophyllum  peltatum.  Frequently  the  de- 
jections had  a  biliovis  color.  In  the  autopsies  he  found 
the  Jiver  soft,  v<Ty  dark,  and  hypera?mic,  and  the  gall 
bladder  much  disi ended. 

Neuberger,'-'  in  experiments  in  which  he  investigated 
the  action'of  crystallized  podophyllotoxin,  also  found  the 
liver  hypera?mic  and  the  gall  bladder  enormously  dis- 
tended" with  bile.  Loewentou,^^  one  of  Stadelmanu's 
pupils,  found  in  experiments  on  dogs  with  permanent 
biliary  fistulaj  that  small  doses  of  podophyllotoxin  pro- 
moted the  secretion  of  bile. 

Citlomel. — This  medicine  was  formerly  supposed  to  be 
a  very  powerful  cholagogue,  because  it  freciuentlv  pro- 
duces green  stools,  and  was  fotmd  useful  in  congestion 
of  tlie "liver.  At  the  present  time,  however,  it  is  held 
that,  in  purgative  doses,  calomel  lessens  the  secretion  of 
bile. 

Numerous  experiments  to  elucidate  the  influence  of 
calomel  on  the  biliary  function  have  been  made,  both  on 
human  beings  and  on  animals.  In  all  the  experiments, 
when  the  methods  were  not  faulty,  small  doses  had  no 
effect,  and  large  purgative  doses  diminished  the  bile  flow. 
But  how  explain  the  green  stools  and  the  undoubted  ben- 
efit resulting  from  the  use  of  calomel  in  certain  hepatic 
affections?  Do  the  stools  contain  large  quantities  of 
bile?  Of  this  there  can  be  no  doubt,  since  jMichea,  Simon, 
Buchheim,  and  Radziejewsky  found  large  quantities  of 
bile  in  calomel  stools.  Radziejewsky  found  in  calomel 
stools  also  notable  quantities  of  the  products  of  pancre- 
atic digestion,  peptone,  tyrosin,  and  leucin.  The  presence 
of  these  substances  in  the  dejections  has  been  variously 
explained.  It  was  supposed  that  calomel,  acting  strongly 
upon  the  upper  part  of  the  small  intestine,  causes  them 
to  be  carried  forward  so  rajiidly  that  their  absorption  is 
prevented.  To  the  same  irritant  action  on  the  duodenum 
was  ascribed  also  the  presence  of  large  quantities  of  bile 
in  the  stools,  a  reflex  contraction  of  the  gall  bladder 
and  bile  ducts  resulting  which  expels  the  bile  previously 
secreted. 

It  was  surmised  by  Buchheim  ^'  that  possibly  the  large 
quantities  of  green  bile  in  the  evacuations  might  be  ow- 
ing to  arrest  of  decomposition. in  the  intestines.  AVassi- 
lieff's^'  researches  show  that  this  is  probably  the  correct 
explanation.  Lender  normal  circumstances  the  bile  pig- 
ments, bilirubin  and  bili\'erdin,  are  greatly  altered  by  the 
putrefactive  processes  taking  place  in  the  intestines.  Cal- 
omel restrains  or  arrests  these  decompositions;  hence  the 
biliarj'  pigment  retains  its  green  color,  and,  in  conse- 
quence of  the  accelerated  peristalsis,  is  discharged  before 
reabsorption  can  take  place. 

If  it  be  true  that  calomel  prevents  those  chemical 
changes  of  the  bile  and  of  the  products  of  pancreatic 
digestion  that  naturally  take  place  in  the  intestines,  and 


in  this  way,  and  in  part  by  accelerating  peristalsis,  pre- 
vents their  absorption,  it  is  readily  understood  why  calo- 
mel should  have  been  found  of  special  utility  in  certain 
hepatic  iliseases.  By  diminishing  the  amount  of  material 
absorbed  into  the  portal  circulation,  it  effectually  depletes 
the  liver,  reduces  its  functional  activity,  and  lessens  the 
secretion  of  bile. 

In  a  number  of  experiments  on  dogs  Rutherford  and 
Dods  {op.  cit.,  p.  147)  had  observed  a  very  decided  in- 
crease of  the  bile  flow  after  injecting  mercuric  chloride 
into  the  duodenum.  All  other  observers  who  have  since 
experimented  on  dogs  or  have  given  this  salt  of  mercury 
to  patients  having  biliar_y  fistulae  have  been  unable  to 
verify  their  observations.  It  is  supposed,  therefore,  that 
the  increase  of  bile  observed  by  Rutherford  and  Dods 
was  caused  reflexly  by  the  intense  irritation  produced  Ijy 
the  mercuric  chloride  in  the  duodenum  of  the  fasting 
dogs. 

The  physiological  action  of  numerous  other  medicines 
on  the  biliary  function  has  been  investigated.  The  fol- 
lowing were  founil.  by  one  or  another  experimenter,  to 
increase  the  secretion  of  bile:  aloes,  baptisin,  colcliicum, 
colocyntb,  cathartic  acid,  euonymin,  hydraslin,  iridin, 
ipecacuanha,  jalap,  juglandin,  oil  of  turpentine,  potas- 
sium clilorate  and  sulphate,  ]ihytolaccin,  leptandrin, 
propylamine,  muscarin,  salol,  rhubarb,  and  antipyrine. 

But  with  the  excejilion  of  oil  of  turpentine,  which  in 
combination  with  ether  has  been  used  longer  than  a 
century,  none  is  of  any  practical  importance. 

Tin  rdjii'iitic  Cxci  'if  C/niliir/'>r/iies. — Cholagogues  are  in- 
dicated when  the  secretion  of  bile  is  defective,  and  active 
hyperemia,  inflammation,  and  organic  diseases  of  the 
liver  are  absent.  But  there  are  no  certain  criteria  of  this 
condition.  The  symptoms  pertaining  to  the  alimentaiw 
canal,  which  g<'nerally  supervene  wlien  the  flow  of  bile 
into  the  duodeinim  is  imjieded  or  arrested,  such  as  jier- 
verled  digestion,  tlatulency,  constipation,  and  impaired 
absorption  of  fat,  may  be  caused  also  by  other  patho- 
logical conditions.  If  the  absorption  of  fat  be  found  very 
defective  and  there  be  present  no  evidence  of  retention 
of  l)ile,  the  secretion  of  i)ile  is  probably  defective.  Chol- 
agogues may  then  be  carefully  tried.  If  the  diagnosis 
be  correct,  ox  gall  will  doubtless  give  much  relief. 

Cholagogues  are  sometimes  useful  in  the  complex  dis- 
order known  as  biliousness,  which  is  characterized  by 
symjitoms  denoting  disturbance  of  the  alimentary  canal, 
liver,  and  nervous  system.  The  most  salient  phenomena 
are  a  disagreeable  or  bitter  taste,  a  coated  tongue,  defec- 
tive appetite,  sometimes  nausea  and  vomiting;  a  sallow 
complexion,  light-colored  stools,  and  dark  or  lateritious 
urine;  headache,  giddiness,  dimness  of  vision,  languor, 
and  mental  (hpression.  The  primary  cause  of  the  dis- 
order is  usually  a  notable  derangement  of  the  digestive 
process,  produced  by  dietetic  excesses  or  the  ingestion  of 
indigestilile  or  decomposing  substances.  In  consequence 
of  the  jierverted  digestion,  bodies  having  toxic  properties 
are  developed,  whicli,  being  absorbed  into  the  portal  cir- 
cuhition,  act  deleteriously  upon  the  liver  and  nervous 
SJ'Stem. 

'  In  the  lighter  forms  of  biliousness,  which  usually  last 
oidy  a  few  days,  cholagogues  are  not  required.  Absten- 
tion from  fooil  and  the  use  of  a  mild  cathartic  generally 
quickly  restore  the  stomach  and  bowels  to  a  normal  state. 
When  the  conqde.xion  has  become  sallow,  and  a  deposit 
occurs  in  the  urine,  the  treatment  that  experience  has 
shown  to  be  usefid — namely,  a  purgative  dose  of  calomel 
or  other  purgative  mercurial,  followed  by  a  saline  ca- 
thartic— is  certainly  appropriate.  If  the  disorder  have 
existed  for  some  time,  alkalies  and  the  cholagogues  that 
produce  a  free  secretion  of  watery  bile,  sodium  salicylate 
and  benzoate.  together  with  laxative  doses  of  podo- 
phyllin, should  be  resorted  to. 

Cholagogues  are  generally  used  in  cholelithiasis.  After 
the  severe  pain  due  to  the  passage  and  often  to  the  im- 
paction of  gall  stones  in  the  cystic  duct  or  in  the  common 
bile  duct  has  been  relieved,  sodium  salicj'late  may  be 
given  in  two  or  three  one-gram  doses  at  intervals  of  an 
hour.     Each  dose  should  be  dissolved  in  a  tumblerful  of 
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hot  Wiitcr.  Afterward  tlip  sodiiiin  saliryliilc  miiy  lie 
j;ivcii  ill  O.o-gnim  doses  four  or  five  times  a  day.  At  llie 
same  time  it  will  be  useful  lo  move  the  bowels  every 
nioruing  by  meaus  of  the  arlitieial  Carlsbad  sail.  The 
dose  of  this  is  generally  a  heajiing  teasjioonful,  whieh 
should  be  dissolved  in  about  a  pint  of  warm  water,  one- 
fourth  <if  which  should  be  taken  every  quarter  of  an  hour. 

If  the  jiatient  have  no  icterus,  and  have  re|)eat<'dly 
sulfered  from  attacks  of  he]iatie  colic,  o.\  gall  will  be 
preferable  to  other  cholagogues.  This  remedy  is  more 
suitable  than  sodium  salicylates  and  beiizoate.  because  it 
uicreases  the  bile  acids  as  well  as  the  water  of  the  bile, 
and  thus  tends  to  prevent  the  formation  of  fresh  con- 
cretions, and  possibly  to  disintegrate  calculi,  especially 
if  they  consist  almost  entirely  of  cholesterin.  But  to  ac- 
fomplish  these  purposes  its  use  nuLst  be  continued  for 
a  long  time. 

If  in  severe  hepatic  colic  sodium  .salicylate  and  Carls- 
bail  salt  do  not  give  relief  in  a  reasonable  period  of  time, 
recourse  may  be  had  to  olive  oil.  This  should  be  given 
in  large  doses,  from  si.x  to  eight  oinices.  The  following 
mixture  reconnnended  by  Kosenberg  is  less  di.S!i,greeal)le 
to  take  than  the  pure  oil:  <ileum  olivse,  200.0;  cognac, 
20.0:  vitell.  ovor.  ij. :  menthol,  0.2-0.').  To  be  taken  in 
two  portions  within  one  hour. 

Cholagogues  are  often  used  in  icterus.  When  this  dis- 
ease results  from  Ihickness  and  tenacity  of  the  bile,  a 
condition  that  impedes  its  free  How  through  the  intra- 
hei>atic  bile-ducts  and  causes  its  absorption  by  the  Ij'm- 
])halics,  those  cholagogues  should  be  used  that  increase 
only  the  water  of  the  bile,  especially  sodium  salicylate 
and  benzoate. 

In  catarrhal  jaundice  n<it  cholagogues,  but  means  to 
lessen  and  sididue  the  catarrh  of  the  duodenum  and  com- 
mon bile  duet,  are  of  the  first  importance.  Some  of  the 
means,  however,  used  to  meet  this  indication  do  probably 
increase  the  secretion  of  bile;  this  is  true  especially  of  the 
sodium  salts.  But  whether  or  not  this  be  the  case,  sodium 
phosphate  in  slightly  laxative  doses  and  Carlsbad  salt  are 
of  undoubted  value  in  catarrhal  jaundice.  The  former 
may  be  given  in  doses  of  2  to  (i  gm. ,  in  much  warm  water, 
three  times  a  day.  Carl.sbad  salt  is  usually  given  early 
in  the  morning  on  an  emjity  slonuich  in  the  dose  of  one 
or  two  leaspoonfuls.  This  shindd  be  dissolved  in  a  pint 
of  water  having  a  temperature  of  aboid  100°.to  10.5°  F., 
and  drunk  in  .several  portions  at  intervals  of  ten  or  fifteen 
minutes.  The  jiatient  shotdd  defer  taking  food  for  one 
or  two  hours  after  the  last  jiortion.  Often  it  is  found 
that  the  .symptoms  rapidly  abate  tmder  the  influence  of 
sodium  salicylate,  which  may  be  given  to  the  extent  of  3 
or  4  gm.  daily  for  some  time. 

There  are  cases  of  catarrhal  icterus  of  great  obstinacy, 
and  all  the  cholagogues  mentioned  may  fail  to  cause  the 
bile  to  flow  into  the  intestine.  One  might  then  be 
tempted  to  use  cholagogues  that  increase  the  bile  in 
into:  but  these  will  probably  do  no  good  and  maj- 
greatly  damage  the  patient.  Sumucl  yicklcs. 
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Gall  JUnddei: 

CHOLERA,  ASIATIC.    See  The  Appendix. 
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CHOLERA  INFANTUM.— (Synonym:  Gastroenteritis 
Cholciiforiiiis,  ('li(iler;iic  Diarrlnea,  Summer  Cholera, 
Acute  .Milk  Infection.)  Clioleni,  infantum  is  an  acute 
gastrointestinal  catarrh  atfecting  young  cbildicn,  and 
characterized  by  large  watery  stools,  profuse  vomit- 
ing, high  temperature,  great  piostratiou,  and  lajiid 
wasting. 

It  is  the  most  sudden  and  dangerous  form  of  gastro- 
intestinal inflammation  to  which  children  are  liable,  and 
is  largely  instrumental  in  causing  the  excessive  infant 
mortality  of  the  summer  months.  Cholera  infantum  is 
especially  a  disease  of  the  crowded  cities,  but  is  far  from 
uncommini  in  the  sparsely  settled  country  districts. 

The  custom,  so  general  with  physicians  everywhere, 
of  grouping  all  severe  infantile  diarrha?as  under  the  ge- 
neric name  of  cholera  infantum,  leads  to  luuch  confu- 
sion, and  seriously  vitiates  the  deductions  drawn  from 
compiled  mortuary  tables.  The  term  cholera  infiintum 
'should  be  strictly  reserved  for  cases  of  genuine  cholen- 
foriu  diarrhiea. 

The  line  of  demarcation  between  cholera  infantum  and 
the  ordinary  summer  diarrha-a,  entero-colitis,  cannot  al- 
ways be  sharply  drawn.  Every  epidemic  exhibits  cases 
which,  beginning  with  distinct  choleraic  symptoms,  soon 
subside  into  more  or  less  protracted  intestinal  cataiiii. 
and  others  in  which  the  course  of  the  latter  di.sease  is 
disturbed,  jierhaps  abruptly  ended,  by  an  attack  of  in- 
fantile cholera. 

But.  iilthough  this  is  true,  typical  cholera  infantum 
contrasts  so  strongly  in  symptomatolog}'  and  falality 
with  all  other  forms  of  .sumiuer  diarrhcea  as  to  entitle 
it  to  a  separate  ciiapter  and  a  distinctive  name.  Little 
or  no  difficulty  would  be  expeiieuced  if  the  term  were 
rigidly  restricted  to  the  form  of  gastro-intestiual  inflam- 
mation outlined  in  the  above  definition. 

Etiology. — Cholera  infantum  finds  its  analogue  in 
Asiatic  cholera.  The  clinical  features  of  both  point  un- 
mistakably to  a  bacterial  origin,  iilthough  no  sjiecitic 
organism  tor  the  infantile  disetise  has  been  yet  discovered. 
The  evidences  of  a  profound  infection  are  too  strong  to 
be  ignored. 

Infancy,  excessive  atmospheric  heat,  improper  feeding, 
bad  food,  and  badsanitary  surroundings  are  all  imiiortant 
factors  in  the  causation.  Excejit  in  occasional  instances 
they  are  singly  inoperative,  but  together  they  develop 
conditions   under   which   the   specific    germs   or    loxins 
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multiply,  and  exert  their  deleterious  influence  on  the 
lieart.  nerve  centres,  and  intestinal  vaso-niotor  sj-stem. 

Cholera  infantum,  as  the  name  implies,  is  a  disease*  of 
early  childhood,  and  in' the  presence  of  favorable  condi- 
tions, the  liability  to  its  development  is  in  direct  propor- 
tion to  the  age  of  the  infant. 

It  occurs  more  often  during  the  first  si.x  months  than 
at  any  other  period  of  infancy,  and  is  rarely  met  with 
after  the  completion  of  the  iirst  dentition.  There  is, 
however,  no  ground  for  the  belief  that  dentition  is  a 
factor  in  the  causation,  save  that  the  great  developmental 
and  functional  activity  of  the  intestinal  follicles  during 
this  period  is  a  powerful  predisposing  cause  to  all  kinds 
of  intestinal  derangement. 

Cholera  infantum  is  a  disease  of  the  summer  months, 
and  attains  its  greatest  prevalence  when  the  thermometer 
ranges  the  highest. 

In  this  latitude  cases  begin  to  appear  in  the  latter  jiart 
of  May.  and  occur  with  varying  fiequency  until  October. 
The  disease,  however,  rarely  assumes  an  epidemic  form 
e.xceptin  the  months  of  July  and  August,  when  it  reaches 
its  maximum  prevalence  and  fatality.  High  atmosiihcric 
heat  exerts  its  deleterious  influence  by  enervating  the 
child's  physical  powers,  by  impregnating  the  air  with  the 
poisonous  exhalations  of  decaying  animal  and  vegetable 
matters,  and  by  promoting  tlie  growth  and  distribution 
of  all  toxicogeuic  germs. 

Improper  food  is  the  cause  of  multiplied  digestive  dis- 
orders in  the  infant,  but,  except  in  the  presence  of  sum- 
mer heat,  rarely,  if  ever,  lights  up  a  choleraic  attack. 
Its  close  dependence  upon  an  ;:npure  milk  su]iply  is  well 
established.  A  few  writers  maintain  that  "the  cause 
is  invariably  in  the  food,  and  the  poisons  which  induce 
the  symptoms  are  not  known  to  originate  in  any  other 
food  than  milk  or  some  milk  preparation"  (Vaughn). 
Xot  infrequently  a  single  improjier  meal  will  transform 
a  mild  diarrha'a  into  the  graver  form  of  disease,  and  will 
sometimes  develop  an  attack  when  the  previous  health  is 
undisturbed. 

Premature  weaning,  the  use  of  commercial  baby  foods, 
and  the  American  habit  of  admitting  infants  to  the  fam- 
ily table  invite  the  disease.  Hand-fed  babies,  however 
intelligently  cared  for.  are  i)rone  to  choleraic  seizures, 
especially  when  exposed  to  the  anti-hygienic  surround- 
ings, personal  or  domiciliary,  of  tenement  life  in  the  larger 
cities.  For  obvious  reasons  the  disease  attains  its  great- 
est frequency  and  mortality  among  the  children  of  the 
city  poor  and  in  foundling  hospitals. 

iloRBii)  Anatomy, — Tlie  pathological  lesions  vary 
with  the  period  at  whi(>h  death  occure.  and  are  rarely  as 
pronounced  as  the  alarming  character  of  the  symptoms 
woidd  indicate.  In  many  cases  which  proceed  rapidly 
to  a  fatal  issue,  the  post-mortem  revelations  are  negative, 
or  at  most  only  disclose  a  few  patches  of  arborescent 
injection  scattered  over  the  intestinal  mucous  meml)rane. 
In  the  more  protracted  cases,  the  lesions  are  lietter 
marked,  and  are  very  similar  to  those  found  in  ordinary 
entero-colitis. 

The  mucous  membrane  is  reddened,  thickened  and 
softened,  uniforndy  or  in  patches.  The  intestinal  glands 
exhibit  the  most  constant  change.  Both  the  [jalches  of 
Peyer  and  the  solitary  glands  are  enlarged,  and  form 
translucent  projections  above  the  surface.  Jfany  of 
these  enlarged  glands  soften,  lireak  down,  and  leave  the 
mucous  membrane  more  or  less  thickly  studded  with 
follicular  ulcers.  The  mesenteric  glands  are  congested. 
The  brain  is  ana?mic  and  wasted,  and  serum  is  freely 
eflfused  into  the  ventricles  and  on  its  surface,  ilore  or 
less  hypostatic  congestion  of  the  posterior  lobes  of  the 
lungs  is  nearly  always  observed. 

SvjtPTOMs. — Cholera  infantmn  usually  begins  abruptly 
with  violent  vomiting  and  purging,  but  itniay  be  pre- 
ceded by  a  short  and  ill-delined  prodromal  stage. 

In  this  latter  event,  anorexia,  fever,  fugitive  abdominal 
pains  and  a  few  liquid  stools  precede,  for  a  few  hours, 
or  a  day  or  two  at  most,  the  peculiar  serous  evacuations 
which  give  character  to  the  attack. 

It  is  a  matter  of  common  observation  that  the  disease 


very  frequently  occurs  in  the  course  of  a  diarrhoea,  more 

or  less  protracted,  attended  with  emaciation  and  asso- 
ciated with  intestinal  inflammation;  but.  even  in  these 
cases,  the  distinctive  choleraic  symptoms  almost  invari- 
ably begin  suddenly  and  are  sharply  outlined. 

The  antecedent  diarrhoea  unquestionably  exerts  a 
powerful  influence  in  precipitating  the  attack,  but  it  is- 
not  an  essential  feature  of,  nor  can  it  be  projierly  consid- 
ered a  preliminary  stage  of  cholera  inl'antimi. 

The  stools  first  voided  contain  the  contents  of  the  in- 
testines, milk  curds,  and  particles  of  undigested  food, 
mingled  with  intestinal  mucus  and  liquid  fa?ces.  As- 
long  as  fa>cal  matters  are  present,  the  discharges  have  a 
peculiarly  fetii.1  and  penetrating  odor,  which  clings  to- 
the  clothing  and  person  after  repeated  washings.  These 
discharges  are  soon  replaced  bj"  large  odorless  stools,  de- 
void of  faecal  matter,  and  so  thin  as  to  soak  through  the- 
diapers  like  water,  leaving  only  a  greenish  stain.  The 
number  of  the  stools  varies.  Ten,  twenty  or  more  may 
be  passed  in  the  twenty -four  hours;  occasionally  they 
recur  at  long  intervals — four  or  six  hours  apart — but  are- 
so  copious  as  to  deluge  the  clothing  and  bedding.  The 
discharges  are  ([uite  irritating,  and  give  lise  to  an  ery- 
tliema  about  the  anus,  which  adds  greatly  to  the  child's- 
discomfort. 

Abdominal  pains  and  tenderness  on  pressure  are  usu- 
ally not  marked.  Vomiting  soon  succeeds,  or  occurs 
simultaneously  with,  the  intestinal  discharges.  It  may 
precede  them.  It  is  nearly  always  persistent,  and  causes 
the  innnediate  njection  of  everything — food  or  drink — 
taken  into  the  stomach.  The  stomach  is  speedily  emptied 
of  its  contents,  and  afterward  the  ejected  matters  con.sist 
of  the  food  taken,  a  greater  or  less  quantity  of  serous 
fluid,  the  contents  of  the  duodenum  and  bile.  Even 
should  it  subside  the  taking  of  drink  or  food  provokes  an 
immediate  renewal. 

The  reaction  of  the  vomited  matter  is  at  first  acid,  but 
subsequently  hecomcs  neutral  or  alkaline  when  the  in- 
testinal fluids  and  bile  enter  largely  inhi  its  composition. 
The  evacuations,  both  gastric  and  intestinal,  take  place 
suddenly,  with  little  or  no  warning,  and  are  ejected  with 
consideral)le  force. 

The  two  symptoms  just  enumerated — free  watery 
purging  and  vomiting — recurring  again  and  again,  either 
simultaneously  or  in  close  succession,  constitute  the 
prominent  anil  distinctive  features  of  cholera  infantum. 

The  quantity  of  fluid  di.scbargedin  a  few  hours  through 
these  channels  is  sometimes  enormous.  This  excessive 
depletion  uecessiirily  causes  rajiid  wasting  and  speeily 
exhaustion.  Loss  of  weight  takes  place  more  rapidly 
than  in  any  other  disease  of  childhood.  The  child  soon 
loses  its  plumpness,  the  muscles  become  soft  and  flabby, 
and  the  skin  hangs  in  folds  about  the  joints.  The 
features  become  more  and  more  iiinched  and  drawn,  and 
.so  changed  in  appearance  a.s  to  seem  unnatiu'al.  The 
child  is  extremely  restless  and  moans  continuously,  not 
so  much  from  pain  as  from  thirst  and  the  general  ill-feel- 
ing which  comes  from  rapid  exhaustion. 

Fever  is  present  from  the  first.  The  surface  may  seem 
to  the  touch  but  little  warmeroreven  cooler  than  natural, 
but  measured  by  the  thermometer  in  the  rectum  the 
temperature,  in  a  case  of  ordinary  .severity,  will  range 
from  102'  to  10.5'  F.  "There  is  no  disease  of  infancy 
in  which  the  temperature  of  the  blood  is  higher  "  (Smith). 
The  mouth  soon  becomes  dry  and  glazed,  and  the  lips 
deeply  fissured.  The  tong\ie  is  dry  and  shining  or  coated 
with  a  brown  fur.  The  loss  of  fluids  causes  intense 
thirst,  and  the  little  patient  eagerly  accepts  the  proffered 
breast  or  cup.  Water  and  ice.  if  allowed,  are  taken  al- 
most incessantly,  though  rejected  by  the  stomach  as  soon 
as  they  are  swallowed. 

The  secretion  of  urine  is  always  greatly  diminished, 
and  in  sonie  of  the  graver  eases  totally  suppressed. 

Cerebral  complications  develop  in  a  large  proportion  of 
the  severe  cases.  These  are  sometimes  due,  especially 
when  the  urinary  secretion  is  scanty  or  suppressed,  to 
ura>mic  poisoning;  but  are  more  often  attributable  to 
that  form  of  cerebral  aniemia  which  was  first  described  by 
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Marshall  Hall  under  the  name  of  spurio\is  liydrocephalus. 
"When  this  condition  is  imminent,  tlic  evacuations  sud- 
denly cease  or  recur  al  lengthened  intervals.  The  fever 
disiippeai-s  and  the  temiHiature  sometimes  drops  below 
normal.  The  foutanelle,  if  unclosed,  is  deeply  depressed, 
and.  owinjj  to  the  waslinj:  of  the  brain  tissue,  the  bones 
of  the  skull  frequently  overlap  and  render  the  surface  of 
tile  cranium  uneven.  If  the  case  does  badly,  the  child 
becomes  dull  and  heavy,  the  occiput  is  bored  into  the 
pillow,  the  eyelids  remain  half-open,  the  cornea  is  bleared 
and  the  pupils  are  irresponsive  to  liurht.  Drowsiness, 
which  has  been  marked  from  Ihe  first,  irrachially  deepens 
into  fatal  coma.  Convulsions  occur  in  many  of  the  fatal 
cases. 

The  duration  of  cliolera  infantum  is  short.  Dealh  may 
occur  in  eijiht  or  ten  hours  from  Ihe  tirst  disturbance 
of  the  intestinal  canal.  The  mildest  cases  rarely  last 
longer  than  a  week.  Ijy  which  time  death  ensues  or  con- 
valescence is  assured.  It  nu'st  lie  remembered  tliat  an 
enterocolitis  may  indefinitely  prolong  convalescence  or 
even  cause  a  fatal  termination  long  after  the  disappear- 
ance of  the  choleraic  symptoms. 

In  those  cases  whicli  jnusue  a  favorable  course,  the 
first  indication  of  improvement  is  the  cessation  of  the 
vomiting.  The  child  takes  food  and  retains  it:  next,  the 
diarrluea  becomes  less  violent,  and  the  fever  so<m  aliates. 
On  thi'  other  hand,  if  the  profuse  tlu.x  from  the  gastro- 
intestinal tract  is  not  arrested,  fatal  exhaustion  necessiirily 
results.  In  this  event,  the  face  grows  more  and  more 
haggard  and  old-looking ;  the  eyes  are  shrunken,  bleari-d, 
and  surrounded  by  dark  rings;  the  surface  is  cold  and 
cyanosed;  the  respiration  sighing,  and  the  pidse  un- 
countable. 

PiitxiNosis. — The  prognosis  is  grave.  Tlie  frecjuency 
with  which  collapse  and  brain  complications  arise  in  cases 
apparently  pursuing  a  favorable  course,  always  justitiesa 
guanled  prognosis.  Marked  remissions  in  the  symptoms 
occasionally  occur,  even  in  the  later  stages,  and  these 
lead  to  the  building  of  false  hopes  by  parents  and  friends. 
The  duration  of  the  disease  is  largely  influenced  by  the 
severity  of  the  attack  and  the  vigor  of  the  child.  It 
\isually  jiroceeds  promptly  to  death  or  recovery.  A  con- 
stitution impaired  liy  bad  inheritance  or  previous  illness, 
exposm-e  to  unhealthy  surroundings,  early  age,  and  re- 
cent weaning,  afiect  the  prognosis  unfavorably. 

The  mortality  is  greatest  in  children,  under  a  year  old, 
deprived  of  the  breast. 

The  choleraic  attacks  which  occur  in  the  course  of 
ordinary  summer  diarrha^as  are  less  amenable  to  treat- 
ment than  those  which  liave  developed  in  rugged  health. 

The  occurrence  of  collap.se.  or  Ihe  hydrencephaloid 
condition,  unless  promptly  relieved,  renders  the  outlook 
hopeless. 

Death  occurs  from  exhaustion  or  cerebral  effusion. 
QDdema  of  the  lungs,  due  to  failure  of  the  heart,  often 
hastens  the  fatal  termination. 

Di.vGNosis. — The  diagnosis  is  easily  made.  In  fact, 
there  is  no  disease,  excepting  Asiatic  cliolera,  for  which 
it  can  be  mistaken. 

The  severe  serous  vomiting  and  purging,  the  high 
fever,  the  rapid  wasting  and  exhaustion,  stamp  it  with 
an  individuality  which  almost  precludes  the  possibility 
of  error. 

Tre.\tment. — Every  case  of  true  cholera  infantum 
should  be  looked  upon  by  the  medical  attendant  as  an 
emergency  case.  It  is  essentially  an  acute  poisoning,  in 
which  exhaustion  often  comes  so  quickly  that  intelli- 
gent interference  is  always  demanded  and  demanded 
promptly. 

In  the  way  of  prophylaxis  the  importance  of  suitable 
food,  good  nursing,  and  proper  hygienic  surroundings 
can  scarcely  be  overstated. 

During  the  hot  months  the  most  scrupulous  cleanliness 
of  person,  clothing,  nursing  bottle,  and  everything  about 
the  infant  must  be  observed. 

No  case  of  summer  diarrhoea  in  a  hand-fed  infant 
should  ever  be  ignored.  Special  emphasis  should  be  put 
upon  this  axiom,  as  the  writer  is  thoroughly  in  accord 


witli  Holt  that  the  choleraic  symptomsare  almost  always 

preceded  by  sonu'  gastrointestinal  derangement. 

When  theattjickdevelo])s  the  coolest  and  best- vent  dated 
room  in  the  house  shoidd  be  chosen  for  the  patient.  It 
slioidd  be  darkened  and  all  noises  and  sources  of  irrita- 
tion sujipressed. 

The  first,  and  an  imperative  indication,  is  to  assist 
nature  in  her  efforts  to  remove  Ihe  poison  from  the  ali- 
mentary tract.  There  is  no  time  to  await  the  aclion  of 
the  traditional  purge,  if  the  stomach  did  not  promptly 
resent  its  administration,  and  emetics  are  inadmissible. 
Tills  indication  is  best  fuUilleil  by  lavage  of  the  stomach 
and  entcroclysis.  The  former  rarely  fails  lo  lessen  or 
slop  the  vondting,  and  should  be  emidoyed  whenever 
this  symptom  is  violent  and  distressing  and  does  not 
promptly  yield  to  milder  means.  The  stomach  should 
be  thoroughly  washed  with  warm.  sterili/.e<l  sidt  or  soda 
water  tuitil  the  lluid  returns  clear.  Ordinarily  a  quart 
will  be  ni'cdeil.  Oftentimes  one  thorough  cleansing  will 
sidlice,  but  in  obstinate  cases  it  may  be  repeated  several 
times. 

The  flushing  of  the  stomach  should  be  followed  by 
small  doses  of  calomel  (gr.  -,'5)  dropped  on  the  tongue 
every  half-hour  until  from  one  to  two  grains  arc  taken. 

Thorough  irrigation  of  the  colon  is  of  the  utmost  im- 
portance. It  shoidd  be  begiui  early  in  the  attack  and 
repeated  two  or  more  limes  daily  until  convalescence  is 
well  established. 

A  flexible  tube  should  lie  introduced  lugh  into  the 
colon  and  from  one  to  three  quarts  of  water  used  at  a 
sitting,  allowing  it  to  flow  in  and  out  freely.  The  escape 
of  the  wafer  may  be  facilitated  by  passing  a  second 
catheter  through  the  sphineler.  To  be  cifeelivc  the 
water  must  find  access  to  the  whole  of  the  large  intestine. 
This  douching  should  be  immediately  followed,  after  the 
method  of  Professor  Canfaui.  by  an  et|ually  large  (nuinfity 
of  a  warm  laimin  solution  (gr.  xx.  to  a  pint).  "The  ob- 
ject of  the  tannic-acid  irrigation  is  to  render  inert  any 
soluble  poisonous  proteids  which  may  remain  after  the 
first  washing"  (Vaughn). 

All  irrigations  should  Ije  given  slowly,  and  to  prevent 
undue  pressure  the  wafer  sujiply  .should  not  be  raised 
over  two  or  three  feet  above  the  body  of  Ihe  patient. 

The  child  nuisf  not  be  overfed.  The  inten.sc  thirst 
leads  to  the  eager  taking  of  everything  which  Ihe  mis- 
taken kindness  of  mother  or  nurse  may  proffer.  Healthy 
breast  milk  should  be  sujiplied  when  practicable.  Cow's 
milk  in  every  form  or  preparation  should  be  positively 
prohibited  until  the  br\iut  of  the  attack  is  over.  The 
Siime  may  be  said  of  proprietary  baby  foods.  Usually 
it  w  ill  be  advisable  to  cut  off  all  foods  (not  drinks)  for 
the  first  leu  to  twenty  hours.  If  this  is  not  deemed 
judicious,  or  when  feeding  is  resumed,  small  ciuaniitics 
of  a  thin  rice  or  barley  water  alone,  or  info  which  has 
been  strained  the  white  of  an  egg  and  seasoned  with  salt 
may  be  given.  Later  on,  animal  broths,  beef  juice,  or 
whey  may  be  added  to  the  dietary,  and.  still  later,  pep- 
tonized milk  and  the  malted  foods. 

To  relieve  the  thirst,  water  may  be  given  freely  but  in 
small  quantities  at  a  time,  or  the  child  may  be  permitli d 
to  suck  pieces  of  ice  wrapjied  in  a  napkin.  A  very  weak 
tea.  or  water  acidulated  « ilh  phosphoric  or  hydrochloric 
acid,  is  both  grateful  and  beneficial.  But  in  severe  cases 
if  is  not  possible  to  replace  the  excessive  intestinal  drain 
with  mouth-given  fluids.  The  indication  is.  however, 
fully  met  with  hypodermodysis. 

a"  saline  .solution  (sodium  chloride,  gr.  xlv.  to  the  pint) 
warmed  (111)'  F.)and  sterilized  should  be  slowly  injected 
into  the  cellular  tissue  of  the  thigh  or  bullocks.  From 
one  to  two  i)ints  may  be  given  every  twenty-four  hours. 

There  is  no  one  remedy  in  our  experience  so  generally 
useful  as  opium,  although  its  use  is  condemned  by  ex- 
cellent practitioners.  It  should  always  be  irivcu  alone: 
in  this  way  the  dose  and  frei|Uency  of  administration 
can  be  readily  changed  without  interfering  with  other 
remedies.  If  should  be.  of  course,  carefully  watched 
and  withdrawn  at  the  first  appearance  of  cerebral  symp- 
toms. 
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Tlie  hypodermatic  injection  of  morphine  (gr.  ^j)  and 
atropine  (gr.  -jjj)*  give  the  liest  results:  other  eligible 
preparations  are  the  deodorized  tincture  of  opium  (gtt. 
i.)  and  paregoric  (gtt.  x,  to  x.w.l. 

"When  the  violence  of  the  vomiting  has  aliated  recourse 
may  be  had  to  the  so-called  intestinal  antiseptics.  Sodium 
salicylate  (gr.  i.);  salol  (gr.  ss.);  creosote  (gtt.  J-J); 
resorcin  (gr.  i),  and  many  other  drugs  are  commended  by 
authors.  Tlie  writer  has  been  accustomed  to  rely  with 
the  most  confidence  on  the  bismuth  preparations,  of 
which  the  subnitratc  (gr.  x.)aud  the  subgallate  (gr.  ij. 
-ii.i.)  are  the  best. 

i  have  seen  good  results  from  i  he  aromatic  sulphuric  acid 
(gtt.  iij.)  given  in  a  tcaspoonful  of  bitter  almond  water. 

French  authors  speak  highly  of  the  nitrate  of  silver. 
It  may  be  given  by  the  mouth"  (gr.  -^^-i)  or  the  rectimi. 
When  used  by  rectal  injection  the  anus  should  be  first 
wiished  with  a  solution  of  common  salt,  as  otherwise 
even  weak  solutions  may  cau.se  severe  tenesmus.  The 
liyperpyrexia.  which  is  in  itself  an  element  of  danger, 
and  theattendant  ner^-ous  jihenoniena are  best  treated  by 
repeated  cold  sponging  or  the  graduated  bath.  The  use 
of  antipyretic  drugs,  especially  the  coal-tar  derivatives, 
cannot  be  too  strongly  condemned. 

For  the  bath  the  cliild  is  gently  immersed  in  water  at 
100°  F.  when  the  temperature  is  gradually  red\iced  by 
the  addition  of  cold  water  or  ice  to  85'  F.  An  ice  cap 
!;hipuld  be  worn  on  the  head.  The  immersion  is  con- 
tinued for  from  ten  to  twenty  minutes  and  should  be  re- 
]ieated  whenever  the  temjierature  approaches  the  danger 
line.  It  is  inadmissable  should  symptoms  of  exhaustion 
or  collapse  be  present. 

Stimulants  are  needed  in  nearly  all  cases.  It  is  a  com- 
mon mistake  to  delay  their  use  too  long.  If  not  retained 
by  the  stomach  they  should  be  given  hypodermically  and 
per  rectum. 

Good  old  whiskey  in  gtt.  x.  to  xxx.  doses,  repeated 
as  required,  fuMls  every  indication.  It  is  surprising 
how  much  whiskey  can  be  profitably  taken  by  a  child 
threatened  with  collapse. 

Strychnine  nitrate  (gr.  ^I^)  and  atrojiine  sulphate  (gr. 
^lu)  given  hypodermically  will  often  carry  a  flagging 
lieart  over  a  critical  period. 

During  convalescence  the  child  should  be  carefully 
watched,  as  one  attack  increases  the  liability  of  a  recur- 
rence, ir.  ./.  GonkUn. 

CHOLESTEATOMA  is  a  term  applied  to  a  tumor-like 
mass  composed  of  flat,  cornitied  cells  which  are  usually 
jiacked  more  or  less  closel}'  together  into  a  spherical, 
pearl-like,  glistening  body. 

The  first  to  call  attention  to  this  tumor  was  Cruveilhier 
in  1829;  he  applied  to  it  the  descriptive  term  iumenr 
perlee.  The  name  cholesteatoma  was  given  it  in  1838  by 
Johannes  Mlillcr,  who  was  the  first  to  describe  accurately 
its  gross  and  histological  characteristics.  Virchow  con- 
sidered the  subject  very  fully  in  18.5.5.  Recently  (1897) 
it  lias  been  reviewed  in  a  masterly  way  by  Bostroem. 

Typical  cholesteatomata  are  found  chiefly,  jierhaps 
exclusively,  in  connection  with  the  central  nervous 
system  and  the  bones  of  the  skull.  Similar  pearl-like 
formations  are  found  in  other  parts  of  the  body,  such  as 
the  middle  ear,  the  ovary,  and  the  testicle,  but  their  ex- 
act origin  has  not  yet  been  determined. 

In  the  central  nervous  system  the  tumors  arc  found 
chiefly  at  the  base  of  the  brain,  on  the  posterior  surface 
of  the  cord,  and  in  the  ventricles. 

The  tumor  may  form  one  com]iact  pearl-like  body,  or 
consist  of  one  or  more  pearls  and  irregular,  soft,  friable 
masses.  The  form  is  usually  round  or  oval:  the  surface 
may  be  smooth  or  nodular.  The  tumor  generally  occurs 
singly,  but  Trachteuberg  has  reported  a  case  in  which 
multiple  tumors  were  present  on  the  surface  of  the  brain 
and  cord,  and  in  the  ventricles. 

The  size  may  vary  from  a  jiin-head  to  5  or  6  cm.  in 
greatest  diameter. 

*  The  (loses  given  in  this  article  are  for  a  child  one  year  old. 


The  surface  of  a  cholesteatoma  usually  presents,  at 
least  in  places,  a  white,  glistening,  pearl-like  appearance, 
the  peai'ly  lustre  being  limited  to  the  surface;  on  section 
the  imiss  is  ol'  a  yellciwish-white  color.  The  consistence 
of  these  growths  at  the  surface  is  fairly  firm,  but  within 
it  is  usually  soft  and  friable. 

Microscopically  the  gi-owth  consists  of  large,  flattened, 
folded,  diied  up.  and  cornified  cells  usually  disposed  in 
layers.  In  at  least  soiue  of  the  cells  a  shrunken  nucleus 
can  be  demonstrated.  Between  the  lamelhv  of  cells  occur 
cholesterine  crystals  to  the  presence  of  which  the  tumor 
owes  its  name.  In  sections  the  laminaj  of  cells  seen  from 
the  side  resemble  fibrillae. 

The  effect  of  a  cholesteatoma  on  the  adjoining  brain 
tissue  is  pui'ely  mechanical.  It  causes  pressure  atrophy 
with  inciease  of  the  neuioglia  tissue. 

The  oiigin  of  these  tumors  has  led  to  much  discussion. 
Virchow  "belie\cd  that  the  dried-up  cells  came  from 
Iraustormed  connective-tissue  cells.  Of  late  years,  how- 
ever, it  generally  has  been  held  that  the  cells  are  of  endo- 
thelial or  epithelial  origin.  Bostroem  in  his  monograph 
comes  out  very  strongly  in  favor  of  their  epithelial  origin, 
and  piesents  an  array  of  facts  which  would  seem  to  settle 
the  question  for  all  time. 

According  to  bini  it  is  always  possible  to  find  at  some 
point  in  the  peripheiy  of  the  tumor  a  lelatively  small, 
sharply  limited  area  covered  with  typical  epidermis.  This 
represents  the  growing  part  of  the  tumor  mass;  the  lest 
of  it  is  made  up  almost  entirely  of  dead,  desciuamated 
cells.  The  growing  cells  undergo  cornification  and  in  a 
certain  laj'er,  as  in  the  skin,  produce  granules  of  kera- 
tohyalin.  They  also  give  rise  to  drops  of  eleidin  and 
crystals  of  cholesterine. 

The  e]iideriuis  with  an  underlying  connective-tissue 
layer  derived  fnim  the  ]iia  or  a  choroid  jilexus  forms  a 
membrane  which  may  cover  a  varying  proportion  of  the 
cholesteatoma,  but  never  the  whole  of  it.  The  rest  of 
the  tumor  is  tincovered  or  adjoins  brain  tissue  or  pia. 

Bostroem  believes  that  these  tumors  arise  from  aberrant 
epidermic  cells  which  become  included  in  the  central  ner- 
vous system  at  the  time  of  its  formation.  The  aberrant 
cells  develop  in  case  lliey  find  proper  conditions  for 
nourisbmenl :  this  happens  only  when  tliej'  come  in  con- 
tact with  llie  vascular  pia  in-  a  choroid  plexus.  The 
growing  pari  of  the  tumor,  therefore,  is  always  attached 
to  one  or  the  other. 

The  epidermic  origin  of  these  cells  is  based  on  their 
arrangement  in  the  form  of  a  pavement  epithelium,  on 
their  |>roducing  keratohyalin  and  undergoing  cornifica- 
tion. and  on  the  forniatioii  of  eleidin  and  of  cholesterine 
crystals.  Bostroem  proposes  that  these  tumors,  in  view 
of  their  origin,  shall  be  called  epidermoids. 

Another  point  in  favor  of  the  epidermic  origin  of  the 
cholesteatomata  is  the  fact  that  a  few  of  them  are  found 
containing  hair.  This  is  to  be  explained  on  the  supposi- 
tion that  the  aberrant  cells  in  these  cases  consisted  <if 
cells  not  only  from  the  epidermis  but  also  from  the  cutis. 
Tiie  growing  surface  in  these  cases  contains  h.'iir  follicles 
and  sebaceous  glaiiils.  This  class  of  cholesteatomata 
should  be  classed  wilh  the  dermoids. 

The  cholesteatomata  which  occur  in  certain  bones  of 
the  skull  ]irobably  owe  their  origin  also  to  aberrant  epi- 
dermic cells  which  grow  in  the  vascular  marrow  and 
derive  their  nourishment  therefrom. 

We  have  had  at  the  Bostim  City  Hospital,  during  the 
past  t"o  _vears,  three  cases  of  cholesteatoma  of  the  brain. 

The  first  ccinsisted  of  a  pearl  the  size  of  a  pea  and  of 
several  small,  irregular,  white,  friable  masses  more  or  less 
embedded  in  the  cerebellar  tissue  on  the  left  side  just 
where  it  joins  the  pons. 

The  second  tumor  was  larger,  measuring  3..5  cm.  in 
diameter  and  2  cm.  in  thickness,  and  was  attached  to  the 
velum  interpositum  at  tlie  posterior  end  of  the  third 
ventricle. 

The  third  tumor  was  still  larger.  It  lay  at  the  base 
of  the  brain  on  the  right  side  and  extended  from  the 
optic  commissure  out  beneath  the  right  frontal  lobe.  It 
was  irregularly  oval  in  shape,  measuring  7  cm.  in  length 
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and  3.5  cm.  in  dianii'ter.  It  lay  bcnL-alli  the  ]iia  and  liad 
SI)  shoved  itself  into,  displaced,  and  compressed  the  ad- 
jiiininjc  brain  tissue  that  it  mij^lit  almost  have  been 
thought  to  have  originated  willun  it  (Fig.  liilO). 

The  Iiistologieal  appearances  of  these   tliree   tumors 
agree  in  all  respects  with  tlie  description  given  above. 


FUi.  l-'90.— Section  uf  tin-  Bnnii  in  tin-  Tliini  la.sc  Mcniii  ncd  .\bove, 
showiniT  Imw  the  eliolesleatoitui  in  it.s  anterior  portion  has  pressed 
into  the  sulwtance  of  the  bi-ain.     (Original. i 

Fur  a  conijilete  bibliography  up  to  time  of  publication 
see  Bostroeni ;  CeiitrnltiUitt  fi'iv  Piithnlofiii.  1S97.  viii.,  1. 
For  multiple  cholesteatomata  see  Ti'achtenbers.Virchow's 
Archie,  ISIIS.  cliv.,  274.  F.  B.  MuUory. 

CHOLESTERIN  (C^.H.jO).— As  its  name  indicates  this 
substance  was  lirst  recognized  as  a  constituent  of  the 
bile  and  was  regarded  as  a  bile  fat  (cholesteariu);  but 
its  proper  designation  is  cholesterin  (bile  solid).  When 
]>ure  it  crystallizes  in  white  mother-of-pearl  leaflets  which 
have  a  fatty  feel  but  possess  no  taste  or  odor.  It  has  a 
neutral  reaction,  melts  at  14.5"  C.  and  sublimes  without 
change  in  a  vacuum  at  360'  C.  According  to  its  reactions 
it  is  probably  a  monovalent  alcohol. 

Cholesterin  is  insoluble  in  water,  dilute  acids,  dilute 
and  concentrated  caustic  alkalies,  and  in  cold  alcohol. 
It  is  soluble  in  hot  alcohol,  ether,  chloroform,  benzole, 
and  in  the  volatile  fatty  oils;  but  dissolves  with  difficulty 
in  solutions  of  the  bile-acid  .salts,  and  is  only  slightly 
soluble  in  water  .solutions  of  soaps.  The  solution  in 
ether  is  neutral,  and  turns  the  polarized  ray  of  light  to 
the  left. 

From  ether  solutiims  cholesterin  crystallizes  on  evap- 
oiation  in  large,  thin,  transparent,  rhombic  plates,  (C-r- 
Hi40  +  H^O),  whose  edges  and  corners  are  frecjuently 
irregularly  notched,  so  that  the  plates  as  they  lie  heaped 
up  have  the  appearance  of  being  cut  out  in  step-like 
fonns.  The  formation  of  the  plates  is  frequently  pre- 
ceded by  a  stage  of  line  needles  which  graduallv  change 
into  blunt  cones  and  then  pass  into  the  plate  form. 
Cholesterin  is  unchanged  by  the  action  of  boiling  caustic 
alkalies.  With  concentrated  nitric  acid  it  yields  choles- 
teric  acid  (CioIIibOt)  in  addition  to  acetic  and  btityric 
acids.  Concentrated  sulphuric  acid  gives  cholesterin  a 
red  color,  and  breaks  it  up  into  a  variety  of  isomeric 
hydrocarbons  (cholesterilin).  When  heated  with  organic 
acids  for  long  periods  of  time  at  200"  C.  cholesterin 
pas.ses  into  ether  combinations  :  as  for  example  with 
acetic  acid  it  forms  acetic-acid-chole.sterin-ether,  (CseHij- 
CJIsO.O). 

When  treated  withami.xture  of  five  parts  concentrated 
suljihuric  acid  and  one  part  water,  cholesterin  crystals 
take  on  a  deep  cannine  red  which  gradually  pa.sses  into 
violet.  A  weaker  solution  causes  a  violet  coloration  of 
the  edges  of  the  crystals  which  on  the  addition  of  water 
becomes  lilac.  Sidphuric  acid  containing  a  trace  of 
iodine  colors  the  crystals  violet.  l>lue.  green,  and  red. 

If  cholesterin  is  dissolveil  in  chloroforni  in  a  dry  test 
tulie,  and  acetic  acid  anhydride  added,  the  addition  of 
concentrated  sulphuric  acid,  drop  by  drop,  produces  a 


rose  color  which  qinckly  becomes  blue  and  after  a  few 
minutes  changes  to  vivid  green.  When  oidy  very  siiiall 
amounts  of  cholesterin  are  picsenl  the  greeii  color  alone 
appears.  This  is  one  of  the  most  reliable  tests  for  this 
sub.stance,  and  the  presence  of  .0.")  mgm.  can  be  showti  by 
it.  When  sidjstances  cimtaining  a  small  amount  of 
cholesterin  ai'e  evai)orateil  with  a  drop  of  concentrated 
lu'ti'ic  acid  upon  (lie  water  bath,  a  yellow  coating  is  left 
which  on  the  addition  of  ainuioiiia  becomes  bright  red 

Cholesterin  is  a  constant  constituent  of  th('  bile  of  all 
animals,  in  which  it  is  held  in  solution  by  the  bile  acid 
Siilts  and  the  .soaps.  The  pi'oportion  in  nornnil  huiiiau 
bile  has  not  yet  been  ascertained.  It  is  also  found  in  the 
intestinal  contents  as  a  result  of  the  presence  of  the  lole. 
In  the  blood  it  occurs  only  in  a  very  small  amount,  which 
is  held  in  solution  by  the  fats  and  soaps  of  the  blood. 
The  various  nerve  structures  contain  it  in  large  pin- 
portion;  more  than  lialf  of  the  dry  substance  of  nerve 
fibres  consists  of  fat  and  cholesterin  ;  the  gra,v  matter  of 
the  brain  contains  about  one  fifth.  BurcJiard  has  found 
traces  of  cholesterin  in  every  organ  and  tissue  of  the 
body.  It  is  found  also  in  roots  and  seeds,  especially  in 
peas,  beans,  anrl  the  cereals.  Frcmi  its  wide  distiibutioii 
cholesterin  may  be  siiid  to  be  a  constant  and  essential 
constituent  of  both  animal  and  vegetable  protoplasm. 

Under  certain  inithological  coiiditions  the  cholesterin 
of  the  bile  may  be  separated,  giving  rise  to  the  formation 
of  calculi,  which  consist  largely  or  entirely  of  cholesterin 
or  of  cholesterin  in  connection  with  bile  pigment,  phos- 
phates, cai-bonates,  etc.  An  ethereal  extract  of  the 
crushed  calcidi  will  yield  cholesteiin  crystals  on  evapora- 
tion. The  tests  mentioned  above  may  be  applied  to  the 
extract. 

Cholesterin  is  also  found  in  old  exudates  and  in  the 
confi'nts  of  cysts,  especiallv  in  ovarian  iind  hvdrocele 
fluids.  In  the.se  it  may  occur  in  so  great  an  amount  that 
the  crystals  may  be  seen  w  ith  the  naked  eye  as  small  shin- 
ing particles.  It  may  be  found  also  in  the  fatty  changes 
occurring  in  atheromatous  conditions  of  the  blood-vessels, 
wens,  cholesteatomata,  caseating  tubercles,  and  degener- 
ating tumors.  It  is  a  constant  constituent  of  pus.  proli- 
ably  arising  from  the  fatty  degeneration  of  the  leuco- 
cytes. Cholesterin  crystals  are  also  found  in  echinococ- 
cus  cysts,  and  rarely  in  cataractous  lenses. 

The  origin  and  fate  of  cholesterin  in  both  the  plant  and 
the  animal  organisms  are  unknown.  It  is  most  probably 
an  intermediate  product  in  the  metabolism  of  proteids,  but 
the  physiological  significance  of  this  stdjstance  remains 
to  be  discovered.  It  is  not  excreted  in  normal  urine.  lis 
pathological  significance  is  likewise  obscure.  Austin 
Flint's  view  that  the  severe  nervous  symptoms  in  icterus 
gravis  arc  dwv  to  the  retention  of  cholesterin  is  not  suj)- 
ported  \>\  animal  experiments.  Injections  of  cholesleriii 
into  the  blood  stream  of  dogs  produce  no  pathological 
effects.  It  is  more  probable  that  these  symptoms  are  due 
not  to  cholcstera'inia  but  to  the  presence  of  some  poi.sou 
not  yet  discovered.  Aldred  /Scolt  Warthin. 

CHOLINE. — Choline  is  a  basic  body  derived  from  am- 

monitim  hydi'oxidc;  it  is,  in  fact,  trimethyl-oxyethel- 
ammonium  hydroxide,  and  is  represented  by  the  follow- 
ing formula: 

(  (CH3), 
N  -  C.H.OH 

(oh 

It  was  discovered  by  von  Babo  and  Hirschbrunn  in  the 
seeds  of  white  mustard  and  named  by  them  sinkaline. 

The  same  body  was  isolated  from  the  animal  bcjdy  in 
1S62  by  Strecker '  and  named  by  him  choline,  since  he 
obtained  it  from  bile.  The  closely  related  but  far  moic 
poisonous  base,  ncuiine  (trimethyl-vinyl-ammoniuni 
hydroxide),  was  discovered  about  the  same  time:  the 
name  neurine  has  been  frequently  applied  to  choline,  and 
much  confusion  has  thus  arisen.  Choline  may  be  made 
synthetically  tiy  the  union  of  ethylene  chlorhydriu  and 
trimethylamine;  it  can  also  be  obtained  from  a  large 
number  of  animal  and  vegetable  tissues.     It  is  obtained 
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■with  the  greatest  ease  from  tlie  yolk  of  eggs  and  from 
lirain  by  boiling  these  with  barium  hydroxide.  Free 
choline  "forms  a  strongly  alkaline  syrup  which  dissolves 
fibrin;  it  was  at  one  lime  used  to  dissolve  the  false  mem- 
brane in  diphtheria.  With  acids  it  forms  salts  which  are 
easily  soluble  in  water.  It  is  easily  decomposed  by  heat 
into  trimethylamine  and  glycol. 

Choline  occurs  in  the  animal  body  chiefly,  if  not  exclu- 
sively, in  lecithin  and  its  compounds  or  as  one  of  the  de- 
composition products  of  this  substance.  As  lecithin  is 
found,  so  far  as  is  known,  in  every  animal  and  plant 
cell,  it  is  evident  that  choline  is  very  widely  distributed; 
it  probably  plays  a  more  important  role  in  life  processes 
than  is  generally  recognized.  The  ease  with  which  leci- 
thin is  decomposed  b_v  the  simplest  chemical  processes 
makes  it  difficult  to  determine  wliether  the  choline  ob- 
tained from  a  given  organ  was  jiresent  as  such  or  was 
split  off  from  the  lecithin  during  the  chemical  manipula- 
tions. So  far  it  has  been  found  witli  certainty  in  but  few 
organs  and  fluiils — in  the  brain  by  Gulewitsch,"  in  the 
semen  by  Gumprecht '  and  others,  in  the  cerebrospinal 
fluid  and"  blood  of  cases  of  general  i)aralysis  of  tlie  insane 
by  Mott  and  Halliburton, ■"  and  probably  in  the  suprarenal 
gland.  Nesbitt'  has  foiu-.d  it  in  the  intestine  of  the  dog 
after  a  meal  rich  in  lecithin  (eggs);  JIarino-Zucco  and 
Dutto  claim  to  have  found  it  in  the  urine  in  cases  of 
Addison's  disease:  it  has  been  found  in  cultures  of  the 
comma  bacillus  and  other  micro-organisms.  It  can  be 
obtained  from  most  organs  of  the  body  after  decomjiosi- 
tion  has  set  in. 

Choline  was  for  some  time  regarded  as  inert  physio- 
logically; more  recently  it  has  been  shown  to  be  a  poison 
of  considerable  power.  Thus  Brieger '  found  that  0.5  gin. 
per  kilogram  is  fata!  to  rabbits.  Slany  of  tlie  statements 
concerning  the  physiological  action  of  choline  are  to  be 
received  with  great  caution,  for  most  of  the  older  and 
some  of  the  more  recent  experiments  were  evidently 
made  with  preparations  mixed  with  the  very  jioisonous 
base  ueurine.  In  frogs  cholini'  is  said  to  |)ro(luce  general 
paralysis  from  a  cm'are-like  action  upon  tlie  termina- 
tions of  the  motor  nerves.  Injected  into  mammals  cho- 
line causes  salivation,  diarrhaa,  and  very  chanicteristic 
changes  in  the  circulation;  the  latter  have  been  studied 
with  especial  care  by  Mott  and  Halliburton.  The  heart 
is  slowed  from  a  stimulation  of  the  endings  of  tlw  <-ar<lio- 
inhibitory  nerves;  the  blood  pressure  falls  greatly.  Mott 
and  Hallilmrton  have  sliown  Iliat  the  fall  of  blood  press 
ure  isdue  largely  to  a  dilatation  of  the  peripheral  ves.sels, 
especially  those  of  the  intestinal  area;  the  slowing  of  the 
heart  may  account  in  part  foi-  the  fall  of  blood  ijressure. 
These  changes  in  the  circulation  are  very  transient. 
Atropine  is  an  effective  antidote  to  choline. 

Choline  has  attracted  most  attention  from  the  toxico- 
logical  standpoint  on  account  of  its  close  chemical  con- 
nection with  the  highly  poisonous  substances  neurine 
and  muscarine.  By  the  loss  of  one  molecule  of  water  it 
is  converted  into  neurine,  while  on  oxidation  it  yields  a 
very  poisonous  comjiouud  isomeric  with  muscarine,  the 
poisonous  principle  of  many  mushrooms.  Neurine, 
which  is  found  in  decomposing  meat,  brains,  mushrooms, 
etc.,  is  alwajs  accompanied  by  choline,  and  it  is  very 
probable  tliat  the  former  is  derived  from  the  latter.  The 
transformation  of  choline  into  neurine  can  be  easily  ac- 
complished by  chemical  processes,  but  the  conditions 
under  wliich  this  change  takes  place  in  the  animal  body 
are  obscure.  Micro-organisms,  however,  seem  to  bring 
about  this  conversion ;  thus  Schmidt '  found  that  when 
choline  was  mixed  with  hay  infusion  or  decomposing 
blood  and  allowed  to  stand  a  few  days  a  substance  having 
the  chemical  and  physiological  properties  of  neurine,  and 
probably  identical  with  it,  was  formed.  Nesbitt  has  ob- 
tained a  substance  which  he  considers  to  be  neurine  from 
the  intestine  of  a  dog  after  feeding  the  yolk  of  eggs;  he 
thinks  this  body  is  derived  from  the  choline  formed  by 
the  decomposition  of  the  lecithin.  The  conversion  of 
choline  into  neurine  by  putrefaction  may  explain  the 
production  of  poisons  in  foods ;  perhaps  the' choline  itself, 
which  has  an  action  similar  to  but  less  powerful  than 


neurine  and  muscarine,  may  be  partly  responsible  for 
some  of  the  s^anptoms  observed  in  cases  of  poisoning 
with  decomposing  meat  or  mushrooms. 

Attention  was  "called  above  to  the  fact  that  Mott  and 
Halliburton  have  found  choline  in  the  cerebrospinal 
fluid  and  blood  in  cases  of  general  paralysis  of  the  insane. 
They  are  inclined  to  think  it  possible  that  this  substance 
is  responsible  for  the  low  blood  pressure  which  is  found 
in  the  later  stages  of  this  disease.  I  have  been  led  to 
believe  from  investigations  of  my  own  that  there  are 
substances  in  the  brain,  and  also  in  the  suprarenals, 
which  yield  choline  on  decomposition  and  which  have  a 
more  marked  toxic  action  than  choline.  I  have  not  been 
able  to  determine  the  exact  nature  of  these  substances, 
but  it  seems  possible  that  some  of  the  effects  ascribed  by 
Mott  and  Halliburton  to  choline  may  be  due  to  such  an- 
tecedent substances,  Reid  Hunt. 
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CHONDROMA. — (.vowV"?.  cartilage.)  Definition. — 
A  elioiidroina  is  a  histoid  or  connective-tissue  tumor  of 
which  the  essential  constituent  parts  correspond  to  some 
one  or  more  of  the  several  varieties  of  cartilage,  these 
cartilaginous  elements  dilfering  to  a  greater  or  a  less  de- 
gree from  the  normal,  and  having  associated  with  them 
other  sorts  of  tissues.  The  term  now  includes  tlio,se 
cartilaginous  new  growths  which  arise  from  structures 
containing  cartila.ge  normally,  formerly  called  "eccliou- 
droses";  as  well  as  those  which  develo])  in  regions  where 
normally  no  cartilage  is  jircsent,  fcu'uierly  known  as 
'•eni'hoiidroiiiala,"  This  form  of  tuniiu' occurs  ordinar- 
ily in  the  slia]H'  of  sharply  ciicumscribeil.  rcnmded,  or 
knobbed  growths,  sometimes  multiple,  which  may  reach 
a  very  considerable  size,  and  may  develo])  in  almost  any 
))art  of  the  body,  more  cominonly  aboul  the  bones,  tind 
in  certain  .irlands. 

Vahiktiks. — Several  varieties  of  chondroma  may  be 
recognized,  the  distinction  belween  them  lieiiig  biised 
upon  the  characterof  the  cartilage  Jiresent.  tiiid  also  upon 
the  nature  of  the  tissue  or  tis.?ues  as.sociated  with  the 
cartilage  in  the  tumor.  Every  sort  of  cartilage  present 
in  the  bodj'  is  represented  in  chondromatji.  and  other 
forms  may  occur  for  which  no  analogue  exists  in  normal 
structures.  Thus,  a  chondroma  may  be  found  to  consist 
of  hyaline,  fibro-,  or  elastic  cartiUige,  or  to  contain  cells 
distinctly  cartilaginous  in  ap|>earance  and  embedded  in  a 
soft,  semi-gelatinous,  mucoid  substance.  The  complex 
forms  of  chondroma  produced  by  the  association  of  car- 
tilage with  other  varieties  of  new  growth  include:  cbon- 
dro-lipoma.  chondro myxoma,  cliondro-tibroma,  cliondro- 
angioma,  choutlro-endothelioma,  chondro-myxosarcoma, 
and  osteo-chondroma. 

STUi'CTinE. — A  simple  chondroma  is  composed  of  small 
masses  of  cartilage  cmbedtled  in  a  flbrous  connective- 
tissue  stroma.  The  consistence  of  the  tumor  and  tli<'  ap- 
pearance of  the  surface  of  section  are  determined  by  the 
character  of  the  cartilage  and  by  the  natuic  and  the  de- 
gree of  develo|nnent  of  the  stroma.  Cliondromata  made 
up  of  hyaline,  fibrous,  or  elastic  cartilage  usually  have  a 
firm  consistence,  while  those  in  wliich  the  cartilaginous 
elements  present  a  mucoid  intercellular  substance  are 
soft  and  resemble  myxomata,  A  chondroma  in  wliich 
the  fibrous  connective-tis?ue  stroma  is  very  abundant 
may  jiresent  the  macroscopic  characteristics  of  a  fibroma; 
such  a  chondroma  best  illustrates  the  tendency  wliich 
this  kind  of  tumor  possesses  toward  an  alveolar  type  of 
structure,  the  appearance  of  the  cut  surface  suggesting 
that  the  growth  is  composed  of  a  great  number  of  small 
tumors  separated  from  one  another  by  septti  of  connec- 
tive tissue.  In  some  instances  large  masses  of  cartilage 
are  found  detached  from  the  main  body  of  the  tumor; 
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these  give  to  the  tumor  its  rougli,  knobhy  feel.  It  is 
IMoljuble  tliiit  tliese  separated  masses  liave  assumed  tlieir 
jiosition  as  tlie  result  of  the  development  of  the  stroma. 
and  that  they  are  not  the  product  of  several  eentres  of 
growth.  Tlie  cartilage  cells  of  the  chondroina  may  re- 
semble normal  cartilage  cells,  consisting  of  cell,  nucleus, 
and  capsule;  not  infrequently,  however,  they  are  with- 
out a  capsule,  and  differ  from  the  normal  ui  number  and 
in  size.  At  times,  along  with  cartilage  cells  of  the 
ordinary  form  there  are  stellate  cells,  and  elements 
which  correspond  to  the  round  and  the  spindle-shaped 
«'lls  of  connective  tissue.  The  cells  vary  much  in 
shape  and  in  size;  in  the  hyaline  chondromata  they  usu- 
ally are  round  and  lar,ire;  in  the  fibrous  form  they  are 
often  small  and  irregularly  shaped.  AVhen  the  intercel- 
hdar  substance  is  soft  and  similar  to  mucus,  the  cells  are 
frequently  sjiindle-shaped,  with  long  anastomosing  proe 
esses.  Virchow  has  observe<l  anueboid  movements  in 
such  cartilage  cells,  and  is  disposed  to  regard  them  as  a 
■cause  of  malignity.  Most  chondromatu  ujion  boiling 
yield  chondrin ;  this  is  not  true  of  those  which  have  a 
soft  intercellular  substance,  sucli  forms  yielding  an 
nlbuminous  or  a  mucin-containiug  material.  In  some 
instances,  the  stroma  of  the  tumor  is  composed  of  embry- 
<inic  connective-tissue  cells,  and  the  cartilaginous  elements 
consist  of  small  scattered  groups  of  cells;  such  tumors 
often  occur  in  the  testicle,  and  are  termed  chondro-sar- 
comata. 

The  blood-vessels  of  the  clnindroma,  Avhicli  lie  in  the 

stroma,   may   be  very   abundant,   especially  in  rapidly 

growing  tumors,  and  not  infrequently  ai-e  embryonic  in 

character.     Neither  lymph  vessels  nor  ner\-es  have  been 

f   demonstrated  in  this  iorni  of  tumor. 

Chondromata  are  often  separated  from  adjoining 
structures  by  a  coimective-tissue  capsule.  In  chondro- 
mata which  (leveloj)  in  the  centre  of  bones  such  an  en- 
closing capsule  is  composed  of  bone,  formed  probably 
from  the  enveloping  periosteum;  this  capsule  iseomjilete 
usually  in  the  early  stages  of  the  growth  only,  subse()uent 
development  causing  it  to  be  broken  through. 

Certain  structural  properties  of  the  chondroma  are 
diaracteristic  of  its  place  of  origin.  The  chondroma 
arising  from  bone  usually  contains  hyaline  cartilage, 
more  rarely  fibrous,  and  sometimes  mucous,  the  malignant 
chondromata  of  bone  ordinarily  being  of  the  latter  sort. 
The  chondromata  of  the  soft  parts  usually  present  fibro- 
cartilage,  more  rarely  hyaline;  they  seldom  are  simple, 
being  commonly  associated  with  either  mj'xoma  or 
sarcoma.  Chondromata  aiisiug  in  these  parts  have  also 
a  tendency  to  ossification  and  to  calcification.  In  a 
chondro-eiidothelioma  of  the  ear.  von  Dembowski  found 
the  cartilaginous  elements ot  the  tumor  to  arise  by  meta- 
plasia from  the  hyperjilastic  endothelium  of  tlie  widely 
dilated  and  cavernous  blood-vessels  of  the  growth ;  the 
endothelial  cells  became  separated  into  chimps  by  a 
hyaline  intercellular  substance,  subsequently  underwent 
further  isolation,  and  finally  passed  from  a  polygonal  to 
a  round  form,  and  developed  capsules. 

Locvs;  Mode  ot"  Growth. — Chondromata  may  de- 
velop from  any  one  of  the  connective  tissues.  The  most 
common  scat  of  origin  is  bone.  Here  the  chondroma  may 
consist  of  a  circumscribed  hyperplasia  of  cartilage,  or 
occur  as  a  new  growth  of  the  medullary  canal  of  the  long 
bones.  In  the  former  instance  the  tumor  has  but  little 
tendency  to  growth,  and  is,  except  from  its  possible  posi- 
tion, benign ;  it  ma}'  become  pedunculated,  or  even  break 
off  and  tiius  form  one  of  the  foreign  bodies  found  in 
joints.  The  tumor  may  also  arise  from  the  fibrous  con- 
nective tissue  of  the  periosteum ;  the  capacity  of  the  latter 
structure  to  form  cartilage  is  shown  by  the  production  of 
it  after  fracture.  Lucke  has  found  that  the  development 
of  cartilage  from  connective  tissue  takes  place  through 
the  agency  of  groups  of  indifferent  cells  in  the  tissue. 
which  secrete  an  intercellular  substance.  Virchow  de- 
scribes a  more  direct  transition;  he  assumes  that  the 
fibrous  tissue  becomes  more  dense  and  undergoes  a  form 
of  sclerosis,  that  the  cells  increase  in  size,  and  that  in  this 
way  takes  place  a  direct  transformation  into  hyaline  car- 


tilage. The  other  forms  of  chondromata  of  bone  are 
either  peri]iheral  or  central  in  their  position.  The  jieriph- 
eral  forms  constitute  large,  rough,  knobby  tumors, 
which  may  surround  the  bone,  and  from  pressure  cause 
it  to  atrophy,  the  soft  parts  being  pushed  to  one  side; 
they  usually  possess  a  bony  capsule.  Such  chondromata 
are  most  commonly  found  upon  the  pelvis  near  tlie 
symphysis,  upon  the  sca]iula.  and  upon  the  upjier  jaw; 
they  occur  in  the  later  y<'ars  of  life.  The  cliondidmata 
which  develoi)  in  the  medullary  jiorlion  of  bone,  known 
as  central  chondromata,  occur  most  commonly  in  the 
phalanges  of  the  fingers  and  the  toes;  they  are  often 
multiple,  especially  in  chililren.  and  give  rise  to  protu- 
berances known  to  the  older  writers  tinder  the  name  of 
spina  ventosa.  These  tumors  have  a  jiartial  or  a  com- 
]ilele  bony  capsule,  although  this  is  .sometimes  absent, 
(U-  is  represented  merely  by  fragments  of  a  thin  osseous 
plate.  They  appear  during  the  jieriod  of  life  in  which 
the  skeleton  is  growing  most  actively.  The  long  bones 
of  the  upper  extremity  are  also  often  the  seat  of  these 
tumors. 

Of  the  soft  parts,  certain  glands  are  the  most  frequent 
locus  of  primary  chondromata.  This  form  of  tumor  is 
found  in  the  parotid  gland,  in  the  testicle,  more  rarely 
in  the  sul)maxillary  gland,  in  the  breast,  and  in  the  ovary. 
It  sometimes  occurs  in  the  lachrymal  gland  and  in  the 
kidney;  the  chondromata  of  the  kidney  are  possibly 
analogous  to  those  tumors  of  this  organ  which  contain 
striated  muscle  fibres,  and  are  of  embryonic  origin. 
Primary  cartilaginous  tumors  have  also  been  observed 
in  the  thyroid  gland,  in  the  skin,  and  in  the  lungs. 
Birch- Ilirschfeld  has  observed  a  large  chondroma  origi- 
nating from  the  cartilage  of  the  trachea  of  an  old  man, 
which  produced  a  fatal  stenosis  of  the  trachea. 

The  chondroma  has  a  marked  tendency  to  occur  as  a 
multiple  tumor;  cases  liave  existed  in  which  all  of  the 
fingers  of  an  individual  were  at  the  same  time  the  seat 
of  this  form  of  new  growth.  In  general,  however,  the 
tumors  are  limited  to  that  portion  of  the  body  in  which 
thev  originate;  they  do  not  tend  to  produce  metastiises. 
Wlien  metastasis  does  take  place,  it  is  usually  when  the 
chondroma  is  complex,  and  has  associated  with  itosteoma 
or  sarcoma.  When  metastasis  of  simple  chondroma  oc- 
curs, it  is  nsualh'in  consequence  of  tlie  breaking  through 
of  the  tumor  into  a  vein,  by  means  of  which  tumor  ele- 
ments capable  of  development  are  carried  as  emboli  to 
more  or  less  remote  parts  of  the  body.  The  most  fre- 
tpient  locus  of  secondary  chondroma  is  the  lung;  Birch- 
Hirschfeld  has  observed  a  secondary  nodule  upon  the 
endocardium  of  the  right  ventricle  of  the  heart.  In 
Weber's  cla.ssical  case,  a  man  of  twenty  five  years  died 
with  chondromata  scattered  over  his  entire  body  ;  the  lar- 
gest of  these  was  seated  upon  the  ilium ;  others  were  upon 
the  scapula,  upon  the  clavicle,  and  upon  the  ribs.  At 
the  autopsy,  numerous  emboli  were  found  in  the  branches 
of  the  pulmonary  artery,  some  of  which  were  of  recent 
origin,  while  others  presented  a  distinct  growth  of  the 
embolus  into  and  around  the  vessel.  Upon  examination, 
the  emboli  were  all  found  to  be  of  the  same  nature  as  the 
tumors  upon  the  skeleton.  The  .source  of  the  emboli 
was  a  large  tumor  growing  info  the  left  iliac  vein. 
Paget  lias'reported  a  case  very  similar  to  this.  The 
lymph  nodes  are  seldom  involved.  In  one  case  a  metas- 
tatic nodule  has  been  observed  in  the  spleen.  Metastases 
in  the  liver  are  also  very  rare.  The  exemption  of  the 
lymphatic  system  is  probably  due  to  the  compactness  of 
the  chomlrdma,  and  the  large  size  of  its  cells,  together 
with  the  fact  that  the  tumor  does  not  stand  in  very  close 
relation  with  the  lymph  spaces.  The  chondromata 
which  arise  from  normal  cartilage,  in  so  far  as  the  pro- 
duction of  metastases  is  concerned,  seem  to  be  wholly 
benign,  and  the  dift'erentiation  of  these  from  other  chon- 
dromata under  the  name  of  "ecchondroscs,"  as  was  done 
bv  Virchow,  is  of  some  clinical  significance. 

The  rate  of  growth  of  chondromata  is  in  general  slow, 
but  steadily  progressive;  in  some  instances  periods  of 
rapid  grow'th  alternate  with  intervals  of  repose.  The 
complex  forms,  especially  the  osteo-chondromata,  tend  to 
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srow  more  rapidly  than  do  the  simple  forms.  Notwith- 
.standing  its  slow  rate  of  growth,  the  chondroma  may 
attiiin  a  very  large  size,  even  that  of  a  man's  head. 

In  the  course  of  development  of  a  chondroma,  the  soft 
jiarts  are  crowded  aside:  tendons  may  make  deep  iu- 
denuitions  in  the  tumor,  and  even  run  through  it  in 
canals  made  by  the  bridging  over  of  such  indentations. 
In  the  choudromata  of  the  ends  of  the  bones  the  articular 
cartilages  play  no  part  in  the  development  of  the  tumor, 
but  are  overgrown  and  covered  by  the  new  growth.  _ 

Retrograde  metamorphoses  are  especially  characteristic 
of  the  growth  and  the  development  of  the  chondroma; 
the  coniparatively  small  blood  sup])ly  of  the  tumor  and 
the  difficulty  of  nourishing  the  circiniiscribed  masses  of 
newly  formed  cartilage  adequately  explain  this.  Cal- 
cification is  frequent;  it  may  occur  in  the  fonu  of  scat- 
tered islets  of  calcareous  material,  or  of  hard  lamellce.  the 
latter  being  easily  mistaken  for  bone.  In  the  process  of 
calcification,  calcareous  material  is  deposited  lirst  in  the 
cell  capsule,  then  in  the  cells,  and  finally  in  the  intercel- 
idar  substance.  Ossification  takes  place  about  as  fre- 
quently as  calcification,  and  occurs  not  only  in  choudro- 
mata of  bones,  but  also  in  those  of  the  soft  parts.  The 
process  is  characterized  by  the  formation  of  spicules  and 
septa  of  bone  which  intervene  between  groups  of  carti- 
lage cells.  Very  often  there  takes  place  the  formation  of 
isolated  osseous  plates,  or  of  a  spongy  bone  with  well- 
marked  Haversian  canals.  In  chondromata  which  de- 
velop from  bone,  the  new  growth  may  contain  remains 
of  the  old  bone  enclosed  in  the  newly  formed  cartilagi- 
nous tissue. 

Jlyxomatovis  softening,  with  associated  cyst  formation, 
is  frequent  in  chondromata.  If  this  metamorphosis  takes 
place  throughout  the  whole  extent  of  the  tumor,  there 
are  formed,  between  the  trabeculfe  of  the  stroma,  cysts 
of  varying  size,  with  jellow  or  gray  contents.  The  proc- 
ess is  characterized  by  a  fatty  degeneration  of  the  car- 
tilage cells,  which  thereby  become  filled  with  fat  drops 
and  are  changed  into  granular  corpuscles.  The  inter- 
cellular substance  undergoes  softening,  with  the  forma- 
tion of  a  mucoid  substance,  and  from  the  blood-vessels 
take  place  hemorrhages  which  give  to  the  softened  mass 
a  dark-brown  color.  In  some  rare  aises.  the  skin  over  a 
chondroma  becomes  ulcerated,  and  a  fistulous  opening 
develops  into  one  of  these  cysts  of  softening. 

The  teratomata.  or  mixed  tumors,  especially  those  of  the 
sacrum,  frequently  contain  cartilage  in  a.s.sociation  with 
other  tissues;  these  tumors  constitute  a  distinct  group. 

The  osteochondroma,  described  by  Virchow,  is  a  form 
of  complex  chondroma  in  which  ossification  takes  place 
chiefly  by  the  deposition  of  lime  salts  in  the  intercellular 
substance.  The  cartilage  cells  of  this  tumor  are  similar 
to  those  which  occur  in  the  course  of  the  ossification  of 
the  long  bones:  the  cells  generally  possess  no  capsuli-, 
and  are  distinguished  from  connective-tissue  cells  by 
their  shape.  This  form  of  chondroma  is  most  often 
found  upon  the  long  bones,  where  it  produces  very  large 
masses.  The  growth  is  usually  surrounded  by  a  bonj' 
capsule  formed  from  the  periosteum.  Softening  in  this 
variety  is  not  common. 

As  to  recurrence  of  choudromata  after  removal,  it  may 
be  said  of  this  class  of  tumors  in  general  that  they  do 
not  tend  to  return.  This  is  true  especially  of  chondro- 
mata of  the  soft  parts,  and  of  those  of  the  phalanges:  it 
is  not  the  case  with  chondromata  of  certain  other  regions, 
notably  the  bones  of  the  pelvis.  Virchow  reports  one 
instance  in  which  the  tumor  was  removed  seven  times  at 
intervals  of  from  six  months  to  two  yeare. 

Etiology. — The  beginning  of  the  growth  of  a  chon- 
droma is  often  traceable  to  a  very  early  period  of  life: 
in  some  instances,  especially  those  in  wiiich  the  growth 
arises  from  bone,  the  tumor  is  congenital.  Chondromata 
of  the  soft  parts  usually  develop  later  in  life. 

Trauma  is  often  alleged  to  be. a  cause  for  the  occur- 
rence of  a  chondroma  either  in  the  soft  parts  or  in  bone. 
The  form  of  injury  most  frequently  regarded  as  standing 
in  a  causal  relation  to  the  development  of  chondromata 
is  fracture  of  a  long  bone ;   tumor  formation  in  such  a 


case  may  be  looked  upon  as  due  to  some  irregularitj'  in 
the  reparative  process  wliicli  follows  the  injury. 

For  the  occurrence  of  chondromata  of  the  bones,  ir- 
regularity of  developiuent  is  the  probably  correct  ex- 
planation. In  favor  of  this  point  of  view  mav  be  con- 
sidered the  fact  of  the  multiple  character  of  these  tumors, 
and  their  appearance  in  that  period  of  lite  iu  which  the 
skeleton  is  growing  most  actively.  Cohuheim's  theory 
of  the  formation  of  tumors,  which  asserts  that  new 
growths  arise  from  vestigial  embryonic  tissue,  seems  to 
find  confirmation  in  the  c;ise  of  the  chondroma.  Virchow 
fouud  that  remains  of  embryonic  cartilaginous  tissue  are 
often  enclosed  in  the  medulla  of  the  long  bones,  and  it  is 
probable  that  such  remains  are  the  immediate  antece- 
dents of  many  chondromata  of  the  bones.  The  cause  of 
the  persistence  of  this  embryonic  tissue  may  be  a  disturb- 
ance of  blood  supply,  or  an  excessive  growth  of  the 
primary  cartilage.  A  form  of  chondroma  which  arises 
in  the  sphenooccipital  synchondrosis  is  by  some  authori- 
ties believed  to  develop  from  surviving  embryonic  cells 
of  the  chorda  dorsalis.  Irregularity  in  the  post-fo'tal 
development  of  bones,  as  in  rachitis,  is  also  held  to  stand 
in  relation  to  the  occurrence  of  chondromata;  under  these 
circumstances,  islands  of  cartilage  remain  in  the  bone, 
from  which  tumor  formation  may  jiroceed  in  childhood 
or  later  life. 

For  the  occurrence  of  chondromata  of  the  soft  parts, 
misplaced  embryonic  cartilaginouselements  are  probably 
responsible.  Tims,  primary  chondroma  of  the  lungs  may 
liroceed  from  detached  iiortious  of  the  jirimary  cartilage 
of  the  respiratory  tract,  and  cliondroma  of  the  breast  from 
that  of  the  ribs.  The  chondromata  of  the  thyroid  gland 
and  of  the  parotid  gland  may  arise  from  the  cartilage  of 
the  branchial  clefts.  The  same  is  probably  true  of  cer- 
tain cartilaginous  tumors  of  the  skin.  The  simple  chon- 
dromata of  the  testicle  and  of  the  ovary  may  arise  from 
islands  of  cartilage  detached  from  the  primary  cartilage 
of  the  notochord.  The  occurrence  of  the  cartilage  con- 
taining mixed  tumors  in  the  various  organs  may  rightly 
be  referred  either  to  a  detaching  of  parts  of  an  adjacent 
cartilaginous  Anlage,  or  to  a  heteroplastic  development 
of  mesenclnnial  cells. 

Di.\ONOSi8. — A  firm,  hard  tumor  seated  upon  cartilage 
or  upon  bone  should  always  suggest  chondroma.  In 
some  instances,  the  early  stages  in  the  development  of  a 
chondroma  may  resemble  an  osteitis,  or  a  periosteilis. 
Chondroma  is  differentiated  from  fibroma  by  its  hardness 
except  when  the  latter  is  calcified,  and  from  other  tumors, 
including  osteoma,  by  its  rough,  uneven  surface.  The 
central  chondromata  of  bones  may  often  be  recognized 
by  the  parchment-like  feel  of  their  bony  capsules.  The 
chonflromata  of  the  soft  parts  are  usually  easily  to  be 
diagnosed  from  their  firm  consistence,  uneven  surface, 
anil  slow  growth  George  Burgess  Mnynith. 

CHONDRO-SARCOMA.     ^cc  Sarcoma. 

CHORDEE  (Chorda  venerea)  manifests  itself  in  more 
or  less  persistent  erections,  during  which  the  penis  is 
curved  like  a  bow  or  bent  at  an  angle.  Near  the  centre 
of  the  concave  side  of  the  bow  and  at  the  interior  of  the 
angle,  palpation  reveals  hardening  of  the  ti.ssues.  This 
hardening  may  be  circumscribed  ordiffuse.  The  patients 
compare  their  sensations  during  chordee  to  the  feeling  of 
a  tense  string  or  a  red-hot  wire  drawn  through  the  penis 
or  urethra. 

Chordee  is  due  to  cavernitis,  either  of  the  penis  or  of 
the  urethra,  or  of  both,  in  hyperacute  gonorrhcca:  it  may 
al.so  be  produced  by  the  use  of  excessively  strong  injec- 
tions, by  an  injury  to  the  urethral  mucosa,  by  the  use  of 
a  sharp-pointed  syringe,  or  by  the  unskilful  introduction 
of  instruments,  during  the  acute  stage  of  urethritis.  It 
may.  futhermore.  be  due  to  infarction  of  urethral  ciypts 
and  glands,  with  or  without  consequent  peri-urethral  or 
cavernous  abscess.  In  some  cases  induration  continues 
without  either  of  these  teniiinations  for  years,  and  may 
then  become  an  imijeiliment  to  copulation  on  account  of 
deflection  of  the  penis  during  erection. 
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In  eliortlec  the  penis  is  bent  in  the  direction  of  tlie  in- 
filtration timt  CiUises  it.  because  tlie  intiltrateil  jiart  tloes 
not  tatiC  jiart  in  tlie  general  turgeseence  of  erection.  The 
intense  |iain  ]iroduced  by  such  erections  may  ilrive  the 
jiaticnt  to  desperate  measures,  such  as  placing  the  organ 
upon  a  hard  surface  and  striUing  it  a  violent  blow  "to 
break  the  cord."  Some  patients  have  sought  relief  by 
coitus.  The  results  of  such  violence  may  be  urethral 
rupture,  fatal  hemorrhage,  urinary  extravasation,  and 
conseiiuent  death  from  urinary  infection,  laceration  of 
the  corpora  cavernosa,  and  gangrene  of  the  jx-nis.  Even 
'.a  those  cases  in  Avhich  neither  a  stricture  nor  any  one 
of  the  results  just  enumerated  occurs,  the  part  of  tlie 
|)cnis  in  front  of  the  injury  may  thenceforward  be  cut  olT 
from  sufficient  blood  supplj'  to  enable  it  to  participate  in 
erection. 

Treatment. — In  the  acute  stage,  rest  in  bed  under 
light  covering,  a  low  diet,  ]iurgatives,  camphor  or  its 
monobromate,  with  or  witliout  opium,  may  be  prescribed 
with  advantage:  locally,  hot  sitz-baths,  hot  or  cold  com- 
|)resses — whichever  the  patient  tindsmost  soothin.g — and 
leeches  to  the  peiineum,  are  indicated.  In  hyperacute 
cases,  the  infiltrated  tissues  may  lie  punctured  with  tine 
needles,  as  a  last  resort,  if  the  other  treatment  does  not 
suffice.  If  an  abscess  forms  it  must  be  opened  early  to 
prevent  its  breaking  through  into  the  urethra.  In  chronic 
cases,  where  the  infiltration  has  become  solid  and  gives 
but  little  or  no  pain  during  the  deflected  erection,  gal- 
vanism may  be  used  to  stimulate  absorption  of  the  infil- 
trated material.  If  it  is  employed  the  negative  pole 
should  be  applied  to  the  infiltrated  tissuesand  the  posi- 
tive to  the  opposite  side  of  the  penis.  At  first  a  low- 
amperage  should  be  used  for  several  minutes,  liut  after- 
ward the  seances  should  gradually  be  lengthened  until 
they  reach  a  term  of  from  twenty  to  twenty -five  minutes 
each.  Ferd.  C.  Valeniinr. 

CHORDOMA.— The  term  used  by  Ribbcrt  to  designate 
a  siiuiU  tumor  found  occasionally  in  the  median  line  of 
the  divus,  near  the  union  of  the  sphenoid  and  occipital 
bones;  a  tumor  to  which  Virchow  had  previously  given 
the  name  of  eechoiidmsis  p/iynnlifera,  sp?ieiio-orcipiialis. 
The  growth,  to  the  naked  eye,  has  a  colloid  or  gelatinous 
appearance,  and  is  usually  about  the  size  of  a  small 
cherry.  It  arises  out  of  the  sphenooccipital  synchon- 
drosis, and  either  occupies  the  space  between  the  bone 
and  the  dura  mater  which  may  not  be  perceptibly  ele- 
vated, or  it  may  break  through  the  dura  into  the  arach- 
noid and  pia.  In  longitudinal  sections  of  the  clivus  the 
tumor  isfoimd'fo  lie  in  a  small  cavitj- which  involves 
only  the  superficial  portion  of  the  bone  or  it  may  extend 
into  the  medullary  portion.  In  young  individualswho.se 
synchondrosial  cartilages  are  still  present  earlier  stages 
of  the  tumor  may  be  found.  In  these  cases  there  is  pres- 
ent beneath  the  dura,  which  is  usually  not  elevated,  a 
small  round  or  flattened  mass  of  tumor  tissue  lying  in 
the  cartilage  from  which  it  is  sharply  though  irregularly 
outlined.  No  evidence  of  transition  between  the  tissue 
'of  the  new  growth  and  that  of  the  neighboring  structures 
is  ever  observed. 

The  tissue  of  the  tumor  when  examined  in  the  fresh 
state  is  found  to  consist  of  largo  bladder-like  cells  re- 
sembling plant  cells.  These  are  easily  isolated  by  teasing 
in  normal  salt  solution.  They  contain  numerous  vacu- 
oles of  varying  size  which  may  so  fill  up  the  body  of  the 
cell  that  the  protoplasm  appears  to  be  pushed  in  a  narrow 
ring  to  the  cell  periphery.  Few  of  the  cells  are  free  from 
vacuoles.  The  protoplasm  is  clcarand  contains  tine  shin- 
ing granules.  The  small  round  nuclei  appear  bright  and 
clear.  The  gelatinous  portions  of  the  growth  break  up 
in  water.  In  hardened  preparations  the  vacuoles  appear 
still  more  prominent,  but  are  oval  or  flattened  rather  than 
round.  The  protoplasm  appears  in  less  amount,  but  the 
small  round  nuclei  are  brought  out  very  distinctly. 
These  lie'either  at  the  edge  of  the  vacuoles,  or  when  the 
cells  are  seen  from  above  they  appear  to  be  in  the  centre 
of  the  vacuole.  Between  the  cells  lies  a  homogeneous 
hyaline  intercellular  substance   varying   in   amount   in 


different  portions  of  the  growth.     No  blood-vessels  have 
been  found. 

Virchow  regarded  the  growth  as  a  chondroma  develop- 
ing from  the  remains  of  the  sphenooccipital  cartilage, 
the  cells  of  the  cartilage  having  undergone  a  peculiar 
bladder  like  degeneration.  But  the  character  of  the 
tissue  as  well  as  the  relations  of  the  tumor  makes  it  very 
probable  that  it  represents  remains  of  the  tissue  of  the 
chorda  which  have  takeu  on  proliferative  activity. 

Ahlred  Scott  WaHliin. 

CHOREA. — (Synonyms;  Sydenham's  Disease;  St.  Vi- 
tus' Dance;  Dan"se  de  St.  Guy,  de  St.  With;  Myotyrbic 
[Dartigues];  periodical  jactitation  [R.  Watt] ;"  Choree, 
Veitstanz,  Veitsdands,  Vit-Tancz;  Plasawicy  scelolirbe; 
Corea;  Folie  musculaire  [Bouilhuid].) 

The  literature  of  chorea  is  extremely  voluminous,  ami 
its  history  dates  back  to  the  middle  ages,  when  it  c.xisii  d 
chiefly  in  its  epidemic  form.  Ilecker'  and  others  detail 
the  incidents  of  the  various  religious  pilgrimages  to  the 
shrines  of  St.  John  and  St.  Vitus,  and  the  imitative  fea- 
tures of  the  outbreak  of  psychical  excitement  with  con- 
vulsions and  jactitations  are  of  the  greatest  interest.  In 
many  respects  this  form  of  trouble,  apart  from  its  general 
character,  differs  but  little  from  that  in  which  attacks  of 
hysterical  chorea  major  are  witnessed  today.-'  Puc- 
cinatti  and  other  writers  have  undertaken  to  fix  the 
identity  of  .sporadic  and  endemic  chorea,  and  to  some 
extent  they  have  succeeded;  but  when  we  consider  the 
probable  pathology  of  the  disease  from  the  standpoint  of 
modern  investigation,  it  must  be  admitted  that  the  psy- 
chical element  isb}-  no  nieansan  important  one.  During 
the  last  twenty-five  or  thirty  years,  thanks  to  Kirke,  ( )gle. 
Dickinson,  Dow-se,  Jackson,  Eisenlohr,  and  Elisciier. 
the  relations  of  the  disease  to  affections  of  the  heait.  to 
embolism,  and  to  rheumatism  have  been  made  very  clear, 
and  within  a  comparativel_y  short  space  of  time  the  or- 
ganic varietj'  known  as  posthemiplegic  chorea,  or  lienii 
chorea,  has  been  fully  described  by  Jlitchell,  Charcot. 
Hoffman,  Jackson,  and  others. 

Chorea  is  a  disease  which  manifests  itself  in  an  exceed- 
ingly irregular  manner  as  to  the  parts  affected,  and  the 
degree  of  violence  of  expression,  and  as  to  its  association 
with  or  dependence  upon  other  things.  The  affection  is 
characterized  by  a  peeidiar  disorderly  and  nearly  con- 
stant recurrence  of  muscular  contractions  of  aji  involun- 
tary chaiactcr.  which  are  not  (except  in  hysterical  cases) 
at  all  rhythmical.  It  has  been  divided  into  general  rhoren. 
or  chortd  iiKijor.  and  partial  chorea,  or  cliorea  minor,  and 
the  manner  in  which  it  is  associated  with  other  patho- 
logical conditions  still  further  demands  a  series  of  qtiali- 
fying  terms,  such  as  /ii/xterical.  saturnine,  procuraire, 
habit,  senile,  rheumatisnial,  dental,  enteric,  hereditary,  or 
Huntington's  electric  {oi  Dubini  or  Bergeron),  the  chorea 
of  insanity,  the  chorea  of  pregnancy. 

SyjrPTOMS. — Chorea  max  follow  some  other  affection 
— one  of  the  ordinary  diseases  of  childhood,  for  instance 
— or  it  may  be  the  sequel  of  an  attack  of  acute  rheu- 
matism; or  again,  it  may  have  no  basis  except  a  general 
reduction  of  vital  power  with  anainiaand  its  belongings. 
In  such  cases  the  develo]mient  of  the  malady  is  slow  and 
insidious,  and  the  child  for  a  longtime  presents  simply 
those  evidences  of  neural  malnutrition  which  are  so  com- 
mon. It  is  peevish  and  capricious,  and  restless  in  the 
extreme.  Its  petty  exhibitions  of  temper  render  it  a 
nuisance,  and  it  receives  its  full  allowance  of  pimishment. 
The  same  caprice  of  dispo.sition  is  found  in  eating — it 
prefers  improper  food,  aud  at  best  eats  but  little.  It  is 
listless  and  dull  at  school,  sleep  is  disturbed,  and  fright- 
ful dreams  produce  night  terrors  and  nocturnal  iur'onti- 
nence.  Its  pale  face  makes  more  conspicuous  the  dark 
spots  under  the  eyes,  and  its  foul  breath  and  dry  teeth 
betoken  a  derangement  of  digestion.  After  a  while  it 
begins  to  shrug  one  shoulder  or  the  other,  and  twitches 
its  hands,  or  fumbles  the  seam  of  the  trousers,  or  opens  its 
mouth  v.'ith  a  sort  of  gasping  movement,  or  twitches 
its  lips,  or  corrugates  its  brow,  or  spasmodically  closes 
its  eyes;  or  does  something  else  that  may  be  regarded  as 
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a  trick  or  bad  habit.  Scolding  or  whipping  does  not 
effect  a  change  of  behavior— in  Tact,  it  ratlier  aggravates 
the  trouble.  In  a  week  or  two  the  movenieuts  are  more 
pronounced  or  general,  the  arm  is  swayed  hither  and 
thither  b.v  the  action  of  the  pectoral  muscles,  or  the  hiind 
is  supinated  or  pronated.  the  fingers  restlessly  cramp, 
the  lips  are  pursed,  andany  attempt  at  speech  isattended 
by  hesitation  and  embarrassment,  and  oftentimes  by  great 
indistinctness.  The  patient  breathes  in  a  catchy,  quick 
wav,  and  if  the  body  be  stripped  it  will  be  foimd  that 
the"action  of  the  intercostals  is  uneven.  There  is  rotar.v 
swaying  of  the  bod_y,  constant  shrugging  of  the  shoulders. 
The"  leg  of  one  side — usually  the  right — is  affected,  and 
after  a  while  there  is  greater  or  less  loss  of  power,  so 
that  there  is  a  well-marked  dragging  of  the  limb,  which 
is  usually  more  noticeable  toward  the  latter  part  of  the 
"<lay.  All  the  voluntary  muscles  are  more  or  less  affected, 
and  as  a  rule  those  are  most  involved  which  are  used  to 
the  greatest  extent  in  acts  which  become  automatic.  In 
the  form  known  as  laryngeal  chorea  the  thyro-hyoid 
muscles  are  affected,  and  phonation  becomes  seriotisly 
embaiTassed.  The  tongue,  when  protruded,  is  foimd  to 
Tje  the  seat  of  jerking  spasms,  and  when  the  patient  talks 
he  makes  a  peculiar  sucking  motion  of  the  lips. 

Svniptomsof  spinal  sensory  irritation  mark  the  prodro- 
mal period,  and  we  are  furnished  with  a  history  of  pains 
and  sensitiveness  of  the  vertebral  spines. 

Piessure  on  the  cervical  region  sometimes  causes  great 
•distress,  and  especially  is  this  the  case  when  even  light 
pressure  is  made  upon  the  Tertebra  prominens.  The  i)a- 
tient  complains  of  pains  in  the  wrists  and  ankles,  which 
suggest  rheumatism,  and  the  bellies  of  the  affected  mus- 
cles are  sore. 

Spots  of  cutaneous  hyperesthesia  or  anaesthesia  are 
smietimcs  detected.  In  hysterical  chorea  the  latter  are 
very  often  present,  and  I  have  repeatedly  found  henii- 
auipsthesia  upon  the  left  side. 

The  vision  is  affected,  and,  as  a  nde.  errors  in  accom- 
modation are  found.  So  common  is  hypermetroiiia  that 
it  has  been  advanced  as  a  cause  of  tlie  (iisease,  and  a  most 
absurd  therapeutic  course,  which  involves  the  use  of 
glasses  and  operations,  has  been  advised  by  one  indi- 
vidual; but  Dr.  C.  S.  Bull  exploded  this  theory,  show- 
ing by  statistics  the  fretiuency  of  hypermetropia  in  uon- 
choreic  children  and  others.  In  debilitated  subjects  it 
is  not  difficult  to  get  a  history  of  dinmess  of  vision,  and 
sometimes  we  find  pupillary  alterations  which  consist 
usually  in  dilatation,  and  the  pupils,  as  von  Ziemssen  lias 
observed,  are  very  sluggish. 

Electrical  response  is  somewhat  altered.  Rosenthal* 
found  an  increase  in  the  electro-muscular  contractility, 
with  weak  currents,  in  those  patients  who  suffered  from 
unilateral  chorea.  Galvanic  excitability  was  pronounced, 
and  cathodal  opening  with  weak  currents  produced  con- 
traction. Benedikt  olitained  the  same  results,  and  also 
found  that  the  electric  sensibility  is  much  exaggerated, 
and.  when  the  electrode  is  applied  to  the  cervical  or  dorsal 
region,  eccentric  pains  in  the  limlis  arc  complained  of. 

The  presence  of  cutaneous  eruptions  is  not  uncommon. 
Eczema,  as  was  originally  shown  by  Fraenkel  and  myself, 
■bears  a  very  close  relation  to  chorea,  especially  in  children. 

The  movements,  as  a  rule,  cease  when  the  patient 
sleeps,  but  this  is  sometimes  not  the  case  in  pronounced 
or  violent  examples.  Of  one  hundred  and  fifly-eight 
cases  collected  by  See  this  was  the  rule,  there  being  but 
six  exceptions. 

Dr.  Robert  Amory  Hare '  has  conducted  some  Investi- 
gations which  go  to  show  that  monochorea  is  associated 
■with  elevation  of  temperature  in  the  affected  limb.  !Most 
of  the  conclusions  were  arrived  at  by  simply  estimating 
the  degree  of  heat  by  applying  the  "hand  to  the  part  o'r 
by  the  subjective  complaints  of  the  patient.  When  the 
thermometer  was  used  a  difference  of  four  or  five  degrees 
was  often  found  to  exist  between  the  two  sides  of  the 
body. 

The  psychical  changes  in  chorea  have  impressed  such 
observers  as  Romberg,  Skoda,  and  ilarce.  This  latter 
writer  has  referred  to  cases  in  which  hallucinations  were 


present,  and  feelings  of  dread  were  very  pronounced: 
and  Rosenthal  mentions  an  old  woman  who  was  unusu- 
ally garrulous  and  locjuacious.  and  gave  "utterance  to 
savage  cries."  The  hallucinations  are  most  often  pre- 
sented in  the  half-waking  state,  and  are,  as  a  rule,  visual. 
A  case  in  which  hallucination  of  an  extremeh'  interesting 
character  was  a  feature  is  related  by  Ritti  (  Union  medi- 
cale.  3me  serie,  t.  xix.,  p.  7'31,  18T3).  the  subject  being  a 
girl  aged  nineteen.  The  hallucination  depended  upon 
derangement  of  all  the  senses,  but  principall}'  of  sight. 
She  saw  cats,  bright  lights;  heard  the  voices  of  men  close 
to  her;  perceived  imaginary  smells,  tasted  poisonous  sub- 
stances, etc. 

There''  reports  a  case  of  melancholia  in  a  chlorotic  girl, 
aged  sixteen,  who  suffered  from  disturbed  menses.  Six 
weeks  after  the  commencement  of  the  melancholia  she 
developed  chorea  which  involved  both  extremities  on 
the  left  side.  She  had  auditory  hallucinations  at  night, 
suicidal  tendencies,  more  aggravated  melancholia ;  and 
recovered,  six  weeks  afterward,  when  the  menses  were 
re-established. 

I  have  seen  a  number  of.  cases  in  which  mental  perver- 
sion was  conspicuous.  Two  cases  in  particular  now  occur 
to  me.  One  was  that  of  an  old  woman  who  had  general  and 
very  severe  chorea,  and  who  for  ten  or  twelve  yeai-s  was 
a  contirmed  chronic  maniac.  The  other  case  was  that  of 
a  yotmg  woman,  aged  twenty-five,  who  suffered  from 
hysterical  mania.  In  the  fii'st  case  the  autojisy  revealed 
very  extensive  cortical  degeneration.  I  think,  as  a  rule, 
that  the  form  of  mental  trouble  presented  by  choreics  is 
that  of  excitement,  and  the  psychical  derangement  is  more 
common  among  adults  than  among  children. 

Some  writers  speak  of  a  marked  loss  of  memory;  this 
I  have  never  found  except  when  the  chorea  was  a  symp- 
tom of  dementia. 

The  urine  of  the  choreic  patient  is  often  copious  in 
amount,  and,  in  tliose  cases  in  which  tliere  is  a  rheuma- 
tisuial  complication,  is  apt  to  be  loaded  with  the  viratesand 
]>hosphates.  Sugar  is  occasionally  foimd.  Frauqui'  re- 
ports the  case  of  a  boy  who  sulTered  with  chorea  major, 
and  whose  urine  contained  sugar  after  each  violent  attack. 
In  the  intervals  it  was  normal.  This  relationship,  how- 
ever, cannot  be  regarded  asa  matter  of  very  great  impor- 
tance. Hanfield  .lones,  who  has  repeatedly  examined  the 
urine  of  these  patients,  thus  tabidates  the  result  of  his 
tirinary  examination;  "1.  In  tolerably  severe  cases,  dur- 
ing the  full  sway  of  the  disorder,  the  urine  maj-  be  of 
high  specific  gravity,  1.030  to  1.040,  contains  an  excessof 
urea;  after  crystallizing  copiously  with  half  its  volume 
of  nitric  acid,  deposits  sometimes  lithaftes,  sometimes 
phosphates;  its  color  is  full,  and  on  boiling  with  one- 
fourth  its  volinue  of  muriatic  acid  it  darkens  extremely. 
3.  The  total  amoimt  of  urea  and  of  phosphoric  acid  ex- 
creted in  twenty -four  hours  may  l)e  greatly  in  excess. 
3.  In  convalescence  the  specific  gravity  falls  consider- 
ably, the  color  becomes  paler,  there  is  less  darkening 
when  the  urine  is  boiled  with  muriatic  acid,  and  the 
amoiuit  of  urea  and  i>hosphoricacid  may  diminish  to  less 
than  one-half.  4.  The  bodily  weight  increa.ses  during  • 
the  ])eriod  of  convalescence.  5.  It  does  not  appear  that 
the  nervo-muscular  agitation  determines  the  increased 
excretion  of  urea,  as  the  latter  may  be  very  marked  in 
the  paralytic  form  of  the  malady." 

The  relation  of  chorea  to  rheumatism  and  cardiac  dis- 
ease is  one  of  the  utmost  importance.  In  1839,  Bright 
first  insisted  upon  the  recognition  of  the  association  of 
chorea  with  affections  of  the  heart  and  pericardium,  and 
in  1849  and  1850  Roth  and  See  systematically  described 
the  rheumatismal  origin  of  chorea.  They,  as  well  as 
Roger  and  Axenfeld.  hold  the  following  general  views; 
Chorea  may  develop  in  the  subject  of  acute  articular 
rheumatism.  The  jactitations  may  appear  in  the  course 
of  an  arthritic  attack,  but  rarely  when  the  temperature 
is  high.  The  chorea  may  take  the  place  of  an  attack  of 
inflammatory  trouble,  and  in  the  same  subject  the  two 
conditions  may  alternate.  In  other  cases  the  two  diseases 
may  coexist  and  be  due  to  the  same  cause.  Axenfeld 
speaks  of  the  appearance  of  chorea  in  connection  with 
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tlic  decline  of  the  acute  inlianimatory  symptoms.  There 
is  a  species  of  antagonism  in  the  vehemence  of  the  mala- 
dies, says  he.  and  "the  choreic  movements,  if  present  at 
all  during  the  fever,  are  of  the  slightest  kind,  and  limited 
to  a  few  irrimaees  of  the  face. 

The  relation  of  cliorea  to  heart  disease  is  generally 
recoirnized  to  occur  under  three  conditions,  and  these  are 
tabulated  by  A.xenfeld  as;  1.  When  the  chorea  precedes 
the  heart  disease,  a  simple  chorea  without  antecedent 
rheumatic  trouble,  tlie  cardiac  affection  beginning  from 
three  weeks  to  three  or  four  months  after  the  commence- 
ment of  the  chorea.  2.  When  the  cardiac  trouble  pre- 
cedes the  chorea.  «.;/.,  when  an  attack  of  pericarditis  is 
followed  in  from  ten  days  to  three  weeks  by  well-estab- 
lished chorea.  3.  When"  the  chorea  and  cardiac  affection 
hegin  simultaneously,  or  nearly  so. 

There  are  a  variety  of  conditions  which  complicate  the 
<lisease.  Some  of  these  are  of  an  asthenic  nature,  and 
others  are  coincident  diseases  of  infancy.  Sometimes 
these  intercurrent  affections  exercise  a  most  remarkable 
t'Ifect  >ipon  the  disease — cutting  short  the  choreic  attack. 
There  may  be.  perhaps,  a  febrile  attack  of  some  intensity, 
during  which  the  movements  are  increased  until  the  fever 
attains  the  maximum  intensity,  when  a  diminution  takes 
]>\-Mt.  When  the  reaction  ceases,  the  movements  dimin- 
ish or  disappear.  Sometimes  such  eruptive  fevers  as 
variola,  wlien  the  force  of  the  poison  is  exerted  upon 
the  nerve  ci'iitres,  produce  an  augmentation  in  the  force 
and  a  continuance  of  the  disease:  in  fact,  it  is  changed 
perhaps  from  a  simple  functional  affection  to  one  of  a 
ehronic  nature. 

Chorea  very  often  makes  its  appearance  in  pregnant 
women,  usually  during  the  early  months  of  utero-gesta- 
tion,  and  may  last  until  a  few  weeks  after  delivery,  or 
may  become  ii  chronic  affection.  I  have  seen  many  cases 
originating  during  the  latter  part  of  pregnancy,  and 
lasting  for  many  years:  and  I  am  inclined  to  regard  the 
affection  as  a  very  grave  one  in  many  instances.  In 
these  ca.ses  I  am  of  the  opinion  that  some  grave  embolic 
lesion  takes  place,  and  that  this  is  a  result  of  the  peculiar 
condition  of  the  blood  that  exists  in  certain  chlorotic  sulj- 
jects.  In  fact,  I  have  several  times  witnessed  the  most 
serious  accidents — cerebral  venous  thrombosis,  and  the 
liki — which  were  due  to  some  such  blood  state.  The 
chorea  of  pregnant  women  is  more  apt  to  lie  bilateral. 
and  the  tongue  is  involved.  This  fact  was  first  pointed 
out  bv  Romberg.  It  is  more  common  among  primipara\ 
and.  according  to  Axenfeld.  is  ipiite  likely  to  be  associated 
with  hysterifonn  and  epileptifonu  convidsions.  which 
lead  topossible  abortions.  In  one  of  Lincks  cases  the 
movements  were  worse  when  the  jiatient  was  lying  down. 
There  is  a  lighter  fonn  than  that  of  which  I  have  spoken, 
which  is  quite  C(mimon  and  begins  during  the  early 
months  of  ]uegnancy,  and  the  prognosis  of  which  is  not 
especially  bad. 

Hvsterical  chorea  is  rare:  that  is,  the  form  descriljed 
by  Charcot  and  Bourneville.  in  which  it  is  associated  witli 
the  hysteric  acces.  and  is  manifested  by  rhythmical  move- 
ments. I  have  not  seen  more  than  half  a  dozen  of  these 
cases:  but  it  is  by  no  means  uncommon  to  find  chorea 
developing  in  hysterical  women,  the  disease,  so  far  as 
the  movements  are  concerned,  differing  little,  if  any, 
from  the  familiar  disorder  of  infancy,  only  being  more 
violent. 

The  subject  of  true  hysterical,  rhythmical  chorea  will 
for  hours  repeat,  while  apparently  unconscious,  a  succes- 
sion of  movements,  let  us  say  of  flexion  and  extension: 
and  while  sitting  in  bed  she  bows  low,  recovering  her- 
self rapidly,  and  goes  through  with  this  for  hours  at  a 
time. 

Adult  cliorea  is  an  affection  often  associated  with 
mental  decay.  The  vaiiety  peculiar  to  old  age  (Choree 
des  Vieillards)  is  especially  so.  and  it  is  frequently  met 
with  in  association  with  dementia.  I  have  encountered 
ca.ses  in  which  the  disease  lasted  fifteen  or  twenty  years, 
and  in  one  instance  the  patient  was  upward  of  seventy 
years  of  age.  The  disorderly  movements  are  quite  gen- 
eral, involving  not  only  the  extremities  and  trunk,  but 


the  muscles  of  the  face,  so  that  the  subject  makes  the 
most  horrible  grimaces.  In  such  jiatients  there  is  nearly 
always  a  history  of  cardiac  trouliU;  and  old  rheumatism. 

Congenital  idiots  are  very  apt  to  present  various  dis- 
orders of  motility,  among  which  are  automatic  move- 
ments and  chorea:  in  this  instance  the  chf)rea  probably 
being  associated  with  cerebral  hcmiatroiihy  and  differ- 
ence in  development  between  the  two  sides  of  the  body. 

Ireland '  speaks  of  the  association  of  insjinity  in  chil- 
dren with  a  chorea  which  is  curable.  Electric  chorea, 
which  was  originally  described  by  Dubini.  is  a  disease 
of  endemic  character,  and  it  is  manifested  in  a  variety  of 
ways:  by  rhythmical  movements  which  last  for  weeks; 
by  paralysis  and  atrophy  of  the  muscles  involved  in  the 
sjiasms;  by  local  epileptifonu  convulsions,  general  at 
times;  l)v  headache  and  coma,  by  delirium,  and.  finally, 
by  death.  Its  peculiar  character  gained  for  it  the  names 
myelitis  convulsiva  (Horte!)  and  typhus  convulsiva  cere- 
bralis  (Fnia).  Delirium  and  head  symptoms  usually  fol- 
low the  first  four  weeks  of  the  disease,  anil  precede  the 
coma  (Radcliffe).  The  duration  of  the  affection  is  about 
that  of  ordinary  chorea. 

Two  very  unusual  forms  of  the  disorder  are  known  as 
tarantism  and  tigretier.  Both  are  varieties  of  chorea 
major,  and  are  undoubtedly  hysterical  or  imitative  in 
character.  The  firet,  which,  so  far  as  I  can  learn,  is  un- 
known to-day.  was  supposed  to  be  due  to  the  bite  of  the 
tarantula.  The  development  of  the  disease  was  marked 
by  a  period  of  depression  and  .stupidity:  and  when  the 
sound  of  musical  instruments  was  heard,  the  victims 
leaped  into  the  air  and  indulged  in  a  wild  species  of 
dance,  continuing  it  imtil  powerless  from  exhaustion. 
During  the  epidemic  sexual  excesses  of  all  kinds  were 
rife. 

The  tigretier,  a  disease  of  modern  times,  resembles 
very  much  the  tarantism,  and,  in  fact,  both  of  these  are 
in  many  respects  like  those  forms  of  religious  excitement 
which  liring  with  them  suspension  of  inhibitory  control 
and  great  disorder  of  muscular  movement.  We  are 
furnished  with  examples  both  in  this  country  and 
abroad,  and  the  convulsionnaires  in  France  and  the 
jumpers  of  !Maine  may  be  instanced. 

Etiology. — Chorea,  as  a  rule,  is  a  disease  of  early  life, 
anil  this  may  be  said  to  be  almost  absolute  in  regard  to 
chorea  minor.  The  more  severe  affections,  which  include 
hemichorea,  have,  as  a  rule,  some  basis  of  cerebral  change. 
The  jjcri.od.  then,  at  which  the  disease  is  most  common 
is  between  the  ages  of  eight  and  eighteen:  from  eight  to 
twelve  it  is  very  common.  Congenital  cases  have  been 
reported  by  Richter  and  Fox,'  and  Simon  has  met  with 
it  in  children  a  few  days  old.  Of  19.5  cases  reported  by 
Haven,  2  were  said  to  be  congenital,  11  were  less  than 
six  years  old,  92  between  si.x  and  eleven,  58  between 
eleven  and  fifteen,  23  between  fifteen  and  twenty-one, 
and  10  between  twenty-one  and  sixty."  Heller*  also 
l>resents  a  case.  In  adults  we  find  that  cases  have  been 
reported  at  all  ages,  and.  as  I  have  said  before,  even  in 
advanced  life.  Some  cases  begin  in  childhood  and  con- 
tinue through  life,  and  others  recur  every  year  for  several 
years  and  then  subside.  I  have  found,  and  I  think  my 
experience  is  borne  out  by  the  statistics  of  others,  that 
the  disease  is  most  frequent  during  the  spring  or  fall.  I 
have  repeatedly  seen  cases  that  commenced  in  October 
and  continued  until  April  or  May.  but.  as  a  rule,  under 
proper  treatment  the  disease  is  not  so  protracted.  In 
such  cases  I  find  often  a  history  of  eczema  capitis  and 
gastric  derangements,  and  it  is  not  uncommon  to  find  the 
skin  disease  and  the  chorea  in  association.  Sometimes 
the  eczema  takes  the  place  of  the  chorea  and  marks  the 
period  of  subsidence.  So  far  as  local  climatic  influences 
are  observed,  it  would  seem  as  it  the  disease  belonged  to 
cold  or  temperate  countries.  Axenfeld  states,  upon  the 
authority  of  Rufz  de  Lavison.  that  it  is  unknown  in 
Martinique.  Guadeloupe,  and  other  hot  places:  and  I  find 
that,  while  not  unknown  in  our  own  Southern  countfj-, 
it  is  of  comparatively  infrequent  apiiearance  there.  It 
is  certain  that  the  negro  is  exempt  from  the  disease,  as 
Dr.  Mitchell  has  proved  from  inquiries  he  has  specially 


43 


Chorea, 
(liorea. 


REFEKE^X•E  HANDBOOK  OF  THE  MEDICAL  SCIEXCES. 


mado.  I  have  never  seen  a  case  in  a  negro  eliilcl.  It  is 
more  common  among  the  German  and  American  children 
than  among  the  Irish,  so  far  as  ray  statistics  go,  and  the 
cliildren  of  the  poor  are  particularly  liable. 

ilany  authors  agree  as  to  the  influence  of  heredity  in 
cases  wliich  develop  in  adult  life,  and  instances  are  on  rec- 
ord in  which  the  parents  of  the  patient  had  been  affected. 
Trousseau »  and  Ilanfield  Jones  trace  out  the  development 
in  phthisical  families,  and  Day  calls  attention  to  the  fact 
that,  among  tlie  Jews,  it  is  very  common  and  is  often  as- 
sociated wiUi  epilepsy,  or  appears  in  the  children  of  epi- 
leptic patients.  It  is  by  no  means  dillicult  in  gouty  fam- 
ilies to  learn  not  only  that  several  children  of  the  same 
family  have  been  affected  "vvith  chorea  luit  that  also  the 
father  or  the  mother  had  been  a  sufferer  from  the  disease. 

As  to  sex,  it  is  commonly  a  disease  of  females,  and  the 
ratio  is  as  three  to  one. 

This  is  especially  true  when  the  subjects  are  between 
the  ages  of  twelve" and  fifteen,  the  time  of  pubert}'.  Of 
Pve-^^niths  13G  cases,  98  were  females  and  38  males. 
Of  62  patients  affected  between  the  ages  of  si.\  and  ten, 
47  were  females,  and  the  remainder  males,  while  between 
the  ages  of  si.x  and  fifteen,  of  the  106  cases  74  were 
females  and  the  others  males.  In  the  cases  iu  Avhich  the 
disease  appears  later  in  life  there  is  a  much  greater  pre- 
ponderance of  female  patients,  and  this  is  true  even  of 
the  anatomical  form  of  the  disease. 

It  is  scarcely  proper  in  this  place  to  consider  the  variety 
of  chorea  known  as  posthemiplegic,  for  this,  after  all,  is 
a  distinct  affection,  and  the  spasmodic  movements  are  by 
no  means  ]iathognomonic,  A  degeneration  of  the  pyrjun- 
idal  column,  from  whatever  cause,  will  be  quite  likely 
to  give  rise  to  choreiform  movements. 

The  influence  of  fevers,  especially  those  of  a  zymotic 
nat\ire,  in  the  development  of  chorea,  is  important.  Scar- 
let fever,  measles,  whooping-cough,  and  diphtheria  some- 
times leave  after  them  a  most  intractable  chorea,  which 
oftentimes  becomes  a  chronic  affection. 

Barclay,  Bernheim,  and  others  speak  of  typhoid  as  a 
cause  or  complication. 

Onanism  is  mentioned  as  a  cause,  but  I  do  not  attach 
much  importance  to  this  statement,  although  it  appears 
to  find  favor  with  the  Germans. 

Overstudy  has  undoubtedly  much  to  do  with  its  de- 
velopment. Some  years  ago  I  found  by  a  careful  sjstem 
of  inquiries,  instituted  by  means  of  printed  tables,  that 
nearly  twenty  percent,  of  the  public  school  children  of 
Xew  York  suffered  from  some  choreiform  trouble,  which 
varied  from  simple  limited  twitchings  to  well-marked 
chorea.  Dr.  J.  Crichton  Browne,  in  the  report  of  an  in- 
vestigation which  he  had  made  (see  "Report  upon  Over- 
|iressure  of  AVork  in  Public  Elementary  Schools,"  Lon- 
don, 1884),  sa\s  that  while  he  found  much  nervous  motor 
trouble,  he  is  of  the  opinion  that  chorea  is  not  as  common 
as  here,  but  he  admits  that  his  paucity  of  findings  may 
have  been  due  to  the  fact  that  children  were  taken  away 
from  school  as  soon  as  affected. 

Saturnine  chorea  may  manifest  itself  in  suddenly  de- 
veloped convulsive  movements  of  the  limbs.  Tanquerel 
speaks  of  it  ("Lead  Diseases,  a  Treati.se."  etc..  by  L. 
Tanquerel  des  Planches.  American  translation,  1850,  p. 
288),  the  "first  form  of  the  convidsive  variety,"  as  fol- 
lows: "The  face,  or  one  side  of  it  only,  one  or  several 
limbs,  are  agitated  by  rapid  convulsions  analogous  to 
those  produced  by  electric  shocks.  Instead  of  this  effect 
all  the  parts  may  be  struck  with  permanent  contraction, 
remaining  a  longer  or  shorter  time  without  interruption." 
It  is  usually  a  form  of  trouble  connected  with  cerebral 
diseases  of  a  grave  type,  and  is  the  precursor  of  the  rup- 
ture of  a  blood-vessel. 

The  association  of  chorea  with  epilepsy  is  occasional, 
and,  when  found,  is  an  affection  of  long  standing.  I  have 
met  with  it  frequently  in  children,  and  almost  without 
exception  the  attacks  of  epilepsy  involved  the  limbs  of 
one' side  of  the  bod}';  in  fact,  there  were  a  hemiepilepsy 
and  hemichorea  in  association.  In  two  cases  there  were 
general  convulsions,  beginning  unilaterally  in  association 
with  hemichorea. 


Chorea  is  occasionally  of  traumatic  origin,  and  is  then, 
as  a  rule,  dependent  upon  some  grave  cerebral  lesion  or 
meningeal  irritation.  Chauveau  has  reported  a  case  that 
was  dependent  upon  a  cicatrix. 

Kinnicutt  and  Heinemann  ha\"e  pointed  out  the  rela- 
tions of  chorea  to  certain  states  of  malarial  poisoning. 

A  form  of  toxic  chorea  that  is  observed  iu  adults  is  the 
direct  result  of  tobacco.  It  is  usually-  general,  but  may 
be  confined  to  the  muscles  of  the  face.  1  have  seen  many 
cases  of  this  disorder  in  subjects  who  used  tobacco  to  ex- 
cess. The  movements  were  found  in  association  with 
vague  hyperajsthesis,  or  rather  dys*sthesi:ie,  consisting 
of  a  "tightness"  or  a  "feeling  of  tension"  of  the  skin  of 
the  face" and  head,  with  palpitation  and  gastric  disturb- 
ances— manifestations  which  subsided  under  the  use  ot 
hypophosphitesand  upon  the  discontinuance  of  the  habit. 
"  In  one  boy.  who  was  addicted  to  the  jjractice  of  cigar- 
ette smoking,  the  disease  was  entirely  due  to  this  bail 
habit.  In  all  of  these  cases  the  faces  were  often  redo- 
lent of  decomposed  nicotine. 

Intestinal  irritation  is  a  most  important  cause  of  chorea, 
whether  such  irritation  be  from  intestinal  worms  or  from 
undigested  food.  Cases  iu  which  the  expulsion  of  lumbri- 
coides  was  followed  by  cure  are  numerous.  Tardieu  re- 
ports a  case  in  which  a  sudden  cure  followed  the  expulsion 
of  eight  liunbricoides.  I  have  fiic|U<'ntly  met  with  exam- 
ples of  the  disease  in  which  immediate  relief  was  afforded 
after  the  rectum  had  been  freed  from  a  ball  of  pin-worms 
liy  a  free  injection  of  quassia  or  a  saline  enema.  It  larely 
happens  that  the  soince  of  intestinal  irritation  is  a  Ta;nia 
solium,  but,  strange  to  say,  children  are  sometimes  the 
subjects  of  chorea  from  such  a  cause.  Ilanfield  Jones 
speaks  of  a  boy,  nine  years  old,  who  was  sleepless  for 
four  days  and  nights,  who  was  in  a  state  of  constant 
motion,  whose  lips  and  teeth  were  covered  with  sordes, 
and  who  presented  every  appearance  of  collapse.  A 
dose  of  oil  of  male  fern  brought  away  a  tapeworm  seven 
yards  long,  and  in  a  few  days  the  patient  ra|)idly  con- 
valesced. I  have  reported  elsewhere  a  case  of  this  kind, 
and  in  this  as  well  as  in  some  other  eases  of  chorea  the 
distinguishing  features  are  the  sudden  development  and 
very  violent  anrl  general  character  of  the  disease. 

The  influence  of  itiiilnWon  nnd  fn'i//it  as  exciting  cau.ses 
is  supjiosed  to  [ilay  a  very  great  part  in  the  genesis  of 
the  malady. 

In  the  epidemic  form  of  the  disorder  there  are  many 
historical  examples.  The  danger  of  association  of  healthy 
with  choreic  children  has  been,  I  am  convinced,  very 
much  exaggerated.  When  the  disease  develops  tmiler 
these  circumstances,  the  victims  are  usually  hysterical 
subjects.  In  a  child  of  weak  nervous  system  a  sudden 
friglit  may  undoubtedly  cause  nuieh  mischief. 

Strange  considers  the  influence  of  two  forms  of  fright 
(Biitinh  Med.  .Journal,  July  16th.  1881,  p.  69),  and  he  be- 
lieves that  in  two-thirds  of  the  cases  it  is  the  exciting 
cause.  "Fright  may  operate  iu  various  ways,  some 
simple,  some  more  continuous  an<l  complicated.  It  need 
not  be  sudden,  though  that  is  generally  the  case.  There 
is  a  kind  of  fear  or  fright  to  which  eiiildren  are  exjiosed 
for  long  periodsof  time.  Ill  tempered  parents,  especially 
the  mother,  may  keep  a  child  in  perpetual  trepidation 
and  dread  of  punishment  for  tinavoidable  disasters. 
Again,  the  coming  home  of  a  drunken  father  must  often 
be  a  source  of  continual  terror  to  a  delicate  and  .sensitive 
girl.  Ghost  stories  and  foolish  threats  of  '  Old  Bogies, ' 
and  the  like,  so  constantly  used  by  ignorant  mothers  jind 
lunses,  need  only  to  be  mentioned  to  be  severelv  repro- 
bated." 

The  appearance  of  chorea  in  children  who  have  been 
improperly  fed  is  not  always  regarded  with  the  impor- 
tance it  should  be.  An  excessive  meat  diet  is  often  re- 
sponsible for  this  as  well  as  other  neuroses,  notably  epi- 
lepsy and  hysteria.  In  these  cases  there  is  very  often  a 
history  of  broken  sleep,  night  terrors,  incontinence  of 
urine,  and  not  infrequently  somnambulism. 

The  P-\Tnoi.oGY  of  chorea  has  been  considered  by  a 
number  of  English  and  continental  observers,  the  former 
adhering  to  the  theory  of  a  cerebral  origin  of  the  affec- 
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tidii.  Todd,  Stcnhouso  and  Kirkes,  Bioadbcnt.  Oglo, 
Tiickwfll.  Iluglilinirs  .lacUsou.  and  ]5a.stian  all  favor  the 
tliiorv  that  it  is  an  enibolio  disease,  and  that  the  corpus 
.■siriatuin  is  its  seat.  Thouffli  Todd  was  the  tirst  to  jioint 
out  this  iirobable  origin  of  the  disease,  startins;  from  the 
slaiidpoiul  of  the  unilateral  spasm  and  luiniparesis,  it 
was  not  until  I.STO,  or  thereabouts,  that  Kirkes  stated 
thai  chorea  is  the  result  of  irritation  proilueed  in  the 
nerve  centres  by  line  molecular  jiartieles  of  tibriu  which 
are  set  free  from  an  intlamed  enilocardium  and  washed 
by  the  blood  into  the  cavities  of  these  centres.  Apiire- 
<iating  the  important  relationship  of  the  middle  cereliral 
artery  tocerebral  nutrition,  the  other  investigators  named 
look  u])ou  the  corpora  striata  as  the  region  most  often 
alTected,  Ogle,  Tuckwell,  and  others  liave  found  em- 
bolic plugging.  Ailken  believed  the  optic  thalamus  to 
be  atTectvd  as  well,  but  it  woidd  apjiear  that  in  the  cases 
umlcr  consideration  there  were  sensory  alterations. 

.V  variety  of  experiments  have  been  made  by  Kaymond 
and  other  French  investigators. 

Raymond  experimentally  caused  chorea  in  dogs  by 
wouiiding  the  internal  capsule  and  optic  thalamus,  pro- 
ilucing  chorea  of  the  opposite  side. 

JJosenthal  "'experimented,  for  the  purpose  of  producing 
embolic  occlusion,  by  injecting  pollen  into  the  left  in- 
ternal carotid  of  a  ciioieic  dog  in  whom  the  movements 
were  most  active  in  the  right  foreleg.  The  residt  of  tlie 
injection  was  that  the  dog  became  jiowerless  to  change 
liis  position.  Despite  the  abolition  of  voluntary  move- 
ments, however,  violent  choreic  convulsions  occurred  in 
the  anterior  limbs,  in  the  eyes  and  tail,  and  continued  for 
two  days,  until  the  death  of  the  animal  took  place.  Au- 
topsy:  Encephalitis  of  the  left  anterior  lobe,  softening  of 
the  left  corpus  striatum,  embolism  of  the  left  middle  cere- 
bral artery,  etc.  The  conclusion  arrived  at  was  that  the 
abolition  of  function  of  the  motor  ganglia  was  followed 
by  increase  of  choreic  movement  and  irritation  of  the  co- 
ordination centre. 

Other  investigators — among  them  Chanvcau,"  Car- 
vaille,  and  Bert — operated  upon  choreic  dogs:  they  cut 
the  cervical  cord  and  determined  that  the  choreic  move- 
ments were  not  dependent  upon  any  influences  emanating 
from  the  cerebrum  or  cerebellum.  A  section  made  lower 
down  in  the  dorsal  region  in  two  other  dogs  resulted  in 
diminution  of  tlie  movements  in  the  tail  and  legs.  They 
concluded,  therefore,  that  chorea  minor  was  a  spinal 
alTection. 

Le  Gros  and  Onimus'-  made  further  experiments,  and 
were  also  of  the  oiiinion  that  chorea  was  a  disea.se  of  the 
cord.  Excitation  of  the  posterior  column  exaggerated  the 
movements,  and  freezing  this  part  of  the  cord  produced 
a  diminution  in  their  intensity.  The  movements  were  not 
diminished  by  section  of  the  posterior  root  zone,  but  only 
by  the  partial  section  of  the  posterior  columns  and  horns. 

These  observers  concluded  that  the  seat  of  the  chorea 
was  in  the  cells  of  the  posterior  horns,  or  in  fibres  con- 
necting them  with  the  great  motor  cells. 

Numerous  post  mortem  examinations  have  been  re- 
ported, the  most  important  of  which  are  those  of  ileynert 
and  Ellischer.'^  who  foiuid  changes  in  the  peripheral 
nerves  as  well  as  cerebral  lesions. 

The  English  authorities  have  made  many  autopsies, 
and  their  researches  have  revealed  obstruction  of  the 
middle  cerebral  and  smaller  cerebrdl  arteries,  usually  on 
the  left  side  of  the  brain. 

Bastian  found,  in  one  case  of  bilateral  chorea,  embolic 
plug.ging  by  an  aggregation  of  white  corpuscles,  oblitera- 
tion of  small  vessels  in  the  corpora  striata,  serous  effusion 
in  the  ventricles,  etc.  Hughes  collected  fourteen  fatal 
cases  in  which  the  meninges  Avere  either  congested  or 
pale.  There  were  effusions  and  subarachnoid  and  ven- 
tricular adhesions  of  the  dura  to  the  skull;  in  fact  there 
Mas  nothing  distinctive  about  the  findings.  In  eight  of 
these  cases  the  spinal  canal  was  opened,  and  in  these  cases 
the  cord  was  found  to  be  perfectly  healthy,  as  were  also 
the  membranes.  In  one  there  was  slight  congestion.  In 
the  other  four  there  were  adhesions  of  the  arachnoid  of 
ancient  date,  and  softening  of  the  posterior  columns  and 


gray  matter  generally.  In  one  case  softening  was  found 
at  the  level  of  the  third  or  fourth  dorsal  vertebra. 

At  best  these  jiarlicular  results  simply  show  that  fatal 
chorea  may  be  found  with  cerebro-spinal  textural  altera- 
tions of  inconstant  character. 

The  observations  of  a  few  English  writers,  among  them 
Bastian.  are  of  great  value  in  pointing  to  the  corpora 
striata  as  the  chief  seat  of  trouble. 

The  continental  investigators  have  done  much  more 
accurate  work  and  have  shed  great  liglit  upon  the  i)atho- 
logical  anatomy  of  the  disease. 

Meynert.'^  especially,  and  Schultze"  have  both  ably 
investigated  fatal  cases.  The  former  found  degenera- 
tion of  a  large  number  of  cells  of  the  cortical  substance 
of  the  brain,  some  being  swollen  and  the  others  shrivelled. 
Thoseof  the  third  frontal  convolution  were  involved  (|uite 
extensively,  and  so  also  were  those  of  the  ganglia.  There 
were  general  connective  tissue  thickening,  and  prolifera- 
tion in  the  motor  tmets  of  the  brain  and  cord. 

The  morbid  ap])earances  found  by  Ellischer  included 
very  extensive  degeneration  of  the  nerve  elements  of  the 
corpus  striatum,  hyperjilasia  of  the  connective  tissue, 
and  proliferation  of  the  nuclei,  especially  of  the  lenticu- 
lar nucleus;  the  walls  of  the  blood-vessels  were  also 
found  to  have  undergone  a  thickening.  At  the  sjime 
time  the  cord  was  involved,  the  posterior  columns  being 
the  seat  of  some  sclerosis  in  the  gray  matter,  which 
was  hypertemic;  and  there  was  a  decided  nuclear  pro- 
liferation in  the  gray  substance  adjacent  to  the  cells, 
which  were  more  or  less  diseased,  they  being  pigmented 
and  destitute  of  nuclei.  Besides  these  changes  tliere  was 
a  sclerosis  of  the  peripheral  nerve  fibres,  together  with 
a  certain  amotmt  of  destruction  of  the  ultimate  nerve 
filaments.  Dana  '*  (1898)  practically  agrees  with  certain 
observers  and  has  found  degeneration  of  nerve  cells,  peri- 
vascular dilatation,  and  intiltration  of  the  cells  of  the 
intima  of  the  small  arteries;  also  fibrinous  deposits  on 
the  walls  of  the  heart. 

As  to  PnoGSosis.  we  have  to  consider  the  cjuestion  of 
duration  of  the  iiuniediate  attack,  its  ]irobable  recurrence, 
and  the  possibility  of  a  fatal  termination.  I  have  already 
called  attention  to  the  two  first,  and  I  shall  simply  add 
that  chorea  minor  is  u.sually  a  simple  and  curable  affec- 
tion, lu  adults  this  is  not  the  case,  for  when  no  other 
cause  can  be  ascertained,  it  is  unhappily  true  that  the 
affection  is  too  often  indicative  of  some  such  gross  cere- 
bral disease  as  tumor  or  sclerosis,  or  is  a  sequence  of 
arterial  rupture.  I  have  seen  many  cases  of  the  simple 
affection  in  chlorotic  young  woiuen.  in  fact  in  women  of 
thirty  to  forty,  which  was  readily  curable;  so  even  this 
rule  has  its  exceptions. 

The  danger  in  fatal  cases  arises  from  exhaustion,  from 
the  debility  caused  by  the  constant  excessive  motion,  and 
liy  attendant  insomnia.  In  febiile  cases  the  prognosis  is 
decidedly  bad  if  anything  like  a  typhoidal  state  super- 
venes. 

Numerous  fatal  examples  have  been  reported.  Gris- 
wold  "■  lelates  a  case  which  i>roved  fatal  in  sixteen  days, 
and  Ogle  "  brought  forward  sixteen  other  cases. 

Haven,  of  Boston,  has  made  some  very  interesting  in- 
vestigations, and  has  analyzed  2(J0  cases  of  chorea.  From 
his  table  it  would  appear  that  the  average  duration  of 
the  disease,  in  2.5  sucli  cases  as  he  could  follow  up.  was 
9-1.0  daj-s.  In  others  it  was  77  days,  when  arsenic  was 
used. 

Gray  and  Tuckwell  have  also  gathered  statistics  in  a 
numljer  of  cases  when  no  treatment  was  given,  and  the 
average  duration  was  from  72  to  76  days  in  different  sets 
fif  ca.ses.  It  is  not  uncommon  to  find  cases  which  recover 
in  six  weeks,  and  sometimes,  under  the  use  of  ferruginous 
tonics,  the  period  may  be  much  shorter. 

The  tendency  to  relapses  is  quite  common;  in  fact. 
Haven  found  tliat  there  was  1  relapse  in  2'3  cases.  2  in  4. 
3  in  2,  4  in  1,  .5  in  1,  and  7  in  1.  and  14  of  these  recurred 
in  the  first  ^i-^  months  of  the  year.  Yon  Ziemssen  refers 
to  the  fact  that  recurrences  are  most  common  at  puberty. 
Of  33  cases  of  chorea  the  notes  of  which  I  have  kept — 
and  the  number  would  have  been  much  larger  were  it 
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not  for  the  fact  that  many  were  observed  at  dispensaries, 
where  tlie attendance  is  so  irregularaud  floating — I  found 
that  in  40  per  cent,  of  the  cases  there  were  3  relapses. 

The  residual  paralysis  is  sometimes,  though  rarely, 
quite  lasting.  If  a  bemichorea  exist  for  a  year,  it  is  quite 
likely  to  be  associated  with  some  loss  of  muscular  sub- 
stance. In  one  of  West's  cases — a  girl — it  was  found, 
three  months  after  the  movements  had  ceaseil,  that  the 
left  arm  w'as  half  an  inch  smaller  than  the  right.  In 
another  patient — who  had  kept  her  bands  clenched  for  a 
long  time — there  was  wasting  and  contraction. 

The  Di.\GNOSis  of  chorea  should  be  simple  enough,  if 
we  throw  out  of  consideration  those  cases  of  organic 
origin,  the  so-called  "posthemiplegic  chorea."  The 
movements  themselves  can  hardly  be  confounded  with 
any  others.  The}'  are  coarse,  .I'erky,  and  irregular,  and  in 
no  sense  rhythmical.  The  same  cannot  be  said  of  the 
movements  observed  in  post-hemiplegic  chorea,  in  wliich, 
besides  eccentric  jactitations,  there  is  usuallj'  more  or  less 
tremor.  The  movements  of  chorea  maj'  in  simple  cases 
(I  may  sa_y  always  in  ciiorea  minor)  be  controlled,  in  part 
or  wholly,  by  the  e.xercise  of  the  will.  Embarrassment 
and  diversion  of  attention  seem  toaggravate  the  intensity. 

The  age  of  the  subject  is  also  a  determining  factor. 
Those  forms  of  degeneration  of  the  brain  or  spinal  cord  in 
which  hyperkinesis  is  a  symptom  ari^  very  rare  in  chil- 
dren, the  exception,  perhaps,  lieing  cerebral  hypertropliy 
and  hemiatro]ibj' ;  and  here  we  find  errors  in  develop- 
ment and  other  concomitant  symptoms  which  render 
diagnosis  quite  simple. 

In  paralysis  agitans  we  have  an  affection  which  re- 
sembles to  some  extent  certain  varieties  of  adult  chorea. 
We  find  festination,  associated  movements,  no  aggrava- 
tion by  attempt  at  control,  and  a  "  fineness  "  of  the  spasms 
which  can  hardly  be  called  choreic. 

In  the  diagnosis  of  the  particular  cases  much  dejiends 
upon  our  ability  to  determine  the  jiroliable  nature  of  the 
chorea  itself;  whether  it  lie  due  to  eceentric  irritation, 
toanaemia;  whether  it  bease(|uenee  of  oneof  thezymotie 
diseases;  or  whether  it  be  a  symptomatii'  alTeetion.  the 
result  of  some  form  of  tissue  change.  These  things  are 
important  when  we  come  to  predict  tin;  course;  of  tlie 
malady.  It  will  readily  be  seen  how  nuicli  credit  may  be 
gained  by  recognizing  the  true  nat  in-e  of  a  chorea"  de- 
pendent upon  intestinal  worms  or  other  irritative  causes, 
and  prcmiptlv  curing  the  same  by  expulsion  of  the  irritat- 
ing agents.  The  connection  of  the  ilisease  with  some 
affection  of  the  heart  is  also  most  Important  to  recognize. 

The  Treat.ment  of  chorea  has  probably  received  more 
attention  than  that  of  any  other  nervous  disorder,  an<l  the 
list  of  remedies,  good,  bad,  and  indifferent,  is  very  long. 
As  I  have  said,  there  is  very  little  difference  Ijetween  the 
duration  of  the  malady  in  those  patients  for  whom  the 
expectant  treatment  is  ordered,  and  the  duration  in  the 
case  of  those  who  are  subjected  to  a  rigorou.s  course  of 
medication  of  the  orthodox  kind.  In  the  practice  of 
medicine,  masterly  inactivity  is  not  always  the  most  pru- 
dent method  of  procedure,  but  in  chorea  minor  I  would 
counsel  the  simplest  treatment  possible.  Of  the  vast 
horde  of  remedies,  I  think  we  can  discard  all  but  three 
or  four,  and  I  will  name  them  in  their  order  of  useful- 
ness: (1)  Arsenic:  C~)  strychnine:  (3)  iron;  (4)  the  fats. 

There  is  a  second  list  of  remedies  which  are  employed 
for  the  purpose  of  reaching  special  conditions,  and  among 
these  I  may  mention  heat  and  cold,  anthelmintics,  seda- 
tives, the  coal-tar  products,  etc. 

If  we  do  use  any  of  the  remedies  of  the  first  order, 
it  must  be  freely  aiid  with  the  idea  of  getting  their  full 
physicjlogical  effects;  especially  is  this  true  of  arsenic 
and  strychnine.  In  children  the"  dose  of  the  former  should 
be  rapidly  increased  until  slight  oedema  becomes  visible 
below  the  eyes,  while  the  good  effects  of  strychnine  are 
obtained  only  when  there  is  complaint  of  teirsion  of  the 
back-leg  muscles,  For  reasons  of  safety  as  well  as  on 
account  of  greater  efficacy,  a  bulky  solution  of  strychnine 
is  recommended  in  preference  to  drops  or  granules.  In 
combination  with  the  syrup  of  the  iodide  of  iron,  the 
latter  drug  is  of  especial  service  in  the  ana;mia  of  chorea. 


To  this  mixture  may  be  added  digitalis,  especially  in 
many  cases  in  which  cardiac  asthenia  is  a  feature.  The 
French  writers  favor  the  division  of  chorea  into  many 
forms  with  relation  to  the  etiological  factors.  When  such 
forms  are  clearly  made  out,  of  course  it  becomes  our  aim 
to  direct  special  treatment  to  the  individual  cases.  In 
those  f<irms  with  rlieiiiiintiKinal  history,  the  salicylate  of 
soda,  the  tincture  of  cimieifuga  racemosa,  stdphur  and 
vapor  baths  and  alkalies,  are  of  great  service;  hysterical 
cases  are  most  helped  by  the  valerianate  of  zinc,  cypri- 
pedin,  or  cannabis  indica.  In  many  eases  the  removal  of 
an  ulcerated  wisdom  tooth  is  sutficient  to  effect  the  dis- 
appearance of  a  violent  chorea,  and  when  intestinal  worms 
e.xist,  we  are  to  turn  to  turpentine,  kousso,  or  sixntonin. 

Should  the  movements  be  sufficiently  violent,  as  they 
often  are,  to  necessitate  the  use  of  restraint,  I  know  of  no 
better  remedies  than  hyo.scyamine  or  cbloial  hydrate.  ()f 
the  benefit  of  calabar  bean  in  such  cases,  I  have  little  to  say. 
It  has  never  been  of  the  slightest  service  in  several  cases 
in  which  I  have  tried  it,  and  I  may  say  the  same  thing 
of  beUadonna.  Axenfeld  recommends  opium  in  large 
do.ses,  but  be  wi.sely  cautions  those  who  administer  it  to 
children.  Gerv  and  Fuster  recommend  the  repeated  use 
of  chloroform — in  inhalation — several  limes  a  day. 

In  some  cases  the  remedies  cited  above  may  be  used 
hypodermically,  but,  as  a  rule,  this  is  an  uiuiece.ssarily 
painful  mode  of  treatment.  Arsenic  has  been  used  in 
this  way. 

Four  or  fivedrojisof  Fowler's  .sulution  may  be  injected 
daily  in  the  affected  member;  and  by  HadelitTe,  Eulen- 
burg,  and  others,  it  is  said  to  act  more  ((uickly  than  «  ben 
administered  by  the  stomach. 

The  \ise  of  cold  is  oecasionally  of  great  benetit  to  the 
choreic  patient.  The  application  of  the  ether  sjuay  to 
the  entire  spine  every  day,  for  ten  or  fifteen  minutes,  or 
the  apiilicatioM  of  cold  I)y  means  of  the  ice-bag,  is  ex- 
cellent, especially  in  violent  cases.  I  have  of  late  ap- 
idied  the  needle  dou<-bc,  using  several  gallons  of  water. 

It  is  of  the  utmost  iinportanee  that  the  patient  should 
be  kejit  quiet,  and  that  nuiseular  exercise  slioidd  be  for- 
bidden. A  few  liours'  seclusion  daily,  in  a  dark  room, 
works  wonders,  and  at  other  limes  the  patient  should  be 
inad(!  to  assume  a  recumbent  ])osition.  if  possible. 

There  is  no  other  nervous  disease  which  is  helped  so 
much  by  iiroper  diet  as  this.  Fats  are  essential,  and  a  lib- 
eral administration  of  milk  an<l  cream  aswcllas  fresh  but- 
ter is  highly  recommended,  (iood  subslanli.'d  soups,  raw 
meat,  and  condensi'd  nitrogenous  nouiislnnent  should 
be  provided  to  the  exclusion  of  everything  else  wliieh 
simply  satisfies  hungeror  gratifies  the  capricious  appetite 
of  the  jiatient.  Sea  air  is  of  immense  service,  anil  sea 
baths,  if  not  too  wearisome,  are  to  he  advi.sed.  Still  water 
bathing,  of  course,  is  to  Ik;  preferred  to  sin-f  bathing. 

Jloral  treatment  is  of  great  value  in  many  cases. 
West,  whose  sensible  ideas  of  treatment  I  have  always 
adopted,  when  possilile.  calls  attention  to  the  emotional 
perversion  in  choreic  children,  and  speaks  as  well  of  the 
liebelude  and  weariness  of  mind,  which  seem  to  di.sap- 
pear  with  the  movements.  He  considers  moral  thera- 
peutics inapplicable  to  those  cases  of  partial  chorea 
which  sometimes,  though  not  often,  last  through  life. 
The  treatment  should  consist  in  removing  mental  strain, 
abridging  study,  and  instituting  a  regular  lifi'  and  projier 
habits,  and  in  i)uililing  u])  the  child's  will  power.  The 
consciou.sness  of  the  child,  in  regard  to  his  infirmities, 
should  not  alw.ays  be  awakened,  except  when  it  is  clearly 
a  bad  habit  and  not  the  result  of  disease. 

Allan  McLane  ITum/ltfn). 

'  Hecker's  Epidemics  of  tlie  Micidle  Ages. 

^  A  Clinical  Treatise  on  the  Diseases  of  the  Nervous  System,  liy  M. 
Rosenthal,  p. :«». 

3  lioston  Med.  and  Surer.  .loumal,  vol.  cxii.,  No.  14. 
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^  on  Idiocy  and  Iniln-rility,  p.  242. 
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CHORION. — The  chorion  is  the  outermost  of  the  mem- 
branes wliich  siirrmiiiil  tlic  embryo,  and  plays  a  most  im- 
portant part  in  its  licvclnpinent,  as  it  soon  comes  in  con- 
tact witli  the  dcciilua  and 
talies  an  active  part  in  the 
formation  of  tlie  fn'tal  jior- 
tion  of  tlie  placenta. 

According  to  Minot.  "  the 
chorion  is  the  whole  of  that 
portion  of  the  e.xtra-emlirv- 
onic  Romatopleure  which  is 
not  concerned  in  the  forma- 
tion of  the  amnion."  This 
deflnition  is  tmdonbtedly 
correct  for  a  large  number 
of  animals,  but  recent  in- 
vestigations render  it 
doubtful  whether  it  ajiplies 
to  itiaii;  as  all  of  the  earliest 
human  ova  which  have  yet 
been  described  (from  the 
latter  part  of  the  tirst  and 
the  beginning  of  the  second 
week)  possess  a  distinctly 
formed  chorion  before  theie 
is  an_v  apparent  differentia- 
tion into  somato-and  splan- 
cho-])leure. 

According  to  Kollmann. 
it  is  more  than  probable 
that  a  distinct  chorion  is 
formed  by  the  time  the 
ovum  reaches  the  uterine 
cavity,  but  unforttinately 
so  young  a  specimen  has 
not  as  yet  been  observed. 

Theoretically,  the  choiion 
represents  the  outer  layer  of 
the  blastodermic  vesicle, 
and  accordingly  its  epithe- 
lial layer  must  be  derived 
from  the  primary  ectoderm 
of  the  ovum.  The  earliest 
human  ova  which  have  yet 
been  described  are  those  of 
Peters  an<l  Graf  Sjiee.  in 
both  of  which  the  chorion 
is  perfectly  developed,  while 
the  embryo  is  in  a  very  ru- 
dimentary condition. 

Peters  obtained  his  ovum 
at  an  autopsy  upon  a  wom- 
an who  committed  suicide 
three  days  after  missing  a 
menstrual  period,  and  he 
believed  that  it  was  not 
more  than  three  or  four 
da3'S  old.  From  his  deseri]i- 
tion,  however,  it  appears  to 
be  somewhat  older,  but  certainly  not  older  than  ten  days. 
The  ovum  measured  l.G  .x  0.8  x  0.9  mm.  in  its  various 
diameters,  and  is  therefore  the  smallest  which  has  thus 
far  been  reported.  It  was  embedded  in  the  tlecidua  and 
lay  beneath  its  surface,  having  apparently  buri'owed  its 
way  through  the  epithelitim;  and  it  gives  most  impor- 
tant information  concerning  the  mode  of  implantation 
of  the  oviun  and  the  development  of  the  decidua  re- 
tie.xa.  The  ovum  presented  a  well-developed  chorion 
which  consisted  of  two  layers:  an  inner  layer  of  meso- 
derm   and    an  outer   layer   composed  of    many   layers 


of  epithelial  cells,  which  Peters  designated  as  tronho- 
blast. 

Protruding  from  the  surface  of  llie  chorion  were  a  few 
elevations,  whose  interior  was  tilled  with  connective 
tissue,  representing  the  earliest  stage  of  villous  forma- 
tion. The  trophoblast  was  arranged  in  manj'  layers 
and  surrounded  the  connective  tissue  of  the  chorion 
as  a  distinct  capsule.  It  was  made  up  in  great  part  of 
round  or  polyhedral  cells,  which  stained  deeply  and  pre- 
sented distinct  vesicular  nuclei,  lietween  which  wei-e  a 
few  masses  of  protoplasm  which  showed  no  tendency  to 
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Fig.  1291.— Peters'  Earlv  Oram, 
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uterine  epithelium;    Bl.L.,   lakes  of  blood;    Cdpf*.,  decidua 
uterine  p^lands;    t^.Z.,  decidua  vera;    Tr.,  trophoblasts :    C, 


capillaries;  K"., 4.,  beginning  embryo;  Bl.G.,  large  blood-vessels ;  (i-f),  point  of  entrance  ol  ovum. 


divide  into  individual  cells,  through  which  were  scattered 
irregularly  shaped,  darkl_y  staining  nuclei.  The  tropho- 
blastic cells  were  apparently  growing  very  rapidly,  and 
had  opened  up  dilated  capillaries  in  the  surrounding  de- 
cidua, so  that  numerous  small  cavities  were  formed, 
which  were  lined  bv  trophoblastic  cells  and  tilled  with 
blood,  and  which  probably  represent  the  earliest  sta.ges 
in  the  formation  of  the  intervillous  circulation  (Fig. 
1291). 

Spee's  embryo  was  cast  off  from  the  uterus  as  an  oval 
body,  9  .\  6.5  mm.,  and  consisted  of  a  vesicle  which  en- 
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.clospd  tlic  bp.trinuing  embryo.  In  this  specimen  the 
chorion  was  detiuitel}'  formed,  and  consisted  of  au  epi- 
tlielial  and  a  connective-tissue  layer,  and  distinct  villi 
arose  from  one  portion  of  its  exterior  (Fig.  1392). 

Very  early  ova  have  likewise  been  described  bj- 
Reichert,  Ma'll,  and  Leopold,  the  first  two  having  been 
discharged  from  the  uterus,  while  Leopold's  ovum  was 
still  in  contact  with  the  uterine  wall  and  surrounded  l)y 
the  decidua  leflexa.  The  specimens  of  Leopold  and  Jlal! 
presented  well-developed  chorions,  with  villi  over  their 
entire  periphery:  while  in  Reicherfs  specimens  they 
were  limited  to  "the  equator  of  the  ovum  (Fig.  1293). 

In  all  early  ova  which  have  thus  far  been  described, 
the  chorion  consists  of  two  layers:   an  outer  epithelial 
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Fig.  12?G.— Section  through  Spee^  Earl.v  (ivuth.  No.  9  Zeiss,  tj  mm. 
Majrnifled  :Ji  times.  A.m.,  Amnion;  ".-1//..  allaniois:  B..S.,  Bauch- 
stiel ;  r.  £.,  chorionic  epithelium ;  t'.S..  chorionic  connective  tissue ; 
£.,  beginning  embryo ;  T'.,  villi ;  F.S.,  yolk  sac. 

and  an  inner  connective-tissue  layer.  We  have  already 
indicated  that  the  epithelial  layer  is  derived  from  the 
ectoderm  of  the  blastodermic  \'esicle.  but  it  is  not  so  easy 
to  explain  the  origin  of  the  connective-tissue  layer.  In 
all  the  early  ova.  the  aumiou  preseiitsa  very  rudimentary 
appearance;  and  it 
is  therefore  iniiuob- 
able  that  the  con- 
nective tissue  of  the 
•chorion  is  derived 
fi'om  the  somato- 
pleure,  in  the  same 
way  as  in  many  of 
the  lower  animals. 

In  its  earliest 
stages  the  chorion 
consists  of  a  mem- 
branous sac  com- 
posed of  two  layers, 
ectoderm  and  meso- 
derm, and  includes 
within  it  the  begin- 
ning embryo.  lu 
all  the  specimens 
which  have  thus  far 
been  observed,  a 
greater  or  lesser 
number  of  villi  arise 
from  the  external 
surface  of  the  chori- 
on. At  first  they 
are  purely  epithe- 
lial in  character, 
and  in  Peters'  ovum 
are  repi-esented  by 
mere  projections  of 
troiihoblastic  cells. 
At  a  little  later  pe- 
riod, how-ever,  the 
<'entre  of  the  villus 
becomes  filled  with 
•connective  tissue, 
■which  is  continuous 
with  the  inner  layer 
of  the  choTionic 
membrane.        The 


youngest   chorion  which  I  have  examined  was  obtained 
fi'oma  two  weeks  ovum  in  the  possession  of  Dr.  ^lall. 
Fig.  1293  gives  a  vei-y  good  idea  of  its  structure  and 
.shows   that   it   is  made 
up   of  two   parts:   (1)  a 
chorionic  membrane,  and 
(2)  the  villi  which  spi'iug 
from  it. 

The  chorionic  mem- 
brane is  composed  of  an 
inner  layer  (toward  the 
embryo)  of  connective 
tissue,  ■which  is  made  up 
of  branching  and  stai- 
shaped  cells,  which  are 
sejiaratcd  from  one  an- 
otiier  by  a  large  amount 
of  mucoid  intercellular 
substance,  in  which  no 
trace  of  vessels  can  be 
observed.  Its  exterior 
is  composed  of  epithe- 
lial cells,  which  are  arranged  in  two  layers:  an  inner 
layer  consisting  of  distinct  cuboidal  cells  with  round 
vrsicuUir  nuclei,  and  an  outer  layer  made  uji  of  a  band 
of  protoplasm  which  is  not  divided  into  individual  cells, 
and  scatteied  through  which  are  numbers  of  irregidar- 
shaiicd.  darkly  staining  nuclei. 

The  villi  are  arborescent  structures  which  project  from 
the  outer  surface  of  the  choi'ionic  memln'ane.  and  consist 
of  a  single  trunk  or  stem,  from  w  Inch  numerous  branches 
are  given  olf  at  somelliing  less  than  right  angles.  The 
tips  of  some  of  (he  larger  branches  extend  down  to  the 
decidua,  and  serve  to  fasten  the  chorion  to  it;  but  the 
great  luajoiity  of  the  smaller  branches,  after  branching 
repeatedly,  end  freely  and  project  into  cavities  which 
are  filled  with  blood,  and  which  constitute  the  intervillous 


Fig.  liW.— lieiolicrt's  Ovum, 
niiled  six  limes. 


Mag- 


FIG.  1293.--^tion  through  Chorionic  Membrane  and  Villi  of  a  Two-Weeks  Ovum.  Magnified  33  times. 
C.JI..  thononic  membrane;  Ep.  epithelium  of  chorionic  membrane;  S,  connective-tissue  layer  of  chorionic 
membrane ;  I ,  vim ;  s,  stroma  of  viUus ;  ij),  epitheUum  of  villus ;  Tr,  decidual  island  (remnant  of  trophoblast). 
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spaces  of  the  placenta.  I  do  not  believe  that  there  is  anj' 
evidence  of  anastomosis  between  tlie  branches  of  the 
<!itferent  villi,  any  more  than  between  the  branches  of 
individual  trees  in  a  park. 

The  villi  consist  of  a  connective-tissue  core  which  is 
continuous  with  the  connective  tissue  of  the  chorionic 
membrane,  and  is  covered  by  two  layers  of  epithelium, 
just  as  is  the  chorionic  memliranc.  None  of  the  villi  con- 
tain blood-vessels  at  this  period.  In  several  places  the 
epithelium  covcrinj;  them  appears  to  be  arranged  in  many 
layers,  and  this  is  due  either  to  tangential  sections  through 
the  periphery  of  a  villus  or  to  the  formation  of  epithelial 
buds,  which  represent  the  earliest  stage  in  the  formation 
of  new  branches.  At  one  point  in  the  section  (Fig.  121)3. 
Tr.)  there  is  a  mass  of  cells  which  present  a  distinctly 
epithelial  appearance.  Such  structures  are  usually 
designated  as  decidual  islands,  and  are  supposed  to  be 
due  to  sections  through  decidual  septa,  which  extend 
from  the  decidua  toward  the  cliorionic  membrane.  But 
in  view  of  the  marked  similarity  of  the  cells  composing 
the  mass  to  those  which  cover  the  villi.  I  am  inclined  to 
believe  that  they  represent  a  remnant  of  trophoblast 
rather  than  a  section  through  a  decidual  septum. 

At  a  little  later  period  the  chorionic  membrane  becomes 
vascularized,  and  large  numbers  of  vessels,  both  arterial 
and  venous,  are  found  just  beneath  its  epithelial  cover- 
ing, branches  from  which  extend  into  the  villi,  where 
they  break  up  into  a  capillary  network.  These  ves.sels 
are  derived  from  the  umbilical  arteries  and  veins  of  the 
fictus,  and  do  not  communicate  with  maternal  vessels. 
Their  arrangement  is  clearly  shown  in  Fig,  129.5, 

It  is  not  definitely  known  how  the  vessels  first  make 
their  way  to  the  inner  surface  of  the  human  chorion.  In 
many  of  the  lower  animals  it  has  been  definitely  demon- 
strated that  they  are  derived  from  a  vesicular  allantois, 
which  grows  out  from  the  embr_vo  between  the  amnion 
and  chorion,  and  eventually  applies  itself  to  the  inner 
surface  of  the  latter.  In  man,  however,  this  does  not 
occur,  as  the  extraembryonic  portion  of  the  allantois  is 
very  rudimentary  and  does  not  assume  a  vesicular  form, 
being  merely  a  small  epithelial  duct  which  extends  from 
the  intestinal  tract  for  a  short  distance  into  the  umbilical 
stalk  (Bauchstiel)  (Fig,  1292), 

The  Bauchstiel  is  a  prolongation  of  the  caudal  end  of 
the  embryo,  and  serves  to  connect  it  with  the  inner  sur- 
face of  the  chorionic  membrane.  It  contains  the  um- 
bilical arteries  and  veins,  and  at  a  later  period  becomes 
converted  into  the  umbilical  cord. 

At  a  still  later  period  of  development  the  chorionic 
membrane  takes  on  a  more  complicated  structiire,  and 
we  are  indebted  to  the  classical  article  of  Langhans  for 
our  first  definite  information  concerning  it.  He  stated 
that  it  was  made  up  of  four  layers:  gelatinous  (Gallert- 
schicht).  fibrillar,  vascular,  and  epithelial.  The  gelatinous 
is  the  innermost  layer  and  lies  in  apposition  with  the 
connective  tissue  of  the  amnion.  It  is  composed  of 
mucoid  connective  tissue,  analogous  to  the  Whartocian 
jelly  of  the  umbilical  cord.  E.xternal  to  this  is  the 
fibrillar  layer,  in  which  the  connective-tissue  cells  are 
more  abundant  and  have  become  more  fusiform  in  shape, 
and  are  arranged  in  such  a  way  as  to  give  the  tissue  a 
distinct  fibrillar  appearance.  External  to  this  is  the 
vascular  layer  which  is  composed  of  loose  connective 
tissue,  which  surrounds  large  numbers  of  blood-vessels, 
both  arteries  and  veins:  while  the  outermost  layer  is 
composed  of  epithelial  cells.  The  epithelium  outside  of 
the  placental  site  consists  of  several  layers  of  round  or 
cuboidal  cells,  which  stain  palely  with  the  ordinary  re- 
agents, and  present  distinct  vesicular  nuclei  with  a  faint 
chromatin  network,  which  readil}-  .stains  with  the  ordi- 
nary dyes.  At  the  placental  site  these  cells  are  covered 
by  a  layer  of  syncytium,  which  is  lacking  in  other  parts 
of  tl'.e  chorionic  membrane. 

The  above-mentioned  cells  were  designated  as  the 
"Zellschicht "  by  Langhans,  who  considered  that  they 
were  of  connective-tissue  origin.  Further  study,  how- 
ever, convinced  him  that  they  were  epithelial  cells  and 
derived  from  the  ectoderm  of  the  ovum.  This  layer  of 
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cells  has  given  rise  to  a  great  deal  of  misconception,  .'okI 
many  observers  believe  that  they  are  decidual  in  origin, 
having  been  designated  by  KoUiker  as  (he  decidua  sut)- 
choriaiis,  and  by  Winckler  as  the  "Schlussplalte  "  of  the 
decidua. 

For  the  first  few  months,  the  entire  periphery  of  the 
chorion  is  covered  to  a  greater  or  less  extent  by  arborescent 
and  branching  villi,  except  in  Reicliert's  ovum,  in  which 
they  were  limited  to  its  ecjuator.  Almost  immedialelv 
after  its  formation 
the  chorion  b  e- 
comes  completely 
enclosed  by  a  cap- 
sule composed  of 
the  decidua  seroti- 
n  a  and  reflex  a, 
from  which  it  is 
separated  by  the 
growing  villi,  and 
the  spaces  thus 
formed  become  fill 
ed  with  maternal 
blood  and  consti 
tute  the  intervillous 
spaces.  This  con- 
dition is  very 
clearly  demonstra- 
ted by  the  two  ova 
which  Leopold  has 
lately  desciibed  in 
his  Atlas. 

After  a  f  e  w 
mouths,  however, 
the  villi  which  are 
in  contact  with  the 
decidua  reflexa  be- 
gin to  atrophy,  so 
that  within  a  short 
time  the  chorionic 
membrane  and  the 
(1  e  c  i  d  u  a  reflexa 
come  to  lie  in  inti- 
mate contact,  with  only  the  degenerated  remains  of  the 
villi  separating  them;  while  the  villi  which  are  in  con- 
tact with  the  decidua  serotina  continue  to  grow  and  be- 
come larger  and  larger  and  give  rise  to  the  foetal  portion 
of  the  placenta.  At  this  period  we  distinguish  between  the 
chorion  hrve  and  the  chorion  frondosnm.  the  latter  being 
the  portion  which  takes  part  in  the  formation  of  the  pla- 
centa. For  further  particulars  concerning  the  structure 
of  the  placenta,  the  reader  is  referred  to  the  article  upon 
that  subject. 

The  villi  of  the  chorion  frondosum.  as  we  have  just 
indicated,  increase  rapidly  in  size  and  complexity,  and 
give  off  numerous  branches  which  form  the  bulk  of  the 
placenta.  But  it  is  not  probable  that  the  primar}-  villi 
increase  in  number  after  the  first  few  months,  the  in- 
creased thickness  of  the  placenta  being  due  to  the  branch- 
ing of  the  pre-existing  vilH  :  just  as  a  row  of  trees,  when 
first  planted,  is  represented  by  a  number  of  isolated 
stems,  which  at  a  later  period  are  converted  into  large 
trees  with  myriads  of  branches  and  twigs.  This  fact  has 
been  .strikingly  demonstrated  byde  Loos,  who  has  shown 
that  one  can  roughh'  estimate  the  age  of  a  placenta  by 
the  shape  and  size  of  its  villi.  Sections  through  a  young 
l^lacenta  show  a  few  large  villi  with  comparatively  few 
branches;  while  in  a  more  mature  placenta  one  sees  large 
numbers  of  small  branches,  which  become  smaller  and 
smaller  as  the  placenta  becomes  older. 

The  stroma  of  the  villi  likewise  undergoes  marked 
changes  as  the  placenta  becomes  older  In  its  early 
stages  it  is  distinctly  mucoid  in  appearance,  and  is  made 
up  of  a  small  number  of  stellate  cells  which  are  separated 
by  a  large  amount  of  mucoid  intercellular  substance. 
As  the  villi  become  older  their  stroma  becomes  denser, 
and  the  cells  are  more  abundant  and  more  fusiform  in 
shape,  so  that  at  the  latter  part  of  pregnane}'  it  presents  a 
distinctly  fibrous  appearance. 

i9 


Fig.  1295.  —  Chorionic  Villus  from  Full- 
Term  Placenta.  Highly  mapnifled.  (Af- 
ter Kollniann.)  Ep,  Epithelial  covering; 
S,  stroma  of  villus;  r,  vascular  loop. 
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Coiucident  with  the  changes  in  the  stroma  the  villi 
become  more  vascular,  and  in  the  second  half  of  preg- 
nancy contain  distinct  vessels,   many  of  which  attain 


is  composed  of  a  single  layei  of  distinctly  cuboidal  cells 
with  vesicular  nuclei.  Their  protoplasm  stains  very 
lightlj'   and  thus  contrasts  markedly  with  that  of  the 


G.C. 
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Fig.  1296.— Section  through  a  Three-Months  Plaeenta,  Showing  Striictnre  of  Chorionic  Villi.    Mapnifled  110  times, 
syncytium ;  Z,  Zellschicht ;  S.B.,  syncytial  bud  ;  G.C,  so-«illed  plact-ntal  Riant  cells. 


MtoMia  of  villus;  .Sj/, 


considerable  size,  the  large  arteries  being  surroimded  by 
thick  walls. 

The  epithelium  covering  the  chorionic  villi  was  first 
described  by  Dalrymple  in  1842,  and  we  now  know  that 
it  is  arranged  iu  two  layers;  au  outer,  which  consists  of 
a  band  of  protoplasm,  which  is  not  divided  into  individual 
cells,  and  to  which  the  term  "syncytium"  has  been  ap- 
plied ;  and  an  inner  layer  of  definite  cuboidal  cells,  which 
were  designated  by  Langhansas  the  "Zellschicht."  The 
protoplasm  of  the  syncytium  presents  a  coarsely  granular 
appearance,  which  on  "careful  examination  is  seen  to  be 
due  to  the  ]ireseuce  of  vacuoles  of  varying  size.  The 
nuclei  which  are  scattered  through  it  "are  irregular  in 
shape  and  contain  a  thick  chromatin  network  which 
stains  deeply  with  the  ordinary  dyes.     The  Zellschicht 


syncytium;  wliilc  the  nuclei  have  a  very  delicate  chro- 
matin network,  and  therefore  staiu  far  less  darkly  than 
those  of  the  syncytium. 

These  twolayei's  arc  readily  recognized  during  the 
first  half  of  jiregiiancy,  and  are  clearly  shown  in  Fig. 
12!)(),  which  represenis  a  section  from  a  three-months 
placenta.  As  the  jjlacenta  grows  older,  however,  the 
inner  layer  gradually  disappears,  so  that  in  the  last 
months  almost  all  trace  of  it  is  lost,  when  the  villi  are 
covered  only  by  syncytium.  The  failure  to  recognize 
this  fact  was  the  cause  of  a  great  part  of  the  discus- 
sion concerning  the  arrangement  of  the  chorionic  epi- 
thelium, and  only  recently  has  it  been  generally  rec- 
ognized; but  it  is  now  universiilly  admitted  that  two 
layers  of  epithelium    can  always  be  distinguished  in 
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the  earlier  months,  uud  oiil_v  uue  in  I  he  latter  mouths 
of  pregnancy. 

The  syncytium  is  not  always  arranged  in  a  single  layer, 
and  several  layers  of  nuclei  may  be  obser\ed  in  many 
places,  while  distinct  buds  of  S3-ucytial  tissue  frequent- 
ly project  from  the  surface  of  the  villi  and  represent  an 
attempt  at  branching.  In  microscopic  sections,  variously 
shaped  masses  of  syncytium,  containing  many  nuclei, 
are  frequently  found  lymg  free  in  the  intervillous  spaces, 
and  are  freqi:ently  liescribed  as  placental  giant  cells. 
The  e.xaminatiou  of  serial  sections  will,  however,  always 
show  that  they  are  cross  sections  through  such  buds,  or 
are  due  to  tangential  sections  through  the  tijisof  the  villi. 

The  term  syncytium  was  introduced  by  Kossmann, 
though  its  characteiistic  features  were  described  by 
Kastchencko  in  188.5.  who  designated  it  a.s  Plasmodium. 

The  chorionic  epithelium  has  been  the  s\ibject  of 
marked  controversy  ever  since  it  was  tiist  descrihed.  and 
various  attempts  have  been  made  to  explain  its  origin. 
The  earlier  writers  supposed  that  the  villi  grew  down 
into  the  uterine  glands  and  obtained  an  epithelial  cover- 
ing from  them.  But  Langhaus,  in  1877,  was  the  first  ob- 
server definitely  to  describe  two  layers,  and,  as  we  have 
already  indicated,  designated  the  inner  layer  as  Zell- 
schicht.  At  that  time  he  believed  that  it  was  derived 
from  the  stroma,  while  the  outer  or  syncvtial  layer  repre- 
sented the  foetal  ectoderm.  A  few  years  later,  however, 
he  modified  his  opinion  and  stated  that  both  layers  were 


In  1892-93,  Kossmann  and  Merttens  revoliilionized  for 

a  time  the  teachings  upon  the  subject,  by  stating  that 
the  Zellschicht  represented  the  ftelal  <'ctoderm.  while  the 
syncytium  was  derived  from  uterine  epithelium,  which 
then  grew  up  over  the  villi.  Their  articles  were  very 
well  illustrated  and  plausibly  written,  and  distinctly  de- 
monstrated tliat  the  uterine  ejiithelinm  could  take  on  a  syn- 
cytial character  in  places;  but  they  were  in  error  in  sup- 
posing that  it  formed  the  outer  layer  of  the  chorionic 
covering.  I  have  lieen  able  to  confirm  their  observations 
to  a  certain  extent,  and  have  mauy  specimens  which 
positively  demonstrate  the  transformation  of  tubal  or 
uterine  epithelium  into  syncytium.  But  the  change  is 
limited  to  isolated  areas,  and  does  not  affect  the  entire 
epithelium,  the  greater  part  of  which  gradually  becomes 
cuboidal  and  even  flat,  an<l  eventually  disappears.  I 
therefore  consider  the  formation  of  .syncytium  from  the 
uterine  epithelium  as  an  accident,  and  perhaps  a  degen- 
enitive  change  which  has  nothing  to  do  with  the  ejiithe- 
lial  covering  of  the  villi.  Indeed.  Gebhard  and  others 
have  shown  that  the  uterine  eiiithelium  may  present  a 
syncytial  appearance  without  the  existence  of  jn-eg- 
nanc}-,  and  have  reported  cases  in  which  it  was  found  in 
carcinoma  of  the  uterus. 

The  theory  of  Kossmann  and  ^Merttens  was  presented 
so  plausibly,  and  apparently  so  well  confirmed,  that  it 
was  rapidly  accepted  by  most  wiiters,  among  whom  we 
may  mention  Marchand  and  Kolltnann.     It  gradually  lost 
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Fig.  1297.— Section  throiiq-li  Fiptal  MemtmmHs  and  De<'idiia  at  Term.  Outside  of  ttie  Placental  Site.  MaeniOed  77  times.  Am.ep,.  Amniotic 
epitlielium;  A.C.,  amniotic  connective  tissue;  t'.C,  cliorionic  connective  tissue;  C.ep..  chorionic  epithelium;  V,  <iegenerated  villi; 
F..  tlbrin ;  Dec,  decidua. 


epithelial  in  origin.  Langhans"  views  were  soon  adopted, 
and  Minot,  Kastchencko,  and  many  other  investigators 
recognized  the  existence  of  two  layers,  and  considered 
that  they  were  ectodermal  in  origin,  and  that  the  inner 
layer  was  deilved  from  the  outer. 


ground,  however,  and  at  present  the  majority  of  the  most 
recent  writers  upon  the  subject,  among  whom  His  may 
be  mentioned,  no  longer  believe  in  it.  but  state  that  both 
layers  of  the  chorionic  epithelium  are  ectodeimal.  The 
latter  view  has  recently  received  marked   confirmation 
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from  the  work  of  Peters,  who  showed  that  the  chorionic 
epithelium  in  the  first  week  formed  a  distinct,  many- 
layered  capsule  which  he  designated  as  trophoblast,  the 
i;-reater  part  of  which  consisted  of  distinct  cells,  though 
iiere  and  there  small  areas  of  syncytium  could  be  observed. 
He  therefore  concluded  that  the  fatal  ectoderm  originally 
consisted  of  distinct  cells,  which  assumed  a  distinctly 
syncytial  appearance  where  the3'  came  in  contact  with 
tile  luaternal  blood.  Peters'  conclusions  appear  to  be 
liorne  out  by  tlie  facts,  and  at  present  most  writers  upon 
the  subject  subscribe  to  them. 

For  years  this  question  has  lieen  a  jirolific  source  of 
discussion,  and  a  voluminous  literature  has  resulted  from 
it.  In  1890  Waldeyer  carefully  analyzed  the  literature, 
4iud  was  able  to  classify  the  theories  concerning  the  origin 
of  the  chorionic  epithelium  iuto  ten  groups,  to  which 
several  others  have  recently  been  added,  all  of  which  are 
carefully  considered  in  Peters"  monograph. 

When  the  tips  of  the  villi  come  in  contact  with  the 
ilecidua  serotina.  the  chorionic  epithelium  proliferates 
and  invades  the  decidua  to  a  greater  or  less  extent.  This 
was  first  recognized  by  Nitabuch,  who  pointed  out  that 
one  could  distinguish  three  layers  in  the  decidua:  a  deep 
laj'cr  composed  exclusively  of  decidual  tissue,  above 
which  was  a  layer  of  fibrin,  and  above  this  another  layer 
of  cells  v/hich  resembled  the  decidual  cells  veiy  closely, 
but  which  were  really  foetal  in  origin.  She  pointed  out 
that  the  fibrinous  line,  which  separated  these  two  varieties 
of  cells,  was  probably  the  result  of  degenerative  changes 
in  the  chorionic  epithelium,  and  accordingly  represented 
the  boundary  line  between  the  two  tissues.  Her  views 
have  been  indorsed  by  most  investigators,  and  at  present 
it  is  generally  believed  that  the  decidua  sei'otina  is  not 
made  up  entirely  of  maternal  (decidual)  ti.ssue,  hut  that 
its  upper  portion  contains  large  numbers  of  fo?tal  cells. 

On  examining  sections  through  the  chorion  outside  the 
placental  site,  one  finds  at  the  end  of  pregnancy  that  it 
differs  markedlj'  from  the  chorion  froudosum.  Fig.  1297 
shows  a  section  through  the  f(elal  membranes  and  the 
underlying  decidua,  and  in  it  one  can  clearly  flistinguish 
the  following  layers:  1.  The  cuboidal  epithelium  of  the 
amnion.  2.  The  amniotic  coimective  ti.ssue.  3.  The 
chorionic  connective  tissue.  4.  The  c'horionic  epithe- 
lium. 5.  Degenerated  villi,  (i.  More  or  less  canalized 
fibrin.     7.  Typical  decidua. 

The  chorionic  epitlielium  is  arranged  in  a  number  of 
layers,  and  consists  of  definite  cells  whose  protoplasm 
stains  lightly;  the  nuclei  are  ve.sictdar  in  shape  and  stain 
quite  darkly.  Here  and  there  in  the  chorionic  epithelium 
one  sees  numerous  large,  pale,  oval,  or  round,  more  or 
less  structureless  areas,  which  represent  all  tlial  is  left  of 
the  villi  of  the  chorion  Ucve.  Occasionally  they  contain 
a  few  connective-tissue  cells,  but  usually  consist  of  a 
mass  of  transparent  hyaline  mateiial.  Beneath  the  epi- 
thelium and  degenerated  villi  one  tinds  a  thicker  or  thinner 
layer  of  fibrinous  mateiial,  which  is  evidently  the  result 
<if  the  degeneration  of  chorionic  eiuthelium.  This  tissue 
was  first  described  by  Langhans  as  canalized  fibrin,  and 
is  characterized  by  the  presence  of  numerous  slits  or 
canals  of  varying  size.  E.xternal  to  the  canalized  fibrin 
and  chorionic  epithelium  one  sees  typical  decidual  tissue 
with  its  characteristic  large,  pale  epithelioid  cells. 

Where  the  canalized  fibrin  is  absent,  the  chorionic  epi- 
thelium and  the  decidual  cells  come  in  intimate  contact, 
the  former  extending  down  a  slight  distance  into  the 
latter.  Where  the  two  varieties  of  cells  are  comningled, 
it  is  almost  impossible  to  dilferentiate  between  them  Tbtit 
when  one  compares  distinct  masses  of  chorionic  epitlie- 
litim  with  typical  decidual  tissue,  it  is  readily  seen  that 
the  former  is  composed  of  somewhat  smaller  cells  with 
fairly  darkly  staining  nuclei,  while  the  latter  is  made  up 
of  larger,  more  irregularly  shaped,  paler  cells,  whose  nu- 
clei stain  less  intenselj'. 

After  the  first  few  months  degenerative  changes  are 
almost  universally  observed  throughout  the  chorion,  and 
usually  appear  as  canalized  fibrin.  This  tissue  stains 
deeply  with  eosin  and  the  usual  dyes,  and  on  close  exam- 
ination is  seen  to  contam  large  numbers  of  spaces  of  vary- 


ing shape,  whence  its  name.  It  apparently  results  from 
coagulation  necrosis  of  the  chorionic  epitlielium,  espe- 
cially of  the  Zellschicht.  And  in  many  villi  one  sees  a 
thicker  or  thinner  layer  of  canalized  fibrin,  lying  between 
the  syncytial  layer  and  the  stroma.  As  the  change  be- 
comes more  marked,  the  syncytial  layer  is  likewise  con- 
verted into  canalized  fibrin,  which  eventually  may  even 
invade  the  stroma.  Large  quantities  of  this  tissue  are 
always  ju-esent  on  the  fcotal  surface  of  the  chorionic 
membrane,  esiieciall.v  where  it  takes  part  in  the  formation 
of  the  placenta,  and  plays  an  important  part  in  the  for- 
mation of  placental  infarcts. 

I  have  lately  shown,  in  an  article  upon  infarcts  of  the 
placenta,  tliat  the  formation  of  canalized  fibrin  and  in- 
farcts is  usually  associated  with  more  or  less  endarteritis 
of  the  villous  vessels,  and  is  to  be  regarded  as  a  sign  of 
senility  of  the  placenta.  It  occurs  so  frequently  that  1 
believe  it  should  be  described  as  one  of  the  normal  con- 
stituents of  the  chorion.  Similar  changes  are  observed  in 
the  chorion  hcve.  and  it  is  probalile  that  the  degeneration 
of  its  villi 'is  brought  about  in  an  identical  manner. 

In  the  early  weeks  of  pregnancy,  only  a  small  portion 
of  the  cavity  of  the  chorionic  membrane  is  occupied  bv 
the  embryo  and  the  amnion  (see  Fig.  1292).  This  rap- 
idly changes,  however,  and  in  a  short  time  the  amnion 
increases  so  rapidly  in  size  as  to  line  the  entire  interior  of 
the  chorion,  so  that  the  connective-tissue  layers  of  both 
membranes  lie  in  clo.se  contact.  They  do  not  appear  to 
become  organically  united,  as  they  can  he  readily  sepa- 
rated in  the  full-term  placenta  after  birth. 

./.   Whiti-idge  Williarm. 
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CHORION.  (PATHOLOGICAL.)— The  pathology  of  the 

chorion  reni;iiiis  :ii  the  present  day  largely  an  unknown 
field.  Owing  to  tlie  change  of  view  regarding  many  of 
the  conditions  of  the  membrane  formerly  considered  as 
pathological,  but  which  are  now  looked  "upon  as  being 
only  an  expression  of  the  senile  decay  of  the  organ,  the 
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known  patlinlogical  ronilitions  of  the  placenta  have  been 
broimiit  within  very  narrow  limits.  It  must  be  emplia- 
sized  in  this  connection  that  the  jilaeeuta  is  a  temporary 
structure,  and  at  time  of  delivery  represents  a  senile, 
worn-out  organ  whose  tissues  are  in  an  advanced  stage 
of  senile  or  physiological  degeneration.  These  degenera- 
tive changes  have  in  the  past  been  looked  upon  as  patho- 
logical and  their  true  .signilicauee  nu'sunderstood.  Having 
been  interpreted  as  evidences  of  disease,  serious  miscon- 
ceptions have  crept  into  pathology  regarding  these  purely 
jihysiological  changes,  aud  as  a  result  the  study  of  pla- 
cental pathology  has  been  greati)'  retarded.  The  major- 
ity of  the  conditions  of  the  chorion  described  in  the  text- 
books as  pathological,  such  as  ealcilication,  fatty  change, 
sclerosis  of  the  chorionic  vessels,  infarction,  etc.,  are  no 
more  pathological  than  are  the  atrophy  and  sclerosis  of 
old  age,  and  should  be  regarded  as  posses,sing  a  similar 
significance.  On  the  other  hand,  the  peculiar  pathology 
of  the  placenta — the  causes  of  abortion,  death  of  the  firtus, 
the  part  which  the  placenta  i)lays  in  the  transmission  of 
disease,  etc. — remains  at  the  present  time  an  unexplored 
Held. 

CiRCUL.VTORY  Cn.\NGES. — It  is  impossible  with  our 
present  knowledge  to  sjiy  to  what  extent  the  disturbances 
of  the  chorionic  circulation  are  pathological.  General 
liypeuemia  and  ans^mia  of  the  chorionic  vessels  are  essen- 
tially dependent  upon  similar  conditions  in  the  fa?tal  cir- 
culation, but  the  conditions  of  pressure  to  which  the  pla- 
centa is  subjected  during  delivery  make  it  impossible  for 
us  to  judge  accuratel_v  of  the  former  blood  content  of  the 
organ.  Though  the  placental  end  of  the  umbilical  cord 
is  ustially  ligatured,  and  the  blood  in  this  way  retained 
in  the  chorionic  vessels,  the  pressure  of  the  uterine  con- 
tractions during  delivery  will  have  materially  altered  the 
amount  of  blood  in  these  vessels,  even  to  such  an  extent 
I  hat  a  previously  existing  hypersemia  may  have  been 
made  to  ,iisappear  entirel_v.  On  the  other  hand,  if  the 
]ilacental  end  of  the  cord  is  not  ligatured  the  chorionic 
\ cssels  may  be  rendered  an;emic  through  hemorrhage 
from  the  severed  umbilical  vessels.  A  general  hy  peiwmia 
of  the  chorion  may  be  caused  by  disturbances  of  circula- 
tion in  the  liody  of  the  foetus,  .stenosis  of  the  umbilical 
vein  through  thickening  of  its  wall,  twisting  of  the  cord, 
etc.  General  ana?mia  of  the  chorion  may  be  due  to  gen- 
eral ana'Uiiaof  thefo'tus,  stenosis  of  the  umbilical  arterv, 
twisting,  knotting  of  the  cord,  etc.  Local  hyperfemia 
of  the  chorionic  villi  may  be  caused  by  some  obstruction 
to  the  onward  tiow  in  the  veins  of  the  chorionic  stems,  or 
niay  be  collateral  dependent  upon  .some  neighboring  ana?- 
uiic  area.  Local  ana?mia  of  the  ves.sels  of  the  villi  may 
be  caused  by  pressure,  obstruction  of  the  larger  arteries 
in  the  chorionic  stems  through  thrombosis,  sclerosis  of 
the  vessel  walls,  etc.  As  a  result  of  thrombosis  of  the 
maternal  .sin\ises  a  portion  of  the  intervillous  spaces  may 
be  deprived  of  maternal  blood.  The  empty  spaces  col- 
lapse, the  villi  are  pressed  closely  together,  and  as  a  re- 
sult of  the  intraplacental  pressure  the  vessels  of  the 
tightly  packed  villi  become  emptied  of  lilood,  giving  rise 
to  pale  pinkish  areas  which  have  been  regarded  as  in- 
farcts. Necrosis  of  the  villi  (infarction)  results  from  any 
severe  degree  of  anaemia.  In  the  case  of  twins  arising 
from  one  ovum  marked  disturbances  in  the  chorionic  cir- 
culation may  arise  from  the  abnormal  relations  of  the 
umbilical  vessels.  If  one-sided  hydramnion  is  also  pres- 
ent the  disturbance  of  the  umbilical  circulation  ma}'  be 
very  severe. 

In  general  hypera;mia  of  the  placenta  the  organ  isdeep 
red,  swollen,  bleeds  freely  when  cut,  and  is  of  .softer  con- 
sistence than  normal.  Local  areas  of  hyperaemia  are 
deep  red  to  black  in  color,  and  are  frequently  mistaken 
for  hemorrhage.  In  general  anicmia  the  placenta  is  pale, 
smaller  than  normal,  and  of  firmer  consistence.  Local- 
ized anaemias  appear  as  pale,  pinkish,  or  white  areas. 

Iletnorrliii-je. — Though  hemorrhage  from  the  maternal 
portion  of  the  placenta  is  one  of  the  most  important  patho- 
logical conditions  of  the  organ,  the  escape  of  blood  from 
the  chorionic  vessels  is  of  very  rare  occurrence.  Hemor- 
rhage of  the  fcetal  placenta  has  been  very  frequently  de- 


scribed in  the  literature,  but  as  the  majority  of  these 
descriptions  have  been  based  upon  the  .gross  ap])earances 
alone,  they  cannot  be  accepted  as  conclusive.  The  term 
"  jilacental  apoplexy  "  has  been  applied  to  the  circum- 
scribed collections  of  fibrin  and  red  Ijlood  cells  so  fre- 
(luentlv  found  in  the  chorion,  which  from  their  occur- 
rence in  almost  every  rijie  iiiaeenta  can  hardly  po.s.ses3 
a  pathological  significance.  To  the  naked  eye  these 
ajipear  as  larger  or  smaller  areas,  deep  red  or  black  in 
color,  of  a  firm  consistence,  and  on  section  usually  slightly 
elevated  above  the  cut  surface  of  the  organ.  "They  are 
foiuid  in  greatest  number  near  the  maternal  .surface",  but 
are  also  of  frequent  occurrence  in  the  central  portion  of 
the  organ,  and  at  times  extend  entirely  through  it.  On 
micro.seopical  examination  the_v  consist  of  blood  clots 
lying  in  the  intervillous  spac'es.  The  blood  may  be 
freshly  coagulated,  or  large  masses  of  laminated  or  hya- 
line fibrin  enclosing  degenerating  red  blood  cells  may  be 
found  in  the  spaces  between  the  villi.  The  clot  may  be 
so  large  as  to  compress  the  neighboring  villi  or  to  sepa- 
rate the  chorion  either  partly  or  entirely  from  the  mater- 
nal portion  of  the  placenta."  The  blooil  in  these  cases  of 
so  called  "placental  apoplexy  "  is  of  maternal  origin,  and 
since  the  blood  is  in  the  intervillous  spaces  which  ar<' 
them.selvcs  blood-vessels,  it  is  not  proper  to  consider  this 
condition  under  the  head  of  apoplexy  or  hemorrhage. 

Numerous  theories  have  been  advanced  to  explai^  this 
condition,  but  none  have  proved  satisfactory.  Busta- 
mente  held  that  it  is  probably  due  to  the  occurrence  of 
hemorrhage  into  a  beginning  infarct  formation,  the  ex- 
travasation occurring  into  spaces  bounded  by  necrosing 
villi  instead  of  into  the  nonnal  intervillous  spaces.  It  is^ 
however,  more  probable  that  the  process  is  essentially  a 
thrombosis  beginning  in  the  maternal  vessels,  and  spread- 
ing thence  into  the  intervillous  spaces,  involving  a  smaller 
or  larger  portion  of  the  placenta.  The  majoi^ity  of  the 
cases  described  in  the  literature  as  hamiatoma  of  "the  pla- 
centa are,  from  their  descriptions,  evidently  cases  of  in- 
farction. Organization  and  encapsidation,  calcification, 
liquefaction  with  cyst  formation  have  been  reported  to 
occur  as  sequehe  of  placental  luematomata;  but  these 
were  probably  cases  of  infarction.  The  causes  ascribed 
are  varied:  trauma,  congestion,  albuminuria,  slow  throm- 
bosis of  the  maternal  sinuses,  excessive  heart's  action, 
etc.  As  a  result  of  large  hsematomata  the  number  of  villi 
destroyed  may  be  so  great  as  to  cause  asphyxiation  of 
the  ftt'tus.  True  hemorrhage  from  the  maternal  sinuses 
does  occur,  and  large  extravasations  may  buri-ow  down- 
ward through  tile  decidua  and  escape  from  the  uterus. 
Since  in  these  cases  the  hemorrhage  is  of  maternal  blood, 
serious  symptoms  may  be  produced  in  the  mothei'.  De- 
cidual hemorrhage  plays  also  an  important  role  in  the 
production  of  abortion. 

Rupture  of  the  umbilical  vessels  or  of  the  larger 
branches  of  the  chorionic  stems  may  lead  to  the  produc- 
tion of  true  chorionic  hajmatomata  between  the  anmion 
and  chorion.  Death  of  the  faHus  and  abortion  result  if 
the  hemorrhage  is  at  all  large.  In  some  instances  the 
luematoma  may  contain  all  of  the  blood  of  the  fo'tal  body, 
the  foetus  having  bled  to  death  into  its  own  structures. 
Small  hemorrhages  from  the  capillaries  of  the  villi  into 
the  choiionic  stroma  are  occasionally  seen.  They  ai'e 
most  probably  dependent  upon  the  changes  in  the  walls 
of  the  chorionic  vessels,  or  in  many  cases  may  be  due  to 
uterine  contractions. 

(Kflema. — ffidema  of  the  entire  placenta  occurs  in  re- 
tention of  the  dead  fo?tus  and  in  connection  with  general 
anasarca  of  the  foetus  caused  by  cardiac  or  renal  disease, 
obstructions  to  fa'tal  circulation.  faHal  leuka-mia.  etc. 
The  placenta  is  .swollen,  boggy,  and  lighter  in  color,  and 
tears  very  easily.  The  infiltration  ma_y  be  so  great  that 
fluid  exudes  when  the  organ  is  cut.  The  connective 
tissue  of  the  villi  is  separated  by  the  fluid,  and  the  syn- 
cytial cells  may  contain  large  vacuoles.  Hydramnion  is 
usually  associated  with  jilacental  trtlema. 

Thr<im})im». — While  thrombosis  is  of  very  frequent  oc- 
currence in  the  intervillous  spaces,  it  occurs  much  less 
frequently  in  the  chorionic  vessels.     In  both  places  it  is 
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ill  the  maiorit}'  of  cases  to  be  considered  as  a  pliysiolog- 
ieal  process,  a  part  of  the  means  by  whicli  tlie  placenta 
is  freed  from  the  uterus.  Thrombosis  of  the  chorionic 
vessels  is  one  of  the  causes  of  placental  infarction.  It 
is  directly  dependent  upon  the  senile  changes  in  the  walls 
of  tlie  chorionic  vessels,  which  are  of  the  nature  of  an 
obliterating  endarteritis.  If  the  thrombus  is  formed  some 
time  before  the  completion  of  term,  it  may  become  or- 
ganized or  undergo  calcification.  Early  or  excessive 
thrombosis  must  be  regarded  as  pathological,  but  the 
conditions  leading  to  this  are  not  yet  clear.  S}-philis, 
maternal  cachexias  due  to  nephritis  and  other  conditions, 
iijipearto  be  associated  with  more  extensive  thrombosis 
than  is  found  iu  the  chorion  of  normal  placentas.  It  is 
priiljable  tliat  any  thrombosis  of  tlie  clioiiouic  circulation 
before  tlic  beginning  of  the  seventh  month  of  gestation 
must  lie  regarded  as  pathological.  In  the  case  of  the 
]iliysiological  thrombosis  occurring  after  this  time  the 
obliteration  of  tlie  affected  vessels  is,  in  the  first  place, 
due  almost  entirely  to  the  proliferating  endarteritis,  the 
obstruction  being  completed  by  the  thrombosis.  Follow- 
ing the  obliteration  of  the  main  chorionic  branch,  there 
is  a  progressive  thrombosis  of  the  smaller  arterioles,  capil- 
laries, and  veins  belonging  to  it.  As  a  result  of  the  shut- 
ling-off  of  the  blood  supply  to  the  villi  there  follow 
marUed  degenerative  changes  in  the  structures  of  the  villi 
which  will  be  described  under  the  head  of  infarction. 

Iiiftirction.- — The  so-called  anoemic  or  white  infarct  of 
the  placenta  is  one  of  the  oldest  described  conditions  of  this 
organ.  In  the  beginning  mistaken  for  inflammation  of  the 
chorion,  the  lii.story  of  the  placental  infarct  and  that  of 
placentitis  are  for  the  greater  part  identical.  Guillemeau 
in  1(548,  Mauriceau,  Portal,  and  Morgagni  a  little  later, 
were  the  tir,st  to  note  the  occurrence  of  placental  infarcts, 
but  interpreted  them  as  being  inflammatory  iu  nature. 
Later  the  same  appearances  of  the  placenta  were  accorded 
a  great  variety  of  interpretations,  sucli  as:  atrophy,  he- 
jialization,  plithi.sis,  apoplexy,  ha-matoma,  fatty  degcner- 
alion,  hyaline,  amyloid,  gumma,  etc.  In  recent  years  the 
minute  changes  tmderlying  the  gross  appearances  have 
brim  more  clearly  umierstood,  and  tlie  jiresent  tendency 
is  to  consider  them  in  the  light  of  an  auiemic  necrosis  de- 
jiendent  upon  senile  changes  and  having  a  physiological 
significance. 

To  the  naked  eye  the  infarcts  of  the  placenta  appear 
as  yellowish-white  or  red  areas,  more  or  less  sharply  out- 
lined, firm  in  consistence,  and  lacking  the  usual  spongy 
appearance  of  placental  tissue.  They  vary  greatly  in 
their  location  and  size.  They  may  be  very  large,  in- 
\  iilving  several  cotyledons  or  even  half  or  two-thirds  of 
the  placenta.  Usually  they  are  of  small  size,  varying 
from  areas  just  visible  to  the  naked  e}"e  to  wedge- 
sliaped  or  irregular  areas  several  centimetres  in  diameter. 
Tliey  occur  most  frequently  just  beneath  the  fa>tal  and 
maternal  surfaces  of  the  organ,  but  may  extend  entireiy 
tliidugh  it.  Not  infrequently  they  form  broad  or  narrow 
bands  lying  upon  the  surface  of  tlie  eliorion  just  beneath 


other  cases  red  or  yellowish  areas  are  scattered  through 
the  substance  of  the  organ  and  are  discovered  only  when 
the  placenta  is  cut.  The  red  infarcts  may  vary  in  color 
from  a  pale  pink  to  black.     They  occur  most  often  upon 


Fig.  159S.— Placental  Infantion.    Natural  size.     (After  Kaufii 

the  amnion.  These  bands  are  usually  but  a  few  milli- 
metres in  thickness.  They  nia.y  occasionally  run  around 
the  margin  of  the  placenta  (placenta  marginata),  or  the}' 
may  form  a  zone  around  the  centre  of  the  organ  some 
distance  from  its  periphery  (margo  placentie),  being  sep- 
arated from  its  edge  by  apparently  normal  tissue.     In 


Fio.  1~00.— Small  Infari't  of  Chorion.  Several  necrosed  villi  sur- 
rounded liy  lllii-lii.  'rile  necrosed  villi  Iiave  lost  their  syncytial  cov- 
ering.    I.\fler  Kaiifinann.) 

the  maternal  side,  but  may  extend  completely  through 
the  organ.  To  these  red  areas  the  terra  "placental  apo- 
plexy "  has  been  usually  apjilied. 

The  red  infarct  may  be  elevated  above  the  surface  of 
the  placenta,  and  in  some  cases  the  organ  mav  be  studded 
with  small  dark  red  nodules  (jilaceiita  triilTe).  The  yel- 
low or  white  infarct  is  more  often  depressed,  and  when 
of  large  extent  may  cause  furrow-like  depressions  over 
the  placental  surface.  On  section  the  light-colored  in- 
farcts have  a  more  or  less  fibrillated  or  laminated  struc- 
ture, but  friqiienlly  ajipear  cliees}'.  The  red  ones  have 
a  more  granular  surface.  Calcification  occurs  with  great 
frequency  in  the  inlarcts  of  all  colors. 

Microscopically  the  infarct  consists  of  chorionic  villi 
more  or  less  necrosed  and  comiiressed  together,  sur- 
rounded by  fibrin,  red  blood  cells,  and  necrosing  decidual 
septa.  The  nuclei  of  the  connective-tissue  cells  of  the 
villi  have  either  entirely  lost  their  chromatin  or  are  dis- 
integrating, the  villous  elements  becoming  fused  into  a 
hyaline  mass,  taking  a  uniform  pink  stain  with  eosiii. 
Tlie  syncytial  cells  are  partially  desquamated  and  fused 
into  black-staining  masses  of  chinmatin.  wliile  the  cells 
of  the  decidual  septa  between  the  villi  are  swol- 
len, vacuolated,  and  exhibit  various  stages  of  ne- 
crosis. Fibrin  is  deposited  upon  and  around  the 
villi,  and  is  made  up  of  closel}'  jiacked  fibrili.e 
so  that  it  appears  almost  hyaline.  It  stains 
with  Weigcrt's  filjrin  stain  in  the  same  manner 
as  does  fibrin  found  elsewhere. 

In  other  cases  (he  infarct  consists  only  of 
large  masses  of  laminated  fibrin  in  which  no 
traces  of  villi  can  be  found.  Others  contain 
shadows  of  necrosed  villi,  and  between  the  in- 
farcts containing  no  villi  and  those  exhibiting 
iiiin.i  necrosing  ones  every  stage  of  transition  may  be 
found.  Tho.se  consisting  only  of  fibrin  are  prob- 
abl}'  to  be  regarded  as  older  infarcts.  In  the 
fibrin  masses  degenerating  red  cells  are  found  in  large 
numbers,  and  not  infrequently  there  is  a  well-marked 
infiltration  of  leucocytes  into  tiie  fibrin.  Lime  salts  may 
be  deposited  in  the  dead  villi,  the  syncytial  cells,  or  the 
necrosing  decidual  cells,  or  in  the  fibrin.  Fatty  degenera- 
tion of  the  necrosing  villi  is  rare.    In  large  infarcts  a  lique- 
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faction  or  simple  softening  of  the  central  portion  may 

i:iUi'  place,  resulting  in  the  formation  of  a  pus  like  fluiil. 
wliich  may  lead  to  an  iucorrect  diagnosis  of  aliscessof 
t)ie  placenta.  As  a  rule,  the  villi  inmu'dialcly  border- 
ing upon  the  infarct  show  no  change,  liut  occasionally 
there  may  Ijc  a  sequestration  of  the  infarct,  or  forma- 
tion of  a  connective-tissue  capsule  aliout  it.  Rarely  a 
leucocyte  intiltration  is  seen  about  the  infarct. 

In  small  infarcts  the  changes  are  not  so  marked,  and 
\]w  villi  (one  or  several  in  number)  ma.y  be  but  slightly 
changed,  and  surroimded  by  a  narrow  ring  of  hyaline 
fibrin.  The  syncytium  usually  shows  some  evidence  of 
necrosis  or  desquamation,  but  the  stroma  of  the  villus 
may  remain  unchanged.  The  structure  of  the  surface 
and  central  infarcts  is  essentially  the  .same,  Tlie  large 
pink  infarcts  arc  similar  to  the  white  ones  except  in  the 
fact  tliat  the  red  blood  cells  arc  juvserved.  The  red  in- 
farcts ma.y  present  a  microsco]iical  appearance  exactly 
similar  to  tliat  of  the  white  ones.  In  other  cases  the 
fibrin  composing  them  contains  many  red  cells.  Non- 
fihrinous  infarcts  may  also  occur,  to  the  naked  eye  resem- 
bling the  while  hbiinous  ones,  but  microsco])ically  con- 
sisting of  necrosed  villi  crowded  closely  together  without 
intervening  fibrin.  Eden  believes  that  these  are  caused 
by  the  shutting  off  of  the  blood  in  tlie  decidual  sinuses 
whereby  the  supply  to  the  intervillous  spaces  is  ob- 
structed. These,  being  no  longer  filled  with  blood,  col- 
lapse, and  the  villi  being  thus  ehisely  crowded  together, 
become  anaMnic  and  uiulcrgo  necrosis. 

The  larger  blood-vessels  of  the  chorionic  stem  to  which 
the  infareted  villi  belong,  show,  as  a  rule,  a  well-marked 
obliterating  endarteritis  and  iieriarteritis  associated  with 
thrombosis,  and  it  is  probable  that  the  infarction  is  due 
to  these  conditions. 

While  there  is  among  recent  writers  a  universal  agree- 
ment as  to  the  minute  structure  of  placental  infarcts, 
tliere  is  still  some  diversity  of  ojiinion  as  to  their  etiol- 
ogy and  pathological  significance.  Two  schools  exist. 
One  holds  that  infarcts  are  the  result  of  degenerative 
changes  occurring  in  the  decidua  and  extending  thence 
to  the  neighboring  villi,  the  intervillous  fibrin  masses 
representing  degenerated  decidua.  Proliferation  of  the 
decidua  may  even  first  take  place.  The  changes  in  the 
chorionic  vessels  are  regarded  as  purely  secondary.  The 
other  school  holds  that  the  vascular  changes  in  the  cho- 
rion are  primary,  and  that  as  a  result  of  these,  necrosis 
of  the  villi  occtirs  followed  by  the  deposition  of  fibrin 
upon  and  about  the  dead  villi.  This  school  also  regards 
the  infarction  process  as  physiological  and  not  the  result 
of  disease  changes.  This  latter  view  must  be  accepted 
in  view  of  the  recent  observations  concerning  the  occur- 
rence of  infarcts  in  the  ripe  placenta. 

Dclore.  in  1899.  found  in  the  examination  of  several 
thousand  cases  that  infarcts  occurred  in  one  hundred  per 
cent.  AYilliams.  in  1900.  states  that  he  has  found  infarc- 
tion in  greater  or  less  extent  in  every  full-term  placenta 
examined.  The  writer  in  an  examination  of  one  Inuidred 
sticccssive  placentas  found  them  in  ever.v  case.  JIany  of 
the  older  writers  at  widely  separated  periods  of  time  ex- 
jn-cssed  the  lielief  that  infarcts  (described  under  various 
heads)  were  found  in  the  majority  of  all  placentas.  Eden 
was  one  of  the  first  of  the  more  recent  writers  to  empha- 
size the  constant  occuiTenceof  placental  infarcts  as  being 
of  a  physiological  nature  and  not  as  evidence  of  disease. 
His  views  have  recentlj-  been  confirmed  by  Williams  and 
others. 

According  to  Ackermann,  Eden,  and  Williams,  the 
chief  factor  in  the  production  of  placental  infarction  is 
to  be  found  in  the  changes  occurring  in  the  chorionic 
vessels.  These  are  of  the  nature  of  an  obliterative  end- 
arteritis and  periarteritis,  and  are  usually  most  marked 
in  the  vessels  of  the  chorionic  steins  and  in  the  larger 
arterioles  of  the  villi.  The  degree  to  which  this  change 
occurs  varies  greatly,  in  many  cases  the  lumen  of  the 
vessel  may  he  almost  or  entirely  obliterated,  while  in 
others  there  is  but  a  slight  thickening  of  the  intima.  The 
endarteritis  is  similar  to  that  found  in  other  regions  of 
the  body ;  there  is  a  proliferation  of  the  subendothelial 


connective  tissue  with  resulting  narrowing  of  the  lumen, 
the  newly  formed  tissue  becomes  hyaline  and  gradually 
loses  its  nuclei.  There  may  or  ma.\'  not  Ijc  an  increased 
nuudiir  of  wamlering  cells  in  the  vessel  wall.  Calcifica- 
tion occurs  nuKli  less  frequently  than  in  sclerotic  vessels 
in  other  parts  of  the  body. 

These  sclerotic  chan.ses  occur  in  all  healthy  placentas; 
their  etiology  is  luiknown,  but  inasmuch  as  they  form  a 
part  of  the  life  history  of  the  organ,  the  causes  leading  to 
their  production  must  be  .sought  for  in  the  ojieration  of 
the  general  laws  of  histogenetic  development  and  deca.y. 
I'liclcr  ordinary  conditions,  to  be  regarded  as  an  expres- 
sion of  .senile  degeneration,  these  vascular  changes  can 
come  to  liave  a  pathological  siguilicance  when  they  ap- 
pear at  an  earlier  jicriod  than  normal.  Insui'h  case  they 
are  to  be  taken  as  an  indication  of  premature  senility. 

As  a  result  of  these  vascular  changes  disturbed  nutri- 
tion of  the  tissues  of  the  villi  occurs.  This  is  shown  in 
the  first  place  by  a  necrosis  of  the  cells  lying  just  beneath 
the  syncytium.  This  leads  gradually  to  a  des(|uamation 
of  the  syncytial  layer.  Changes  in  the  chromatin  of  the 
syncytial  cells  take  place  but  slowly,  leading  to  the  in- 
ference that  these  cells  may  derive  some  nourishment 
from  the  maternal  blood.  They  do  not  begin  to  degen- 
erate until  the  tissue  beneath  has  reached  a  certain  degree 
of  necrosis.  As  the  process  advances  the  eoimective  tis- 
sue of  the  villus  undergoes  necrosis,  becoming  changed 
into  a  hyaline  tnass  which  stains  deep  red  with  eosiu. 
The  necrosis  of  the  surface  of  the  villi  is  of  the  nature  of 
a  coagulation  necrosis,  fibrin  is  deposited  upon  the  dead 
cells.  As  the  process  advances  larger  pieces  of  syncy- 
tium dc.scnerate,  and  upon  these  dead  cells  there  is  de- 
posited a  thick  layer  of  hyaline  fibrin  which  binds  the 
dead  villi  together  in  a  firm  fibrinous  mass.  In  the  oldest 
portions  of  the  infarct  the  villi  gradually  lose  their  con- 
tour, the  central  portion  of  the  infarct  becoming  after  a 
time  an  indistinguishable  mass  which  may  either  liquef.v 
or  undergo  calcification.  The  syncytial  cells  may  be 
preserved  for  a  long  time  in  the  meshes  of  the  fibrin,  ap- 
pearing as  deeply  staining  clumps  of  chromatin. 

According  to  Williams,  the  death  of  the  stroma  of  the 
vilhis  is  also  of  the  nature  of  a  coagulation  necrosis  by 
which  the  tissue  of  the  villi  becomes  changed  into  can- 
alized fibrin.  The  writer,  in  the  study  of  a  large  number 
of  infarcts,  has  never  .seen  anything  warranting  the  belief 
that  fibrin  may  be  formed  from  necrosing  villous  stroma. 
While  the  dead  villi  stain  similarly  to  fibrin  with  many 
stains,  the  proper  management  of  Weigert's  fibrin  stain 
will  always  dillerentiate  between  the  dead  villi  and  the 
true  fibrin  derived  from  the  blood  elements. 

While  the  great  majority  of  all  placental  infarcts  are 
undoubtedly  due  to  the  vascular  changes  in  the  chorion, 
it  seems  possible  that  in  certain  cases  the  infarction  is  the 
result  of  changes beginningin  the  so-called  decidual  septa 
which  extend  into  the  chorion,  Eberhardt,  Williams, 
and  others  believe  that  these  septa  are  of  ectodermal  ori- 
gin and  not  matei'nal.  If  this  is  the  case  the  primary 
factors  in  the  production  of  infarction  are  to  be  sought 
always  in  fwtal  structures.  On  the  other  hand,  Steffeck 
and  others  hold  that  infarction  is  alwa.ys  of  maternal  ori- 
gin, the  primary  change  taking  place  in  the  cells  of  the 
septa,  the  latter  being  extensions  of  the  tnaternal  decidua 
into  the  chorion.  The  necrosis  of  these  cells  leads  to  the 
formation  of  fibrin  in  the  intervillous  spaces  which  con- 
tracting compres.ses  the  villi  and  so  leads  to  their  necrosis. 

The  pink  infarcts  do  not  dilTcr  in  their  etiology  from 
the  white  ones,  but  are  most  prolialjly  to  be  regarded  as 
more  recent  infarcts,  the  blood  between  the  necrosing 
villi  having  undergone  but  imperfect  coagulation.  The 
large  dark-red  infarcts  commonly  regarded  as  "placental 
apoplexy  "  are  due  to  dilatation  and  thrombosis  of  the 
intervillous  spaces,  and  are  not  hcmorrha.ges.  Their  eti- 
ology and  significance  are  not  yet  known,  l)ut  it  is  prob- 
able that  they  are  connected  with  the  thrombosis  of  the 
maternal  sinuses  which  gradually  extends  into  the  inter- 
villous spaces  involving  a  larger  or  a  smaller  portion  of 
the  placenta.  The  origin  of  tlie  non-fibrinous  infarcts  is 
probably  that  suggested  by  Eden,  as  mentioned  above. 
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As  sequelae  to  infarction  there  may  result  a  gradual 
atrophy  or  absorption  of  the  dead  villi  and  fibrin,  simple 
softeninj:  with  formation  of  a  pus-like  material,  calcifi- 
catiou,  or  in  rare  cases  organization  may  lead  to  the  for- 
mation of  a  fibroma-like  mass  of  connective  tissue.  Cho- 
rionic cysts  may  also  be  formed  by  the  liquefaction  of  the 
central  portion  of  an  infarct. 

The  sclerotic  changes  in  the  chorionic  vessels  and  the 
resulting  infarctions  must  be  considered  as  purely  physi- 
ological proces.ses  in  the  great  majority  of  all  full-term 
placentas.  Unfortunately,  the  significance  of  these  con- 
ditions is  at  the  present  time  but  little  understood,  and 
consequently  normal  phenomena  have  been  accorded  the 
most  varied  pathological  interpretations.  Such  mistakes 
are  due  entirely  to  a  lack  of  familiarity  with  the  changes 
found  in  normal  placental  tissue.  In  all  healthy  placen- 
tas infarcts  are  constantly  found,  and  are  present  at  all 
stages  of  gestation  from  the  earliest  period  of  chorionic 
de\"elopmeut.  A  progressive  atrophy  and  disappearance 
of  the  villi  in  the  chorion  hvve  occur  from  the  very  begin- 
ning of  placental  formation,  and  this  is  the  normal  way  in 
which  the  e.xtraplacental  villi  are  disposed  of  in  the  earlier 
weeks  of  gestation.  In  the  foital  placenta  itself  from 
the  very  beginning  there  is  on  one  hand  a  progressive 
formation  of  new  villi  and  a  progressive  destruction  on 
the  other.  This  process  ih  but  the  extension  of  that  from 
the  extraplaccntal  cliorion.  and  a  definite  progression  can 
be  traced  between  the  infarctions  of  the  e.xtraplacental 
villi  and  those  of  the  placental  chorion.  As  Eden  has 
pointed  out,  infarction  is  therefore  "not  the  result  of 
pathological  factors  l)ut  forms  a  part  of  the  normal  life 
history  of  the  placenta,  and  its  etiology  is  to  be  looked 
for  in  the  operation  of  the  natural  forces  of  evolution  and 
decay." 

Yet  many  authors  seek  to  give  a  pathological  meaning 
to  the  infarcts  found  in  the  full-term  ]jlaeenta.  Yon 
Franque  holds  that  the  vascidar  changes  in  the  chorionic 
vessels  are  pathological  and  lead  to  placental  oedema, 
excess  of  the  amniotic  fluid,  etc.  Cobn.  Wiedow.  ilar- 
tiU:  Pinard,  and  otiiers  believe  that  there  is  some  definite 
relation  between  luatenial  albuminuria  and  placental 
infarction,  and  that  the  latter  process  leads  to  marked 
changes  in  tlie  condition  of  the  fietus  even  to  the  extent 
of  death  and  abortion.  A  relation  has  also  been  claimed 
to  exist  between  infarction  and  eclampsia.  Zilles,  Prinz- 
ing,  Orth,  and  otiiers  believe  that  there  is  a  causal  rela- 
tion between  syphilis  and  infarction.  Favre,  Martin,  and 
Delore  hold  that  infarcts  are  caused  by  the  presence  of 
bacteria  in  the  blood  of  the  intervillous  spaces,  that  these 
cause  degeneration  and  necrosis  of  the  syncytial  cells 
which  in  turn  lead  to  infarction.  AVilliams  examined 
twenty  placentas  bacteriologically  and  found  the  infarcts 
to  be  sterile.  The  latter  writer  iiolds  that  moderate  in- 
farction is  not  pathological  and  exerts  no  harmful  influ- 
ence upon  either  mother  or  foatus.  Slarked  infarction  lie 
believes  to  be  associated  usually  with  maternal  albumi- 
nuria, and  often  results  in  the  death  or  imperfect  develop- 
ment of  the  foetus.  He  is  unable  to  account  for  the  rela- 
tionship between  the  two  conditions. 

According  to  the  results  of  the  writer's  stud}'  of  a  hun- 
dred full-term  placentas,  large  infarctions  may  be  found 
incases  in  which  there  was  no  albuminuria  aiid  in  which 
both  mother  and  child  were  apparently  normal.  Such 
infarctions  are,  however,  of  greater  frequency  in  the 
placentas  from  mothers  suffering  from  cachectic  condi- 
tions of  all  kinds,  tubercidosis,  syphilis,  nephritis,  anae- 
mia, severe  endometritis,  etc. ;  and  it  is  probable  that  in 
such  conditions  the  infarct  acquires  a  pathological  role 
and  may  affect  the  development  of  the  foetus.  Espe- 
cially is  this  likely  to  be  the  case  when  large  infarctions 
occur  in  the  early  months  of  gestation.  Tlie  occurrence 
of  large  infarcts  before  the  seventh  month  seems  to  be  es- 
pecially associated  with  syphilis.  The  significance  of 
chorionic  infarction  may  then  be  summed  up  as  follows: 

1.  Moderate  infarction  of  the  placenta  after  the  seventh 
month  is  physiological. 

2.  Marked  infarction  of  the  ripe  placenta  may  have 
apparently  no  pathological  significance,  but  is  usually 


associated  with  maternal  cachexias  and  may  affect  foetal 
development. 

3.  Marked  infarction  of  the  placenta  in  the  earlier 
stages  of  gestation  is  especially  associated  with  syphilis, 
tuberculosis,  and  nephritis  of  the  mother,  and  may  result 
in  abortion. 

Atrophy. — There  is  in  the  fa!tal  placenta  from  the  very 
beginning  of  its  development  a  progressive  atrophy  of 
the  chorionic  villi  on  the  one  hand,  and  a  new  formation 
on  the  other.  The  superfluous  villi  of  the  chorion  hrve 
undergo  a  simple  atrophy,  and  the  process  extends  from 
them  to  the  placental  chorion.  At  term  the  villi  are, 
as  a  rule,  of  much  smaller  size  than  in  the  early  months, 
and  this  decrease  in  size  is  to  be  looked  upon  as  being  of 
the  nature  of  a  histogenetic  or  senile  atrophy.  The 
myxomatous  tissue  of  the  young  villi  takes  on  with  age 
somewhat  of  the  character  of  mature  connective  tissue, 
and  while  many  of  the  villi  never  lose  entirely  their  em- 
bryonic character,  their  interstitial  tissue  becomes  firmer 
and  more  compact,  and  contracting  causes  a  marked  de- 
crease in  size.  The  small  vessels  of  the  villi  are,  how- 
ever, not  affected  by  this  contraction;  on  the  contrary, 
they  become  relatively  much  larger.  If  these  atrophic 
changes  occur  to  any  great  extent  before  the  seventh 
month  thev  must  be  regarded  as  pathological.  Prema- 
ture atrophy  may  be  due  to  syphilis,  or  to  marked  ca- 
chexias due  to  other  causes.  The  direct  cause  of  both 
physiological  and  jiathological  atrophy  lies  in  the  scler- 
otic changes  in  tlie  larger  chorionic  vessels.  Slow  obliter- 
ation of  these  vessels  leads  to  simple  atrophy  of  the  villi, 
while  a  more  rapid  shutting-off  of  the  circulation  leads 
to  infarction.  The  first  structure  of  the  villus  to  show 
signs  of  atrophy  is  the  deep  layer  of  the  chorionic  epithe- 
lium. In  the  young  placenta  the  epithelial  covering  of 
the  villi  consists  of  two  layers:  a  superficial  layer  of  nu- 
cleated Plasmodium,  and  a  deep  one  of  well  defined  nucle- 
ated cells.  After  the  third  month  tliis  deeper  layer  un- 
dergoes atrophy  so  that  in  the  ripe  placenta  it  hasalmost 
entirely  disajipeared,  being  represented  only  by  scattered 
nuclei  beneath  the  plasmodial  layer.  The  plasmodial 
layer  undergoes  a  similar  atrophy  in  the  last  months  of 
.gestation.  In  the  ripe  placenta  many  of  tlie  villi  show 
in  places  complete  atrophy  of  the  Plasmodium,  so  that 
underlying  capillaries  may  be  directly  exposed  to  the 
maternal  blood.  The  loss  of  vital  energy  in  the  syncy- 
tium is  further  shown  in  the  last  two  months  by  the 
gradual  cessation  of  bud  and  jirocess  formation  whereby 
the  development  of  new  villi  comes  to  a  standstill.  The 
changes  in  the  stroma  occur  at  the  same  time  with  those 
in  the  syncytium.  Fibrin  is  never  deposited  upon  villi 
showing  simple  atrophy  alone,  but  only  upon  those  show- 
ing necrosis  or  degeneration. 

Hecrosis. — Necrosis  of  the  villi  occurs  in  infarction  as 
described  above.  It  is  usually  of  the  nature  of  a  .simple 
necrosis,  but  many  writers  regard  it  as  being  a  form  of 
coagulation  necrosis.  The  stroma  just  beneath  the  syn- 
cytium is  the  first  part  affected  ;  its  nuclei  become  swollen, 
irregular  in  shape,  and  there  is  a  gradual  lo.ss  of  chro- 
matin. The  syncytium  then  ueerosesand  fibrin  is  depos- 
ited upon  the  dead  surface  of  the  villus.  The  formation 
of  fibrin  from  the  degenerating  structures  of  the  villus, 
as  claimed  by  ^Yilliams  and  others,  is  not  j-et  an  estab- 
lished fact.  Necrosis  of  the  villi  occurs  also  in  retained 
placenta  after  the  birth  of  the  foetus,  after  abortion,  or 
in  connection  with  a  retained  dead  foetus.  Infection 
with  putrefactive  organisms  may  occur,  and  moist  gan- 
grene result.  In  a  number  of  cases  gaseous  emphj'sema 
of  the  necrosing  placenta  has  been  observed,  and  the  Bacil- 
lus agrogenes  capsulatus  was  found  to  be  present  both  in 
the  foetus  and  in  the  placenta.  The  sequelte  of  necrosis 
of  the  villi  arc  the  same  as  those  given  under  infarction. 

Cloudy  SireUiiif/. — Preceding  the  necrosis  in  infarction 
there  is  a  stage  of  degeneration  in  the  syncytial  and  sub- 
syncytial  cells  which  is  analogous  to  the  cloudy  swelling 
of  parenchymatous  organs.  The  cells  become  swollen, 
their  nuclei  larger,  the  cell  outline  irregular,  and  there  is 
a  gradual  disintegration  of  the  chromatin.  Such  changes 
are  very  commonly  found  throughout  the  entire  placenta 
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in  retention  of  the  organ  after  abortion,  delivery,  or  in 
connection  with  death  of  the  fa?tus. 

Hydropic  Degeneration .  — This  occurs  in  oedematous  pla- 
centas, in  necrotic  jjlacentas  retained  after  abortion  or 
delivery,  in  gangR-ne,  placental  iutlanimation,  hydatid 
moles,  and  in  the  chorionic  villi  of  ectopic  gestation. 
The  villi  showing  this  degeneration  contain  large  vacuoles 
throughout  their  stroma.  Vacuoles  may  be  found  also 
in  the  syncytium  and  in  the  cells  of  Langhans'  layer. 

Fiilty  Degeneratiiin. — A  very  sliglit  degree  of  fatty  de- 
generation of  the  villous  stroma  must  be  looked  upon  as 
a  normal  condition  in  the  last  monthsof  pregnancy.  E.\- 
tensive  fatty  degeneration  of  the  placenta  was  first  de- 
scribed bj-  Barnes,  but  there  can  be  no  doubt  that  the 
changes  which  he  saw  were  those  of  infarction.  As  the 
result  of  his  error  the  literature  from  1851  to  1890,  both  in 
England  and  in  this  country,  contains  numerous  reports 
of  fatty  changes  of  the  placenta  based  upon  the  gross 
appearances,  and  the  descriptions  in  all  of  these  cases 
correspond  to  the  gross  changes  seen  in  infarction. 
Marked  fatty  degeneration  of  the  villi  is  very  rare,  and 
is  contined  almost  entirely  to  the  villi  in  ectopic  gestation 
after  the  death  of  the  foetus,  but  the  degeneration  occurs 
to  a  lesser  degree  in  placentitis,  infarction,  retained  pla- 
centa, etc. 

Myj-nmatou»  Degeneration. — The  stroma  of  the  chori- 
onic villi  and  also  of  the  chorionic  stems  is  during  the 
early  months  of  pregnancy  of  the  nature  of  my.xomatous 
tissue.  In  the  later  months  it  tjikes  on  more  of  the  nature 
of  mature  connective  tissue,  especially  in  the  stems,  where 
it  comes  to  resemble  fully  developed  fibrous  connective 
tissue.  3Iany  of  the  villi,  however,  never  entirelj'  lose 
their  embryonic  type.  In  some  cases  the  entire  chorion 
may  retain  the  character  of  myxomatous  tissue,  in  other 
cases  there  is  a  my.xomatous  degeneration  of  the  mature 
connective  tissue  of  the  stems  and  larger  villi.  This  de- 
generation occurs  in  the  placentas  of  cachectic  individ- 
uals and  in  retained  placentas  after  delivery  at  full  term. 
Associated  with  a  persistence  of  embryonic  type  or  with 
a  myxomatous  degeneration  there  may  be  a  hyperplasia 
of  the  chorion  which  gives  rise  to  the  condition  known 
as  vesicvdar  mole,  hydatid  mole.  etc.  (see  below). 

Hyaline. — Within  certain  limits  a  hyaline  change  in  the 
walls  of  the  blood-vessels  of  the  chorionic  stems  is  phys- 
iological in  the  ripe  placenta.  Early  or  excessive  change 
of  this  nature  must  be  regarded  as  pathological.  This 
occurs  in  the  pre-senile  condition  caused  by  syphilis  and 
other  cachexias. 

Amyl'jtd. — The  presence  of  amyloid  in  the  chorion  has 
been  reported  a  number  of  times,  but  it  is  highly  proba- 
ble that  the  changes  seen  were  those  of  infarction,  and 
that  hyaline  librin  was  mistaken  for  amyloid. 

Calcification. — The  deposit  of  lime  salts  in  the  chorion 
is  also  within  certain  limits  to  be  regarded  as  a  senile 
process.  Small  areas  of  calcification  are  very  common  in 
the  ripe  placenta,  occurring  practically  in  everj-  one,  and 
are  entirely  without  pathological  significance.  The  de- 
posits may  be  scattered  throughout  the  chorion,  as  many 
as  five  hundred  concretions  having  been  found  in  one 
placenta,  or  the  entire  surface  of  the  chorion  beneath  the 
amnion  may  be  covered  with  a  calcareous  deposit.  In  the 
latt«r  case  the  deposit  is  found  in  the  layer  of  fibrin  lying 
between  the  amnion  and  the  chorion.  In  the  scattered 
deposits  the  calcification  occurs  chiefly  in  the  intervillous 
fibrin  masses,  but  may  be  found  in  any  portion  of  the 
chorion,  in  the  syncytial  layer,  the  connective  tissue  of 
the  villi,  or  in  the  walls  of  the  blood-ves.sels  of  the  cho- 
rionic stems.  The  deposits  occur  most  frequently  in  or 
about  areas  of  infarction.  They  are  usually  of  small  size. 
To  the  naked  eye  the  presence  of  calcareous  masses  in 
the  placenta  is  shown  by  whitish  areas  having  a  firm 
consistence,  a  gritty  feei,  and  giving  a  grating  sound 
when  struck  with  a  knife,  ilicroscopically  the  deposit 
consists  of  irregular  masses  of  calcium  carbonate,  phos- 
phate, or  magnesium  ])hosphate.  giving  the  characteristic 
staining  reaction  with  ha-matoxylin. 

Just  when  calcification  takes  "on  a  pathological  sisnifi- 
cance  it  is  at  present  impossible  to  say.     Extensive  de- 


posits may  occur  when  both  mother  and  child  are  appar- 
ently in  perfect  health.  On  the  other  hand,  it  has  been 
claimed  that  calcification  to  an  extensive  degree  is  asso- 
ciated with  syphilis  and  death  of  the  ftctus,  but  no  con- 
stant as.sociation  can  be  shown  to  exist.  In  placentas 
before  the  seventh  month  calcification  has  the  same 
significance  that  infarction  or  sclcro.sis  has  at  this  period ; 
it  is  to  be  liiken  as  an  evidence  of  premature  senility, 
and  depcMilcnt  upon  nutritional  changes  resulting  from 
syphilis,  tuberculosis,  or  other  cachectic  conditions.  In 
both  sy])hilis  and  nephritis  a  fatty  degeneration  of  the 
terminal  villi  usually  precedes  the  calcification.  Early 
infarction  dependent  upon  early  obliteration  of  the  cho- 
rionic ves.sels  is  almost  always  followed  by  calcification  if 
the  nutritional  disturbances  are  not  so  great  as  to  produce 
abortion.  Syphilis  is  the  most  commonly  associated  con- 
dition, and  may  therefore  be  regarded  as  an  etiological 
factor.  Since  calcification  most  frequently  follows  in- 
farction, the  greater  the  number  of  infarcts"  the  more  ex- 
tensive the  Ciilcification.  It  may  therefore  be  taken  to  a 
certain  extent  as  an  expres.sion  of  the  degree  of  senile 
change,  but  it  must  be  remembered  that  in  many  cases 
infarction  is  not  followed  by  any  deposit  of  lime  salts. 
In  the  retained  placenta,  either  after  delivery  or  after  abor- 
tion, calcification  is  of  very  frequent  occurrence.  It  is  also 
very  frequently  found  in  the  chorion  in  ectopic  gestation. 
Both  membranes  and  fontis  may  be  entirely  calcified 
(lithopa'dion).  On  the  other  hand,  sclerosis  of  the  cho- 
rionic vessels  is  but  rarely  followed  by  calcification  of  the 
vessel  wall. 

Pigmentation. — Pigmentation  of  the  chorion  is  very 
rare.  Hicmatoidin  and  hemosiderin  maj-  be  found  in  olH 
infarcts,  but,  as  a  rule,  these  pigments  are  not  formed  in 
the  placenta  from  the  disintegration  of  the  red  cells. 
They  are  of  more  frequent  occurreuce  in  retained  pla- 
centas. In  malaria  of  the  mother  the  blood  in  the  inter- 
villous spaces  contains  both  the  malarial  organism  and 
its  pigment.  The  latter  may  be  deposited  upon  the  sur- 
face of  the  syncytium,  but  docs  not  pass  through  this 
laver.  Retaited  placentas  in  cases  of  severe  icterus  of 
the  mother  become  stained  with  bile  pigment,  the  pig- 
mentation being  confined  to  the  syncytiaflayer  except  in 
those  portions  of  the  villi  denuded  of  syncytium  where 
the  stroma  of  the  villus  is  also  bile  stained. 

Fibrinoid  Degeneration. — iluch  has  been  written  upon 
the  origin  of  placental  fibrin,  and  the  subject  cannot  be 
said  to  be  definitely  settled.  Ackermann  holds  that  it 
arises  from  the  decidual  cells  and  from  the  plasmodial  and 
cellular  layer  of  the  villi,  and  not  from  the  maternal  blood, 
ilinot  also  affirms  that  it  arises  from  a  degeneration  of 
the  chorionic  epithelium.  'Williams  believes  likewise 
that  the  syncytium  undergoes  coagulation  necrosis  and  is 
converted  into  canalized  fibrin.  Eden  considers  it  to  be 
largely  a  product  of  the  maternal  blood.  The  process 
has  been  styled  hyaline,  fibrous,  fibrinous,  hyaline-fibrin- 
ous,  and  fibrinoid  degeneration  of  the  placenta  bj-  the 
various  authors  who  regard  it  as  being  of  the  nature  of  a 
degeneration,  but  who  have  given  but"little  proof  of  their 
assertions.  The  writer,  after  a  careful  study  of  many 
placental  infarcts,  has  been  unable  to  convince  himself 
that  the  placental  fibrin  has  any  other  origin  than  that  of 
the  maternal  blood.  \Vhile  with  ordinary  stains  the  in- 
tervillous fibrin  has  a  hyaline,  homogeneous  appearance, 
indistinguishable  from  the  necrosed  syncytium  and  de- 
cidua,  a  differentiation  can  always  be  made  with  Wei- 
gert's  fibrin  stain.  When  stained  by  this  metho<i.  the 
fibrin  always  shows  a  reticulated  structure,  in  the  meshes 
of  which  lie  necrotic  cells  of  the  syncytium  and  decidua. 
PKOGREssr\E  Ch.\sges. — During  the  first  seven  months 
of  gestation  there  is  a  constant  new  formation  of  chorionic 
villi.  Proliferation  of  the  nuclei  of  the  syncytium  takes 
place,  leading  to  the  formation  of  a  plasmodial  bud  or 
oflshoot,  which  becomes  vascularized  from  the  villous 
capillaries,  and  a  stroma  is  formed  for  the  young  villus 
from  the  proliferation  of  the  stroma  cells  of  the  parent 
villus.  During  the  last  two  months  of  pregnancy  the 
formation  of  the  plasmodial  buds  continues.  l)Ut  very 
few  become  vascularized.     The  number  of  buds  is,  more- 
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over,  not  so  great  as  in  the  earlj-  months.  In  sections  of 
tlie  placenta  these  buds  appear  as  large  plasmodial  giant 
cells  wlien  cut  transversely.  The_y  are  frequentlj-  very 
nuraerons  around  infarcts,  suggesting  a  compensatory 
regeneration.  Rarely  the  placenta  at  full  term  is  in- 
creased in  size,  and  shows  active  proliferation  of  the  villi 
as  in  the  early  months.  "With  this  hyperplasia  there  may 
be  associated  a  myxomatous  or  hj'dropic  degeneration  of 
the  stroma  of  the  villi,  giving  rise  to  the  condition  known 
as  vesicular  or  hydatid  mole.  A  similar  process  takes 
place  after  abortion  or  delivery  in  case  the  placenta  is 
retained,  but  is  much  more  frequent  and  extensive  the 
earlier  the  death  of  the  fcetus  occurs.  The  retained  pla- 
centa, after  abortion,  maj'  live  with  not  only  a  lessened, 
but  frequently  an  increased  vitality  many  months  after 
the  death  of  the  fo?tus,  and  this  may  lead  to  a  hyperplasia 
of  the  villi  resembling  in  character  tliat  of  a  new  growth. 
These  hyperplastic  growths  of  the  chorion  may  be  found 
in  all  stages  from  the  slightly  increased  activity  in  the  for- 
mation of  sync3-tial  buds  to  the  development  of  atypical 
buds  infiltrating  the  uterus  wall  and  producing  metas- 
tases in  other  organs.  Various  names  have  been  given 
to  these  growths,  and  their  terminology  is  at  present 
confused.  It  is  difficult  to  draw  any  close  distinction 
between  the  simple  hyperplasias  on  the  one  hand  and  the 
new  growths  on  the  otlicr.  For  reasons  of  convenience 
they  will  be  described  under  the  head  of  tumors  of  the 
chorion. 

Placentitis  (Chorioiritis). — Though  the  term  placentitis 
occurs  frequently  in  the  literature,  the  actual  anatomical 
observations  of  inflammatory  conditions  of  the  fcetal 
placenta  are  so  rare  and  the  iuterprelation  of  these  so 
varied  and  conflicting  that  the  condition  caimot  be  siiid 
to  have  a  definite  status  in  pathology.  Throughout  the 
older  literature  there  are  references  to  placental  inflam- 
mation as  an  occurrence  possible  but  rare.  It  is  first 
definitely  mentioned  by  Guillemeau  in  his  "Oeuvres  de 
Chirurgie,"  1048.  Mam-iceau,  Portal,  and  Jlorgagni  gave 
clinical  descriiitionsof  "  placentitis  "  misupported  b_v  ana- 
tomical observation.s.  Cruveilhicr.  ]Murat,  Brachet.  Stein, 
d'Outrcpont,  AVilde,  Simpson,  and  Rokitansky  made  many 
observations  by  which  thej- declared  the  existence  of  pla- 
centitis to  be  conclusively  proved,  that  it  was  both  acule 
and  chronic  in  its  course,  and  in  common  with  other  in- 
flammations possessed  three  stages.  The  conclusions  of 
these  observers  were  based  wholly  u]ion  the  gross  ap- 
pearance of  the  organ  and  upon  a  theoretical  application 
lit  I  he  changes  seen  in  croupous  pneumonia.  The  modern 
reader  can  have  no  doubt  that  the.y  saw  and  described 
the  placental  infarct.  In  18-49  Scanzoni  gave  a  moi'c  ex- 
act description  of  infarction,  showing  that  the  yellowish 
areas  consisted  of  fibrin.  He,  however,  interpreted  the 
condition  as  inflammatory  in  nature  and  designated  it  as 
•phthisis  placenta'."  He  was  supported  in  these  views 
liy  Mattel  and  GeofTroy. 

But  doubt  as  to  the  correctness  of  these  views  soon 
arose.  Verdier  and  Bustamente  explained  the  phenomena 
as  due  to  retrograde  metamorphoses  of  blood  clots.  Robin 
especially  opposed  Scanzoni 's  views,  and  gave  the  jjrocess 
a  wholly  different  interpretation.  According  to  his  ob- 
servations there  did  not  exist  a  true  inflammation  of  the 
placenta,  at  all  events  no  one  had  yet  seen  it.  What  had 
been  taken  for  placentitis  he  affirmed  was  nothing  more 
than  a  "  fibrous  "  degeneration  of  the  chorionic  vifli  aris- 
ing from  the  obliteration  of  the  chorionic  vessels.  Doubt 
as  to  the  existence  of  placentitis  then  took  a  more  definite 
form.  3Iillet,  in  1861,  said :  "  Nothing  is  less  precise  than 
the  symptomatology  of  this  affection,  nothing  is  less  ex- 
act than  its  pathologic  anatomy,  in  a  word,  nothing  is 
less  proved  than  this'lnflammation  itself."  In  1862  Maier 
and  Hegar  studied  very  carefully  the  phenomenon  for- 
merly described  as  placentitis.  After  a  minute  descrip- 
tion of  the  well-known  ajipearances  and  structure  of  the 
white  infarct,  they  decided  that  the  partial  necrosis  of 
the  villi  near  the  fibrin  masses  was  the  expression  of  an 
interstitial  placentitis  similar  in  its  natiu-e  to  hepatic  cir- 
rhosis. Maier  noted  also  the  periarteritis  of  the  chorionic 
vessels,  and  considered  the  two  conditions  to  be  closely 


related  and  to  lead  to  the  same  result,  atrophy  and  de- 
generation of  the  villi. 

In  1869  Charpentier  doubted  very  much  the  existence 
of  a  true  inflammatory  condition  of  the  placenta.  The 
pathological  anatomy  of  the  organ  became  more  and  more 
unsettled,  and  the  disposition  to  reject  placentitis  alto- 
gether rapidly  increased.  Many  opinions  were  given  as- 
serting the  impossibility  of  a  placental  inflammation  in 
the  C'olmheim  sense  of  the  process,  since  there  "are  no 
capillaries  in  the  maternal  placenta  through  which  a  mi- 
gration might  take  place  and  no  nerves  to  regulate  the 
contractility  of  the  vessels  throughout  the  organ."  The 
opinion  of  Robin  came  to  be  most  generally  accepted : 
"  What  has  been  taken  for  inflammation  of  the  placenta 
is  nothing  else  than  a  condition  of  transformation  of 
blood  clots  at  different  stages.  What  has  been  regarded 
as  pus  is  only  fibrin  in  the  course  of  disorganization,  and 
in  those  cases  where  true  pus  has  been  found  the  pus  did 
not  come  from  the  placenta  but  from  an  inflammation  of 
the  tissue  of  the  uterine  walls  and  an  accidental  deposi- 
tion in  the  tissue  of  the  placenta." 

In  1884  Ackermann  declared  all  previously  entertained 
views  to  be  incorrect,  and  explained  all  of  "the  observed 
]ihenomena  on  the  tlieory  of  an  anamic  infarct  of  the 
placenta.  His  views  were  accepted  by  the  majority  of 
pathologists  in  so  far  as  the  question  of  the  existencie  of 
placentitis  is  concerned.  An  immense  quantity  of  litera- 
ture concerning  placental  infarction  now  sprang  into 
existence,  and  from  1884  to  the  present  time  the  question 
of  placental  inflammation  has  been  jiractically  relegated 
to  a  far  background.  In  summing  up  the  gleaningsfrom 
the  literature  we  find  that  the  older  writers  believed  in 
the  existence  of  a  placentitis  which  they  constructed 
from  clinical  phenomena,  inaccmate  gross  observations, 
and  slill  more  inaccurate  microscopical  examinations  and 
weakly  grounded  reasonings  from  analogy.  As  the 
knowledge  of  pathological  histology  developed  the  status 
of  placentilis  became  more  and  more  unsettled,  and  the 
changes  which  the  older  observers  looked  upon  as  in- 
flammatory were  shown  to  be  of  the  nature  of  infarction, 
and  finally,  in  our  own  day,  to  be  considered  as  only  the 
ex])ression  of  senile  decay  of  the  organ.  The  literary 
history  of  placentitis  is  the  history  of  the  jilacenlal  in- 
farct, and  inflammation  of  the  jilacenfa  as  a  definite 
jiathological  entity  has  almo.st  disappeared  from  the  later 
literature,  and  its  existence  is  affirmed  only  by  scattered 
and  unsatisfactory  observations. 

Small  foci  of  leucocytes  are  not  infrequently  seen  in 
the  rijie  placenta,  especially  in  the  neighborhood  of  in- 
farclc-d  areas,  Init  their  significance  is  unknown.  A  true 
purulent  inllanunation  of  the  maternal  portion  of  the 
I)lacenta  is  relatively  common.  It  may  be  due  to  gonor- 
rh(ral  infection,  or  to  an  extension  of  a  neighboring 
])urident  process  to  the  endometrium  and  deeidua.  In 
the  earlier  months  it  may  be  due  to  infection  resulting 
from  atfemjited  abortion.  The  cells  of  the  deeidua  im- 
dcrgo  a  liipicfaclion  necrosis,  and  there  is  a  large  leuco- 
cyte infiltration  which  may  assume  the  proportions  of 
abscess  formation.  The  leucocyte  infiltration  extends 
along  the  deeidua  and  into  the  decidual  septa,  but  only 
in  rare  cases  in^•olves  the  chorion,  the  upiicrmost  layer 
of  the  deeidua  apparently  acting  as  a  barrier  to  the  ex- 
tension of  the  process.  The  cluirion  is  most  likely  to  be 
involved  when  the  decidual  infianunatiou  occurs  in  the 
early  months.  In  such  cases  the  syncytimn  becomes 
swollen  and  hyaline,  gradually  losing  its  nuclei,  and  tak- 
ing a  very  deep  stain  with  eosin,  but  does  not  give  the 
fibrin  stain  with  Weigert's  method.  The  stroma  of  the 
affected  villi  is  partly  or  wholly  liquefied  and  replaced 
by  leucocytes.  Each  villus  may  come  to  have  the  ap- 
pearance of  a  small  abscess  surrounded  by  the  syncytium, 
which  remains  intact  long  after  the  stroma  of  the  villus 
is  entirely  destroyed.  The  formation  of  syncytial  buds 
may  take  place  even  at  this  stage.  Fibrin  isformed  in 
the  intervillous  spaces,  but  is  not  so  homogeneous  and 
hyaline  in  character  as  in  the  placental  infarct.  Leuco- 
cytes may  or  may  not  collect  upon  the  surfaces  of  the 
affected  villi,  and  in  the  early  stages  of  chorionitis  there 
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may  be  no  coagulation  in  the  intervillous  spaces,  even 
wlii-n  tlie  clianires  in  the  syncytium  anil  stroma  of  the 


Fig.  1301).  -Purulent  Ohorionitls.  Pliioenta  and  fuetus  removed  one  week  after  at- 
tempted abortion  in  tlie  third  niontli.  Stroma  of  tlie  villi  almost  wholly  liciiielled 
and  repliueil  by  pus.  Syniytium  swollen  and  hyaline,  prradually  losing  its  nuclei. 
A  few  Wfll-preserved  iuids  Ivinsr  in  the  intervillous  spaces  which  contjiin  Hbrin 
and  an  incrcaseil  number  nf  leucocytes.  Camera  lueida  drawing.  Leitz  objective 
No.  3;  eyepiece  No.  2 ;  reduced  one-third. 


villi  are  far  advanced.  The  place  of  extension  of  the 
purulent  process  fiom  the  dc(i<Uial  septa  to  the  chorion 
may  usuall.y  be  discovered.  Ultimately  the  complete 
destruction  of  the  alt'ected  portion  gives  rise  to  a  well- 
detined  abscess  of  tliu  placenta.  Death  of  the  foetus, 
general  sepsis  on  the  part  of  the  mother,  may  result,  or 
in  rare  cases  the  pus  may  burrow  downward  through  the 
decidua,  escaping  from  the  uterus,  and  the  gestation  go 
to  full  term.  Purulent  intlammation  of  the  decidua  and 
chorion  is  of  frequent  occurrence  in  the  retained  placenta 
after  abortion  and  delivery,  and  in  the  placenta  of  ectopic 
gestation. 

Interstitial  chorionitis.  both  acute  and  chronic,  has  been 
described.  The  acute  forms  occur  only  in  the  early 
months  of  gestation,  and  are  practically  always  due  to 
syphilis  or  tuberculosis,  and  will  be  described  tinder  those 
hea<ls.  The  condition  described  as  chronic  interstitial 
placentitis  is  in  reality  only  the  fibroid  change  which 
takes  place  in  the  chorionic  stroma  as  a  result  of  the  nor- 
mal (ir  |)remature  obliteration  of  the  chorionic  vessels, 
antl  ran  hardly  be  considered  as  inflammatory  in  nature. 

PeriiirUritis,  Endarteritis. — The  changes  in  the  chori- 
onic vessels  were  at  a  very  early  period  regarded  as  in- 
flammatory in  nature.  As  before  mentioned,  the  present 
view  is  to  consider  them  in  the  mature  placenta  as  being 
of  the  nature  of  senile  changes.  They  acfjuire  a  patho- 
liigical  signiticance  only  when  occurring  prematurely  or 
to  an  excessive  degree.  The  process  begins  as  a  rule  in 
the  terminal  and  medium-sized  arterioles,  later  in  the 
larger  arteries,  while  the  veins  and  capillaries  are  not 
affectetl  until  the  blood  supply  is  almost  shut  off  by  the 
arterial  changes.  The  first  indication  of  the  process  is 
shown  in  a  thickening  of  the  adventitia.  Very  soon  the 
intiina  is  involved,  the  subendothelial  cells  proliferating 
irregularly,  forming  localized  growths  into  the  lumen,  or 
a  more  regular  narrowing  of  the  Imnen  as  a  wliole. 
When  the  lumen  is  almost  entirely  obliterated,  there  is 
usually  a  loss  of  the  endothelium  and  the  obturation  of 
the  vessel  is  completed  by  thromljosis.  In  the  tissue 
about  the  affected  vessels  there  mav  or  mav  not  be  anv 


increase  in  the  number  of  wandering  cells.  These 
changes  begin  as  early  as  the  seventh  month  and  pro- 
gress until  delivery.  They  ai'e  (he  direct 
cause  of  infarction. 

Sjipltitiii. — The  changes  in  the  chorion  as- 
ciilied  to  syphilis  are  numerous  and  varied, 
liitaiction,  fatty  change,  calcification,  scle- 
rosis of  vessels,  fibroid  degeneration,  inter- 
stitial placentitis,  etc.,  have  all  been  regarded 
by  various  authors  as  being  of  syphilitic  ori- 
gin. As  seen  above,  many  of  these  condi- 
tions are  physiological  witliin  certain  limits, 
and  in  the  present  stale  of  otu'  knowledge  it 
is  impo.ssible  to  say  definitely  as  to  when  they 
acc|uire  a  pathological  significance,  and  their 
relation  to  syphilis  is  still  more  obscure. 
Kriinkel  has  observed  in  cases  of  early  fa^tal 
syphilis  transmitted  from  the  father  a  form 
of  acute  interstitial  chorionitis  in  which  there 
is  a  marked  proliferation  of  the  cells  of  the 
villous  stroma.  This  loses  its  myxomatous 
character,  its  bloodvessels  are  obliterated, 
ihe  villi  become  greatly  thickened,  and  as  a 
result  the  intervillous  spaces  are  decreased 
in  size.  The  newly  formed  stroma  is  of  a 
fibroblastic  character,  rich  in  lai'ge  spindle- 
shaped  cells,  having  more  or  less  vesicular 
nuclei.  The  change  may  affect  the  entire 
chorion,  or  scattered  areas  of  the  condition 
may  be  found  throughout  the  organ.  The 
former  is  most  likely  to  occur  when  the  in- 
fection occurs  at  conception,  the  latter  in 
syphilis  acquired  in  the  first  months.  In  the 
former  case  death  of  the  fa?tus  and  abortion 
invariably  result,  in  the  latter  gestation  may 
go  on  to  full  term  with  the  birth  of  a  child 
showinn-  marked  svphilitii'  manifestations. 
The  fibrolilastie  character  iif  the  alTected  villi 
may  be  maintained  until  delivery  or  the  stroma  may  grad- 
ually assume  a  hyaline  character.     Early  and  marked  scle- 


Fir,.  1301.  —  Chorionic  Stem  from  Ripe  Placenta,  Showing  Normal 
Obliteration  of  Chorionic  Arteries.  Fibrin  adhering  to  edge; 
Camera  lueida  drawing.  Leitz  No.  3  objective;  eyepiece  No.  2; 
reduced  one-third. 
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rosis  of  the  chorionic  vessels  accompanies  tlie  process,  and, 
as  a  result  of  this,  infarction  occurs  to  an  excessive  degree. 
This  form  of  interstitial  placentitis  does  not,  however, 
occur  in  all  cases  of  early  congenital  syphilis,  and  fcetal 
syphilis  may  exist  without  any  apparent  changes  in  the 
p'lacenta.  Syphilis  of  the  mother,  acquired  in  the  later 
months  of  gestation,  may  or  may  not  affect  the  chorion. 
The  general  effect  of  maternal  syphilis  upon  the  chorion 
is  the  production  of  a  premature  senility  as  shown  by 
early  and  extensive  sclerosis  and  iufarction.  Xone  of 
the  "chorionic  conditions  caused  by  syphilis  has  anything 
specitic  in  its  character.  A  similar  interstitial  chorionitis 
(localized  and  not  diffuse)  may  be  caused  by  the  tubercle 
bacillus.  Gummatous  growths  are  not  found  in  the 
chorion,  though  they  have  been  described  as  occuiTing 
in  the  maternal  portion  of  the  placenta. 

Tuberciiloms. — Tuberculosis  of  the  foetal  placenta  has 
been  repeatedly  observed  during  the  last  decade  (Schmorl, 
Kockel,  Wartliin,  etc.).  Typical  caseating  tubercles,  with 
giant  cells,  and  containing  tubercle  bacilli,  have  been 
found  in  the  chorionic  villi,  and  the  writer  has  seen  one 
case  in  which  there  were  localized  areas  of  interstitial 


Fig.  1303. — Hydatid  Mole.     My.xomatoiis  degeneration  of  chorion. 
(.\fterZiesler.) 


chorionitis,  with  giant  cells  but  without  caseation,  con- 
taining tubercle  bacilli.  The  fanus  may  be  infected  sec- 
ondarily to  the  tuberculous  condition  in  the  chorion, 
while  in  other  cases,  as  the  one  reported  by  Schmorl  and 
Birch-Hirschfeld,  tubercle  bacilli  may  be  found  in  the 
fcetus  without  the  occurrence  of  changes  in  the  chorion 
characteristic  of  tuberculosis.  It  is  doubtful  if  the  bacilli 
in  the  blood  of  the  maternal  sinuses  pass  through  a  per- 
fectly normal  syncytium,  the  tulierculous  proliferation 
of  the  cells  of  the  villous  stroma  being  either  secondary 
to  a  necrosis  of  the  syncytium,  upon  wliich  the  bacilli 
have  lodged,  or  the  diseased  villus  had  previously  lost  its 
Plasmodia!  covering,  whereby  the  bacilli  were  "brought 
into  direct  contact  with  the  stroma.  Tuberculosis  of  the 
chorionic  villi  may  also  occur  in  ectopic  gestation,  as  in  a 
case  reported  by  "the  writer  in  which  tlie  cyst  wall,  pla- 
centa, and  fffitiis,  as  well  as  both  Fallopian  tubes,  were 
tuberculous. 

Atelectaxis  of  Chorion. — Kiistner  has  observed  In  the 
lowest  portion  of  normal  placentas,  and  especially  in 
placenta  pra>via  marginalis,  certain  areas  in  the  edge  of 
the  organ  which  were  thinner,  firmer,  drver.  more  homo- 
geneous, and  of  a  browner  color  than  "normal.  Micro- 
scopically, no  other  pathological  changes  are  found  be- 
yond such  a  close  crowding  of^the  villi  that  the  intervillous 
spaces  are  obliterated.  lie  lias  explained  these  changes 
as  being  the  result  of  a  continued  pressure  from  overlvmg 
parts  of  the  foetus,  and  comparing  the  condition  to  atelec- 


tatic changes  in  the  lungs  he  has  designated  the  condition 
as  chorionic  atelectasis. 

Tumors. — The  most  frequent  and  important  of  the 
new  growths  of  the  chorion  are  those  resulting  from  in- 
creased activity  in  the  s_vncytium.  These  form  a  large 
class  of  closely  allied  conditions,  ranging  from  a  simple 
hyperplasia  of  the  villi  to  atypical  growths  of  a  malig- 
nant nature.  Since  all  writers  are  not  yet  agreed  iipon 
the  genesis  of  the  syncytium,  the  terminology  of  these 
growths  is  unsettled  and  confused.  They  may,  however, 
be  divided  into  two  large  classes:  the  moles  or  benign 
syncytiomata.  and  the  syncytioma  malignum. 
"  Moles. — A  simple  hyperplasia  of  the  chorionic  villi  may 
occur  at  any  time  during  the  progress  of  gestation,  or  in 
the  retained  chorion  after  abortion  or  delivery.  This 
hyperplasia  is  essentially  due  to  a  proliferation  of  the 
syncytium,  the  growth  of  the  stroma  being  secondary. 
When  the  growth  is  toward  the  uterine  cavity,  it  may  be 
termed  a  benign  placental  polyp  (tleshy  mole,  placen- 
toma,  etc.).  If  the  newly  formed  villi  consist  of  fibrous 
connective  tissue  a  fibroid  placental  polyp  is  produced 
which  has  been  called  fibroma  chorii.  The  hyperplasia 
is.  however,  most  frequently  associated  with  a  myxoma- 
tous degeneration  of  the  stroma  of  the  new  villi.  This 
may  involve  a  limited  number  of  villi  or  the  entire 
chorion  (hydatid  mole,  vesicular  mole,  grape  mole,  blad- 
der mole,  myxoma  chorii,  etc.).  The  myxomatous 
change  begins  in  the  centre  of  the  villus,  while  at  the 
same  time  there  is  a  peripheral  growth  of  the  syncytium 
and  subsyncytial  layer.  As  a  result  of  this  coincident 
jiroliferation  and  degeneration  the  villi  come  to  appear 
as  small  cysts  or  bladders  filled  with  a  mucin-containing 
fluid,  which  are  strung  together  by  delicate  pedicles  in  a 
manner  suggesting  bunches  of  grapes  or  resembling  the 
variety  of  .seaweed  known  as  bladder  wrack.  The  indi- 
vidual cysts  have  a  <liameter  of  0.1  mm.  or  greater,  and 
arc  fastened  to  slender  pedicles  which  arise  from  other 
cysts  or  directly  from  a  chorionic  stem,  which  as  a  ride 
shows  much  less  chauge.  The  cyst  walls  are  very  thin 
and  delicate.  Jlicroscopically  the  cysts  are  found  to  be 
much-changed  villi,  the  central  portion  consisting  of  a 
cavity  filled  with  a  serous  or  mucin-containing  fluid, 
through  which  a  few  strands  of  stroma  remain  preserved. 
Toward  the  periphery  there  is  a  transition  into  a  more 
dense  myxnmalous  tissue,  while  just  beneath  the  syncy- 
tium there  is  a  thin  layer  of  srroma  of  normal  type.  If 
the  degeneration  of  the  stroma  occurs  early  in  the  devel- 
oi)ment  of  the  villus,  the  stroma  may  become  entirely 
fluid;  but  if  later,  fibrous  threads  remain,  giving  an 
appearance  more  nearly  resembling  a^dematous  tissue 
than  myxomatous.  According  to  Marchand.  no  mucin  is 
found  in  the  cysts,  the  process  being  a  hydropic  rather 
than  a  myxomatous  degeneration.  The  ends  of  the  de- 
generating villi  are  either  free  or  fastened  to  the  uterine 
Avail.  If  these  infiltrate  the  wall,  the  hydatid  mole  may 
take  on  a  malignant  character  and  should  then  be  clas.sed 
as  a  malignant  syncytioma.  The  cau.ses  of  the  hyper- 
]>lasia  and  degeneration  are  unknown.  It  may  be  a.ssunied 
that  after  the  death  of  the  fu>tus  the  excess  of  nutrition 
supplied  to  the  chorion  leads  to  increased  formative  activ- 
ity on  the  part  of  the  syncytium,  and  the  degeneration  of 
the  stroma  may  be  due  to  an  inability  of  the  latter  to 
keep  pace  with  the  former  in  proliferation.  Hemorrhages 
from  the  decidua  frequently  accompanj'  the  proliferation 
of  the  villi,  and  large  masses  of  tibrin  may  be  formed 
around  the  new  villi  (fibrin  mole).  Though  these  cho- 
rionic hyperjilasias  most  frequently  foUow  abortion  and 
delivery,  they  may  begin  during  the  course  of  an  ajipar- 
ently  normal  gestation  and  lead  to  abortion.  After  the 
death  of  the  fcetus  the  growth  may  continue  indefinitely, 
and  may  at  any  time  assume  malignant  characteristics. 
They  may  also  arise  in  the  vagina  or  in  the  cyst  walls  of 
ectopic  gestations,  wherever  chorionic  villi  may  be  re- 
tained after  death  of  the  foetus.  Since  by  some  writers  the 
.syncytium  is  regarded  as  being  ectodermal  in  origin,  the 
various  forms  of  benign  moles  have  been  styled  benign 
chorio-epitheliomata.  since  in  all  cases  it  is  the  syncytium 
which  governs  the  development  of  the  stroma.     These 
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growths  must  then  be  placed  amon?  ejiitlielial  tumors. 
as  tlie  iiroiess  is  essentially  a  syncytial  ovcrjrrowlli;  and 
not  amona:  coimeetivetissuc  tumors  «itli  which  they 
Avere  formerly  cla.s.sed. 

Si/nci/d'omn  Mnlignum  {Chorio-Epithflioma). — Since  the 
chief  factor  in  the  formation  of  the  hydatid  mole  is  the 


I 


blood-vessels  and  connective-tissue  cells  in  the  intravas- 
cidar  growths  are  characteristics  seen  only  in  growths 
arising  from  cliorioiiic  ciiithdium. 

The  weiglit  of  authority  at  the  present  time  accords  to 
the  syncytium  a  fn>tal  and  ectodermal  origin.     The  ecto- 
dermal nature  of  Langhans'  layer  seems  to  be  detinitely 
established,   and    between  it  and 
P  the  syncytium  there  exist  transi- 

tional forms  which  point  to  a 
common  origin  for  the  two  lay- 
ers. The  term  chorio-epithelioma 
would  then  seem  to  be  justitied 


—  ''S*  'J^ ',,'  - ' •  . 

Mg.  1303.— Syncytioma  Mali^uum.    Intlltration  of  muscle  of  uterine  wall  by  atypical  plasmodial 
masses  arising  from  the  choriouic  syncytium.     (.A.fter  Ziegler.) 


proliferation  of  the  .syncytium,  this  growth  bears  a  close 
analogy  to  an  adenoma,  and  when  the  syncytial  buds 
and  cells  infiltrate  the  maternal  tissues,  giving  rise  to 
metastases,  it  becomes  carcinomatous  in  nature.  The 
histological  structure  of  the  mole  does  not  in  itself  give 
evidence  of  its  benign  or  ma- 
lignant character.  Apparently 
benign  moles  may  give  rise 
to  metastases,  while,  on  the 
other  hand,  transported  villi 
may  fail  to  give  rise  to  new 
growths.  The  behavior  of  the 
transported  villi  is  goveined 
solely  by  the  covering  epithe- 
lium. Marchand  distinguishes 
between  two  forms  of  chorio- 
epithelioma,  typical  and  atypi- 
cal. In  the  former  the  chori- 
onic epithelium  appears  as  in 
the  early  months  of  gestation, 
consisting  of  irregular,  branch- 
ing plasmodial  masses.  In  the 
atypical  form  the  cells  are  ir- 
regular and  compact,  with  very 
large  and  deeply  stained  nu- 
clei, and  while  multiuuclear 
ceUs  are  present  there  are  no 
continuous  plasmodial  masses. 
The  atypical  form,  when  inlil- 
trating,  may  resemble  either 
sarcoma  or  carcinoma,  but  in 
the  secondaries  no  stroma  is 
formed  as  in  carcinoma.  In- 
travascular growths  maj'  oc- 
cur, and  either  lymphogenous 
or  hoematogenous  metastasis. 
Secondaries  are  most  frequently 
foimd  in  the  vaginal  walls  and 
lungs,  but  occur  also  in  the 
liver,  spleen,  etc.  The  com- 
binalion  of  branching  plasmod- 
ial masses,  the  presence  of  cells 
corresponding  to  those  in  Lang- 
hans'    layer,    the    absence    of 


being  thus  removed,  the  syncy- 
tium may  continue  to  grow  in- 
definitely and  in  an  atypical  man- 
ner. Its  cells  become  loosened 
and  thiough  chemota.xis  enter  the 
maternal  vessels  giving  rise  to 
metastases.  The  necessity  of  an 
early  removal  of  all  retained  pla- 
centas is  therefore  clearly  indi- 
cated, as  malignant  changes  may 
occur  at  any  time. 

Connect  ire-Tissue  Tumors. — The 

number     of     reported     cases    of 

circumscribed    connective  -  tissue 

giowths    of    the  chorion  is  very 

only  36  having  been  observed  up  to  the  present 

Of  these  i-l  were  diagnosed  as  myxoma  fhrosum, 

fibroma,  9  as  angioma.  2  as  sarcoma,  and  1  as  a 

Of  these  the  two  diagnosed  as 


small, 

time. 

10  as 

hyperplasia  of  the  villi 


sarcoma  showcfl   no  evidences  of  malignancy,  and  the 


Fig.  13W.— Cyst  of  Chorion.    (Alter  Fenomenow,  Arch.  f.  Gijn..  Bd.  xv.) 
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one  designated  as  hyperplasia  was  described  as  a  circum- 
scribed tumor.  It  IS  probable  that  these  three  belong  to 
the  same  class  as  the  others,  and  the  similarity  of  all  these 
growths  in  structure  would  make  the  diagnosis  of  angioma 
fibro-myxoma  applicable  to  all.  In  the  case  of  all  these 
tumors  it  has  been  shown  that  the  chorion  is  the  seat  of 
growth,  and  that  neither  decidua  nor  amnion  is  concerned 
m  their  origin;  further,  that  the  tumor  arises  from  one 
cotyledon,  even  when  multiple,  having  but  one  artery 
and  vein.  No  degenerative  changes  were  found  in  the 
remaining  portion  of  tlie  chorion  that  could  be  in  anj' 
way  associated  with  the  origin  of  tlie  growth.  Accord- 
ing to  Albert  these  circumscribed  chorionic  tumors  arise 
not  from  the  degeneration  of  an  existing  cotyledon,  but 
represent  an  atypical  ])roliferation  of  a  portion  of  the 
allantois,  which  through  some  unknown  eri-or  of  devel- 
opment has  failed  of  normal  growth,  and  retaining  its 
embryonic  impulse  to  proliferation  leads  to  the  formation 
of  an  atypical  mass  which  may  consist  chiefly  of  my.xo- 
matous  tissue  (myxoma),  connective  tissue  (tibroma), 
branching  vessels  (angioma),  or  of  combinations  of  these. 
If  the  resulting  formation  is  very  cellular,  it  may  be  taken 
for  a  sarcoma,  but  has  not  the  malignant  characteristics 
of  this  form  of  growth.  No  name  has  as  yet  been  jiro- 
posed  for  these  growth."  which  will  indicate  both  their 
origin  and  nature. 

Cysts. — Aside  from  the  cases  which  are  very  evidently 
to  be  classed  with  the  hvdatid  mole  few  cysts  of  the 
chorion  have  been  reported.  These  have  been  large  thin- 
walled  cysts  filled  with  a  clear  fluid,  situated  on  the  fietal 
surface.  In  a  few  an  epithelial-like  lining  lias  been  ob- 
served. According  to  Jaquet,  four  varieties  of  placental 
cysts  are  found:  Gelatinous,  aii.sing  from  the  space  be- 
tween the  chorion  and  amnion,  peiivaseular  cysts,  blood 
cysts,  and  degeneration  cysts  of  the  villi.  Hegar  and 
Maier  believe  that  chorionic  cysts  may  arise  from  the  en- 
capsulation and  absorption  of  old  hemorrhages.  They 
may  also  arise  from  the  simple  softening  of  infarcts  or  as 
a  sequel  of  ehorionitis.  Further,  cysts  may  arise  from 
disturbances  in  the  development  of  chorion  and  amnion. 
In  the  case  of  the  large  monolocular  chorionic  cysts  the 
cause  and  manner  of  formation  are  wholly  obscure. 

Parasitfii. — The  micro-organisms  found  in  the  maternal 
circulation  will  appear  in  the  blood  of  the  maternal 
sinu.ses.  It  is  a  (juestion  whether  these  are  able  to  pass 
through  a  perfectly  normal  and  intact  syncytium,  but 
the  present  opinion  is  that  the  chorionic  epithelium  in  a 
normal  state  acts  as  a  barrier  to  the  passage  of  organisms 
from  the  maternal  blood  to  that  of  the  fn-tus.'^  Some 
lesion  of  the  syncytium,  such  as  necrosis  or  desquama- 
tion, seems  to  be  necessary  for  the  passage,  and  this  in- 
jury may  be  caused  by  the  organisms  them.selves  or  be 
due  to  other  causes.  In  the  human  species  the  bacilli  of 
tuberculosis,  tj'phoid  and  cholera,  the  pus  cocci,  jincu- 
mococcus,  recurrens spirillum 
have    been    known    to   have 

passed  through   the  chorion  -_, 

and  to  have  infected  the  fa>- 
tus.  The  virus  of  smallpox, 
scarlatina,  and  syphilis  may 
pass  through  the  placenta, 
either  with  or  without  ap- 
jjarent  local  changes.  In  the 
case  of  tuberculosis  the  lia- 
cilli  may  be  found  in  the  fo;- 
tus  when  none  can  be  demon- 
strated in  the  chorion.  The 
important  problems  associat- 
ed with  placental  transmis- 
sion of  disease  have  as  yet 
been  barely  touched  upon, 
and  remain  a  ripe  field  for 
future  investigations. 

Bclampmn. — Schmorl  has  observed  in  this  disease  the 
presence  of  emboli  of  giant  cells  in  the  pulmonary  vessels, 
which  he  considers  to  be  of  syncytial  origin.  According 
to  his  theory  these  emboli  give  rise  to  multiple  thrombo- 
sis of  the  pulmonary  vessels,  which  are  the  direct  cause 


of  the  eclampsic  convulsions.  This  theory  cannot  at 
present  be  said  to  stand  upon  a  very  secure  foundation. 
It  is  possible  that  in  some  of  the  cases  of  eclampsia  in 
which  pulmonary  emboli  of  giant  cells  have  been  ob- 
served the  giant  "cells  were  of  lione-marrow  origin  and 
not  placental,  inasmuch  as  the  differential  diagnosis 
between  placental  giant  cells  and  those  of  the  bone  mar- 
row is  impossible  except  in  those  eases  in  which  large  syn- 
cytial masses  are  present.  Emboli  of  placental  cells  have 
been  observed  in  cases  in  which  there  were  no  symptoms 
of  eclampsia.  Further,  multiple  thrombosis  of  the  lungs 
produced  by  multiple  emboli  of  liver  cells  does  not  give 
rise  to  eclampsic  .symptoms.  The  whole  question  of 
placcntal-ceU  embolism  is  at  present  somewhat  unsettled. 
Infarction,  hemoniiage.  fatty  degeneration,  etc.,  of  the 
chorion  ha\e  also  been  believed  to  bear  a  causal  relation 
to  the  phenomena  of  eclampsia. 

Abortion. — The  minute  pathology  of  abortion  is  for 
the  chief  part  an  unknown  field.  Fatty  degeneration, 
infarction,  hemorrhage,  calcitication,  myxomatous  de- 
generation, etc.,  have  in  many  eases  been  supposed  to 
have  been  the  exciting  factor  of  the  death  and  expulsion 
of  the  fa?tus.  Just  what  relation  these  changes  actually 
bear  to  the  production  of  abortion  it  is  at  present  impos- 
sible to  say.  In  the  majority  of  cases  we  are  unable  to  say 
whether  the  placental  changes  arc  primary  or  secondary. 
The  association,  however,  of  these  changes  in  the  chorion 
with  a  relatively  large  number  of  cases  of  abortion  makes 
it  possible  that  when  present  to  an  excessive  degree  they 
may  lead  to  abortion.  Aldred  Scott  Warthin.    . 

CHOROID.  DISEASES  OF.— A.N.vroMic.\i,  Considek.v 

TiuNs. — Till'  elmrniil  is  of  mesoblastic  origin;  in  connec- 
tion with  the  ciliary  body  and  iris  it  forms  the  vascular 
tunic  of  the  eye.  It  originates  as  a  differentiation  of 
mesobla.stic  formative  cells  over  the  outer  surface  of  the 
secondary  eye  vesicle;  its  first  apiiearance  being  mani- 
fested by  a  )dexus  of  capillaries  lying  next  to  the  outer 
surface  of  the  secondary  eye  vesicle.  These  capillaries 
eventually  form  the  chorioeapillaris.  At  first  indistin- 
guishable from  that  portion  of  the  mesoblastic  tissue  which 
later  becomes  sclerotic,  it  soon  becomes  ditfcrenliated,  its 
principal  structure  being  separated  from  the  sclera  by  the 
perichoroidal  lymph  space.  The  choroid  extends  through- 
out the  whiile'of  the  posterior  jiart  of  the  globe,  its  aulo- 
rior  boundary  being  the  oraserrata.  The  choroid  consists 
of  five  layers,  which,  from  without  inward,  are: — 

First,  the  sHpnichomid  lui/i  r.  consisting  of  a  few  non- 
vascular lamella;  of  pigmented  fibres  which  remain  at- 
tached to  the  sc'era  when  the  choroid  is  torn  from  it. 
Numerous  trabecida;  pass  from  the  lamina  suprachoroidtea 
to  the  layer  of  large  vessels  traversing  the  supi'achoroidal 
lymjib  space. 

Second,  t/ie  h'l/i'r  of  hn-f/e  rcssrh,  which  contains  large 


Fig.  130.3.— Section  of  Choroid, 
capillaris  is  just  above  it; 
cboroidea. 


(From  Quain,  after  Cadiat,)    a.  Membrane  of   Bruch— the  chorla- 
6,  vaseular  la.ver ;    e,  vein  with  blood  corpuscles ;    d,  lamina  supra- 


arterial  and  venous  trunks,  miniei'ous  nerve  fibres,  and 
connective-tissue  stroma  throughout  which  ai'e  scattered 
many  pigmented  bi'anching  cells. 

Third,  the  elastic  Ini/er  of  Snttler.  a  thin,  rather  dense 
layer  composed  largely  of  elastic  connective-tissue  fibres. 
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It  lies  between  the  layer  of  large  vessels  and  the  chorio- 
capillaris. 

Fourth,  the  c/iorioenpilhiiis.  a  layer  of  capillaries  whioh 
anastomose  freely,  forming  a  close  network.  The  capil- 
laries are  most  "dense  at  "the  yellow  spot,  the  meshes 
becoming  larger  as  the  peri]ih"ery  is  ajiproached.  The 
chorioeapillaris  is  continuous  through  the  entire  area  of 
the  choroid.     The  capillaries  auastomose  '.vith  those  of 


Fig.  i:!0(i.— Lateral  View  of  tlie  Arteries  of  the  Clioroid  and  Iris. 
(From  Quaiu.  after  Arnol'l.  i  «,  optic  nerve;  /),  part  of  the  sclera 
left  behind  :  c,  rejrion  of  ciliary  muscle ;  (f,  iiis  :  1.  posterior  ciliary 
arteries  piercing  the  scleni  and  passing?  along  the  choroid  ;  :2,  one  of 
the  long  ciliary  arteries ;  ^,  anterior  ciliary  arteries. 

the  optic  nerve,  but  never  with  those  of  the  retina.  The 
function  of  this  layer  is  to  supply  nourishment  to  the 
posterior  layers  of  the  retina. 

Fifth,  t/ie  lamina  ritrea,  a  thin  homogeneous  membrane 
separatiiig  the  pigment  layer  of  the  retina  from  the 
chorioeapillaris. 

Bltjod  Supply. — The  blood  supply  to  the  choroid  is  by 
the  short  posterior  ciliary  arteries,  twelve  to  tifteen  in 
number,  which  pierce  the  sclera  diagonalh'  about  the 
optic  nerve.  On  reaching  the  choroid  they  anastomose 
rather  freely  in  the  layer  of  large  vessels,  sending  numer- 
ous small  branches  to  the  chorioeapillaris  into  which  the 


YlG.  1307.— Lateral  View  of  the  Veins  of  the  Choroid.  (From  Quain, 
after  Arnold.)  1. 1.  Two  trunks  of  the  venie  vorticose  at  the  place 
\^here  they  leave  the  choroid  and  pierce  the  sclerotic  coat.  The 
other  lettering  is  the  same  as  in  Fig.  1306. 

arterial  blood  flows.  About  the  optic  nerve  the  arteries 
form  a  vascular  circle,  known  as  the  circle  of  Haller.  from 
which  some  small  branches  pass  to  the  retina.  Anteriorly 
they  anastomose  with  the  anterior  ciliary  arteries.  The 
blood  is  returned  from  the  chorioeapillaris  by  numerous 
small  veins,  which  pass  to  larger  venous  branches  in  the 
layer  of  large  vessels.  The  veins  anastomose  very  freely 
and  finally  converge  to  form  from  four  to  six  large  veins, 
known  as  the  vens  vorticosa;,  which  pierce  the  sclera  at 
the  equator  of  the  globe,  emptying  into  the  large  venous 
trunks  of  the  orbit. 

The  amount  of  pigment  present  in  the  pigmented  cells 
of  the  choroid,  as  in  the  pigment  laj'er  of  the  retina, 
differs  largely  in  different  individuals.    In  the  blond  it  is 


relatively  scanty,  in  the  brunette  and  negro  very  dense. 
In  the  albino  the  pigment  is  wanting  and,  by  means  of 


Fio.  1308.— Coloboma  of  the  Choroid.    (Haab.) 

the  ophthalmoscope,  the  larger  veins  and  arteries  of  the 
choroid  can  be  distinctly  seen. 

Congenital  Anomalies. — Colohoma  of  the  Choroid  ma. 
defect  which  is  usually  situated  in  the  lower  part  of  that 
membrane.  It  is  primarily  due  tn  imperfect  closure  of  the 
retinal  fissure  in  the  developmeiit  of  the  eyi;  and  llie  con- 
sequent imperfect  formation  of  the  choroid  over  the  sec- 
ondary eye  vesicle.  The  retinal  fissure,  which  begins  to 
close  at  its  posterior  e.\tiemity,  should   be  completely 


Fig.  1309.  —  Macular  coloboiiia  of  tn.-  Hioroid. 
Masielon.) 


(De  Weoker  and 


closed  by  the  end  of  the  second  month  of  fa'lal  life:  it 
may  be  arrested  at  any  stage  of  development:  hence  the 
various  diffeiences  iu  shape  seen  in  colobom.i  of  the  cho- 
roid. The  defect  is  usually  separated  from  the  optic  disc 
bv  a  bridge  of  normal  choroid ;  it  broadens  out  antl  ex- 
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tends  loward  the  ciliary  body.  The  border  of  the  defect 
is  irregidarly  pigmented.  Tlie  auterior  laj'ers  of  the  ret- 
ina pass  over  the  defect,  but  all  perceptive  elements  are 
wanting.  Viewed  with  the  ophthalmoscope  the  defect 
presents  a  pearlj'-white  appearance  traversed  by  a  few 
retinal  vessels.  "Coloboma  of  the  iris  not  infrequently  ac- 
companies coloboma  of  the  choroid,  and  coloboma  of  the 
lens  is  sometimes  observed.  Bulging  of  the  sclera  at  the 
site  of  the  coloboma  is  sometimes  present ;  this  may  as- 
sume the  character  of  a  cyst.  The  globe  in  these  cases  is 
frequently  microphthalraic.  Imperfect  development  of 
the  central  nervous  system  and  of  the  cranium  is  some- 
times observed  in  these  cases. 

Extra-Papillary  Colobomata  are  sometimes  seen.  These 
are  irregularly  circular  in  shape  and  are  generally  located 
in  the  macular  region.  So  often  is  this  the  case  that  they 
are  termed  macular  colobomata.  Various  theories  have 
been  advanced  to  explain  the  origin  of  these  defects,  but 
none  of  them  has  been  substantiated.  Angio-cavernoniata 
are  sometimes  observed  as  congenital  defects  in  the  cho- 
roid.    They  may  occur  in  any  part  of  the  membrane. 

Jlyperamia  of  the  Choroid. — This  condition  is  undoubt- 
edl_y  present  much  more  frequently  than  it  is  recognized. 
H_yperoemia  of  the  choroid  is  present  under  the  following 
conditions:  In  congestion  of  the  head;  as  the  tirst  evi- 
dence of  a  general  or  localized  inflammation  of  this  part 
of  the  eye;  as  an  accompainment  of  an  exudative  reti- 
nitis; and  as  a  symptom  of  either  leucocythfemia  or 
jiernicious  anamia.  A  deepening  in  the  color  of  the 
fundus  and  slight  reddening  of  the  optic  disc  accom- 
pan}'  this  condition ;  however,  imless  one  eye  alone  is 
affected,  the  change  in  the  appearance  of  the  fundus  is 
so  slight  that  it  is  impossible  to  diagnose  it  by  means  of 
the  ophthalmoscope.  It  is  held  by  some  writers  that 
hyperemia  of  the  choroid  is  accompanied  \>y  certain  sub- 
jective symptoms,  such  as  meteoric  flashes  of  light,  wavy 
effects  like  those  produced  by  the  atmosphere  when  radi- 
ated from  a  heated  surface,  and  at  times  photopsia. 
These  phenomena  are  due  to  distiirliance  of  the  percep- 
tive elements  of  the  retina,  and,  as  they  often  precede 
destructive  processes,  they  should  be  given  careful  at- 
tention. 

Choroiditis. — The  term  choroiditis  is  not  sufficiently 
comprehensive  to  include  all  of  the  pathological  processes 
which  affect  the  choroid,  since  not  all  of  the  processes 
are  inflammatory.  It  is  therefore  logical  to  divide  the 
affections  of  the  choroid  into  inflammatory  and  non- 
inflammatory; to  the  first  the  term  clioroiditis  properly 
applies,  to  the  second  the  term  clioroidal  atrophy  applies. 
All  forms  of  choroiditis  are  exudative:  for  convenience 
they  may  be  divided  into  nonsuppurative  and  suppura- 
tive. The  nonsuppurative  forms  include  the  sero-plas- 
tic,  plastic,  disseminate,  diffuse,  areolar,  circumscribed, 
hemorrhagic,  sclerochoroiditis  anterior,  and  some  forms 
of  central  choroiditis. 

Causes.  The  causes  of  choroiditis  arc  the  same  in  all 
except  the  embolic  or  metastatic,  tlie  purulent,  tubercu- 
lous, traumatic,  and  atrojihie  forms,  and  may  be  consid- 
ered before  descriptions  of  the  various  forms  are  given. 
The  most  frequent  cause  is  syphilis,  either  inherited  or 
acquired.  That  due  to  inherited  syphilis  (which  is  by 
far  the  most  frequent  cause)  is  often  discovered  only  after 
the  clearing  up  of  an  interstitial  keratitis.  It  is  probable 
that  in  some  cases  the  choroidal  disease  precedes  the  cor- 
neal, but  no  doubt  the  reverse  is  true  also  in  many  cases. 
The  choroiditis  of  acquired  syphilis  may  follow  the  initial 
lesion  in  a  few  months,  but  it  is  rare  at  so  early  a  period ; 
it  may  occur  years  later.  In  all  but  the  sero-fibrinous  and 
retinO'Choroidal  forms  the  choroidal  lesion  due  to  syphilis 
is  circular  in  shape,  and  in  some  forms  of  disseminate  cho- 
roiditis the  arrangement  of  the  spots  suggests  the  papil- 
lary syphilide  as  observed  on  the  skin.  Rheumatism  and 
gout  may  account  for  some  of  the  cases  of  choroiditis  for 
which  syphilis,  as  a  cause,  cannot  be  traced.  The  his- 
tory is  apparently  sufficient  in  some  cases  to  warrant  this 
supposition,  and"  the  treatment  by  the  salicylates  is  sufti- 
cientlj'  productiveof  results  to  sustain  theopinion.  Lep- 
rosy is,  according  to  Kuies,  a  cause  of  irido -choroiditis  in 


rare  cases.  Gonorrhcca  in  a  very  few  cases  is  undoubt-  ■ 
edly  the  cause.  The  form  produced  is  the  sero-fibrinous 
variety,  with  involvement  of  the  whole  uveal  tract.  Re- 
lapsing fever  is  sometimes  accompanied  by  a  diffuse, 
sero-ptastic  anterior  choroiditis;  t.vphoid  fever  is  also 
sometimes  a  cause  of  this  form  of  choroiditis. 

Sero-Pla-stic  Choroiditis. — This  disease  is  characterized 
b}'  a  relatively  sudden  onset  and  the  appearance  of  a  sero- 
fibrinous exudation  in  the  vitreous.  The  same  exudation 
is  present  in  the  posterior  and  anterior  chambers  in  many 
cases.  There  are  more  or  less  congestion  of  the  deep  ves- 
sels of  the  ocular  conjunctiva  and  diminution  of  vision. 

Symptoms.  Unless  the  ciliary  body  or  iris  is  involved 
no  pain  is  experienced  in  the  cases  which  do  not  result 
in  increase  of  tension.  Acute  glaucoma  may  supervene. 
If  this  occurs  the  pain  becomes  intense.  The  vitreous 
becomes  filled  with  minute  particles  of  fibrin  which  ob- 
scure the  view'  of  the  fimdus.  and  the  aqueous  may  be 
invaded  by  the  particles  which  often  become  attached  to 
the  posterior  surface  of  the  cornea  in  the  form  of  a  pvra- 
mid.  The  vision  is  correspondingly  obscure.  Photopsia 
is  not  a  prominent  symptom.  The  anterior  chamber  is 
shallow  because  of  an  increase  in  the  contents  of  the 
vitreous  chamber.     The  pupil  is  moderately  dilated. 

Course.  The  disease  runs  its  course  in  from  six  weeks 
to  as  many  montlis.  The  opacities  in  the  aqueous  humor 
gradually  disajipear.  Those  in  the  vitreous  maj'  entirely 
disappear,  but  in  many  cases  some  large  shreds  of  exuda- 
tion remain  and  are  movable  in  the  vitreous,  indicating  a 
partial  fluidity  of  that  body.  No  evidence  of  changesin 
the  choroid  is  discernible  in  some  cases;  in  otherssome 
atrophic  patches  at  the  periphery  may  be  seen  after  the 
acute  stage  has  passed.  In  some  cases  vision  returns  to 
the  degree  of  acuity  present  before  the  inflammation 
began,  in  others  there  is  a  permanent  partial  loss.  If 
atropine  is  not  instilled,  adhesion  between  iris  and  an- 
terior lens  capsule  may  occur  and  the  synechise  become 
permanent.     I?ecurrence  is  not  luicommon. 

Pathology.  In  this  form  of  choroiditis  pericorneal  in- 
jection is  sometimes  found ;  the  choroidal  vessels  are  en- 
gorged with  blood.  The  choroid  is  slightly  o'dematous. 
The  exudation  contains  some  fibrin.  When  the  acute 
stiige  has  passed  there  may  lie  little  change  in  the  choroid, 
but  in  not  a  few  cases  slight  atrophic  changes  occur, 
affecting  the  choriocapillaris  principally. 

Treatmrnt.  Qviite  vigorous  antisyphilitic  treatment  is 
indicated  in  all  cases  whicli  are  not  clearly  attributable  to 
some  other  disease  of  the  system.  If  tliere  is  reason  to 
believe  that  a  rheumatic  element  is  present,  the  salicylates 
and  the  bicarbonate  of  soda  may  be  emplo3ed.  It  is  not 
wise  to  omit  antisypliilitic  treatment  even  if  no  history 
of  syphilis  can  be  elicited.  The  effect  of  potassium  and 
mercury  to  prevent  plastic  formations  is  valuable  in  the 
non-syphilitic  as  well  as  in  the  syphilitic  cases.  Iron 
tonics  are  also  of  value.  If  the  tension  of  the  eye  is  not 
increased,  it  is  necessary  to  apply  atropine  locally.  The 
solution  of  Ibis  drug  should  lie  instilled  sufficiently  often 
to  prevent  the  formation  of  posterior  synechia.  It  is 
better  to  have  the  patient  remain  in  bed  until  the  acute 
stage  of  the  disease  has  suljsided.  Leeches  and  cold  o' 
hot  applications  are  of  doubtful  value. 

Chorioretinitis  Syphiliticji. — Since  in  all  forms  of  cho- 
roiditis the  retina  is  more  or  less  implicated,  it  would  be 
more  exact  to  include  the  retina  in  all  of  tlie  terms  used 
to  indicate  the  different  forms  of  choroiditis  ;  but  as  the 
involvement  of  the  retina  is  not  a  striking  part  of  the 
picture  portrayed  by  the  disease  in  man}'  of  the  forms 
of  choroiditis,  that  membrane  is  not  mentioned.  Some 
of  the  forms  involve  the  retina  very  seriousl}'.  and  to  one 
of  these  the  term  chorioretinitis  syphilitica  is  given:  to 
another,  the  term  chorioretinitis  pigmentosa  is  applied. 
Chorioretinitis  syiihilitica  is  a  di.sease  closely  allied  to 
sero-plastic  choroiditis,  although  it  produces  more  per- 
manent damage  to  both  membranes  than  does  the  latter. 

The  diffuse  haziness  of  the  vitreous  is  present  usually 
to  a  moderate  extent,  shreds  of  exudation  appear  in  the 
vitreous,  and  isolated  large  or  small  spots  of  exudation 
occur  in  the  choroid.     The  retina  appears  hazy  because  of 
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cedema,  and  retinal  hemorrliases  may  occur.  Tlio  evi- 
dence <if  perivasculitis  of  tlic  retinal  ami  elidrniilal  vessels 
is  unmistakable.  The  vi.sinn  isftreatly  iliniinished,  and 
flashes  of  liiilit,  photopsia,  micropsia,  and  macropsia  may 
bo  experienced.     Sliirlit  iiii<(tion  of  the  ocular  conjunc- 


FiG.  1310.— Sypbilitlf  (  I 


■ind  Masselon.) 


tiva  may  occur  in  the  acute  stage.  Pain  is  not  present. 
In  many  of  these  cases  the  diairnosis  can  be  made  at  any 
stage  of  the  disease,  as  the  vitreous  remains  .suflicieutly 
transparent  to  permit  of  a  more  or  less  satisfactory  ex- 
amination of  the  fundus.  The  exudation  into  the  choroid 
and  retina  is  serous  and  plastic.  The  plastic  exudation, 
which  takes  place  in  the  form  of  circular  patches,  under- 
goes the  same  changes  as  those  which  characterize  the 
exudation  of  disseminate  choroiditis  ;  atrophy  being  the 
terminal  stage  in  both  cases.  As  a  result  of  plastic  exu- 
dation in  the  retina,  cicatricial  bands  may  develop  in  that 
membrane,  and  they  may  also  develop  in  the  vitreous,  in 
the  plastic  exudation  that  sometimes  extends  into  that 
part  of  the  eye.  Detachment  of  the  retina  as  a  result  of 
the  traction  "of  cicatricial  bands  in  the  vitreous  is  rare, 
owing  to  the  fact  that  the  choroid  and  retina  are  adherent 
in  many  places;  but  detachment  of  the  choroid  and  retina 
together  is  sometimes  seen  following  degenerative  changes 
in  the  vitreous.  A  cataractous  condition  of  the  lens  and 
atrophy  of  the  globe  are  rare  results. 

The  inflammatory  stage  usually  responds  quite  readily 
to  treatment,  but  the  treatment  must  be  vigorous  and 
long  continued. 

Diffunc  Charoiditi:*. — This  form  of  choroiditis  is  char- 
acterized by  the  appearance,  in  the  choroid,  of  large  pale 
jjUujues  of  "exudation  which  are  found  to  be  most  exten- 
sive at  the  periphery.  These  patches  at  first  are  of 
quite  a  uniform  orange  or  pale  yellowish-pink  color,  not 
bordered  bj"  pigment.  The  retina  oter  the  areas  of  exu- 
dation is  slightly  cedeniatous.  The  patches  coalesce, 
forming  irregular  areas  with  indentations  of  the  normal 
fundus!  The  forms  assumed  have  been  !ikened  to  conti- 
nents and  islands  and  have  been  termed  "map-like." 
Sometimes  they  assume  the  shape  of  leaves,  which  has 
caused  them  to" be  termed  "leaf  like." 

The  disease  isextremely  slow  in  its  development.  The 
exudate  slowly  appears  and  as  slowly  disiippears,  leaving 
irregular  scanty  pigmentation  over  the  affected  areas  and 
in  some  places  a  little  pigmentation  at  their  borders. 
The  pisrment  layer  of  the  retina  and  the  superticial  layer 
of  the  choroid,  the  ehoriocapillaris  particularly,  undergo 
atrophy  and  disappear.  The  deeper  layers  of  the  choroid 
remain  nearly  if  not  quite  intact.  There  may  also  be 
found  evidences  of  perivasculitis  and  occasionally  of 
almost  complete  conversion  of  the  larger  vessels  of  the 
choroid  into  connective-tissue  bands.  By  ophthalmo- 
scopic examination  the  larger  choroidal  vessels  and  the 
deep  choroidal  stroma  can  be  readily  seen.  The  retinal 
vessels  in  severe  cases  become  reduced  in  size,  aud  the 
Vol.  III.-.5 


optic  disc  presents  hazy  edges  and  becomes  slightly  pale, 
giving  evidence  of  partial  secondary  atrophy  of  the  optic 
nerve. 

Individuals  thus  affected  almost  always  present  the 
stigmata  of  inherited  syphilis. 

Syiiiiittiiiin.  The  patient  experiences  no  pain  nor  is 
there  any  injection  of  the  external  ocular  tissues.  Night 
blindnes"s  is  sometimcsexperienced,  and  there  is  limitjition 
of  the  visual  fields  in  the  parts  corresponding  to  the  af- 
fected areas  of  the  choroid. 

I'n/ffiiiixi.t.  The  prognosis  for  recovery  of  vision  is  not 
good,  but  much  can'be  done  to  prevent  the  further 
advance  of  the  disease.  Treatment  is  similar  to  that  of 
disseminate  choroiditis. 

Dixwiiiiiuite  C'hitroiditis. — This  form  consists  in  the  de- 
velopment of  foci  of  exudation  which  arespreail  out  over 
a  large  part,  often  the  entire  fun<lus.  in  the  shape  of  cir- 
cular patcheswhich  vary  in  size,  but  asa  rule  average  in 
diameter  less  than  that  of  the  optic  disc.  Afteratinii- 
the  exudation  becomes  absorbed  or  changed  into  fixed 
products,  and  atrophic  areas  occupy  the  site  of  the  areas 
of  exudation.  The  disease  may  for  convenience  be  di- 
vided into  two  stages — the  acute  and  the  stage  of  atrophy. 

The  Acute  Slar/e. — In  the  early  part  of  the  acute  stage 
circular  spots  of  exudation  appear  in  cirtain  parts  of  the 
fundus,  usually  beginning  at  the  jx-riphery:  they  are 
paler  than  the  surrounding  normal  fundus.  These  spots 
have  not  very  sharply  defined  borders.  The  retina  im- 
mediately over  the  masses  of  exudation  is  not  elevated,  as 
may  reaciily  be  determined  by  examination  with  the  oph- 
thalmoscope, but  there  is  oft"en  an  invasion  f)f  the  retina 
by  the  exudate,  as  evidenced  by  the  hazy  appearance  of 
the  retina  at  these  points.  The  spots  nudliply  in  num- 
ber if  not  interfered  with,  resembling  in  many  eases  the 
groupings  of  papillary  syphilides  as  they  appear  on  the 
skin.  The  areas  of  exudation  are  primarily  discrete,  but 
may  eventuality  coalesce.  The  greater  part  of  the  fundus 
may  become  studded  over  with  these  spots  of  exudation 
in  the  course  of  two  or  three  weeks,  but  in  not  a  few 
cases  some  of  the  spots  will  be  found  to  have  passed  to 
the  second  stage  when  others  have  but  just  appeared. 

Ordinarily  the  cornea  and  media  remain  clear,  but  in 
some  ca.ses  a  parenchymatous  keratitis  may  ocetu'  at  thi- 
time  of  the  onset  of  "the  choroiditis,  and  the  presence  of 
the  affection  of  the  choroid  may  not  be  discovered  until 
the  cornea  again  becomes  clear. 

T/ie  Stiir/e  of  Atrophi/. — The  first  stage  passes  slowly  into 
the  second  stage.     Gradually  the  exudation  disappears, 


Fig.  1311.— Disseminate  Choroiditis.    (De  Weoker  and  Masselon.) 

the  spot  becomes  paler,  and  the  border  of  the  affected  area 
ordinarily  becomes  irregularly  pigmented,  the  pigment 
being  heaped  up  at  certain  points.  Flecks  of  pigment 
are  often  observed  over  the  area  of  the  spot  itself.  En- 
tire absence  of  pigment  is  not  infrequently  observed. 
The  exudate  either  entirely  disappears  or  a  portion  is 
converted  into  cicatricial  tissue.     All  degrees  of  change 
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may  occur  in  all  the  layers  of  the  choroid,  from  slight 
iinpairment  to  complete  atrophy,  with  a  disappearance  of 
all  vessels  and  the  presence  of  cicatricial  tissue,  -nhich, 
lying  over  the  exposed  sclera,  presents  a  whitish  patch. 


Fig.  1313.— Guttate  Cliuroiditis.    (He  Wecker  and  Masselon.) 

tinged  .slightly  with  yellow,  in  the  fundus.  The  pig- 
ment changes  noted  are  due  to  destruction  and  more  or 
less  complete  disappearance  of  the  retinal  and  dioroidal 
pigment  of  the  part  affected.  The  peculiar  arrangement 
of  pigment  at  the  tjorder  of  the  spot  is  due  to  deposits  of 
retinal  pigment  which  in  some  ca.ses  is  apparently  in- 
creased in  quantity.  In  many  cases  not  interfered  with 
by  treatment,  the  affected  jiarts  coalesce  and  form  large 
areas;  it  is  also  known  that  atroi)liic  spots  ma\'  enlarge 
and  affect  increased  areas  without  the  appearance  of  fresh 
e.\udalion.  probably  because  of  the  interference  with  the 
nutrition  of  adjacent  tissues. 

Syritptomg.  The.se  are  Cfimmon  to  all  forms  of  choroidi- 
tis— namely,  loss  of  vision  iu  portions  of  the  fields  of  vi- 
sion coiTesponding  to  the  affected  areas,  and  diminution  of 
vision  in  contiguous  parts  from  impairment  of  nutrition. 
Photopsia  is  manifested  variously  during  the  acute  stage; 
there  is  slight  photophobia  in  the  acute  stage  in  some 
cases. 

Duration.  The  acute  stage,  if  not  interfered  with, 
may  last  for  a  period  of  years;  as  a  rule  the  exudation 
disappears  in  from  si.\  months  to  two  years,  and 
the  stage  of  atrophy  t^ikes  possession  until  the  end. 
Fresh  outbreaks  of  e.xudation  may  occur,  A  choroid 
that  has  remained  quiet  for  years  may  present  recent 
foci  of  exudation, 

Semlts.  More  or  less  atrophy  follows  the  disap- 
pearance of  the  exudation,  the  atrophy  affecting  not 
only  the  choroid  but  also  the  posterior  layers 
of  the  retina.  Destruction  of  the  choriocapil- 
laris  probably  always  occurs  at  the  point  of 
exudation.  With  destruction  of  this  layer  the 
posterior  layers  of  the  retina,  including  thi 
perceptive  layer,  are  deprived  of  ade- 
<)uate  nutrition  and  degenerate,  and 
cicatricial  tissue  is  found  not  only  in 
the  choroid  but  often  involving  "the 
deep  layers  of  the  retina.  Impairment 
of  the  retina,  if  extensive,  results  in 
atrophj'  of  many  of  the  afferent  nerve 
axis  cylinders  and  consequent  partial 
atrophy  of  the  optic  nerve.  The  portions  of  the  retina 
that  are  sutflciently  nourished  will  preserve  the  axis 
cylinders  which  go  from  them.  Following  the  impair- 
ment of  nutrition  degenerative  changes  in  the  vitreous 
and  in  the  crystalline  lens  take  place,  these  changes  cor- 


responding in  degree  to  the  impairment  of  the  nutri- 
tion. 

Treatment.  Much  can  be  accomplished  by  vigorous 
judicious  treatment  in  the  acute  stage  of  disseminate 
choroiditis,  but  nothing  of  importance  can  be  done  to 
correct  the  condition  when  the  atrophic  stage' has  been 
reached.  The  treatment  is  almost  wholly  constitutional. 
The  exudation  is  due  to  localized  perivasculitis,  usually 
of  syphilitic  origin,  and  must  be  treated  as  such.  Mer- 
cury and  potassium  are  the  remedies  on  which  most  reli- 
ance can  be  placed.  Iron  should  also  be  given,  Kour- 
ishing  diet  must  be  insisted  upon.  Rest  in  bed  is  valuable 
in  the  early  part  of  the  acute  stage.  The  use  of  colored 
glasses  and  the  prohibition  of  the  use  of  the  eyes  for  close 
work  should  be  enjoined.  In  the  acute  stage  mercury  by 
inunction,  by  the  stomach  or  hypodermically,  should  be 
given  to  saturation  and  potassium  iodide  until  the  physi- 
ological effects  are  f)l;)tained.  These  remedies  should  be 
continued,  a  little  short  of  saturation,  until  the  exudation 
has  very  nearly  or  quite  disappeared.  The  treatment  in 
a  less  vigorous  manner  should  be  continued  for  six  months 
to  two  years,  according  to  the  exigencies  of  the  case. 

Choroiditis  Areolaris  (Foerster). — This  form  is  proba- 
bly a  variety  of  choroiditis  disseminata.  It  usually  be- 
gins at  or  near  the  posterior  pole  of  the  eye  and  first  pre- 
sents itself  as  a  plaque  of  pigment.  Soon  the  centre  of 
the  plaque  thins  and  presents  a  lighter  color.  The  light 
centre  enlarges  and  we  eventually  have  an  atrophic  patch 
surrounded  by  a  relatively  broad  tiorder  of  pigment. 
These  patches  coalesce  and  form  rather  large,  irregular 
patches  situated  at  or  near  the  posterior  pole  of  the  globe ; 
exceptionally  they  are  found  at  the  periphery.  There 
are  seldom  more  than  two  or  three  patches. 

This  form  of  choroiditis  is  met  with  in  young  children, 
and  is  thought  to  be  congenital  in  some  cases.  It  de- 
velops also  at  all  ages.  There  may  be  few  or  many 
patches.  The  vision  may  remain  very  good  for  a  number 
of  years.  It  may  fail  ([uite  suddenly  without  apparent 
cause. 

Treatment.  The  same  as  in  disseminate  choroiditis. 
Guttate  Choroiditis  (Hutchinson  and  Tay ). — The  region 
of  the  tnacida  is  occupied  by  a  number  of  small,  whitish 
or  yellowish  dots  which  reseml)le  the  dejiosits  that  oc- 
cur in  the  deep  layer  of  the  retina  in  albuminuric  retini- 
tis, but  are  more  yellow  and  are  circular.  They  seldom 
reach  more  than  one-fourth  the  diameter  of  the  di-sc  and 
are  often  very  minute.  These  spots  may  be  very  numer- 
ous. Tliey  (!o  not  tend  t(j  disappear;  on  the  contrary, 
they  continually  increase,  but  produce  no  impairment  of 
vision.  This  condition  is  due  to  the  formation  of  excres- 
cences on  the  lamina  vitrea  which  project  into  the  retina. 
They  are  peculiar  to  advanced  life.  These  spots  are 
often  observed  scattered  more  or  less  densel}"  over  the 
entire  fundus. 

Treatment  is  of  no  avail. 
Emliolic  Choroiditis ;  Metastatic,  Pins- 
tie,  and  Suppurative  Choroiditis. — Em- 
bolism of  one  or  more  choroidal  vessels 
probably  occurs  more  frequently  than  is 
recognized.  The  dozen  or  more  small 
arteries  that  pierce  the  sclera  anastomose 


FIG.  1313.- 


Excrescences  on  the  Lamina  Vftrea,  in  Guttate  Choroiditis.    (De  Wecker  and 
Masselon.  J 


freely  when  they  reach  the  choroid;  consequently  the 
plugging  of  one  artery  can  make  but  little  difference 
with  the  circulation  in  this  membrane.  If  the  plug 
that  enters  a  short  ciliary  artery  does  not  contain 
pathogenic  germs  the  disturbance  occasioned  is  slight. 
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Kiiiippl-l''''''/'-  "P^'  ■  ^^^'■'  1)  ili'scribi'd  two  cases  of  sini- 
ple  fiiiliolisMi  ill  wliicli  the  onset  of  the  syinptonis  was 
quite  sudilcn.  Tlie  putieiil  iinlieeil  a  blurrina-  of  vision 
wliieli  at  livst  iMiluiletl  the  wlinle  Held,  l)llt  later  became 
contineil  to  the  central  portion,  lu  one  case  the  vision 
equalled  one  tenth,  in  the  other  case  the  patient  coidd 
read  the  finest  print :  the  ])alient  noticed  a  larire  scotoma 
Ivinfif  near  the  a.xis  of  vision.  There  were  marked  chro- 
liiatopsia  and  photopsia.  On  ophtlialmosctipic  examina- 
tion a  circumscribed  cloinl  or  veil  was  ob.served  in  the 
central  porti<in  of  the  fundus  corresponding  to  the  sco- 
toma, winch  involved  the  retina  and  ha<l  extended  lo  the 
disc.  The  eouililiou  was  evidently  due  to  eniliolism  of 
some  of  the  choroidal  vessels  at  this  point,  the  elTusion 
and  hypera'niia  following  as  a  result.  In  each  case  vi- 
sion was  completely  restored.  Each  patient  had  well- 
marked  vardiac  disiMse.  Not  infrequently,  from  a  suji- 
purativc  jirocess  taking  place  in  some  distant  part  of  the 
body,  a  minute  mass  of  pyogenic  or  pathogenic  micro- 
organisms enters  the  circvdation  and  is  conveyed  to  the 
choroid  on  one  or  both  sides;  there  will  (hen  be  set  up  a 
jilaslic  (M' supiiurative  clioroidilis.  Ulcerative  processes 
located  in  the  alimentary  canal  or  in  the  genital  tract, 
or  art'eeting  the  cutaneous  surface  or  any  other  ))art  of 
the  body,  may  be  the  foci  from  which  micro-<irganisnis 
proceed  "by  way  of  the  blood  to  the  choroid;  when  this 
takes  place  the  processes  just  alluded  to  are  established. 
Direct  extension  from  the  meninges  of  the  brain  to  the 
eve  is  said  lo  occur  (Wells,  the  American  edition,  p. 
rii-i).  Jlelastasis  may  occur  in  cerebrospinal  meningitis, 
puerperal  fever,  pya'mia,  smallpox,  pneumonia,  erysi])- 
elas,  cholera,  and  malignant  pustule.  It  has  been  met 
with  in  ulcenilion  of  the  undiilical  cord  in  the  new-born. 
Plastic  choroiditis  and  tuberc\dous  choroiditis  arc  seldom 
due  to  injury,  but  suppurative  choroiditis  is  frequently 
the  resnli  oi'  perforating  wounds  of  the  eyeball  as  well 
as  of  metastasis. 

I'hixtic  ChinriiilidK. — The  onset  of  this  disease  is  similar 
to  that  of  ])urulent  choroiditis,  but  is  not  quite  so  severe. 
The  vitreous  becomes  hazy  ;  the  anterior  chamber  usually 
shallow,  but  sometimes  deepened  ;  the  ocular  conjunctiva 
liyperrt'inic.  The  iris  is  bound  down  to  the  anterior  cap- 
sule. During  the  first  stage  there  is  pain,  which  is  of  a 
dull,  conliiuious  character.  The  vision  at  an  early  stage 
is  soon  reduced  to  perception  of  light  only  and  may  fail 
entirely.  Soon  a  yellowish  retlex  is  observable  from  be- 
hind tiie  pupil,  due  to  the  presence  of  plastic  lymjih  in 
the  vitreous  chandler.  The  plastic  lymph  may  till  the 
whole  vitreor.s  chamtier  or  it  may  be  spread  in  a  layer  of 
varying  thickness  over  the  fundus.  The  globe  is  usually 
soft,  but  in  the  early  stage  it  may  have  a  sligbtly  in- 
creased tension.  In  the  average  case  of  this  form  of 
choroiditis  the  globe,  which  at  first  appears  to  be  slightly 
distended,  gradually  shrinks,  becoming  smaller  than  its 
fellow;  it  maintains  this  shrunken  condition,  the  vision 
being  entirely  lost.  In  the  very  mild  cases  some  degree 
of  vision  may  be  retained. 

■  Biiifjiiosis.'  In  the  severe  cases  the  inflammatory  reac- 
tion is  so  marked  and  the  ]irogress  of  the  case  to  atrophy 
of  flu  globe  is  so  unmistakable  that  the  diagnosis  is  readily 
made;  but  in  flic  milder  cases  the  color  of  the  reflex,  the 
degree  of  tension  and  the  size  of  the  globe,  the  presence  of 
blood-vessels,  ami  the  situation  of  the  exudate  are  such 
that  it  is  very  diHicult  to  se|)arate  these  cases  from  those 
of  glioma  anil  oilier  intraocular  tumors.  In  making  a 
ditferential  diagnosis  the  history  of  the  case  in  every  par- 
ticular must  be  obtained,  as  tl'iis  is  the  most  important 
factor.  A  history  of  meningitis  or  of  some  one  of  the 
eruptive  fevers,  or  of  a  suppurative  process  just  preced- 
ing or  occurring  at  the  lime  of  the  onset  of  the  eye  disease, 
aids  much  to  clear  up  the  diagnosis.  Locally,  adhesions 
lietween  Ihe  iris  and  lens  with  a  broadening  of  the  sinus 
of  the  anterior  chamber,  atroidiy  of  the  iris,  minus  ten- 
sion, reduction  in  Ihe  size  of  the  globe  occur  in  metjistatic 
plastic  choroiditis,  but  they  are  seldom  met  with  in 
glioma.  There  may  be  tenderness  on  pressure,  but  this 
may  also  be  present  in  glioma, 

treatment.     In  the  mild  cases  the  use  of  mercury  and 


iodide  of  potassium  seems  to  exert  a  beneficial  elTect  by 
preventing  plastic  formations ;  some  degree  of  vision  may 
lie  relained  in  these  cases.  In  all  cases  in  which  vision 
is  nil  and  the  (piestion  of  glioma  caniml  be  settled,  or  in 
which  the  globe  is  at  all  painful,  enucleation  may  be  re- 
sorted to.  Recurrent  intlamniation  may  also  render  enu- 
cleation advi.sable. 

Siippuratire  Churdiilitin  (Pdiiopfit/iahiiitix). — Suppura- 
tive processes  originating  in  the  choroid  are  not  confined 
to  this  membrane  butinvolveall  the  tissnesof  the  interior 
of  the  eye.  often  perforating  the  sclera  or  cornea.  The 
general  nature  of  l,he  alTection  entitles  it  to  the  term 
panophthalmitis. 

Cdiiii .  The  cause  is  most  commonly  an  injury,  accom- 
panied by  the  introduction  of  pyogenic  or  patliogenic 
germs.  Metasta.sis  may  be  the  manner  of  infection,  pus- 
producing  micro  organisms  being  carried  to  the  choroid 
from  jiurulent  proces.ses  occurring  in  distant  iiarts  of  the 
system.  The  germ  most  often  found  is  the  .staphylo- 
coccus, but  the  stre])tococcus  and  the  pneumococcus  have 
been  found  as  causative  factors. 

Symptoms.  Severe  continuous  pain  is  experienced  al- 
most from  the  beginning.  The  sight  is  lost  very  early.  Af- 
ter the  infectious  material  has  eflected  a  lodgmenl  a  period 
of  from  twenty-four  to  forty-eight  hours  elajises  before 
the  disease  obiaius  sufficient  headway  to  occasion  great 
discomfort.  Then  the  ocular  conjunctiva  becomes  swol- 
len and  hyperttmic.  Chemosis,  sometimes  loan  enormous 
degree,  causing  the  conjunctiva  to  protrude  betwi-cii  the 
lids,  exists.  The  lids  are  frequently  enormously  swollen. 
The  tissues  of  the  orbit  also  partake  of  this  condition, 
causing  the  eyeball  to  bulge  forward.  The  flow  of  tears 
is  increased  and  some  muco-purulent  discharge  from  the 
conjunctiva  is  often  observed.  The  anterior  chamber 
becomes  shallow  and  the  aqueous  humor  turbid.  A  yel- 
low reflex  is  often  seen  through  the  pujiil.  The  ten- 
sion is  often  much  raised,  although  in  some  cases  it  is 
reduced.  The  cornea  becomes  gray  and  in  many  cases 
sloughs,  permitting  the  escape  of  pus  from  the  interior  of 
the  eye  through  the  opening  thus  formed.  The  pain  is 
not  confined  to  the  eyeball,  but  is  experienced  in  the  .side 
of  the  head  corresponding  with  the  affected  eye.  After 
some  days  the  inflammation  subsides,  pain  diminishes,  and 
at  the  end  of  three  or  four  weeks  the  acute  stage  of  the 
process  terminates.  The  globe  gradually  shrinks  a.nd 
passes  into  the  condition  known  as  phthisis  bulbi. 

TiVKtment.  Hot  applications  by  means  of  hot  water 
or  poultices,  with  the  administration  of  laxatives,  is  often 
resorted  to;  but  the  more  modern  treatment  is  to  regard 
panophthalmitis  as  an  abscesss  or  phlegmon  of  the  eye- 
ball anil  to  treat  it  as  abscess  or  phlegmon  is  treated  when 
it  occurs  in  other  parts  of  the  body,  A  crucial  incision 
through  the  cornea,  followed  by  frequent  cleansing  of  the 
eye  with  an  antiseptic  solution  (bichloride  1  to  .~),oil(i)  miil 
by  hot  poulticing,  does  much  to  shorten  the  process  and  to 
relieve  pain.  Complete  evacuation  of  the  contents  of  the 
globe  (evisceration) is  much  better  treatment  in  the  early 
stage  of  the  affection.  This  is  accomplished  by  excising 
the  cornea,  removing  the  entire  contents  of  the  sclera  bj' 
means  of  a  suitable  curette,  cleansing  the  cavity  thus 
formed  with  bichloride  (1  to  2,000).  packing  with  aseiific 
gauze,  and  bandaging.  The  liandage  and  jiacking  are 
changed  as  often  as  required.  This  treatment,  which  has 
never  resulted  fatidly  to  the  patient,  stops  I  he  iiroeess  to- 
gether with  all  its  attendant  discomforts  and  jiain  at  once, 
and  converts  a  pus-forming  process  into  a  surgical  wound. 
Recovery  is  rapid.  The  cavity  becomes  filled  with  gran- 
ulation tissue.  Packing  the  cavity  is  to  be  discontinued 
as  healing  advances,  and  eventually  the  sclera  and  ils 
contained  granulation  tissue  shrink  and  form  a  small 
irregularly  spherical  mass,  which  is  not  sensitive  and 
over  which  an  artificial  eye  can  be  worn. 

Tiilniriihm.i  <if  tlw  Clwrnid. — It  is  usually  due  to  the 
formation  of  miliary  tubercles  in  the  stroma  of  the  cho- 
roid. It  is  nietiistatic  in  origin  and  commonly  accom- 
panies miliary  tuberculous  processes  in  other  |iarts  of  the 
body.  The  disease  appears  most  frequently  in  children 
and"  is   more  common   in   individuals  who  sulfer   from 
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tuberculous  meningitis.  Michel  {Angenheilk..  p.  404) 
p\its  the  percentage  of  cases  of  tuberculosis  of  the  cho- 
roid accompanying  tuberculous  meningitis  In  children  at 
thirty-five  to  forty  per  cent.  This  seems  to  the  author 
to  be"  very  nmch  too  high. 

Symptoms.  The  patient  complains  of  no  pain.  The 
condition  is  diagnosed  by  use  of  the  ophthalmoscope. 
The  tubercles  us'ually  appear  at  the  posterior  part  of  the 
fundus,  and  are  notVi.sible  until  they  occasion  disturb- 
ance of  the  retinal  pigment  layer.  At  first,  there  is  ob- 
served a  small  spot  of  pigment  slightly  more  pronounced 
than  the  surrounding  fundus;  this  is  due  to  slight  promi- 
nence of  the  pigment  layer  over  the  tubercle.  Soon  the 
centre  of  the  pigment  patch  takes  on  a  pale  whitish  color, 
circular  or  ovaUu  shape,  due  to  absorption  of  the  retinal 
pigment,  and  this  reaches  the  size  of  the  optic  disc- 
sometimes  a  little  smaller,  sometimes  larger.  If  a  mim- 
ber  of  miliary  tubercles  are  grouped  together,  as  is  often 
the  case,  the"  size  and  shape  of  the  patch  are  changed. 
Many  tubercles  may  be  scattered  over  the  fundus,  or 
there  may  be  but  one  or  two  tubercles  present.  Retinal 
vessels  p"ass  over  the  patch,  the  retina  is  .slightly  raised, 
and  in  some  cases  a  slight  local  detachment  of  the  retina 
occurs.     Vision  is  butlittle  interfered  with,  except  in  the 


Fig.    13U.— Sciero-Chorolditis  Posterior  of    Moderate  Degree. 
Wecker  and  Masselon.) 
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portion  of  the  field  corresponding  with  the  site  of  the 
tubercle,  where  there  is  a  relative  or  complete  scotoma. 

Treatment.  Since  the  patient  usually  succumbs  to  the 
effects  of  the  disease  in  other  jjarts  of  the  system,  noth- 
ing can  be  done  to  relieve  the  local  condition.  Large 
tuberculous  tumors  are  sometimes  met  with  in  the  choroid. 

HemeirrlieKjic  CI((jroitliti.i. — The  vessels  of  the  choroid, 
like  those  in  other  parts  of  the  body,  are  from  time  to 
time  the  seat  of  disease,  and  their  walls  may  become  so 
weakened  that  the  fluid  and  at  times  the  corpuscular 
portions  of  the  blood  may  escape  into  the  tissue  of  the 
choroid  and  also  lieneath  the  retina.  The  escaped  blood 
may  break  through  the  retina  and  enter  the  vitreous. 
The  appearance  presented  is  that  of  large,  irregular 
patches  of  blood  clot  which  often  cause  the  retina  to 
bulge  forward.  Tlirough  the  action  of  gravitj  the  upper 
border  assumes  a  horizouttd  line,  the  lower  border  being 
curved.  Above  the  clot  tlie  tissues  are  tinged  a  yel- 
lowish red  by  the  partly  absorbed  blood  pigment.  The 
clot  gradually  becomes  absorbed,  leaving  a  white  patch 
of  atrophy  with  some  pigment  scattered  over  it.  Cho- 
roidal hemorrhage  may  produce  acute  glaucoma. 

Treatment.  The  treatment  is  restricted  to  the  care  of 
the  general  condition. 

Detachment  (if  the  Clioroid  is  rarely  met  with,  but  it 
sometimes  follows  an  exudative  inflammatory  process  in 
which  the  exudation,  serous  or  fibrinous  and  large  in 
amount,  finds  its  way  between  the  choroid  and  the  sclera. 
It  may  be  due  to  the  presence  of  a  tumor  or  to  hemor 


rhage,  and  it  may  accompany  a  degeneration  of  the  vitre- 
ousduriusr  the  course  of  an  irido-cyclo-choroiditis. 

JS'on-LiJIammatory  Affection  of  the  Choroid.— The  atro- 
phy accompanying  myopia  is  rarely  inflammmatory. 
The  axial  elongation  of  the  globe  in  myopia  is  due  to 
the  thinning  of'tlie  posterior  segment  of  the  sclera,  and,  as 
shown  by  The  ophtlialmoscope  and  by  post-mortem  sec- 


FIG.  laio.— Selero-riioroiriilis  Posteriorot  Hifrli  Deirree,  will)  niantres 
at  the  Macula.     (De  Wecker  and  Masselon.) 

tiou,  the  greatest  stretching  of  the  sclera  takes  place  at  or 
near  the  optic  disc.  The  change  in  the  tissue  of  the  sclera 
is  not  accompanied  by  any  infiltration  of  small  cells  (the 
characteristic  accompaniment  of  inflammatory  processes!, 
nordo  we  find  such  infiltration  of  small  cells  in  tlie  issue  of 
the  choroid.  The  small  myopic  crescent  is  not  a  condition 
due  to  pathological  changes  in  the  choroi<l.  but.  as  Michel 
has  shown,  the  bulging  of  the  sclera  causes  the  optic 
disc  to  become  more  obliquely  placed  to  the  antero-pos- 
terior  axis  of  t!i<'  L'lolicthau  is  the  case  in  the  normal  eye, 


Fig.  1310.— netlnitis  Pisime iitosa.    i,De  Wecker  and  JIasselon.) 

and  the  transparent  tissue  of  the  optic  papilla  permits 
the  white,  opa<|ue  ti.ssue  of  the  edge  of  the  sclera  and 
the  optic  nerve  sheath  ( usually  at  the  i'uner  lower  quadrant 
of  the  disc)  to  show  through.  The  nasal  side  of  the  disc 
is  sharply  defined,  but  the  lower  temporal  side  is  ill- 
defined.  "In  high  degrees  of  myopia  the  choroid  at  the 
posterior  pole  of  the  eye  suffers  most ;  at  the  periphery 
the  membrane  is  but  little  changed.  The  condition  met 
with  is  one  in  which  the  choroid  is  thinner  than  normal. 
The  meshes  between  the  capillaries  of  the  choriocapil- 
laris  and  between  the  vessels  in  the  layer  of  large  vessels 
are  enlarged.  The  choroidal  pigment  is  more  spread  out 
and  the  retinal  pigment  is  also  rendered  much  less  dense. 
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Fig.  131T.— Rupture  of  t'honiid.     iDe  Weoker  and  Jlasselon.) 


streteliing  of  the  vascular  ttniic  may  l)e  so  great  that  small 
choroidal  hemorrhages  ajipear  at  or  near  the  macula,  and, 
because  of  atrophy  of  the  choroid  at  this  jioint,  a  condi- 
tion sometimes  known  as  centi-al  choroiditis  is  produced. 

S>ijiirjiriiil  .Sf/((7('  Choiniilitix. — This coiidil ion  is  due  to 
atrophy  of  the  choriocapillaris,  accompanying  which  we 
have  a  disjjppearance.  often,  of  the  retinal  ]iigment  and 
at  the  same  time  a  deep  atrojihy  of  the  choroid  corre- 
spoudin.g  to  an  obliterating  arteritis  of  some  of  the  larger 
arterial  branches. 

('hiirioixtinitis  PigmenUisa  is  an  example  ofanon-in- 
flaiumatory  process.  A  iion-inflammat<iry  degeneration 
takes  place,  affecting  the  vessels  of  both  niembranes  and 
also  alfecting  the  structure  of  both  luembranes.  This 
atrophy  proceeds  from  the  periphery  toward  the  posterior 
pole.  "lu  some  cases  the  vascular  degeneration  is  accom- 
panied by  an  escape  of  portions  of  the  blood,  which  may, 
on  tiecomiug  absorbed,  leaveatrophic  spots  in  thechoroid, 
or  rather  spots  in  the  choroid  from  which  all  pigment  has 
disappeared.  Ordinarily,  in  cases  of  general  atrophy  of 
the  choroid,  the  choroidtil  pigment  is  changed  but  little. 
A  change  in  the  retinal  pigment  is  often  noticed,  some- 
times amounting  to  an  hyperplasia  of  the  pigment,  as  is 
the  case  when  the  bone-corpuscle  figures  are  seen.  Some- 
times the  change  is  of  such  a  character  that  the  retinal 
pigment  is  heaped  up,  as  in  cases  in  which  a  deeply  pig- 
mented margin  occurs  about  an  atrophic  choroidal  patch. 
The  ganglion  cells  of  the  retina  and  the  a.\is  cylinders 
]ieiish  as  the  disease  advances,  and  secondary  atrophy  of 
the  optic  nerve  follows  as  a  consequence. 

It  sometimes  happens  that  this  passive  atrophy  begins 
at  the  postciior  pole  of  the  choroid,  and  there  is  then  pro- 
duced that  variety  of  the  condition  to  which  the  name 
i-horioretiniiis  centralis  has  been  given.  In  this  type 
of  the  affection  the  vision  fails  as  the  disease  advances. 
If  the  jieriphery  is  first  attacked  the  lield  of  vision  is 
narrowed  concentrically;  if  the  process  first  appears 
at  the  posterior  pole,  a  relative,  negative,  or  positive 
central  scotoma  follows.  The  affection  under  discus- 
sion is  termed  chorioretinitis  pignientosii  or  retinitis  pig- 
mentosa, according  to  the  degree  of  visitile  involvement 
of  the  choroid.  If  some  atrophic  choroidal  patches  are 
seen  the  affection  is  termed  chorioretinitis  pigmentosa; 
if  no  such  jiatches  are  present,  the  affection  is  supposed 
to  involve  the  retina  principally  and  is  termed  retinitis 
pigmentosa.  In  reality  these  processes  are  one  and  the 
Siinie  so  far  as  their  pathology  is  concerned.  On  ex- 
amination with  the  microscope  both  membranes  are  found 
to  lie  in  a  condition  of  atroohy. 

Chorioretinitis  pigmentosa  is  otten  congenital  in  origin 
and  is  sometimes  accompanied  by  degenerative  processes 
In  other  tissues  of  the  body.     It  is  influenced  by  heredit  j'. 


The  intermarrying  of  relatives  is  supposed  to  produce  it, 
as  is  also  iidierited  syjihili.s. 

The  obscure  affection  known  as  retinitis  prolifenms  is 
also  a  disease  in  which  atrophy  of  thechoroid  is  an  ac- 
companying condition. 

Triiiiiiiiidsiii  i>f  the  Choroid. — It  may  affect  the  mem- 
brane in  a  numl)er  of  ways.  lleiiKirrhage  anil  rupture 
of  the  choroid  are  frequently  met  with  as  a  result  of  a 
non  jicrforating  blow  on  the  eye,  the  lesion  usually  a])- 
pe;iiing  ;it  a  spot  opposite  to  the  point  of  imiiaction;  the 
rupture  is  due  to  contrecoup.  Hemorrhage  may  be  from 
tlic  capillaries,  which  is  most  freciuently  the  ease,  or  from 
large  vessels.  In  rupture  of  thechoroid  the  injured  por- 
tion is  ob.scured  by  the  hemorrhage  and  by  exudation 
which  usually  goes  on  for  a  f"W  hours.  The  exudatinn 
passes  into  the  retina  and  extends  into  the  vitreous.  'Whrn 
the  exudation  and  blood  have  become  alisorbcd.  a  cresc(  ii- 
lic  atrophic  patch  is  usually  seen  in  the  posterior  part  of 
the  fundus,  concentric  to  the  optic  disc.  The  retinal  ves- 
ficls  pass  over  this  patch,  showing  clearly  that  it  afTccts 
a  tissue  beneath  the  retina.  Although  usually  arranged 
in  a  manner  concentric  to  the  disc,  ru])tures  of  thechorcid 
may  a,ssinue  almost  any  shape.  The  ruptures  may  lie 
single  or  mulliple.  A  scotoma  is  ]iresent  in  the  visual 
field  corresponding  with  the  location  of  the  ruinure. 

Perforiitiiii/  Woi/ik/k  of  the  C7('<(v/iV/ are  of  all  kinds  and 
of  all  degrees;  perforating,  lacerating,  incised,  clean,  in- 
fected. Perforating  wounds  of  the  choroid  always  in- 
volve other  membranes,  and  consideration  of  these  must 
necessaril}-  involve  consideration  of  other  ])arts  of  the 
eye.  Clean,  incised  wounds,  if  not  too  extensive,  will 
heal  without  destruction  of  the  eye.  If  the  blood  clot 
extends  into  the  vitreous,  we  may  apprehend  the  forma- 
tion of  fibrous  bands  in  the  vitreous,  and  these  may  ulti- 
mately result  in  detachment  of  the  retina.  Infected 
wounds  often  lead  to  pano]ilitIialmitis. 

Treatment.  In  rupture  of  the  choroiil  from  contrecoup 
but  little  can  be  done.  It  is  probalily  best  to  put  the 
jiatient  to  bi'd  and  to  give  remedies  that  will  prevent  the 
development  of  jilastic  processes  or  the  organization  of 


Fig.  131S.— Rupture 


De  Wi'iker  and  Mas,selon.) 


plastic  products.  If  left  without  treatment  the  clot  and 
exudation  will  become  absorbed,  and  almost  if  not  (luite 
as  favorable  results  will  be  obtained. 

Prognosis  is  favorable. 

In  clean,  lacerating  wounds  the  eyeball  can  often  be 
saved  by  properly  caring  for  it. 

Infected  wounds  result  in  panophthalmitis,  which 
should  be  treated  as  heretofore  atl vised. 

John  E.  Vceks. 

CHR0AT0L.—C,„II,6.2Hl—terpin-iodo  hydrate.  This 
occurs  in  greenish-yellow  crysUds  of  aromatic  odor,  in- 
soluble in  water,  soluble  in  alcohol,  glycerin,  benzol,  and 
acetic  ether,  and  slightly  soluble  in  ether  and  chloroform. 
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In  ten-per-cent.  ointment  or  powder  it  has  been  employed 
for  psoriasis,  alopecia,  and  other  affections  of  the  skin. 

W.  A.  Bastedo. 

CHROMIDROSIS.  — (Synonyms:  Ephidrosis  tincta; 
stearrha>a  or  seborrlia?a  nigricans;  pityriasis  nigricans; 
Fr.,  Cyaiwpnthie  cutanee.) 

Definition. — A  disorder  of  the  perspiratory  glands  in 
which  the  sweat  assumes  various  shades  of  color,  as  blue, 
red,  yellow. 

Tliis  is  an  exceedingly  rare  disease,  so  rare  that  many 
doubt  its  existence,  but  so  many  well-authenticated  cases 
have  been  leported  that  further  doulit  is  scarcely  war- 
ranted. On  the  other  hand,  some  of  the  cases  observed 
have  proved  to  be  iniimstures. 

The  disease  is  mo.st  frcciuently  observed  upon  the  eye- 
lids, cheeks,  forehead.  al)domeu,  and  scrotum.  The  dis- 
tribulion  may  be  unilateral  or  symmetrical,  the  disease 
occnring  in  small  patches.  Often  the  affected  area  changes 
from  place  to  place.  The  color  varies  from  a  yellow  to 
a  dark  brown,  brick-dust-like,  green,  blue,  or  red  tint. 
There  is  usually  mixed  with  the  sweat  a  certain  amount  of 
fat  which  upon  drying  leaves  lui  amorphous  granular  de- 
posit upon  the  skin,  and  which  may  be  partially  if  not  en- 
tirely removed  by  water  or  ether. 

Most  cases  ha\e  occurred  in  neui-otic  or  hysterical  un- 
married women,  in  conjunctifin  with  uterine  or  ovarian 
disorders  and  with  chronic  constipation.  It  was  for- 
merly thought  that  the  absorption  of  indican  from  the 
intestinal  canal  in  the  latter  condition  was  the  principal 
factor,  but  this  has  not  been  confirmed,  as  the  pigment 
in  the  sweat  does  not  give  the  indican  reaction. 

The  amount  of  i>igment  in  these  cases  varies  from  day 
to  da}',  and  may  disappear  for  weeks  or  months  to  recur 
again.     The  disease  usually  lasts  for  years. 

Green  or  blue  sweat  occvirs  ([uitc  frequently  in  work- 
ers in  copper,  from  internal  introduction  of  the  metal. 

Blue  sweat  has  l)een  known  to  occur  after  taking  large 
quantities  of  iron  and  also  from  potassium  iodide;  in  the 
latter  case  the  blue  reaction  was  caused  by  the  starch 
in  the  shirt  (Taylor). 

Phosphorescent  sweat  has  been  observed  after  taking 
phosphorus  and  after  eating  phosphorescent  fish. 

Red  sweat  occurring  in  moist  regious  of  the  body  like 
the  axilla  and  pubes  is  produced  by  micro-organisms 
(Bacterium  prodigiosum),  and  is  associated  with  concre- 
tions on  the  hairs  (lepothrix). 

Ha?matidrosis  cruenta  is  jiroduced  by  hemorrhage  into 
the  sweat  glands  or  ducts,  causing  a  reddish  sweat  (see 
Piu'pnni). 

Tlie  Tre.\tment  of  chromidrosis  depends  upon  the 
cause.  In  the  idiopathic  forms  the  general  condition 
should  be  treated — bowels,  uterine  conditions,  etc. 

In  those  cases  which  are  due  to  the  introduction  of 
metals  or  drugs  into  the  system  the  treatment  is  obvious. 

The  forms  produced  by  micro-organisms  can  be  easily 
relieved  by  mild  antiseptic  applicaticms. 

WilUinii  A.  Ilarddway. 

CHROMIUM. — Compounds  of  chromium  are  constitu- 
tiouall}'  highly  jjoisonous  to  the  animal  system,  and 
chromic  acid  and  its  soluble  sidts  are  also  inteusel}'  irri- 
tant, and  even  caustic.  Medicinally,  jireparatious  of  the 
mineral  are  used  only  for  lneal  ]iurpi).ses.  The  United 
States  Pharmacopoeial  compounds  are  the  follo-ving; 

Acidvm  Chroiiiiciim,  Chi-oniic  Aciil  (chromium  tri- 
oxide,  CrOs).  This  compound  is  in  "  small,  needle-shaped 
crystals,  or  rhombic  prisms,  of  a  dark  purplish-red  color 
and  metallic  lustre;  odorless;  destructive  to  animal  and 
vegetable  tissues;  deliquescent  in  moist  air.  Very  solu- 
ble in  water,  forming  an  orange-red  solution.  When 
brought  in  contact  with  alcohol,  ether,  glycerin,  and 
other  organic  solvents,  decomposition  takes  place,  some- 
times with  dangerous  violence"  (U.  S.  P.).  On  heating. 
chromic  acid  tirst  fuses  to  a  reddish  brown  lii[uid,  and 
then  decomposes  into  green  chromic  oxide  and  free 
oxygen.  From  its  powerful  chemical  action,  chromic 
acid  should  be  kept  in  glass-stoppered  bottles  and  never 


brought  into  contact  with  any  kind  of  oxidizable  organic 
matter.  In  concentrated  application  chromic  acid  is  a 
powerful  and  penetrating  caustic,  and  is  available  in 
surgery  when  a  deep  and  thorough  cauterization  is  de- 
manded. But  it  shoidd  not  be  applied  over  an  extensive 
area,  lest  enough  be  absorbed  to  produce  constitutional 
poisoning.  It  is  generally  used  by  mixing  the'  crystals 
with  a  drop  of  water  to  the  forming  of  a  paste.  The 
acid  is  also  a  powerful  oxidizer  and  antiseptic,  thus 
proving  disinfectant,  both  by  destrojing  low  forms  of 
living  things,  and  also  by  oxidizing  foul  products  of 
zymotic  processes.  But  its  corrosive  properties  make 
the  disinfectant  virtues  generall}'  unavailable.  Chromic 
acid  is  of  use,  however,  for  the  preservation  of  organic 
tissues  in  the  laboratory,  particidarly  nerve  structures 
intended  for  miiroscoiiical  examination,  since  it  both 
preserves  and  somewhat  hardens  the  specimen  while 
changing  but  little  its  histological  appearance.  It  is 
used  for  such  iiurjiose  in  very  weak  aqueous  solution. 
Chromic  acid  should  not  be  prescribed  for  internal  medi- 
cation, and,  in  prescription  foran_v  purpose,  tbeexjilosive- 
ness  of  its  mixtin-e  with  glycerin  and  other  oxidizable 
matters  must  ciirefully  be  borne  in  mind. 

Potussii  Bii'lii-iiiiKin.  Potassium  Bichromate  (KjCrjOi). 
This  well-known  salt  is  in  "large,  orange-red,  transpar- 
ent, triclinic  prisms  or  four-sided  tables,  odorless,  and 
having  a  bitter,  metallic  taste.  Permanent  in  the  air. 
Soluble  in  ten  parts  of  water  at  1.5°  C.  (.'J9°  F.),  and  in 
1. ,5  parts  of  boiling  water,  insoluble  in  alcohol "  (U.  S. 
P.).  On  heating,  the  salt  first  fuses  to  a  dark-brown 
liquid,  and  then  decomposes  into  neutral  potassium 
chromate  and  green  chromic  oxide,  with  evolution  of  free 
oxygen.  Potassium  bichromate  is  severely  irritant  and 
poisonous,  and  is  not  used  in  medicine.  In  weak  aque- 
ous solution  it  is  a  convenient  preservative  for  histological 
specimens,  (irodueing  effects  similar  to  those  of  chromic 
acid.  .\fiiellcr'.'<  fluid  is  compounded  of  from  two  to  two 
and  a  half  parts  of  potassium  bichromate  and  one  part  of 
sodium  sulplialc,  dissoh cd  in  one  liiuubcd  parts  of  water. 
Potassium  bichromate  is  olhcial  in  the  Pharmacopa'ia 
for  use,  in  solution,  as  a  chemical  test. 

Edward  Curtis. 

CHROMIUM,  POISONING  BY.— All  soluble  com- 
pounds of  chromium  are  poisonous.  The  compounds  of 
most  toxicological  interest  are  the  trio.xide,  commonly 
called  chromic  acid,  CrOa,  the  dichromates  such  as  the 
sodium  :uh1  tlie  potassium  dichromate.  ICjCr^O-.  and  the 
neutral  chromates,  potassium  chromate.  KoCrO,,  and 
lead  chromate,  PbCrO,.  Potassium  dichromate,  or  bi- 
chromate, is  th(>  eommim  red  salt  of  commerce,  and  has 
caused  more  fatal  cases  of  chromium  poisoning  than  any 
of  the  other  compounds  of  this  metal.  Chrome  yellow, 
normal  leatl  chromate.  and  chrome  red,  a  basic  salt,  are 
capable  of  causing  chmmium  poisoning  if  ingested  in 
sufficient  quantity  at  one  time,  but  when  taken  in  small 
quantities  through  long  periods  of  time  the  symptoms 
are  those  of  chronic  lead  poisoning.  The  salts  of  chro- 
mium, such  as  chrome  alum.  KCr(S04)2,  are  not  known  to 
have  pi'oduced  poisoning  in  man.  The  form  fif  poisoning 
due  to  the  local  action  of  the  dust  of  the  chromates  is  not 
imcommon  in  factories  where  these  chemicals  are  used, 
but  cases  of  acute  iioisoning  are  unfrei[ueut,  though  a 
considerable  total  uumlicr  has  been  reported.  The  eases 
have  been  largely  accidental,  though  there  have  been 
some  suicides,  and  in  some  the  dichromate  has  been  taken 
as  an  abortifacicnt. 

Uses  of  Clirirmiiim  Cnmpovnds. — Chromic  acid  is  used 
in  medicine  as  an  escharotic.  and  in  the  manufacture  of 
organic  chemicals  as  an  oxidizing  agent.  The  alkaline 
chromates,  especially  potassium  dichromate,  are  used 
extensivel_y  in  dyeing.  Cidico  printing,  and  tanning,  in  cer- 
tain photograiihic  reproduction  processes,  and  in  the 
preparation  of  other  chromium  compounds,  especiall}' 
certain  pigments,  as  chrome  yellow.  The  lead  chromates 
are  much  used  in  jiainting,  and  have  been  employed  for 
coloring  confectionery,  and  by  bakers  for  giving  a  3'el- 
low  color  to  cakes,  etc. 
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Action  of  Chromic  Acid  and  the  Ciiromates. — 

iMfdl  Ariiijii. — Clirniiiic  aciil  is  an  active  oxidiziiij;  ajiciit. 
anil  when  conccntrateil  rca<lily  destroys  tissues  with 
wliieh  it  comes  in  contact.  It  is  hence  used  as  an  eselia- 
rotic  in  the  form  of  crystals  and  in  strong  aqueous  solu- 
tion. In  stronu:  siilutions  il  acts  on  the  snund  e]iidrrmis 
slowly,  but  (in  lunn-  eontacl  it  peiietrales  the  sUin  and 
may  lie  alisorlied  in  tliis  way  in  sutlicaeni  amounts  to  i^ive 
rise  toconstitulional  etfeets.  It  acts  violently  oinnuecnis 
naMnbranes  and  wounded  surfaces,  from  Ixilh  of  which 
it  is  readily  absorbed.  Fatal  acnie  poisonin"-  lias  fol- 
lowed its  external  use.  as,  for  example,  in  a  case  in  which 
the  solid  acid  was  applied  to  a  can-inoma  of  the  breast 
and  death  followed  in  a  few  limirs  with  syni]itoms  of 
chromium  poisonini;'.  'I'he  alUalini'  ehromales,  and 
especially  the  diehromates.  have  a  causti<'  action  similar 
to  that  of  the  acid  but  ai'e  nuuh  less  active.  Employees 
exposed  to  the  dust  of  these  compounds  in  factories  sull'er 
from  their  caustic  action  in  two  ways;  throui;h  its  action 
on  the  mucous  membranes  of  the  nose,  moutli,  and  eyes, 
nn<l  up<ni  the  skin  on  various  parts  of  the  body.  The 
cITeet  of  the  dust  is  seen  soon  after  exposure  bej;:ins, 
sometimes  on  the  tir.st  day.  The  lirst  symptoms  are 
those  of  a  eoryza.  becomiu!;  more  severe  with  the  increas- 
ini;  irritation  until  there  is  established  obstinate  idcera- 
tion  which  ends  in  the  perforation  and  destruction  of  the 
se])tum  narium.  At  the  same  time  there  may  develop 
s<-vere  infiamiuation  of  the  eyelids,  and  in  the  mouth  and 
throat  ulcers  cdosely  resemblini;  tho.se  due  to  syphilis. 
The  dust  attacks  the  site  of  any  injury  to  the  skin  with 
the  result  that  there  are  formed  obstinate  circumscribed 
ulcers  which  penetrate  deeply,  soinj;  to  the  bone  and 
?ven  into  it.  These  ulcers  may  be  developed  on  any 
part  of  the  body,  even  those  parts  covered  by  the  cloth- 
injr.  and  have  been  especially  observed  al)out  the  genitals. 
As  the  result  of  long  exposure  and  irritation  the  external 
skin  may  show  chronic  skin  disorders  of  the  nature  of 
eczeuia,  psoriasis,  etc. 

Acute  Poimniiirj. — The  alkaline  chromates  are  readily 
absorbed  after  ingestion,  and  produce  symptoms  which, 
together  with  those  due  to  the  local  action  in  the  stomach 
and  intestines,  give  a  marked  type  of  acute  poisoning. 
The  salts  have  a  metallic,  bitter  taste.  The  symptoms 
produced  by  them  are,  first,  those  of  a  severe  gastro- 
enteritis; nausea,  vomiting  of  yellow  colored  material 
which  may  be  bloo<ly ;  diarrha>a,  and  even  bloody  move- 
ments; thirst;  abdominal  yam:  colic;  tenesmus;  cramjis 
in  the  legs;  great  anxiety  and  prostration;  cold  and 
clammy  skin;  rapid  and  feeble  pulse.  These  symp- 
toms are  followed  by  pain  in  the  rc-gion  of  the  kidneys 
accompanied  by  the  passage  of  albuminous  bloody  urine 
containing  renal  tube  casts,  and  even  by  suppression  of 
the  urine.  The  respiration  becomes  feeble  and  irregular, 
the  patient  loses  consciousness  and  dies  in  coma  or  con- 
vulsions. If  the  fatal  result  is  delayed  beyond  the  first 
day.  iaundiee  appears  as  a  result  of  fatty  degeneration  of 
the  liver.  In  some  cases  the  gastro-intestinal  symptoms 
are  not  as  prominent  as  in  the  typical  case,  and  they  may 
be  wanting.  If  the  case  be  prolonged  the  symptoms 
referable  to  the  kidneys  and  bladder,  and  to  the  liver, 
become  more  prominent.  Death  has  commonly  resulted 
in  from  four  to  fourteen  hours  (Falk),  but  has  been  de- 
layed to  fifty-four  hours. 

'Piiat-Mortim  Appciii-niicfK. — The  signs  of  inflammatory 
action  are  tisually  found  in  the  alimentary  tract,  though 
they  may  be  absent.  These  signs  have  been  observed  in 
all  portions  of  the  tract  and  have  indicated  all  .grades  of 
intensity  of  action:  hypencmia,  swelling,  ecchymoses, 
browni.sh  infection  of  the  mucous  membrane;  c<irrosion 
and  ulceration.  Signs  of  inflammatory  action  have  also 
been  found  in  the  bladder,  the  limgs,  the  endocardium, 
and  the  pericardium.  The  kidneys  have  been  reported 
as  hypera^mic  and  as  showing  structural  changes  in  the 
epithelium  of  the  tubules  with  abundant  cast  formation. 
Fatty  degeneration  has  been  observed  in  the  liver  and 
heart  mviscle.  and  the  blood  lias  been  found  viscid  and 
very  dark.  The  dark  aiipearance  issjiid  to  be  due  to  the 
presence  of  methaTnoglobiu  (Priestley).     The  gums  may 


show  a  bluisli-gray  line  about  the  teeth  which  is  ascribed 

to  the  reduction  of  chromic  acid  to  chromic  oxide,  Cr^Oj. 

/•'iitii/  Him'. — The  amount  of  alkaline  chromates  re- 
(|uired  to  produce  death  is  not  accurately  known,  but 
small  doses  of  ])Otassium  dicbromate  (.03-.20  gm.)  may 
produce  distressing  symptoms,  and  under  favorable  con- 
ditions a  few  centigrams  (().",' — ()..">  gm.)  n\ay  produce 
threalening  symptoms.  Falk  mentions  four  cases  of  re- 
covery after  (loses  varying  from  O.'.J.")  to  4  gm.,  and  recov- 
ery has  followed  doses  up  to  two  ounces  in  cases  prop- 
erly treated.  The  smallest  do.se  known  to  have  been 
fatal  to  an  adult  appears  to  have  been  that  in  Mr.  Wood's 
case,  in  which  7.7  gm.  (  3  ij.)  caused  the  death  of  a 
W(.man  in  four  hours  (Taylor).  Habbits  and  dogs  are 
killed  by  doses  of  ().0(i-0.3(i  gm.  of  dichromale.  and  rab- 
bits from  subeulaneous  doses  of  (),'3(i  gm.  of  the  neutral 
chromate  (Gergens).  Considering  these  data  and  the 
effects  seen  after  doses  of  a  few  centigrams  in  man.  it  is 
probable  that  the  minimum  fatal  dose  for  man  is  con- 
siderably smaller  than  the  one  thus  far  ob.served,  7.7  gm. 

Tri'iitiiirnt. — The  first  indication  in  acute  poisoning 
is  the  neutralization  and  removal  of  the  poi.son.  TIk^ 
acid  salt  may  be  coiiveili.'d  into  the  less  irritating  neutral 
chromate  by  the  adminislration  of  magnesia  or  sodiiuu 
bicarbonate.  Lead  acetate  has  been  n-commended  with 
the  view  of  forming  the  difhcultly  soluble  lead  chromate, 
but  it  sliould  obviously  be  used  with  caution.  M(jre  im- 
portant than  these  chemical  antidotes  is  prompt  removal 
of  the  contents  of  the  stomach  by  the  use  of  emetics  if 
there  be  little  vomiting,  but  better  by  very  thorough 
washing  with  the  stomach  iiumji.  Thes\ibse(|uent  treat- 
ment of  the  gastroenteritis  is  that  of  metallic  poisons  in 
general,  though  subnitrate  of  bisnuith  would  .seem  to  be 
specially  indicated  because  of  the  nearly  insoluble  bis- 
nuith chromate  that  would  be  formed  with  the  traces  of 
poison  remaining. 

Hrpcyimerds  I'm  Aiii'mah. — The  highly  poi.sonous  char- 
acter of  chromic  acid  and  its  soluble  salts  has  been 
abundantly  shown  by  experiments.  The  symptoms  and 
post-mortem  appearances  seen  in  the  lower  animals  have 
been  similar  to  those  described  as  occurring  in  man,  and 
are  referable  especially  to  the  irritant  action  of  the  poison 
on  the  alimentary  tract  and  on  the  kidney.  The  struct- 
ural changes  in  the  kidney  have  been  uniformly  found 
on  microscopic  examination,  even  when  not  obvious  from 
their  macroscopic  apiiearances.  In  long-cfmtinued  cases 
typical  appearances  of  contracted  kidney  have  been  ob- 
served, and  several  authors  indicate  this  condition  as  one 
of  the  most  likely  sequehe  to  jioisoning  by  chromates. 
According  to  Priestley  the  vasomotor  centres  are  first 
stimulated  and  then  paralyzed,  and  general  paralysis  jire- 
cedes  the  convulsicms.  The  elimination  of  chromic  acid 
takes  place  chiefly  by  way  of  the  urine,  but  in  part  also 
in  the  f;eces.  It  is  found  in  the  mucous  membrane  of 
the  intestines,  and  in  fseces,  even  after  subcutaneous  in- 
jection (August  Maj'er).  The  elimination  is  rapid,  so 
that  within  eight  hours  sixty  per  cent,  has  been  removed, 
and  at  the  end  of  four  days  only  traces  of  chromium 
are  to  be  found  in  the  urine  and  fieces  (Viron). 

Chriiiuc  Pi>iKiiriuti/. — The  form  of  poisoning  seen  in 
workers  in  factories,  and  due  to  local  action  of  the  dust 
or  strong  solutions  of  the  chromate,  may  properlj'  be 
considered  asa chronic  poisoning,  but  the  marked  struct- 
ural changes  seen  in  acute  poisoning  suggest  the  inquiiy 
whether  there  is  also  a  chronic  general  jioisoning  due  to 
the  absorption  of  small  amounts  of  chromate.  There  has 
been  abundant  opportunity  for  the  occurrence  of  cases 
of  such  poisoning  among  employees  in  factories  where 
chromates  are  largely  used,  and  also  as  the  result  of  the 
therapeutic  use  of  potassium  dicbromate,  in  the  form  of 
Giintz'  solution,  in  syphilis.  It  appears,  however,  that 
no  chronic  condition  ascribable  to  this  cause  has  as  yet 
been  observed  in  man.  It  is  possible  that  the  rapid  elim- 
ination of  the  chromate  is  a  sufficient  protection  in  the 
case  of  man  against  the  effects  of  small  doses,  but  asa 
chronic  intoxication  has  been  jiroduced  in  dogs  by  very 
long-conlinued  action  of  chromates  (Viron),  the  possibility 
of  its  occurrence  in  man  should  be  recognized. 
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Compounds  op  Chromium.— There  appear  to  be  no 
recorded  cases  of  poisouiug  in  man  by  salts  of  the  metal 
chromium,  but  experiments  on  animals  indicate  that  they 
are  capable  of  producing  the  same  lesions  as  the  chiomates. 
but  that  the  dose  required  is  very  much  greater,  and  that 
even  with  moderately  large  doses  the  action  is  much 
slower.  Pander  found  that  using  chromium  sodiinn 
lactate  hypodermically,  the  lethal  dose  for  warm-blooded 
animals  is  about  one  hundred  times  that  of  the  dichro- 
mate.  The  elimination  is  also  very  rapid.  These  ob- 
servations indicate  that  very  large"  doses  indeed  would 
be  required  to  produce  serious  effects  on  man. 

Herbert  E.  Smith. 

CHROMOSOME. — (xp^H-"-.  ;fW"°™f.  color,  and  ciiua^  a 
body. )  The  substances  forming  the  nucleus  of  a  cell  may 
be  roughly  divided  into  two  groups.  One  of  these  is 
distinguished  by  the  ease  with  which  the  material  may 
be  colored  with  "the  basic  aniline  dyes,  while  the  other, 
like  most  cytoplasmic  structures,  is  not  readily  stained 
with  these  "dyes.  The  former  is  called  dirvniatiii,  the 
latter  aehromatin.  During  the  stages  preparatory  to  the 
mitotic  division  of  the  nucleus  the  chromatin  becomes 
segregated  into  a  definite  number  of  equal  portions.  The 
bodies  thus  formed  are  th(j  c/i  nDiiom'ines. 

The  diifereuce  in  staining  reactions  that  the  chromo- 
somes exhibit  when  compared  with  most  of  the  other 
structures  in  the  cell  indicates  a  difEerence  in  chemical 
or  physical  condition.  If  a  quantity  of  yeast,  pus  cells, 
nucleated  red  blood  corpuscles,  or  other  ordinary  cells 
be  subjected  to  artificial  digestion  with  pepsin  and  hy- 
drochloric acid,  the  allnunens  are  dissolved  and  may  be 
removed,  leaving  a  residue  which  is  more  or  less  soluble 
in  weak  alkalies  and  may  lie  [irecipitated  by  hydrochloric 
acid.  After  being  purified  this  residue  is  found  to  be  a 
colorless,  amorphous  substance  insoluble  in  alcohol  and 
ether,  and  insoluble  or  very  slightly  soluble  in  water,  pc))- 
sin  and  hydrochloric  acid,  or  in  weak  mineral  acids.  !Mi- 
croscopical  examination  of  tlfe  luidissolved  residue  shows 
that  it  consists  chielly  of  nuclear  material,  and  the  chem- 
ical substance  which  is  isolated  after  purification  has  ac- 
cordingly been  named  by  ^lieschor  miclehi.  Trucnuclein 
is  further  characterized  by  its  property  of  giving  off 
xanthin  bodies  when  boiled  with  dilute  acids:  and  when 
treated  with  an  alkali  it  is  split  into  two  substances,  an 
albumin  and  hurlciuir.  iieid.  as  was  shown  by  Altmann. 
Nucleinic  acid,  like  nuclein,  is  rich  in  phosphorus,  and 
■Miescber  gives  as  tlie  formula  for  nuclein  oljtained  from 
salmon  sperm  C4oH54NnP<02,.  But  there  are  undoubt- 
edly several  varieties  of  nucleinic  acid,  so  it  is  impos- 
sible to  give  a  general  formula  for  the  series.  Both  nu- 
clein and  nucleinic  acid  are  stained  readily  with  the  basic 
aniline  dyes.  AVhile  similarity  of  staining  reaction  does 
not  necessarilj-  indicate  similarity  of  chemical  composi- 
tion, and  the  reaction  of  parts  of  a  cell  depends  largely 
upon  its  previous  treatment,  the  evidence  asa  whole  goes 
to  show  that  the  chief  chemical  substance  by  which  the 
chromosomes  are  distinguished 
from  other  structures  in  the  ceU 
is  nucleinic  acid. 

In  form  and  structure  the 
chromosomes  differ  greatly  in 
(lilfercnt  organisms,  in  different 
(■(•Us,  and  in  different  stages  of 
develu]unent  of  the  samo  organ- 
ism. They  vary  in  form  from 
minute  globular  or  elliptical 
bodies  (Fig.  1319)  to  elongated 
rods,  often  bent  or  twisted,  and 
frequcntlj'  in  a  V-  or  U-shape 
(Figs.  13-i-i  and  1323).  In  the 
process  of  maturation  of  the 
germ  cells  of  both  animals  and 
plants  the  chromosomes  appear 
in  the  form  of  tetrads,  practically  four  chromosomes  more 
or  less  joined  together.  During  the  formation  of  the 
tetrads  the  chromosomes  often  assume  the  form  of  rings 
or  crosses,  and   both  of  these  forms  may  appear  with 


^ 


Fig.  1319.— Sperm  aioiro- 
nium  of  tlie  Eartliworm 
(Lumbri(n]s).  Showing  the 
Mitotic  Figure  in  the  Late 
Prophase.  Twenty  -  four 
of  the  thirty-two  small 
chromosomes  may  be  seen 
gathered  at  the  equjuor 
of  the  spindle.  X  about 
1,600.    (Alter  Calkins.) 


others  in  the  same  cell,  as  Calkins  found  to  be  the  case 
in  certain  ferns.  (See  article  Uediiction  Dinsion,  also 
articles  Ornm  and  Spermatozoa.) 

ilany  observers  have  noticed  that,  when  highly  magni- 
fied, in"  numerous  cases  the  chromosomes  may  be  seen  not 


N 


Fic.  1;G<1.-  Aii.vo(-yte  (Primary  SpennatO(;yte)  of  Batraclioseps.  Nu- 
cleus ill  tlie  spireme  stiige.  One  or  two  large  chromoplasts  are  seen 
in  the  lower  part  of  the  nucleus.    X  about  1,500.     (After  Eisen.) 

to  be  homogeneous,  but  to  lie  composed  of  smaller  units, 
minute  granules  of  chronialiu.  In  a  recent  paper  on  the 
spermatogenesis  of  a  Pacific  coast  salamander,  Batraclio- 
seps, Gusfav  Eisen  (1900)  describes  the  chromosomes  as 
being  composed  of  a  homogeneous  chromoplasm  contain- 
ing a  definite  number  of  minute  bodies,  which  he  calls 
chromioles  (Fig.  1322)  and  believes  to  be  fundamental 
elements  of  the  nucleus.  These  are  arranged  in  two 
rows,  one  on  each  side  of  the  chromosome.  The  latter 
is  constricted  slightly  at  regular  intervals,  and  is  thus 
divided  into  segments,  or  chromomeres  (Fig.  1321).  In 
tlie  fully  developed  chromosome  of  this  species  there  are 
six  chromomeres,  each  containing  six  chromioles. 

Chromosomes,  as  a  rule,  appear  only  during  cell  division 
and  their  origin  and  fate  are  intimately  associated  ^yith 
that  process,  for  a  descrijitiou  of  which  the  reader  should 
consult  the  article  on  (Ml.  Here  we  are  concerned  only 
with  the  imi)ortant  ]iart  jilayed  by  the  chromosomes.  In 
the  so-called  resting,  or  vegetative,  stage,  the  chromatic 
material  is  generally  scattered  throughout  the  nucleus 
in  the  form  of  tine  granules,  although  more  or  less  of  it 
maybe  gathered  together  forming  "net-knots,"  or  "chro- 
matin-nucleoli." According  to  Eisen  the  granules  are 
chromioles.  To  the  chromaUn-nucleoli  he  gives  the  name 
of  chromoplasts,  and  believes  them  to  be  of  equally 
fundamental  importance  with  the  chromioles.  Prepara- 
torj'  to  division,  the  chromatin  becomes  united  into  one  or 
more  slender  threads  C( riled  within  the  nuclear  membrane 
and  forming  the  spin  me  {P\n.  1320).  Next  the  spireme 
thread  shortens  and  thickens,  and  finally  it  is  divided  by 
transverse  fission  into  a  number  of  separate  segments: 
these  are  the  chromosomes.  According  to  Eisen,  in  the 
cells  of  the  testes  of  Batraclioseps  the  chromoplasts  are 
the  centres  of  activity  in  tlie  formation  of  the  spireme. 
The  chromioles  become  arranged  in  rows  and  connected 
by  an  enveloping  chromoplasm,  forming  slender  threads, 
or  "leaders,"  and  this  takes  place  in  connection  with  the 
chromoplasts,  each  one  having  several  leaders  radiating 
from  it  (Fig.  1320).     The  usual  shortening  and  tliicken- 
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ing  of  tlio  leaders  takes  ])laee,  ami  they  become  rediieeil 
ill  luiiiilier  until,  in  sonmtie  mitoses,  there  are  twenty- 
four.  Finally,  the  chromoplasts  divide  so  that  there  are 
formed  twenty-four  sei)arate  eliiomosoiiies,  eaeh  one  pro- 
vided with  a  ehromoplast  at  one  end. 

lu  the  mean  lime  the  aehroinatin  spindle  lias  been 
formed,  and  the  nuelear  wall  has  faded  away  leaving  the 
chromosomes  lying  free  in  the  cytoplasm.  The  chromo- 
somes now  migrate  toward  the  equator  of  the  spindle 
until  they  become  arranged  in  a  circle  around  it  (Fig. 
1321).  Then  follows  the  most  important  and  essenlial 
operation  in  the  division  of  the  nucleus,  the  .sejiaration 
of  each  eliromosoine  into  two  exactly  eijual  halves  (Fig. 
1322).  This  is  ])receded  by  a  lonijitiiiUniil  lission.  whieli 
takes  jilace  in  some  species  at  this  stage,  in  others  at 
various  earlier  stages  as  far  back  as  the  spireme.  The 
separation  having  been  accomplished,  one-half  of  each 
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Fig.  lail.— .\uxocyte  of  natraclioseps  in  a  Statre  Immediately  Preced- 
ing the  Metaphase.  Eigln  of  tUe  twelve  chromosomes  are  seen  ap- 
proaching the  equator  of  the  spindle.    X  about  l.OOO.     lAfterEisen. ) 

chromosome  moves  to  one  pole  of  the  spindle,  the  other 
to  the  other  pole;  so  that  in  the  anapha.se  there  are  col- 
lected at  each  pole  of  the  spindle  the  same  number  of 
chromosomes  that  were  formed  in  the  mother-nucleus 
(Fig.  1323).  Each  of  these  groups  of  chromosomes  then 
forms  a  new  daughter-nucleus.  This  may  take  place  in 
one  of  two  ways;  either  the  chromosomes  may  unite  to 
form  a  spireme  thread,  after  which  the  chromatin  be- 
comes more  diffused  and  a  nucleus  membrane  is  formed 
around  the  whole;  or  else  each  chromosome  may  swell 
and  form  a  vesicle,  and  the  vesicles  then  fuse  to  form  the 
new  nucleus.  \Vlien.  after  a  resting  stage,  the  nucleus 
again  prepares  for  division,  the  chromosomes  which  reap- 
pear within  it  are  of  the  same  number  as  those  of  which 
it  was  originally  formed. 

It  is  now  established  as  highly  probable,  that  every 
species  of  animal  and  plants  has  a  constant  and  charac- 
teristic number  of  chromosomes,  which  appears  at  each 
successive  division  of  the  somatic  cells.  AVilson  gives  a 
list  of  seventy-two  species  in  which  the  number  has  been 


determined.  Thus,  in  the  worm  Ophryotrocha.  there 
are  four;  in  Nais,  Sjiirogyra,  Liina.\.  Finns,  and  Allium 
there  are  si.\teeu,  and  man  has  been  .supposed  to  have 


Fig.  1;J23.— Auxooyte  of   Balrachoseps  in    the  Melapliase,  Chromo- 
somes Dividing.    X  about  1,500.    (After  Eisen.) 

this  same  number;  eighteen  are  found  in  tlie  .sea  urchin. 
Echinus,  and  in  Ascidia;  the  salmon,  frog,  mouse,  and 
lily  have  twenty-four;  thirty-si.\  have  been  found  in 
Torpedo  and  certain  sharks ;  and  the  crustacean.  Arteniia, 
is  said  to  have  one  hundred  and  si.xty-eight.  It  will  be 
noticed  that  in  each  of  these  cases  the  number  is  an  even 
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Fig.  1:323.— Ausocyte  of  Balrachoseps  in  the  I^te  Anaphase.  Daughter- 
Chronuisoines  Collecting  at  the  Poles  of  the  Spiudle.  X  about  l.,VX). 
(After  Elsen.) 

one;  and  in  each  of  these  cases  and  the  others  ineutioued 
in  Wilson's  table  the  nuclei  of  the  mature  male  and  fe- 
male germ  cells  have  been  found  to  contain  exactly  half 
as  many  chromosomes  as  the  somatic  cells. 
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In  the  ferns  and  tlieir  allies  there  is  an  alternation  of 
generations.  A  prothallium  derived  from  a  non-sexual 
spore  produces  male  and  female  genn  cells.  These  give 
rise  to  the  fern  plant,  which  in  turn  produces  non-se.xual 
spores.  In  several  of  the  ferns  and  Hepatica>  it  has  been 
found  that  the  reduction  in  the  number  of  chromosomes 
does  not  take  place,  as  in  animals,  in  the  formation  of  the 
germ  cells:  but  it  occurs  during  the  development  of  the 
spores,  and  all  the  cells  of  the  prothallium.  both  somatic 
and  gemi  cells,  have  half  the  number  of  chromosomes 
found  in  the  somatic  cells  of  the  fern  plants.  (See  Re- 
diiclkm  Vicigion.) 

That  interesting  parasite,  Ascaris  megalocephaln,  pre- 
sents a  curious  exception  to  the  law  of  the  number  of 
chromosomes.  The  mature  germ  cells  of  this  species 
have  only  one  chromosome  (var.  unirulens),  or  two  (var. 
bicfdens).  and  the  first  blastomeres  in  the  dividing  ovum 
have  correspondingly  two  or  four  chromosomes.  This  is 
true  also  of  the  cells  which  in  later  stages  are  destined 
to  form  the  germ  cells  for  the  next  generation.  But  in 
the  subsequent  divisions  of  the  purely  somatic  cells  the 
chromatin  becomes  divided  into  a  large  number  of  very 
minute  chromosomes;  it  is  probable,  however,  that  the 
number  is  constant. 

Only  in  rare  instances  do  tlie  chromosomes  persist  in- 
tact from  one  cell-division  to  the  next.  Still  there  are  a 
number  of  facts  which  seem  to  indicate  that  the  chromo- 
somes which  appear  preparatory  to  the  division  of  a 
nucleus  are  individually  the  same  as  those  wliich  formed 
that  nucleus  after  the  previous  division. 

The  evidence  for  this  view  may  be  considered  under 
three  heads;  1.  The  correspondence  between  the  number 
of  chromosomes  entering  into  the  formation  of  a  nucleus 
and  the  number  issuing  from  it.  2.  The  correspondence 
in  position  between  the  place  of  disappearance  of  the 
chromosomes  and  the  place  where  they  reappear.  3. 
The  observed  distinctness  of  the  groups  of  chromosomes 
•derived  from  the  male  and  female  parent  respectively. 

The  law  tliat  "whatever  be  the  number  of  chromo- 
somes entering  into  the  formation  of  a  reticular  nucleus, 
the  same  number  afterward  issues  from  it,''  has  been 
found  to  hold  good  in  all  normal  cell-divisions  that  have 
been  observed,  except  in  the  special  cases  of  the  spermat- 
ocyte and  oocyte  in  animals  and  the  corresponding  spore 
cells  of  plants.  These  special  eases,  which  will  be  fully 
considered  iu  the  article  on  Reduction  Dinaion,  do  not 
detract  from  the  force  of  the  evidence  furnished  by  the 
general  rule.  The  force  of  this  rule  is  most  strikingly 
illustrated  bj'  certain  abnormalities,  especially  in  the 
eggs  of  Ascaris.  . 

In  the  commoner  variety  of  Ancaris  megalotephala,  var. 
biriilens.  the  oocyte,  or  immature  egg,  has  the  cliromatic 
elements  of  the  nucleus  arranged  in  two  groups  of  fours, 
tetrads.  One  tetrad  goes  into  the  first  polar  body;  the 
other  divides  into  two  dyads,  and  one  goes  into  the  second 
polar  body  and  the  other  dyad  forms  the  two  chromo- 
somes of  the  female  pronucleus.  Thus  we  have  in  the 
first  polar  body  four  chromosomes,  two  in  the  second 
polar  body,  two  in  the  female  pronucleus,  and  the  sper- 
matozoon brings  in  two  more,  making  a  total  of  ten. 

The  variet_v  uniralens  presents  the  same  phenomena 
except  that  the  numbers  are  just  one-half  of  these. 
Fortunately  in  these  wonderful  eggs  the  polar  bodies 
persist  until  the  formation  of  the  embryo  is  well  under 
way,  and  the  chromosomes  in  them  may  be  counted. 

Now  Boveri  and  Herla  have  shown  that  while  develop- 
ment ordinarily  follows  the  nonnal  course,  various  ab- 
normalities may  occur;  but,  with  the  exception  of  two  or 
three  possibly  doubtful  cases,  the  total  number  of  chro- 
mosomes may  always  be  accounted  for  according  to  the 
rule.  For  example,  in  var.  bimlens  it  sometimes  happens 
that  two  small  female  pronuclei  are  present  instead  of 
one  large  one,  and  when  the  chromosomes  are  formed  it 
is  found  that  only  one  chromosome  appears  in  each  of 
the  small  pronuclei,  the  total  number  remaining  the  same. 
In  other  eggs  four  chromosomes  were  found  in  the  female 
pronucleus  or  six  in  the  lirst  cleavage  spindle,  but  the 
second  polar  body  was  not  to  be  found  and  had  evidently 


not  been  e.\truded.  Again,  eases  were  found  in  which 
there  were  only  three  chromosomes  in  the  first  polar 
body,  and  the  missing  one  was  discovered  in  the  second 
]natui-ation  spindle  or  in  the  female  pronucleus. 

Herla.  however,  found  one  female  in  which  all  the 
eggs  showed  the  normal  polar  bodies  of  var.  hiv/dens.  but 
iu  the  first  cleavage  spindle  and  subsequent  stages  there 
were  only  three  chromosomes.  But  in  the  same  intestine 
he  found  other  worms  of  the  var.  vnicalens.  There  is 
strong  reason  to  believe  that  this  was  a  case  of  crossing, 
the  female  of  one  variety  having  been  impregnated  by 
the  male  of  the  other,  and  thus  the  rule  would  still  hold 
good.  In  other  worais  from  the  same  source  a  few  cases 
were  found  of  redundancy  of  chromosomes  with  normal 
polar  bodies.  Herla  explains  these  as  due  to  the  entrance 
of  two  spermatozoa,  which  Van  Beneden  has  shown  to 
occur  rarely.  In  short,  all  the  abnormalities  are  suscepti- 
ble of  explanation  in  accordance  with  the  rule,  there  be- 
ing only  two  or  three  very  rare  cases  in  which  the  valid- 
ity of  the  explanation  might  be  questioned. 

The  rule  is  further  confirmed  by  observations  of  Brauer 
on  the  parthenogenetic  eggs  of  the  crustacean  Artemia, 
and  Boveri  and  Morgan  have  made  the  interesting  dis- 
covery that  it  is  possible  to  fertilize  fragments  of  echino- 
derm  eggs  which  contain  no  female  pronucleus  and  to 
obtain  larva'  whose  cells  contain  just  half  the  normal 
number  of  chromosomes,  the  number  introduced  by  the 
spermatozoon.  Very  recently  E.  B.  AVilson  has  found 
that  the  same  is  true  of  echinoderm  embryos  derived  from 
eggs  which  have  been  stimulated  to  develop  by  Loeb's 
chemical  method  without  the  entrance  of  a  spermatozoon. 

In  all  these  ca,ses,  wherever  tlie  numl)er  of  chromosomes 
in  the  first  cleavage  spindle  has  been  altered  as  the  result 
of  some  accident  of  maturation  or  fertilization,  this  same 
number  is  foiuid  to  reappear  in  subsequent  stages.  Thus 
these  abnormalities  contribtite  striking  proof  of  the  law 
of  equality  in  the  number  of  chromosomes. 

While  it  is  true  that  if  the  chromosomes  maintain  their 
individuality  in  the  reticular  nucleus,  the  Siunc  number 
must  appear  at  the  close  of  the  resting  period  as  were 
present  at  the  beginning,  the  demonstration  that  this  is 
the  fact  does  not  prove  that  the  new  eliromosomes  eon- 
tain  the  same  elements.  There  may  be  an  entire  rear- 
rangement of  the  chromatin  during  the  reticular  stage. 
Therefore,  if  it  can  be  shown  that,  besides  iiiing  equal 
in  number,  the  chromosomes  are  reformed  in  the  s<ime 
part  of  the  reticulum  where  they  disappeared,  we  shall 
have  greatly  strengthened  the  evidence  for  their  individ- 
uality. 

So  far  the  only  form  that  has  supplied  such  evidence 
is  Ascaris.  Here  in  the  two-eell  stage  when  the  chromo- 
somes unite  to  become  the  nucleus,  the  ends  of  the  chro- 
mosomes project  from  the  general  mass  and  persist  dur- 
ing the  resting  stage  as  reticular  lobes,  and  the  first  step 
in  preparation  for  the  second  division  is  tiie  concentration 
of  the  chromatin  in  these  same  lobes  to  form  the  ends  of 
the  new  chromosomes.  The  ends  of  the  chromosomes  in 
this  ease,  therefore,  appear  to  be  composed  of  the  same 
chmmatin  before  and  after  the  resting  stage.  As  to 
whether  this  is  true  of  the  middle  part  or  not  the  evi- 
dence is  inconclusive. 

Finally  there  is  a  certain  amount  of  evidence,  that  if 
not  the  chromosomes,  at  any  rate  the  mass  of  chromatin 
derived  from  each  parent,  remains  distinct.  In  the  hybrid 
eggs  of  Ascaris,  Herla  found  that  the  female  pronucleus 
gave  rise  to  a  single  thread  of  chromatin  which  divided 
transversely  to  form  the  two  chromosomes,  while  the 
male  pronucleus  produced  a  much  shorter  thread  that 
did  not  divide.  In  .subsequent  divisions  of  the  series 
leading  to  the  formation  of  the  primordial  germ  cells 
of  the  embryo  he  observed  that  the  three  chromosomes 
arose  in  the  same  way,  indicating  a  persistent  distinction 
between  the  chromatin  of  maternal  and  that  of  paternal 
origin. 

In  a  little  copepod,  Cychps  Ktrenuvn,  Hiicker  and  Rlick- 
ert  have  demonstrated  that  the  twelve  chromosomes  of 
each  germ-nucleus  remain  distinct  and  give  rise  in  the  two- 
cell  stage  to  a  distinct  half  of  the  bilobed  nucleus  of  each 
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cell.  Two  spiremcsarc  formed  in  tin- next  stage,  produc- 
injr  scpaniti'  groups  of  Iwilvc  cliidmosoincs.  ami  RiUkeit 
tract'ii  the  inaterual  ami  |iatenial  groups  of  eliromosoiiies 
in  this  way  through  sevenil  successive  cell  ilivisions  and 
found  evidence  of  the  dual  nature  of  the  nuclei  as  late 
as  the  stage  of  the  formation  of  germ  layers. 

lu  conclusion  it  may  he  sjiid  that  while  it  is  not  possi- 
ble at  present  to  give  a  rigorous  proof  of  the  individual- 
ity of  the  chromosomes,  Ihc  three  lines  of  evi(lenc<'  jiisl 
reviewed  give  to  tlie  hypothesis  a  considerable  degree 
of  probability. 

The  jihysiology  of  the  chromosomes  is  the  most  diffi- 
cult question  that  we  have  to  consider,  because  experi- 
ment is  wellnigh  impo.s,sible,  and  we  can  dnuv  inferences 
as  to  their  functions  only  from  the  appearances  observed 
in  the  various  stages  of  cell  activity. 

There  area  number  of  observations  and  experiments, 
however,  to  show  that  the  nucleus  plays  a  very  im- 
portant part  in  the  economy  of  the  cell!  Thus,  if  the 
body  of  a  imieellular  organism  be  divided  so  that  one 
part  contains  no  nuclear  material,  this  part  may  remain 
alive  for  some  time  but  is  unable  to  digest  food  or  to  re- 
pair the  damage,  while  the  part  containing  the  nucleus 
can  do  all  of  this  and  soon  becomes  as  perfect  as  before. 

That  the  chromatin  is  the  most  es-sential  part  of  the 
nucleus  seems  to  be  evident  from  the  i>henomeua  of 
mitosis.  Here  we  see  every  part  of  the  mechanism  de- 
signed apparently  to  eilect  theexactly  eijual  distribution 
of  the  material  to  the  two  daughter-cells;  and  when  the 
dau.srhtir  nuclei  are  re-formed  they  are  |iroduced  entirely 
by  the  transformation  of  the  chromosomes.  Rlickert  has 
found  that  in  a  shark.  Pristiiirus.  the  chromosomes  per- 
sist during  the  growth  jieriod  of  the  egg.  At  tirst  they 
are  small  and  stain  darkly.  During  the  growth  of  the 
egg  they  increase  enormously  in  size  and  lose  in  staining 
capacily.  and  at  the  end  of  the  period  they  contract  to 
one-sixth  of  their  original  length  and  stain  very  darkly. 
"As  Ri'ickert  points  out.  the  great  increase  of  surface  in 
the  chromosomes  is  adajited  to  facilitate  an  exchange  of 
material  between  the  chromatin  and  the  surrounding 
substance;  and  he  concludes  that  the  coincidence  between 
the  growth  of  the  chromosomes  and  that  of  the  egg 
points  to  an  intimate  connection  between  the  nuclear  ac- 
tivity and  the  formative  energy  of  the  cytoplasm."  "  We 
maj-  infer  that  the  original  chromosomes  contain  a  high 
percentage  of  nucleinic  acid ;  that  their  growth  and  loss 
of  staining  power  is  due  to  a  combination  with  a  large 
amount  of  albuminous  substance  to  form  a  lower  member 
of  the  nuclein  series,  probably  a  nucleo-proteid;  that 
their  linal  diminution  in  size  and  resumption  of  staining 
power  is  caused  bv  a  giving  up  of  the  albumen  constitu- 
ent, restoring  the  nuclein  to  its  original  state  as  a  prepa- 
ration for  division,"  Ordinarily  these  chemical  changes 
and  interchanges  between  chromatin  and  achromatin 
take  )ilace  in  the  reticular  stage  of  the  nucleus,  and  the 
chromosomes,  as  they  are  usually  observed,  probably  have 
nothing  to  do  with  them.  The  reticular  nucleus  is  prob- 
ably not  at  all  in  a  "resting  stage"  but  is  a  seat  of  lively 
metabolic  activity,  and  it  is  more  probalile  that  the 
chromatin  of  the  chromosomes  is  in  more  nearly  an  in- 
active condition.  Why  the  chromatin  should  assume 
this  form  at  the  time  of  division  is  not  known,  but  the  pres- 
ence of  the  chromosomes  at  almost  every  cell-division  in 
the  whole  range  of  forms  from  the  protozoa  to  man  and 
the  higher  plants  indicates  that  their  formation  is  an 
essential  ste)i  in  the  process. 

The  most  important  function  that  has  been  ascribed  to 
the  chromosomes  is  that  of  transmitting  the  jihysical  ba.sis 
of  heredity  from  one  generation  to  the  next.  Statistical 
studies  of  Galton.  Pearson,  and  others  indicate  that  on  the 
whole  the  heritages  from  the  two  parents  to  the  offspring 
are  equal.  There  must  be  in  the  fertilized  egg,  theii. 
some  material  body  derived  in  equal  proportionfrom  the 
two  parents,  and  the  chromosomes  are  the  only  bodies 
that  so  far  have  been  found  to  meet  this  requirement. 
Moreover,  during  the  first  cleavage  of  the  egg  each  chro- 
mosome is  divided  by  longitudinal  tis.sion  into  exactly 
equal  parts,  which  are  distributed  to  the  two  daughter- 


cells  so  that  each  one  has  an  exactly  ccpial  number  of 
chromosomis  of  iiaternal  and  of  maternal  origin.  If  the 
individuality  of  the  chromosomes  be  a  fact,  then  this 
eipial  distribution  of  chromatin  from  the  two  s<mrces  is 
extended  to  all  the  cells  of  the  body.  If  we  further  as- 
sume as  proven  that  the  chromatin  is  the  seat  of  the  form- 
ative activity  of  the  cell,  then  we  begin  to  gain  some 
insight,  apparently.  Into  the  manner  in  which  the  mater- 
n.il  and  paternal  characteristics  are  connninglcd  in  all 
parts  of  the  otfspriug. 

It  may  be  aski'd.  and  with  good  reason,  How  is  it  pos- 
sible for  the  comjilex  of  hereditary  (luallties  of  a  gifted 
father  to  be  transnutted  to  his  distinguished  son  through 
a  few  ultra-mieroscopic  threads  of  nucleinic  acid?  The 
theories  of  heredity  will  be  diseusseil  in  another  article 
(see  Ilenditij),  but  it  may  be  pointed  out  here  that  nuclein 
and  nucleinic  acid  are  tlie  pro<luels  of  dead  nuclei.  We 
have  no  kni>wledge  of  the  chemical  substances  in  the 
living  nucleus  and  chromosomes  beyond  the  fact  that 
they  are  so  combined  that  when  their  vital  activities  have 
ceased  they  yield  to  the  chemist  bodies  of  the  nuclein 
series.  The  nudeins  arc  certainly  very  complex  bodies, 
but  there  can  be  bttic  doubt  that  I  he  living  chromosomes 
are  infinitely  more  complex  than  anything  we  can  dis- 
cover with  the  micro.scope  or  by  chemical  analysis. 

liobiit  I'liyue  Bigchw. 
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CHRYSAROBIN.— CnRYSAnoEixuM,  U.  S.  P.  A  neu- 
tral principle,  in  its  commercial,  more  or  less  impure 
fonn,  extracted  from  Goa  powder,  a  substance  found 
deposited  in  the  heart  wood  of  VouaaijMua  Araroba 
(Aguaiar)  Lyons  (fam.  Leguminostf).  This,  sometimes 
misnamed  chrysopbanic  acid,  is  the  crystalline  substance 
of  which  •■  Goa  powder  "  principally  consists.  It  has  long 
been  used  in  Brazil,  whence  its  employment  has  spread 
through  Portuguese  conmierce  to  India  and  the  East. 
Its  general  European  and  American  employment  is  coin- 
jiaratively  recent.  Goa,  or  Araroba,  is  ii  pulverulent 
substance,  contained  in  long  and  large  canals  in  the  older 
wood  of  the  trunks,  and  also  in  large  irregular  cavities 
in  the  same,  formed  by  erosion  or  degeneration  of  the 
wood  itself.  It  is  obtained  by  cutting  and  splitting  up 
the  trees,  and  scooping  or  scraping  out  these  canals  and 
cavities.  It  is  considerably  irritating  to  the  skin  and 
mucous  membranes,  and  severe  inflammation  of  the  face 
and  eyes  of  those  who  collect  it  is  not  unusual.  Lachryma- 
tion  and  sneezing  are  readily  produced  liy  sifting  or  han- 
dling the  powder.  Crude  Goa  Is  a  coarseish  powder,  mixed 
with  lumps  and  fine  bits  and  fibres  of  wood,  varying 
from  dull  yellow  (when  fresh)  to  reddish  brown,  or  even 
a  greenish  or  violet-brown  color,  with  the  other  proper- 
ties of  its  puriticd  product  as  desciibed  below.  Besides 
small  amounts  of  sugar,  gum  resin,  and  cellular  tis.sue, 
it  contains,  as  was  first  shown  by  Profes.sor  Attfield, 
eighty-tive  per  cent,  of  a  yellow  crystalline  substance, 
which  he  supposed  was  (•/tn/snji/nniic  ncid.  but  which 
Lieberman  afterward  proved  to  be  a  mixture  consisting 
mostly  of  a  peculiar  substance,  chrymroljin,  having  many 
points  of  resemblance  to  the  above-mentioned  acid,  con- 
taining a  little  of  it,  and,  in  fact,  capable  of  being  trans- 
formed into  it  by  oxidation.  The  impure  chrysarobin 
of  the  Phamiacopa-ia  is  thus  described :  "  A  jiale.  orange- 
yellow,  microcrystalline  powder,  odorless  and  tasteless, 
turning   brownish  yellow   on    exposure   to  air.      Verj' 
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slightly  soluble  in  cold  -w-ater  or  alcohol :  soluble,  with- 
out leaving  more  than  a  small  residue,  in  1.50  parts  of 
boiling  alcohol :  also  soluble  in  33  parts  of  boiling  benzol, 
and  in  solutions  of  the  alkalies. " 

C'hrysarobiu  taken  internally  is  an  active  irritant  to  the 
aiimeutary  canal,  causing  violent  and  persistent  catharsis 
and  vomiting.  It  is  eliminated,  partly  unchanged  and 
partly  convei-ted  into  chrysojihanic  add,  liy  the  kidneys, 
which  glands  are  extremely  irritated  by  it.  and  ha?maturia 
and  interstitial  nephritis  may  follow.  It  is.  however, 
here  never  given  internally,  its  use  being  confined  to  lo- 
cal appUcations  as  an  irritant  and  ]iarasilicide  in  chronic 
psoriasis,  jiityriasis  vei-sicolor.  and  tinea  toifsurans.  It 
produces  an  active  acute  inflammation,  which  as  it  sub- 
sides leaves  the  original  malady  in  an  improved  condition. 
Chrysarobiu  stains  both  skin  and  clothing  badly.  The 
ointment  (r>is«c/i^;'"i  C/iri/sai-obin,V.  S.  P..  strength  five 
iier  cent.)  is  of  a  suitable  strength  for  inunction. 

TV.  /'.  BMet:. 

CHRYSOIDIN.  —  C6H5N,NCr,H3(XH,)3HCl— Diamido- 
azo-benzol  hydrochloride.  This  is  a  red-brown  crystal- 
line powder  soluble  in  water  and  used  in  solution  as  an 
antiseptic  mouth  wash.  11'.  A.  Bastedo. 

CHRYSOPHANICACID.— iiV,<'(>.4ri(?.  Rliein.  CmHs- 
(CHsXOHloO;.  This  is  a  bright  yellow  crystalline 
powder  extracted  from  rhubarb,  to  which  it  imparts  the 
yellow  color.  It  is  insoluble  in  water  and  only  slightly 
soluble  in  alcohol,  but  dissolves  in  both  ether  and  chloro- 
form. It  is  highly  irritant,  and  has  the  same  projierties 
and  uses  as  Chrymrohiii,  which  see.  H.  II.  Rushy. 

CHUCANDIRO.— Michoacan.  Mexico.  These  waters 
enjoy  a  great  reputation  in  the  country  because  of  their 
warmth ^which  is  that  of  the  normal  human  body),  their 
clearness,  and  their  curative  properties.  They  contain  a 
high  percentage  of  hydrochloric  acid  in  solution. 

A".  J.  Polite  de  Leon. 

CHYLANGIOMA.     See  Atiffioina. 

CHYLE. — The  term  chyle  is  applied  to  the  milk  white, 
opaiiue  fluid  which  fills  the  lacteals.  or  lymphatic  duets, 
of  the  small  intestine  during  the  digestion  of  food  con- 
taining fat.  Since  the  fluid  from  the  lacteals  preponder- 
ates in  that  of  the  thoracic  duct  and  causes  the  latter  to 
assume  a  similar  ajipearance.  the  term  chyle  is  also  fre- 
quently applied  to  the  contents  of  the  thoracic  duct  dur- 
ing the  absorption  of  fats.  The  physical  and  chemical 
properties  of  this  fluid  vary  at  ditferent  times  and  under 
various  circumstances :  the  most  important  factor  deter- 
mining its  properties  is,  however,  the  character  of  the 
food  in  the  intestinal  canal.  In  a  starving  animal  or  in 
one  which  has  received  only  fat-free  food,  the  licpiid  of 
the  lacteals  is  not  to  be  distinguished  either  in  appearance 
or  in  chemical  composition  from  ordinary  lym])h. 

Much  of  our  knowledge  of  the  character  and  composi- 
tion of  chyle  has  been  derived  from  experiments  upon 
the  lower  animals,  and  especially  from  experiments  ujjon 
the  dog.  In  this  animal  it  is  not  difiicult  to  insert  a 
cannula  into  the  thoracic  duct  where  it  joins  the  left  Sub- 
clavian vein  at  the  root  of  the  neck;  in  this  manner  the 
chyle  may  be  collected  for  any  desired  period  and  the 
factors  affecting  the  composition  and  rate  of  flow  studied; 
Unfortunately,  the  fluid  collected  in  this  manner 'is  not 
pure  chyle,  but  consists  of  a  mixture  of  chyle  and  of 
lymph  coming  from  the  lymphatics  of  the  liver,  kidneys, 
pelvis,  abdominal  walls,  lower  extremities,  etc.  In  large 
herbivorous  animals  cannulije  have  been  inserted  into  the 
lacteals  directly  and  pure  chyle  obtained.  The  chyle  of 
man  has  seldom  been  studied:  in  rare  cases  fistuhie  con- 
necting with  the  lacteals  or  with  the  thoracic  duct  have 
been  described  and  the  fluid  escaping  therefrom  examined. 
Cases  are  also  reported  in  which  the  thoracic  duct  became 
occluded  and  ruptured,  allowing  the  chyle  to  escape  into 
the  pleural  or  peritoneal  cavity,  from  which  it  was  re- 
moved by  puncture. 


Chyle  obtained  by  one  of  the  above  methods  is,  when 
a  mixed  diet  has  been  given,  a  white,  opaque  fluid ;  oc- 
casionally it  is  colored  slightly  red  or  yellov,-  from  the 
accidental  presence  of  red  blood  corpuscles.  In  herbiv- 
ora  it  may  liave  a  greenish  tinge  from  chlorophyl  derived 
from  the  food.  It  has  an  alkaline  reaction  due  to  car- 
bonates and  phosphates  of  sodium.  The  specific  gravity 
is  1.018  to  1.025.  It  has  a  salty  taste  and  the  odor  (due 
to  volatile  fatty  acids)  peculiar  to  the  animal  from  which 
it  is  derived.  It  coagulates  upon  standing,  sometimes 
more,  sometimes  less,  readily.  Examined  microscopically 
chyle  is  found  to  contain  two  kinds  of  formed  elements, 
leucocytes  and  fat  granules.  The  leucocytes  have  their 
origin  chiefly  in  the  lymphoid  tissue  of  the  intestinal  tract 
and  the  lymph  glands  of  the  mesentery;  chyle  obtained 
from  the  lacteals  before  they  pass  through  lymph  glands 
is  found  to  contain  fewer  leucocytes  than  that  from 
vessels  which  have  passed  through  these  glands.  A  con- 
stant stream  of  leucocytes  thus  passes  from  the  chyle 
into  the  blood;  this  forms  an  important  source  of  the 
white  corpuscles  of  the  latter.  The  fat.  which  exists  in 
a  state  of  the  finest  division,  will  be  discussed  below. 

Since  chyle  is  but  a  form  of  lymph  we  should  expect 
to  find  a  close  resemblance  between  the  chemical  com- 
position of  these  two  fluids;  the  following  table  from 
3Iunk,  giving  the  results  of  analyses  of  chyle  and  of 
lymph  of  man,  shows  that  this  is  the  case. 


One  hundred  parts. 

Chyle. 

Lymph. 

92.2 

7.8 

.1 

3.2 

3.3 

A 

.8 

05.2 

Solids 

4.8 

Fibrin                     

1 

3..5 

Fats  <  tefithia  and  cholesterin) 

Ti^ces. 

.4 

.8 

This  taijle  shows  very  clearly  that  chyle  differs  fi-om 
ordinary  lymph  in  but  one  important  point,  viz..  in  cim- 
taining  a  larger  percentage  of  fat.  In  exceptional  cases 
chyle  contains  a  larger  percentage  of  sugar  than  does 
lymph;  this  point  will  be  discussed  below.  Since  chyle, 
like  lymph,  is  derived  from  the  blood,  it  is  of  interest  to 
compare  the  composition  of  the  blood  serum  and  the 
chyle  of  the  same  animal.  The  following  table  is  from 
analyses  made  by  Hoppe-Seyler;  the  fluids  were  obtained 
from  a  dog. 


Chyle. 

Senini- 

ATater 

90.67 

.11 

2.10 

6.48 

.33 

93.60 

Fibrin 

4.32 

.68 

.29 

.79 

.87 

These  analyses  show  that  chyle  differs  from  serum  in 
two  important  particulars:  it  contains  a  larger  percent- 
age of  fats  and  a  smaller  percentage  of  proteids.  Lymph 
siniilarly  contains  a  smaller  percentage  of  proteids  than 
does  blood  serum.  The  amount  of  urea  in  the  chyle  is. 
according  to  Grehant  and  Quinquaud,  greater  than  tli:it 
in  the  blood:  they  found  from  46  to  95.5  mgm.  of  urea 
in  100  gm.  of  chyle,  and  only  about  one-half  as  much  in 
blood. 

The  salt  occurring  in  the  greatest  abundance  in  chyle 
is  sodium  chloride  (.58  per  cent.);  then  come  sodium 
carbonate  (.1.5-22  per  cent.)  and  the  phosphates  of  the 
alkalies  and  alkaline  earths  (.04  per  cent.) .  Other  salts, 
as  potassium  iodide  and  potassium  ferrocyanide.  are  oc- 
casionally found  in  the  chyle  as  abnormal  constituents. 
At  times  a  small  amount  of  lactic  acid  is  present. 

The  proteids  of  the  chyle  are  serum  albumin  and  serum 
globulin:  the  former  is" two  and  a  half  to  four  times  as 
abundant  as  the  latter.  Cholesterin  and  lecithin  are  con- 
stant constituents  of  the  chyle:  in  analyses  the.v  are  fre- 
quently reckoned  with  the  fats  in  the  "ethereal  extract." 
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<  lirjKolillu. 
Clijic. 


Sonic  analyses  showed  from  18  to  102  niffni.  of  cholcsti'iin 
per  100  gni.  of  chyle ;  lecithin  was  found  in  much  smaller 
quantity — only  iii)out  half  as  much  of  this  being  present, 
as  a  rule,  as  of  cliolestcrin. 

It  has  already  been  shown  that  the  only  important  dif- 
ference between  chyle  and  lym]ih  is  the  presence  in  the 
former  of  a  larjre  amount  of  fat.  If  the  eoiitents  of  the 
lacteals  lie  examined  in  an  animal  which  has  receivetl  no 
food  for  many  hours  or  oidy  fatfree  foinl,  this  dilTerence 
does  not  obtain,  and  the  contents  of  the  lacteals  cannot 
be  distiuguished  from  ordinary  lymph.  These  considera- 
tions suggest  that  fats  are  absorbed  by  the  lacteals.  and 
that  this  is  the  case  has  long  been  known.  The  question 
is  often  raised.  .Vre  the  lacteals  tlie  oidy  ]iath  for  th<> 
absorption  of  fats?  While  this  question  is  usually  an- 
swered in  the  allirmative,  the  proofs  are  by  no  means 
complete.  The  amoiuit  of  fat  absorbed  from  the  intes- 
tines is  easily  determined  by  weighing  the  amount  of 
fat  fed.  and  that  remaining  in  the  digestive  tnut  after  a 
given  perioil;  tlie  dilTerence  gives  the  total  amotuit  ab- 
sorbed. The  fat  absorbed  by  the  lacteals  is  determined 
by  coUecling  the  chyle  as  it  Hows  from  the  thoracic  duct 
and  weighing  the  fat  it  contains.  When  the  amount  of 
fat  obtained  from  the  thoracic  duct  is  compared  with 
that  absorbed  from  the  intestines,  a  marked  deficit  is  al- 
ways foiuul;  the  most  careful  work  has  failed  to  recover 
more  than  si.xty  per  cent,  in  this  way.  The  fate  of  the 
rest  of  the  fat  is  not  known;  there  is,  however,  no  evi- 
dence that  any  of  it  passes  into  the  portal  system. 

Fat  does  not  seem  to  be  absorbed  by  the  iyin|ihatics  of 
either  the  large  intestine  or  the  stomach,  for  the  eon- 
tents  of  these  are  always  clear:  the  epithelial  cells  lining 
these  organs  are,  however,  sometimes  found  tilled  with 
fat  droplets,  but  it  is  not  known  what  finally  becomes  of 
these. 

The  amount  of  fat  in  the  chyle  varies  within  wide 
limits,  being  determined  by  the  amount  and  character  of 
the  fat  of  the  food.  It  is  Siud  that  the  chyle  of  the  dog 
may  contain  as  much  as  fifteen  per  cent,  of  fat ;  the 
maximum  amount  foimd  by  Munk  in  man  was  about  five 
per  cent.  The  time  after  a  meal  at  which  fat  appears  in 
the  chyle  is  very  variable,  being  determined  largely  by  the 
character  of  the  fat  fed.  Zawilski  (Ludwig's  "  Arbeiteu." 
ii..  18T6,  p.  147)  introduced  into  the  stomach  of  a  dog 
150  gin.  of  fat  (the  varietv  is  not  stilted).  Two  hours 
afterward  fat  was  detected  in  the  chyle:  the  maximum 
amount  was  found  in  the  tenth  hour,  and  fat  was  still 
present  after  nearly  thirty  hours.  3Iunk  and  Rosenstcin 
(to  whom  we  are  indebted  for  nearly  all  of  our  knowl- 
edge of  the  absorption  of  fat  in  man)  carried  out  a  similar 
series  of  experiments  on  a  human  being  (Virchow's 
Archie,  123.  p.  230).  These  investigators  had  the  op- 
portunity of  ob.serving  and  experimenting  upon  a  girl 
who.  as  a  result  of  elephantiasis  of  one  leg.  had  a  fistula 
in  the  thigh  which  communicated  through  the  left  lum- 
bar lymphatic  duct  with  some  of  the  lacteals.  It  was 
found  that  when  fat  was  given  to  this  patient,  two-thirds 
of  it  could  be  recovered  in  the  fluid  escaping  from  the 
fistula  in  the  following  twelve  hours:  further,  examina- 
tion of  the  lilood  at  the  height  of  digestion  show  ed  no 
more  fat  to  be  present  than  when  the  patient  was  fasting. 
Muidc  and  Rosenstcin  concluded  from  these  observations 
that  nearly  all  the  chyle  escaped  through  the  listula.  A 
uni(|ue  oiqiortunity  was  thus  offered  to  extend  to  man 
the  experiments  which  had  been  made  upon  animals  as 
to  the  absorption  of  fats.  Some  of  the  more  important 
results  will  be  given  below.  In  one  experiment  the  pa- 
tient was  given  -11  gm.  of  olive  oil:  the  fluid  escaping 
from  the  fistula,  and  which  ha<l  hitherto  been  clear,  be- 
came milky  in  appearance  during  the  second  hour  and 
chemical  exanunation  showed  the  presence  of  much  fat. 
The  maximum  amoimt  of  fat  was  found  in  the  fluid 
escaping  during  the  fifth  to  the  sixth  hour;  the  fluid 
now  contained  4.3  per  cent,  of  fat.  and  .5.6  gm.  pas.sed  out 
during  the  hour.  The  percentage  of  fat  in  the  chyle 
rapidly  decreas«'d  from  this  time  ou,  and  from  the  eleventh 
to  the  tlurteenth  hour  only  0.8  gm.  was  obtained.  In 
all,  60  per  cent,  of  the  fat  fed  escaped  from  the  fistula. 


When  a  fat  with  a  high  melting  point  (like  mutton  fat 
which  is  solid  at  ordinary  tem]ieratures)  was  given,  the 
course  of  absorption  was  similar,  except  that  the  maxi- 
mum percentage  of  fat  in  the  chyle  (3.8  per  cent.)  ap- 
peared somewhat  later — between  the  seventh  and  the 
eighth  hour;  that  is,  the  mutton  fat  was  absorbed  with 
more  dilliculty  than  was  the  olive  oil.  The  greatest 
amount  recovered  in  one  hour  was  4.7  gm..  and  of  the 
entire  amount  .55  per  cent,  was  obtained  from  the  chyle. 
When  cream  was  given  to  the  patient,  as  much  as  11,2 
gm.  of  fat  was  obtaineil  in  one  hour. 

From  earlier  experiments  on  lower  animals  Jlunk  had 
foimd  that  when  fatty  acids  are  fed  they  appear  in  the 
chyle  as  neutral  fats;  he  was  able  to  confirm  this  result 
on  the  patient  in  cjuestion.  For  example,  w  hen  17  gm. 
of  crucic  acid  was  given,  8  gm.  of  tlie  corresponding 
neutral  fat  (erucin)  was  obtained  from  the  chyle  esca])ing 
during  the  following  ten  hours;  in  other  words,  a  union 
of  crucic  acid  and  glycerin  (derived  from  the  ti.ssues)  had 
occurred  during  the  course  of  absor|ition.  Very  little 
free  acid  was  foiuid  in  the  chyle.  Muid<  also  trieil  exiier- 
iments  with  spermaceti,  a  fat  which  melts  at  a  tempera- 
ture (127  F.)inuch  abovi'  that  of  the  body,  and  in  which 
the  palmitic  acid  is  combined  with  cetyl  alcohol  instead 
of  with  glycerin  as  in  ordinary  fats.  In  these  experi- 
ments the  fatty  acidappeared  in  thechylc  in  combination 
with  glycerin:  that  is,  the  spermaceti  had  been  decom- 
posed and  the  palmitic  acid  had  combined  with  glycerin 
during  the  course  of  absorption.  These  ex|)eriments 
also  show  that  fats  which  are  solid  at  the  tem])erature  of 
the  body  can  be  ab.sorbcd :  the  earlier  view  was  that  such 
fats  escaped  absorption  altogether.  When  a  fat  contain- 
ing amyl  alcohol  instead  of  glycerin  was  given,  the  fat 
of  the  chyle  was  a  triglyceride,  showing  again  that  a  de- 
composition and  synthesis  had  occurred  during  absorp 
tion.  In  other  experiments  oil  in  the  form  of  an  emulsion 
was  given  by  the  rectum:  four  to  six  per  cent  of  the  fat 
was  absorbed  and  appeared  in  the  chyle  in  the  course  of 
eight  or  nine  hours. 

It  is  held  by  some  that  fats  are  absorbed  from  the  in- 
testines chiefly  in  the  form  of  soaps;  if  this  is  the  case 
they  are  transformed  into  neutral  fats  very  soon  after 
ab.sorption,  for  soaps  are  present  in  but  very  small  quan- 
tities in  the  chyle — only  to  the  extent  of  about  0.2  per 
cent.  In  fact  the  soaps  of  the  alkalies  have  been  shown 
by  Munk  to  produce  poisonous  effects  similar  to  those 
caused  by,  the  albumoses  when  they  are  injected  intra- 
venously. Very  little  free  fatty  acid  has  been  fotuid  iu 
the  chyle,  and  the  amount  is  not  increased  by  the  inges- 
tion of  fatty  acids. 

Thus  the  fat  of  the  chyle  is  almost  entirely  in  the  form 
of  neutral  fats;  it  is  suspended  in  the  liquid  as  an  ex- 
tremely fine  emulsion.  The  fat  granules  are  less  than  1  " 
in  diameter  and  show  Brownian  movements.  This  enuil 
siou  is  much  finer  and  more  uniform  than  that  which  is 
formed  in  the  intestine;  the  fat  granules  in  the  latter 
vary  iu  size  from  1  to  20  ,"  or  even  more.  The  emulsion 
of  the  chyle  also  differs  from  ordinary  fat  emulsions  in 
that  it  is  not  destroyed  by  acids.  There  is,  however,  no 
protecting  membrane,  as  was  once  thought  to  be  the  ca-^e: 
the  fat  is  easily  removed  by  shaking  with  ether  which 
causes  the  liquid  to  become  transparent. 

Many  experiments  have  been  made  to  determine 
.whether  substances  other  than  fats,  such  as  protcids  and 
carbohydrates,  pass  from  the  intestinal  tract  into  the 
chyle.  The  numerous  experiments  upon  the  lower  ani- 
mals and  those  of  Munk  and  Rosenstcin  upon  man  itgree 
in  showing  that  normally  fat  is  the  only  foodstuff  which 
takes  this  path.  Water  and  substances  easily  soluble  in 
water,  such  as  salts,  proteids.  and  sugars,  are  absorbed  by 
the  blood-vessels.  When,  however,  very  large  amounts 
of  sugar,  etc.,  are  fed,  some  may  be  absorbed  by  the 
lacteals  and  so  appear  in  the  chyle.  Munk  and  Ro.sen- 
stein.  for  example,  found  that  after  giving  100  gm.  of 
sugar  the  percentage  of  sugar  in  the  chyle  rose  from  0.1 
to  0.33  per  cent. :  only  0.5  per  cent,  of  the  total  amount 
absorbed  from  the  intestine  was  found,  however,  in  the 
chyle.     These  authors  found  no  appreciable  increase  in 
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the  amount  of  proteid  in  the  cliyle  after  feeding  103  gm. 
of  albumin.  Aslier  and  Barbera  (Centnimatt  fiir  Phyxi- 
ologie,  xi.,  p.  403,  1897),  on  the  other  liand,  found  that 
■(vhen  a  very  large  amount  of  proteid  (iOO  gm. )  was  in- 
troduced into  a  dog's  stomach,  as  much  as  6.4  per  cent. 
of  it  could  be  recovered  from  the  chyle ;  such  results  are 
not  obtained  when  moderate  amounts  of  protcids  are 
used. 

The  quantity  as  well  as  the  character  of  the  chyle 
varies  considerably  dvu-ing  the  course  of  a  day.  It  in- 
creases during  the  period  of  digestion  and  .decreases 
markedlv  during  fasting.  Jlost  of  the  observations  upon 
this  point  have  becn'made  upon  the  lower  animals. 
Colin,  using  figures  derived  from  an  experiment  in  wliich 
clivle  was  collected  from  one  of  the  large  lacteals,  calcu- 
lated that  in  a  young  bull  weighing  200  kgm.  about  15 
kgm.  of  chyle  was  formed  i>er  d^iy.  "  There  are  no  obser- 
vations which  allow  of  moie  than  an  appropriate  estima- 
tion of  the  amount  of  chyle  formed  in  man.  Munk  and 
Rosenstein  found  in  the  experiments  descriljed  above  that 
from  TO  to  120  gm.  of  chyle  escaped,  per  luiur.  from  the 
tistula  before,  and  150  gm.  after  a  meal.  Noel  Paton 
(Journal  of  Phijdolony,  ii.,  p.  109)  observed  the  flow  of 
Ivmjih  from  the  thoracic  duct  in  a  case  in  which  this  duct 
liad  been  injured  during  an  operation  for  sarcoma  of  the 
neck;  he  estimated  the  normal  amount  to  be  from  130  to 
195  c.c.  per  hour.  Of  course  in  both  of  these  cases  the 
liquid  was  not  pure  chyle,  but  was  a  mixture  of  chyle 
and  Ivniiih  from  other  sources;  in  Noel  Paton's  case, 
moreover,  the  jiatient  was  in  a  very  abnormal  condition. 

Chvle,  in  addition  to  being  the  medium  of  the  absorp- 
tion of  fats,  is  the  lymph  of  the  small  intestines;  it  serves 
the  s;tme  purpose  and  is  formed  in  the  siime  way  as  the 
lymph  of  other  organs.     (See  article  Lymji/i.) 

lieid  Uiiiit. 

CHYLOUS  AND  ADIPOSE  ASCITES.— Medical  litera- 
ture of  the  sixteenth  and  seventeenth  centuries  abounds 
in  instances  of  traumatic  lymphorrliagia  and  lymphor- 
rho?a,  especially  after  venesection.'  Reviewing  the  rec- 
ords, we  cannot  avoid  the  conclusion  that  a  large  num- 
ber of  these  cases  were  of  chronic  pyogenic  or  tuberculous 
infection.  Nuck-  and  Practicus-'  have  recorded  (1695) 
cases  of  milkv  saliva,  and  Rommel  one  in  which  a  milk- 
like  fluid  exuVled  from  the  exterior  surface  of  the  ab- 
domen. Milk-like  discharges  recorded  in  puerperal 
women  are  probably  pyremic  processes.  I)ilati"d  lymph 
vessels,  lymphatic  varices,  have  been  observed  in  serous 
membranes,  the  heart,  bnigs,  small  intestines,  liver, 
spleen,  conjunctiva,  and  tunica  vaginalis. 

Kamjenski  [Julirhnt-li  fiir  Khi(h:rh(ilktin(h\  1S96,  Bd. 
xli..  p.  42SI)  deals  with  the  relation  of  lymjihangioma  in 
the  abdominal  lymph  vessels  to  cliylous  ascites.  The 
causes  of  lymphatic  varices  ar<'  fliaria,  adenitis,  peri- 
orchitis ha;morrhagica,  lymphatic  ol)struction,  and  per 
haps  lyiuphangitisgonorrhn-ica.  Lymi)hoeele  is  increas- 
ing in  freipiency  both  in  this  covintry  and  abroad.'' 

Chylopericardium  is  extremely  rare,  there  being  but 
two  cases  on  record;  one  case  residted  from  leakage  of 
chylous  fluid  from  the  pleura,  and  the  second  instance 
was  due  to  rupture  of  chyle  vessels.  Ilaseliroeck"  re- 
ports a  case  in  which  albumin  7.0,  cbolesterin  0.3,  lecithin 
0.1,  fat  1.0,  alcoholic  extractives  0.2,  a(|ueous  extrac- 
tives 0.2,  and  salts  0.9  per  cent.,  were  found. 

Chylothorax  is  more  frequent,  about  forty-five  cases 
being  recorded.  Some  sixteen  (Wiescher.  "ZurCasuistik 
der  Verletzung  des  Duet.  Thoracicus."  Diut.  Zcitx.  fiir 
ktiii.  CItir.,  Bd.  xxxviii..  II.  4,  5;  also  contains  account 
of  experimental  work  upon  the  thoracic  duct ;  Gjorgevic 
[Langenbeck's^4;T/(«r,  1870,  S.  653])  resulted  from  direct 
trauma  to  the  thoracic  duct.  Rupture  of  the  thoracic 
duct  is  uncommon  on  account  of  its  protected  location, 
and  it  heals  readily  on  account  of  low  pressiu-e  there,  al- 
though it  has  been  stated  that  recovery  never  follows 
rupture.  Other  causes  of  chylothorax  are;  chylous  effu- 
sions (Quinke),  altered  pus  (Gueneau  de  Mussy),  and 
chyliform  fluids  distinct  from  serous,  purulent,  and  sero- 
fibrous effusions  (Debove), 


Effusions  into  the  thoracic  cavities  are  divided  accord- 
ing to  Rotuiann  into  chylous  and  chyliform  as  follows: 

I.     CHTLOCS.— RrPTCRE     OR     TRAXSrDATION     OF     CHYLE     THROfGH 

Vessel  Walls. 

Externnl  violence fi 

Careini  'Uia  uf  pleura 5 

Closure  sulii-luvian  vein 4 

Tumors  eonnues.'iiiip  thoracic  duct 3 

Malignant  lyniiilionin 2 

Ectasia,  sclcri  isis  i  'f  lyuipli  vessels 2 

Stopping  tliuracif  duct 1 

FUaria  ( ?1 1 

Over-exertion 1 

Total 26 

Lealiape  through  diaphragmatic  lymph  vessels  from  peri- 
toneum      1 

II.  Chyliform. 

A.  Fattv  cells. 

Carcinoma  u£  pleura 5 

Tuberculous  itleuritis 3 

Non-tulH-n-ulous  pleuritis 3 

Lune  iihsccss  C.'i 1 

B.  Lipa'miu  Jicbove)  ? 1 

Total 13 

The  most  recent  cases  of  chylothorax  arc  those  of  Simon 
{Mitth.  Grenzf/cb.  Med.  unil  C/iir.,  Bd.  v.,  H,  2),  in  which 
a  lymphangioma  of  the  leg  reached  the  thorax  and  burst 
into  the  iiietira;  Cecoui,  Rassius.  Ilamiibell,  C'orselli, 
Frisco,  Buyer,  and  Henssen,  Bayer  has  collected  twenty 
cases  of  combined  chylothorax  and  chylous  ascites. 

The  peritoneal  cavity,  more  frequently  than  any  ot.-/er 
serous  site,  is  the  seat  of  those  unusual  exudates  and 
transudates  known  as  chylous,  chyliform,  lactiform,  oily, 
or  adipose  ascites.  The  first  authentic  case  is  Poncy's 
(1699),  but  during  the  last  two  centuries  the  literature, 
carefully  considered,  gives  1.50  cases.  Three  have  fallen 
under  my  personal  observation. 

P,vtii(">(:kM'>is. — Letiille  (Rente  de  Med..  November, 
1885.  p.  060)  holds  that  chylous  and  adipose  eft'usions  are 
always  formed  by  iieritouitis,  independently  of  any  open- 
ing or  connection  with  the  lacteal  vessels.  He  espouses 
the  view  of  Gueneau  de  Mussy,  that  products  of  serous 
or  ]iurulent  inflammation  are  slowly  transformed  by 
leucocytes  into  a  granulo-fatty  emulsion.  All  cases, 
then,  of  chyloiLS  ascites  are,  according  to  Letulle,  mere 
iustiinccs  oi'  chronic  tuberculous,  cancerous,  and  neo- 
membranous  i)eritonitis.  On  comparison  of  pus,  chylous 
effusions,  and  ascites,  he  finds  that  chylous  extravasations 
and  pus  are  (piite  similar  as  regards  the  percentage  of 
albumin,  amount  of  salts,  and  total  solids,  and  he  con- 
cludes thill  chylous  fluids  are  residual,  occupying  a  posi- 
tion interme<liate  between  ascites  and  pyo-iieritoneum. 
The  amount  of  fat  is  not  sullieient  to  cause  the  o])acity. 
which  he  refers  rather  to  the  regressive  process.  In  one  of 
Jleher's  casi'S  there  was  only  0.48  gm.  of  fat  per  kilogram, 
yet  the  fluid  was  opa(pie.  Laissaigne  (Jonri).  de  e/iem. 
med..  1825,  t.  i. ;  cit.  Gendrin,  "  Ilistoire  anat.  des  inflam.," 
t.  ii.,  p.  .548)  and  Robin  ("Traile  des  humeurs")  claim 
that  fat  is  lu-esent  in  the  tibrin  of  .serous  exudations,  as 
in  chi-oiiic  pleuritis.  Ciillen  ("Med.  piatique."  edit. 
1787,  t.  ii.,  p.  .580)  luid  Gendrin  remarked  the  lactiform 
appearance  of  chronic  inflammatory  serositis.  Brousssvis 
("Hist,  des  phlegmasies  on  inflam.  chron.,"  t.  iii.,  ch.  iv., 
Paris,  1831)desci-il)ed  a  lactiform  effusion  with  thickened 
peritoneum  and  De  Laharpe  {Arehires  gen.  de  med..  1842, 
t.  xiv.,  p.  3.58)  mentions  the  occurrence  of  a  milky  fluid 
whose  opalescence  was  due  to  particles  of  fat.  Jlehu 
(Gjorgevic.  I.angeidieck's  Archie.  1870,  p.  653)  says  that 
fat  and  often  also  i-bolesterin  were  found  in  ovariiin 
cysts,  hydrocele  of  the  tunica  vaginalis,  old  cysts,  ascites, 
and  veiy  old  ha'matoceles.  Letulle  thinks  that  this 
quotation  solves  the  entire  problem.  Gueueau  de  Mussy 
also  explains  fattv  plenrisv  by  fatty  degeneration  of  en- 
dothelial cells  (Clin.  med'..  t.  i.,  p.  658).  Veil  agrees 
with  Letulle.  and  Sainton  with  Debove  (Mem.  Soc.  Med. 
des  Hop.,  1881,  p.  49)  claims  that  ruptures  in  the  chyle 
system  found  by  others  were  made  by  post-mortem  vio- 
lence. The  syniiitoms  of  chylous  effiisions  are  not  those 
of  suppurative  pleuritis  or  peritonitis,  and  he  therefore 
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excludes  pyogenic  processes  from  the  etiology.  These 
effusious  are  then  a  special  variety  of  exudate  of  whose 
genesis  and  ]iatliology  we  remain  ignorant.  Perec  (  Tliew 
tie  Pun's.  1M81.  No.  S&O)  and  Secretan  deny  the  possibility 
of  lacteal  niptnrc.  The  French  writers  "have  in  genenll 
liesitated  to  admit  that  elfiisidns  were  chylous,  yet  Littru 
early  in  the  eighteenth  century  jiublished  the  fourtli 
case  on  record.  Depoix  (Thkede  J'ariK.  l.ssi))  admits  the 
pos.sibility  of  rupture.  Rokitausky  and  Oppolzer  (18()l) 
in  Austria  described  cases,  but  until  twenty  years  ago 
chylous  and  adijiose  ascites  were  regarded  in  Germany 
as  mythical.  Less  sce|)ticism  has  been  felt  in  America 
and  in  England  where  tlie  lirst  case  was  recorded. 

Debove  contests  that  (Quincke  cannot  prove  his  con- 
tention that  rupture  of  the  thoracic  duct  explained  any 
of  the  cases  he  reported,  insomuch  as  they  were  not  de- 
monstrable post  mortem.  To  us  Debove'sobjection  does 
not  appear  wholly  valid,  since  lesion  in  the  duct  could 
well  have  healed  before  death.  Debove  considers  it  un- 
likely that  fluid  passes  from  the  pleura  to  the  peritoneum 
or  from  the  peritoneum  to  the  pleura.  He  reports  an  in- 
stiince  of  chyle-liUe  elTusion  into  the  left  jileviral  cavity, 
ajiparently  similar  to  Klebs'  case  of  ascites  adiposus,  due 
to  fatty  endothelial  cells. 

Definition  of  Terms. — Much  confusion  has  arisen 
from  inatx'urate  nomenclature.  Chylous  ascites  proiierly 
designatesan  cfEusion  of  chyle.  Adipose  ascites  includes 
fluids  containing  a  large  percentage  of  fat  with  no  chy- 
lous adnii.\ture.  Some  authors  use  the  term  "adipose" 
and  ■•  chyliform  "  as  interchangeable.  Boulengier  ("  Con- 
trib.  a  I'etude  des  epanch.  chvlif,"  Pnme  med.  Beige. 
Brux.,  1890,  No.  3.  ]).  33.  and  "No.  4,  p.  49)  prefers  the 
terms  "chyliform  "  and  "lactiform  "  to  "chylous,"  on  the 
groimd  that  the  fluid  is  rarely  chyle.  While  this  state- 
ment is  too  sweeping,  yet  the  distinction  is  well  made 
where  the  nature  of  tiie  fluid  is  .H<ih  jiidiee.  Chyliform 
ascites  is  a  ch^le-like  fluid  in  which  lymph  or  chyle  may 
be  mixed  with  exudates  or  even  transudates.  It  is  often 
impossible  to  differentiate  sharply,  for  two  varieties  may 
coexist  or  transition  f<irnis  may  intervene.  Ascites  anil 
hydrothorax  do  not  mean  etfusions  of  fluid  into  the  peri- 
toneal and  thoracic  cavities,  but  transudates  into  said  sacs 
with  normal  vessels.  Transudates  are  not  symptoms,  and 
the  term  transudates  elucidates  neither  the  etiology  nor 
the  pathology,  hence  the  term  hydrops  chylosus  is  but 
imperfectly  explanatory.  The  name  hydrops  adiposus. 
first  employed  by  Quincke  and  Oppolzer,  is  more  explicit 
and  refers  to  fatt\-  degeneration  of  the  cells  of  an  exu- 
date, or  implies  at  least  that  the  lesion  has  no  relation  to 
the  lymph  vessels  nor  to  their  contents. 

Etiology. — Excluding  unruptured  chyle  cysts  ("Chyle 
Cysts."  excellent  summary  in  Vircliow's  Ardiiv,  Bd. 
cxxxiv.,  H.  L,  S.  118.  by"  Leydhecker,  who  also  gives 
exhaustive  review  of  entire  pathology  of  thoracic  duct ; 
Weichselbaum  [see  table].  Orth,  "Ziegler,  Gusserow. 
Chiirite  Annalen.  1890.  p.  163),  there  are  one  hundred 
and  fifty-five  cases  of  adipose  and  chylous  ascites.  They 
occur  from  birth  to  the  sixty-seventh  year.  "Winnewarter 
and  Kamienski  report  the  only  cases  observed  in  suck- 
lings. Sex,  race,  occupation,  and  social  status  appar- 
ently play  no  causal  role.  It  is  striking  that  a  little  over 
one-half  of  the  cases  liave  been  observed  in  the  last  dec- 
ade and  about  three-quarters  since  1870. 

A.  EFFrSlONS  IXTO  Peritoxecm. 

I.  (7ih/m».s.— Solution  of  continuity  of  the  vessel  wall,  from  trauma, 
niunil  disease  with  transudation,  etc. 

Special  eaK.scs; 
Conipres.sinn  of  thoracic  duct  or  lymph  system  by  glands, 

nt-Mpla.-inis.  etc 21 

Nttn-tuht'n-iilous  peritonitis 10 

Occlusit  in  uf  left  subclavian  vein 7 

Pressure,  lifting,  coughing,  etc 5 

Peritoneal  cancer 5 

Filaria 4 

Occlusion  of  thoracic  duct  (division  thrombosis,  etc.) 4 

Occlusion  of  lymph  glands 3 

Occlusion  of  lymph  vessels 3 

External  violence 3 

Malignant  lymphoma 2 

Liver  disease 5 

Syphilis 2 


I*rimary  disejisi-  (angioma)  of  lymph  vessels fi 

Calculus  in  reicplaculiun 2 

Aneurism  of  renal  artery i 

t'alcillcation  with  cirrhosis  of  mesentery 1 

Enlarged  spleen 2 

Pulmonary  disease  (stasis) 3 

Ni'phritis 1 

Heart  disease 4 

Sarcoma t; 

Tiilierculous  i)erilonitis 1 

Rupture  may  occur  in  any  part  of  tlu'  lymphatic  system ; 
in  the  thoracic  duct  (3  cases),  rcceiitacuhim  (3),  lacteal 
vessels  (6).  lymph  gland  (4),  and  chylous  cysis  (3).  Chyle 
may  extrava.sate  intoaserous  elTu.sion  by  mural  alteration 
in  the  lymphatic  vessels  or  by  violent  contraction  of  the 
abdominal  muscles  of  the  diaphragm  —  indeed,  by  in- 
testinal peristalsis.  Busey  (excellent  article  in  Ame'iienn 
Jouniid  iif  tlie  Medienl  Scieiiee.'i.  vol.  xc,  ji.  373)  has  writ- 
ten upon  the  relation  of  obstructed  cardiac  action  to 
lymph  stasi.s,  while  Nicmevcr  ("Handb.  d.  Path.  u. 
Therap.,"  Bd.  i.,  S.  130)  and"llertz  (Zierassen's  "Handb. 
des  Path.  u.  Thcr.,"  Bd.  xv.,  S.  38^')  have  also  recognized 
its  importance. 

II.  CliiiUfiirm  (-l<(ipo.sc).— Admixture  of  fatly  cases  (endothelial 
and  neoplastic  t. 

Tuberculosis  of  peritoneum,  gland,  etc 12 

Carcinoma  of  glands,  peritoneum,  and  lymph  vessels,  etc.. .  13 

Liver  cirrhosis 6 

Heart  disease 4 

Sarcoma  of  omentum,  mesentery,  etc 3 

Non-tuberculous  peritonitis 3 

Primary  fatty  endothelial  degenenilion 1 

Lipaemia i 

Busey  insists  that  all  abnormalities  in  the  entire  lym- 
phatic system  must  be  absent  in  adipose  ascites ;  "  Adipose 
or  chyliform  ascites  is  that  variety  of  milky  ascites  in 
which  the  lymph  and  chyle  vessels,  lymph  glands,  lac- 
teals,  and  mesentery  are  free  from  disease,  distention, 
pressure,  or  obstruction,  and  normal  in  structure,  size, 
and  position.  .  .  .  We  must  exclude  the  effusion  of 
lymph  or  chyle  by  transudation  or  escape  by  solution  of 
continuity  in  any  part  of  the  lymphatic  system.  .  .  .  The 
milky,  fatty,  chyle-like,  opalescent  fluid'must  necessarily 
be  a  morbid  product."  Senator's  formula  includes  as 
possible  sources,  fatty  degeneration  of  cellular  and  other 
formed  elements  in  effusions,  chiefly  from  endothelial 
cells,  carcinomata,  and  rarely  also  frfjm  pus  cells,  fibrin, 
and  inflammatory  iiroducts.  Personal  experimental  re- 
searches have  shown  that  a  serous  ascites,  jn'oduced  by 
artificial  right-heart  disease,  may  become  chyliform,  whicli 
places  the  pure  hypotheses  of  the  French  otiservers  upon 
a  somewhat  firmer  basis,  and  may  elucidate  the  pathol- 
ogy of  some  of  the  cases  reported."  A  chronic  peritonitis 
may  therefore  result  in  an  ascites  chyliformis  or  adiposus. 
In  ten  cases  of  chyliform  ascites  collected  from  the  litera- 
ture, the  fluid  at  fir.st  serous  became  opac|ue  later.  It  is 
too  much  to  say  that  pus  infection  was  the  cause  in  all 
instances.  (In  the  above  tabulation,  it  is  vciy  often 
most  difficult  to  distinguish  between  the  two  types 
chylous  and  adipose.) 

yetture  eif  the  Fluid. — Straus'  case  is  the  clearest  ex- 
ample of  chylous  ascites — chemically  typical  chj-le  ex- 
travasated  through  two  fistula'.  Ingested  butter  was 
recognized  in  the  fluid  withdrawn  by  paracentesis  from 
the  abdominal  cavitv.  althouirh  Minkowsky  {Areliie  f. 
e.rper.  Ptithnl.  ij.  Phiir..  1880,  Bd.  xxi.,  p.  381-384)  has 
concluded  that  fatty  acids  may  reach  the  iieritoneum 
without  lymph-vessel  rupture.  Senator's  latest  case 
gave  similar  results  with  the  administration  of  olive  oil. 

Chylous  Aseiles.  — Diabetes  must  be  excluded.  Chylous 
ascites  contains  sugar — which  fact  is  a  diagnostic  datum 
when  diabetes  is  excluded.  Senator,  who  thinks  sugar 
one  of  the  most  constant  criteria  for  the  recognition  of 
chyle,  admits,  however,  that  its  absence  is  not  equally 
significant.  Sugar  when  primarily  present  may  ilisai)- 
pcar  later  (Whitla's  case).  Its  presence  is  as  rare  as  it  is 
suggestive,  having  been  detected  not  more  than  two 
dozen  times.  Of  late,  many  writers  are  inclined  to  dis- 
count the  presence  of  sugar  as  a  diagnostic  test.  Bock 
{Archie  fur  Anatomie  u.  Physiologic,  1873,  p.  C20)  foimd 
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sugar  (.04  to  .07  jier  cent.)  in  all  oases  of  hydnips,  and 
Eiclihorst  (ZciUchr.  f.  Klin.  Med,  Bd.  iii..  p.  ii'S7)  found 
sugar  iu  ten  out  of  seventeen  cases  of  pleural  exudate. 
Stfll  the  copper  test  alone  is  not  reliable,  since  boiling  of 
Lion's  casein-like  substance  reduced  Fehling's  solution. 

When  sugar  amounts  to  more  than  .03  per  cent,  the 
effusion  is  chylous.  Leydhecker  maintains  that  sugar 
appears  in  the  transudate  only  when  the  lymph  vessels 
of  the  liver  participate  in  tlic  elTusion.  As  Rotniann 
suggests,  Leydhecker's  proposition  implies  that  the  lesion 
of  a  chylous  ascites  must  be  either  above  the  ending  of 
the  hepatic  vein  or  that  the  hepatic  lymphatics  be  as- 
signed as  a  cause  for  the  appearance  of  sugar  in  the 
ascitic  fluid.  Rotmann  finds  that  cases  in  whieli  sugar  is 
found  correspond  to  Leydhecker's  hypothesis.  Eisen- 
schlitz  concludes  that  the  presence  of  sugar  does  not  make 
a  milky  effusion  a  chylous  transudate,  since  in  a  case  of 
Moscatelli  0.1.5  per  cent,  of  sugar  was  detected  in  an 
ascites  from  liver  cirrhosis.  A  small  amount  of  fat  speaks 
for  chyle.  Landois  estimates  the  percentage  of  fat  iu 
chyle  iit  nine-tenths  of  one  per  cent.  Clijious  ascites 
also  is  rich  in  solids,  especially  mineral  salts  and  albumen. 
Albumen  and  fat  occur  conjointly  in  small  punetifcu-m 
granules  susceptible  of  differentiation  by  chemical  tests. 
Microscopic  examination  may  differentiate  between  ch_v- 
lous  and  adipose  fluids  by  the  size  of  the  fat  globules  or 
fat  and  albumen  granules. 

Adipose  or  Chyliform  Aseites. — Adipose  ascites  is  char- 
acterized by  the  absence  of  sugar  and  the  higher  percent- 
age of  fat.  The  degree  of  opacity  is  no  index  to  the 
amount  of  fat,  since  the  turbidity  may  be  due  to  the 
presence  of  emulsiouized  albumin.  Fat  occurs  in  most 
cases;  its  maximum  percentage  is  ~i.'2~>  (Schmidt)  and  in 
our  case  C.4  percent.,  but  it  may  be  diluted  by  venous 
stasis  or  inflanuiiation,  while  concentration  of  the  fluid 
raises  the  percentage  of  fat  (Minkowski).  Contrary  to 
the  older  conceptions,  milky  fluid  need  not  contain  fat, 
as  shown  by  Lion's  ease  in  which  a  proteid,  like  casein, 
produced  the  opacity,  as  well  as  in  the  cases  of  Quincke, 
Verdelli,  Achard.  Sainton,  Apert,  Ceeoni,  and  Baseh. 
Fat  is  recognized  b_y  the  osmic  acid,  tlie  alkanna  stain, 
and  solubility  tests.  The  graniUes  of  albumen  and  fat 
are  much  coarser  in  adipose  than  in  chylous  ascites. 
Hydropic  and  fatty  carcinoma  cells  may,  if  numero\is, 
■cause  a  creamy  layer,  and  their  microscopic  detection 
favors  a  diagnosis  of  hydrops  adiposus. 

Inflammatory  products  may  obscure  the  pathogenesis, 
and  hence  conclusions  cannot  be  dogmatized  from  every 
analysis.  Again,  the  fluid  changes  with  time,  the  blood 
absorbing  parts  of  the  original  fluid — in  cachexia,  for 
•example.  Lymph  or  chyle  may  escape  into  a  serous  ex- 
udate or  transudate  of  earlier  origin. 

The  fluid,  of  whatever  kind,  usually  clears  with  ether 
and  caustic  potash.  It  is  said  to  resist  decomposition  on 
account  of  the  emulsion  of  fat  and  a  supernatant  fatty 
layer;  to  Avhieh  proposition  one  of  our  own  cases  is  an 
exception.  The  reaction  is  usually  ne\itral  or  alkaline, 
although  it  was  once  recorded  as  acid.  The  fluid  is 
opalescent  from  suspended  molecular  fat  and  emulsiouized 
albumen.  Some  fluids  coagulate  spontaneousl_y,  others 
do  not.  Poncy  noted  the  odor  of  ingested  food,  while 
Nickerson  pronounced  the  taste  in  hiscase  cadaveric.  A 
specimen  standing  ten  davs  (Quincke,  "Ueber  Ascites," 
Deut.  Airh.  fitr  Idiii.  Med.,  1883,  pp.  569-587)  became 
acid,  due  to  the  formation  of  fatty  acids.  Specific  grav- 
ity varies  from  1.007  to  1.026,  tlie  average  being  1.016. 
Reaction  and  specific  gravity  do  not  differentiate  between 
the  various  forms.  Macroscopically,  nothing  is  seen 
except  oil  globules.  Microscopically,  fine  jioint-like 
granules  of  fat  are  visible,  which  often  have  molecular 
movement  and  are  soluble  in  ether.  Large  fatty  cells, 
lymphoid,  endothelial,  carcinoma,  and  sarcoma  cells  are 
observable.  Red  blood  discs  occur,  as  do  also  fibrin 
(seven  times),  filaria  (Winkel).  casein  (Straus  and 
Omerod),  mucin,  sodium  alkali  albvimiuate  (Oppolzer), 
liile  (Omerod),  acetone,  hydropsin,  peptone  (eight  times), 
lecithin  (twice),  cholesterin  (three  times),  fibrinogen 
(twice),  a  diastatic  ferment  (twice),  various  inorganic 


compounds  of  calcium,  sodium,  sulphur,  phosphorus, 
potassium,  and  chlorine.  Urea  has  been  recorded  three 
times  (Quincke,  Remond,  Foot).  Tubercle  bacilli  have 
never  been  found.  The  highest  percentage  of  albumen 
is  6.08  (Ballmann). 

Sy5ii'TOM.\TOLOoy  AND  Di.\6xosis. — The  symptoms 
possible  with  such  a  varied  etiology  are  not  limited  iu 
number  or  cliaracter.  The  primary  disease  does  not  in- 
dicate the  character  of  the  ascites,  for  ascites  adiposus 
chj-losus  is  no  morbid  entitj*.  In  conjunction  with  chylo- 
peritoneum.  chylous  fluid  may  be  vomited  (Sprague, 
Pellitier,  Foot,  Nickerson)  or  discharged  peranum  (Pel- 
litier,  Nickerson).  The  association  of  ascites  with  chjio- 
thorax  is  suggestive,  even  before  abdominal  paracentesis. 
The  only  conceivable  etiological  hints  relate  to  diseased 
lymphatic  glands  and  vessels,  affections  of  the  thoracic 
duct  or  left  subclavian  vein  (i.e.,  compression),  or  chy- 
luria.  "  The  chylous  nature  of  an  ascites  may  be  sus- 
pected when  associated  with  sudden  anorexia,  acute 
ansemia,  and  emaciation"  ('?).  Rapid  recurrence  may 
indicate  ciij'le  fistula;.  Temperature  is  neither  frequent 
nor  significant.  If  transudation  through  lymph-vessel 
walls  be  the  cause,  the  clinical  coiuse  is  less  stormy  in 
onset  and  less  rapidly  progressive  than  is  observed  with 
antecedent  rupture.  A  diagnosis  has  never  been  made 
prior  to  puncture,  except  in  the  single  instance  of  Mor- 
ton's early  case.  The  blood  varies,  of  course,  with  the 
fundamental  disease.  Lipa'uiia  was  observed  once  (Pop- 
ham).  Tlie  local  signs  and  symptoms  do  not  dilTer  from 
those  of  serous  ascites.  It  is  probable  that  many  cases 
diagnosed  as  the  vulgar  ascites,  healing  without  treat- 
ment, are  instances  of  chylous  li.ydrops,  and  the  increas- 
ing frequency  of  the  disease  is  best  explained  therein-. 
It  is  not  easy  to  dilfenntiatc  between  chylous  and  adi- 
pose etfusions  as  Quincke  would  have  it,  and  even  at 
necropsy  an  exact  tliagnosis  is  often  impossible.  Indeed, 
Senator  and  Leydhecker  have  recently  spoken  of  mixed 
types.  In  many  cases  of  our  classification,  even  where 
full  details  are  given,  it  is  often  diflicult  to  decide  whether 
the  effusion  be  chylous  or  chyliform  (adipose). 

Prognosis. — Reference  to  the  collected  cases  shows 
that  81  per  cent,  died,  8  per  cent,  were  not  followed.  11 
per  cent,  recovered.  Considering  only  tho.se  in  whicli 
the  ultimate  issue  is  known,  88  per  cent,  died  and  13  per 
cent,  recovered.  Bianehi  says  that  the  prognosis  is  better 
in  any  rupture  than  in  cases  of  chylous  transudation. 
Rupture  is  more  likel}'  to  heal  when  it  is  due  to  trauma 
than  when  caused  by  mural  disease,  since  thrombosis 
occurs  more  readily  in  trauma.  Wiescher  ("  Zur  Casuistik 
der  Verletzung  des  Duct.  Thoraeicus,"  JJent.  Zeits.  fin- 
klin.  Chi/:,  Bd.  xxxviii.,  H.  4,  5;  also  contains  account 
of  experimental  work  upon  thoracic  duct),  reviewing 
sixteen  cases  of  chylothorax  from  rupture  of  the  thoracic 
duct,  concludes  thatrui)ture  is  almost  invariably  fatal. 
Rupture  of  the  lymph  vessels  or  receptaculumchyli  may 
be  compatible  with  life  by  the  formation  of  thrombi  and 
establishment  of  a  collateral  circulation  (expcrinuTits 
of  Monro,  Lower,  Cooper.  Dupuytren,  Sclimidt-Mulil- 
heim,  Leichmann,  Leuret,  Lassaigne,  Colin,  Flandrin, 
Mageudie,  Noeckhei-.  Rogerd,  also  citation  of  Wieseher 
above).  Monro  stabbed  tlie  receptaculum  of  a  pig,  but 
effusion  was  prevented  by  thrombosis.  If  there  be  no 
communication  left  between  the  blood-vascular  and 
lymph-vascular  systems,  progressive  inanition  and  death 
are  inevitable.  A  chylous  fistula  increases  the  gravity 
of  the  prognosis,  as  copious  and  continuous  ch.vlous  dis- 
charge is  invariably  fatal.  I  believe  the  immediate  prog- 
nosis is  better  in  adipose  ascites.  Extensive  obstruction 
to  the  lymph  stream  is  alwa3'S  serious.  The  prognosis  is 
impressed  b_y  concomitant  or  causative  visceral  lesions. 
A  close  analysis  of  reported  recoveries  to  determine 
favorable  prognostic  characters  demonstrates  that  3  cases 
were  puerperal  and  therefore  fabulous;  1  was  chloro- 
sis; 1  was  compression  of  the  thoracic  duct  by  enlarged 
glands;  1  was  fliarious  disease;  33  were  ruptured  lymph 
vessels;  5  were  ruptured  chjde  cysts;  1  was  tuberculous 
peritonitis;  1  was  chronic  recurrent  peritf)nitis  (possibly 
tuberculous).     Only  the  last  3  cases  were  adipose,  while 
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itlif  first  9  were  chylous  liydnips.  TluTefore  tlic.ulti- 
ruati-  protcuosis  is  better  iu  clivlmiscirusidiis,  the  converse 
beiii^  true  of  adipose  aeeuiiiulatioiis.  Chylous  ascites  is 
to  adipose  ascites  as  2^  is  to  1.  wlule  recoveries  staud  as 
5  to  1.     Laparotomy  improves  the  prognosis. 

Tke.\t.mknt. — Analy.sis  vindicates  surgical  interference 
under  two  restrictions:  tirst.  laparotomy  is  indicated  as 
propliylaxis  against  possible  chylous  rupture  with  con- 
,se(|Uent  conslitutional  dejiletion;  second,  laparotomy  for 
tuberculous  peritonitis.  Paracentesis  should  be  avoided 
us  far  as  possible,  .save,  first,  as  a  ]ireliniinary  diagnostic 
resort,  and,  .second,  as  an  idtimatc  resort  against  com- 
jiression  of  the  thoracic  viscera.  Otherwise  jiuucture  de- 
pletes the  organism,  especially  in  the  genuine  chylous 
form.  The  |)eritoueum  should  be  allowed  to  resorb  all 
it  can  of  the  chylous  transudate.  A  diet  readily  digesti- 
ble and  absorbable  by  the  stomach  is  advised  {V.  J.  Mur- 
phy), topennit  healing  by  thromliosis  of  ruptured  lymjih 
vessels.  The  use  of  ^vater  should  be  restricted.  For 
filariosis,  Lancereau.v  rcconnneuds  mercurial  inunctions 
nnd  local  injections  into  tlie  diseased  lymph  glands; 
Ouiteras  remarks  there  is  no  hope  short  of  the  death  of 
the  adult  worm.  Other  than  mercurial  parasiticides  are 
)irobably  useless.  The  therapy  in  oilier  directions  is  ab- 
solutely symptomatic.  Arthur  R.  Edwards. 
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CHYLURIA  ;    GALACTURIA.— Definition-  and  Eti- 

OLooY.— Chylui-ia  signifies  the  luesenceof  chyle,  and  con- 
sequently of  fat  in  a  state  of  emulsion,  and  albumin  in 
the  urine.  Sugar,  a  constant  ingredient  of  chyle,  is  so 
rai-ely  found  in  chyluric  urine  that  its  presence  would 
warrant  the  suspicion  of  coincident  diabetes  inellitus. 

Thei-e  ai'e  two  varieties  of  chyluria.  the  parasitic  and 
the  uon-]iaiasitic,  the  former  being  by  far  the  moi'e  com- 
mon. It  has  been  customary  to  speak  of  these  two  forms 
as  ••  tropical  "  and  "non-tropical,"  but  since  the  demon- 
stration of  parasitic  chyluria  in  temperate  zones  this 
division  is  no  longer appropi'iate.  It  is  nevertheless  true 
that  in  the  vast  majority  of  cases  of  parasitic  chyluria 
the  patients  have  become  infected  in  tropical  or  sub- 
tropical countiies.  Data  regarding  the  etiological  influ- 
ence of  age,  se.v,  and  occupati<in  are  either  scantv  or  absent 
entirely.  According  to  Senator,  chyluria  has  not  been 
observed  in  childhood  or  in  the  aged.  There  is.  however, 
no  reason,  in  the  natni'e  of  things,  why  it  should  not  occur 
at  any  jieriod  of  life,  for  its  cause  is  mechanical  obstruc- 
tion of  the  thoracic  duct  and  this  may  be  seated  within 
tlie  calibre  of  that  tube,  in  its  walls,  or  outside  of  it. 

Much  the  most  common  cause  of  chylui-ia  is  obstruction 
of  the  thoracic  duct  either  by  adult  or  embryonic  forms 
of  the  Fildrid  Mnguinis  homini^  ii'irtnrnii.  In  the  great 
majority  of  cases  of  chyluria.  embryonic  filiii-i;c  may  be 
readily  (tetccted  in  a  drop  of  lilood  from  any  part  of  the 
surface  of  the  body,  provided  the  lilood  be  obtained  at 
night.  During  the  day.  the  enibi-yos  of  filaria  nocturna 
aie  very  scantily  present  in  the  surface  capillaries  or  are 
absent  from  them  altogether.  Manson.  observing  the 
embryonic  characters  of'the  circulating  filaria'  ancrtheir 
presence  in  the  surface  capillaiies  chiefly  or  solely  dur- 
ing the  night,  came  to  the  conclusion  that  they"  mu.st 
reach  a  further  stage  of  development  outside  of  tlie  body 
ill  the  interior  of  some  nocturnal  blood-sucking  animal. 
He  exposed  a  patient  with  "lilnridK/ti"  to  the  bites  of 
mosquitoes,  and  found  the  embryos  in  the  bodies  of  these 
insects,  in  which,  in  the  course  of  from  five  to  seven 
days,  they  attained  a  length  of  one  fifteenth  of  an  inch. 
In  the  blood  of  man  they  measure  from  one-seventieth  to 
one-eightieth  of  an  inch,  and  are  enclosed  in  a  sheath  from 
which  they  make  their  escape  in  the  viscid  blood  of  the 
mosquito.  Tlie  mosquitoes  witli  the  embryonic  filarite  in 
their  interior  seek  water  in  which  to  deposit  their  eggs. 
Vol.  Ill  -fi 


This  function  accomplished,  they  perish;  the  embryonic 
filaria'  are  liberated,  and  through  the  medium  of  the 
water  in  which  they  e.xist.  gain  access  to  the  liiunau 
system.  Mansons  latest  re.searclies  have  i)racti<'ally  de- 
monstrated that  the,  filaria  may  be  transmitted  directly 
from  the  infected  to  the  non-infeclcd  by  the  a.gency  of 
the  mosquito  (Culex  ciliaris<ir  pipiens)  in  the  siune  nian- 
ner  as  Ihe  lla'inato/oon  malaria'  is  Iran.siiiitled  by  another 
species  of  the  same  insect — Anopheles  claviger"(/.''////7/rt 
de  V Ariideiiiie  de  Mederine,  H  Mai,  lllilO).  Two  or  more 
of  the  ingested  parasites  attain  maturity  in  the  lymjibatic 
system  and  continue  for  an  indefinite  period  (sometimes 
for  many  years)  to  produce  swarms  of  embryos.  The 
presence  of  filaria  embryos  in  the  blood  does  not  neces- 
sarily give  rise  to  di.sease,  their  transverse  diameter  (js'uu 
inch)  being,  as  a  rule,  such  as  to  enable  them  to  traverse 
the  narrowest  chunnels  of  the  blood  and  lyiiqdi.  Occa- 
sionally, however,  tlie_v  occlude  these  vessels,  and  this  is 
believed  by  Manson  to  be  due  to  the  fact  that  the  embryos 
are  prematurely  born  enclosed  in  a  sac  or  sheath  of  glo- 
bular form,  the  transver.se  diameter  of  which  is  about 
.Jj  inch.  Disease  in  man  occasioned  by  the  filaria  is 
therefore  the  result  of  di-sease  in  the  filaria  itself.  If  the 
adult  female  filaria  produces  the  young  in  a  jdiysiologi- 
cal  manner  they  are  innocuous  to  their  host ;  if,  tlirough 
disease  or  irritation,  she  brings  them  forth  iircmaliirely. 
they  ipbstruct  the  lymph  cliannels  and  cause  one  or  more 
of  the  diseases  grouped  under  the  title  of  "flurhisis." 

The  principal  diseases  to  which  the  lilaria  gives  rise 
are  abscessi-s,  lymphangitis,  dermatitis  and  cellulitis, 
erysipelas,  orchitis,  chyluria,  chylous  dropsy  of  the 
peritoneum,  chylous  dropsy  of  th('  tiinica  vaginalis, 
varicose  groin  glands,  lymph  scrotum,  and  ele|)liantiasis. 
Chyluria  is  not  common  even  in  those  countries  in 
which  filariasis  prevails. 

As  above  stated,  obstruction  of  the  thoracic  duct  from 
any  cause  may  give  rise  to  chyluria.  As  stated  by 
Manson,  the  "cause  of  chyluria  is  obstruction  of  the 
thoracic  duct,  and  this  may  be  brought  about  in  any 
climate  by  pressure  on  the  duct,  by  tumors,  by  infarcts, 
by  growths,  etc.  ;  but  in  the  form  of  chyluria  endemic  in 
the  tropics  .  .  .  the  cause  of  the  obstruction  is  the  par- 
ent filaria  nocturna." 

A  case  is  reported  by  3Ir.  Leigh  Hunt  in  which  tran- 
sient chyluria  was  produced  by  traumatism,  a  fall  U]ion 
a  pile  of  stones  (/>r!7/s/(  .Vtd.  Juurn.,  February  23d,  1890). 

Symptoms  and  Signs. — The  onset  of  chyiuna  ma.v  be 
preceded  by  no  symptoms  whatever.  In  some  cases, 
however,  there  is  a  sense  of  discomfort  or  pain  in  the 
lumliar  region  or  the  groins,  the  perineum  or  testes,  be- 
fore the  cliylous  urine  appears.  The  first  .symptom  may 
be  retention  of  urine  due  to  the  intravesical  formation 
of  coagula  which  occlude  the  neck  of  the  bladder  or  the 
urethra. 

In  the  great  majority  of  cases  chyluria  is  intermittent, 
being  dependent,  for  example,  u])on  posture,  digestion, 
bodih'  exerticm,  etc.  In  one  of  my  cases  it  first  ap- 
peared during  the  expulsive  pains  of  labor,  gradually 
ceased  after  parturition,  and  did  not  return  until  about 
two  years  later  at  the  birth  of  another  child.  The  influ- 
ence of  posture  is  shown  by  the  fact  that  in  some  cases 
the  nocturnal  urine  is  chylous  while  that  of  the  day  has 
a  normal  appearance.  The  general  health  is,  as  a  rule, 
well  maintained,  although  if  the  dLscliarge  of  chyle  is 
long  continued,  emaciation,  ana'mia.  and  great  debility 
set  in  and  the  patient  dies  from  exhaustion. 

The  appearance  of  chylous  urine  is  highly  character- 
istic. On  careless  inspection  it  might  readily  be  mistaken 
for  milk,  but  when  examined  more  closely  it  will  usually 
be  found  to  contain  coagula  of  a  delicate  jiinkish  tinge  or 
more  deeply  colored  like  ordinary  blood  clots.  The  gross 
apiiearanccs.  in  a  case  of  my  own.  are  thus  described: 
"The  urine,  after  standing  for  several  hours  in  a  narrow 
cylindrical  vessel,  separates  into  two  portions,  of  which 
the  lower  is  distinctly  hemorrha.gic :  while  the  n|)per  has 
the  appearance  of  milk  or  cream.  Floating  on  the  njiper 
chylous  layer  are  numerous  coagula  of  a  delicate,  pinkish 
hue,  and  almost  translucent,  while  at  the  bottom  are  a 
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few  small  blood  clots"  {Medical  Xetr.t.  ilay  2d.  1896).  In 
some  cases,  after  standing  for  a  short  time,  the  entire 
mass  of  the  urine  coagulates  so  as  to  resemble  blanc- 
mange. 

Di.\GN0si8. — There  is  no  difficulty  whatever  in  making 
the  diagnosis  of  chyluria.  Lipuria,' which  signiljes  liter- 
ally the  presence  of  fat  in  the  urine,  should  never  be  con- 
founded with  it.  In  chyluria  the  fat  is  in  the  form  of  an 
emulsion  so  tine  as  to  require  the  strongest  objectives  to 
resolve  the  droplets  of  fat.  In  lipuria,  on  the  other  hand, 
fat  globules  are  seen  with  comparatively  low  powers, 
either  tree  or  enclosed  in  cells  or  tulie  casts.  It  is  very 
seldom  that  lipuria  exists  in  such  degree  as  to  alter  the 
macroscopic  appearance  of  the  urine,  while  in  chyluria 
it  commonly  resembles  milk.  The  presence  of  clots  is 
also  diagnostic  of  chyluria.  The  fat  may  be  separated 
from  clij-lous  urine  by  shaking  it  up  with  ether.  The 
ether,  with  the  dissolved  fat,  rises  to  the  surface  and  is 
then  decanted.  On  its  evaporation  the  fat  is  deposited. 
The  urine  from  which  the  fat  has  been  thus  e.xtracted 
and  consequently  rendered  more  or  less  transparent  may 
now  be  tested  for  albumin,  which  is  constantly  present  in 
greater  or  less  degree.  In  addition,  chylous  urine  con- 
tains cholesterin  and  lecithin,  and  among  the  albuminous 
bodies,  in  addition  to  serum  albumin,  it  contains  fibrin- 
ogen, liemialbumose  or  propeptone.  and  peptone.  It  is 
stated  positively  by  Senator  that  chylous  urine  does  not 
contain  sugar. "  This  remarkable  fact — namely,  the  ab- 
sence fronT  chylous  urine  of  a  constant  ingredient  of 
chyle — has  given  rise  to  the  opinion  that  chyluria  is  not 
caused  by  adirect  admixture  of  chyle  with  the  urine.  In 
the  opinion  of  the  writer  this  view  is  absolutel}'  refuted 
by  thepost-mortemappearancesob-servedin  casesof  fatal 
chyluria.  These  consist,  for  the  most  part,  of  a  state  of 
varicosity  of  the  Ij-mphatics  in  immediate  relation  with 
the  urinary  tract.  In  a  case  of  my  own.  "the  lymphatic 
vessels,  especially  those  of  botli  renal  vessels,  were  enor- 
mously dilated  and  convoluted,  uianj-  of  them  being  of 
the  calibre  of  an  ordinary  lead  pencil.  The  dilatation 
was  most  marked  on  the  right  side,  and  in  the  pelvis  of 
the  corresponding  kidney  there  was  a  pale  lymph  clot 
similar  to  tlie  coagula  jiassed  with  the  urine  during  life  " 
(loc.  stipra  cit.).  In  this  case  the  communication  be- 
tween lymphatic  and  urinary  tracts  was  practically  de- 
monstrated. It  is  possible  that  the  absence  of  sugar  from 
chj-lous  urine  may  be  due  to  the  presence  of  some  as  yet 
unrecognized  glycolitic  ferment  in  tlie  renal  secretion. 

Id  all  cases  of  chybiria  both  the  blood  and  the  urine 
should  be  examined  for  the  filaria.  In  the  former  there 
is  little  difticulty  in  finding  it  provided  the  blood  be 
withdrawn  (by  needle  puncture  of  finger  or  ear)  during 
the  night.  In  the  urine  the  jiarasite  is  apt  to  escape  de- 
tection because  it  is  frequently  enclosed  in  coagtila. 
These  should  therefore  be  broken  up  with  a  glass  rod 
and  the  urine  allowed  to  stand  in  a  conical  glass,  at  the 
bottom  of  which  the  liberated  filariie  may  be  found. 

Prognosis. — The  prognosis  of  chyluria  is  not  unfavor- 
able, but  de]iends  largely  upon  the  mode  of  life  of  the 
patient.  Manual  labor  and  severe  phy.sical  exertion  of 
any  kind  tend  both  to  develop  and  to  perpetuate  the  dis- 
ease. In  women  the  pregnant  condition  is  a  serious  com- 
plication. 

Tre.^tmekt. — With  a  view  to  prophylaxis,  a  sedentary 
occupation  should  be  recommended  in  preference  to  <me 
demanding  physical  exertion,  and  with  the  same  object 
in  view,  straining  at  stool  should  be  avoided  by  the  oc- 
casional use  of  laxatives.  As  long  as  the  urine  is  chylous, 
the  strength  should  be  maintained  liy  nutritious  food, 
tonics,  an<l  stimulants,  and  the  patient  kept  at  rest.  It 
is  doubtful  whether  any  among  the  numerous  remedies 
employed  in  chyluria  are  of  the  slightest  direct  benefit. 
With  a  view  to  their  supposed  efficacy  in  checking  the 
discharge,  astringent  preparations  of  iron,  gallic  acid  in 
large  doses,  and  various  vegetable  decoctions  containing 
tannin  have  been  administered.  In  the  parasitic  form 
of  the  disease  attempts  have  been  made  to  destroy  the 
filaria  with  thymol  and  other  vermicides,  none  of  which, 
in  the  opinion  of  the  writer,  has  the  slightest  effect  in 


this  direction.  I  have  elsewhere  discussed  the  treatment 
of  filariasis.  and  will  therefore  ccmfine  mj'self  to  the  state- 
ment that  there  is  no  drug  that  will  kill  either  the  adult 
filaria  or  its  embryos  while  they  circulate  in  the  blood, 
and  that  even  if  such  a  drug  were  known  it  would  be 
wisest  to  refrain  from  its  employment.  When  the  adult 
filaria  has  its  seat  in  one  of  the  extremities  and  dies,  an 
abscess  usuallj-  results;  or  it  is  perhaps  more  correct  to 
say  that  adult  filarite  have  been  found  in  such  aliscesses, 
the  presumption  being  that  the  latter  are  caused  by  the 
former.  If.  however,  the  adult  filaria  should  die  in  the 
thoracic  duct,  with  consecjuent  abscess,  the  result  would 
be  of  necessity  fatal.  *  Frederick  P.  Henry. 

*  F.  P.  Henry.  M.D. :  Report  of  a  Case  of  Indifrenous  Parasitic 
Chyluria  ;  Med.  News,  May  2d,  1896.  Remarks  on  Filaria ;  Prix-etd- 
iugs  of  the  Academy  of  Natural  Scieooe.s  of  Philadelphia,  1S9U,  p.  271. 

CHYME. — The  term  chjme  is  applied  to  the  contents 
of  the  small  intestines,  or,  in  a  more  restricted  sense,  to 
the  matter  ejected  from  the  stomach  into  the  duodenum 
during  the  course  of  digestion.  It  consists  of  food  in 
various  stages  of  digestion  mixed  with  the  different  di- 
gestive juices.  It  is  a  mixture  of  extreme  complexity 
and  of  very  variable  composition.  Its  composition  at  any 
one  time  is  determined  by  a  number  of  factors,  the  most 
important  of  which  are  as  follows:  (1)  The  character  and 
composition  of  tlie  food;  (2|  the  digestive  juices — the 
saliva,  gastric,  and  pancreatic  juices,  tlicsuccus  entericns 
and  the  bile  ;  (3)  the  extent  to  which  absorption  has  oc- 
cuiTed  ;  (4)  the  motility  of  the  stomach  and  small  intes- 
tines. Under  normal  conditions  the  food  ingested  is  the 
most  important  factor  in  determining  the  character  and 
composition  of  the  chyme.  The  food  not  only  contrib- 
utes its  own  constituents,  which  may  be  extremely  com- 
plex, but  also  determines,  to  a  large  extent,  the  amount 
and  nature  of  the  secretions  of  the  glands  of  the  alimen- 
tary tract  which  are  added  to  the  chyme;  further,  one 
secretion  may  influence  another,  and  both  a  third,  and  all 
undergo  certain  chemical  reactions  with  the  food  and 
with  each  other.  The  movements  of  the  stomach  and  in- 
testines are  influenced  largely  bj"  the  characti-r  of  the 
food  and  the  secretions  caused  by  it;  the  chyme  may  re- 
main a  longer  or  a  shorter  time  in  the  intestines,  and  so 
offer  the  digestive  juices  varying  opportunities  to  act 
upon  it.  All  these  factors — character  of  food,  the  .secre- 
tions, and  especially  the  intestinal  movements — influence 
the  absorption  of  certain  constituents  l)y  the  intestines. 

It  is  obviously  impossible,  when  dealing  with  such  a 
complex  and  vai'iable  mixture  as  chyme,  to  give  any  ac- 
count of  either  the  chemical  or  physical  properties  which 
will  apply  to  any  luit  individual  cases.  In  con.sidering 
these  [iroperties  it  will  be  necessary  to  discuss  in  each 
case  the  influences  modif\-ing  them. 

A  great  many  of  the  facts  known  concerning  the  chyme 
have  been  obtained  from  experiments  upon  the  lower 
animals,  but  there  have  been  reported  a  number  of  cases 
in  man  in  which  the  contents  of  the  small  intestines  have 
escaped  through  an  artificial  anus.  Elaborate  studies 
have  been  made  in  some  of  these  cases.  The  case  most 
carefully  studied  was  one  reported  by  ^lacfayden.  Neucki, 
and  Sieiier  (Arcfiitfiir  exper.  Pat/t.  und  Pharmnhil..  xxi., 
p.  93.  1891).  These  authors  had  under  investigation  a 
woman  in  whom,  as  a  result  of  an  operation  for  strangu- 
lated hernia,  annitnspra'fernatiorilin  had  been  established 
at  the  lower  end  of  the  ileum,  and  from  which  the 
chyme  could  be  collected.  Jankowski  (Air/iircs  des 
sciences  bifihffiqveg  p'lMies  par  rint<tit.  de  med.  e.rper.  a  St. 
Peti'r.9bour</,  i.,  p.  ^SH,  1892)  studied  a  case  very  similar 
to  the  above.  Other  cases  which  may  be  mentioned  are 
those  of  Busch  (Virchow's  ArcMe,  14,  p.  140.  1858).  in 
which  the  fistula  was  but  a  very  short  distance  below 
the  duodenum;  of  Lossnitzer  (Dissert.,  Leipsic.  1864);  of 
Braune  (Virchow's ^4fr/«'r,  19,  p.  470,  1860),  and  of  Ewald 
(ibid.,  To,  p.  409,  1879).  The  objection  has  been  made  to 
all  such  cases  as  these  that  the  intestine  is  not  in  its  nor- 
mal condition;  that  when  an  artificial  anus  is  established 
the  part  of  the  intestine  immediately  above  becomes, 
functionally,  the  rectum ;  and  it  is  thought  by  some  that 
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bacteria  normally  present  in  the  larire  intestine  may  de- 
velop here  and  produce  clianjres  not  normally  ocenrring. 
Entirely  sjilisfactory  evidence  thai  such  ohjections  are 
valid  has  not  yet  been  ofTered.  but  it  is  important  to  re- 
mcndjer  them  and  to  check  the  observations  on  patients 
with  such  tistuhe  by  experiments  on  normal  animals 
whenever  possible. 

Chyme,  as  obtained  from  a  fistula  in  man  or  directly 
from  the  small  intestines  in  an  animal,  is  a  fluid  or  semi- 
pasty  mass  with  a  yellow  or  yellowish-brown  or  oranjie 
color.  The  chyme  of  the  stomach  or  of  the  u|iper  part 
of  the  duodenum  is  usually  more  jrniyish  in  appearance, 
altlioujrh  it  may  be  coloreil  bidwn  from  jiartly  di.ircsted 
blood,  or  green  from  chlorophyl  of  the  food.  The  yellow 
color  observed  in  the  lower  jiart  of  the  small  intestine  is 
due  largely  to  the  admixture  of  bile. 

The  odor  of  chyme  is  usually  not  very  marked:  that 
■which  is  present  risembles  that  of  fatty  acids.  Occasion- 
ally it  has  a  slightly  f»cal  odor  (resembling  indol)  like 
that  of  the  large  intestine  ;  but  this  is  rare,  as  very  little 
putrefactive  decomposition  of  proteids  (which  is  the 
cause  of  the  odor  of  the  contents  of  the  large  intestine) 
occurs  in  the  small  intestines. 

The  consistence  of  the  chyme  varies  in  dilTereut  parts 
of  the  small  intestine.  When  it  leaves  the  stomach,  it  is 
a  thin  fluid  holding  solid  masses  of  various  sizes  in  sus- 
pension. As  it  passes  down  the  intestine  water  (and 
bodies  soluble  in  water)  are  absorl)ed ;  but  this  loss  is 
about  balance<l  by  that  added  by  the  secretions  of  the 
digestive  glands,  so  that  the  consistence  remains  nearly 
uniform  in  the  upjier  two-thirds  of  the  small  intestine. 
In  the  lower  third  or  fourth,  however,  the  water  absorbed 
exceeds  that  secreted,  and  the  chyme  becomes  thicker 
and  may  be  pasty  or  semi-solid.  The  nature  of  the  food 
has.  moreover,  an  important  elfect  upon  the  consistence 
of  the  chyme. 

The  quantity  of  chyme  which  ]iasses  from  the  ileum 
into  the  ca'cura  varies  greatly,  being  dependent  largely 
upon  the  character  of  the  food.  The  following  figures 
are  taken  from  the  paper  of  Maefa3deu.  Xeucki.  and 
Sieber.  The  patient  was  fed  upon  a  diet  consisting  of 
260  gm.  of  bread,  100  gm.  of  meat,  two  eggs,  200  gm.  of 
barley  gruel,  20  gm.  of  peptone.  60  gm.  of  sugar,  100 
gm.  of  milk,  and  1,050  gm.  of  boiiillon;  in  addition  to 
this  she  was  allowed  200  gm.  of  water.  200  gm.  of  wine, 
and  150  gm.  of  "grog.''  The  chyme  was  collected  as  it 
escaped  from  the  lower  end  of  the  ileum.  AVith  the 
above  diet,  in  which  nitrogenous  food  preponderated,  the 
intestinal  contents  were  of  thin  consistence  and  contained 
on  an  average  5  per  cent,  of  solids  and  95  per  cent,  of 
water.  At  times  they  had  the  appearance  of  diarrho-ic 
stools.  AVhen  the  patient  received  a  vegetable  diet  the 
discharge  became  more  consistent  and  contained  on  an 
average  10  per  cent,  of  solids.  The  maximum  amount 
of  the  thin  discharge  in  twenty-four  hours  was  550  gm. 
with  4.9  per  cent,  of  solids.  The  maximum  amount  of 
the  more  consistent  discharge  was  232  gm.  with  11.23  per 
cent,  of  solids.  Very  similar  figures  were  obtained  by 
Busch.  although  in  his  patient  the  fistula  was  above  the 
middle  of  the  small  intestine. 

The  solid  constituents  of  the  chyme  are  derived  almost 
entirely  from  the  food,  and  hence  show  great  diversity. 
Before  the  food  reaches  the  small  intestines  it  has  been 
exposed  to  the  action  of  the  Sitliva  and  the  gastric  ^uice 
and  undergone  marked  changes — the  character  and  ex- 
tent of  which  are  determined  b_v  the  time  during  which 
it  has  been  exposed  to  the  action  of  these  secretions. 
Foods  containing  proteids  and  gelatin  are  most  profoundly 
modified.  Thus,  in  a  fragment  of  meat  the  muscle  fibres 
have  been  usually  sejiarated  from  each  other  by  the  solu- 
tion of  the  connective  tissue  binding  them  together;  the 
fibres  themselves  are  in  a  partially  disintegrated  condi- 
tion, some  having  been  split  longitudinally,  others  trans- 
verscl}-,  forming  the  so-called  "Bowman's  discs."  Some 
of  the  muscle  may  be  completely  dissolved  by  the  gastric 
juice,  but  the  chyme  always  contains  many  more ^r  less 
altered  muscle  fibres:  these  are  frequently  in  the  form 
of  a  granular  mass.     The  red  corpuscles  contained  in  the 


bh)od-ve.s.sels  of  the  meat  are  partially  digested  in  the 
stomach,  and  the  lucmoglobin  changed  into  ha'inatin; 
the  latter  appears  in  the  chyme  and  is  one  of  the  sub- 
stances contributing  to  the  brown  color  which  this  fluid 
now  assumes.  If  much  ndlk  has  been  taken,  masses  of 
ca.siin,  coagulated  by  the  ri'nniii  of  llie  gastric  juice,  are 
found  in  the  chyme;  part  of  the  fat  is  free  while  part  is 
enclosed  in  the  coagulum. 

The  walls  of  the  fat  cells  of  adipose  tissue  and  the 
eonnictive  tissue  binding  the  cells  together  are  also  dis- 
solved by  the  gastric  juice:  the  fat  thus  freed  forms 
largiM-  or  smaller  drops  and  ajipi-ars  in  the  diyme  in  this 
form.  A  Utile  fat  is  broken  up,  in  some  way,  into  fatly 
acid  in  the  stomach. 

Pieces  of  tendon,  elastic  fibres,  bone,  and  c:irtilage  are 
not  attacked  by  the  gastric  juice,  and  so  appear  in  the 
clij'me  almost  imaltered.  Uncooked  vegetable  tissues  are 
not  much  changed  by  the  gastric  juieeowiug  to  the  mem- 
brane of  cellulose,  which  is  not  dissolved  in  the  stomach, 
protecting  the  cell  contents.  If  the  vegetables  have  been 
cooked,  however,  many  of  the  cell  walls  have  bi'cn  burst 
and  the  )u-oteids,  starch,  etc..  of  the  contents  exposed  to 
the  action  of  the  gastric  juice;  the  proteids  may  be  for 
the  most  ])art  dissolved,  but  the  starch  granules  arc 
scarcely  altered. 

Many  gas  bubbles  are  present;  these  consist  largely  of 
nitrogen  and  carbon  dioxide  and,  to  a  smaller  extent,  of 
hydrogen.  The  nitrogen  comes  from  the  air  swallowed 
with  the  food:  the  carbon  dioxide  is  derived  from  the 
blood  by  diil'usion,  from  fermentation  of  carbohydrates, 
and  from  the  neutralization  of  the  acid  of  the  gastric 
jince  by  the  carbonates  of  the  intestinal  seeretions.  Oxy- 
gen is  not  found,  or  is  found  in  very  .small  amounts; 
that  swallowed  with  the  air  is  soon  absorbed. 

While  the  chyme  contains  much  matter  in  suspension, 
there  is  but  very  little  substance  in  solution.  If  the  solid 
parts  be  filtered  off,  the  filtrate  is  found  to  contain  ssills, 
hydrochloiic  acid,  and  a  small  amount  of  peptones  and 
albumoses  and  usually  sugar.  A  piece  of  proteid  addi'd 
to  this  clear  filtrate  is  rapidly  dissolved,  showing  the 
presence  of  pepsin. 

The  above  description  applies  to  the  chyme  of  the 
stomach,  or  to  that  which  has  just  reached  the  duode- 
num. In  the  duodenum  the  cliyme  undergoes  markeil 
changes  both  in  appearance  antl  in  chemical  composi- 
tion: these  are  brought  about  largely  by  the  admixture 
with  the  bile,  pancreatic  juice,  and  succus  entericus,  and 
the  chemical  reactions  resulting  therefrom.  Other  fac- 
tors in  ]iro(lucing  changes  in  the  chyme  are  bacterial  de- 
composition and  the  absorption  of  .some  of  its  constituents. 
The  flow  of  the  secretions  into  the  intestines  has  long 
been  known  t<i  be  closely  dependent  upon  the  presence 
of  the  chyme  in  the  duodenum,  but  the  details  of  this  re- 
lation have  been  worked  out  only  in  very  recent  years  by 
Pawlow  and  his  pu]iils  (see  the  Aiv/iifes  d.  sciences  binhiri. , 
St.  Petersburg).  These  investigations  of  Pawlow,  which 
form  one  of  the  most  marked  advances  in  the  physiology 
of  digestion  of  late  years,  show  that  not  only  does  the 
quantity  of  the  pancreatic  juice  and  the  bile  and  their 
rate  of  secretion  depend  upon  the  presence  of  food  in  the 
digestive  trsxct,  but  also  that  there  is  a  wonderful  adap- 
tation of  the  constituents  of  these  secretions  to  the  char- 
acter of  the  food  to  be  digested.  The  experiments  were 
made  upon  dogs  with  permanent  fistul;^:  a  few  of  the 
more  inqiortant  results  which  are  of  interest  in  this  con- 
nection will  be  noted.  "\Vc  will  begin  with  the  pancre- 
atic juice. 

When  the  stomach  was  empty  and  the  dog  fasting, 
there  was  no  flow  whatever  from  the  pancreatic  duct; 
the  mere  sight  of  food,  however,  caused  some  secre- 
tion, this  being  brought  about  in  ]iart  by  the  entrance 
of  the  acid  gastric  juice  into  the  intestines.  As  soon  as 
food  entereil  the  stomach  an  active  secretion  of  pancreatic 
juice  began:  the  amount  ami  character  of  this  depended 
upon  the  kind  of  food  which  had  l>een  taken.  Thus,  in 
one  experiment  600  c.c.  of  milk  caused  45  c.c.  of  pan- 
creatic jtiiee  to  be  secreted,  while  2.50  gm.  of  bread  causeil 
a  secretion  of  151  c.c.  and  100  gm.  of  meat  a  secretion  of 
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141  c.c.  Examination  of  tlie  ferments  in  tlicso  experi- 
ments sliowed  tliat  in  tlie  pancreatic  juice  secreted  after 
millv  tlie  fat-splitting  ferment  was  very  abundant,  where- 
as b>it  little  was  present  in  that  obtiiined  after  bread;  the 
amylolvtic  ferment  was  present  in  larj^er  qviantities  after 
bread  than  after  meat.  These  differences  in  the  relative 
amounts  of  the  ferments  were  not  proportional  to  the 
differences  in  the  amount  of  the  secretion;  in  fact,  they 
might  occur  in  an  inverse  proportion.  Thus  after  milk 
twice  as  mucli  of  the  fat  splitting  ferment  was  found  as 
after  bread,  although  a  much  larger  amount  of  pancre- 
atic juice  was  obtailied  in  the  latter  case.  After  the  in- 
troduction of  an  emulsion  of  pure  fat  into  the  stomach, 
the  fat-splitting  fei-ment  was  much  increased.  These 
variations  in  th'e  amounts  of  the  ferments  of  the  pancre- 
atic juice  show,  in  a  marked  way,  an  ailaptation  to  the 
kind  of  food  ingested ;  the  secretion  contains  that  ferment 
in  greatest  abundance  which  is  most  needed.  This  regu- 
latfou  is  brought  about  by  the  nervous  system;  the  differ- 
ent constitueiits  of  the  food  stimulate  different  nerve 
endings  in  the  mucous  membrane  of  tlie  alimentary  canal, 
and  thus  cause  reflex  changes  in  the  pancreas  of  such  a 
nature  that  the  secreting  cells  produce  the  ferments  called 
for.  The  nerve  endings  respond  only  to  their  specific 
stimuli,  /.('.,  to  certain  constituents  of  the  food.  Another 
constituent  of  the  chyme  liaving  a  specific  effect  ui^on 
the  secretion  of  the  ixincreatic  juice  is  the  acid  of  the 
gastric  juice;  this  causes  an  increase  in  the  alkalinity  of 
the  pancieatic  juice  as  well  as  an  increase  in  the  amount 
of  fluid  secreted. 

A  similar  series  of  experiments  has  been  carried  out  by 
Bnmo  {Air/iiivs  (I.  sciences  biolorjirpics,  St.  Petersburg, 
1899)  on  the  factors  determining  the  flow  of  bile  into  the 
intestine.  His  chief  results  may  be  sununari/.ed  as  fol- 
lows: 1.  The  rate  of  the  secretion  of  bile  int(j  the  intestine 
is  more  or  less  typical  for  the  various  kinds  of  food.  2. 
the  reaction  of  the  contents  of  the  small  intestine  is  not 
a  factor  in  the  excretion  of  the  bile;  this  is  contrary  to 
the  generally  accepted  view.  The  excretion  of  the  bile 
differs  in  tiiis  respect  from  that  of  the  pancreatic  juice, 
with  which,  as  we  have  seen,  the  reaction  of  the  cliyme 
is  an  important  factor.  8.  Proteid  docs  not  act  as  a 
stimulus  to  the  excretion  of  bile,  although  some  of  the 
products  of  proteid  digestion  do  have  this  action.  4. 
(starch  does  not  stimulate  the  flow  of  bile.  5.  Fat  acts 
as  a  powerful  stimulus  to  the  excretion  of  bile;  it  stimu- 
lates nerve  endings  in  the  gastro-iutestinal  mucous  mem- 
brane, and  thus  causes  a  marked  reflex  excretion  of  bile 
into  the  intestine.     Meat  extract  has  a  similar  effect. 

The  above  experiments  show  that  the  character  of  the 
food  ingested  has  a  remarkable  effect  upon  two  of  the 
secretions  into  the  intestine — the  pancreaiie  juice  and  the 
bile.  The  relation  between  the  food  and  the  third  of 
the  intestinal  secretions— the  succus  entericus — has  not 
l)een  very  thoroughly  studied,  but  the  exjicrimcnts,  as 
far  as  they  go,  show  a  similar  adaptation  of  the  secretion 
to  the  food.  Thus  a  ferment,  lactase,  which  has  the 
power  of  hydrolyzing  milk  sugar,  can  be  extracted  from 
the  mucous  membrane  of  the  intestine  of  some  animals. 
Weinhiud  (Zf Use Ji rift  fiir  Biohxiie,  xxxvii.,  p.  229)  finds 
that  by  feeding  milk  this  ferment  can  be  obtained  from 
animals  (e.g.,  adult  rabbits),  in  which  it  is  not  normally 
present. 

We  may  now  briefly  sketch  the  changes  which  the 
chyme  undergoes  after  it  comes  into  contact  with  these 
secretions;  the  details  of  the  chemical  changes  produced 
by  the  enzymes  are  discussed  elsewhere  in  this  H.\N'Duook 
{;ee  articles  on  Du/est ion ,  Bile,  Enzymes,  etc.).  One  of  the 
first  changes  occurring  in  the  chyme  after  it  enters  the 
duodenum  is  a  change  in  its  reaction.  (In  what  follows  we 
refer  to  the  reaction  which  the  chyme  shows  to  litmus. 
As  is  well  known,  the  same  substance  may  show  an 
alkaline  reaction  with  one  indicatt^r  and  an  acid  reaction 
with  another;  much  confusion  has  arisen  from  writers 
neglecting  to  specify  the  indicator  used.)  The  chyme  of 
the  stomach  has  a  strongly  acid  reaction,  due  largely  to 
the  hydrochloric  acid  of  the  gastric  juice;  all  the  secre- 
tions Into  the  intestine  are  alkaline,  largely  from  the 


presence  of  sodium  carbonate.  The  hydrochloric  acid 
and  the  sodium  carbonate  react  with  the  formation  of 
carbon  dioxide,  water,  and  sodium  chloride.  If  new 
factors  were  not  introduced  the  chyme  would  soon  be- 
come alkaline:  this  was  formerly  universallj'  believed  to 
be  the  case.  But  as  the  hydrochloric  acid  is  neutralized 
other  acids  are  produced,  so  that  the  chyme  has  a  varia- 
ble and  changeable  reaction.  In  fact,  the  reaction  of 
the  contents  of  the  small  intestine  has  been  a  matter  of 
much  dispute  among  physiologists;  this  has  resulted  in 
]iart  from  tlie  fact  that  dift'erent  experimenters  have  used 
different  methods  and  different  animals,  and  in  part  from 
their  neglecting  the  influence  of  food.  The  reaction 
further  varies  in  diffei-ent  layers  of  the  chyme.  At  the 
beginning  of  the  duodenum  it  is  doubtless  acid  through- 
out ;  farther  down,  the  layer  next  to  the  intestinal  wall, 
which  comes  into  more  intimate  contact  with  the  alkaline 
succus  entericus,  bile,  and  pancreatic  juice,  becomes  al- 
kaline while  tiie  central  jiart  is  still  acid.  Finally  toward 
the  end  of  the  small  intestines  the  contents  may  be  neu- 
tral or  alkaline  throughout ;  the  latter,  however,  seldom 
seems  to  be  the  case  in  man — at  least  with  a  mixed  iliet. 
Thus  in  the  patient  studied  by  Macfayden,  Nencki,  and 
Sieber  the  chyme  as  it  escaped  from  the  lower  end  of  the 
ileum  was,  with  an  ordinary  diet,  invariably  acid;  the 
same  has  been  noticed  in  other  cases.  Braune,  for  exani- 
|de.  found  tin-  ehyiiie  as  it  escaped  from  a  fistula  at  tin- 
end  of  the  ileum  to  be  acid;  if.  however,  the  litmus  paper 
were  applied  to  the  wall  of  the  intestine  the  reaction  was 
alkaline.  Cushing  (Johns  Hopkins  Hospital  Bulletin,  x., 
p.  130,  1899)  reports  a  case  of  fistula  of  the  upper  jejunum 
in  which  the  chyme  expelled  was  invariably  acid,  al- 
though it  had  been  mixed  with  the  pancreatic  juice. 
Buseli,  however,  found  the  reaction  to  be  alkaline  in  a 
similar  case.  This  acid  reaction  is  due,  according  to 
^lacfayden,  Nencki,  and  Sieber,  to  organic  acids,  and 
chiefly  to  acetic  acid ;  hydrochloric  acid  is  never  found 
in  the  lower  part  of  the  small  intestine.  This  acid  was 
found  to  be  equivalent  toO.l  percent,  acetic  acid;  besides 
acetic  acid  small  amounts  of  lactic  and  succinic  acids  and 
volatile  fatty  acids  were  found.  These  acids  were  thought 
by  the  above-mentioned  authors  to  be  formed  from  car- 
bohydrates by  liaelerial  dernmposition.  Results  in  entire 
accordance  with  these  have  been  obtained  by  Jankowski. 
The  results  of  the  above  authors  differ  from  those  ob- 
tained by  Moore  and  Hockwood  {.Idiinud  of  P/ii/sinlugi/. 
xxi.,  p.  373,  1897)  in  experiments  upon  lower  animals. 
These  investigators  found  the  reaction  of  the  small  intes- 
tine in  various  clas.ses  of  animals  (dog.  rabbit,  sheep, 
guinea-pig,  etc.)  to  bo  alkaline,  the  alkalinity  increasing 
in  the  lower  part  of  the  intestine.  Fat  in  the  food  of 
earnivora  caused  an  acid  reaction  which  persisted  mitil 
the  lower  third  of  the  intestine  was  reached;  this  acid  re- 
action was.  according  to  !Moore  and  Rockwood,  probably 
due  to  fatty  acids  dissolved  by  the  liile.  A  carboh^-drate 
diet  caused  an  alkaline  reaction  of  the  chyme  in  earnivora 
— a  result  which  would  not  be  expected  if  ^iny  extensive 
formation  of  organic  acids  occurred  from  decomposition 
of  carbohydrates.  Moreover,  the  alkalinity  of  the  chyme 
of  the  herbivora,  which  consume  large  quantities  of  car- 
bohydrates, is  normally  greater  than  that  in  earnivora. 
Tlicsc  results  are  ojiposed  to  the  view  that  normally 
much  bacterial  decomposition  of  carbohydrates  occurs  in 
the  small  intestine.  Jloore  thinks  it  is  doubtful  whether 
the  intestines  in  the  aliove-mentioned  initients  with  fis- 
tula' were  in  a  sufficiently  normal  condition  to  allow  of 
trustworthy  inferences  being  drawn  as  to  the  reaction  in 
the  intestine  of  man  under  ordinary  circunistimces.  As 
regards  the  general  liealtliof  some  of  these  patients,  there 
can  be  no  doubt  that  it  was  entirely  satisfactory ;  in  fact, 
it  seems  to  have  been  much  more  nearly  normal  than  that 
of  some  of  the  dogs  in  which  similar  fistula'  wei'c  made  for 
the  purpose  of  studying  the  reaction  of  the  chyme.  More- 
over, it  is  interesting  to  note  that  when  JIacfayden, 
Nencki,  and  Sieber's  patient  was  given  a  purely  vegeta- 
ble diet  the  reaction  of  the  chyme  became  neutral.  On 
the  whole,  the  evidence  seems  to  be  that  in  man  with  a 
mixed  diet  the  cliyme  is  acid  throughout  the  length  of 
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Ilic  siiiiill  iiitcstini':   the  layer  next  to  the  wiills  is  doubt- 
less alkaliiK'. 

\Vheii  th('  ehymi'  of  the  stoiiiaeh  comes  into  eoiitaet 
with  tlie  liile  in  the  duodenum,  eertiun  eonstilueiits  of 
eaeli  are  preei]iitated.  Tluis  some  of  the  produi-ts  of  the 
j;astrie  digestion  of  [iroteids  (syntonin  and  iie|iloiie)  are 
luore  or  less  eom]iletely  preeipitated  by  the  bile  salts; 
these  preeipitated  iiroteids  adhere  to  the  intestinal  walls, 
and  are  conseiiuently  lonijer  subjeeted  to  the  aelion  of 
iIk'  panereatie  juice  than  tlicy  would  l)e  if  they  remained 
in  solution.  'I'iic  nnuin  of  the  bile  is  precipilali'd,  .as  are 
also  the  bilirubin  and  choli'Sterin  and  j;lycocholic  acid ; 
these  forma  thick,  resinous,  colored  coatinj;  of  the  mu- 
cous membrane.  The  pepsin  is  carried  down  with  these 
lueeiiiitates,  and  as  bile  has.  independently  of  this  prc- 
eipilalini;  action,  a  retarding  intluence  upon  peptic  diges- 
tion, the  latter  cea.ses;  as  soon  as  this  mi.xtvuc  becomes 
alkaline  the  jiepsin  is  destroyed.  The  tryptic  digestion 
of  the  protcids  now  begins;  the  solid  fragments  of  meat, 
etc.,  are  eroded  and  tbc  ]iroteid  eonverli-d,  apparently 
direetlv,  into  denlero-albumose.  Primary  albumoses, 
■svieh  as  are  formed  in  peptic  digestion,  do  not  seem  to  be 
formed  at  all  in  tryptic  digcstiou.  There  is  some  doubl 
as  to  how  far  the  tryptic  digestion  of  lu-oteids  is  carried 
in  the  small  intestine.  When  protcids  are  subjected  to 
the  action  of  panereatie  juice  outside  of  the  body,  not 
only  is  pe|itone  formed,  but  some  of  this  is  broken  up 
into  crystalline  compounds  of  much  simpler  com|)0.si- 
tion;  among  these  latter  are  lencin.  tyrosin.  aspartie  and 
glutamic  acids.  Macfayden.  Xeneki,  and  8ieber  found 
neither  leucin  nor  tyrosin  in  the  chyme  of  ihe  person 
uiion  whom  they  experimented;  they  think  that  if  these 
compounds  are  formed  in  the  small  intestine  at  all,  tlu'ir 
amount  must  be  very  small  and  their  absorption  very 
rapid. 

Fats,  when  they  enter  the  duodenum  from  the  stomach, 
ari'  in  the  form"  of  large  drops.  The  paucre-atie  juice 
sjdits  the  fat  (or  at  least  a  part  of  it)  into  fatty  acid  and 
glycerin ;  the  former  may  be  dissolved  by  the  bile  or  may 
unite  with  alkalies  to  form  soaps.  When  fat,  soaps,  and 
alkalies  (such  as  are  present  in  the  bile  and  pancreatic 
and  intestinal  juices)  are  brought  together  an  emulsion 
results.  The  conditions  in  the  intestine  are  favorable  for 
the  formation  of  an  emulsion,  and,  in  fact,  the  fat  of  the 
ehvme  is  usually  iuastale  of  tineemulsion.  Thischange 
in  the  condition' of  the  fat,  brought  about  by  the  bile  and 
jiancrcatic  jviice.  aided,  perhaps,  by  the  peristaltic  con- 
tractions of  the  small  intestines,  causes  a  change  in  the 
appearance  of  the  chyme ;  it  now  becomes  a  creamy-look- 
ing fluid.  Although"  the  fats  are  usually  emulsitied,  this 
is  riot  always  the  ease,  and  it  does  not  seem  necessary  for 
their  absorption ;  there  can  be  no  doubt,  however,  that 
their  absorption  is  rendered  much  more  easy  and  rapid 
when  they  are  emulsitied.  What  proportion  of  the  fat 
is  broken  "up  into  fatty  acid  and  glycerin  in  the  small 
intestine  is  not  known.  The  earlier  investigators  thought 
that  only  a  very  small  amount  of  fatty  aeiil  was  formed, 
but  this  view  rested  upon  insufficient  evidence;  some 
now  hold  that  practically  all  the  fat  is  decomposed  into 
fatty  acids,  ami  that  they  are  absorbed  cither  in  this  form 
or  after  they  have  combined  with  alkalies  to  form  .soaps. 
It  is  also  not  known  to  what  extent  soajis  are  formed  in 
the  small  intestine;  the  fact  that  very  little  soap  can  be 
obtained  from  the  chyme  at  any  one  time  has  led  to  the 
view  that  it  is  not  formed  to  any  great  extent.  Others 
maintain,  however,  that  the  reason  why  so  little  soap  is 
found  is  that  it  is  absorbed  almost  as  rapidly  as  it  is 
formed;  according  to  these,  it  is  converted  into  neutral 
fat  as  it  passes  through  the  villi,  and  appears  in  the  chyle 
in  this  form.  In  any  case  very  little  soap  is  found  in  the 
lacteals. 

In  whatever  way  the  fats  are  absorbed,  whether  as 
an  emulsion  as  is  generally  believed,  or  as  fatty  acids  and 
soaps  as  some  recent  writers  maintain,  it  slowly  disjip- 
pears  from  the  chyme,  and  all  observers  are  agrted  that 
the  pancreatic  juice  and  bile  play  an  important  role  in  its 
absorption.  After  removal  of  the  pancreas,  or  oeclusi<in 
of  its  duct,  the  amoiuit  of  fat  absorbed  is  sreatlv  dimin- 


ished, and  exactly  the  same  result  is  observed  when  the 
bile  is  iircvcnicd  from  reaching  the  small  inlcsline. 

Much  of  the  starch  disa]ipears  from  the  chyme  under 
the  inlluenceof  the  panereatie  juice;  it  is  converted,  with 
the  formation  of  certain  intermediate  products,  into  sugar, 
which  is  then  absorbed.  The  succusentericus  may  have 
an  action  u]ion  carbohydrates  similar  to.  but  much  les.s 
powerful  than,  that  of  the  iiancreatic  juice.  Cane  sugar 
is  inverted  by  the  sneens  entericus  and  the  invert  sugar 
absorbed.  The  decomposition  of  starch  isoften  not  very 
complete,  so  that  some  of  it.  or  of  one  of  its  decomiiosi- 
tion  products,  dextrin,  may  be  obtained  from  the  lower 
part  of  the  small  intestine  or  from  the  large  intestine. 

Besides  the  changes  produced  in  the  chyme  by  the  in- 
testinal secretions  there  are  others  caused  by  the  action 
of  bacteria;  there  is  con.siderable  difTerence  of  opinion  as 
to  the  extent  and  imporlance  of  these  latter  changes.  It 
has  even  been  sup]io>ed  that  the  changes  produceil  in  the 
small  intestine  by  liacteria  are  essential  to  life,  but  this 
view  has  been  shown  to  be  erroneous  by  the  experiments 
of  Nuttall  and  TXnnMdvy  {Zeilxchrift  fiir  iihiixiot.  Vliiiii., 
xxi.,  p.  109,  189.J,  and  xxii.,  p.  02,  IS'.iti),  These  authors 
removed  guinea-pigs  fnmi  the  uterus  by  Ca'sarean  section 
under  strict  aseptic  precautions;  the  animals  were  then 
k<'pt  in  an  aseptic  chamber  and  fed  upon  sterilized  food. 
The  guinea-jiigs  lived  and  did  as  well  as  normal  ones  fed 
on  a  similar  diet.  The  alimentary  canal  was  found  to 
be  entirely  free  from  bacteria  of  any  kind. 

The  most  elaViorate  studies  on  the  bacteria  of  the  small 
intestine  were  made  by  Macfayden.  Nencki.  and  Siel)er. 
A  number  of  bacteria  were  isolated  by  these  investigators 
from  th<,'  chyme  as  it  escaped  from  the  lower  end  of  the 
ileum;  the  Hi u-a  varied  considerably  from  time  to  time 
and  with  change  of  diet.  Xo  bacteria  were  discovered 
which  seemed  to  be  specially  bound  to  and  constantly 
found  in  the  small  intestine,  as  is  the  case,  for  example, 
with  the  bacillus  coli  communis  in  the  large  intestine. 
"One  characteristic  mark,  however,  for  the  bacteria  of 
the  small  intestine  is  this — that  by  preference,  so  to  say, 
they  ilecompose  carbohydrates  and  not  protcids."  None 
of  the  characteristic  products  of  the  bacterial  decomposi- 
tion of  protcids  (indol,  skatol.  phenol,  etc.)  could  be 
found;  acetic,  lactic,  succinic,  and  butyric  acids,  ethyl 
alcohol,  and  other  products  of  theaclion  of  baeteriaupon 
carbohydrates  were  isolated.  The  organic  acids  seemed 
to  prevent  the  putrefaction  of  the  protcids.  The  bac- 
teria and  other  micro-organisms  attack  not  only  the  sugar, 
but  also  starch  and  cellulose;  in  addition  to  the  organic 
acitls.  carbon  dioxide  and  hydrogen  are  formeil  in  consid- 
erable (luantities  as  a  result  of  this  action.  The  relative 
amounts  of  these  gases  are  determined  in  part  by  the 
kind  of  food,  in  part  by  the  relative  activity  of  the  vari- 
ous micro-organisms.  With  a  leguminous  diet  hydrogen 
is  formed  in  large  quantities;  the  same  is  true  when  Ihe 
butyric-acid  fermentation  predominates.  In  other  cases 
the  amount  of  hydrogen  may  be  very  small;  thus  there 
was  found  in  the  small  intestine  of  an  executetl  criminal 
twenty-eight  per  cent,  of  carbon  dioxide,  sixty-eight  per 
cent,  of  nitrogen  (and  oxygen),  and  only  four  per  cent, 
of  hydrogen.  "  Marsh  gas  is  also  present  at  times  in  large 
amountsT  this  is  especially  abundant  in  the  inlestines  of 
herbivora.  which  consume  large  amounts  of  cellulose. 

From  the  moment  when  the  chyme  enters  the  duode- 
num until  it  passes  into  the  large"intestine  its  comiio.si- 
tion  is  being  altered  by  the  absorption,  through  the  walls 
of  the  intestines,  of  some  of  its  constit\ients.  The  rate 
and  extent  of  absorption  are  dependent  U]ion  the  charac- 
ter of  the  food  and  the  time  during  which  it  remains  in 
the  small  intestine.  All  the  forms  of  food  stulTs  are  ab- 
sorbed from  the  small  intestine,  but  they  do  not  all  take 
the  same  path;  carbohydrates,  protcids,  salts,  and  other 
soluble  constituents  pass  into  the  blood-vessels  while  the 
fats  are  taken  up  by  the  lacteals.  Under  normal  condi- 
tions the  absorption  in  the  small  intestine  is  so  complete 
that  the  ehvme  as  it  leaves  the  ileum  has  largely  lost  its 
nutritive  value;  ^Macfayden,  Nencki.  and  Sieber.  for 
example,  found  the  chyiiie  at  the  lower  end  of  the  ileum 
to  contain  less  than  one  percent,  of  albumin  and  from  0.3 
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tn  4.75  per  cent,  of  sugar.  Some  of  tlie  constituents  of 
the  secretions  poured  into  tlie  small  intestine  are  reab- 
sorbed bv  it;  the  best-known  case  of  this  kind  is  the  re- 
absorption  of  the  bile  salts.  Some  of  the  water  is  also 
reabsorbed,  but  most  of  this  reaches  the  large  intestine 
and  is  absorbed  there.  The  completeness  of  the  absorp- 
tion of  the  food  in  the  small  intestine  is  sliowu  by  the 
fact  that  patients  with  intestinal  tistuhv  through  which 
the  contents  escaped  willioul  reaching  the  large  intestine 
liavc  remained  in  a  condition  of  goo<l  nutrition  for  years. 
The  patient  of  Jankowski.  for  e.vample,  had  had  a  fistula 
at  the  lower  end  of  the  ileum  for  thirty  five  years  and 
had  remained  in  good  health;  the  large  intestine  was 
found  atrophied  from  theciccum  to  the  rectum.  Similar 
cases  have  been  rcjioi-ti'd  by  others,  and  the  same  results 
obtained  in  experiments  on  animals.  Harley  (Proc.  Roy. 
Soc.,  London.  64,  p.  a.")5)  removed  the  entire  large  intestine 
from  dogs  and  found  that  they  did  not  suffer  from  mal- 
nutrition; on  tlie  contrary,  they  gained  weight. 

While  all  of  the  food -stuffs  are  absorlied  to  a  greater  or 
less  extent  by  the  small  intestines,  some  authors  state 
that  one  kind"  (proteids,  for  example),  others,  that  other 
kinds  (fats  or  carbohydrates)  are  best  absorbed.  These 
differences  seem  to  d'ci^end  upon  the  form  in  whicli  the 
food  is  given  rather  than  upon  its  chemical  composition. 
In  the  experiments  of  Harley  removal  of  the  large  intes- 
tine had  no  effect  upon  the  absorption  of  fats  and  carbo- 
hydrates ;  that  of  proteids  was  decreased  by  ten  per  cent. 
The  completeness  of  the  absorjition  of  iiroteid  from  the 
small  intestine  may  be  illustrated  hy  the  following  figures 
from  Macfaydcn.  Nencki,  and  Sieiier.  Food  containing 
10.6  gm.  of  nitrogen  was  given  tlic  jiatient ;  only  1.6  gm. 
of  nitrogen  was  found  in  the  iiipud  escaping  from  the 
fistula  in  the  next  twenty-four  hours.  Thus,  about  six- 
sevenths  of  the  proteids  had  been  absorbeil  by  tlie  stom- 
ach and  small  intestine.  That  a  large  amount  of  jiroteid 
may  be  absorbed  from  the  upper  jiart  of  the  small  intes- 
tine (and  stomach)  is  shown  by  the  observation  of  Buseh 
upon  a  patient  who  had  a  fistula  near  the  lower  end  of 
the  duodenum;  five cigliths  of  the  alliumin  and  two- 
thirds  of  the  gelatin  given  by  the  mouth  were  absorbed 
by  this  small  part  of  the  alimentary  tract.  In  the  case 
reported  by  Cnshing,  however,  in  which  the  fistula  was 
also  in  the  upper  part  of  the  jejunum,  the  ]iatient  suf- 
fered extremely  in  nutrition,  not,  liowever,  from  any 
inability  on  the  part  of  the  mucous  membrane  to  absorb 
the  food,  but  because  the  peristaltic  contractions  were  so 
powerful  that  the  food  did  not  remain  in  the  intestine 
long  enough  for  mncli  absoriition  to  take  place;  if  fofid 
of  such  a  character  was  given  tliat  it  did  not  escape  easily 
from  the  fistula  but  occluded  the  opening,  then  consider- 
able absorption  occurred.  In  all  cases  the  extent  of  ab- 
sorption is  determined  in  part  liy  the  time  during  which 
the  chyme  remains  in  the  small  intestine,  and  this  in  turn 
is  determined  to  some  extent  by  the  composition  of  the 
eliyme.  Chyme  is,  in  fact,  the  normal  stimulus  to  the 
movements  of  the  small  intestiiu';  when  it  contains  ab- 
normal constituents,  or  certain  normal  ones  (such  as  cel- 
lulose and  organic  acids)  in  excessive  amounts,  it  may 
so  stimulate  peristalsis  that  the  contents  of  the  small  in- 
testine are  expelled  before  much  absorption  has  taken 
place.  The  time  during  which  the  chyme  normally  le- 
mains  in  the  small  intestine  was  investigated  b_y  Mac- 
fayden,  Nencki,  and  Sieber;  boiled  unmashed  green  peas 
(which  escaped  from  the  small  intestine  uncliatged)  or 
salol  (which  can  be  easily  dctec'ted  by  its  chemical  reac- 
tions) were  given  to  the  patient,  and  the  time  at  which 
they  were  found  in  the  liquid  escai>ing  from  the  fistula 
observed.  It  was  found  that  at  least  two  hours  elapsed 
before  these  substances  appeared  at  the  opening  of  the 
fistula,  and  that  they  continued  to  be  discharged  for  nine 
to  fourteen  hours.  The  passage  of  the  food  mass  from 
the  ileum  to  the  c;ecum  was  a  constant  one.  During  tlie 
night  it  sank  to  a  minimum,  probably  because  the  patient 
received  only  a  stimulant  now,  whereas  during  the  day 
she  broke  her  fast  five  times.  The  evacuation  took  place 
without  the  patient  being  conscious  of  the  act. 

Ixi'id  limit. 


CIBOTIUM. — I'eiigJiaicar-DJiimhi.  The  hairy  mass  ob- 
tained from  tlie  rhizomes  and  stipes  of  Cihotium  Djam- 
hiciuiiiii  Hook,  and  some  other  large  ferns  of  tropical 
Asia  and  Polynesia.  Besides  a  very  extensive  use  in 
mattress  stufting  and  similar  work,  this  substance  has 
been  considerablv  employed  as  a  ha?mostatic.  Although 
the  juice  of  the  rhizome  is  astringent  and  styptic,  the 
cibotium  appears  to  act  in  a  purely  mechanical  way.  like 
lint.  In  ordinary  surgery  we  have  many  ineferable 
agents,  but  these  natural  substitutes  should  be  known  to 
ail  army  surgeons  and  others  likely  to  require  them  in 
extreme  cases.  Henry  11.  Riistiy. 

CICATRIX. — (Synonyms:  Cicatrice,  scar;  Lat.,  cicn- 
tn'.i- :  Ger. .  yai-hi' ;  Fr.,  cicntiice.)  The  new  tissue 
formed  in  the  healing  of  \\  ounds,  or  during  the  process 
of  repair  of  loss  of  substance  by  disease  or  injury,  is  a 
cicatrix. 

Old  cicatrices  are  usually  whiter  than  the  normal  skin, 
but  may  be  pink  or  bluish,  and  are  often  pigmented. 
Usually  depi'cssed,  smooth,  and  glistening,  they  may  be 
elevated,  or,  more  rarely,  on  a  level  with  tlie  surrounding 
skin.  Pigmentation  is  found  especially  in  the  cicatrices 
of  chronic  and  syphilitic  ulcers,  or  when  pigments  or 
liarticles  of  coal  or  gunpowder  have  been  left  embedded 
in  the  skin. 

Once  fully  formed,  cicatrices  are  a  permanent  part  of 
the  body,  growing  with  its  growth,  so  tliat.  if  they  occur 
of  a  certain  relative  size  in  a  child,  this  relation  will  be 
found  to  persist  in  the  adult.  Small  cicatrices  occasion- 
ally entirely  disajipear,  but  this  never  happens  when  the 
cicatricial  ti.ssuc  is  at  all  abundant.  Cicatrices  are  thus 
of  great  importance  in  establishing  identity.  They  also 
frequently  furnish  reliable  information  of  previous  dis- 
ease, as  in  the  case  of  cicatrices  following  syphilitic 
lesions  of  the  skin,  suppurating  bubo,  or  suppurating 
joint  diseases. 

The  structure  of  cicatrices  is  the  same  in  all  parts  of 
the  body.  When  a  wound  of  skin  and  subcutaneous 
connective  tissue  has  just  healed,  the  young  cicatrix  is 
redder,  lirmcr.  less  ])liiible  and  yielding  than  the  sur- 
rouiuling  (larts.  It  may  be  on  a  level  with  the  adjacent 
skin,  or  clevatcil  above,  or  depressed  below  it.  Its  shape 
and  size  depend  chielly  on  those  of  the  original  gap  in 
the  tissues  which  it  fills  in.  The  new  scar  is  composed 
of  granulation  tissue  or  embryonic  connective  tissue  cov- 
ered by  a  thin  iiellicle  of  epithelium.  It  contains  no 
papilhe,  nerves,  lymphatics,  muscle,  or  glandular  tissue. 
In  most  eases  the  epithelial  cells  have  been  derived  from 
the  retc  Malpighii  of  the  surrounding  skin.  During  the 
process  of  cicatrization  its  cells  form  new  nuclei,  and  in- 
crease in  size  and  number,  and  send  out  ei)idermal  wan- 
dering cells.  These  wandering  cells  spread  over  the 
granulations  of  the  wound,  forming  a  delicate  epithelial 
membrane  that  gradually  diminishes  in  thickness  toward 
the  middle  of  the  wound.  This  transparent,  gli.sfening 
pellicle  can  alrimst  always  be  seen  to  spread  inward  on 
all  siiles  from  the  edges  of  the  wound.  But  it  is  some- 
times oliserved  to  advance  ccntrifugally  from  an  "island  " 
of  epifheliuin  in  the  midst  of  the  wound.  Usually  the 
cells  originate  from  sweat  glands,  sebaceous  follicles,  or 
epidermis  that  have  survived  the  original  injury.  Some- 
times tliey  are  derived  from  new  cells  scattered  on  the 
granulating  surface  by  design,  as  l)_y  the  application  of 
skin  grafts,  or  by  accident,  the  cells  falling  unobserved 
on  the  wound  while  the  dressings  are  removed.  Bcncatli 
this  pellicle,  numerous  .small  polygonal  nucleated  cells, 
separated  by  soft  transparent  or  granular  intercellular 
substance,  are  irregularly  arranged  in  the  meshes  of  em- 
bryonic blood-vessels.  The  cells  are  either  white  blood 
ceils  or  connective-tissue  cells.  The  blood-vessels  are 
derived  from  tliose  of  the  adjoining  part  bv  the  chan- 
nelling of  protoplasmic  sprouts.  The  tendency  of  tliis 
tissue  is  to  develop  into  the  white  filirous  tissue  found  in 
old  cicatrices.  Many  of  the  young  cells  are  destroyed 
■in  this  process;  the  rest  become  at  first  spindle-shajied, 
and  finally  acquire  the  characters  of  conuective-ti.ssue 
cells.     The  intercelhilar  substance,  at  first  not  very  abun- 
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daiit.  becomes  fibrilliir  mid  separates  tlie  remaiiiins  rpUs 
more  widely.  The  wlioleeieatri.v  is  now  denserund  drier 
tlimi  iit  tirsl.  Then  the  tibriUar  iiitereelluhir  svihslanee 
contracts  anil  condenses  still  further,  tlie  process  only 
terniinatinu;  when  dense  white  tibrous  tissue  is  formed. 
The  contraction  jjulls  on  the  neishborinj,'  (larls,  ciuisinij 
more  or  less  wrinklini;  near  the  sear  and  drawiuf;  the  ad- 
jacent tissues  from  their  phu'es.  The  blood-vessels  also 
underud  chantres.  Many  of  them  disajipear  entirely, 
and  those  which  persist  form  a  delicate  anastomosinj; 
network  of  capillaries  and  small  vessels  communicating; 
with  those  in  the  normal  tissues  on  all  sides  of  the  cica- 
trix. The  whole  jirocess  is  analogous  to  the  development 
of  embryonic  tissue  into  adult  connective  tissue.  In 
course  of  time,  the  cicatri.\  becomes  loosened  from  its 
adhesions  by  tlie  formation  of  adipose  tissue  beneath  it. 
It  lieeonies  llc.xible,  pliable,  and  easily  movable,  losing 
ils  adhesions  to  fascia'  and  bone  in  many  I'ases.  Lym- 
phatics and  nerves  also  reappear,  an<l  in  old  cicatrices 
there  are  sometimes  found  a  few  elastic  tibres.  But 
cicatrices  never  contain  hair,  papilla>,  sweat  glands,  or 
sebaceous  follicles,  except  when  they  remain  from  the 
original  tissue,  not  having  been  destroyed  by  the  injury 
or  disease  that  has  iircceded  the  cicatricial  process.  Cica- 
trices of  mucous  membranes  are  similar  to  those  of  the 
sUui.  They  are  minv  apt  to  be  the  cause  of  serious  trou- 
ble im  account  of  the  greater  frequency  of  damaging 
contractions,  jiroducing  strictures  of  the  mucous  tubes, 
as  of  the  a'sophagus  or  urethra.  Cicatrices  of  the  glands 
are  composeil  of  tibrous  tissue.  Wounds  of  nerves  and 
muscle  are  at  first  united  by  cicatricial  tissue,  but  regen- 
eration often  occurs  in  these  tissues  under  favorable  cir- 
cumstances. 

('icatric<'S  produce  certain  changes  in  adjoining  parts 
of  the  body,  and  are  liable  to  defects  and  diseases. 

The  amount  of  contraetiou  depends  on  the  quantity  of 
new  cicatricial  tissue  and  the  resistance  of  the  ueiglibor- 
iug  jiarts.  Woimds  healed  by  first  intention  are  followed 
by  much  less  shrinking  than  when  allowed  to  granulate 
and  suppurate.  Tlie  cicatrices  of  burns  and  .scalds, 
■wounds  in  the  flexures  of  joints,  and  lacerated  wounds 
usually  iiroduce  the  greatest  deformities.  The  remark- 
able contractions  that  follow  burns  are  due  not  to  any 
pcculiarilies  in  the  structure  of  the  cicatrix,  but  to  the 
great  amount  of  new  tissue  and  the  facility  with  which 
the  surrounding  tissue  yields.  Slight  contractions  at  the 
flexures  of  joints  may  seriously  interfere  with  their  func- 
tions and  greatly  impair  the  usefulness  of  the  limb.  In 
many  cases  disfiguring  and  disabling  contractures  follow 
burns  and  wounds  treated  with  the  utmost  care.  Tliey 
are  only  to  be  avoided  by  securing,  where  possible,  the 
primary  union  of  the  wound.  Cicatrization  must  be 
liastened  by  the  application  of  skin  grafts,  and  by  careful 
attention  to  bring  about  the  most  rapid  healing  of  the 
wound  pos.sible  under  the  circumstances.  Splints  and 
bandages  arc  sometimes  of  service  in  preventing  deform- 
ities, if  properly  employed  during  and  after  cicatrization. 
But  untoward  results  occasionally  are  seen,  contraction 
beginning  when  the  apparatus  is  laid  aside,  weeks  or 
months  after  the  completion  of  cicatrization.  Or  the 
wound  may  remain  obstinately  open  while  contraction  is 
prevented,  and  healing  will  occur  only  at  the  expense  of 
more  or  less  extensive  deformity.  For  the  relief  of  de- 
formities resulting  from  cicatricial  contractions,  appara- 
tus may  be  used  to  stretch  the  scar,  or  various  operations 
may  be  ]ierformed. 

Weak  cicatrices  are  freiiuently  found  when,  during 
cicatrization,  the  granulations  have  been  inflamed  or  i>ale 
and  tlabby.  They  are  most  common  in  the  lower  ex- 
tremities and  over  the  subcutaneous  bones. 

Cicatricial  bands  and  masses  may  do  serious  damage 
•when  they  contain  or  compress  important  vessels  or 
nerves.  Obstinate  nxiema  of  parts  sujiplied  by  the 
blood-vessels  may  follow.  Impaired  motion  and  sensji- 
tion  sometimes  occur  when  nerve  trunks  are  compressed 
by  cicatricial  tissue.  The  only  remedy  is  to  dissect  out 
the  fiattenetl  nerve  from  the  dense  cicatrix,  hoping  Ihat 
it  ma.v  be  subject  to  less  pressure  in  its  new  position. 


When  nerves  are  divided  and  their  ends  containcil  in 
cicatrices,  besides  the  loss  of  motion  and  sensation  the 
cicatrix  is  apt  to  be  painful.  The  nerves  are  sometimes 
found  to  lie  bulbous,  or  the  seat  of  fibrous  degeneration. 
Here  a  portion  of  the  nerve  may  be  excised,  or  the  ends 
dissected  out  of  the  cicatrix  and  sutured  togetlier. 

Cicatrices  also  sufler  fiom  inrtanimation,  wounds,  con- 
tusions, and  tumors. 

Infiammation  occurs  in  the  same  way  as  in  other  con- 
nective tissue'.  Abscess  often  occurs  in  recent  cicatrices 
as  a  result  of  retention  of  some  foreign  body,  or  of  infec- 
tion. 

Wounds  of  cicatrices  usually  heal  n'adily. 

Cicatrices  sometimes  undergo  degenerative  changes, 
leading  to  the  formation  of  elevated,  scaly,  itching  imd- 
iiUs,  called  keloid.  This  is  a  fibrous  or  fibro-ccllular 
luiuor,  often  of  a  pink  color.  The  only  treatment  is  ex- 
cision, anil  the  keloid  is  very  apt  to  recur.  It  follows 
even  slight  cicatrices — for  example,  tho.se  of  acne  and 
chickenpox.  It  is  more  frequent,  however,  in  cicatrices 
of  burns  and  lacerated  wountls. 

Carcinoma  of  cicatrices  may  be  either  primary  or  sec- 
onilarv. 

Primary  carcinoma  is  usually  of  the  epithelioma  vari- 
ety. Itoccursniost  commonly  in  cicatrices  situated  ovi'r 
bones,  and  following  burns  and  gunshot  wounds.  It 
usually  appears  in  cicatrices  that  liave  been  much  irri- 
tated or  exposed  to  pressure  and  ulcerated,  and  [U'cseuts 
no  unusual  |>lienomena. 

Secondary  carcinoma  in  cicatrices  usually  develops  in 
three  weeks  or  six  months  from  the  time  of  operation. 
It  may  appear  in  the  cicatricial  tissue,  but  usually  in 
nodules  in  the  subjacent  or  surrounding  connective 
tissue. 

Sarcoma  is  also  found  occasionallj'  in  cicatrices. 

W7n.  G.  Le  Boutillier. 

CICUTA  AND  CICUTOXIN.     See  Poisonous  Plants. 

CIENEGA  (.Manantiales  de  la). — These  springs  are  sit- 
uated in  the  low  grounds  between  Sisal  and  Campeche. 
They  arc  said  to  contain  large  quantities  of  iron. 

JV.  /.  Pojice  de  Leon. 

CIENEGA  DE  MATA.— These  springs,  situated  in  the 
district  of  .liniciHZ.  Chihuahua,  Mexico,  are  employed  in 
the  treatment  of  rheumatism.         A'.  ./.  Ponce  de  Leon. 

Cm\CiFVG\.— Black-  Snakemot.  Black  Colwsh.  "The 
rhizome  and  rootsof  Cinncifi/ga  racemom  (L.)  Nutt.  (fain. 
Ptiiiiaiciilaciij)"  (L'.  S.  P.).  This  is  a  large,  perennial 
herb,  with  slender,  upright  stems,  from  one  to  two  and  a 
half  metres  high,  smooth  and  cylindrical;  they  bear  two 
or  three  tcrnately  compound  leaves,  the  lower  very  large, 
twice  or  thrice  pinnate;  the  upper  ones  successively 
smaller  and  more  simple ;  leaflets  pointed,  serrate,  ovate, 
or  more  or  less  three-lobed.  Inflorescence  of  one  or  sev- 
eral long,  slender,  upright,  cylindrical  racemes  ('25  to  .50 
cm.  long).  Flowers  very  numerous,  .something  over  a 
centimetre  across,  consisting  of  four  white,  concave  sep- 
als, which  drop  as  they  expand,  very  numerous,  free, 
slender,  spreading  stamens,  and  a  single,  one-celled, 
ovoid  pistil,  containing  several  ovules.  Petals  none,  a 
few  of  the  outer  stamens  somewhat  petaloid. 

Cimicifuga  is  a  common  American  plant,  growing  in 
Canada  and  in  most  of  the  L'nited  States.  It  is  collected 
in  various  jiarts  of  the  country,  and  has  been  used  as  a 
medicine  for  nearly  a  century. 

The  ofiicial  description  of  the  dried  rhizome  is  as 
follows;  "Horizontal,  hard,  2  in.  (5  cm.)  or  more  long, 
about  1  in,  (^.j  mm.)  thick,  with  numerous,  stout,  up- 
right, or  curved  branches,  each  terminated  by  a  cup- 
shaped  scar,  and  with  numerous  wiry,  brittle,  obtu.sely 
quadrangular  roots,  about  one-twelfth  of  an  inch  Ci  mm.) 
thick;  tiie  whole  brownish  black,  nearly  ino<lorous,  and 
having  a  bitter,  acrid  taste.  Rhizome  and  branches  have 
a  smooth  fracture,  with  a  large  pith,  surrounded  by 
numerous  sublinear,  whitish  wood  ravs,  and  a  thin,  firm 
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bark.  The  roots  break  with  a  sliort  fracture,  hare  a 
thick  bark,  and  contain  a  ligneous  cord  brandling  into 
three  or  four  lays."  Cimicifuga,  it  is  said,  shoukl  be 
coUected  in  the  autumn ;  it  sliouki  be  used  moderately 
fresh,  as  it  grows  much  less  active  with  the  lapse  of  time. 

Composition. — Not  satisfactorily  determined:  stareh, 
stigai:  gum.  resi/i.  which  were  early  recognized,  are  com- 
mon vegetable  derivatives,  and  found  in  most  plants. 
C'ouard  "obtained  a  neutral,  crystalline,  very  acrid  sub- 
stance (allied  pcrliajis  to  antmonin).  Trimble,  working 
more  recently,  was  unable  to  get  Couard's  crystals,  but 
obtained  an" acrid,  amorphous  substance.  No  alkaloid 
appears  to  be  present,  unless  Couard's  crystalline  sub- 
stance proves  to  be  such,  as  surmised  by  Jlr.  Falck,  who, 
in  1884,  obtained  it  from  the  fresh  rhizome. 

Action  .vnd  Use. — There  is  no  question  that  recently 
dried,  or.  still  better,  fresh,  cimicifuga  is  an  active  sub- 
stance. Vomiting,  diarrhoea,  and  cardiac  depression  are 
caused  by  large  doses;  faintness,  restlessness,  and  dizzi- 
ness, foul  breath,  and  dryness  of  the  pharynx  are  com- 
mon results.  Smaller  doses  are  said  to  be  tonic,  to  im- 
prove the  appetite  and  digestion,  and  to  .strengthen  the 
heart's  action.  It  is  reputed  to  be  aphrodisiac  and  ecbolic, 
but  is  not  at  all  reliable  in  these  directions.  The  most 
important  and  acknowledged  uses  of  cimicifuga  are. 
however,  established  empiikally.  It  has  for  many  years 
had  a  reputation  in  chorea,  and  is  generally  believed  to 
be  useful  in  that  obstinate  disease.  It  is  also  given  in 
chronic  rheumatism,  and  occasionally  in  pulmonary  trou- 
bles. 

The  official  extract  is  given  in  doses  of  .06  to  .5  gm. 
(gr.  i.  toviij.);  the  fluid  extract,  3  to  4  c.c.  (fl.  3  ss,  toi,); 
the  twentv-per-cent,  tincture,  2  to  8  c.c.  (fl.  3  ss.  to  ij.). 

W.  P.  Bolles. 

CINCHONA. — In  use.  this  wonl  has  three  distinct  sig- 
nifications, differing  in  their  comprehensiveness. 

Cincliona  L.  is  a  genus  of  some  forty  species  of  trees 
or  shrubs  of  the  tamWy  Ruhifirnv.  natives  of  the  eastern 
slope  of  the  Andes,  from  Southern  Bolivia  northward, 
many  of  them  destitute  of  medicinal  properties,  others  so 
inferior  as  not  to  be  in  use, 

Clnehona,  Quina,  Quinquinn.  and  Pemrinn  Bark,  in 
materia  medica,  are  names  applied  to  the  barks  of  many 
of  the  above-mentioned  species,  and  to  at  least  one  of  an- 
other genus,  which  contain  active  alkaloids.  The  most 
of  these  barks  are  so  weak  and  inferior  that  their  use  is 
to  be  discouraged,  and  mention  of  them  is  deferred  until 
the  close  of  this  article. 

Cinchoiifi  and  Cinrhonn  Surcirtibn.  U.  S.  P..  are  the 
official  names  of  a  few  of  these  barks  which  reach  a  cer- 
tain standard  of  alkaloidal  excellence,  and  ihese  will  now 
be  separately  considered. 

Cinchona  Calis.\y.\,  Yellow  Bark. 

"The  hark  of  Cincliona  Calisai/a  Weddell.  Cinchona 
o_lticinfilis  Linne,  and  of  hybrids  of  these  and  of  other  spe- 
cies of  Cincliona  (nat.  ord.  Rubiaetit),  yielding  not  less 
than  five  per  cent,  of  total  alkaloids,  and  at  least  2.5  per 
cent,  of  cjuinine  "  (U.  S.  P.). 

A  thorough  knowledge  of  cinchona,  even  of  its  thera- 
peutics, calls  for  a  perfect  untlerstanding  of  this  defini- 
tion. The  name  C.  Leilgeriana  Moens  should  precede 
"C.  Calisaya."  It  wasomitted  by  the  Pharmacopoeia  re- 
visers in  the  belief  that  it  was  but  a  variety  of  the  latter, 
but  there  is  little  doubt  that  the  two  are  distinct  species, 
and  the  Ledger  bark  is  by  far  the  richest  known.  The 
bark  of  C.  officinalis,  which  will  be  considered  in  our  sup- 
plementary notes,  never  attains  to  the  official  standard, 
but  is  included  because  some  rich  hybrid  barks  are  of  its 
parentage.  C.  Ledgeriana  and  C.  Cali.sa>/a  originated  in 
Northern  Bolivia  and  Southern  Peru,  at  an  elevation  of 
2,.500  to  6,000  feet.  The  former  was  always  rare  and  was 
known  to  the  natives  as  "Zamba."  and  recognized  as 
very  superior.  The  hybrids  were  not  at  that  time  differ- 
entiated, though  they  were  recognized  as  being  numer- 
ous.   The  present  alkaloidal  standard  was  rarely  reached. 


Indeed,  the  barks  were  for  a  long  time  not  examined  in 
this  way,  but  were  selected  solely  upon  their  aDpearance, 
The  threatened  extermination  of  the  species  led  to  their 
cultivation,  in  which  the  Dutch  and  British  governments 
were  concerned.  The  French  made  early  attempts,  but 
were  not  concerned  in  the  practical  operations.  The 
history  of  this  industry  is  of  the  greatest  interest,  and  has 
an  extensive  literature.  Only  the  most  important  facts 
relating  to  it  can  be  here  considered.  The  attempt  \\as 
made  to  select  the  best  varieties  and  forms  for  cultiva- 
tion. This  attempt  but  partially  succeeded,  and  large 
cjuantitics  of  inferior  material  came  into  the  plantations. 
Mistakes  of  nomenclature  also  occurred,  and  some  of 
them  persist  to  this  day.  At  the  same  time,  very  supe- 
rior varieties  also  came  into  cultivation.  These  were 
propagated  as  soon  as  recognized,  at  the  expense  of  the 
poorer  ones.  The  mere  processes  of  cultivation  and  soil 
enrichment  increased  the  richness  of  the  barks.  Hybrid- 
ization occurreil  freely,  and  was  resorted  to  artificially, 
and  astonishingly  rich  products  were  thus  originated  and 
multiplied.  Special  methods  of  treatment  were  devised, 
such  as  allowing  the  bark  to  grow  with  the  light  ex- 
cluded by  some  covering  ("  mossing '")  and  removing  strips 
of  bark  to  allow  the  spaces  to  be  again  covered  tuider  the 
above  mentioned  condition  ("renewing''!,  which  also 
resulted  in  astonishing  gains  in  the  percentage  of  active 
constituents.  At  the  same  time  that  this  increase  of 
quality  was  taking  place,  there  was  an  even  greater 
cheapening  in  the  cost  of  producing  and  marketing.  The 
result  was  that  the  wild  barks  were  practically  driven  out 
of  the  market,  and  now  occupy  a  very  unimportant  place 
in  commerce. 

The  y<iung  bark  is  deficient  in  alkaloids.  It  reaches 
its  full  strength  at  from  six  to  nine  years  of  age,  when 
the  trunks  are  five  to  eight  inches  in  diameter,  and  this 
"ripeness"  is  indicated  by  a  characteristic  appearance. 
The  root  bark  is  much  liclier  than  the  stem  'oark. 

The  regions  of  cultivation  are  chiefly  the  Dutch  East 
Indies,  especially  Java,  and  British  India  and  Ceylon. 
Rather  large  areas  of  cultivation  e.^iist  in  Bolivia,  but 
they  arc  relatively  unimportant,  chieflv  because  of  the 
great  cost  of  getting  the  product  to  the  coast.  Jlexico, 
Brazil,  Jamaiia,  Australia,  and  Africa  have  had  experi- 
mental plantations,  but  these  have  failed  to  become  of 
importance.  The  bark,  from  selling  in  1880  to  188.1  at 
from  three  to  four  dollars  jier  pound,  is  now  (1889),  in 
doubly  rich  quality,  to  be  had  at  much  less  than  twenty 
cents."  The  trees  tiltimately  reach  a  great  height  and  a 
trunk  diameter  of  several  feet.  They  are  very  beautiful, 
with  opposite,  large,  luxuriant  dark  glossy -green  leaves, 
often  bright  inirjile  underneath,  and  large  terminal  lilac- 
like panicles  of  very  fragrant  flowers,  white  or  of  vary- 
ing shades  of  pink  or  purple. 

Description, — Detailed  descriptions  of  the  bark  are 
for  the  most  part  no  longer  of  importance,  as  manufac- 
turers' bark,  and  to  a  great  extent  "druggists'  bark  "  also, 
are  now  purchased  upon  the  testimony  of  chemical  assay. 
Nevertheless,  it  is  jiertcctly  easy  to  determine  the  good 
quality,  as  well  as  the  identity  of  bark  for  jjliarmacists' 
use.  by  the  external  ajipearance  alone.  Such  bark  arrives 
mostly  in  the  form  of  entire  or  but  little  broken  quills. 
Formerly,  it  all  arrived  in  this  form,  but  economy  in 
transportation  now  leads  to  its  being  broken  up  ("chip- 
bark"),  and  this  is  known  as  manufacturers'  bark.  Of 
this,  the  root  bark  is  distinguished  b_v  a  brown,  instead 
of  a  .gra}-,  outer  surface,  and  by  the  warped  curvature  of 
the  pieces,  with  crookedness  of  grain,  or  striation.  In- 
ferior branch  bark  may  be  known  by  its  thinness  and  the 
lesser  roughness  and  lesser  grayness  of  the  outer  surface. 
Druggists^  bark,  in  which  we  are  more  interested,  is  in 
quillsof  one  and  a  half  to  two  feet  long  and  one  or  two 
inches  in  diameter.  They  are  frequently  rolled  in  at 
both  edges,  the  so-called  "double  quill."  The  bark  is  2 
to  5  mm.  (yV  to  s  i"-)  thick.  The  inner  surface  is  of  a 
light  cinnamon  brown  and  finely  striate,  the  outer  bright 
gray  (a  bluish  or  steel  gray  from  Bolivia,  a  tawny  or 
}-eliowish  gray  from  Java).  Deep,  for  the  most  part 
completely  circular,  transverse  fissures  mark  the  nodes  of 
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the  stem,  smaller  and  liieompletc  ones  beinji  numerous  iu 
the  interveuinir  space,  an<l  mueh  intercomu'cted  by  ir- 
reijularly  vertical  cues.  Tlie  surface  thus  becomes  cut 
xip  iuto  anjrular  scales  resenibliiijr  those  upon  the  tar.sus 
of  a  fowl.  The  abumlance  and  closeness  of  this  "  chicken- 
leg"  markinj:  is  indicative  of  hiL'h  quality,  ('.  irffiriimUx 
parentage  is  indicated  liy  a  broad  and  gaping  condition 
to  these  fissures,  at  least  thi'  principal  ones,  and  the  bark 
is  thicker  relatively  to  the  si/.e  of  thi'  quills,  A  distiuct 
longitudiual   ridging   is  characteristic   of   C,  succiruhni 


Fig.  1334,— Cinchona  Calisaya,    One-tliirtl  natural  size,    (Baillon,) 

parentage.  The  bast  layer  has  a  finely  splintery,  the  outer 
a  short,  frai'ture.  The  odor  is  ,sliglit  but  characteiistic. 
the  taste  bitter  and  slightly  astringent.  The  powder  is 
light  yellow,  whence  the  common  name  of  the  bark. 
Flat,  tnhht,  or  table  bark  is  the  inner  bark  only,  flat- 
tened out.  the  outer  surface  of  a  cinnamon  brown  and 
smoothisl), 

CoMfosiTios. — The  distribution  of  the  principal  con- 
stituents of  the  cinchona  barks  will  be  exhibited  in  a  table 
toward  the  close  of  this  article.  The  nature  and  proper- 
ties of  the  important  individual  alkaloids  will  be  fully 
discussed  after  our  discussion  of  the  barks.  Their  per- 
centage, absolutely  and  relatively  to  one  another,  varies 
with  the  age  of  the  bark,  as  well  as  with  the  condi- 
tions described  above,  E.xposure  to  rain  during  curing 
or  in  transit,  or  to  sea  water,  also  injuriously  modi- 
ties  the  composition.  As  will  be  seen  from  the  table 
of  substances  presented  below,  the  variety  now  being 
considered  contains  about  three  per  cent,  of  tannin,  wax, 
gum,  sugar,  a  trace  of  volatile  oil,  red  coloring  matter, 
and  resin-like  acids.  These,  however,  do  not  require  at- 
tention, except  from  pharmaceuticiil  considerations,  as 
calisttyais  used  for  the  antiperiodic  effect  of  its  alkaloids, 
more  especially  of  the  quinine.  It  contains  from  five  to 
ten.  rarely  twelve  to  fifteen  per  cent.,  of  total  alkaloids, 
about  three-fourths  of  which  is  quinine.  Owing  to  this 
preponderance  of  quinine,  calisaya  is  used  for  the  effect 
of  that  alkaloid  (which  see),  an<l  may  be  considered  thera- 
peutically as  its  equivalent.  It  is  like  the  others  an  ex- 
cellent simple  bitter  and  tonic,  but  when  these  effects  are 
desired  the  red  bark  is  more  commonly  employed.  The 
powdered  bark  is  sometimes  given,  in  doses  of  0,6  to  4 
gm,  (gr.  x,-lx.),  the  equivalent  of  iil  x.  to  Ix.  of  the  offi- 
cial rtuid  extinct,' or  of  gr.  s,s.  to  iij.  of  quinine.     The 


official  extract  is  given  in  doses  of  0.3  to  1  gm.  (gr.  v.- 
XV,),  the  '.JU  percent,  tincture.  2  to  H  c.c.  (tl.  3  s.s,-ij,), 
and  the  0  per  cent,  infusion,  30  to  GO  c,c,  (tl,  3  i.-ij.). 

CixciioxA  Rui!n,\,  Ri.:d  Cinchona, 

"The  bark  of  Cinchona  succirubra  Pa  von,   containing 

not  less  than  five  per  cent,  of  its  peculiar  alkaloids"  (U, 
S.  1'.).  This  tree  is  native  upon  theslopesof  .Mount  Chim- 
borazoand,  like  the  last,  becomes  a  larg<'  tree.  It  also 
has  been  largely  introduced  to  cultivation  in  the  East 
Indies,  but  has  not,  in  consequence,  undergone  such  great 
changes.  Its  characters  can  be  best  discussed  by  com- 
paring it  with  the  last, 

It  more  frequently  occurs  in  quills,  and  the  bark  is 
commonly  thicker  and  more  s]ilintery  in  fractures.  The 
inner  surface  is  usually,  though  not  always,  of  a  deeper 
color,  varying  to  deep  red.  'I'he  outer  surface,  in  tvpical 
samples,  is  almost  wanting  in  the  checkered,  scalv  ap- 
pearance, and  indeed  fissures  are  commonly  almost  want- 
ing. It  has  instead  longitudinal  ridges,  originating  in 
rows  of  warts  which  afterward  become  confiuent.  In 
<ild  barks,  these  ridges  become  fissured  lonu'iludinallv. 
The  powder  is  of  a  deep  red,  which  gives  the  common 
name  tothebark.  In  general,  itscomposilion  is  the  same 
as  that  of  calisaya.  It,  howevi-r,  contains  far  more  red 
coloring  matter  and  more  astringent  principles,  and  only 
about  one-fifth  of  its  alkaloid  is  (|uinine,  the  rest  be- 
ing mostly  cinchonidine  and  cinchoninc.  Its  properties 
differ  accordingly.  It  is  accounted  decidedly  inferior  as 
an  antiperiodic,  and  its  use  is  commoidy  asa  vegetable 
bitter.  However,  following  the  differences  in  the  alka- 
loids described  below,  this  is  no  mean  antiperiodic,  and  is 
frequently  of  great  service  in  cases  not  favorably  influ- 
enced by  quinine.  The  only  oliicial  preparation  is  the 
compound  tincture,  or  Iluxliam's  Tincture,  consisting 
of  ten  per  cent,  of  this  bark,  eight  of  bitter  orange  peei, 
two  of  serpentaria,  and  seven  and  one-half  of  glj-cerin. 
The  dose  is  4  to  16  c,c,  (fl,  3  i.-iv.). 

TriE  Cinchona  Alkai-oids, 

The  alkaloids  reported  in  cinchona  barks  are  numer- 
ous. JIan)'  of  them  are  known  or  believed  to  have  orig- 
inated in  the  chemical  manipulation  of  the  bark.  Others 
exist  in  very  small  amount,  or  in  barks  which  possess 
but  little  value,  ilost  of  them  are  therefore  of  chemical 
interest  merely,  and  only  those  of  practical  importance 
will  be  here  discussed. 

Quinine  (CioHstX.Oi  +  SHsO)  is  the  most  common, 
abundant,  active,  and  important,  and  is  thus  described  in 
the  Pharmacopa'ia : 

A  white,  tiaky,  amorphous,  or  crystalline  powder,  odor- 
less, and  having  a  very  bitter  taste;  permanent  in  the 
air. 

Soluble,  at  l.i'  C,  (.59'  F,),  in  1,670  parts  of  water,  and 
in  6  parts  of  alcohol:  in  760  parts  of  boiling  water,  and 
in  2  parts  of  boiling  alcohol:  in  23  parts  of  ether,  .5  parts 
of  chloroform,  and  200  parts  of  glycerin:  also  soluble  in 
carbon  disulphide,  benzin,  benzol,  ammonia  water,  and 
diluted  acids. 

When  heated  to  about  -57°  C.  (134.6°  F.).  it  melts:  at 
100'  C.  (212'  F.),  it  loses  about  9  percent,  (or  about  two 
molecules)  of  its  water  of  crystallization,  the  remainder 
being  expelled  at  12.)'  C.  (2.57^  F.).  The  anhvdrous  al- 
kaloid, when  pure,  melts  at  173°  C,  (343,4"  F,),  Upon 
ignition  it  is  consumed,  leaving  no  residue. 

Quinine  has  an  alkaline  reaction  upon  litmus  paper. 

xV  solution  of  quinine  in  diluted  sulphuric  acid  has  a 
vivid,  blue  tluoresecnce. 

On  treating  10  c.c.  of  an  aqueous,  acidulated  solution 
(about  1  in  I.TjOO)  of  quinine  with  two  drops  of  bromine 
water,  and  then  with  an  excess  of  anunonia  water,  the 
liquid  will  acquire  an  emerald-green  color,  AVith  proper 
adjustment  of  the  reagents,  more  dilute  solutions  will 
give  a  paler  tint,  while  more  concentrated  ones  w  ill  ac- 
cjuire  a  deeper  color,  or  deposit  a  green  precipitate. 

Quinine  should  not  impart  more  than  a  faintly  yellow- 
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Isli  tint  to  concentrated  sulphuric  acid  (limit  of  readily 
carbonlzaUe,  orffanic  impurities),  nor  produce  a  red  color 
•with  nitric  acid  (difference  from  morphine). 

If  2  gm.  of  quinine  he  mixed,  in  a  small  mortar,  with 
1  gm.  of  ammonium  sulphate  and  10  c.c.  of  distilled 
water,  the  mixture  thoroughly  dried  on  a  water-bath, 
the  residue  (which  sliould  be  strictly  neutral  to  test 
paper)  agitated  with  20  c.c.  of  water,  then  allowed  to 
maceratefor  half  an  hour  at  15'  C.  (59"  F. ).  with  occa- 
sional agitation,  and  filtered  through  a  pellet  of  glass- 
wool,  5  c.c.  of  the  tiltrate,  transferred  to  a  test  tube  and 
gently  mixed,  without  shaking,  with  7  c.c.  of  ammonia 
water  (specific  gravity,  0.960).  should  produce  a  clear 
liquid.  If  the  temperature  during  the  maceration  has 
been  16°  C.  (60.8'  F.),  7.5  c.c.  of  ammonia  water  mav  be 
added;  if  17=  C.  (62.8"  F.),  8  c.c.  (In  each  case,  a  clear 
liquid  indicates  the  absence  of  more  than  small  propor- 
tions of  other  einclwiui  iMidoids.) 

Quinine  yields  two  official  preparations.  Ferri  et  Qui- 
niruB  Citras.  or  Citrate  of  Iron  and  Quinine,  contains  85  per 
cent,  of  ferric  citrate,  3  of  citric  acid,  anil  12  of  quinine. 
It  is  slowly  soluble  in  water  antl  not  completely  solu- 
ble in  alcohol.  The  soluble  form  {Firri  et  Qniniuif  Ci- 
tras Soliibilis)  is  made  with  the  addition  of  a  little  am- 
monia water,  and  is  rapidly  soluble  in  water.  It  is  in 
greenish,  golden-yellow  scales:  the  former  in  reddish- 
brown  scales.  The  dose  of  each  is  0.3  to  0.6  gm.  (gr.  v.- 
X.).  The  soluble  form  is  used  to  make  the  bitter  wine  of 
iron  {Yinvm  Ferri  Amnriim). 

A  very  great  number  of  salts,  as  well  as  a  number  of 
double  salts,  have  been  formed  with  quinine,  nearly  a 
hundred  in  all  being  listed  by  manufacturers.  The  fol- 
lowing are  official. 

Quinine  iSiilphate.  soluble  in  740  parts  of  water,  30  of 
boiling  water,  or  65  of  alcohol.  It  is  neutral  to  litmus 
paper.  About  three-fourths  of  it  is  quinine.  It  enters 
into  the  formation  of  the  official  Syrupns  Ferri  Quinina 
et  Sti-ychnina  Phosphatum,  the  dose  of  wliich  is  4  to  8  c.c. 
(fl.  3  i.  toij.). 

Quinine  Bisulphate,  soluble  in  10  parts  of  water  and 
32  of  alcohol,  and  acid  to  litmus  paper.  About  five- 
eighths  of  it  is  quinine. 

Quinine  Hydrobromide,  soluble  in  54  parts  of  water 
and  0.6  of  alcohol,  neutral  or  faintly  alkaline  to  litmus 
paper. 

Quinine  Flydrochloride,  soluble  in  34  parts  of  water  and 
3  of  alcohol,  reaction  like  the  last. 

Quinine  Yuhritnuite.  soluble  in  100  parts  of  water  and 
5  of  alcohol,  reaction  like  the  last. 

The  acetate,  citrate,  bitartrale,  benzoate,  salicylate,  and 
phosphate  are  also  considerably  used,  as  is  the  carbamide 
(hydrochlorate  of  quinine  and  urea).  Being  very  soluble, 
the}'  are  sj^ccially  useful  for  hyjiodermic  injection. 

The  quinate  is  supplied  on  the  guess  that,  being  the 
natural  salt  of  the  living  plant,  it  might  be  more  effi- 
cient. It  is  very  soluble  in  both  water  and  alcohol,  and 
is  used  hyiiodermically. 

The  tannate  has  been  very  much  used,  but  most  testi- 
mony is  against  its  efficacy.  It  has  little  taste,  but  this 
is  because  of  its  great  insolubility. 

The  arsenite,  arsenate,  antimonate,  etc.,  may  be  re- 
garded rather  as  medicinal  forms  of  the  associated  sub- 
stances. 

Action  ami  Uses  of  Quinine. — In  using  quinine  it  is 
always  to  be  borne  in  mind  that  under  alkaline  condi- 
tions it  is  precipitated.  The  antiseptic  properties  of 
quinine  are  very  siiuilar  to  those  of  salicylic  acid.  It  is 
especially  antizymotic,  and  one-half  per  cent,  may  be 
added  as  a  preservative  to  solutions.  Advantage  is  taken 
of  this  projierty  to  prevent  urinary  decomposition  by  in- 
jecting it  into  the  bladder.  It  may  also  be  applied  in 
powder  or  solution  to  unhealthy  sores  as  a  disinfectant. 
It  is  at  the  same  time  stimulating  to  the  healing  tissues, 
but  care  must  be  taken  to  avoid  undue  irritation.  As 
a  parasiticide  it  works  very  irregularly  and,  tipon  the 
whole,  uncertainly ;  yet  its  domestic  repute  as  a  hair  tonic 
is  probably  due  to  some  destructive  or  inhibitory  effect 
upon    the   micro-organisms  of   the  scalp.      A  solution 


painted  upon  the  nares  has  in  some  cases  aborted  an 
attack  of  hay  fever,  but  the  mode  of  action  is  uncertain. 

Quinine,  so  applied  as  to  be  maintained  in  .solution,  is 
stimulant  or  irritant  to  mucous  membranes.  It  possesses 
piecisely  the  s;ime appetizing,  stomachic,  and  tonic  prop- 
erties as  other  vegetable  bitters,  tends  like  them  to  inhibit 
digestion  of  the  food  mass  in  which  it  is  contained,  and, 
like  them,  should  be  administered  for  these  purposes  in 
small  doses,  well  diluted  and  taken  slowly  just  Ijefore 
meals.  After  long  administration,  gastric  irritation  and 
indigestion  are  very  apt  to  be  produced  and  may  be  reflect- 
ed by  an  erythematous  or  urticarious  eruption  of  the 
skin.  In  some  persons  even  small  dtises  will  produce 
these  very  distressing  symptoms.  The  reflex  stimulation 
of  quinine  through  the  stomach  appears  to  be  rather  im- 
important.  Its  absorption  is  almost,  if  not  wholly,  from 
the  stomach,  so  that  the  conditions  for  rapid  absorption 
should  be  seemed.  There  should  be  an  aluindance  of 
water  taken  with  it,  and  if  drink  is  avoided  for  some  time 
previous  to  the  dose  absorption  is  favored.  A  slight 
amount  of  alcohol  favors  absorption.  If  these  conditions 
are  observed,  the  very  large  doses  required  in  treating 
the  jieruicious  malarias  of  the  tropics  can  be  readily  ab- 
sorbed. In  most  cases,  (juinine  is  a  remedy  the  effect  of 
which  is  particularly  strengthened  by  prompt  absorption. 
Authorities  are  agreed  that  it  exists  in  the  blood  as  the 
chloride.  It  favors  alkalinity  of  the  blood.  Elimination 
is  almost  wholly  by  the  kidneys,  except  for  the  (UKib- 
sorbed  portion  which  passes  out  with  the  faeces.  Elimi- 
nation begins  very  quickly  but  proceeds  rather  slowly. 

Concerning  the  systemic  effects  of  quinine  after  ab- 
sorption, a  very  great  amount  of  research  has  been  re- 
corded. The  results  are  here  very  briefly  sununarized 
for  the  reason  that  their  bearing  upon  the  two  leading 
therapeutic  uses  of  the  drug  is  very  simple,  and  other 
relations  will  be  discussed  under  Toxicology. 

Its  most  important  ]iower  is  that  of  killing  the  malarial 
pUvsmodia  and  of  inhibiting  their  propagation.  This  it 
does  directly,  ])r(im]illy.  and  in  proportion  to  the  percent- 
age iu  solution  in  the  blood.  This  perfectly  explains  its 
antiperiodic  properties,  but  not  its  effects  in  removing 
neuralgia  and  other  sequela;  of  malaria  after  the  disap- 
]iearance  of  the  plasmodia  from  the  sj'Stem.  It  is  natural 
to  ascribe  these  results  to  the  tonic  action,  through  nu- 
tritive restoration ;  but  .sometimes  the  result  is  immediate, 
from  large  doses,  and  it  must  be  due  to  some  unexplained 
nerve  action. 

Its  next  most  important  effect  is  to  reduce  the  temper- 
ature of  fever,  which  it  will  not  do  to  the  normal  temper- 
ature. This  is  done  in  two  ways:  1.  The  drug  has  a 
marked  power  to  lessen  the  oxidation  of  hremoglobin,  as 
well  as  the  transfer  of  oxygen  to  the  tissues,  thus  decreas- 
ing heat  production.  2.  It  inhibits  the  heat-producing 
centres.  All  metabolism  and  tissue  waste  are  strongly 
checked,  one  of  the  factors  favorable  to  its  tonic  action; 
consequently  there  is  markedly  decreased  elimination  of 
urea,  uric  acid,  etc. 

The  above  facts  will  partly  explain  the  power  of  qui- 
nine to  cnecK  inflanmiatory  processes.  This  is  further 
explained  by  the  fact  that  the  tlrug  is  a  general  depress- 
ant of  vital  power.  It  depresses  both  the  irritability  and 
power  of  muscular  tif,-5ue,  being  thus  a  cardiac  and  arte- 
rial depressant.  In  this  way,  and  by  acting  upon  the 
cardiac  ganglia  and  the  vaso-motor  centres,  it  markedly 
reduces  blood  pressure.  It  must  be  understood,  however, 
that  this  is  a  secondary  effect  and  an  effect  of  large  doses, 
and  that  it  is  possible  to  so  administer  small  doses  as  to 
get  a  slight  vasomotor  and  cardiac  stimulation,  not  fol- 
lowed by  any  appreciable  reaction. 

These' facts  in  turn  have  a  bearin,g  upon  the  power  of 
quinine  to  inhibit  pus  formation.  The  further  claim  is 
made  that  it  checks  the  migration  of  leucocytes,  as  it  cer- 
tainly lessens  their  activity.  Although  the  counter  claim 
is  made  that  this  migration  is  checked  only  by  impracti- 
cably strong  solutions,  the  former  view  appears  sustained. 
TheVeflex  inhibitory  centres  are  also  stimulated,  resulting 
in  a  pseudo-reflex  depression. 

Quinine  causes  contraction  of  the  spleen,  especially  if 
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onlaiari'il.  The  ccri'hnil  effort  appeal's  in  eonlrast  ti)  llie 
jreiierally  (U-pressiiiir  elVeets,  beinj;  that  of  a  diicet  and 
liriilimfred  increase  iif  circulation,  willi  con-cspondinj;ly 
increased  funcliinial  aclivity.  This  contrast  is  in  realily 
nuslcadinji;.  as  llie  principal  cause  a]>peins  lo  lie  depres 
sion  or  paralysis  of  the  arterial  walls,  li'adinu;  to  local 
conircstion.  The  symplonis  indueeil  conslilnle  the  stale 
known  as  einchonisin.  in  which  there  is  fulness  in  the 
head  and  often  a  sliirlit  dull  heailache,  rintriiii;-  in  th<'  ears, 
usually  with  some  dcafiK'ss,  and  some  disorilersof  vision. 
These  symptoms  are  taken  to  indicate  llu'  full  physiolojii- 
cal  effect  of  tlie  druj:,  and  preliminary  to  acute  )ioison- 
inir,  in  which  there  are  dizziness,  lilindness,  and  unsteady 
gait,  .i;oin,u:  on  to  great  musciUar  depres.sion,  convidsions, 
and  geneially  the  couditiou  of  collapse,  with  failuic  of 
ivsjiiration. 

Most  of  the  uses  of  quinine  are  directly  in  line  with  its 
activities  as  above  defined.  Asa  tonic  and  restorative,  one 
to  three  grains  may  be  given  before  meals  for  some  lini<\ 

In  malaria,  its  great  licld  of  usefulness,  the  methods  of 
administration  dilfer  widely.  There  ari>  two  principal 
rules,  one  to  administer  a  few  large  doses,  the  other  many 
small  doses,  ami  each  has  many  adherents.  The  latter 
method  is  most  likely  to  disturb  the  stomach.  I'roximity 
of  the  paroxysms  to  one  another  fre<iuently  renders  the 
former  method  \ina voidable,  as  the  effects  of  administra- 
tion during  the  paroxysm  are  not  so  favorable.  It  has 
been  sug.gcsted  that  just  after  a  paroxysm  of  fever  the 
Plasmodia  are  at  their  weakest  and  hence  most  easily 
atTected  by  thequinino.  AH  considered,  the  most  rational 
method  appears  to  be  the  administration  of  a  large  dose 
of  live  to  ten  grains  just  after  the  paroxysm  and  then  say 
two  grains  every  two  hours  to  keep  the  system  under  its 
iutlueiiee  until  the  danger  of  recurring  attacks  is  Jiast. 
At  intervals  of  seven  days  there  is  special  danger  of  re- 
ciirr<aice.  and  the  jirophylactic  dose  should  be  doubled 
at  that  time.  After  each  seven  days  the  dose  may  be 
progressively  reduced,  ceasing  after  the  twenty-eighth 
day.  If  the  iiatieiit  continue  exposed  to  infection,  the 
cure  need  not  be  regarded  as  permanent  except  upon  the 
best  of  evidence,  and  many  such  persons  have  to  take 
quinine  habitually.  There  can  be  no  question  of  the 
frequent  ill jurionsne.ss  of  the  drug  under  such  circiun- 
sfances,  in  spite  of  all  statements  to  the  contrary.  Gas- 
tric and  cutaneous  disorders,  as  well  as  disturbances  of 
sight  and  hearing,  arc  not  uncommon.  Quinine  should 
be  used  with  caution  when  there  is  aural  inffammation, 
and  generally  when  cerebral  congestion  exists,  and  it 
should  be  lessened  when  gastric  irritation  comes  on. 

In  the  pernicious  malaria  of  the  tropics,  very  large 
doses,  up  to  fifty  or  sixty  grains,  preferably  of  tlie  bisid- 
phate,  with  abundance  of  water,  often  jirevcnts  inuncdi- 
ale  death,  and  permits  of  cure.  A  little  alcohol  greatly 
aids  its  action.  The  di.s;tgrecablc  cerebral  symptoms 
which  would  ensue  from  such  large  doses  may  be  avoid- 
e<i  by  an  accomiianyiug  dose  of  bromide.  The  use  of 
mercurials  favors  the  effects  of  quinine.  The  certainty 
of  the  antiperiodic  action  of  cjuinine  was  established  by 
an  Indian  Government  commission,  which  determined 
the  proiiortion  of  failures  to  l)e  not  more  than  seven  per 
thousand  cases. 

The  antipyretic  action  of  this  alkaloid  can  be  secured 
by  the  aihniiustration  of  twenty  grains  or  more.  If  the 
temperature  is  a.scending  at  the  time,  more  is  required. 
It  is  then  also  slower  in  its  action,  reiiuiriug  only  about 
an  hour  mider  the  luost  favorable  circumstances. 

Acute  tonsillitis  is  apt  to  be  most  favorably  affected  by 
a  prompt  dose  of  ten  grains,  and  an  impending  cold  ma.v 
often  be  averted  in  the  same  way.  Here,  again,  a  small 
or  moderate  dose  of  alcohol  will  emphasize  the  effect  of 
the  quinine. 

Various  methods  have  been  resorted  to  to  disguise  the 
bitter  taste  of  this  drug,  exceedingly  objectionable  to 
many  persons.  The  use  of  tannin  and  substances  contain- 
ing it  Weakens  its  luedicinal  effect.  Verba  sauta  ju-ob- 
ably  acts  chietly  in  this  way.  Probably  there  is  nothing, 
in  the  licpiid  fonu,  better  than  licoiice  for  this  |)urpose. 
The  best  general  method,  however,  is  the  vise  of  the  soft 


gelatin  eaiisule,  or,  almost  as  good,  the  ordinary  hard 
gelatin  ca]>sulc. 

OTiiion  Ai.K.vr.OTDS. — The  only  other  alkaloids  which 
reipiire  mention  are  (luinidiiie,  cinchoiudine.  and  cincho- 
nine,  the  last  of  com|)aratively  little  value.  As  to  dos- 
age, it  is  taught  that  for  antiperiodic  purposes,  the  dose  of 
(|iiinidine  and  cinchonidine  is  about  one  third  more  than 
that  of  quinine,  that  of  cinehonine  double  that  of  (|uinino. 
The  failures  per  thous;ind  stand  6  for  quinidine.  7  for 
(luiiune,  1(1  for  cinchonidiiK',  '2-i  for  cinchniiine.  The  rela- 
tive antipyretic  eft'ects  are,  quinine  ID,  (|uinidine  !),  cin- 
chonidine 7,  ciiichoninc  4.  As  stomachics  and  tonics, 
there  is  little  difference  among  them,  with  the  injurious 
ell'ects  more  pronounced  from  (luinine.  Cinchonidine, 
and  still  imn-e  cinehonine,  is  less  apt  to  cau.se  the  disagree- 
able ell'ects  of  einchonisin,  and  they  may  frequently  be 
given  to  those  who  cannot  tolerate  quinine.  Cinehonine 
and  its  stdphate,  and  the  sulphates  of  cinchonidine  and 
(|uinidiuc.  are  official  and  their  description.s  follow,  as 
well  as  brief  accounts  of  some  rather  important  alka- 
loiilal  substances. 

Ciiir/iiiiiiiiii  <'!■  Ciiirhnnine  (C'lJTjjNjO). — White,  lus- 
trous prisms  or  needles,  without  odor,  at  first  almost 
tasteless,  but  soon  developing  a  bitter  after-taste,  and 
permanent  in  the  air. 

Soluble,  at  l.i'  C.  (.59'  F.).  in  3.7GO  parts  of  water,  and 
in  lit)  parts  of  alcohol:  in  ii..')(lO  ]iarts  of  boiling  water, 
and  in  -().."i  parts  of  boiling  alcohol.  Also  soluble  in  .i26 
parts  of  ether,  and  in  168  parts  of  chloroform. 

At  Hi)  C.  (4G-1  F.)  the  crystals  fuse  together,  and  at 
'25H'  C.  (496.4"  F.)  they  melt,  forming  a  brown  liquid. 
When  ignited,  they  are  consumed  without  leaving  a  resi- 
due. 

When  [ilaced  on  moistened  red  litmus  pajier,  cineho- 
nine shows  an  alkaline  reaction. 

On  adding  to  a  neutral  or  not  more  than  faintly  acid 
solution  of  cinehonine.  or  of  one  of  its  salts,  enough  po- 
tassium ferrocyanide  T.  S.  to  rcdissolve  the  [irecipitate 
first  formed,  and  afterward  an  acid,  a  golden-yellow  pre- 
cipitate will  be  formed,  which,  when  redi.ssolved  by  gen- 
tly warming  the  liquid,  will  separate,  on  cooling,  iu  mi- 
nute scales  or  needles. 

On  adding  an  excess  of  ammonia  water  to  a  solution  of 
cinehonine  in  a  dilute  acid,  the  alkaloid  will  be  precipi- 
tated. 

The  precipitate  is  but  feebly  soluble  in  ammonia,  and 
should  require  not  less  than  300  parts  of  ether  for  solu- 
tion. 

Its  sulphate  is  neutral,  and  is  soluble  in  60  parts  of  wa- 
ter and  in  10  of  alcohol. 

Cinchonidint!  Sulphite  (CsH-^N.^O) JI^SO,  +  311,0).— 
White,  silky,  acicular  crystals,  without  odor,  having  a 
very  bitter  taste  and  slightly  efflorescent  on  exposure  to 
air. 

Soluble,  at  1.5'  C.  (59°  F.),  in  70  parts  of  water,  and  in 
66  parts  of  alcohol  in  1.43  parts  of  boiling  water,  and  in 
8  jiarts  of  boiling  alcohol.  Also  soluble  in  l,:il6  parts  of 
chloroform,  and  almost  insoluble  in  ether.  The  presence 
of  sulphates  of  other  cinchona  alkaloids  increa.ses  its  sol- 
ubility in  ether  and  chloroform. 

At  100  C.  (212°  F.)  the  salt  gives  off  its  water  of  crys- 
tallization. At  215'  C.  (419'  F.)  it  melts,  and,  when  "ig- 
nited, it  is  consumed  without  leaving  a  residue. 

The  .salt  is  neutral,  or  has  a  faintly  alkaline  reaction  on 
litmus  paper. 

On  ad<ling  ammonia  water  to  the  aqueous  solution  of 
the  salt,  a  white  precipitate  (cinchonidine)  is  produced, 
which  is  but  slightly  .soluble  in  ammonia,  but  dissolves 
in  about  75  parts  of  ether. 

If  concentrated  sulphuric  acid  be  added  to  a  small 
quantity  of  the  siilt.  not  more  than  a  faintly  yellowish 
color  should  be  developed  (limit  of  remlih/  dir/x'iiizable, 
or(i<niic  iiiijiiifiti(S).  Upon  adding  to  this  liquid  a  crys- 
tal of  potassium  dichromate,  a  yellowish-green  color  is 
produced,  which  gradually  changes  to  grass-green. 

Addition  of  barium  chloride  T.  S.  to  an  aqueous  solu- 
tion of  the  .salt  produces  a  white  precipitate  insoluble  in 
hydrochloric  acid. 
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A  solution  of  the  salt  (about  1  in  1,000)  in  diluted  sul- 
phuric acid  should  not  exhibit  more  than  a  faint  blue 
fluorescence  (absence  of  more  than  traces  of  the  sulphates 
of  qninine  or  qninidinc). 

If  1  gni.  of  the  salt  be  dried  at  100°  C.  (212°  F.)  until 
it  ceases  to  lose  weight,  the  residue,  cooled  in  a  desicca- 
tor, should  weigh  not  less  than  0.920  gm.  (absence  of  an 
limine  iimoxnt  of  water). 

If  0.5  gm.  of  the  salt  be  macerated,  with  frequent  agi- 
tation, at  the  ordinar)-  temperature,  with  20  c.c.  of  dis- 
tilled water,  0..5  gm.  of  potassiiun  sodium  tartrate  then 
added,  tlie  maceration  continued,  imdcr  repeated  agita- 
tion, for  one  hour  at  I'y  C.  (-59'  F. ),  and  the  mixture 
then  tiltered.  the  addition  of  one  drop  of  ammonia  water 
to  the  filtrate  should  not  produce  more  than  a  sliglit  tur- 
bidity (absence  of  more  than  small  proportions  of  the 
sulphates  of  cinchoidi,i  or  quinicliiie). 

qninidine  Sulphate  (CjoH2,NjOj)2HjSO,  +  2H2O)  is 
soluble  in  100  parts  of  water  or  in  8  of  alcohol,  and  is 
neutral  or  faintly  alliuline. 

Quiiwidine.  Chinoidine,  or  Black  Stick,  is  a  blackisli, 
resinous,  alkaloidal  mass  precipitated  from  the  mother 
liquor  and  witliout  definite  composition.  It  is  nearly 
equal  in  efficacy  to  quinine,  and  may  often  be  used  in  the 
same  dose  as  quinine  in  chronic  malaria,  when  other 
alkaloids  have  failed,  or  when  quiiiiue  cannot  be  used. 

Febrifuge  is  a  name  applied  to  an  alkaloidal  mass  man- 
ufactured in  India  as  a  cheaj)  substitute  for  quinine  for 
home  consumption.  One  form  is  made  of  the  total  alka- 
loids of  red  bark,  anotlier  as  a  by-product  after  the  ex- 
traction of  quinine,  willi  the  addition  of  the  alkaloids  of 
some  hybrid  bark.  It  is  used  on  an  immense  .scale.  Its 
composition  is  reported  by  Hooper  {Pharmacographia 
Inclicn)  as  quinine  1.5.1  per  cent.,  cinchonidine  29  per 
cent.,  cinchonine  33.5  per  cent.,  amorphous  alkaloids  IT 
per  cent.  It  is  a  pale  yellowi.sli- white  powder,  of  peculiar 
odor.     The  dose  is  sliglitly  larger  than  that  of  quinine. 
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Bark 


Only  two  of  these  are  important,  namely,  Palt 
and  Maracaibo  Bark. 

Pale  Bark. — This  is  the  product  of  Cinchona  officinalis 
L.  and  its  several  varieties.  These  vary  so  greatly  in 
appearance  that  there  are  various  forms  of  tliis  bark  "rec- 
ognized, as  Crown,  Iluanuco,  (!uenea,  Loxa  or  Loja. 
The  native  bark  came  from  Ecuador,  and  still  does  so  in 
rather  large  amounts.  It  comes  from  large  shrubs  and 
occurs  in  rather  crooked,  thin  quills,  from  the  thickness 
of  a  lead  pencil  to  that  of  the  linger,  and  is  rather  thick 
for  the  size  of  the  quill.  It  is  generally  of  a  dark  brown, 
the  Huanuco  a  rather  light  brown,  and  is  very  apt  to  be 
exccssivelj- shaggy  with  lichens,  when  it  is  highly  prized 
and  really  contains  more  alkaloid,  as  a  result  of  theexclu- 
sion  of  light  during  growth.  It  is  less  bitter  than  the  other 
barks.  It  and  various  hybrids  have  come  largely  into 
cultivation,  but  this  cultivation  is  not  now  continued  on 
the  same  scale.  These  hybiid  forms  grow  much  larger, 
the  quills  becoming  as  large  as  an  ordinary  calisa}'a. 
They  retain  their  proportionally  greater  "  thickness. 
They  are  usually  of  a  dingy  gray  and  the  fissures  are 
wide  and  gaping.  The  color  of  the  powder  is  very  light, 
giving  the  name  "pale."  This  bark  (if  typical)  usually 
contains  about  three  per  cent,  of  alkaloids,  one-half  to 
nearly  two-thirds  being  quinine.  It  is  chietiy  consumed 
in  Southern  Europe.  It  was  formerly  official,  and  its  fluid 
extract  is  still  a  favorite  with  man)- American  ph\-sicians. 
This  preference  is  however  erroneous,  unless  a  double 
dose  is  given  to  secure  the  same  effect. 

Maracaibo  Bark. — This  is  from  one  of  the  most  north- 
erly growing  species.  AVhat  that  sjiecies  is.  is  not  cer- 
tain. The  bark  occurs  in  warped,  chip  hkc,  thick  pieces 
commonly  as  large  as  the  hand,  and  is  of  coarselv  stri- 
ated structure,  and  hard  and  heavy.  It  is  of  a  bright 
but  pale  j'ellow,  with  silvery  soft  "patches  of  periderm 
easily  scraped  off  with  the  thumb-nail.  Its  only  interest 
is  because  many  ignorant  pharmacists  ]iurcha.se"it,  under 
the  name  of   "yellow  bark,"  for  calisaya.     It  is  quite 


worthless  except  as  a  vegetable  bitter,  containing  a  great 
amovmt  of  resin,  but  practically  no  quinine  or  other  val- 
uable alkaloid. 

The  other  unofficial  barks,  Cuprea,  Pitaya,  Gra)-,  Hard, 
and  Soft  Col(nul)ian,  Hard  and  Fibrous  Carthagena,  Ha- 
malies,  Cuzco,  Cocola,  Pajinal,  are  in  the  market,  if  at 
all,  only  as  relics.  They  are  no  longer  collected.  When 
cinchona  was  valuable,  great  quantities  of  these  were  ac- 
cumulated in  London,  and  when  the  price  fell  they  were 
stored  to  await  a  favorable  market.  This  never"  came, 
and  many  tons  are  still  there,  for  which  their  owners 
would  be  glad  to  take  five  per  cent,  of  the  cost  ]irice. 
From  time  to  time  small  i[uanfities  of  these  are  worked 
ofl:  upon  ignorant  or  careless  buyers,  but  their  use  can  be 
regarded  only  as  objectionable. 

'Pemijia.— One  of  these,  Cuprea  Bark,  is  the  product  of 
the  related  genus  Remijea  and  contains  a  small  amount 
of  quinine. 

The  following  composition  table  by  Dr.  Bolles,  taken 
from  the  last  edition  of  this  work,  is  of  interest: 

1.  Alkaloids. 


Name. 

Discovery. 

Composition. 

Source. 

Quinine 

Pelletier     and 

CjoHji-VjOj. 

In  all  the  best  cincho- 

Caventou,1820. 

nas,  especially  ('. 
CaliKaiia,  Liilaeri- 
aiia,  (ttiici)ialh,  htu- 
cifiiUa.  pilatien.-i.':. 
etc.,  associated  with 
einchonine,  etc. 

Quinidine.... 

Henry  and  De- 

Same  formula 

C.  piffO/cjj.vfV  and  other 

londre,  1S33. 

good  species. 

Cinchonine. . . 

Pelletier     and 

C19H22N3O2. 

Red  bark,  C.  siicciru- 

raventou,18a). 

hra,  also  in  most  of 
the  others,  common 
and  abundant. 

Cinclionidine. 

Winckler,  1847.. 

Same  formula 

C.  tncnjc  uM:^,  also  in 
other  species. 

Homocincho- 

Hesse,  1877 

CisHjjNjOj. 

South     American     red 

nidine. 

bark. 

Quinaraine. . . 

Hesse.  1872 

C.sHs.NjO. 

C.  Lciliieriana.  nfflei- 
nalis,  etc.al.soin  Be- 
rn ijia. 

Cinehumidine 

Hesse,  1881 

CjoHjsNjO. 

From  the  iiidtlirr  liqnur 
of  hoinininiliniiitliiii'. 
Frequently  present  in 
commercial  cincho- 
nidine. 

Aricine 

Pelletier     and 

CaaHsaNjOi. 

C.    pu/jf sc<;)i,<,    etc.. 

Coriol,  1829  . . . 

Arica  or  euseo  bark. 

Cusoonine 

Hesse,  1877 

C,3H„N204. 

.Accompanying  the 
above. 

Cuseonidine. . 

Hesse,  1877 

Not  analyzed. 

Cuscamine... 

Hesse,  1880  1 

Not  analyzed. 

C  ]wnetieriana  ("cusco 

Cuscamidine.. 

Hes.se,  1880  (  •  •  ' 

bark"). 

Paricine 

Winckler,  ISW.. 

C.  fnw^inibra  (Hesse, 
1877). 

2.  ACIDS. 


C  i  n  c  h  0  n  i  c 

Hoffman,  niKI. . 

C,H,jO,. 

In    all    cinchonas    and 

acid,    kini< 

many  other  plants.    A 

acid. 

widely  distributed 
vegetable  acid. 

Chinovicacid. 

HIasiwetz 

C24H38O4. 

In  cultivated  cinchonas; 
probably  more  gen- 
eral. Also  in  Tor- 
mentilla. 

Cinehotannic 

Berzelius 

acid. 

3.  NECTRAL  and  MiSCELLANEOrS. 


Chinovin.     A 

glucoside. . . 

Cinchona  red 

Lignoin 


Cinch  00  ero- 

tin. 
Water 


Pelletier    and 

Caventou,1821. 

Reuss,  1812 


Reichel,  18.'i6  .. 
Kerner,  1859  . . 


CaoHseOa. 
C28H32O14. 
C20H23NOJ. 

CS7H48O2. 


Cinchonas.  Remijias, 
and  other  Ciiicdonffr. 

All  cinchonas,  especial- 
ly the  red. 

Ciiichonas— d  0  u  b  t  f  u  1 
substance. 

Calisaya. 


Henry  II.  Busby. 

CINCINNATI,  the  chief  city  of  Ohio,  is  situated  on  the 
north  bank  of  the  Ohio  River.  "It  is  surrounded  by 
hills  fi'om  400  to  465  feet  in  height,  forming  one  of  the 
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most  bciiiuiful  anipliitlu'iitrcs  on  the  continent,  from 
wliosc  liilltoiis  niav  I)cscimi  till'  splendid  panorama  of  the 
cities  below,  and  the  windinir  Ohio"  (Aiipleton's  "Guide 
to  the  United  States  ami  C.uiada  ").  It  is  a  eity  of  three 
hundred  ihousnnil  or  more  inhabitants,  more  than  a  third 
of  whom  are  (Jernians  or  of  tierman  parentaire.  The 
chief  jiublie  park  is  Kden  Park,  situated  on  a  hill  alTord- 
injr  a  strikinir  view  of  the  city,  the  valley  of  the  Ohio, 
and  the  siirroundini;  country.  The  climate  is  indicated 
by  the  accompanying  chart. 

CUM.iTK  OK  riXeiXN.lTI,  Omn.  — I.ATITtDK.  Xl'  6';  I.OXGITCnK, 
S4^  ;W.  PKUIOD  of  OBSERVATIO.NS,  DECKMUER  IST,  l.SiO,  Til 
UEeE.MI!ER  3lST,  ISSi. 


Data. 


Tempenaiire  (Fulir.) 

.\venipe  ur  noruiiit 

.\vt*nijre  daily  ran^e 

Mean  of  warmest 

Mean  of  eokiesl 

UifTliest  or  ma.xitnum 

Lowest  or  niinliiaiiu 

Iluiiiidil.v— 

Avenijre  relative 

Prtcipitaiion— 

Average  in  ineties 

AVind— 

i'revailinjr  direction 

Avenige  hourly  velocity  in  miles 

Weatlier— 

Avenure  number  of  clear  days 

Average  number  of  fair  da.vs 

Average  number  of  clear  and  fair  days.. 


January. 

July. 

34.4° 

78.3' 

14.0 

lt).3 

41.4 

8B.8 

27.4 

70..5 

CO.!) 

103.5 

-10.1) 

.58.2 

72.3* 

W.4« 

3.54 

4.29 

S.W. 

S.W. 

6.4 

4.8 

4.8 

9.2 

10.2 

13.2 

13.0 

21.4 

Year. 


55.90° 


mi 

44.36 

N.W. 

5.8 

94.9 
140,4 
235.3 


E.  0.  Otis. 

CINCINNATI  ARTESIAN  WELL.— Hamilton  County. 
Ohio.  This  well  is  located  at  the  Cincinnati  g;is-works. 
and  is  l.'J4.")  feet  in  depth.  There  is  a  continuous  flow  of 
water.     The  following  analysis  is  by  E.  S.  Wayne: 

O.s'E  r.MTEn  St.\tes  Gallon  Co.stai.vs: 

Solids.  Grains. 

Magnesium  earlionate 8.14 

taleiuiii  lal  lu.nate 17.33 

Polassiuiii  >uliihate 27.27 

Sodium  .111. Hide 519.B0 

Magiii'suim  chloride 18.14 

Calcium  chloride 22.2W 

Potasstuui  chloride 3.27 

Magnesium  bromide 2ti 

Magnesium  iodide 19 

Iron  oxide 37 

Silica 49 

Total 617.33 

Gases.  Cu.  in. 

Sulphureted  livdrogen 7.76 

Carbonic  acid 10.32 

This  is  a  very  rich  Siiline  sulphuieted  water,  and  ought 
to  be  of  value  in  the  treatment  of  diseases  for  which  such 
waters  aic  used.  Jmiics  K.  Crouk: 

CINNAMIC  ACID  AND  CINNAMATES.— Cinnamic  or 

jih,  iijil-iicrjiUi:  acid  (C9II5.O2)  results  from  o.xidatiou  of  oil 
of  cinnamon,  the  oil  being  chemically  cinnamic  aldehyde, 
and  it  also  exists  ready  formed  in  conjunction  with  "ben- 
zoic acid,  to  which  it  is  closely  related,  in  many  balsams, 
such  as  the  balsjims  of  tolu,  of  Peru,  ami  of  benzoin.  It 
can  be  formed  synthetically  also,  Cinii.-imic  acid  is  a 
colorless  crystalline  body,  volatilizable  without  taste  or 
smell,  fiecly  soluble  in  alcohol,  but  oidy  feebly  so  in  water 
(one-tenth  per  cent,).  The  commercial  article  is  obtained 
chietiy  fiom  styrax. 

Cinnamic  acid  is  non-poisonous,  and  is  said  to  resem- 
ble sjilicylie  and  benzoic  acids  in  antiseptic  power.  It 
has  been  suggested  as  a  practical  antiseptic  for  use  in 
suigical  dressings.  Lint.  jute.  etc.  may  be  charged 
with  the  acid  by  .soakage  in  an  alcoholic  solution.  It  has 
also  been  employed  for  the  constitutional  treatment  of 
phthisis,  by  the  intravenous  injection,  twice  a  week,  of 
a  few  minims  of  a  five-percent,  emulsion  of  the  acid. 
Such  injection  is  practised  upon  a  vein  of  the  foreaini. 


with  pro|)er  antiseptic  piecautions,  and  the  treatment 
continued  for  at  least  lliice  months, 

Cinnamic  acid  is  oxidized  readily  into  benzoic  acid, 
and  it  is  supposed  that  this  action  takes  place  in  the  hu- 
man system,  since  the  two  acids  have  the  sjime  elTect 
upon  the  urine  and  its  constituents, 

Siiliniii  riiiiiiiiiiiiti  is  a  salt  freely  soluble  in  water,  and 
has  been  proposed  as  a  substitute  for  cinnamic  acid  be- 
cause of  such  free  solubility.  EdiranI  Ciirtin. 

CINNAMON. — The  cinnamon  pioducts  include  ciima- 
inon  and  cassia  bjirks,  cassia  chips,  cassia  Iciives  and  cas- 
sia flowers,  and  the  oils  ilistilled  Iherefioni,  They  are 
all  yielded  by  species  of  the  genus  ('inii'iiii'iiitinii  IJInme, 
in  the  family  Ln'iraceif.  The  genus  contains  some  fifty- 
four  species,  all  natives  of  tropical  Asia  and  -Viistialasia, 
The  section  containing  the  camiihor  tree  is  markediv  ilis- 
tiuct,  and  wouhl  probably  be  better  regarded  as  forming 
a  separate  genus.  Many  of  the  species  yield  usefid  prod- 
ucts of  minor  importance,  and  these  will  be  enumerated 
at  the  close  of  this  article.  Three  species,  two  of  them 
known,  the  thii'd  doubtful,  yield  the  highly  esteemed 
and  official  cinnamon  barks,  and  will  now  be  considered 
separately. 

1.  Ckvi.ox  Cinx.\mos,  Cixna.momum  Zeylasicum. — 
"The  inner  bark  of  the  shoots  of  Cinnamoiiiiiiii  Zti/luni- 
ciiiii  Breyne''{U.  S.  P.).  This  well-known  species  is  a 
native  of  the  hills  and  woods  of  the  island  of  Ceylon.  It 
has  also  been  long  cultivated  in  the  same  island." and  it  is 
fi-om  these  cultivated  plants  that  all  the  tnu'  cinnamon 
now  conu-s.  It  has  also  been  inti-oduced  into  otlier 
islands  of  the  Indian  (.)cean,  and  into  the  mainland  of 
Asia,  as  well  as  into  the  West  Indies,  but  it  produces  in 
these  places  inferior  barks.  On  the  cinnamon  iilanta- 
tions  the  ti'ces  are  trimmed  down  to  make  them  send  up 
sprouts  from  the  base;  these  are  allowed  to  glow  until 
they  are  about  two  years  old  and  8  or  4  cm.  in  diameter, 
when  they  are  cut.  and  the  bark  is  peeled  off  in  pieces 
about  30  cm.  (1  ft.)  in  length.  These  strips  are  then 
put  together  in  rolls  and  allowed  to  wilt  for  a  dav  or  so. 
when  they  are  separated  and  each  piece  is  laid  upon  a 
suitable  stick  around  which  it  will  fit.  and  the  outer  cel- 
lular layers  of  the  bark  are  scraped  off  and  rejected. 
The  quills  of  inner  bark  so  |)repareil  constitute  cinna- 
mon, and  are  rolled  together  in  successive  layers  until  a 
.solid  cylinder  about  a  metre  long  and  1..5  or  2  cm,  thick 
is  formed  (1  yd,  by  0,.")  or  0,7.5  in.),  of  sometimes  a  dozen 
layers  of  brittle,  splintery  bark.  The  Pharmacopoeia 
thus  describes  the  bark : 

^^  Ceylon  ciitiiainon  is  in  long,  closely  rolled  quills, 
composed  of  eight  or  more  layers  of  bark  of  the  thick- 
ness of  paper;  pale  yellowish  brown;  outer  surface 
smooth,  marked  with  wavy  lines;  inner  surface  scarcely 
striate;  fracture  splintery;  odor  fragrant ;  taste  sweet 
and  warmly  aromatic." 

This  is  altogether  the  finest,  and  in  general  the  best 
cinnamon  of  the  market,  though  it  is  not  nearly  so 
strong,  sweet,  or  expensive  as  tlie  third  variety.  If  ta- 
ken young  and  of  good  quality,  it  has  scarcely  a  trace 
of  bitterness  and  but  little  astringcncy.  It  contains  onlv 
a  moderate  amount  of  sugar  and  mucilage.  It  yields  a 
large  percentage  (up  to  five  per  cent.)  of  ash.  It  is  rich 
in  oil.  yielding  up  to  one  and  a  half  per  cent,,  and  this 
oil  is  very  fragrant.  The  features  of  this  cinnamon,  as  a 
perfuming  and  flavoring  agent,  are  its  delicacy  and  per- 
manence. It  is  the  only  species  oflicial  in  the  British 
Pharmacopivia. 

2.  Cassia  Ci.vxamox,  Cxxxa.momum  Cassia,  Cassia 
LiGXEA.  Cassia  Vera. — ''The  bark  of  the  shoots  of  one 
or  more  undetermined  species  of  Cinnamomuni  grown  in 
China"  (U.  S.  P, ),  In  spite  of  this  statement,  the  arti- 
cle is  known  to  be  the  inoduct  of  C.  fV/.«/((  (Nees) 
Blume,  LikeCeylim  cinnamon,  it  is  collected  both  from 
wild  and  from  cultivated  tiees,  mostly  the  latter.  It 
comes  from  Southern  China,  and  is  therefore  often  called 
Chinese  cinnamon.  The  name  is  a  bad  one.  however,  as 
it  does  not  distinguish  it  from  No.  3.  The  trees  arc  cut 
down  when  about  .six  veare  old.  and  the  long  straight 
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shoots,  about  an  iucli  in  thickness,  are  i)eel(;'d  in  lengtlis 
of  al)Out  a  foot.  Each  quill  is  usually  the  bark  from 
half  tlie  circumference.  Tlic  outer  bark  is  not  carefully 
scraped  away  as  in  the  last,  but  is  roughly  and  imper- 
fectly shaved  off  with  an  instrument  resembling  a  spoke 
shave.  The  quills  are  dried  and  packed  separateh*. 
The  description  of  this  species  is  as  follows:  "Inquifis 
of  varying  length  and  about  1  mm.  or  more  in  thickness; 
nearl}'-  deprived  of  the  corky  layer;  yellowish  brown ; 
outer  surface  somewhat  rough ;  fracture  nearly  smooth  ; 
odor  fragrant;  taste  sweet  and  warmly  aromatic."  Tliis 
variety  tends  much  more  to  bitterness  and  astringency 
than  the  last.  Its  better  grades  also  contain  more  sugar 
and  gum.  Its  yield  of  oil  is  ordinarily  less,  and  this  is 
usually  not  quite  so  fine,  though  it  is  the  ordinary  com- 
mercial sort.  The  special  feature  of  this  cinnamon  is  its 
variability.  Its  l)est  varieties  are  ratlier  sweeter  than 
the  last  in  flavoring,  but  the  taste  does  not  endure  so 
well.  Its  ])0f}rcr  varieties  are  scarcely  fit  for  itse.  The 
best  varieties  arc  the  "Java"  and  "Batavian."  They 
are  very  carefully  prepared  from  j-oung  shoots.  The 
outer  bark  is  entirely  removed,  the  color  is  a  pale  yellow- 
brown,  the  taste  fragrant,  sweet,  and  very  mucilaginous. 
The  latter  character  rather  disqualifies  it  for  pharmaceu- 
tical uses,  but  makes  it  better,  if  anything,  for  culinary 
purposes.  The  poorest  grades  are  tlic  chea])  "  Chinese 
Mats."  In  preparing  them,  each  packer  lias  three  lots  of 
material  to  draw  upon.  First,  some  long  quills  of  fair 
quality;  second,  some  broken  material  and  chips  of  very 
inferior  grade;  third,  sand  or  other  heavy  foreign  mate- 
rial. These  he  uses  in  regidar  proportions  and  packs 
neatly,  with  the  good  bark  in  a  thin  layer  upon  the  out- 
side. Two  small  rolls  are  sewn  into  a  mat.  Cassia  is 
the  cinnamon  almost  exclusively  used  in  the  hou.sehold, 
and  the  most  of  this  is  of  the  poorer  grades,  besides 
which  the  ground  article  is  enormously  ailultenited. 

S.\iGON  Cinnamon. CixNAMO.MC.M  SAiooNiCf.M,  "God's 
CiNN.\MON." — To  this  variety  also  the  name  C/iinexf 
Cinnunion  is  applied.  "The  bark  of  an  undetermined 
species  of  Cinnamomum  "  (U.  8.  P.).  We  are  entirely 
ignorant  of  the  botanical  origin  of  this  variety.  Al- 
though it  has  frequently  been  assumed  that  it  is  from  the 
sanie  plant  which  yields  the  last,  its  characters  almost 
certainly  prove  the  contrary.  For  many  years  we  heard 
of  a  cinnamon  in  the  unvisited  regions  of  Southern  China 
which  Avas  unknown  in  civilization,  and  of  wondroiisly 
fine  quality.  Its  curative  jiropertics  were  almost  deified 
by  the  Chinese.  At  length  some  small  lots  were  brought 
fiut,  and  it  has  now  become  a  regidar  article  of  commerce. 
Little  is  known  of  the  methods  of  its  collection  or  dry- 
ing. It  comes  in  single  quills  of  a  foot  in  length,  none 
of  the  outer  bark  being  removed.  These  are  tied  neatly 
iu  liundles  about  ten  inches  in  diameter.  Each  case  con- 
tains rolls  made  up  of  bark  of  different  respecti\'e  thick- 
ness, the  intermediate  being  the  best.  The  thinnest  is 
smoothish  and  of  a  dark  red-brown.  The  others  are  gray 
or  gray-brown  and  rough,  the  intermediate  granular,  the 
thickest  fissured.  Saigon  cinnamon  sometimes  comes  in 
chips  of  very  thick  bark,  sometimes  a  third  to  a  half  inch 
thick.  At  its  best,  this  entire  thickness  is  free  from  astrin- 
gency and  bitterness,  fragrant  and  very  sweet,  differing 
markedly  in  this  character  of  the  outer  layers  from  either 
of  the  others.  It  is  also  peculiar  in  its  sugary  sweetness. 
Its  aromatic  property  also  is  quite  distinct,  "being  biting 
rather  than  mild.  Altogether,  it  is  the  sweetist  and 
strongest  of  the  cinnamons,  but  at  the  same  time  the 
least  permanent  as  to  flavor  and  odor.  It  is  clearly  nearer 
to  cassia  than  to  Ceylon  cinnamon.  Its  best  grade  is 
much  the  most  expensive  variety  of  cinnamon.  It  is  sub- 
ject to  substitution  by  a  false  article,  very  closely  resem- 
bling it,  both  naturally  and  in  its  packing.  This  article 
is  a  cinnamon,  and  looks  as  thotigli  it  might  be  selected 
from  unpeeled  cassia.  The  intermediate  size  is  that 
adopted  by  the  Pharmacopfeia,  and  is  thus  described : 

"In  quills  about  1.5cm.  long,  and  10  to  15  mm.  in  diam- 
eter, the  bark  2  or  3  ram.  thick ;  outer  surface  gray  or 
light  grayish  brown  with  whitish  patches,  more  or  "less 
rough  from  numerous  warts  and  some  transverse  ridges 


and  fine  longitudinal  wrinkles;  the  inner  surface  cinna- 
mon-brown or  dark  brown,  granular  and  slightly  striate; 
fracture  short,  granular,  in  the  outer  layer  cinnamon- 
colored,  and  near  the  cork  with  numerous  whitish  stria; 
forming  an  almost  uninterrupted  line;  odor  fragrant; 
taste  sweet,  warmly  aromatic,  somewhat  a.stringcnt." 

Some  other  cinnamon  species  and  products,  including 
the  oil  of  cinnamon,  will  be  discussed  at  the  close  of  the 
article. 

Composition. — The  general  composition  of  the  bark  has 
already  been  given.  The  only  constituent  that  can  bj- 
any  reasoning  be  classed  as  medicinally  active  is  the  oil, 
which  e.\i.sts  in  the  proportion  of  one-half  to  one  and  one- 
half  per  cent. 

Artimi  1111(1  UscK. — Aside  from  its  use  as  a  condiment, 
and  as  an  adjuvant  iu  the  pharmacy,  its  ]M-oprrtiis  and 
uses  are  entirely  those  specified  under  the  title  of  the  oil. 

Pvepnratinn. — The  only  medicinal  prejiaration.  strictly 
speaking,  other  than  those  of  the  oil,  is  the  ten-percent, 
tincture,  made  from  the  Ceylon  variety,  the  dose  being 
4  to  8  c.c.  (fl.  3  i.-ij.).  The  dose  of  powtlered  cinnamon 
of  any  variety  is  0..5  to  2  gni.  (gr.  viij.-.\.\x.).  Ceylon 
cinnamon  enters  into  the  aromatic  powder,  and  cassia 
into  the  compound  tinctures  of  cardamom,  catechu,  and 
lavender,  but  none  of  these  are  luoper  jireiiarations  of 
cinnamon  as  such.  Saigon  cinnamon  enters  into  uo 
preparation. 

Cfissiii  C/iips. — These  are  the  trimmings  of  cassia  bark 
which  cannot  be  utilized  as  cinnamon,  but  which  yield 
a  certain  amount  of  oil  upon  distillation. 

Cdsnid  Bulls  III-  Ciixsiii  F/oircrx:\w  the  unripe  fruits,  not 
only  of  the  species  above  named,  but  also  of  ('.  Tn.mnld 
Nees  ab  El>erm.  and  ('.  ihilee  N.  ab  E.  C.  duphnoidcs 
Sieb.  and  Zuce.  and  C.  Lonrcifii  Nees  yield  a  very  poor 
quality  of  a  false  cinnamon.  The  leaves  of  C.  olit'isifo- 
^(■»/n  Nees,  C.  Hicrs  Reinw.,  C.  nitidiim  Hook.,  ('.  TidiiiiIh 
N.  ab  E.,  and  some  other  species  have  been  articles  of 
commerce  under  the  name  of  Malabathriim  lea\'es.  The 
bark  of  various  species  have  found  minor  n.ses  in  medi- 
cine, chiefly  as  anti-diarrhneal  agents,  acting  partly  by 
their  tannin  and  partly  by  the  volatile  oil. 

Henry  11.  Rushy. 

CINNAMON,  OIL  OF.— Oleu.m  Cinnamomi.  The  ori- 
gin of  this  oil  has  been  suftieiently  cvjilaincd.  Our 
Pliarmacopivia  directs  that  it  be  distilled  from  ca.ssia 
cinnamon,  not  because  that  of  Ceylon  cinnamon  is  uu- 
satisfactory,  but  because  the  two.  if  first  class,  are  hardly 
to  be  distiuguished,  and  practically  all  of  the  oil  of  com- 
merce comes  from  cassia.  Much  of  the  commercial  oil 
is  said  to  be  distilled  from  the  leaves.  While  ordinary 
oil  of  cinnamon  can  be  had  for  two  or  three  dollars  a 
pound,  that  of  the  Ceylon  brings  twenty,  and  is  no  bet- 
ter.    The  following  is  its  official  description  : 

"  A  yellowish  or  brownish  li(|uid,  becoming  darker  and 
thicker  by  age  and  exposure  to  the  air.  having  the  char- 
acteristic odor  of  cinnamon,  and  a  sweetish,  spicy,  and 
burning  taste.  Specific  gravity,  l.Oo.j  to  l.OG.j  at  1.5'  C. 
(59'  F.).  Soluble  in  an  equal  volume  of  alcohol,  the 
solution  being  slightly  acid  to  litmus  paper;  also  soluble 
in  an  equal  volume  of  glacial  acetic  acid.  When  .shaken 
with  a  stiturated  solution  of  sodium  bisulphite,  it  solidi- 
fies to  a  crystalline  mass.  If  four  drops  of  the  oil,  con- 
tained in  a  test  tube,  be  cooled  to  0'  C.  (32  F. ).  anil  then 
shaken  with  four  drops  of  fuming  nitric  acid,  crystalline 
needles  or  plates  will  be  formed.  If  a  portion  of  the  oil 
be  shaken  with  water,  and  the  liquid  passed  through  a 
wet  filter,  the  clear  filtrate  should  give,  with  a  few  drops 
of  basic  lead  acetate  T.  S.,  a  white  turliidity,  without  a 
j'cllow  color  (absence  of  oil  of  cloves).  If  four  drops  of 
"the  oil  be  dissolved  in  10  c.c.  of  alcohol,  the  subsequent 
addition  of  a  drop  of  ferric  chloride  T.  S.  should  pioduce 
a  brown,  but  not  a  green  or  blue,  color  (absence  of  oil  of 
cloves  or  of  carbolic  acid).  If  1  c.c.  of  the  oil  be  mixed 
with  3  c.c.  of  a  mixture  of  three  volumes  of  alcohol  and 
one  volume  of  water,  a  clear  solution  should  result ;  and  if 
to  this  solution  there  be  gradually  added  2  c.c.  of  a  satu- 
rated solution  of  lead  acetate  in  a  mixture  of  three  volumes 
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of  iilfoliol  anil  niic  volume  of  water,  no  precipitate  sliouUl 
be  proiluee<l  (absence  of  petroleum,  or  of  coloplioiiy)." 

Tlie  active  constituent  of  tliis  oil  is  ciiiiiiiiiiii-  nhUln/ile. 
It  should  contain  not  less  than  seventy  tive  ]ier  cent,  of 
it.  and  eiirlity  tive  ju-r  cent,  is  easily  attainable.  Since 
the  relative  values  of  dilferent  samples  arc  exactly  pro- 
])ortional  to  the  pereentaire  of  this  substance,  and  since 
the  latter  can  be  purcliasetl  and  its  purity  readily  deter- 
mined, a  frreat  gain  would  be  made  by  using  it  insteail  of 
the  oil.  It  is  readily  oxidized  into  ciunamic  acid.  Oil  of 
cinnamon  posse.sses  the  ordinary  properties  of  volatile  oils 
(see  Actir,'  ('•mstitiiciitx  I'f  Plantx)  and  is  peculiar  among 
them  because  of  its  being  generally  regarded  as  the  most 
agre<'able,  and  because  it  is  probably  the  most  highly 
antiseptic  of  them  all.  The  dose  is  tti  i.  to  v.  We  liavc 
two  official  preparations,  the  water,  strength  one-tifth  of 
one  percent,  and  dose  1.5  to  30  c.c.  (3  ss.-i.),  and  the 
spirit,  .strength  te.i  per  cent,  and  dose  0.5  to  3  c.c.  (S  to 
:!()  ni.  I.  Henry  II.  liiisbi/. 

CINNAMYL-META-CRESOL.     See  Hcfocnunl. 

CIRCULATION  OF  THE  BLOOD.— I.  Co.\ip.\I!.\tive 
.\>i>  HisToiiic.vi,  Inthodiction. — The  term  circulation 
as  applied  to  the  blood  was  first  used  in  physiology  by 
Ccsalpino  (1.509)  to  describe  the  true  path  taken  by  it  in 
its  pass;ige  from  the  light  to  the  left  side  of  the  heart. 
The  Galenic  doctrine,  according  to  which  this  passage 
was  made  by  way  of  pores  in  the  intraventricular  sep- 
tum, was  accepted  without  question  imtil  Servetus  (1.5.53) 
and  Vesalius  (1.55.5)  establislied  anatomically  the  sound- 
ness and  impermeabilit}'  of  the  septum  of  the  heart. 
The  idea  of  the  actual  path  by  way  of  the  pulmonary 
ves.sels  seems  to  have  suggested  itself  immediately,  this 
Course  being  correctly  described  in  the  writings  of  Ser- 
vetus  and  Colnmbo  (15.59);  and  although  a  pure  surmise 
from  the  logical  necessities  of  the  case  and  unsupported 
by  experimental  proof,  it  quickly  gained  acceptance  and 
was  named  "circulation." 

By  extension  the  term  has  come  to  be  applied  to  the 
motion  of  the  blood  in  animals  generallj",  however  irregu- 
lar and  variable  this  may  be.  The  comparative  physiolo- 
gist sjieaks  of  the  cirenlation  of  the  blood  even  in  those 
invertebrate  animals  in  which  neither  heart  nor  vessels  ex- 
ist, and  in  which  a  sluggish  ebb  and  flow  of  the  blood 
through  irregular  ti.ssue  spaces  and  perivisceral  cavities 
alone  occurs,  the  movement  being  the  result  of  contrac- 
tions of  the  alimentary  canal  and  the  body  generally. 
Etymologically  the  word  circulation  would  be  applicable 
onl\'  to  the  contlitions  found  in  the  lishes,  birds,  and 
mammals.  The  accompanying  diagrams  of  the  vascular 
systems  of  the  crayfish,  tish,  frog,  and  mammal  will  serve 
to  illustrate  some  of  the  fundamental  differences  found 
in  the  animal  scries  in  respect  to  these  organs. 

As  to  the  invertebrate  type,  represented  here  by  the 


Fig.  132.5.— Heart  and  Blood-Vessels  and  Gills  of  ttie  Cravflsli.  c.  Heart  in  a  blood  sinus, 
witli  Ps,  several  paire  of  ostia;  Ac,  cephalic  aorta ;  A.ah,  abdominal  aorta ;  As,  ster- 
nal artery. 


crayfish,  two  distinguishing  peculiarities  are  to  be  noted. 
In  the  first  place,  the  heart  and  blood-vessels  do  not 
form  a  closed  system  of  channels.     However  highlj-  de- 


veloped the  va.senlar  system  in  them  may  be.  it  will 
be  found  that  in  some  part  or  parts  of  the  body  the  ves- 
sels terminate  and  the  blood 
flows  info  so-called  "  lacuna>  " 
or  tissue  sjiaces  not  bounded 
by  any  limiting  membrane. 
This  condition  oliliferafes  the 
distinction  between  blood  and 
lymph  and  leads  to  the  use 
of  such  terms  as  '"hydro- 
lymjih''  and  "  h;emolymph  " 
for  the  blood  of  these  ani- 
mals. The  other  character- 
istic feature  consists  in  the 
fact  that  the  blood  returns  to 
the  heart  from  the  respira- 
tory apparatus  where  one  is 
present,  instead  of  from  the 
Ijody  generally,  constituting 
a  .so-called  "arterial  heart." 

Compare  in  both  these  re- 
spects the  diagrams  of  the 
circulation  of  the  lobster  (Fig. 
1325)  and  fish  (Fig.  1320). 
In  the  latter  the  system  of 
vessels  is  a  closed  one,  and 
the  heart  functions  as  a 
venous  organ.  In  the  air- 
breathing  vertebrates  further 
changes  in  the  circulatory  or- 
gans accomjiany  the  appear- 
ance of  pulmonary  respira- 
tion. The  tubular  heart  of 
the  fish,  with  its  four  con- 
secutive chambers,  is  replaced 
by  an  organ  with  a  median 
partition.  In  the  frog  (Fig. 
132T)  the  right  and  left  auri- 
cles are  completely  separated 
in  this  way,  while  the  ven- 
tricle remains  a  single  cham- 
ber. A  partial  ventricular 
septum  of  increasing  pro- 
portions is  found  in  the  tur- 
tles, snakes,  and  lizards,  be- 
coming complete  only  in  the  highest  of  the  reptilia,  the 
crocodiles,  as  it  is  in  birds  and  manunals. 

The  above  variations  in  the  structure  of  the  heart  are 
attended  by  certain  changes  in  the  arrangement  and  con- 
nections of  the  main  vessels  arising  from  it,  especially  as 
regards  the  extent  of  the  communication  between  the 
aortic  and  pulmonary  arteries.  The  result  of  both  series 
of  changes  is  to  secure  an  increasing  amount  of  sejjara- 
tion  between  venous  and  arterial  "blood.  The  venous 
blood  of  the  right  auricle  in  frogs  mingles  rather  freely 
with  the  arterial  blood  of  the  left  auri- 
cle when  they  reach  the  common  ven- 
tricle. This  occurs,  to  a  diminishing 
extent,  as  the  interventricular  septum 
develops;  but  even  in  the  croeodilia,  in 
which  it  is  complete,  the  mixing  of  the 
two  kinds  of  blood  is  not  wholly  avoid- 
ed, since  there  remains  a  communica- 
tion— the  foramen  of  Panuzzi — be- 
tween the  right  and  left  aortic  arches. 

In  birds  and  mammals  the  motion  of 
the  blood  again  becomes  a  true  circu- 
lation, and  a  particle  of  it  starting  at 
any  point  of  the  system  mtist  make  a 
complete  circuit  before  it  ]iasses  that 
point  again.    Accomplishing  this  it  will 
traverse  at  least  two  c.ipillaiy  networks, 
the    sjstemic   and   the  resiiiratory,  as 
was  the  case  in  fish  also ;  l)ut  besides, 
it  passes  twice  through  the  heart,  in 
this  respect  differing  from  the  fishes.     The  venous  heart 
of  the  latter  has  been  replaced  by  a  double  organ  with 
a  right  venous  side  which  transfers  the  blood  from  the 


Fig.  132B.— Diajmini  of  Ihei  ir- 
culatorv  ( irtraus  of  :iii  ( isseous 
Fisll.  I',  Velllricle;  liu.  moI' 
tic  hull),  with  ilie  iirt'  lial 
arches  wtiich  carry  the  venous 
blood  to  the  trills';  ,to.  dtn-sal 
aorta,  info  which  open  the  ves- 
sels from  the  trills  or  branchial 
veins.  Ah :  A',  kidney ;  D,  ali- 
mentary canal ;  i/,,  portal 
circulation. 
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systemic  veins  to  the  pulraoiiiiry  arteries;  and  a  left 
arterial  side,  which  returns  it  again  from  the  pulmonary 
veins  to  the  aorta,  each  half  being  further  subdivided 
into  an  auricular  and  a  ventricular  chamber, 

A  third  set  of  capillaries  may  be  interpolated  in  the 
course  of  a  single  circuit.  Thus,  the  blood  which  sup- 
plies the  stomach,  intestines,  pancreas,  and  spleen  is  col- 
lected iu  the  portal  vein  and  must  pass  through  the  capil- 
laries of  the  liver  before  it  can  reach  the  heart.  This 
constitutes  what  is  known  as  the  ""  portal  or  the  hepatic 
portal  circulation,"  and  the  arrangement  is  universal 
among  all  the  vertebrates.  An  analogous  condition  is 
found  in  the  "  renal  portal  circulation  "  of  the  reptiles, 
amphibia,  and  lish. 

The  perpetual  motion  of  the  blood  in  a  circle  through 
the  heart,  arteries,  and  veins  was  discovered  by  AVilliam 
Harvey  in  1616,  Guided  by  the  important  anatomical 
discoveries  of  the  preceding  century,  the  true  significance 
and  import  of  which  he  first  correctly  appreciated,  the 
illustrious  Harvey  succeeded  by  a  series  of  wisely  planned 

and  skilfully  exe- 
cuted experiments 
in  overcoming  the 
prevailing  miscon- 
c  e  p  t  i  o  n  s  and  in 
giving  us  an  ac- 
count of  the  circu- 
lation which  in  all 
its  general  features 
remains  substan- 
tially correct  after 
the  lap.se  of  more 
than  three  centu- 
ries. Beginning 
with  the  heart,  he 
studied  both  the 
rhythm  and  the  se- 
quence of  its  beat, 
and  emphasized  the 
fact  that  the  systole 
constituted  the  ac- 
tive phase  while 
the  diastole  was 
])assive.  He  noted 
the  beginning  of 
the  beat  in  the  auri- 
cles, which  con- 
tracting together, 
discharge  their  con- 
tents into  the  ven- 
tricles: that  these 
then  follow  with  their  contraction,  the  right  ventricle 
driving  the  blood  into  the  pulmonary  artery,  the  left  ven- 
tricle into  the  aorta.  The  lesser  circulation  through  the 
lungs  having  been  described  before,  Harvey  could  only 
confirm  this  fact  by  new  evidence  from  comparative  an- 
atomy and  embryology.  His  essential  contribution  con- 
sisted in  tracing  the  fate  of  the  blood  pumped  into  the 
aorta,  and  showing  that  this  travelled  peripherally  in  the 
arteries,  was  transferred  somehow  to  the  veins,  and  in 
them  was  carried  in  a  centripetal  direction  back  to  the 
right  auricle.  The  nature  of  the  connection  between  the 
arteries  and  veins  at  the  periphery  Harvey  was  unable 
to  make  out,  although  the  fact  of  its  existence  was  indis- 
putably established.  This  last  link  which  was  needed  to 
complete  the  circuit  came  with  the  discovery  of  the 
capillaries  by  Malpighi  (1661),  four  years  after  Harvey's 
death. 

Confirmation  of  the  work  of  Harvey  sotm  accumulated 
from  various  soiuces.  Leeuwenhoek  (1669)  saw  the  cir- 
culation of  the  blood  in  the  vessels  of  the  bat's  wing,  the 
tail  of  the  tadpole,  and  the  tins  of  fishes.  About  the 
same  time  the  methods  of  injection  were  carried  to  a  high 
degree  of  perfection,  so  that  Swammerdym  and  Ruysch 
by  this  means  also  demonstrated  the  continuity  of  the 
arteries  and  veins  at  the  periphery.  Our  knowledge  of 
the  circulation  has  been  extended  and  perfected  since  that 
time  in  manv  directions.     Some  of  the  more  notable  ad- 


FiG,  1327.  — CiniilatorT  Orprans  iif  the  Fnip. 
P,  Left  lunp— riffht  lung  is  removed  :  Aji, 
pulmonary  artery  :  T^*,  pulmonary  vein  : 
Vc,  vena  cava  inferior ;  An,  dorsal  aorta  ; 
iY,  kidney :  D.  alimentarj'  canal ;  Lk, 
portal  circulation. 


vances  include  the  discovery  of  the  lacteals(Asselli,  1662) 
and  lymphatics,  of  the  cardiac  (E.  H.  and  E.  F.  AVeber. 
1845;  von  Bezold.  1860-1866;  M.  and  E.  Cyon,  1866; 
Schmiedeberg,  1870)  and 
vasomotor  nerves  (CI.  Ber- 
nard, 1849)  and  the  intro- 
duction and  application  of 
the  graphic  method  to  the 
study  of  the  movements 
of  the  heart  and  blood-ves- 
sels (Ludwitr,  ilarej",  etc., 
etc.), 

II,  ]Mech.a.nics  of  the 
C  I  R  c  u  I,  -\  T I  o  X.  —  The 
closed  system  of  channels 
through  which  the  blood 
circulates  includes  t  h  e 
heart,  arteries,  capillaries, 
and  veins.  The  first  of 
these  is  essentially  a  mus- 
cular foice  pump  whose 
rhythmical  sti'okes  at  the 
rate  of  about  72  per  miu- 
u  t  e  drive  t  h  e  blood 
through  the  vessels  in  a 
constant  diiection  with  a 
considerable  velocity.  Be- 
fore taking  up  the  action 
of  the  centi'al  puniji,  it 
will  be  convenient  to  note 
the  general  features  of 
this  blood  ciiiTent, 

Its  study  is  essentially  a 
physical  j^roblem  in  hy- 
drodynamics whose  com- 
plete theoretical  ti'eatment 
is  rendered  lu'actically  im- 
possible by  the  complex 
arrangement  and  mode  of 
branching  of  the  vessels, 
by  the  constant  change  in 
the  physical  properties  of 
their  walls  along  their 
length,  and  by  the  con- 
tinual interaction  of  their 
))hysiological  activities. 
An  account  of  the  me- 
chanics of  the  fiow  in  the  vessels  must  be  based  mainly 
on  empirical  data,  and  the  fundamental  laws  of  hydi'o- 
dynamics  which  are  here  introduced  are  intended  merely 
to  assist  in  the  interpretation  of  these  data, 

A.  T/ie  Fhiir  of  LiijniOs  in  liigid  and  Elastic  Tubes. — 
Torricelli's  theorem  states  that  when  water  escapes  from 
an  aperture  in  the  .side  of  a  reservoir  filled  to  a  constant 


Fig.  1328.— Diagram  of  the  Circula- 
tion in  an  Animal  with  a  Com- 
pletely Separated  Right  and  Left 
Ventriclt*  and  a  Double  Circula- 
tion. (After  Hu.\Iey.)  ^W,  Right 
auricle  receiving  tlie  superior  and 
inferior  vena"  cava*,  Vcs  and  I'ri; 
Dth,  thoracic  <Uirt.  ttie  iiiaiTi  trunk 
of  the  lymphatic  system ;  A'J. 
right  auricle;  Vd.  right  ventri- 
cle ;  Ap,  pulmonary  artery ;  P. 
lung :  Vp,  pulmonary  vein  :  As, 
left  auricle;  T.s,  left  ventricle; 
^o, aorta;  Z),  intestine;  i.  liver; 
Vp,  portal  vein ;  Li\  hepatic  vein. 


Fig.  1329.— Diagram  Illibstratinir  the  Flow  of  Liquids  in  a  Horizontal 
Rigid  Tuix'  of  t  niform  CaUbre.  when  connected  with  a  reservoir. 
(From  Rollett.) 

level,  the  velocity  of  outflow  theoretically  is  given  by  the 
formula  V  =  V^gH  in  which  g  e(iuals  the  acceleiation 
of  falling  bodies  produced  by  gravity  and  H  equals  the 
height  of  the  column  of  liqttid  above  the  aperture.  The 
actual  velocitv  is  obtained  bv  dividing  the  amount  which 
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flows  out  ill  a  unit  of  time  by  the  cross  seclidii  of  tlie 
aperture,  ami  cxperimeut  shows  that  this  is  less  thau  the 
theoretical  value.  A  part  of  the  energy  of  iiosition  rep- 
resenteii  by  the  coluuiuof  licpiid  H  is  lost  at  the  aperture 
through  the  mutual  interference  of  the  particles  of  water 
as  tlu'V  approach  tlie  opening  from  tlilVcrent  directions, 
the  result  of  which  is  the  so-called  "contraclio  ven;e  " 
near  the  beginning  of  the  jet.  If  the  lost  fraction  of  the 
total  energy  be  re])reseuted  by  a  cohnnn  of  liquid  e(|ual 
to  ho.  and  the  energy  spent  in  giving  velocity  by  li.  then 
the  total  height  II  =  ho  +  h.  Now  sup|)osc  a  horizontal, 
rigid  tube  of  some  length  attached  to  the  aperture  in  the 
reservoir  (see  Fig.  1:529).  The  velocity  of  outtlow  from 
tlie  end  of  the  tube  can  again  be  calculated  from  the  vol- 
ume of  outllow  and  the  cross  section  of  the  tube;  then  by 
substituting  this  value  of  v  in  the  formula  v  =  .^/agll. 
it  will  lie  fiHuid  that  h.  the  |iortiou  of  the  total  energy 
of  position  II  that  is  available  for  velocity,  is  less  than  in 
the  case  of  the  free  aperture.  A  second  portion  of  H  has 
been  consumed  in  overcoming  the  resistance  in  the  tube. 
■Call  this  part  h,.  then  H  =  ho  +  h  +  h,. 

When  liipiids  wet  the  sides  of  the  tube  through  which 
they  arc  tlowing,  the  layer  of  particles  next  the  wall  of 
the  tube  may  be  considered  pmctically  at  lest  on  account 
of  adhesion.  The  layernext  within  moves  along  slowly, 
the  next  a  little  faster,  etc.,  the  velocity  increasing  with 
•each  successive  layer  to  the  axis  of  the  tube,  where  it 
reaches  a  maximum.  By  the  velocity  of  the  whole  stream 
as  calculated  for  the  tube  above  is  meant  the  mean  or 
average  velocity  of  all  the  layers,  and  it  has  been  shown 
that  when  the  bore  of  the  tube  falls  within  certain  limits 
so  that  the  movement  of  each  particle  of  li(piid  is  parallel 
to  the  axis,  this  mean  velocity  equals  one-half  the  axial 
•or  maximal  velocity. 

The  resistance  to  the  flow  of  liquids  in  tubes  thus  ap- 
pears as  a  case  of  internal  friction,  as  if  the  whole  column 
•of  liquid  were  made  up  of  a  series  of  concentric  cylin- 
ders, each  moving  a  little  faster  than  the  next  larger,  and 
the  outermost  one  completely  at  rest  against  the  sides  of 
the  tube.  This  internal  friction  constitutes  a  resistance 
■which  retards  the  flow  and  puts  the  liquid  under  tension 
felt  as  lateral  pressure  again.st  the  walls.  Gauges  ar- 
ranged along  the  tube  (h»,li3.h4,h6.  Fig.  1329)  to  indicate 
this  pressure  show  that  at  each  point  it  is  proportional  to 
the  amount  of  resistance  beyond  and  that  it  becomes  zero 
.at  the  free  outlet.  In  tubes  of  uniform  calibre  the  lateral 
pressure  drops  uniformly ;  but  -where  narro-\ver  and  wider 
■sections  alternate,  the  fall  is  irregular  for  obvious  reasons. 

Liquids  being  incompressible,  the  amount  of  tiuid  pass- 
ing each  cross  section  anywhere  along  the  tube  in  a  sec- 
ond must  be  thesiinie;  the  rate  of  flow,  therefore,  at  each 
point  will  be  inversely  proportional  to  the  width  of  the 
tube.  The  more  rapid  tlow  and  consequent  increase  of 
internal  friction  in  the  narrow  portions  make  heavier 
•draughts  on  the  store  of  available  energy,  and  the  lateral 
pressure  falls  more  quickly  here  than  in  the  wider  por- 
tion. 

In  a  system  of  tubes  like  the  blood-vessels,  in  -nhich 
the  main  channel  subdivides  dichotomously  into  numer- 
.ous  smaller  branches  whose  total  sectional  area  far  ex- 
■ceeds  that  of  the  original  trunk  and  in  which  these 
branches  are  gathered  again  into  a  single  small  tube,  the 
Telocity  is  determined  by  the  same  law  of  inverse  propor- 
tion to  the  width  of  the  bed.  and  is  therefore  slowest  in 
the  smaller  tubes  where  the  total  area  is  greatest.  On 
account  of  the  slowness  of  the  current,  the  pressure 
should  fall  slowly  in  this  region;  but  the  increase  of  sur- 
face in  the  numerous  narrow  channels  operates  the  other 
■way.  so  that  the  actual  rate  of  fall  in  the  pressure  will 
•depend  on  the  relative  magnitude  of  these  two  opposing 
factors. 

As  regards  the  nature  of  the  tube,  the  same  laws  apply 
■with  equal  force  whether  the  walls  are  rigid  or  elastic 
provided  only  the  flow  is  continuous  and  uniform.  When, 
instead  of  the  steady,  continuous  pressure  of  a  column  of 
liquid,  an  intermittent  force  is  used  to  drive  the  liquid 
into  the  tube,  the  character  of  the  wall  makes  its  influ- 
•ence  felt.  The  capacitv  of  a  rigid  tube  being  invariable, 
Vol.  III.—;  ■ 


the  inflow  and  outflow  must  be  synchronous  an<l  equal 
in  amoiuit;  an  intermittent  charge  necessiuily  implies  an 
intermittent  discharge.  An  elastic  tube  when  short  and 
wide  behaves  in  the  same  way;  liut  if  from  increa.se  of 
length  or  constriction  at  the  outlet  resistance  arises,  the 
outflow  no  longer  corresponds  in  time  to  the  inflow.  The 
injected  liquid  is  partly  retained  by  thetulic,  whose  walls 
yield  to  the  distending  force  of  the  lateral  pressure,  .'ind 
is  discharged  only  in  the  succeeding  interval  by  their 
elastic  recoil. 

If  the  intermittent  influx  is  rhythmically  repeated  at 
suMiciently  short  intervals,  each  new  charge  arriving  be- 
fore the  previous  one  has  Ijceu  displaced,  the  outflow  be- 
comes continuous.  By  properly  adjusting  the  resistance 
in  the  tube  to  the  force,  rate,  and  stroke  of  the  pump,  an 
elastic  tube  can  be  made  to  convert  a  rhythmic  intermit- 
tent current  into  a  conlinunus  even  stream,  just  as  the 
elastic  air  cushion  does  in  the  ordinary  lire  engine. 

B.  TJn'  Bhxid  Fhir  in  the  Vessels. — i.  General  Account 
of  the  Vascular  System.  The  arteries  and  veins  ])liysio. 
logically  are  merely  conducting  channels  to  and  i'rom 
the  cainllaries,  which  alone  are  fitted  by  the  structure  of 
their  walls  to  bring  the  blood  into  nutritive  relation  with 
the  tissues  and  enable  it  to  fullil  the  fuiu-tion  of  an  in- 
ternal medium.  The  arteries  po.ssess  stout  walls  which 
are  both  elastic  and  contractile.  Their  elasticity  is  slight 
but  perfect,  yielding  readily  to  a  distending  force,  but 
returning  to  their  original  size  as  soon  as  the  distending 
force  is  removed.  As  in  skeletal  muscle,  the  coefflcient 
of  elasticity  is  not  constant;  it  increases  with  the  load, 
and  the  curve  of  extensibility  is  approximately  an  liyjier- 
bola.  The  result  is  that  the  distention  of  the  arteries 
under  the  influence  of  a  rising  blood  pressure  .soon  ap- 
proaches the  point  where  any  further  increase  of  size  re- 
quires a  disproportionately  great  rise  of  iiressurc.  The 
cohesion  of  the  vessel  walls  is  also  considerable  and  capa- 
ble of  withstanding  many  times  the  strain  normally  put 
upon  them  in  the  body."  The  carotid  of  the  sheep,  for 
example,  is  ruptured  only  when  fourteen  times  the  usual 
pressure  it  is  called  upon  to  bear  is  put  upon  it,  and  the 
human  carotid  resists  a  pressure  of  eight  atmospheres. 
The  relative  proportion  of  muscular  and  elastic  tissue 
varies  in  different  arteries,  the  ela.stic  tissue  predominat- 
ing in  the  larger  arteries  near  the  heart,  while  the  smalliT 
ones  nearer  the  periphery  are  eminently  muscular  and 
contractile.  It  appears  from  the  data  available  up  to  this 
time  that  for  a  given  rise  of  pressure  the  disten.sibility  of 
the  arteries  increases  with  their  distance  from  the  heart. 
These  physical  properties  evidently  adapt  the  arteries  to 
the  work  of  converting  the  intermittent  discharges  of  the 
heart  into  a  continuous  and  steady  flow  in  the  capillaries 
and  of  regulating  the  distribution  of  the  blood  according 
to  the  needs  of  the  several  organs.  As  they  leave  the 
heart  the  arteries  continually  break  up  into  smaller 
branches  until  they  terminate  in  the  capillaries.  At  each 
point  of  bifurcation  the  resulting  branches  individually 
are  smaller  than  the  parent  vessel,  but  taken  together 
their  area  is  greater.  Hence  the  sectional  area  of  the  ar- 
terial bed  increases  steadily  toward  the  capillaries,  the 
total  cross  section  of  which  is  several  hundred  times  that 
of  the  aorta. 

The  capillaries  with  their  delicate  endothelial  walls  are 
ela.stic,  and  yield  readily  to  changes  of  internal  pressure. 
This  alone  would  account  for  the  observed  variation  in 
the  size  of  their  lumen  within  the  wide  limits  of  .5  to  20  u  ; 
but  in  addition  the_v  are  believed  to  possess  the  power  of 
active  contractihty.  The  veins  have  thin  walls  in  which 
white  fibrous  tissue  predominates,  but  in  which  some 
elastic  and  muscular  elements  also  occur.  Their  curve 
of  extensibility  is  similar  to  that  of  the  arteries,  while 
their  cohesion  is  even  greater.  Given  a  vein  and  an  artery 
of  the  same  thickness,  a  greater  pressure  is  required  to 
rupture  the  former  than  the  latter.  The  elasticity  and 
contractility  of  the  veins  serve  mainly  to  adapt  the  ca- 
pacity of  the  whole  vascular  system  to  variations  in  the 
quantity  of  blood,  and  thus  to  regulate  the  filling  of  the 
heart  in  diastole.  The  cross  section  of  the  bed  again  di- 
minishes in  the  veins  in  passing  from  the  capillaries  to 
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the  heart ;  but  since  the  \enx  cava;  together  have  nearly 
twice  the  area  of  the  aorta,  the  total  capacity  of  the  veins 
far  exceeds  that  of  the  arteries.     The  veins,  in  fact,  can 


diani.=  1 ;  veloc.  =  O.tl  m. 
pres.=  180  nun. 


diam.=  800 ;  veloc.=  0.001  m.;  pres.=  60  mm. 

FIQ.  1330.— Schema  of  the  Major  Circulation.    AC,  Arterial  cone: 
CV,  venous  cone ;  C,  capillary  expanse. 

easily  hold  the  total  lilood  of  the  body,  as  is  practically 
the  case  after  death  when  the  arteries  are  empty,  and  in 
the  paradoxical  experiment  of  bleeding  an  animal  to 
death  into  its  own  veins. 

2.  The  Blood  Pressure.  Familiar  experiences  of  daily 
life  have  long  since  made  some  of  the  differences  between 
the  character  of  the  current  in  the  arteries  and  in  the 
veins  a  matter  of  common  knowledge.  The  arteries 
present  to  the  finger  a  sense  of  resistance  which  increases 
rhythmically  at  each  heart  beat  and  expands  their  walls 
— producing  the  so-called  "  pulse. "  When  an  artery  is 
severed,  the  blood  spurts  from  its  central  end  with  con- 
siderable force,  the  jet  being  continuous  but  not  equable. 
Finally  when  an  artery  is  ligated,  it  swells  on  the  proxi- 
mal side,  while  on  the  distal  side  the  pulse  disappears 
and  its  walls  collapse.  Compare  with  all  this  the  beha- 
vior of  the  veins;  they  are  soft  and  easily  compressed; 
there  is  no  pulse;  the  blood  issues  in  a  gentle,  continuous 
stream  from  the  distal  cut  end,  and  a  ligature  distends 
them  on  the  peripheral  side.  These  facts  demonstrate 
a  difference  not  only  in  the  direction  of  the  current  in 
the  two  kinds  of  vessels,  but  also  in  the  tension  or  inter- 
nal pressure. 

Stephan  Hales  first  measured  the  pressure  in  the  arte- 
ries of  living  animals  (1733).  His  method  was  to  con- 
nect the  central  end  of  an  artery  with  a  vertical  tube  and 


mercury  manometer  was  substituted  by  Poiseuille  (1828) 
to  meet  these  difticulties.  and  this  instrument,  with  a  float 
and  writing  style  added,  marks  the  beginning  of  the  use 
of  the  graphic  method  in  physiology.  The  mercury 
manometer  satisfies  the  requirements  in  all  cases  involv- 
ing questions  of  mean  blood  pressure  and  remains  in  gen- 
eral use  for  this  purpose.  On  account  of  its  great  iner- 
tia, however,  it  cannot  record  with  accuracy  the  finer 
shades  of  variations,  especially  when  sudden  and  exten- 
sive, like  those  produced  bj'  the  systole  and  diastole  of 
the  heart.  Various  forms  of  spring  manometers  have 
been  devised  to  register  these  changes  of  pressure,  some 


Fig.  1331,  A  and  B.— Hurthle  Spring  Manometer. 

to  read  off  the  height  to  which  the  blood  rose.  Owing 
to  the  error  from  loss  of  blood  and  to  inconvenience  from 
frequent  clotting  in  the  tube,  the  original  method  is  not 
suited  for  prolonged  and  accurate  observations.      The 


Fig.  1332.— Sphygmomanometer  of  Mosso. 

of  them  having  developed  the  capacity  of  responding 
accurately  to  a  change  of  10,000  mm.  of  mercury  per 
second. 

These  methods  are  rarely  applicable  to  man  as  they  re- 
quire vivisection,  and  special  devices  had  to  be  invented 
to  obtain  records  of  the  blood  pressure  in  human  l)eings. 
Among  these  the  sphygmomanometer  of  von  Basch  has 
been  found  of  some  practical  value  by  clinicians.  The 
instrument  in  reality  determines  the  pressure  required  to 
obliterate  the  pulse  beyond  the  point  of  application,  and 
gives  therefore  only  an  approximate  idea  of  the  blood 
pressure;  it  can,  moreover,  be  used  only  on  supei-ficial  ar- 
teries whose  position  provides  for  a  firm  background. 
While  the  absolute  values  which  it  gives  are  unreliable, 
the  limits  of  error  extending  from  82  to  78  mm.  Hg 
(Tigerstedt).  it  is  fairly  well  adapted 
for  obtaining  relative  values  for  a 
given  individual  and  within  certain  time 
limits. 

5Iore  recently  Hill '  and  Mosso '  have 
constructed  instruments  which  promise 
better  results.  They  are  based  on  the 
principle  that  the  amplitude  of  the  pulse 
o.scillations  is  greatest  when  the  blood 
pressure  on  the  inside  of  an  artery  is  ex- 
actly balanced  by  pressure  from  without. 
These  instruments  also  have  their  prac- 
tical limitations,  but  valuable  data  are 
confidently  expected  to  accumulate  when 
they  become  more  widely  known. 

liirect  measurement  by  one  or  another 
of  the  methods  enumerated  above  shows 
that :  First,  the  mean  blood  pressure  is 
highest  in  the  aorta,  and  that  it  dimin- 
ishes along  the  arterial  tract  from  the 
heart  toward  the  capillaries.  For  exam- 
ple, aortic  pressure  in  the  dog  =  130  to 
180  mm.  Hg;  rabbit  =  100  to  130  mm. 
Hg;  horse  =  1.50  to  200  mm.  Hg. 
In  man  the  aortic  pressure  cannot  be 
determined  directly;  but  in  view  of  the  comparatively 
small  differences  among  mammals  of  all  sizes,  it  is  usu- 
ally assumed  to  be  about  100  mm.  Hg,  an  estimate  which 
is  entirely  consistent  with  the  results  obtained  on  more 
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peripheral  arteries  as  given  by  various  observers.  Thus 
Albert^  found  the  pressure,  in  the  tibial  artery  of  a  boy, 
100-160:    von   Basch,*   in    the   radial  of   man,   135-105; 


Fig.  1.333,  A.— Traiiiip  lit  the  BliKid  Pressure  from  a  R.itibit  Taken  by 
the  Mercury  Manonu't<^r.  B.P.^  Curve  of  blood  pressure.  The  hori- 
zontal line'  at  the  base  shows  the  piisillon  of  the  zero  pressure. 
Time  traoins  in  seconds.  B.— Normal  Blood-Pressure  Record 
Taken  from  the  Rabbit  with  a  Hiirthle  Manometer.  Tbe  hori- 
zontal line  again  shows  the  position  of  the  zero  pressure.  Time  in 
seconds. 


Faiviv,=  in  tlic  bi-aeliial  of  man,  110-120;  Hill,'  in  the 
brachial  of  man.  100-120;  and  Mosso,''  in  the  digital 
artery  of  luaii.  100. 

The  111'essure  in  the  arteries  shows,  moreover,  rhj-thmic 
oscillations  synclironous  with  the  systole  of  the  heart. 
The  lelativc  extent  i)f  these  variations  as  compared  with 
the  mean  blond  jiressure  was  recognized  only  after  the 
introduction  of  spring  manometers,  as  the  inertia  of  the 
mercury  largely  daniped  tlie  individual  beats.  Compare, 
for  example,  the  following  records: 

In  tlic  aorta  of  a  rabbit  Hiirthle  found  the  difference 
between  diastolic  and  systolic  pressure  to  ecjual  40  to  50 
mm,  Hg,  (■.<■..  about  one-third  the  total  mean  pressure. 
These  oscillations  diminish  in  amplitude  as  the  distance 


from  the  heart  increases,  and  disappear  altogether  in  the 
capillaries  and  veins  under  ordinary  circumstances. 

iSecoinUy,  the  mean  pressure  is  low  in  tlic  veins  through- 
out, but  liigher  in  the  small  vein.s,  grndually  becoming 
less  toward  the  heart;  in  the  e.xternal  jugular  and  similar 
vessels  close  to  the  heart  it  may  even  fall  below  zero. 

Thus,  in  the  sheep  the  following  figures  have  been  ob- 
tained:  Pressure  in  the  e.xternal  facial  vein,  3  mm.  Hg; 
pressure  in  the  brachial,  4  mm.  Hg:  bninchesof  brachial, 
U  mm.  Hg;  crural  vein,  11.4  mm.  Hg. 

The  pressure  in  the  capillaries  must  lie  determined  by 
indirect  methods.  Valuable  indications  of  changes  of 
pressure  witliin  them  are  gained  from  sinudtaneous  rec- 
onls  of  the  pressures  in  the  corresponding  artery  and 
vein.  To  obtain  a  measure  of  the  alisolute  capillary 
pressure  von  Kries  applied  pressure  to  the  skin  or  mucous 
surface  and  determined  the  weight  necessjiry  to  produce 
a  visible  change  of  color  (blanching),  whichwas  taken  to 
mean  collapse  of  the  capillaries.  The  result,  which  he 
places  at  33  mm.  Hg  for  the  rabbit's  gum,  is  regarded  as 
a  rough  appro.ximation,  but  it  is  suflicient  to  indicale  that 
the  capillary  pressure  is  intermediate  between  that  of  the 
arteries  aird  veins  respectively. 

There  is  consequently  a  continuous  though  irregular 
decline  of  pi-essure  from  the  aortii  to  the  nglit  auricle. 
The  fall  is  slow  and  gradual  iu  the  arteries  and  veins,  but 
between  the  small  arteries  and  small  veins,  i.e..  in  the 
region  of  the  arterioles,  capillaries,  and  venules,  it  is 
marked  and  sudden.  The  curve  of  pressure  would, 
therefore,  have  some  such  form  as  that  represented  in 
Fig.  1334. 

The  circulation  in  the  peripheral  region,  where  the 
greatest  changes  obviously  take  place,  can  be  directly 
observed  in  transparent  organs  with  a  microscope.  Tlie 
blood  is  there  seen  to  pass  in  a  continuous  stream  from  the 
small  arteries  through  the  capillaries,  to  the  veins.  The 
velocity  is  greater  in  the  arteries  than  in  the  veins,  and 
greater  iu  both  than  in  the  capillaries.  Faint  pulsations 
.synchronous  with  the  heart's  beat  are  also  visible  in  the 
arteries,  but  these  disappear  in  the  capillaries  and  veins. 
In  the  small  capillaries  the  corpu.scles  are  pressed  through 
in  single  tile  and  occupj'  the  whole  bore,  but  in  larger  cap- 
illaries, and  especially  in  the  small  arteries  and  veins 
wliich  permit  the  passage  of  more  than  one  corpuscle 
abreast,  the  red  corpuscles  run  in  the  middle  of  the  chan- 
nel, forming  a  colored  core,  while  a  colorless  laj'er  of 
transparent  plasma  is  left  between  it  and  the  sides  of  the 
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Fig.  l.'JSt, —Schematic  Representation  of  the  Variations  of  Pressure, 
Velocity,  and  Sei'tional  .\rea  of  the  Different  Parts  of  the  Circulatory 
System.     (Modified  from  Gad.) 

vessel.  The.se  are  known  respectively  as  the  "axial  cur- 
rent "  and  the  "  peripheral  zone."  or  "Poiseuille"s  space." 
In  the  plasmatic  layer  white  corpuscles  are  frequently 
seen  clinging  to  the  sides  of  the  vessel,  sometimes  rolling 
slowly  along,  and  in  general  having  an  irregular  motion 
with  frequent  temporary  stops.  In  all  cases  the  blood  as 
it  passes  through  the  capillary  stretches  and  expands 
the  walls,  and  the  flow  is  subject  to  many  variations. 
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Rarely  are  tlie  capillaries  equally  distended  throughout 
a  given  iield,  and  frequently  tlie  corpuscles  will  appear 
to  remain  stationary  in  one  or  more  of  them  for  a  brief 
period  and  then  to  move  on  agaiit.  The  whole  picture 
manifestl_v  shows  that  the  passage  through  the  capillaries 
is  attended  with  considerable  difficulty.  The  resistance 
to  the  flow  of  the  blood  caused  by  friction  is  small  in  the 
large  arteries;  it  increases  gradually  as  the_v  divide,  but 
receives  its  chief  and  most  important  addition  in  the  mi- 
nute arteries  and  capillaries,  especially  in  the  former,  on 
account  of  the  flow  being  more  rapid  in  them.  This  con- 
stitutes what  is  so  frequentl}-  referred  to  as  the  "peripli- 
eral  resistance  "  and  is  one  of  the  important  physical  fac- 
tors in  explaining  the  circulation. 

Tlie  high  pressure  and  pulsatile  flow  in  the  arteries,  the 
steady  stream  through  the  capillaries,  and  the  low  press- 
ure and  uuiform  flow  in  the  veins  can  all  be  explained 
on  purely  physical  piinciples.  In  the  systole  of  the  ven- 
tricle (1),  driving  a  certain  quantity  of  blood  into  the  aorta 
at  regular  intervals  and  with  a  certain  force ;  the  long 
stretch  of  elastic  branching  arteries  ("3),  and  the  peripheral 
resistance  (3)  are  provided  all  the  conditions  which  were 
shown  above  to  be  necessary  for  the  conversion  of  an 
intermittent  into  a  continuous  current,  while  the  veins 
afford  a  free  and  easy  passage  for  the  blood  back  to  the 
heart  when  the  greater  part  of  the  energy  imparted  by 
it  to  the  blood  has  been  expended  in  passing  the  periph- 
eral resistance.  The  circulation  in  the  vessels  at  any  mo- 
ment represents  a  state  of  dynainic  equilibriiun  which  is 
subject  to  constant  variations.  The  energy  of  the  heart's 
action  may  be  altered  by  variations  in  the  rate,  volume, 
and  force  of  its  strokes.  Again,  the  peripheral  resistance 
may  varj-  in  consequence  of  changes  in  the  calibre  of  the 
vessels.  Constriction  on  their  part  over  any  considerable 
area  will  raise,  widespread  dilatation  will  lower,  general 
arterial  pressure. 

Changes  in  both  heart  and  arteries  are  constantly  tak- 
ing place,  and  indeed  are  necessary  and  essential.  A  fixed 
and  rigid  condition  of  the  circulator}-  apparatus,  devoid 

of  adjustments  with- 
in wide  limits  to 
adapt  the  blood  flow 
to  the  varying  needs 
of  the  several  organs, 
would  be  worse  than 
useless:  it  would  be 
positively  harmful. 
The  mechanisms  liy 
which  these  changes 
are  effected  will  be 
considered  later  on. 

A  third  factor 
which  may  exert 
some  influence  on  the 
blood  pressure  is  the 
quantity  of  blood 
contained  in  the  ves- 
sels. The  amount 
r^'    j-.    rt-,  "-^     llll^  normally     present 

'fes,:.*^     ■■'-'' ./^        I  ^  would   "be  able,  in  a 

state  of  static  equi- 
librium, the  heart 
being  at  rest,  to  pro- 
duce a  uniform  mean 
pressure  of  only  o  to 
10  mm.  Hg  through- 
out the  vascular  sys- 
tem in  dogs.'  But 
during  life  the  heart 
maintains  a  continu- 
ous circulation  by  ac- 
cumulating the  blood 
in  the  arteries  undiir  a  positive  pressure,  thanks  to 
the  peripheral  resistance  and  the  elasticity  of  their 
walls,  while  the  veins  are  emptied  to  a  corresponding 
extent  and  the  pressure  within  them  reduced  below 
the  mean.  Experimental  investigation  as  to  what 
would  be  the  effect  of  increasing  or  diminishing  the 


Fig.  1335.— Volkmann's  Haemodromom- 
et«r.  I,  Blood  flows  from  artery  to  ar- 
tery; II.  blood  must  pass  through  the 
glass  tuhe  of  B ;  c,  c,  cannulae  for  the 
divided  artery. 


quantity  of  the  circulating  medium  has  shown  that 
variations  in  both  directions  and  within  consideral)le  lim- 
its have  a  surprisingly  little  effect  on  the  arterial  press- 
ure, compensating  mechanisms  being  provided  for  quick- 
ly restoring  it  to,  and  preserving 
it    at.    the    normal   level.     These  ^ 

mechanisms    are     manifold     and  • 

complex,  and  a  biief  enumeration 
is  all  that  can  be  attempted  here. 
Taking  the  case  of  a  copious  m- 
traveuous  injection,  say  of  defi- 
brinated  blood  or  normal  saline 
solution,  the  increased  volume  of 
blood  is  first  provided  for  by  re- 
laxation and  dilatation  of  the 
vessels.  The  veins  especially  ex- 
pand to  accommodate  the  increas- 
ing mass,  and  when  the  infusion 
becomes  large  enough  the  main 
veins  are  seen  to  be  overfilled  and 
the  liver  becomes  as  hard  as  a 
board.  By  this  means  and  by 
partial  failure  of  the  heart's  ac- 
tion from  overdistention  of  its 
cavities  the  blood  pressure  tends 
to  remain  at  or  near  the  nonnal. 
More  permanent  relief,  however, 
is  obtained  by  other  means  and 
with  striking  rapidity.  Transu- 
dation into  the  tissues  removes  a 
part  of  the  injected  fluid  from 
the  vessels,  while  the  secretory 
activity  of  the  kidneys  and  in- 
testinal mucosa  is  enormously 
heightened  and  thus  disposes  of 
another  i)ortii>u.  The  cliaracter 
of  the  injection  naturally  exer- 
cises a  decided  influence  on  the 
relative  share  of  these  several 
mechanisms  in  the  total  result. 
In  the  case  of  hemorrhage,  of 
course,  the  reverse  series  of 
changes  are  noted.  There  is  a 
more  complete  emptying  of  the 
heart  at  each  systole,  a  general 
contraction  of  the  vessels,  a  re- 
stricted secretion  from  the  kid- 
neys, salivary  and  other  glands, 
and  a  rapid  absorption  of  lymph 
into  the  vascular  system. 

In  conclusion,  two  general  facts  in  regard  to  the  blood 
pressure  deserve  special  mention:  First,  its  remarkable 
constancy  under  ordinary  circumstauces  in  spite  of  many 
modifying  influences;  second,  the  important  and  exten- 
sive variations,  seemingly  out  of  all  proportion  to  the  ex- 
citing causes,  occasionally  produced  by  trifling  and  insig- 
nificant stimuli. 

3.  Velocity  of  the  Blood  Current.  In  considering  the 
rate  of  flow  in  the  vessels  it  is  important  to  distinguish  be- 
tween the  average  velocity  for  a  given  period  of  time  and 
the  actual  velocity  which  constantly  oscillates  above  and 
below  this  mean  with  every  phase  of  the  heart's  beat  and 
with  every  variation  of  the  peripheral  resistance. 

Yolkmann  first  measured  the  mean  velocity  in  the  arte- 
lies  in  1846  with  his  lutmodromometer. 

The  principle  of  the  method  is  simply  to  determine  the 
volume  of  blood  flowing  through  an  artery  in  a  given 
period  and  dividing  by  its  cross  section.  The  quotient 
represents  the  length  of  a  cylindrical  column  of  blood 
with  a  base  equal  to  that  cross  section,  and  therefore 
measures  the  average  velocity  in  that  time.  Ludwig  af- 
terward devised  a  more  convenient  instrument,  the  strom- 
uhr  or  rheometer,  by  means  of  which  numerous  data 
have  been  collected. 

The  results  are  not  entirely  exact,  on  account  of  many 
imperfections  in  the  method,  but  they  may  be  regarded 
as  approximately  true.  Even  in  the  course  of  a  single 
experiment  the  mean  velocity  in  the   carotid   or  other 


Fi(i.  1336.- Ludwig  and 
Dogiel's  Rheometer. 
X,  Y,  Axis  of  rotation; 
A,  B,  glass  tiulbs;  h.  k, 
cannulie  inserted  in  the 
divided  artery,  e.  e,  ro- 
tates on  g,  f ;  c,  d,  tubes. 
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larpe  artery  is  fouiul  to  vary  coiisideralily  for  reasons 
■which  will  be  stated  jiresently.  Disregardiiii:  these  vari- 
ations for  the  moment,  the  rate  of  flow  in  the  carotid  of 
the  dog  or  horse,  and  probably  also  of  man.  may  be 
plaeeii  at  from  300  to  .500  mm.  per  second.  The  rate 
diminishes  in  the  smaller  arteries  tiie  further  one  goes  out 
from  the  heart,  and  becomes  slowest  iu  the  capillaries. 
As  measured  in  the  web  of  a  frog's  foot  under  the  micro- 
scope, it  is  about  0..5  mm.  per  second.  There  are  reasons 
for  supposing  it  .somewhat  greater  in  the  capillaries  of 
manunalia.  where  it  lias  been  estimated  at  about  0..S  mm. 
per  second.  On  leaving  the  capillaries  tlie  How  is  (juite 
slow  in  the  venous  radicles  emerging  from  them,  but  it 
increases  as  these  join  iuto  larger  trunks,  until  tinally  it 
attains  a  velocity  appro .ximately  equal  to  one-half  that 
■with  wliich  it  started  in  the  aorta.  These  changes  in  the 
mean  velocity  along  the  system  arc  determiued  according 
to  one  of  the  simple  laws  of  hydrodynamics  stated  in  the 
preceding  section.  A  c<iiitinuous  circidatioii  in  a  closed 
system  implies  that  an  equal  (juanlity  of  lluiil  jiasseseach 
cross  section  in  a  given  time.  Xow  the  quantity  which 
passes  may  be  expressed  as  tlie  product  of  the  velocity 
by  the  cross  section,  thus  Q  =  V  X  A.  And  .similarly 
Q  =  V  X  A',  etc.  But  Q,  Q',  etc.,  being  equal  to  one 
another  V  X  A  =  V  X  A',  hence  V  :  V  : :  A'  :  A,  or  the 
velocity  varies  inversely  as  the  cross  section  along  the 
system. 

It  was  stated  above  that  the  arterial  tree  widens  out 
steadily  from  the  aorta  to  the  capillaries  (see  Fig.  13:30). 
Comparison  of  the  respective  velocities  at  these  two 
points  now  shows  that  the  amount  of  this  increase  must 
be  something  like  live  hundred  times.  For  a  graphic  rep- 
resentation of  the  velocities  in  the  vascular  system  and 
the  relation  to  the  sectional  area  see  Fig.  1334  above. 

This  dependence  of  the  velocity  on  the  width  of  the 
bed  applies  of  cour.se  only  to  tlie  general  rate  of  the 
whole  system,  and  many  special  and  transient  variations 
constantly  occur.  Since  the  real  cause  of  the  How  from 
one  point  to  another  is  the  difference  of  ])ressure  between 
those  points,  the  actual  velocity  at  each  moment  must 
depend  on  the  amount  of  this  difference  of  pressure  and 
the  resistance  against  which  it  is  working.  A  change  in 
either  of  these  factors  will  necessarily  affect  the  veloc- 
ity. An  illustration  of  this  is  found  in  the  following 
oliservatious  on  the  rate  of  flow  in  the  carotid  of  the  dog 
by  Dogiel; 


"Weight  in  kilopnuns. 

Period  of 
observation, 
in  seconds. 

Rate  nf  tlow 

in  millimetres, 

varied. 

23.3 

80 
127 
63 
45 

From  73:!  to  349 
"    320  •■  24:j 
"     4.58  •'  411 
"    339  ■'  2(« 

13.1 

3.2 

3.6 

The  slowing  of  the  current  observed  In  each  case  is  not 
referable  to  incijiicnt  coagulation  or  other  experimental 
error,  at  least  not  to  any  great  extent;  on  the  contrary, 
it  is  due  to  changes  in  "the  condition  of  the  pcripheriil 
area  suii]ilied  by  the  carotid  artery.  Blood  pressure  re- 
maining the  same,  the  rate  of  flow  becomes  es.sentially  a 
fimction  of  the  peripheral  resistance.  The  temporary 
interference  with  the  circulation  during  the  adjustment 
of  the  instrument  destroys  the  tone  of  the  vessels  beyond, 
and  lowers  the  resistance,  so  that  the  observed  rate  is  at 
first  too  high.  AVith  circulation  re-established  the  normal 
calibre  is  regained,  the  resistance  increases,  and  a  corre- 
sponding retardation  is  observed. 

It  will  be  noticed  that  this  quickening  influence  of  a 
local  dilatation  is  in  no  sense  a  contradiction  to  the  gene- 
ral principle  that  the  rate  of  flow  is  inversclv  proportional 
to  the  width  of  the  bed.  The  local  change  is  not  exten- 
sive enough  to  affect  the  total  cross  section  of  that  level 
appreciably,  but  by  reducing  the  resistance  along  one  of 
numerous  alternative  paths"  increases  the  flow  in  that 
direction  at  the  expense  of  the  others.  In  such  cases  the 
flow  of  blood  through  the  widened  artery  or  arteries  is  | 


for  the  time  being  increased  in  rapidity,  not  only  in  spite 
of,  but  actually  in  consequence  of  the  artery  being  wid- 
ened. The  iuliuenee  of  changes  iu  the  blood  pressure  oa 
the  velocity  is  shown 
in  the  elTeet  |u^oducctl 
on  the  latter  by  each 
beat  of  the  "  heart. 
When  the  velocity  of 
tlow  is  recorded  by 
means  of  an  instrument 
which  will  register  its 
liner     variations,     sav 


Fig.  13:S7.— II,  Dromopraph.  A,  B,  Tube  Inserted  in  tlie  artery ;  C, 
lateral  tube  fonneeted  with  a  manometer:  '',  lnde.\  movini^  in  a 
nibher  membrane,  a  ;  (},  handle.  Ill,  furve  oWalned  liy  dromo- 
(iniph. 

with  the  hncmodromograph  of  Chauveaii  and  Loitet,  at 
the  same  time  that  a  piessure  curve  is  taken  witli  a 
spring  manometer,  the  result  shown  in  Pig.  Vi'iS  will 
be  obt^iined. 

The  record  shows  a  very  marked  acceleration  diu-ing 
cardiac  systole,  the  rate  inthe  carotid  of  the  horse  rising 
to  ."iSO  mm.  per  second  as  compared  with  l.^O  mm.  duiing 
iliastole;  and.  indeed,  the  difference  may  be  even  gri'ater 
than  this  after  a  general  vaso-dilatationsuch  as  that  fol- 
lowing section  of  tlie  spinal  cord,  -ivhen  the  diastolic  rate 
falls  extremely  low. 

The  variations  in  the  rate  of  flow  in  the  arteries  can 
be  measured  in  man  by  an  indirect  method.  When  the 
volume  of  the  arm  is  recorded  by  means  of  a  plethys- 
mograpb.  the  changes  which  are  oliservcd  are  due  to  va- 
riations in  the  size  of  the  arteries  and  indicate  correspond- 
ing variations  in  the  rate  at  wliich  the  blood  enters  them, 
the  outflow  from  the  veins  being  unifoiiu.  From  tlio 
volume  curve  (see  Fig.  1340)  Fick  constructed  the  curve 
of  velocity,  and  found  that  it  resembles  closely  the  curve 
of  Lortet  obtained  by  the  direct  method  on  the  horse. 

4.  The  circulation  in  the  veins  is  influeiiced  by  a  num- 
ber of  accessory  factors,  whose  combined  efl'ect  fenders  it 


Fig.  1.338.— Curves  of  Velocity  (V)  and  Pre.ssure  (I'l  from  the  Carotid 
of  the  Horse.  ( Aocordinc  to  Lortet.)  The  lines  1.  2.  :i,  4  mark  cor- 
responding points  in  the  two  cur\es.  The  ventricular  systole  b««- 
gins  at  1 ;  the  diastole  begins  somewhere  between  3  and  4.' 

somewhat  irregtilar  perhaps,  but  which  on  the  whole 
promote  and  ipiicken  it.  Among  these  secondary  helps 
to  the  circulation  the  following  are  usually  included, 
although  the  fact  must  not  be  lost  sight  of  that  the  real 
cause  of  the  venous  flow  is  the  ventricular  stroke,  enough 
of  whose  energy  remains,  after  driving  the  blood  past 
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the  peripheral  resistance,  to  carry  it  along  the  veins  back 
to  the  heart. 

a.  Aspiration  of  the  JVwrar.— It  has  been  stated  above 
that  the  pressure  in  the  great  veins  near  the  heart  sinks 
below  zero  or  atmospheric  pressure.  This  is  due  to  the 
permanent  negative  pressure  in  the  thorax ;  and  since 
every  inspiration  increases  and  every  expiration  dimin- 
ishes the  amount  of  this  negative  pressure,  the  breathing 
movements  assisted  by  the  arrangement  of  the  valves 
constitute  a  virtual  pump,  which  sucks  the  blood  from 
the  veniE  cavoe  and  promotes  the  flow  of  blood  in  the 
direction  of  the  normal  circulation. 

/3.  Cont  raft  ion  of  the  Skrletal  Jhisdes.—^lany  of  the 
veins  possess  valves  which  open  freely  toward  the  heart 
but  effectually  block  the  passage  of  the  blood  in  the  op- 


FiG.  i:j:J9.— PlethysmoKraph.    (According  to  Mosso.) 

posite  direction.  External  pressure  on  such  veins  forces 
their  contents  along  toward  the  heart  while  the)-  till  again 
from  the  peripheral  end  when  the  pressure  is  removed. 
Something  of  this  sort  occurs  iu  all  bodily  movements  in 
which  the  muscles  by  their  alternate  contraction  and  re- 
laxation provide  the  intermittent  compression.'  It  has 
been  suggested  that  the  i)ulsation  of  the  arteries  may 
similarly  possess  a  mechanical  function  from  the  regu- 
lar rhythmic  shocks  against  the  closely  applied  vensE 
comites. 

y.  Posture. — Changes  in  the  position  of  the  limbs  and 
body  also  affect  the  pressure  in  the  veins  by  altering  the 
tension  of  their  walls  (Braune).  Thus  in  walking,  the 
femoral  vein  where  it  passes  under  Poupart's  ligament 
collapses  when  the  leg  is  rotated  backward  and  outward, 
but  tills  again  when  tiie  leg  returns  to  its  first  position, 
the  whole  movement  making  a  kind  of  suction  and  press- 
ure apparatus. 

<5.  Grui'ity. — In  the  upright  position  of  the  body,  the 
difference  of  hydrostatic  pressure  in  the  vessels  of  the 
head  and  feet  amounts  to  1.75  metres  of  water  or  129  mra. 
mercury.  This  nat  urally  opposes  an  upward  current  and 
assists  a  downward  one,  so  that  the  effect  on  the  arteries 
and  veins  is  equal  but  opposite  in  direction.  The  result 
is  that  it  modilies  the  distribution  rather  than  the  rate  of 
flow  of  the  blood,  as  may  be  seen  on  comparing  the  pale, 
antemie  condition  of  the  hand  when  the  arm  is  raised 
with  its  full,  red  appearance  when  the  arm  hangs  down. 

When  from  any  combination  of  circumstances  the  blood 


returns  to  the  right  side  of  the  heart  in  excessive  and 
dangerous  amounts  the  liver  is  supposed  to  play  the  role 
of  a  shunt  by  taking  up  a  considerable  quantity  of  blood, 
much  in  the  same  way  as  it  does  after  profuse  intrave- 
nous injections  (see  above). 

5.  The  Time  of  a  Complete  Circulation.    This  was  first 
determined  by  Hering  (18Q9)  by  injecting  potassium  fer- 
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Fig.  1J40.— Plethysmographie  Cun'e  (Upper  Continuous  Line),  Pulse 
Cun-e  (Lower  Continuous  Line),  and  tbe  Velocity  Cune  (Inter- 
rupted Line)  in  Man.  (According  to  Fick.)  To  be  read  from  left  to 
right. 

rocyanide  into  the  central  end  of  the  jugular  vein  and 
observing  the  time  of  its  first  appearance  in  tlie  blood 
issuing  from  the  peripheral  end  of  the  same  vessel.  To 
reach  the  latter  point  a  complete  circuit  had  to  be  made, 
and  the  time  thus  determined  was  found  to  be  31.5 
seconds  in  the  horse;  16.7  seconds  in  the  dog;  7.79 
seconds  iu  the  rabbit. 

The  time  is  not  much  affected  by  the  length  of  the 
course  in  the  same  animal,  because  the  difference 
between  the  longest  and  shortest  path  would  be 
made  up  mostly  of  tlie  larger  trunks,  where  the 
rate  of  flow  is  most  rapid.  Dividing  the  time  in 
seconds  given  above  by  the  lengtli  of  tlie  cardiac 
cycle  for  tlie  corresponding  animal,  it  appears 
that  the  circulation  time  covers  from  26  to  28  heart 
beats.  The  same  rule  applied  to  man  would  give 
as  the  circulation  time: 


27  X  f« 


22.5  seconds. 


These  measurements  possess  only  a  relative 
value,  because  the  method  does  not  take  into  ac- 
count the  error  arising  from  the  diffusion  of  tlie 
salt  during  the  time  of  its  transit  and  from  the 
fact  that  the  first  appearance  of  the  salt  is  really  deter- 
mined by  the  maximal  or  axial  velocity  of  the  current. 
The  meantime  should  therefore  be  taken  as  at  least  twice 
as  great  as  tlie  observed  time. 

6.  Tlie  Pulse.  The  intermittent  character  of  the  circu- 
lation in  tile  arteries  lias  been  referred  to  in  more  than 
one  connection.  With  each  systole  of  tlie  ventricle  a 
temporary  increase  of  pressure,  size,  and  velficity  above 
tlie  mean  results  from  the  sudden  accession  of  the  extra 
volume  of  blood  to  that  already  present  in  this  part  of 
the  system.  The  pressure  oscillations  are  readily  felt  in 
superficial  arteries,  and  the  resulting  expansion  has  long 


Fig.  1:}»1.— Spliygmogram  talien  from  ttie  Radial  Artery  with  a  Marey 
Spliygmograph.  (According  to  Langendorff.)  Read  from  left  to 
right. 

been  known  technically  as  the  "pulse."  It  can  be 
graphically  recorded,  as  Vierordt  first  showed  (185.5),  and 
Slarey  soon  afterward  (1860)  devised  his  well-known 
sphygmograph  in  order  to  obtain  an  accurate  reproduc- 
tion of  the  movement  in  all  its  phases.     AVhen  recorded 
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on  !i  travelling  surface,  tlie  curve  or  sphygmogram  like 
that  represented  in  Fig.  1341.  is  obtained. 

The  rise  of  the  curve  is  quite  sudden,  while  the  down- 
stroke  is  more  gradual  and  interrupted  by  one  or  more 
secondary  waves.  The  phenomenon  of  the  pulse  is  en- 
tirely explained  by  the  interaction  of  a  number  of  phys- 
ical factors,  resulting  as  it  docs  from  the  sudden  injec- 
tion of  the  contents  of  the  ventricle  into  the  elastic  arteries, 
which  are  already  full  and  whose  outlet  is  partially 
blocked  by  the  peripheral  resistance.  The  actual  lieight 
and  form  of  a  given  ])idse-curve  dejiends  much  on  the 
adjustment  of  the  instrument;  but  if  a  series  of  curves 
are  taken  from  different  arteries  under  the  same  condi- 
tions, it  is  found  that  their  cliaracter  undergoes  definite 
changes  according  to  the  distance  of  the  corresponding 
arterfes  from  the  heart.  The  carotid  curve,  for  example, 
rises  higher  and  more  suddenly  than  the  radial  curve; 
this  in  turn  is  higher  and  steeper  than  the  tibial  pulse 
curve.  In  other  words,  the  pulse  curve  grows  lower  and 
flatter  toward  the  capillaries,  and  under  ordinary  condi- 
tions it  disappears  entirely  by  the  time  they  are  reached. 

The  more  rapid  rise  and  greater  amplitude  of  the  pulse 
near  the  heart  is  the  immediate  result  of  the  suddenness 
with  which  the  ventricle  is  emptied.  The  additional 
quantity  of  blood  thus  thrown  into  the  arteries  starts  a 
wave  of  positive  pressure  down  the  arterial  tree,  but  on 
account  of  the  resistance  ahead  it  first  expands  the  aorta 
and  its  largest  branches.  The  distant  arteries,  therefore, 
do  not  feel  the  full  force  of  the  systole  as  would  be  the 
case  in  a  system  of  rigid  tubes ;  when  the  wave  reaches 
them  it  has  been  damped  by  a  longer  or  shorter  stretch 
of  elastic  arterial  wall.  The  recoil  of  this  wall  is  less 
sudden  than  the  contraction  of  the  heart,  and  so  the  ex- 
pansion of  the  successive  segments  becomes  more  gradual. 

The  loss  in  amplitude  is  also  readily  explained  by  the 
elastic  character  of  the  vessels.  The  energy  of  the  wave 
is  gradually  spent  in  spreading  over  an  increasing  area  of 
elastic  tubes  every  portion  of  which  for  a  brief  period  re- 
mains distended  a  little  more  than  before.  Each  section 
of  artery  thus  makes  a  levy  on  the  extra  expansion  as  it 
is  pa.ssed  along,  and  transmits  it  to  the  next  section  di- 
minished by  that  much.  This  is.  in  fact,  the  only  way  in 
which  the  mean  arterial  pressure  can  be  produced  and 
maintained.  This  process,  of  course,  is  further  accele- 
rated by  the  rapid  increase  of  elastic  surface  as  the  bed 
■widens,  not  to  mention  the  loss  resulting  from  partial  re- 
flections with  consequent  interferences  of  the  wave  at 
every  bifurcation  of  the  vessels. 

Under  certain  circumstances  the  pulse  may  pass  through 
the  capillaries  into  the  veins  beyond.  The  increased 
vascularity  of  organs  during  periods  of  heightened  func- 
tional activity  is  secured  by  a  wide  dilatation  of  their 
small  arteries.  The  peripheral  resistance,  so  essential  in 
bringing  the  elasticity  of  the  arteries  into  play,  is  thereby 
locally  diminished  and  the  dilated  vessels  cease  to  do 
their  share  toward  destroying  the  remnant  of  the  pulse 
which  comes  down  to  them  from  the  larger  arteries. 
The  bkuKl  flows  more  readily  through  the  widened  chan- 
nels, and  frequently  issues  from  the  corresponding  veins 
in  a  rapid,  pulsating  stream. 

This  true  venous  pulse,  appearing  under  special  con- 
ditions in  the  small  peripheral  veins,  must  be  distinguished 
from  the  pulsations  which  are  sometimes  observed  in  the 
great  veins  near  the  heart.  The  latter  are  caused  by 
changes  of  pressure  transmitted  backward  from  the  heart 
and  thorax,  and  are  often  described  as  constituting  a 
"venous  pulse." 

The  special  features  of  the  pulse  curve,  including  the 
number  and  character  of  the  secondary  elevations,  are  in- 
teresting on  account  of  the  suggestions  and  indications 
they  give  concerning  the  action  of  the  heart,  the  condi- 
tion of  the  vessels,  and  the  state  of  the  blood  pressure. 
For  these  the  reader  is  referred  to  the  special  article  on 
the  pulse  (see  Sphygmoginphy). 

The  rate  of  transmission  of  the  pulse  wave,  which 
must  not  be  confounded  with  the  onward  movement  of 
the  blood  itself,  is  found  by  taking  simultaneous  records 
of  the  pulse  from  arteries  unequally  distant  from  the 


heart.  If  the  distance  of  the  two  points  from  the  heart 
is  known,  the  rate  of  propagation  is  easily  calculated,  and 
it  has  been  found  to  vary  normally  between  5  and  10  m. 
per  second.  The  rate  depends  mainly  on  the  degree  of 
rigidity  of  the  arteries,  the  wave  travelling  slowly  when 
the  mean  blood  pressure  is  low  and  in  the  soft  distensible 
arteries  of  children,  while  its  veUx-ity  is  increa.sed  by 
high  arterial  pressure  and  the  hardening  of  the  arteries 
in  r)ld  age.  In  any  ca.se  the  pulse  wave  moves  many 
times  faster  than  the  blood  it.self.  being,  as  we  have  seeii, 
merely  a  wave  of  pressure  which  is  started  in  the  aorta 
and  which  travels  over  the  blood  exactly  as  a  water  wave 
pa.sses  over  the  surface  of  a  stream  independently  of  the 
rate  anil  direction  of  the  latter's  own  current.  The  ordi- 
nary pulse  curve  does  not  return  to  the  base  line  from 
which  it  started  until  the  rise  due  to  the  next  wave  be- 
gins, indicating  that  the  wave  requires  the  entire  time  of 
a  cardiac  cycle  to  pass  a  given  point.  With  a  heart 
beating  at  tiie  rate  of  72  per  minute,  this  would  eijual  f  J 
second,  and  taking  the  velocity  of  the  wave  at  6  m.  per 
second,  we  would  have  as  the  length  of  the  wave  6  X  *J 
=  5  m.  This  is  several  times  greater  than  tlie  distance 
of  the  farthest  capillaries  from  the  heart,  showing  that  the 
beginning  of  the  pulse  wave  is  lost  at  the  periphery  some 
time  before  the  end  of  it  leaves  the  aorta. 

7.  The  Pulmonary  Circulation  and  its  Relation  to  the 
Systemic. 

a.  The  maintenance  of  the  circulation  as  a  whole  im- 
plies that  the  average  output  of  the  two  ventricles  of  the 
heart  is  the  same.  Considering  the  relativelj-  small  ca- 
pacity of  the  pulmonarj-  circuit,  which  normally  contains 
only  one-twelfth  of  tlie  total  blood  (Hegel  and  Sprehl), 
the  time  spent  in  this  part  of  the  va.scular  system  must 
be  much  shorter  than  that  taken  for  the  major  circuit. 
The  pressure  in  the  pulmonary  arteries  has  been  meas- 
ured upon  various  animals  by  numerous  observers  with 
very  discordant  results:  in  general  it  seems  to  range  be- 
tween one-third  and  one-fifth  of  the  aortic  pressure,  being 
given  at  20  to  2.5  mm.  Hg.  for  the  dog.'  This  indicates 
a  low  resistance  in  the  pulmonary  capillaries,  and  the 
great  distensibility  and  slight  tone  of  the  pulmonary  ves- 
sels are  perhaps  the  most  striking  features  of  the  lesser 
circulation. 

The  influence  of  the  respiratory  movements  on  the 
pulmonary  circulation  is  a  complex  one  and  depends  on 
several  factors.  The  expansion  of  the  lungs  in  a  normal 
inspiration  has  been  shown  to  dilate  the  pulmonary 
vessels.  This  diminishes  the  resistance  and  tends  to 
lower  the  pressure  in  the  pulmonary  artery.  At  the 
same  time  the  output  of  the  right  ventricle  is  augmented 
by  the  increased  aspiratory-  action  of  the  thorax,  which 
we  have  seen  hastens  the  return  of  the  blood  to  the  right 
auricle  and  so  increases  its  diastolic  distention.  This 
factor  would  tend  to  raise  pulmonarj-  pressure,  and  actual 
measurement  alone  can  determine  which  of  the  opposing 
tendencies  will  have  the  upper  hand.  In  certain  cases,  at 
least,  it  has  been  shown  that  the  dilatation  more  than 
compensated  for  the  increased  output  of  the  heart  and 
the  pressure  in  inspiration  fell  (Talma).  In  natural  ex- 
piration the  conditions  are  reversed  and  the  pressure 
again  rises.  The  course  of  events  is  entirely  different 
during  artificial  respiration,  when  the  lungs  are  inflated 
under  positive  pressure  with  the  thorax  open. 

The  great  range  of  adaptibilitv.  as  regards  its  capacity, 
shown  by  the  pulmonary  circuit  deserves  special  men- 
tion. In  dogs  about  three-fourths  of  this  vascular  area 
was  occluded  without  producing  any  effect  on  aortic  blood 
pressure  (Lichtheim).  Since  the  systemic  venous  press- 
ure in  this  experiment  also  remained  normal,  the  amount 
of  blood  pa.ssing  through  the  lungs  was  e^"idcntly  not  re- 
duced by  this  extensive  narrowing  of  the  path.  The 
pressure  in  the  remaining  pulmonary  arterj"  was.  liow- 
ever,  raised  by  the  operation,  and  it  is  supposed  that  this 
rise  of  pressure  distended  the  open  channels  sufficiently 
to  explain  the  undiminished  flow  through  the  lungs.  It  is 
doubtful  whether  this  observation,  made  under  abnormal 
conditions,  can  be  applied  generally :  at  least  in  rabbits 
with  pleural  cavities  intact  clamping  of  one  pulmonarj- 
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artery  caused  a  decided  drop  in  the  systemic  blood  press- 
ure. '  It  is  merely  given  to  illustrate  the  possibilities  of 
capacity  changeiu  the  luug  vessels.  They  can  easily  be 
distendi'd  so  as  to  retain  enough  blood  to  lower  the  carotid 
pressure  to  zero,  as  shown  in  some  experiments  on  differ- 
ential respiration.' 

The  pulmonary  circulation  Is  affected  not  only  by  the 
condition  of  the"  systemic  circuit  at  its  venous  end,  but 
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Fig.  1342.— Carotid  Blood-Pressure  Tracing  of  Dopr.    Vagi  not  divided. 
I,  Inspiration :  E,  expiration.    (Stirling.) 


also  by  that  of  the  arterial  side.  An  excessive  transfusion 
or  a  powerful  general  constriction  may  so  increase  the 
work  of  the  left  ventricle  that  it  fails  to  empty  itself 
completely  at  each  s.ystole.  A  stagnation  extending 
from  the  left  ventricle  to  the  left  auricle  and  thence  to 
the  pulmonary  veins  results,  and  the  pressure  in  the  lesser 
circuit  is  raised.  The  threatened  danger  from  this  source 
to  the  right  ventricle  with  its  thin  walls  is  averted  by 
the  power  of  expansion  which  has  been  dwelt  upon  so 
fully ;  so  that  the  lungs  maj'  be  said  to  i^lay  the  same 
role  in  regidating  the  blood  flow  to  the  left  ventricle  as 
that  ascribed  to  the  liver  for  the  right  ventricle  (Tiger- 
stedt). 

/}.  Respiratory  changes  of  blood  pressure  in  the  sys- 
temic arteries.  The  pulmonary  circulation  reacts  upon 
the  systemic  pressure  by  modifying  the  inflow  to  the  left 
auricle.  It  has  been  stated  that  the  ]iulmonary  vessels 
expand  during  inspiration  and  constrict  during  expira- 
tion. While  the  distention  is  in  the  act  of  developing,  the 
blood  flow  is  momentarily  retarded  and  the  left  heart  re- 
ceives a  smaller  charge :  but  once  tlie  maximal  dilatation 
has  been  reached,  the  resulting  diminution  of  the  resistance 
will  augment  the  flow  and  the  left  heart  receives  a  more 
abundant  supply.  On  the  contrary,  expiration  primarily 
increases  the  flow  by  narrowing  the  calibre  of  the  dilated 
vessels  and  forcing  on  their  contents,  and  secondarily 
diminishes  it  by  increasing  the  resistance.  The  effect  of 
these  changes  in  the  lungs  on  the  pressure  in  the  aorta 
depends  largely  on  the  rate  and  dejith  of  the  respiratory 
movements.  When  these  are  very  shallow,  no  effect 
whatever  is  oliserved  in  the  sj'stemic  arteries.  When 
they  are  both  quick  and  strong,  only  the  primary  effects 
appear,  and  the  aortic  pressure  falls  in  inspiration  and 
rises  in  expiration.  The  typical  result  is  seen  only  in 
ordinary  breathing  when  the  rate  is  slow  enough  to  per- 
mit both  the  primary  and  the  secondary  changes  to  pro- 
duce their  proper  effect  (see  Fig.  1342)."  In  this  case  the 
pressure  first  falls  during  inspiration  to  a  minimum  (pri- 
mary effect)  and  then  rises  again  (secondary  effect);  in 
the  succeeding  expiration  the  rise  continues"  for  a  short 
time  to  the  maximum  (primary  effect)  and  then  the 
pressure  falls  again  (secondary  effect).  The  main  effect 
of  inspiration,  therefore,  is  to  raise  the  pressure  and  the 
main  effect  of  expiration  to  lower  it.  The  curve  fre- 
quently shows  also  changes  in  the  rate  of  the  heart  which 
beats  slower  during  expiration  and  faster  in  inspiration. 
These  changes  are  brought  about  through  nervous  in- 
fluences that  must  be  considered  later,  and  it  need  only 
be  stated  in  this  connection  that  they  are  not  of  sufficient 
moment  to  affect  the  general  course  of  the  phenomena 
here  described. 

C.  T/if  Mechanics  of  the  Heart. — The  circulation  of  the 
blood  through  the  vessels  is  maintained  by  the  energy  of 
the  beating  heart.  Before  considering  the  causes  which 
generate  this  beat  and  which  determine  its  character, 


force,  and  frequency,  it  will  be  convenient  to  take  up  a 
number  of  mechanical  problems  which  the  heart  jjresents 
when  regarded  as  a  valvular  juimp  in  action. 

1.  Extei'nal  Phenomena  of  the  Beat.  a.  When  the  liv- 
ing heart  is  observed  directly,  either  in  a  mamiual,  or,  bet- 
ter still,  in  a  cold-blooded  animal  like  the  frog  or  terrapin, 
each  beat  is  seen  to  begin  with  a  contraction  of  the  great 
veins  in  tlie  neighborhood  of  the  lieart.  The  contraction 
proceeds  as  a  peristaltic  wave  whose  progress  can  be 
readily  followed  in  the  cold-blooded  heart  as  it  spreads 
first  over  the  auricles  and  then  over  the  ventricles.  In 
the  mammal  the  wave-like  character  of  the  beat  is  diffi- 
cult to  recognize  on  accoiuit  of  the  great  rapidity  of  the 
movement.  Here  the  auricles  appear  to  contract  sud- 
denly over  their  whole  extent,  the  auricular  appendages 
being  drawn  inward  and  the  rest  of  tlie  wall  pressing 
toward  the  auricido-ventricular  orifices,  without,  liow- 
ever,  completely  obliterating  tlieir  cavities.  As  soon  as 
the  contraction  of  the  auricles  is  completed  the  ventricles 
immediately  folhjw  with  theirs.  The  conti'actiou  of  each 
section  of  tlie  heart  is  spoken  of  as  its  systole,  and  the 
succeeding  relaxation  as  the  diastole.  A  complete  beat 
or  "  cardiac  cycle "  comprises  an  auricular  and  a  ven- 
tricular systole  and  a  heart  pause,  during  which  all  parts 
of  the  heart  are  at  rest.  The  systole  and  diastole  of  the 
two  auricles  are  perfectly  synchronous  in  a  normal  heart 
as  are  also  those  of  the  two  ventricles,  the  s_vnchronism 
resulting  from  the  peculiar  ari-angement  of  the  muscle 
fibres  in  their  walls. 

In  the  auricles  these  consist  of  a  superficial  set  common 
to  both  sides  and  of  deeper  fibres  proper  to  each.  The 
superficial  fll)res  run  transversely,  being  best  developed 
on  the  anterior  surface,  and  some  of  them  turn  in  at  the 
auricular  septum.  Of  the  deep  fibres,  some  pass  over 
the  auricle  in  the  form  of  an  open  loop  to  be  attached  at 
both  e\tren)ities  to  the  auriculo-ventricular  ring;  these 
are  called  the  "looped"  fibres.  Others,  known  as  "an- 
nular "  fibres,  encircle  the  auricular  appendages  and  sur- 
round the  openings  of  the  veniv  cav;c  and  pulmonary 
veins. 

The  complex  nature  of  the  arrangement  of  the  fibres 
in  the  ventricles  appears  from  the  fact  that  a  vertical 


Fig.  IM!.— Cross  Section  of  a  Complelelv  Contracted  Human  Heart, 
at  the  Level  of  the  Lower  and  Middle  third.     (According  to  Krelil.) 


section  of  their  walls  taken  at  almost  any  point  shows 
the  fibres  on  the  outer  surface  crossing  the  direction  of 
those  on  the  inner,  while  between  these  every  intermediate 
direction  may  be  represented.  The  left  ventricle  pos- 
sesses a  mucli  more  powerful  musculature  than  the  right 
ventricle,  but,  as  in  the  case  of  the  auricles,  a  large 
number  of  fibres  are  common  to  both;  in  fact,  the  outer 
wall  of  the  right  ventricle  is  so  largely  made  up  of  fibres 
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cnmins;  from  tlip  left  that  the  former  appears  in  sections 
of  the  heart  like  a  cleft  or  pocket  in  the  wall  of  the  latter 
(see  Fig.  1343). 

Schematically  the  fibres  may  he  (iescribeil  as  falling 
into  a  number  of  more  or  less  well-detiued  groups  ac- 
cording to  the  general  direction  of  their  course.  The 
superficial  obliiiue  fibres  constitute  the  first  of  these 
groups.  They  take  their  origin  in  the  fibrous  rings  at 
the  base  of  the  heart  and  have  a  general  tn'ud  obliquely 
downward  and  to  the  left.  They  form  a  thin,  sujierficial 
stratiun  on  the  wall  of  the  right  ventricle,  liut  on  the  left 
side  they  increase  greatly  in  number,  and  on  reaching  the 
apex  many  of  them  turn  in  to  form  the  whorl,  whence 
they  ascend  on  the  inner  surface  to  terminate  in  the 
papillary  muscles  and  chorda'  tendineai  or  to  pass  all  the 
way  up  to  the  aiu'iculo- ventricular  rin,<r. 

Between  the  inner  and  outer  layers  of  oblique  fibres  a 
second  group  jiroper  to  the  left  ventricle  is  interposed. 
The  fibres  of  this  class  are  more  or  less  transverse  in 
direction  and  may  be  described  as  the  circular  fibres  of 
this  chamber,  of  the  thickness  of  whose  wall  they  make 


Fig.  IJH.— Intermediate  I^yer  of  Ctroular  Fibres  of  the  Left  Ventri- 
cle. The  outer  and  inner  fll>res  have  been  removed,  and  the  outlines 
of  the  entire  heart  schematically  indicated.     (According  to  Krehl.) 

up  a  considerable  share.  Taken  as  a  whole,  they  form  a 
truncated  hollow  cone  through  the  narrow  apical  open- 
ing of  which  the  fibres  of  the  whorl  enter. 

The  right  ventricle  also  contains  fibres  of  its  own,  and 
one  set  of  these  can  be  traced  on  the  inner  surface  of  its 
outer  wall.  These  take  their  origin  at  the  upper  border 
of  the  septum,  follow  this  down  for  a  variable  distance, 
then  turning  toward  the  lumen,  stretch  across  to  the 
outer  wall.  There  they  ascend  in  bundles,  forming 
trabecula?  and  column;ii  carnetv,  and  end  partly  as  pap- 
illary muscles,  jtartly  by  short  tendons  in  the  "fibro-ten- 
dinous  ring  at  the  base. 

The  portion  of  the  right  ventricle  known  as  the  conus 
arteriosus  has  its  own  special  fibres,  which  in  its  outer 
wall  arrange  themselves  into  an  inner  longitudinal  and 
an  outer  circular  layer,  the  latter  merging  insensibly  into 
the  superficial  oblique  fibres  of  the  general  surface." 

The  anatomical  basis  for  the  observed  synchronism  of 
the  two  sides  of  the  heart  is  thus  provided  for  in  the 
large  number  of  fibres  which  pass  across  and  are  common 
to  the  chambers  of  the  same  name.  The  progressive 
character  of  the  contraction,  not  easily  recognized  by 
direct  observation,  can  be  demonstrated  by  means  of  the 
accompanying  chctrical  phenomena,  which  arc  similar  in 
the  case  of  the  heart  to  those  observed  in  skeletal  muscle. 
An  electrical  change  or  cuiTcnt  of  action  accompanies 


each  heart  beat ;  in  the  frog's  he.-irt  the  variation  shown 
by  till'  cajiillary  electrometer  is  diphasic. 

For  the  human  heart  the  later  work  seems  to  .show  a 
triphasic  current,  tirst  base  negative  to  apc.x.  then  ape.x 


Flc.  l;tt.i.-sinuiltiiueoiis  Pli.ii.iirraTii  .if  a  SiiiL'le  Bciit  (lilaci;  l.ine> 
and  of  the  .XccnmpitnyinL'  Flt-nriral  (  haiiL'i'.  iniiiraled  by  the  level 
of  the  black  area,  whirli  ...Ih.ws  th**  var\int'  level  of  mercury  in  a 
capillary  electrometer.  1,  Mrst  pha.se,  l)ase  negative  to  ape.x  ;  II, 
second  phase,  apex  negative  to  base.     (Waller.) 

negative  to  ba.se.  and  then  again  base  negative  to  apex. 
The  accompanying  curve  has  been  constructed  to  repre- 
sent these  electrical  variations. 

From  them  it  is  inferred  that  the  contraction  begins  at 
the  base  of  the  heart  and  advances  toward  the  apex  ;  that 
for  a  time  (the  interval  S  to  T  in  the  curve)  the  entire 
ventricle  is  uniformly  contracted:  finally,  that  the  con- 
traction ends  by  disjippearing  first  at  the  apex.  It  evi- 
dently folic jws  the  recurrent  path  of  the  supeificial  oblique 
fibres,  beginning  and  ending  at  the  auriculoveutricular 
groove.  Another  deduction  drawn  from  the  electrical 
phenomena  of  the  heart  is  that  its  contractiim  is  com- 
parable to  a  simple  muscle  twitch  and  is  not  to  be  re- 
garded as  a  summated  or  tetanic  contraction. 

3.  Changes  in  the  form  and  position  of  the  heart.  In 
diastole  the  heart  can  hardly  be  sstid  to  possess  a  definite 
shape  of  its  own,  although  it  is  frequently  described  as 
a  hemi-spheroid  with  a  rounded  apex  and  somewhat  flat- 
tened anterior  and  posterior  surfaces.  On  account  of  its 
soft,  fiabby  condition  its  shape  changes  according  to  the 
position  of  the  body  under  the  influence  of  its  own 
weight.  Not  so  in  systole :  the  heart  then  becomes  hard 
and  rigid  and  its  shape  approaches  that  of  a  regular  cone 
with  a  circular  base.  The  changes  in  the  three  diameters 
during  this  transition  must  depend  on  its  previous  form 
in  diastole.  Under  normal  conditions  in  which  the  heart 
is  supported  b_v  the  lungs  as  by  an  elastic  cushion,  there 
is  probably  no  extensive  flattening  in  any  one  plane.  In 
this  case  entrance  into  systole  would  involve  a  shortening 
in  all  directions  while  the  apex  became  sharper  or  more 
pointed. 

"When  the  heart  is  examined  in  the  ordinary  way  in 
animals   with    open  thorax,   it   unquestionably  flattens 


Fig.  lSt6.— Diagrammatic  Curve  of  the  .\ction  Currents  of  the  Human 
Heart.  lEinthoven.)  iJ,  Beginning  of  ventricular  contraction  ;  S, 
apex  negative  to  base ;  T.  third  phase,  base  negative  to  apex.  The 
small  diphasic  variations  represented  by  P  and  Q  are  caused  by  the 
auricular  systole. 

out  during  diastole,  the  transverse  diameter  elongates 
at  the  expense  of  the  anteroposterior,  and  the  base  takes 
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the  form  of  an  ellipse.  In  this  case,  when  the  elliptical 
base  passes  into  the  circular  systolic  form,  the  transverse 
and  the  longitudinal  axes  shorten  -nhile  the  antero- 
posterior diameter  increases  in  length.  On  account  of 
the  oblique,  spiral  direction  of  many  of  the  tibres,  the 
apex  is  also  seen  to  rotate  somewhat  to  the  left  and  for- 
ward, and  the  loueitudinal  axis  approaches  the  vertical 
to  the  plane  of  the  base.  As  regards  the  displacement 
of  the  heart  as  a  whole,  it  is  interesting  to  note  that  the 
apex  is  the  stationary  point,  while  the  base  is  drawn 
toward  it  in  proportion  to  the  decrease  in  the  longitudinal 
axis.  The  suspension  of  the  heart  from  the  large  arteries 
should  (/  pi-ioi-i  make  tlie  base  the  relatively  fixed  point ; 
its  movement  toward  the  apparently  free  apex  is  ex- 
plained bv  the  recoil  of  the  blootl  as  it  is  driven  forcibly 
through  the  arterial  ostia  and  by  the  elongation  of  the 
great  Vessels  under  the  increased"  systolic  pressure. 

The  effect  of  the  contraction  upon  the  cavities  of  the 
ventricles  consists  in  a  more  or  less  extensive  obliteration 
of  their  lumen.  Examination  of  maximally  contracted 
hearts  after  death  shows,  however,  tliat  this  is  not  com- 
plete. On  the  left  side  the  short,  tubular  chamber  of  the 
relaxed  organ  is  reduced  in  systole  to  a  mere  stellate  slit 
at  the  level  of  the  papillary"  muscles,  while  above  their 
summits  this  slit  widens  to"  an  appreciable  space  of  an 
irregular  conical  form  (see  Fig.  1343  above).  In  the  right 
ventricle  also,  when  the  crescentic  cavity  is  reduced  to  a 
mere  slit  by  the  approximation  of  the  outer  wall  to  the 


Fig.  latV.— Cardiogram  Taken  with  Marey's  CartliufnTiph.  A,  Auric- 
ular systole :  V,  ventricular  systole ;  D,  diastole.  Tbe  arrow  shows 
the  direction  in  which  the  tracing  Is  to  be  read. 

septum,  an  appreciable  opening  is  left  in  the  upper  part 
below  the  tricuspid  valves,  and  more  especially  in  the 
region  of  the  conns  arteriosus. 

>.  The  apex  beat.  At  each  systole  of  the  ventricles 
a  shock  or  impulse  may  be  felt  in  the  fourth  or  fifth  in- 
tercostal space  about  an  inch  below  and  a  little  to  the 
median  side  of  the  left  nipple.  This  is  where  the  apex  lies 
against  the  chest  wall  uncovered  by  the  lungs,  and  hence 
the  name  "  apex  beat  "  or  "cardiac  impul.se  "  for  this  famil- 
iar phenomenon.  In  diastole  the  flaccid  wall  of  the  heart 
yields  to  the  more  rigid  thorax  and  the  apex  is  not  per- 
ceptible to  the  touch.  The  sudden  hardening  of  the 
ventricles  as  they  contract  upon  their  contents  enables 
them  to  exert  pressure  against  the  chest  wall  so  that  now 
the  apex  can  be  felt  distinctly,  its  contact  with  the  thorax 
being  made  even  closer  by  the  forward  rotation  already 
referred  to.  The  elevation  of  tlie  chest  thereby  pro- 
duced can  be  recorded  gi~ai)hically,  and  the  tracings  ob- 
tained are  known  as  cardiograms. 

The  cardiogram  gives  valuable  information  as  to  the 
pressure  and  volume  changes  of  the  heart;  its  analysis 
will  be  attempted  in  connection  with  records  of  the  heart's 
action  taken  by  other  methods.  Special  interest  attaches 
to  these  curves  from  the  fact  that  they  represent  the  only 
direct  record  of  the  heart  beat  that  can  be  obtained  from 
man.  (See  the  section  on  Cardiographv  in  the  article  on 
Heart.) 

6.  The  heart  sounds.  Another  physical  sign  by  which 
the  heart's  action  can  be  studied  are  the  sounds  which  it 
emits.  Normally  two  sounds,  differing  in  pitch  and 
duration,  are  audible  in  each  cardiac  cycle:  the  first  a 
comparatively  long,  dull,  booming  sound,  the  second  a 


short,  sharp,  sudden  one.  The  interval  between  the  first 
sound  and  the  second  is  veiy  short,  but  between  the 
second  and  the  succeeding  first  sound  there  is  a  distinct 
pause.     The  first  sound  is  coincident  with  the  systole  of 


Fig.  1:}48.-Human  Tricuspid  Valve — Ventricular  Surface  Spi'eaa  Out 
Flat.  A,  Interior ;  B.  anterior ;  C,  septal  segment ;  D  D'  D",  lesser 
segments:  M.  anterior  papillary  muscle:  O  0'.  papillary  muscles 
attached  directly  to  ventricular  septum :  P.  papillary  muscle  at- 
tached to  columna?  carnea*:  R  R' v.  portion  of  right  ventricular 
wall,  showing  bundles  of  Hbres  continuous  with  chordae  tendineie; 
XX',  Une  of  insertion  of  segments  into  auriculo-ventricular  ring, 

the  ventricles,  more  particularly  with  the  closure  of  the 
auriculo-ventricular  valves,  and  it  is  generally  regarded 
as  a  mixed  or  combination  tone  in  regard  to  its  origin. 
It  can  be  heard  distinctly  in  a  contracting  heart  contain- 
ing neither  blood  nor  air  (Ludwig  and  Dogiel),  so  that  it 
is  partly  at  least  a  muscle  tone.  At  the  same  time,  it  is 
probable  that  in  the  normally  beating  heart  the  sudden 
closure  and  tension  of  the  auriculo-ventricular  valves 
throw  them  and  the  blood  into  vibration,  and  it  is  possi- 
ble that  similar  vibrations  arise  at  the  opening  of  the 
semilunar  valves  (Tigerstedt).  The  sounds  resulting  from 
these  vibrations,  by  fusing  with  the  principal  element, 
the  muscle  sound,  have  some  share  in  the  total  effect  and 
thus  help  in  determining  its  final  character. 

The  second  sound,  which  marks  the  end  of  systole,  is 
purely  valvular  in  origin,  being  produced  by  the  closure 
of  the  semilunar  valves.  A  sound  exactly  similar  in 
ciuality  can  be  obtained  from  the  excised  aorta  by  pro- 
ducing sudden  tension  of  its  valves.  Considering  the 
mode  of  production  of  the  heart  sounds,  it  is  evident  that 
each  side  of  the  heart  must  have  a  first  and  second  sound 
of  its  own,  making  a  total  of  four  sounds.  The  fact  that 
only  two  are  ordinarily  heard  (the  two  first  sounds  fus- 
ing" together  and  similarly  the  two  second  sounds)  proves 
again  the  perfect  synchronism  of  the  ventricular  con- 
tractions. Pathological  alterations  affecting  cither  the 
structure  of  the  valves  or  of  the  cardiac  muscle  may  dis- 
sociate the  elements  of  the  mixed  sounds,   modifying 


Fig.  1349.— Human  Mitral  Valve— Ventricular  Smtace  Spread  Out 
Flat.  A,  Largest  cusp  close  to  aortic  valve,  aortic  segment :  B.  next 
largest  cusp,  parii'tal  sHt'iucnt :  C  t".  lesser  cusps :  M.  anterior  papil- 
lary muscle:  P  P'.  i«isterior  papillary  muscles:  T  T',  method  of 
branching  of  chordie  tendinete:  XX',  line  of  insertion  of  cusps 
into  auriculo-ventricular  ring. 

their  usual  character  and  quality  and  even  giving  rise  to 
new  ones.  These  abnormal  sounds  are  known  as  cardiac 
murmurs,  and  from  a  study  of  their  rhythm,  their  posi- 
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tion  of  maximal  intensity,  and  the  direction  in  which  tliey 
are  propagated  information  of  great  diagnostic  value  is 
obtained. 

2.  Internal  Events  of  the  Beat.  n.  During  diastole, 
when  the  wliole  heart  is  at  rest  and  its  chambers  relaxed, 
the  semilunar  valves  are  closed  by  the  high  pressure  in  tlie 
arteries.  The  blood,  returning  in  the  veins  with  a  fair 
velocity  and  under  low  pressure,  meets  with  no  resistance 
and  enters  freely  into  the  auricles,  aud  thence  passes 
onward  into  the  ventricles.  The  auriculo-ventricular 
valves  at  this  time  are  thrown  open  by  the  blood  stream, 
but  their  cusps  are  more  or  less  ai)proximatcd  by  the 
eddies  which  return  along  the  walls  of  tlie  ventricles  and 
carry  the  blood  between  them  and  the  valve  flaps.  Pres- 
ently the  systole  begins  in  the  ends  of  the  veins  and  with 
a  sharp,  short  stroke  passes  quicklj-  over  the  auricles. 
Without  completely  emptying  themselves,  they  drive 
part  of  their  contents  into  tlie  ventricles  where  the  press- 
ure is  lower  than  in  the  veins,  and  thus  complete  the 
filling  of  those  chambers.  The  same  reflux  currents 
which  previously  floated  up  the  cusps  continue  for  an 
Instant  after  the  flow  into  the  ventricles  has  ceased,  and 
thus  the  edges  of  the  valves  are  brouglit  into  apposition 
even  before  the  ventricular S3'stolc  begins.  Their  jferfect 
closure  is  facilitated  by  the  anatomical  arrangement  of 
the  papillary  muscles  and  chorda'  tendinett. 

Each  auriculo-ventricular  valve  may  be  regarded  as  a 
membranous  tube  attached  to  the  auriculo-ventricular 
ring  by  one  end  along  its  whole  circumference  while  the 
other  end  is  deeply  incised  so  as  to  form  a  number  of 
separate  flaps.  These  are  attached  to  the  inner  surface 
of  the  ventricle  and  papillary  muscles  bj'  tendinous 
chords  arising  not  only  from  their  free  edges  but  also 
from  their  imder  surfaces.  Each  flap,  moreover,  sends  its 
chord;e  to  more  than  one  papillary  muscle,  and  each  of 
these  in  turn  is  attached  to  more  than  one  valve  flap. 

As  the  systole  of  the  ventricles  begins  and  the  pressure 
on  their  contents  increases  there  is  no  regurgitation  into 
the  auricles.  The  pressure  only  more  firmly  secures  the 
apposition  of  the  thin  free  edges  of  the  valves,  aud  as 
they  are  put  under  tension  the  first  sound  is  heard.  The 
chordse  tendiueie  prevent  the  ever.siou  or  even  the  bidg- 
ing  of  the  valves  into  the  auricles,  while  the  papillary 
muscles,  contracting  along  with  the  rest  of  the  heart  mus- 
cle, serve  to  take  in  any  slack  in  the  chordie  which  might 
result  from  the  approximation  of  the  base  and  apex,  and 
so  keep  them  taut.  An  accessory  factor  in  the  closure 
and  support  of  the  valves  which  deserves  mention  is  found 
in  the  reduction  in  size  of  the  base  of  the  heart  during 
systole  with  its  consequent  narrowing  of  the  auriculo- 
ventricular  apertures. 

The  pressure  continues  to  rise  in  the  ventricles  until  it 
exceeds  that  in  the  arteries,  when  the  semilunar  valves 
open  and  the  discharge  begins.  The  pressure  on  the 
arterial  side  of  these  valves  being  always  considerable, 
their  opening  must  not  be  thought  of  as  a  sudden  burst- 
ing open  with  the  separate  folds  thrown  against  the  sides 
of  the  artery,  but  rather  as  a  gentle  yielding  as  the  press- 
ure on  the  ventricular  side  gains  the  upper  hand.  The 
free  edges  of  the  valvular  folds  are  considerable  removed 
from  the  walls  of  the  sinuses  of  Valsalva,  and  this  taken 
in  connection  with  the  thick  projecting  muscular  cushions 
at  the  arterial  apertures,  reduces  the  opening  through 
■which  the  blood  is  discharged  to  a  somewhat  narrow  slit. 
Eddies  and  whirls  are  formed  in  the  wider  space  beyond, 
constantly  tending  to  bring  the  valves  together,  and  the 
moment  the  outflow  from  the  ventricle  ceases  they  close 
with  such  rapidity  that  no  regurgitation  occurs  and  the 
second  sound  is  produced.  The  ventricle  once  more  re- 
laxes, the  auriculo-ventricular  valves  open  under  press- 
ure from  the  auricular  side,  and  the  whole  cycle  of  events 
is  repeated. 

■3.  Intracardiac  pressures.  A  record  of  the  pressure 
changes  in  the  several  heart  cavities  during  the  course  of 
a  complete  cardiac  cycle  gives  the  truest  account  of  the 
force-  and  suction-pump  action  of  the  organ,  and  valuable 
hints  for  the  determination  of  the  time  relations  of  the 
successive  events  which  go  to  make  such  a  cvcle.     JIanv 


methods  have  been  devised  to  obtain  such  a  record,  and 
while  the  curves  differ  considerably  in  some  respects, 
certaiu  general  conclusions  have  been  obtained  from 
them.  In  the  first  place,  the  upper  aud  lower  limits  of 
the  pressure  reached  in  the  course  of  an  observation  ex- 
tending over  a  seriesof  beats  can  be  accurately  measured 
by  means  of  a  mercury  manometer  with  valves  attached 
so  as  to  convert  it  into  a  maximum  or  minimum  manom- 
eter (Goltz  and  Gaule).  This  method  shows  that  the 
maximum  pressure  in  the  ventricles  is  distinctly  greater 
than  the  mean  pressure  in  the  corresponding  arteries,  that 
of  the  left  ventricle  being  about  'iSt  times  as  great  as  that 
of  the  right.  In  an  actual  experiment  De  Jaeger  found 
the  maximum  pressure  in  the  left  ventricle  of  the  dog 
200  nun.  Hg,  and  in  another  case  Fick  found  it  100  mm. 
The  pressure  in  the  auricles  is  considerably  lower,  the 
maximum  as  measured  on  the  right  .side  being  usually 
given  at  20  mm.  Ilg.  The  minimum  pressures  in  the 
cavities  of  the  heart  may  fall  below  that  of  the  atmos- 
phere. Thus,  in  the  left  ventricle  of  the  dog,  it  varied 
from —53  to— 20mm.  Ilg,  in  the  right  ventricle  it  was 
—  17  mm.  Hg,  and  in  the  right  auricle  —12  to  —7  mm. 
Hg.  Such  values,  however,  are  obtained  only  when  the 
chest  is  closed,  and  the  negative  pressure  of  "the  thorax 
is  partly  responsible  for  these  low  pressures. 

When  the  heart  was  exposed  and  the  pericardium 
opened  the  lowest  pressure  in  the  left  ventricle  was  —7  to 
—25  mm.  Hg,  and  in  the  right.  —1  to  —2  mm.  Hg,  accord- 
ing to  Goltz  and  Gaule.     This  observation  has  been  con- 
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Fig.  1350.— Showing  Cunes  of  Pressure  (Al  and  Velooitj-  IB)  in  the 
Coronary  Artery  of  the  Horse.    (Chauveau  and  Uebatel.) 

firmed  and  denied  repeatedly,  but  the  balance  of  evidence 
seems  to  favor  the  view  that  the  diastolic  expansion  of  the 
heart  walls  may  in  itself  produce  a  certain  amoiint  of 
suction,  depending  largely  on  the  force  and  suddenness 
of  the  foregoing  systole.  Various  suggestions  have  been 
made  to  account  for  it. 

An  elastic  expansion  of  the  ventricular  walls  has  been 
assumed  in  this  connection  by  some,  but  the  evidence  is 
all  opposed  to  this  view.  A  more  efficient  cause  is  prob- 
ably to  be  found  in  the  passive  expansion  which  resvilts 
from  the  peculiar  conditions  surrounding  the  coronary 
circulation.  The  filling  of  the  blood-vessels  in  the  walls 
of  the  heart  should  open  up  its  cavities  much  in  the  same 
way  that  a  double-walled  bag  is  distended  by  filling  the 
space  between  the  two  layers.  Briicke's  theory  oif  the 
"  Selbststeuerung  des  Herzens"  was,  in  fact,  based  on 
this  sort  of  mechanism.  It  assumed  that  the  semilunar 
valves  were  thrown  back  during  systole  far  enough  to 
prevent  the  entrance  of  blood  into  the  coronary  arteries, 
whose  distention  at  that  time  would  oppose  the  systole; 
but  when,  at  the  onset  of  diastole,  the  coronaries  are 
opened  and  the  blood  enters  under  strong  pressure  from 
the  aorta,  the  diastolic  expansion  would  be  materially 
assisted.  This  theory  has  since  been  shown  to  be  a  curi- 
ous mixture  of  truth  and  error.  JIartin  and  Sedgwick  » 
demonstrated  that  the  pulse  in  the  coronaries  was  syn- 
chronous with  that  in  other  systemic  arteries:  therefore 
Brlicke  was  wrong  so  far  as  the  mechanism  by  which  the 
systolic  dilatation  of  the  coronary  vessels  is  prevented  is 
concerned.  The  semilunar  valves  do  not  shut  up  the 
orifices  of  these  arteries.  Measurements  of  the  velocity 
of  the  blood  flow  in  the  coronary  arteries  bj'  Chauveau 
and  Rebatel  have  shown,  on  the  other  hand,  that  he  was 
right  as  to  the  facts.'" 

Their  curves  (see  Fig.  1350)  show  that  the  tension  and 
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rate  of  flow  both  increase  in  the  coronary  artery  at  the 
■beginning of  systole  ((():  i-(-,  blood  streams  into  it  at  this 
time.  Then  a"  second  rise  of  pressure  is  observed  during 
■which,  however,  the  velocity  curve  drops  below  the 
abscissa  (h).  This  is  the  moment  when  the  contraction 
of  the  ventricle  becomes  powerful  enough  to  compress 
the  intramural  vessels  and  squeeze  out  their  contents; 
hence  the  rise  of  pressure  and  the  reversed  current  in  the 
main  vessel.  Lastlv.  a  new  acceleration  of  the  rate,  not 
accompanied  by  a"  rise  of  pressure,  appears  (c) ;  the 
diastole  has  begun,  the  vessels  are  once  more  free,  and 
the  flow  of  blood  through  them  is  re-established. 

Porter"  has  recently  added  new  testimony  on  this 
point  in  the  form  of  observations  on  the  outflow  from 
the  coronary  veins  during  ditferent  phases  of  the  heart's 
action.  Amons  other  results  he  found  that  the  volume 
of  blood  passing  through  the  coronary  vessels  is  increased 
by  an  increase  m  either  tlie  force  or  the  frequency  of  the 
heart  beat,  the  increase  of  volume  being  accomplished 
largely  through  the  periodical  emptying  of  the  intramural 
vessels  by  the  systolic  squeeze  of  the  fibres  around  them. 
Some  other  points  of  interest  concerning  the  coronary 
circulation  may  be  briefly  mentioned  in  this  connection. 
The  old  controversy  as  to  the  terminal  character  of  the 
arteries  of  the  heart  has  been  answered  in  the  affirmative 
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Fig.  1351.— Endocardlac  Pressure  Curves  from  the  Horse.  Or.D,  Right 
auricle ;  Vent.D,  right  ventricle :  Vent.G,  left  ventricle.  (Accord- 
ing to  Chauveau  and  Marey.) 

by  the  recent  work  from  the  Harvard  laboratory.  It  was 
shown  that  ligature  of  the  in(livi<liial  branches  results  in 
infarction  and  necrosis  of  circumscribed  areas  correspond- 
ing to  the  distribution  of  those  branches.  The  effect  of 
such  a  ligature  on  the  action  of  the  heart  as  a  whole 
seems  to  depend  entirely  on  the  extent  of  the  area  in- 
volved, arrest  of  the  heart  following  ligature  of  the  R. 
circumfle.xus  in  64  per  cent,  of  the  cases;  of  the  R. 
descendens  in  28  per  cent. ;  of  the  R.  septi  in  0  per  cent., 
and  of  the  A.  coronaria  dextra  in  14  per  cent. 

The  old  theory  of  a  localized  coordinating  centre  upon 
which  the  maintenance  of  the  normal  beat  depends  can 
no  longer  be  defended  in  the  face  of  these  results.  Finally 
the  relation  between  the  volume  of  the  coronary  circula- 
tion and  the  rhythmic  contractility  of  heart  muscle  has 
been  investigated  by  means  of  an  artificial  circulation, 
the  applicabihty  of  which  to  the  hearts  of  warm-blooded 
animals  was  demonstrated  by  Jlartin.'-'  The  work  shows 
that  a  surprisingly  small  flow  suffices  to  maintain  a 
rhythmic  beat,  the  ordinary  volume  used  in  the  experi- 
ments of  ilcGrath  and  Kennedy  '^  upon  vigorous  cat 
hearts  ranging  from  3.5  to  13.5  c.c.  per  minute.  Va- 
riations in  the  amount  of  blood  fed  to  the  heart  influ- 
enced the  force  of  the  beats,  while  the  rate  was  but  little 
affected. 

To  return  to  the  subject  of  intracardiac  pressures, 
the  oscillations  between  the  limits  given  above  must 
recur  in  the  course  of  every  cycle,  and  the  rate  at 
which  the  changes  of  pressure  are  made  must  be  quite 
swift.  It  has  been  estimated  that  the  pressure  within  the 
left  ventricle  rises  at  the  rate  of  more  than  2,000  mm.Hg 


per  second.  To  obtain  an  exact  record  of  such  a  change 
calls  for  an  instrument  with  a  quick  response  and  low 
inertia;  but  the  records  obtained  with  the  most  improved 
spring  manometers  of  recent  years  agree  so  nearly  with 
the  older  curves  of  Chauveau  and  Marey  in  all  essential 
points  that  we  may  assume  for  the  present  the  correct- 
ness of  their  curves. 

The  auricular  curve  shows  a  ciuick,  sudden  rise  of 
pressure  which  reaches  its  maximum  in  about  0.1  second, 
but  returns  again  immediately  so  as  to  form  a  single 
rounded  peak.  This  agrees  exactly  with  the  sudden 
brief  systole  of  this  end  of  the  heart. 

The  steep  rise  of  the  two  lower  curves  (Fig.  1351)  shows 
that  the  ventricular  systole  follows  immediately  upon 
that  of  the  auricles  and  that  the  pressure  goes  up  with 
great  rapidity.  Then  there  follows  a  portion  of  the 
curves  which  goes  by  the  name  of  the  "  ventricular 
plateau  "  because  it  extends  in  a  direction  more  or  less 
parallel  to  the  abscissa,  sometimes  rising,  sometimes 
falling  a  little,  according  to  the  method  used.  It  repre- 
sents graphically  the  maintenance  in  contraction  of  the 
ventricles,  their  systole  lasting  about  0.4  second.  The 
lever  finally  sinks  back  abruptly  to  the  base  line  and  be- 
yond, as  sliown  in  the  descending  limb  of  the  curve. 

Intraventricular  pressure  curves  alwa\-s  present  second- 
ary elevations  distributed  over  the  main  curve.  They  are 
not  constant  as  to  number  or  form,  seemingly  changing 
with  the  kind  of  instrument  used,  and  some  of  them  are 
unquestionably  artefacts.  Others  correspond  to  definite 
processes  going  on  inside  the  heart,  as,  for  example,  the 
small  wave  which  is  nearly  always  seen  preceding  the 
large  rise  due  to  the  ventricular  systole.  Its  position 
shows  that  it  is  synchronous  with  the  systole  of  the 
auricle,  the  effect  of  which  on  the  pressure  in  the  ventricle 
is  thus  recorded. 

There  is  no  indication  on  the  record  either  of  the  closure 
of  the  auriculo-ventricular  valves  or  of  the  opening  of 
the  semilunar  valves.  An  appreciable  time  must  elapse 
after  the  beginning  of  the  systole  before  the  pressure 
mounts  high  enou.irh  to  force  open  the  semilunar  valves 
against  the  arterial  pressure;  but  this  being  a  gradual 
process,  as  we  have  already  stated,  an  effect  in  the  form 
of  a  break  or  notch  u]ion  the  curve  would  hardly  be  ex- 
pected. By  taking  simultaneous  records  of  the  pressure 
in  the  left  ventricle  and  in  the  aorta  it  has  been  shown 
that  the  pressure  in  the  latter  begins  to  rise  about  0.1 
second  later  than  in  the  ventricle.  The  point  on  the  curve 
which  corresponds  to  the  time  of  opening  of  the  valves 
must  be  situated,  therefore,  near  the  top  of  the  ascending 
limb  and  is  not  marked  in  any  waj'. 

The  same  indirect  method  must  be  relied  on  to  deter- 
mine, upon  the  curve,  the  position  corresponding  to  the 
closure  of  the  semilunar  valves.  They  will  close,  of 
course,  the  instant  the  pressure  within  the  ventricle  falls 
below  that  in  the  artery,  and  upon  the  curve  must  be 
represented  high  up  on  the  descending  linili  not  far  from 
the  beginning  of  the  steep  descent  from  the  plateau. 
The  curve  again  shows  no  record  of  this  event. 

y.  The  duration  of  the  component  elements  of  a  com- 
plete cardiac  cycle  is  found  most  accuratel)-  from  such 
records  as  have  just  been  described.  For  the  luniian 
heart,  however,  it  must  be  estimated  from  observations  on 
the  heart  sounds  and  from  cardiographic  and  sphygmo- 
graphic  curves. 

Leaving  out  of  account  the  slight  differences  in  the 
figures  as  given  by  various  observers,  the  duration  of  the 
phases  of  the  human  heart,  beating  at  the  rate  of  70  per 
minute,  may  be  stated  as  follows: 

Ventricular  systole 0.379  second. 

Ventricular  diastole 483 

.863 

Auricular  systole 0.1     second. 

Auricular  diastole 762 

.863 

The  heart  pause  in  this  case  equals  0.383  second.  The 
power  of  rapid  recuperation  of  the  musculature  of  the 
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heart  is  im|iressively  shown  by  tliese  fifjures.  Anotlier 
point  of  funilanicntiil  iniiiortauce  .should  bu  noted  in  tliis 
couneetion.  It  will  be  shown  later  that  the  rale  of  the 
heart  varies  within  wide  limits  at  dilVereut  times  and 
under  dillerent  eonditions;  but  throujrhout  these  exten- 
sive variations  the  duration  of  the  ventrieular  systole  re- 
mains remarkably  uniform.  In  man.  for  e.xample.  it  has 
been  found  that  the  ventrieular  systole  varied  only  be- 
tween O.o^i-  seeond  and  1M!H»  second  when  the  pulse  rale 
ranjied  from  u2  to  rJ4  per  minute.  The  variations  in  the 
rate  Of  the  heart  are  essentially  dependent  on  ehanjies  in 
the  duration  of  the  pau.se.  while  the  systole  is  but  slifrhtly 
affeeted.  Even  the  i)res.sure  in  the  arteries  has  been 
shown  to  have  no  appreciable  inllueuce  on  the  duration 
of  the  systole,  the  heart  ajiparently  jiossessing  in  a  hi^h 
dejrree  the  iiower  of  adajuinir  its  work  to  the  varying 
demands  made  upon  it  without  loss  of  time. 

(S.  The  work  done  by  the  heart.  In  consideriug  the 
work  of  the  heart,  it  is  treated  practically  as  a  force 
jnimp  which  discharges  a  certain  volume  of  liijuid  with 
a  known  velocity  against  a  given  resistance.  The  auricles 
from  this  standpoint  become  unessential  attachments  to 
the  apparatus,  although  physiologically  they  may  be  im- 
portant enough.  They  not  only  provide  reservoirs  for 
the  reception  of  the  bhiod  during  the  relatively  long  ven- 
tricular systole,  thereby  avoiding  stagnatit)n  or  damming 
back  in  the  veins,  but.  as  we  shall  see  later,  they  consti- 
tute a  regulating  mechanism  for  the  work  of  the  ven- 
tricles by  determining  l)otli  the  rate  of  their  beat  and  the 
extent  of  tlieir  charge. 

The  suction  of  the  ventricles  already  explained  is  here 
also  disregardi'd.  This  suction,  together  with  that  of  the 
thora.x  as  a  whole,  is  favorable  to  the  circtdation  in  that 
it  assists  the  return  of  the  blood  in  the  veins.  It  may  be 
neglected  at  present  as  it  is  quite  insignificant  in  com- 
parison with  the  other  factor  concerned,  and  the  blood 
would  return  to  the  heart  without  its  aid  under  the  in- 
fluence of  the  iiupulse  given  to  it  by  the  heart  at  the 
arterial  end. 

The  work  done  by  the  heart  is  expended  in  two  ways: 
■(1)  The  contents  of  the  ventricles  must  be  discharged 
against  a  resistance  measured  by  the  mean  pressure  in  the 
aorta  and  pulmonary  arteries.  Taking  the  left  side  alone 
for  the  present,  work  will  be  done  at  each  beat  equal  to 
P  X  R.  P  being  the  "pulse  volume"  or  the  amount  dis- 
charged in  a  single  systole  and  R  the  mean  blood  pressure 
in  the  aorta.  (2)  Work  is  done  in  conferring  upon  the 
tlood  discharged  a  certain  velocity.  Now  the  kinetic 
•energy  represented  by  a  mass  in  mot  ion  is  ex  pressed  by  the 
formula  imv-,  which  if  m  equals  the  weight  of  a  body 

pv'- 
«nder  the  influence  of  gravity,  may  be  written  i^;— .     Ap- 

plied  to  the  heart,  p  in  this  formula  represents  again 
the  pulse  volume,  v  the  velocity  in  the  aorta,  and  g  the 
accelerating  force  of  gravity,  (■.<'.,9.8m.  (32  feet).     The 

total  work  of  the  left  ventricle,  therefore,  equals  PR  +  -5— 

and  can  be  calculated  if  we  know  the  pulse  volume  of 
tlie  heart,  the  mean  aortic  pres.sure,  and  the  rate  of  flow 
in  the  aorta.  The  two  latter  have  been  determined  with 
a  fair  degree  of  approximation  and  may  be  taken  at  1.50 
mm.  Hg  for  the  presstire  and  500  mm.  per  second  for 
the  velocity.  Neither  of' these  figures  is  very  exact,  but 
the  error  introduced  by  inaccuracies  in  them  has  little 
■effect  on  the  result  as  compared  with  that  due  to  tmr 
ignorance  fif  the  jiulse  volume.  An  exact  determination 
•of  the  latter  would  furnish  the  key  to  many  problems  in 
the  mechanics  of  the  circulation,  and  frequent  attempts 
liave  been  made  to  get  at  it.  The  estimates  given  for  the 
human  heart  vary  all  the  way  from  -lo  to  l!ri8  gm.:  for 
the  present  100  gm.  may  be  taken  as  a  fair  average,  al- 
though the  true  result  will  probably  be  found  somewhat 
less  than  this. 

Substituting  the  given  values  in  the  formula  and 
making  the  correction  for  the  specific  gravity  of  mer- 
cury (13.6),  we  obtain  as  the  work  of  the  left  ven- 
tricle : 


w  =  100  X  0.130  X  13.6  + 


100  X  0.500' 


2x9.8 
or     w  =  204+  1.28  gm. -metres  of  work. 

The  calculation  for  the  right  ventricle  is  made  in  the 
same  way,  the  ])u!se  volume  of  the  two  sides  of  the  heart 
being  assumed  to  be  equal  anil  the  mean  jiressure  in  the 
pulmonary  arteries  being  taken  at  |  that  in  the  aorta. 
The  work  of  the  right  ventricle  is  tlierefore  equal  prac- 
tically to  5  of  205.28.  or  S2.ll  gm. -metres. 

Multiplying  the  work  of  botli  sides  (2s7. 39  gm. -metres) 
by  the  number  of  beats  per  minute  (TO)  and  by  the  number 
of  miiuites  in  twenty-four  hours  (1.440).  the  work  of  the 
heart  done  in  one  day  isfomxl  to  equal  2S,iH!9kgm. -metres 
as  a  conservative  estimate.  This  represents  a  considerable 
percenta.gc  of  the  total  energy  production  in  the  body, 
when  it  is  remembered  that  the  mechanical  work  done 
by  a  man  in  eiglit  liours  is  estimated  at  abovit  125.000 
kgm. -metres  and  that  of  the  muscles  of  respiration  in 
twenty-four  hours  amoiuits  only  to  11,700  kgm. -metres. 

c.  The  rate  of  the  heart.  It  is  a  matter  of  some  prac- 
tical importance  to  the  physician  to  know  the  normal  rate 
of  beat  of  the  heart,  and  on  this  account  luimerous  statis- 
tics have  been  com]iile<l  with  the  view  of  determining 
the  relative  influence  of  the  various  conditions  and  cir- 
cumstances which  affect  it.  Ordinarily  the  pulse  rate 
presents  more  or  less  regular  and  extensive  variations  in 
the  course  of  a  day.  which  are  sometimes  designated 
■'  diurnal. "  They  are  hardly  the  expression  of  an  inherent 
rhythmicity,  since  they  almost  disiippear  when  the  sub- 
ject rests  (luietly  in  bed  and  abstains  from  food  and  drink, 
but  rather  the  residt  of  the  complex  and  ever-changing 
activities  which  characterize  the  successive  periods  of  a 
complete  day. 

The  most  potent  of  these  physiological  factors  which 
affect  the  heart  rate  in  an)- given  indiviilual  are  tempera- 
ture and  exercise.  Experiments  ou  the  isolated  mam- 
malian heart  '*  have  shown  that  the  rate  increases  with 
rise  of  temperature  up  to  about  41°  C.  Beyond  this 
optimum  point,  a  further  rise  of  temperature  becomes 
harmful  and  (piickly  the  lethal  point  is  reached  (45'  C). 
A  change  of  temperature  may  arise  from  internal  causes, 
as  in  fevers  with  their  cliaracteristically  accelerated  pulse, 
or  it  may  come  from  external  sources,  such  as  the  inges- 
tion of  hot  or  cold  .substances.  The  latter  fact  accounts 
in  part  for  the  distinct  rise  in  the  daily  temperature  curve 
after  meals,  although  the  quickened  pulse  at  those  times 
may  be  due  partly  to  the  increased  chemical  and  mus- 
cular activity  of  the  alimentary  tract. 

The  effect  upon  the  pulse  rate  of  muscular  exercise, 
which  is  familiar  to  every  one.  is  both  sudden  and  marked, 
and  it  may  almost  be  stated  as  a  law  that  the  increase  in 
the  rate  is  proportional  to  the  duration  and  intensity  of 
the  work  done.  On  this  account  the  pulse  is  slow  during 
sleep,  when  the  minimum  is  usually  reached,  and  the  in- 
crease in  rate  on  sitting  up  or  standing  over  that  of  the 
recumbent  position  is  probably  the  residt  of  the  muscular 
efforts  involved  in  maintaining  these  upright  positions. 
The  effect  of  exercise  may  be  quite  transient  or  it  may 
persist  for  a  considerable  time,  depending  on  the  length 
of  the  previous  exertion.  Thus  a  walk  of  a  mile  or  two 
at  an  ordinary  moderate  gait  will  keep  the  pulse  rate 
quickened  for  thirty  or  even  sixty  minutes  thereafter,  and 
this  long-lasting  after-effect  must  be  taken  into  account 
whenever  observations  on  the  normal  rate  are  to  be  made. 

Extensive  data  in  which  accidental  variations  from  the 
preceding  causes  were  guarded  against  have  been  tabti- 
lated  in  order  to  determine  the  influence  of  sex.  age.  and 
size  upon  the  rate  of  the  heart.  The  conclusions  so  far 
reached  may  be  briefly  summarized  as  follows: 

Age. — The  average  pulse  rate  is  highest  the  first  year 
after  birth,  being  given  at  134  per  minute  in  one  series 
of  observations;  it  sinks  steadily  up  to  the  twenty -first 
year  when  a  rate  of  72  is  reached ;  it  remains  at  this  level 
to  about  the  sixty-fifth  year,  after  which  it  begins  to  go 
up  again  slightly,  rising  perhaps  to  79  or  80  per  minute 
at  the  eightieth  year. 

Sise.—Tixe  differences  just  noted  depend  in  large  meas- 
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ure  on  differences  in  size,  altliough  age  in  itself,  apart 
from  size,  has  some  influence.  Taliing  the  average  of  a 
great  number  of  cases,  there  is  no  doubt  that  tall  indi- 
viduals have  a  slower  heart  than  smaller  ones  of  the  same 
age,  the  difference  being  as  much  as  33  beats  per  minute 
in  the  first  year,  but  sinking  into  insignificance  later  on 
in  life. 

.§f.r.— Comparing  males  and  females  of  the  same  age, 
the  pulse  rate  is  found  to  be  more  rapid  in  the  latter  at 
all  ages  from  the  second  year  on.  Women  on  the  ave- 
rage are  a  little  smaller  than  men,  so  that  a  correction  for 
size  should  be  introduced.  Even  -when  this  has  been 
done  the  general  statement  remains  true,  although  the 
differences  then  are  smaller  than  they  ordinarily  appear. 

The  following  tables,  abridged  from  those  given  by 
Volkmann,  furnish  the  basis  of  the  foregoing  generaliza- 
tions : 

Table  I. 


Age. 

Heart  Rate. 

Number 

Maximum. 

Minimum. 

Average. 

servations. 

0-1 

160 
128 
106 
112 

99 
104 
104 

94 
100 
104 

98 

101 
70 
56 
66 
59 
58 
50 
52 
54 
54 
63 

134 
98 
87 
83 
71 
70 
72 
72 
73 
75 
79 

59 

5-6 

56 

Hl-11 

73 

1,7-16 

77 

2(t-31 

67 

30-,35 

135 

il}-ib 

105 

50-,55    

42 

60-65 

60 

7(^-75 

44 

80  + 

31 

Age. 

MEA.N  PULSE  Rate. 

Male. 

Female. 

2-7 

97 
84 
76 
73 
70 
68 
70 
67 

98 

8-14 

94 

14-21 

82 

21  28       

86 

28-35 

78 

35-42      

78 

42-49 

77 

49-56 

76 

*  The  average  rates  in  this  table  were  obtained  by  Guy  from  twenty- 
five  observations,  in  each  case  taken  at  midday  upod  fasting  indi- 
viduals who  were  at  rest  in  a  sitting  position. 

Table  III. 


Heigbt  in  millimetres. 

MEAN  Pulse  Rate. 

Male. 

Female. 

525       

158 
110 
101 
97 
91 
88 
87 
85 
75 

144 

875 

107 

975 

106 

1.U75 

98 

1 ,175 

94 

1  »75 

95 

1.375 

87 

1,475 

84 

1  .575                   

77 

From  a  teleological  point  of  view  the  correlation  be- 
tween the  pulse  rate  and  the  conditions  enumerated  above 
is  easily  understood.  It  provides  an  arrangement  for 
adapting  the  circulation  to  the  intensity  of  general  metab- 
olism through  the  rate  of  the  heart.  The  smaller  the 
size  of  the  body,  the  greater  will  be  the  ratio  of  the  sur- 
face to  the  mass  and  hence  the  more  rapid  the  heat  dis- 
sipation; hence  to  keep  up  body  temperature  heat  pro- 
duction must  be  raised  in  the  same  proportion,  i.e.,  greater 
metabolic  activity  is  required  which  in  turn  demands  a 
more  rapid  circulation  and  a  faster  heart.  In  the  same 
way  the  chemical  activitj-  of  the  muscles  is  heightened 


by  e.xercise  and  again  the  circulation  is  accelerated.  The 
e.xact  mechanism  by  which  the  quickened  pulse  is  ob- 
tained is  difficult  to  determine,  being  in  most  cases  of  a 
complex  character.  The  effect  is  sometimes  a  direct  one 
on  the  heart  itself,  effected  through  the  altered  physical 
and  chemical  conditions  of  the  blood;  at  other  times  it 
is  mainlv  produced  indirectly  through  the  nervous  system 
by  way  of  the  extrinsic  nerves  of  the  heart :  usually  it  is 
the  combined  result  of  various  interacting  factors. " 

III.  The  Regulation  and  Ad.\pt.\tion  of  the 
VAScrLAR  Mechanis.m. — A  rigid  circulatory  system 
working  with  tlie  regularity  of"a  dead  model"  and  sup- 
plying each  organ  with  the"same  steady  stream  of  blood, 
irrespective  of  its  needs,  would  by  its  very  regularity 
work  its  own  destruction.  In  a  living  organisni  there 
must  be  a  continual  adjustment  in  the  blood  supply  to 
each  part  with  every  change  in  external  or  internal  con- 
ditions. The  regulating  mechanism,  as  we  actually  find 
it,  comprises  two  parts:  one  connected  with  the  heart, 
which  being  central  produces  general  effects  only ;  the 
other  with  the  peripheral  blood-vessels,  through  "which 
both  local  and  general  effects  can  be  brought  about.  As 
usual,  the  coordination  and  regiilation  of  the  blood  vas- 
cular system  are  obtained  through  the  mediation  of  the 
nervous  system,  the  relation  of  which  to  the  heart  and 
blood-vessels  must  now  be  described. 

A.  The  Innercation  of  the  Henrt. — It  is  customary  to 
speak  of  the  nerve  supply  of  the  heart  as  consisting  of 
an  extrinsic  and  an  intrinsic  mechanism.  The  extrinsic 
nerves  include  efferent  fibres,  which  are  supplied  b_v  the 
vagi  and  the  cardiac  rami  of  the  sympathetic  chain,  and 
which  approach  the  heart  at  its  venous  end,  and  afferent 
fibres,  which  pass  from  the  heart  at  its  arterial  end  and 
are  characterized  by  their  larger  size  and  the  presence  of 
the  medullary  sheath. 

In  the  mammal  the  extrinsic  nerves  terminate  in  plex- 
uses around  the  arch  of  the  aorta,  and  from  these  the  in- 
trinsic nerve  supply  is  derived.  Branches  proceed  to  the 
junction  of  the  great  veins  with  the  heart  to  be  distributed 
to  the  various  parts  of  the  organ.  Ganglia  are  abundant 
on  the  superior  vena  cava  and  are  found  also  on  the  pul- 
monary veins,  in  the  walls  of  the  auricles,  in  the  auriculo- 
ventricular  groove  and  for  an  imdetcrmined  distance 
down  the  ventricular  walls.  Both  nerves  and  ganglia  lie 
for  the  most  part  superficially  under  the  pericardium,  and 
as  they  are  traced  along  the  heart  from  the  point  of  en- 
trance it  may  be  said  in  general  that  the  proportion  of 
medullated  to  non-medullated  fibres  goes  ou  decreasing, 
and  that  the  number  of  ganglion  cells  likewise  diminishes, 
disappearing  entirely  at  or  near  the  apex. 

The  ganglia  are  often  classified  as  sinus  ganglia  and 
auriculo-ventricular  ganglia.  This  separation  into  groups 
is  obscure  in  mammals,  but  in  the  frog's  heart  comes  out 
distinctly,  the  sinus  ganglion  located  at  the  junction  of 
sinus  venosus  and  auricles  being  known  as  the  ganglion 
of  Remak,  the  auriculo-ventriciilaronesas  the  ganglia  of 
Bidder. 

In  the  frog  the  vagus  and  sympathetic  fibres  reach  the 
heart  in  a  common  trunk,  one  on  each  side,  passing  along 
the  superiorcavne  to  the  ganglion  of  Remak.  From  this, 
in  addition  to  scattered  fibres,  two  main  cords,  the  anterior 
and  posterior  septal  nerves,  proceed  to  the  ganglia  of 
Bidder.  From  the  latter  smaller  twigs  penetrate  the 
substance  of  the  ventricle,  scatt'ered  nerve  cells  occurring 
for  some  little  distance  along  their  path;  but  tlie  lower 
part  of  the  ventricle,  perhaps  the  lower  two-thirds,  is 
said  to  be  quite  free  from  them. 

1.  The  Development  of  the  Normal  Beat.  In  order  to 
appreciate  the  part  played  by  the  nervous  apparatus  of 
the  heart,  it  will  be  necessary  to  consider  the  mode  of 
development  of  its  normal  beat,  of  which  the  automatic- 
ity,  the  rhythmicity,  and  the  regular  sequence  of  the 
several  chambers  constitute  the  most  striking  features. 

a.  Automaticity.  It  has  long  been  known  that  the 
heart  of  a  cold-blooded  animal  will  continue  to  beat  for 
hours  and  even  days  after  it  has  been  removed  from  tlie 
body.  There  was  every  reason  to  think  that  the  mechan- 
ism "by  which  the  beat  is  developed  is  the  same  in  all  the 
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vertebrates,  and  much  of  the  physiology  of  the  heart  as 
worked  out  on  the  frog  was  applied  to  the  niainmal. 
More  recently  H,  Newall  Martin  "  succeeded  in  keeping 
alive  the  isolated  heart  of  the  latter  also  by  supplying  it 
with  a  suitable  artificial  circulation,  and  the  question  of 
its  automaticity  was  definitively  settled.  The  nerves 
reaching  the  heart  from  without  were  evidently  not 
essential  to  the  beat,  for  which  all  the  conditions  were 
contained  within  the  organ  itself.  The  lieart  is  an  auto- 
matic organ  whose  activity  deiiends  on  some  internal 
stimidus.  and  the  (juestion  as  to  the  nature  of  this  stimulus 
and  it.s  point  of  attack  immediately  arises.  Two  an- 
swers have  been  given  and  are  still  current  in  pliysiology 
under  the  names  of  tlie  "neurogenic"  and  the  myogonic 
theories  of  the  genesis  of  the  heart  beat. 

The  neurogenic  theory  is  based  on  the  following  con- 
siderations: Muscular  tissue  in  general,  and  especially 
the  more  highly  ditTerentiated  types  of  it,  depends  upon 
its  motor-serve  impulses  to  set  it  into  action,  whereas 
nerve  cells  constitute  the  automatic  tissue  of  the  body 
par  excellence.  Assuming  similarity  of  function  or 
properties  in  all  nerve  cells,  those  within  the  heart  in- 
cluded, an  ea.sy  explanation  of  the  automatic  beat  of  this 
organ  woidd  be  furnished  by  the  rhythmic  motor  im- 
pulses sent  to  the  cardiac  muscle  by  its  intrinsic  ganglion 
cells.  Those  who  adopt  this  view  urge  in  its  support 
tlie  interesting  correlation  between  the  number  of  gan- 
glion cells  distributed  to  each  segment  of  the  heart  and 
the  degree  of  spontaneity  and  rhythmicity  which  that 
part  possesses.  Thus  upon  the  frog's  heart,  in  which  the 
normal  beat  begins  in  the  large  veins  leading  to  the  heart 
and  sweeps  over  the  sinus  venosus,  auricles,  ventricle, 
and  bulbus  arteriosus  in  regular  sequence,  the  following 
observations  can  be  easily  verified. 

When  the  heart  in  dying  ceases  to  beat  the  several 
segments  come  to  rest  in  turn,  beginning  at  the  arterial 
end.  The  ventricle  fails  first,  then  the  auricles  fail,  and 
lastly  the  sinus  venosus  fails.  Further,  on  testing  the 
irritability  of  the  quiescent  heart  from  time  to  time  by 
means  of  gentle  mechanical  stimulation,  its  eventual  dis- 
appearance is  found  to  follow  the  same  order  as  the  fail- 
ure of  the  natural  beat.  Lastly,  if  by  means  of  a  series 
of  transverse  sections  carried  through  the  heart  at  differ- 
ent levels  the  ventricular  apex  alone,  or  the  entire  ven- 
tricle, or  the  ventricle  with  some  auricular  tissue,  be  in 
turn  separated  from  the  venous  end  of  the  heart,  it  will 
be  found  that  the  sinus  venosus  possesses  the  greatest 
potentiality  to  beat,  that  the  power  of  generating  rhj'thmic 
spontaneous  beats  diminishes  in  the  isolated  piece  as  the 
plane  of  section  approaches  the  apex,  and  that  the  apex 
itself  will  not  beat  spontaneously  at  all.  The  several 
segments  of  the  frog's  heart  form,  as  regards  their  irrita- 
bility and  spontaneity,  a  descending  series:  sinus  venosus, 
auricles,  entire  ventricle,  lower  third  of  ventricle — very 
similar  to  the  series  they  form  when  arranged  with  refer- 
ence to  the  number  of  contained  nerve  cells.  The  infer- 
ence that  the  rhythmic  beat  is  the  result  of  the  activity 
of  these  nerve  cells  is  natural  and  easy,  and  though  based 
on  observations  upon  the  frog's  heart  it  has  been  extended 
to  the  vertebrates  generally. 

The  myogonic  theory  of  the  heart  denies  the  immediate 
physiological  connection  between  the  ganglion  cells  and 
the  development  of  the  beat,  and  at  present  finds  in  them 
merely  nutritive  and  distributing  centres  for  the  in- 
trinsic nerve  fibres,  putting  them  on  a  level  with  the  cells 
of  the  sympathetic  and  other  peripheral  ganglia  rather 
than  with  those  of  the  central  nervous  "system.  The 
origin  and  nature  of  the  beat  are  referred  entirely  to  the 
peculiar  properties  of  cardiac  muscle,  and  much  evidence 
has  accumulated  in  support  of  this  view. 

It  is  known  in  the  first  place  that  hearts  or  strips  of 
heart  muscle,  entirely  free  from  nerve  cells,  may  under 
proper  conditions  pulsate  rhythmieally  in  a  normal 
manner.  Not  to  speak  of  the  invertebrate  heart,  it  is 
a  familiar  fact  that  the  heart  begins  to  beat  in  the 
fatus  long  before  any  nerve  cell  appeai-s  in  its  vicinity, 
while  a  common  laboratory  experiment  consists  in  sus- 
pending under  slight  tension  a  strip  of  the  ten-apln's 


ventricle  and  recording  for  hours  its  rhythmic  contrac- 
tions. 

In  the  second  place  cardiac  muscle  does  possess  peculiar 
properties  not  found  in  other  forms  of  muscular  tissue, 
properties  which  seem  to  afford  an  adequate  explanation 
of  the  rhythmicity  of  the  heart,  while  its  automaticity 
and  normal  seiiuence  are  at  least  as  easily  explained  on 
the  myogonic  as  on  the  neurogenic  theory. 

As  to  the  causjition  of  the  beat  on  the  myogonic  theory, 
the  stiggestion  has  been  made  that  the  internal  stimulus 
consists  merely  in  the  spontaneous  dissociation  of  the 
contractile  substance.  Heart  muscle  is  admitted  to  be 
less  highly  dilTerentiated  histologically  than  skeletal 
muscle,  and  may  plausibly  be  assumed  to  have  preserved 
in  a  greater  degree  the  primitive  and  fundamental  at- 
tributes of  undifferentiated  protoplasm.  Its  spontaneity 
would  be  an  exhibition  of  the  same  property  which  is 
inherent  in  theamu'ba  as  well  as  in  the  ganglion  cell  and 
calls  for  no  special  explanation. 

Another  view  has  come  to  the  front  in  the  last  decade, 
and  the  stimulus  for  the  contractions  of  the  heart  is  found 
again  in  the  blood,  as  it  was  at  the  beginning  of  the  cen- 
tury. The  new  idea  developed  in  connection  with  the 
work  on  the  nutrition  of  heart  muscle.  It  was  long  con- 
tended that  serum  albumin  is  a  necessary  constituent  of  ar- 
tificial nutritive  media  for  the  i-solated  heart,  the  proteid 
being  added  to  the  mixture  directly  or  else  supplied  acci- 
dentally by  the  residue  of  blood  and  lymph  adhering  to 
the  meshes  of  the  heart  wall.  For  this  reason,  it  was  main- 
tained, isolated  hearts  could  be  kept  beating  on  a  physio- 
logical saline  solution  fora  comparatively  short  time  only. 
It  was  found,  however,  that  a  heart  which  had  been  com- 
pletely run  down  on  0.6  per  cent.  NaCI  solution  would 
beat  again  for  a  time  if  a  small  amount  of  NajCOj  was 
added,  and  when  it  had  come  to  rest  on  this  mixture, 
could  be  started  up  a  second  time  bj-  the  addition  of 
soluble  calcium  salts,  giving  a  long  series  of  strong  and 
regular  contractions.  These  remarkable  observations 
were  the  beginning  of  a  prolonged  study  of  the  action  of 
the  inorganic  salts  upon  the  heart,  which  is  still  in  prog- 
ress. One  result  of  this  work  has  been  to  direct  atten- 
tion to  the  high  degree  of  tonicity  possessed  by  heart 
muscle.  In  normal  diastole  the  heart  does  not  relax 
completely;  it  stops  in  a  condition  of  permanent  partial 
contraction,  which  constitutes  its  tone.  This  is  obvious 
on  comparing  the  normal  diastole  of  a  heart  with  the  ex- 
treme relaxation  of  complete  vagvis  inhibition  or  of  death. 
The  tone  or  tonicity  of  the  heart,  measured  by  the  extent 
of  its  diastolic  relaxation,  was  found  to  vary  with  the 
reaction  of  the  medium  and  with  the  kind  and  amount  of 
the  inorganic  salts  present.  Weak  acids  diminish,  alka- 
lies increase  the  tone,  and  a  similar  antagonism  holds  good 
between  the  potassium  and  calcium  salts.  The  tone  of 
the  heart  is,  therefore,  intimately  dependent  on  the  nutri- 
tive exchanges  going  on  within  its  substance,  and  its 
diminution  or  loss  may  be  an  important  factor  in  cases 
of  dilatation  of  the  heart.  The  subject  of  tonicity  of  the 
heart  thusbecomes  a  matterof  practical  importance  from 
the  standpf>int  of  clinical  medicine.  Another  result  was 
the  discovery  of  the  special  relation  of  the  inorganic  salts, 
particularly  of  calcium  and  potassium  salts,  to  the  causa- 
tion of  the  beat'^  ".  Calcium  not  only  diminishes  re- 
laxation and  increases  the  tone,  but  it  promotes  contrac- 
tion so  that  excess  of  this  reagent  tirings  the  heart  to  a 
standstiil  in  powerful  systole.  Potassium  produces  the 
opposite  effect,  and  a  normal  rhythmic  beat  can  be  main- 
tained only  by  preserving  a  proper  ratio  within  compara- 
tively naiTOw  limits  of  these  two  classes  of  s;dts.  From 
these  and  similar  observations  along  the  sjime  line  the 
conclusion  has  been  reached  that  the  beat  of  the  heart  in 
its  normal  relations  in  the  body  is  the  result  of  the  inter- 
action of  the  inorganic  constituents  of  the  blood  with 
the  heart  muscle,  the  former  providing  the  adequate 
stimulus,  the  latter  the  irritable  agent  whose  complex 
living  molecule  responds  to  the  stimulus  with  an  explo- 
sive decomposition  and  furnishes  the  energy  of  the  con- 
traction. 

,3.  Rhythmicity.     On  the  assumption  made  in  the  fore- 
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going  paragraph  the  stimuhis  to  the  heart  is  constant 
while  the  response  is  intermittent  and  rhythmic.  This 
kind  of  relation  between  a  continuous  stimulus  and  an 
intermittent  reaction  is  no!  peculiar  to  the  heart,  although 
it  is  perhaps  most  conveniently  demonstrated  upon  strips 
of  ventricular  muscle.  Wheii  these  are  suspended  under 
a  certain  tension,  the  mechanical  stretching  of  the  fibres, 
acting  as  a  constant  stimulus,  causes  them  to  give  a  series 
of  rhythmical  contractions.  The  reason  for  this  is  found 
in  the  peculiar  alterations  in  irritability  which  accompany 
the  beat  of  the  heart.  AVlun  the  contraction  of  the  whole 
heart  or  of  an  isolated  strip  <jf  heart  muscle  is  recorded 
bv  means  of  a  lever,  the  curve  of  contraction,  after  a 
relatively  long  latent  period,  rises  slowly  to  a  maximum 
and  as  slowly  declines  again.  The  entire  duration  of  it 
varies  in  different  animals;  but  the  curve  shows  an  un- 
mistakable resemblance  to  the  simple  contraction  curve 
of  skeletal  muscle.  The  electrical  changes  in  the  heart 
accompanying  its  beat  corroborate  the  view  that  the 
beat  corresponds  to  a  single  twitch,  and  the  dictum 
that  "  the  heart  knows  no  tetanus "  has  long  been  cui-- 
rent  in  physiology.  Recently  Walther"  showed  that 
under  certain  abnormal  conditions  a  limited  amount  of 
fusion  and  summation  of  contractions,  and  hence  incom- 
plete tetanus,  could  be  obtained  in  the  case  of  the  frog's 
heart;  but  normally  this  is  never  supposed  to  occur. 
The  reason  wliy  heart  nuiscle  never  gives  tetanic  con- 
tractions but  resj)onds  rhythmicall.v  to  rapidly  repeated 
or  constant  stimuli  is  found  in  the  so-called  "refractory 
period '"  (Kronecker.  1ST4;  JIarey,  1H76),  which  prevents 
fusion  of  contractions,  and  in  the  "law  of  ma.\imal  con- 
traction "  (Bowditch,  1871)  which  prevents  summation. 

When  one  stimulates  a  skeletal  muscle  with  a  strong 
stimulus,  a  large  contraction  follows ;  when  a  weak 
stimulus  is  applied,  the  contraction  is  small;  within 
limits  the  contraction  is  pro|)ortional  to  the  stimulus. 
Not  so  with  the  heart.  The  beat  is  always  the  best 
which  the  ventricle  can  accomplisli  at  the  time  being,  be 
the  stimulus  weak  or  strong,  provided  only  it  is  efficient 
to  provoke  a  response  at  all.  With  the  heart  it  is  "all 
or  nothing."  Moreover,  the  effect  of  a  stimulus  applied 
to  the  ventricle,  when  it  is  beating  rhythmically  either 
spontaneously  or  as  the  result  of  rhythmic  stimulation, 
will  depend  upon  the  exact  phase  of  the  cvcle  of  the 
"beat  at  which  it  is  thrown  in.  If  it  is  thrown  in  just  as 
a.  relaxation  is  taking  place,  a  beat  follows  prematurely 
before  the  next  beat  would  naturally  follow,  this  prema- 
ture beat  being  obviously  produced  by  the  stimulus. 
But  if  it  be  thrown  in  while  a  contraction  is  going  on, 
no  premature  beat  follows:  the  ventricle  does  not  seem 
to  feel  the  stimulus  at  all.  This  period,  during  which 
the  ventricle  is  insensible  to  stimuli,  is  called  the  "refrac- 
tory "  period.     From  this  it  results  that,  when  a  succes- 


f  IG.  1.3.53.— Direct  Stimulation  of  the  Isolated  Heart  of  the  Cat.  (Ac- 
cording to  Lansendorff.)  To  be  read  from  left  to  right ;  systole  is 
represented  by  the  down-stroke.  The  stimulus  thrown  in  at  a,  be- 
ginning of  systole,  remains  ineflectlye  ;  stimulation  at  fj,  middle  of 
diastole,  causes  an  extra  contraction.  The  compensatory  pause  and 
the  increased  contraction  following  it  are  also  shown. 

■sion  of  stimuli  repeated  at  a  certain  rate  are  sent  into  the 
ventricle,  the  number  of  beats  does  not  correspond  to  the 
number  of  stimuli ;  some  of  the  stimuli  falling  into  re- 
fractory periods  are  ineffective  and  produce  no  beat. 


Hence  the  impossibility  of  producing  tetanus  of  the  heart 
by  means  of  rapidly  repeated  stimuli,  the  usual  effect  of 
which  is  to  throw  the  heart  into  the  condition  of  inco- 
ordinated  contraction  known  as  fibrillary  contraction  or 
heart  delirium.  When  a  premature  extra-contraction  is 
induced  by  sending  an  intercurrent  stimulus  in  during 
the  diastole,  this  contraction  will  be  larger  the  later  the 
stimulus  is  thiown  in.  After  this  contraction  a  longer 
pause  than  usual  follows,  the  compeiimtory  pause,  and 
the  succeeding  systole  will  be  correspondingly  increased, 
so  that  both  the  rate  of  beat  and  the  work  done  are  regu- 
lated b.y  this  compensation. 

y.  Setjuenceof  thebeat.  The  beat  of  the  heart  normally 
begins  at  the  venous  end  and  sweeps  over  the  organ  to 
finish  at  the  arteiial  end.  The  myogonic  theory,  there- 
fore, must  provide  a  plausible  explanation  for  the  oiigin 
of  the  beat  at  one  point  and  its  propagation  in  one  direc- 
tion over  the  heart.  In  coldlilooded  animals  as  well  as 
in  mammals  (Kent)  theie  is  dii'ect  muscular  continuity 
between  the  several  segments  of  the  heart,  so  that  ana- 
tomically there  is  no  difficulty  in  assuming  the  pi'opaga- 
tion  of  the  contraction  wave  "from  muscle  fibre  to  muscle 
fibre  through  the  entire  length  of  the  organ.  jNIcasure- 
ments  of  the  rate  at  which  the  contraction  wave  advances 
have  been  made;  in  the  frog's  heart  at  8°  to  13°  C.  it  is 
30  to  90  mm.  per  second,  in  the  excised  mammalian  heart 
about  8  m.  per  second  (Waller  and  Reid).  This  w  ouUl 
indicate  that  the  above  assumption  is  true,  these  rates 
being  very  much  slower  than  the  rate  of  conduction  in 
nerves.  It  remains  only  to  inquire  why  the  beat  begins 
at  the  venous  end.  It  was  shown  above,  in  connection 
with  the  neurogenic  theory,  that  the  potentiality  of  beat- 
ing was  greater  in  the  sinus  of  the  frog's  heart  than  in 
the  other  parts.  The  isolated  ventricle,  when  it  beats  at 
all,  does  so  with  a  slower  rhythm  than  the  sinus.  Simi- 
larly it  can  be  shown  on  the  terrapin's  heart  that  inter- 
ference with  the  muscular  substance  of  the  auricle,  when 
carried  to  a  certain  extent,  prevents  the  beat  of  the  auricle 
from  passing  over  to  the  ventiiele  so  that  the  sequence  is 
broken  after  the  auricle  beat.  If,  for  instance,  the  auricle 
be  cut  through  until  only  a  narrow  bridge  of  muscle  be 
left  connecting  the  sinus  end  with  the  ventricular  end  of 
the  heart,  or  if  this  part  of  tlie  auricle  lie  compressed  with 
a  clamp,  a  point  may  be  reached  in  which  every  second 
or  every  third  beat  only  of  the  sinus  is  followed  by  a 
beat  of  the  ventricle.  Then  if  the  bridge  be  still  further 
narrowed  or  the  clamp  tightened,  the  ventricle  stops  al- 
together, or  it  may  after  a  while  set  up  an  independent 
rhythm  of  its  own,  "slower  than  that  of  the  sinus.  Experi- 
ments upon  isolated  strips  taken  from  the  sinus,  auricle, 
and  ventricle  respectively  show  that  the  concentration  of 
salts  in  the  blood  is  adjusted  to  the  irritability  of  the 
venous  end.  Sinus  strips  begin  to  beat  at  once  in  solu- 
tions of  that  degree  of  concentration;  ventricular  strips 
remain  quiescent  until  the  concentration  is  altered  to  suit 
their  peculiar  state  of  irritability.  The  normal  sequence, 
therefore,  is  merely  the  result  of  the  fact  that  the  normal 
stimulus  of  the  heart  is  attuned,  so  to  speak,  to  the  phys- 
iological properties  of  the  venous  end;  the  beat  once 
inaugurated  travels  along  from  fibre  to  fibre  until  the 
cycle  is  comi^leted.  And  so  the  auricle,  as  has  been  stated 
before,  becomes  the  pacemaker  of  the  entire  heart  and 
an  important  regulator  of  its  work. 

3.  The  Extrinsic  Nerves  of  the  Heart.  While  the  heart 
contains  within  itself  all  the  conditions  necessary  to  the 
development  of  a  regular  rhythmic  beat,  its  activity  is 
constantly  controlled  and  modified  by  impulses  coming 
to  it  through  the  extrinsic  cardiac  nerves.  It  has  already 
been  stated  that  these  nerves  are  derived  from  two 
sources,  and  Vheir  anatomical  course  from  the  cardiac 
plexus  to  their  central  origins  may,  for  the  various  mam- 
mals, be  broadly  represented  by  the  diagram  (Fig.  1353). 

The  vagus  (inhibitory)  fibres,  shown  by  black  lines, 
run  in  the  upper  (bulbar)  roots  of  the  spinal  accessory, 
by  the  internal  branch  of  the  spinal  accessory,  past  the 
ganghon  trunci  vagi,  along  the  trunk  of  the  vagus,  and 
so  by  branches  to  the  cardiac  plexus.  The  sympathetic 
auginentor  fibres,  also  shown  by  black  lines,  pass  from 
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the  spinal  cord  by  tlie  anterior  roots  of  tlie  secoiui  and 
third  thoracic  nerves  (]icissilil_v  also  from  tlie  tii'st.  fourtli. 
and  fifth,  as  indicated  b.v  broken  black  lines),  and  reach 

the  sympathetic  chain 

GJ ^         in    the    corrcs|)onding 

while  rami  communis 
cantes.  They  pass  the 
stellate  irau!;''""  ''.V 
the  aninilus  of  Vieus- 
sens  to  the  lower  cer^ 
vical  fiaiijilion,  from 
whence,  as  also  from 
the  amiidus  itself,  they 
pass  alonn'  the  cardiac 
rami  to  the  ple.\us. 

a.  The  inhibitory 
nerves  of  the  heart. 
The  brothers  Weber 
discovered  in  lS4."itliat 
stinudation  of  the  jie- 
ripheral  stiiinp  of  the 
divided  vagus  nerve 
■with  the  faradic  cur- 
rent caused  either  a 
slowing  or  complete 
cessation  of  the  heart 
beat,  according  to  the 
intensity  of  the  stimu- 
lus; that  the  vagvis, 
in  other  words,  con- 
tains inhibitory  fibres 
for  the  heart.  Section 
of  both  nerves  they 
found  to  be  followed 
by  an  acceleration  of 
the  pulse,  the  effect  be- 
ing more  pronounced 
in  animals  of  slow- 
pulse.  The  inhibitor}' 
action  of  the  vagus  on 
the  heart  is  conveni- 
ently demonstrated 
ui)ou  a  blood -pressure 
record,  in  which  the 
altered  heart  rhythm 
as  well  as  its  intluence 
FIG.  13o3.-Diagrammatic  Representa-  on  the  height  of  arterial 
tion  of  the  Cardiac  InbiWtory  and  jiressureis  immediately 
Aupmcntcr  Filires  in  ttie  Iimit.  The  ■innarent 
uppiT  imrtion  uf  Ihf  tlirure  ri'presents    ''rt,,         .'       •  t  *-\ 

the  inhiliiii.ry.  the  Iipwt-r  the  uus-men-         1  he    slowing  ot   the 
Xvx  abres.  beat   is,   however,   not 

the  only  effect  of  va- 
gus stimulation  on  the  heart.  The  force  and  extent  of 
the  individual  beats  are  also  diminished,  and  the  effects 
upon  the  rate  and  force  are  to  a  certain  extent  independ- 
ent of  one  another,  so  that  in  a  given  case  the  rate  may 
remain  entirel.y  unchanged  while  the  contractions  go  on 
diminishing  in  extent  and  force  until  complete  rest  re- 
sults. The  contrary  effect  of  a  slowing  in  rate  without 
simultaneous  diminution  in  size  is  not  known  to  occur. 
Finally  stimulation  of  the  vagus  produces  a  partial  or 
complete  loss  of  tone,  thus  allowing  more  complete  re- 
laxation and  giving  rise  to  the  characteristic  over-dis- 
tended and  engorged  appearance  of  the  completely  in- 
hibited heart. 

The  inhibition  from  vagus  stimulation  tells  much  more 
on  the  auricles  than  on  the  ventricles,  the  extent  of  the 
auricular  contraction  being  especially  affected.  The 
auricles  may  be  brought  to  a  complete  standstill  while 
the  ventricles  continue  to  beat,  the  latter  then  exhibiting 
that  independent  rhythm  spoken  of  above.  In  a  some- 
what similar  manner  the  stimulation  of  the  vagus,  by 
affecting  the  rhythm  of  the  auricles  more  than  that  of 
the  ventricles,  may  lead  to  a  lack  of  coordination  be- 
tween the  two,  the  specially  slowed  auricles  beating  at 
one  rate,  the  ventricles  at  another.  The  question  as  to 
whether  the  vagus  acts  directly  on  the  ventricles,  as  it 
does  on  the  auiicles,  or  whether  the  effect  on  them  is  of  a 
Vol.  III.— 8 


secondary  nature  catised  by  the  changes  in  the  auricles, 
nnist  for  the  present  be  left  uiidecideil. 

/*.  Accelerator  nerves.  Diametrically  opposite  changes 
arc  set  up  in  the  heart  on  stimidating  the  peripheral  end 
of  one  of  the  accelerator  nerves.  These  nerves  are  char- 
acterized by  their  lesser  irritability,  a  longer  latent  period 
of  stimulation,  and  a  more  lasting  aftereffect  when 
compared  with  the  pnetuuogastrics.  With  a  suitable 
slimulus  an  accel<'ration  of  the  heart  amounting  to  from 
five  to  one  hundred  per  cent,  may  be  obtained  accoi'diug 
to  tlieinitial  lateon  wliicb  the  niaxiinum  acceli-ratioii  that 
can  be  obtained  seems  to  be  independent.  As  in  the  case 
of  the  inhibitory  filires,  the  effect  is  of  a  dual  nature,  the 
incrca.se  in  rate  being  generally  acconi])anicd  by  an  in- 
crease in  the  size  and  force  of  both  aiuicnlar  and  ven- 
tricular contractions.  Either  effect  luay  moreover  ap- 
pear alone,  so  that  the  name  "augmentor  "  has  come  to 
be  used  side  by  side  with  that  of  "accelerator"  for  these 
nerves.  In  fa<'t,  the  suggestion  has  been  otTercil  that  the 
heart  really  receives  four  distinct  varieties  of  nerve  lilires 
thrinigh  its  extrinsic  nerves  instead  of  two,  correspond- 
ing to  the  various  results  obtained  by  artificial  stimula- 
tion— namely,  accelerating,  retarding,  augmenting,  and 
deiiressing  fibres. 

It  is  interesting  to  note  the  effect  of  simultaneous 
stimulation  of  both  inhibitory  and  accelerator  nerves.  It 
was  long  believed  that  even  feeble  stimulation  of  the 
vagi  was  able  to  overcome  comparatively  stiong  stimu- 
lation of  the  accelerators,  so  that  when  both  nerves  were 
stimulated  together  the  inldbitory  effect  piedoiuinated  so 
long  as  the  stiiuulns  lasted.  Upon  the  cessation  of  the 
latter,  however,  the  characteristic  accelerator  after-effect 
showed  itself  in  a  secondary  quickening  of  the  heart,  in- 
dicating that  the  effect  of  the  stimulus  on  the  accelerator 
nerves  was  only  temporarily  super.seded. 

The  recent  work  on  this  subject  has  shown  that  these 
two  sets  of  nerves  ai'e  true  antagonists,  and  that  the  etfect 
of  simultaneous  stimulation  is  determined  entirely  by  the 
relative  strength  of  the  stimuli  applied  to  them.  "  Hunt" 
concludes  that  in  all  cases  the  result  is  approximately 
the  algebraic  sum  of  the  results  of  stimulating  them 
separately. 

The  mechanism  through  which  these  nerves  produce 
their  characteristic  effects  upon  the  heart  and  the  nature 


Fig.  13.>(.— Blnnd-Pres.suii' Trac-ini.'  iRaliliili.    Vacus  .•<iiiiiiiluii-d  at  I. 
Stimulus  stronger  in  B  than  in  A  (Hiirthle's  spring  nianuiiR-ter). 

of  the  ultimate  changes  underlying  the  inhibition  and 
acceleration  are  also  points  of  fundamental  theoretical  im- 
portance. 

As  to  the  first  part,  it  has  been  supposed  that  some  of 
the  intrinsic  ganglia  of  the  heart  constitute  peripheral 
nervous  mechanisms  which  mediate  between  the  extrinsic 
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nerves  and  the  heart  muscle.  Reasons  have  already  been 
given  for  denying  to  these  ganglia  any  share  in  the 
maintenance  of  the  normal  beat,  and  hence  the  suggestion 
that  they  may  act  as  local  inhibitory  and  local  augmen- 
tor  centres.  The  evidence  adduced  in  support  of  this 
view  is  based  on  the  action  of  certain  heart  drugs  like 
nicotine,  atropine,  and  muscarine,  and  on  the  interesting 
classical  experiment  known  as  the  "ligatures  of  Stan- 
nius."  Since  neither  of  these  series  of  experiments  is 
thoroughly  understood  and  both  admit  of  various  equally 
plausible  "explanations,  they  have  furnished  no  crucial 
test  or  definitive  solution  of  the  problem.  In  fact,  it 
may  be  said  that  the  alternative  view  is  gaining  in  favor, 
according  to  which  the  cells  on  the  course  of  the  fibres 
in  the  heart  are  rather  stations  where  the  fibres  lose  their 
medulla  and  where  possibly  other  anatomical  changes 
and  rearrangements  occur,  than  important  intermediate 
mechanisms  whicli  essentially  modifj'  the  physiological 
impulses  falling  into  them  and  which  shape  the  visible 
results  that  follow  these  impulses. 

In  this  case  the  effect  of  both  inhibitory  and  acceler- 
ator fibres  would  be  upon  the  muscular  tissue  direct,  and 
this  leads  to  the  second  part  of  the  question  as  to  the 
ultimate  nature  of  these  effects.  On  this  point  our  in- 
formation is  a  little  more  definite,  although  far  from  satis- 
factory. The  most  plausible  theory  as  to  the  action  of 
the  inhibitory  nerves  is  the  trophic  theory  of  Gaskell. 
While  the  augmentor  nerves  are  compared  to  ordinary 
motor  nerves  which  increase  katabolic  and  destructive 
clianges,  the  vagus  is  supposed  to  have  a  contrary  in- 
fluence on  the  chemical  changes  going  on  in  the  heart  so 
as  to  give  them  a  trophic  or  anabolic  or  constructive 
turn,  and  thus  to  lessen  for  the  time  being  the  destruc- 
tive changes  underlying  the  muscular  contraction.  Ac- 
cording to  Gaskell  tiie  natural  consequence  of  inhibition 
should  be  a  stage  of  increased  efficiency  and  working 
power  when  the  inhibition  has  passed  away,  and  the 
natural  consequence  of  augmentation  should  be  temporary 
exhaustion.  Experiment  shows  that  this  is  exactly  what 
occurs.  The  activity  of  a  weak  heart  has  frequently  been 
heightened  by  vagus  stimulation,  while  a  fairly  vigorous 
heart,  especially  a  bloodless  one,  may  by  repeated  stimu- 
lation of  the  accelerator  fibres  be  reduced  to  a  very 
feeble  condition.  In  support  of  the  view  that  the 
changes  set  up  in  the  heart  by  vagus  stimulation  are 
of  a  constructive  anabolic  kind  must  be  mentioned 
the  positive  variation  of  the  demarcation  current  which 
accompanies  such  stimulation.  If  the  ordinary  con- 
ception that  the  negative  variation  accompanying  func- 
tional activity  in  various  tissues  is  an  indication  of 
increased  katabolism  be  accepted,  it  is  fair  to  infer  from 
a  positive  variation  that  changes  of  an  opposite  char- 
acter are  going  on. 

But  the  clearest  proof  of  the  trophic  nutritive  influ- 
ence of  the  vagus  on  the  heart  is  obtained  from  the  study 
of  the  pathological  changes  appearing  in  that  organ  as 
a  result  of  unilateral  vagotomy  in  animals.  All  other 
organs  remain  normal  while  the  heart  alone  presents  an 
area  of  atrophic  degeneration  (not  fatty  degeneration), 
varying  in  position  according  to  which  nerve  was  cut 
(Fantino). 

As  to  the  normal  mode  of  functioning  of  these  two  sets 
of  antagonistic  nerves,  it  is  to  be  noted  in  the  first  place 
that  both  are  in  a  state  of  tonic  activity ;  section  of  both 
vagi  causes  a  marked  acceleration  while  subsequent  de- 
struction of  the  accelerators  distinctly  slows  the  rate 
again.  These  facts  point  to  centres  of  origin  which  are 
in  a  state  of  constant  activity  either  automatically  or  re- 
flexly,  and  a  change  in  the  rate  of  the  heart  in  either 
direction  may  evidently  be  brought  about  in  two  ways, 
by  increasing  or  diminishing  the  activity  of  either  of 
these  centres.  Nature  seems  to  provide  here  an  excess 
of  regulating  mechanism  with  unwonted  and  super- 
fluous extravagance,  but  the  general  occurrence  of  this 
double  mechanism  throughout  the  series  of  vertebrated 
animals,  and  even  among  certain  invertebrates,"  indicates 
that  some  useful  end  must  be  gained  by  this  arrangement ; 
possibly  the  great  mobihty  and  power  of  adaptation  so 


necessar}'  in  this  central  organ  may  be  one  of  the  ad- 
vantages derived  thereby. 

It  is  bj'  no  means  a  unique  arrangement  in  the  living 
organization  as  we  find  it  paralleled  by  the  double 
mechanism  of  the  iris  and  b}'  the  familiar  structure  of 
joints  with  antagonistic  muscles. 

The  inhibitory  and  accelerator  nerves  can  be  stimu- 
lated along  their  course  to  the  heart  only  under  excep- 
tional circumstances  in  the  intact  body.  A  tumor  or  an 
aneurism  may  occasionally  press  upon  the  nerve  trunks, 
or  it  may  be  possible  in  some  individuals  to  compress  the 
vagus  against  the  vertebral  column,  but  the  impulses 
which  regulate  the  activity  of  the  heart  are  normally 
discharged  from  the  centres  which  lie  in  the  medulla 
oblongata.  While  there  is  no  satisfactory  evidence  to 
indicate  the  existence  of  automatic  activity  in  these  cen- 
tres, various  conditions  are  known  to  modify  their  activ- 
ity, and  practically  every  afferent  nerve  of  the  body 
comes  into  reflex  relation  with  them. 

The  medullary  centres  of  the  cardiac  nerves  are  well 
known  to  be  influenced  by  the  higher  brain  centres. 
Various  psychical  states,  such  as  pleasure,  pain,  hope, 
and  fear,  may  quicken  or  slow  the  heart,  and  occasionally 
individuals  are  able  by  a  voluntary  effort  markedly  to 
accelerate  the  pulse. 

The  state  of  the  blood  pressure  also  modifies  the  activ- 
ity of  these  centres.  An  isolated  heart  does  not  react  by 
a  change  of  rate  to  variations  of  either  arterial  or  venous 
pressures  within  physiological  limits'-"  '•'  '•'•;  but  in  the 
body  with  its  nerve  connections  intact  it  may  be  almost 
put  in  the  form  of  a  law,  that  "  the  rate  of  tlie  beat  is  in 
inverse  ratio  to  the  arterial  pressure  "  :  a  rise  of  pressure 
being  accompanied  by  a  diminution  and  a  fall  of  pressure 
by  an  increase  of  the  rale.  When  the  vagi  are  divided, 
this  relation  is  no  longer  observed;  hence  it  is  inferred 
that  increased  pressure  causes  a  slowing  of  the  beat, 
when  the  vagi  are  intact,  because  the  inhibitory  centre 
is  stimulated  by  the  high  pressure,  either  directly  by  the 
pressure  obtaining  in  the  blood-vessels  of  the  medulla, 
or  in  some  indirect  manner,  and  the  heart  in  consequence 
is  more  or  less  inhibited.  Nothing  definite  is  known  as  to 
the  conduct  of  the  accelerator  centre  over  against  these 
variations  of  blood  pressure. 

The  afferent  impulses,  which  reflexly  modify  the  activ- 
ity of  the  medullary  centre,  arise  everywhere  in  the  body, 
including  the  heart  itself,  and  only  a  few  special  cases 
need  be  referred  to  here. 

The  heart  is  supplied  with  centripetal  nerves  which, 
while  they  are  not  known  to  mediate  conscious  sensa- 
tions, may  evoke  muscular,  vascidar,  and  cardiac  re- 
flexes. 

Wooldridge  described  fibres  on  the  anterior  and  posterior 
surfaces  of  the  ventricle,  stimulation  of  whose  central  end 
gave  either  reflex  acceleration  or  inhibition. 

The  depressor  nerve  of  Cyon,  which  will  be  referred  to 
in  more  detail  later,  also  takes  its  origin  in  the  heart  and 
reflexly  inhibits  it  when  the  central  end  is  stimidated,  the 
vagi  being  intact.  Reflex  inhibition  results  also  from 
the  stimulation  of  the  following  nerves:  the  central  end 
of  either  vagus,  the  other  being  intact;  the  superioi 
laryngeal  nerve;  the  splanchnic,  and  the  trigeminal. 

Reflex  acceleration  is  obtained  b}-  forcible  inflation  of 
the  lungs,  and  in  man  whenever  iutrapulmonary  pressure 
is  increased,  as  in  loud  talking,  singing,  etc. 

Sensory  nerves  proper  and  the  nerves  of  special  sense 
give  either  inhibition  or  acceleration,  the  result  appar- 
ently depending,  in  part  at  least,  on  the  intensity  of  the 
stimulus,  feeble  stimulation  giving  acceleration,  strong 
stimulation  inhibition.  It  is  rarelj-  possible  to  interpret 
the  result  in  a  given  case  and  to  state  through  the  media- 
tion of  which  centre  it  is  obtained,  or  whether  both  cen- 
tres cooperate,  since,  as  we  have  seen,  either  centre  may 
be  utilized  to  obtain  both  slowing  and  quickening  of  the 
heart.  The  older  physiologists  attributed  the  main  share 
of  the  reflex  regulation  to  the  cardio-inhibitory  centre, 
assigning  to  the  augmentor  mechanism  a  subordinate  and 
auxiliary  role.  At  present  there  is  a  distinct  tendency 
to  magnify  the  importance  of  the  accelerator  mechanism 
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and  to  place  the  two  lialves  of  the  heart-regulating  ap- 
paratus on  equal  footini;. 

B.  V(Ui>-Mntor  XirriK. — From  what  has  been  said  about 
the  intluenre  of  uravity  ami  the  respiratory  uioveinents 
on  the  blood  (low  in  the  veins,  it  may  be  inferred  that 
these  meehanieal  factors  intluenee  the  distribiilion  of  the 
blood  in  the  body,  more  especially  that  in  the  veins. 
Aside  from  such  changes,  however,  "the  vascularity  of  the 
various  ortrans  imdergoes  incessant  tluctuations.  which 
are  evidently  correlated  in  part  with  changes  in  their 
functional  activity  and  in  part  related  to  the  heat  regu- 
lation of  the  body.  These  changes  in  blood  supply  are 
not  the  passive  effects  of  mechanical  factors  like  those 
just  mentioned,  but  are  bro\iglit  about  by  local  changes 
in  the  walls  of  tlie  vessels  themselves,  especially  those  of 
the  small  arteries,  by  which  their  calibre  is  increased  or 
diminished  :  and  these  changes  throughout  the  body  are 
so  cooriliuated  that  in  general  it  may  be  said  that  the  blood 
flow  to  each  organ  is  constantly  adapted  to  the  existing 
state  of  its  physiological  activity. 

By  holding  the  ear  of  a  rabbit  up  before  the  light  or 
watching  the  web  of  a  frog's  foot  luider  the  microscope, 
such  changes  in  the  calibre  of  the  arteries  may  be  readily 
seen.  It  will  be  noticed  that  these  vessels  frequentlj'  ex- 
pand and  contract  without  any  apparent  cause,  rarely  re- 
maining at  rest  for  any  great  length  of  time.  The  size  of 
the  vessels  thus  oscillates  about  a  mean  state  of  moderate 
contraction,  which  is  habitual  though  variable  and  which 
is  spoken  of  as  their  tone  or  tonicity.  The  arteries  owe 
this  tone  to  the  peculiar  properties  of  the  non-striated  in- 
voluntary muscle  tissue  which  enters  so  largely  into  the 
structure  of  their  walls,  fonning  as  it  does  practically  the 
whole  thickness  of  the  middle  coat  in  the  smaller  arteries, 
where  the  changes  in  question  are  most  marked.  His- 
tological examination  shows,  moreover,  that  these  muscle 
fibres  are  richly  supplied  with  nerves  by  which  their  ac- 
tivity is  regulated  and  controlled,  and  to  which  therefore 
the  name  of  vasomotor  nerves  has  been  given. 

The  study  of  the  vaso-motor  nerves  becomes  of  para- 
mount importance  in  view  of  the  intimate  relations  they 
bear  to  the  activity  of  ever}- organ  and  tissue  of  the  bod}-. 
The  fact  that  the  apparently  spontaneous  irregularly 
rhythmic  changes  in  calibre  of  the  arteries  are  under  the 
control  of  special  vasomotor  nerves  w-as  discovered  by  CI. 
Bernard  in  1851  when  he  divided  the  cervical  sympathetic 
nerve  in  the  rabbit.  He  observed  as  the  result  of  this 
operation  that  the  vessels  of  the  ear  on  the  same  side 
visibly  expanded,  small  arteries  and  veins  standing  out 
distinctly  which  before  could  not  be  recognized.  The 
temperature  of  the  ear  rose,  and  from  a  divided  vein 
blood  of  a  bright  hue  flowed  in  a  rapid  stream.  The 
spontaneous  changes  of  calibre  had  disappeared.  On 
stimulating  the  head  end  of  the  divided  nerve,  the  arteries 
again  contracted,  the  venous  blood  streamed  out  slowly 
with  the  usual  dark  color,  and  the  temperature  of  the  ear 
once  more  fell.  Nerves  which  thus  bring  about  contrac- 
tion of  the  vessels  when  stimulated  are  called  vaso-con- 
strictor  nerves,  and  the  experiment  cited  above  shows 
that  the  va.soconstrictors  distributed  to  the  rabbit's  ear 
are  in  tonic  activity  so  long  as  tlieir  normal  connection 
with  the  central  nervous  system  is  left  intact. 

Since  the  time  of  Bernard's  classical  expei'iment  the  dis- 
tribution of  nerves  of  similar  function  to  practically  every 
vascular  area  of  the  body  has  been  demonstrated  and  their 
anatomical  course  traced  out.  In  general  their  path  is 
much  the  same  for  all  the  mammalia,  and  may  be  briefly 
described  as  follows.  Leaving  the  spinal  cord  in  the  an- 
terior roots  of  the  nerves  belonging  to  the  middle  region. 
say  from  the  second  thoracic  to  the  fourth  hnnbar  nerve, 
they  pass  by  the  visceral  branches  of  the  mixed  trunk  to 
the  corresponding  thoracic  and  abdominal  sympathetic 
ganglia.  Those  destined  for  the  head  and  neck  come 
out  chiefly  in  the  second  and  third  thoracic  nerves,  then 
turn  upward  through  the  annulus  of  Vieussens  to  the 
lower  cervical  ganglion,  and  thence  up  the  cervical  sym- 
pathetic nerve  to  their  final  distribution.  Similarly  those 
for  the  abdominal  viscera  pass  to  the  splanchnic  and  to 
smaller  nerves  joining  the  inferior  mesenteric  ganglion. 


The  fibres  which  arc  intended  for  the  extremities  and 
trunk,  after  a  longer  or  shorter  cours(^  along  the  sym- 
pathetic chain,  return  in  the  gray  rami  conimunicaiites 
to  llie  sjiinal  nerves,  and  so  reach  the 
brachial  plexus,  the  sciali<-  )ilexus. 
or  other  spinal  nerve,  as  the  case 
may  be,  to  pa.ss  out  to  their  appro- 
priate area  of  distribution. 

The  vaso-constrictor  nerve  fibres 
are  of  the  fine  meduUated  varicty 
when  they  leave  the  spinal  cord, 
but  it  luis  !)een  shown  by  the  nico- 
tine test  of  Langlcy  that  they  early 
lose  their  medullary  sheaths  in  some 
one  or  otlier  of  the  sympathetic 
ganglia  through  which  they  pass 
and  are  continued  as  non-medidlat- 
ed  fibres.  Thus  the  vasoconstrictor 
fibres  of  tlie  cervical  sympathetic 
lose  theirs  in  the  superior  cervical 
ganglion.  The  fibres  of  the  abdom- 
inal splanchnics  are  connected  with 
cells  of  the  solar  plexus,  while 
others  still  undergo  this  change 
while  yet  in  the  main  sympathetic 
chain.  Two  apparent  exceptions 
to  the  above  general  statement  are 
found  in  the  vasoconstrictor  fibres 
which  occur  in  the  n.  auricularis 
cervicalis  and  in  the  vagus.  The 
former  have  been  traced  through 
the  second  and  third  nerves  of  the 
cervical  plexus  and  are  distributed 
to  the  tip  and  sides  of  the  ear.  The 
vagi,  according  to  various  authors, 
contain  vaso-constrictors  going  to 
tlie  heart,  stomach,  intestines,  kid- 
neys, spleen,  and  lungs.  The  ma- 
jority of  authors  agree  that  the 
lungs  receive  their  chief  supply  in 
the  usual  way  from  fibres  coming 
out  in  the  third  to  fiftli  thoracic 
spinal  nerves,  and  it  is  possible  that 
the  apparent  exceptions  noted  may 
in  reality  be  derived  from  the  sym- 
pathetic system. 

Another  type  of  vaso-motor  nerve 
is  represented  in  the  fibres  supplied 
by  the  lingual  nerve  to  the  sub- 
maxillary gland  and  adjacent  struc- 
tures. 

When  these  fibres  are  divided  no 
effect  is  observed ;  but  on  stimulat- 
ing their  peripheral  ends  the  ves- 
sels of  the  gland  are  seen  to  dilate 
and  swell,  and  the  blood  gushes 
from  the  efferent  veins  with  a  dis- 
tinct pulse  and  a  bright  arterial 
color.  This  class  of  fibres,  desig- 
nated ■'  vaso-dilator"  nerves,  is  not 
in  tonic  activity  like  the  vaso-con- 
strictors and  their  infliicnce  can  be  exerted  in  one  direc- 
tion only,  viz  .  to  dilate  tlie  blood-ves.sels.  They  seem 
to  be  used  on  special  occasions  only,  while  the  vaso- 
constrictor nerves,  which  owing  to  their  tonic  activity 
can  be  worked  both  in  a  positive  constrictor  and  in  a 
negative  dilator  direction,  appear  to  find  a  more  general 
application  in  the  body.  At  the  same  time  the  vaso- 
dilators have  also  been  shown  to  be  widely  distributed 
and  possibly  occur  wherever  the  vasoconstrictors  are 
found.  The  demonstration  of  vasodilator  fibres  when 
they  occur  alone  as  in  the  lingual  nerve  or  in  the 
nervi  erigentes  is  not  difficult,  but  when  they  are  com- 
bined in  the  same  nerve  trunk  with  vaso  constrictor 
fibres,  as  is  usually  the  case,  special  devices  must  be  used 
to  show  their  presence.  Simidtaneous  stimulation  of 
both  kinds  of  fibres  generally  produces  vasoconstriction, 
although  marked  dilatation  inay  appear  as  the  after-effect. 


Fio.  laVi.-Diatn-am  Il- 
lustrating tbe  Pathsof 
Vaso  -  C'onstrirtor  ¥\- 
bres  alonp  tlie  Cervi- 
cal Syiiipatht'tlr  and 
(Part  (if  I  the  .\Momi- 
nal  Splanehnlr.  Aur., 
Artery  of  ear:  (J.C'.s.. 
superior  cen-iral  pan- 
glion:  .\bd.Spl..  upper 
rootsof  and  part  of  the 
abdominal  splancbnic 
ner\-e:  V.M.C.  vaj*o- 
motor  centre  in  spinal 
bulb :  c.Sy.,  cenical 
sympathetic :  G.  C 
lower  cen'ical  gan- 
plion  ;  An. v.,  annu- 
lus of  Vieussens ; 
(i.;t.,  st**llate  gan- 
glion :  (i.Th.*.  G.Th.», 
(i.Th.«.  G.Th.'.  G.- 
Th.^,  thoracic  gan- 
glia; D.I.  D.ll.  D.V. 
thoracic  spinal  nerves. 
The  paths  of  the  con- 
strictor 11  b  r  e  s  are 
shown  by  the  arrows. 
Tlie  dotted  line  along 
the  middle  of  I  h  e 
sninni  cord.  Sp.C.  is 
t  >  indicate  the  pa.-.sjige 
of  constrictor  impulses 
diiwn  the  cnl  from 
tip*  va.somoior  centre 
in  the  spiual  bulb. 
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The  vaso-dilators  differ  from  the  constrictors  pliysiologi- 
cally  in  several  ways.  When  .stimulated,  the  latent  period 
seems  somewliat  longer,  the  efl'cct  reaches  a  maximum 
more  slowly  and  it  persists  much  longer.     Their  irritabil- 


V^3i/m, 


ch.f 


Fig.  1356.— Diagrammatic  Representation  of  the  Subma.\illary  Gland  of  the  Dog 
with  Its  Nerve  and  Blood-Vessels.  sm.gkU,  The  sulraia.xillary  eland,  into  the 
duct  (sm.d.l  of  which  a  cannula  has  been  tied.  The  sulilincual  pland  and  duct 
are  not  shown,  n.l.,  n.l\  the  lingual  branch  of  the  dfth  nerve,  the  part  }i.l.  is 
going  to  the  tongue  :  ch.t..  ch.V,  c/i.C.  the  chorda  tympanl.  The  part  cli.f  is  pro- 
ceediii!-'  fmin  the  facial  nen'e :  at  cli.f  it  bcciiies  coninini-d  with  the  lingual  h.C 
and  afteiwaiii  diverging  passes  as  eh.t.  to  llie  gland  along  the  iluct.  The  con- 
tinuation of  the  nene  in  company  with  the  lingual  ii.t.  is  not  ^hown.  sm.(/(., 
the  suhinaxlllary  ganglion  with  its  several  roots ;  a.cnr.,  the  carotid  artery,  two 
small  branches  of  which,  a.sm.a.  and  r.sm.jx,  pass  to  the  anterior  and  posterior 
parts  of  the  gland  ;  r.s.m.,  the  anterior  and  posterior  veins  from  the  gland,  fall- 
ing into  vj.,  the  jugular  vein:  csj/m.,  the  conjoined  vagus  and  sympaihelic 
trunks;  iiLcer.s.,  the  upper  cervical  ganglion,  two  bninches  of  which,  forming 
a  plexus  {a.f.)  over  the  facial  artery,  are  distributed  (.n.sym.m.)  along  the  two 
glandular  arteries  to  the  anterior  and  posterior  portions  of  the  gland. 


ity  is  also  of  a  different  kind,  disappearing  more  slowly 
after  section  of  the  nerve  or  on  cooling  and  making 
them  more  sensitive  to  weak,  slowly  repeated  stimuli. 
These  differences  furnished  the  means  of  tracing  these 
nerves  even  in  the  mixed  trunks  and  of  determining  their 
anatomical  paths.  Some  of  them  appear  to  run  mucli 
the  same  course  as  the  vasoconstrictors.  Such  are  the 
vasodilator  fibres  running  in  spinal  nerves  like  the  sciatic 
and  brachial,  those  which  seem  to  be  present  in  the 
splanchnics,  and  certain  fibres  of  the  cervical  sympathetic 
which  act  as  dilators  to  parts  of  the  mouth  and  face. 
All  of  these  issue  from  the  cord  in  the  anterior  roots 
of  the  lower  cervical,  thoracic,  and  upper  lumbar  spinal 
nerves  and  pass  in  their  course  outward  througli  the 
sympathetic  system  in  essentially  the  same  way  as  the 
constrictor  fibres. 

The  more  distinct  and  notable  vasodilators,  however, 
do  run  a  different  course.  These  are  found  in  the  nerves 
coming  from  the  cranial  and  sacral  regions  of  the  central 
nervous  system  w"hence  no  vaso-constrictor  fibres  are 
kBOwn  to  issue.  Thus  the  vaso-dilator  fibres  for  the 
submaxillary  may  be  traced  back  through  the  chorda 
tympani  to  the  facial  or  seventh  ci-anial  nerve  (see  Fig. 
13-56).  By  the  same  path  vasodilator  fibres  are  supplied 
to  part  of  the  tongue  also.  Of  the  remaiuing  cranial 
nerves  the  glosso-phai'yngeal  contains  vasodilator  fibres 
for  the  parotid  gland,  the'trigeminai  for  the  eye  and  part 
of  the  face  (although  the  latter  also  i-eceives  dilator  fibres 
for  the  lips,  etc.,  from  the  second  to  fifth  thoracic  nerves 
through  the  cervical  sympathetic),  and  the  vagus  for  the 
coronary  arteries  of  the  heart.  The  vaso-dilator  fibres 
which  pass  into  the  nervi  erigentes  leave  the  sacral  region 
of  the  cord  by  the  anterior  roots  of  the  sacral  nerves  and 
reach  the  penis  by  way  of  the  hypogastric  plexus.  In 
these  instances  the  vaso-dilator  fibres,  as  they  leave  the 
central  nervous  system,  are  like  the  vaso-constrictor 
fibres,  fine,  meduUated  nerves ;  but  unlike  the  majority,  at 
least,  of  the  vasoconstrictors,  they  retain  their  medulla 
for  the  greater  part  of  their  course  and  lose  it  onlv  near 


their  termination  in  the  tissue  whose  blood-vessels  they 
supply.  It  should  be  mentioned  aUoas  a  curious  and 
remarkable  anomaly  that  some  of  the  vasodilator  fibres 
leave  the  spinal  cord  in  a  number  of  the  posterior  roots. 
First  discovered  in  the  lumbar  region  (Striek- 
er, ilorat),  they  have  been  recentl_y  sliown  -^ 
to  occur  in  the  posterior  roots  of  the  fourth, 
fifth,  sixth,  and  seventh  lumbar  and  first 
sacral  nerves  for  the  posterior  extremity,  and 
also  in  the  roots  of  the  cervical  and  brachial 
plexuses,  especiallj-  the  seventh  cervical  and 
first  thoracic,  for  the  anterior  extremity, 

Vi'iio-M'itiif  yirn's. — The  statements  made 
thus  far  concerning  vaso-motor  nerves  apply 
entirely  to  the  arterial  portion  of  the  vascu- 
lar system.  Now  the  veins  are  also  provided 
with  muscular  fibres  and  contain  plexuses  of 
nerve  fibi'cs  in  their  walls.  It  has,  moreover, 
been  known  for  a  long  time  that  they  contract 
in  response  to  various  stimuli,  and  that  in  cer- 
tain localities,  as  in  the  wing  of  the  bat. 
rhythmical  contractions  are  displayed.  It 
has  only  recently  been  shown  iihysiologically 
that  the  veins  are  supplied  with  vaso-motor 
nerves,  and  the  instances  on  record  are  still 
too  few  to  justify  any  genei'al  statements.  In 
1893  Mall  demonstrated  the  \'aso-constrictor 
fibres  to  the  portal  vein  in  the  splanchnic  nerve, 
and  showed  that  through  their  stimulation  as 
much  as  tweuty-seven  per  cent,  of  the  total 
blood  could  be  displaced  from  the  splanchnic 
ai'ea  and  driven  forward  to  the  I'ight  heart. 
Since  that  time,  similar  fibres  have  been  ti'aced 
for  the  veins  of  the  hind  limb.-'-'  and  their  gen- 
eral course  and  ari-augement  found  to  corre 
spond  to  that  of  the  arteiial  vaso-motor  fibres 
to  that  limb.  In  this  connection  it  may  be 
interesting  to  refer  to  the  observations  of  Bert 
and  Lalfont  in  1882  and  the  more  recent  work 
of  Camus  and  Gley,'^  according  to  which  the  receptac- 
ulum  chyli  and  thoracic  duct  both  receive  dilator  and 
constrictor  fibres  through  the  thoracic  sympathetic  chain 
and  splanchnic  nerves.  It  seems  plausible  to  conjec- 
ture that  the  distribution  of  these  two  kinds  of  fibres 
may  be  general  to  all  parts  of  the  vascular  system. 

As  to  the  mechanism  through  which  the  vaso-motor 
nerves  inlluence  the  calibre  of  the  vessels,  little  can  be 
Siiid.  The  constrictor  fibres  represent  the  motor  fibres, 
whose  impulses  increase  the  tone  or  degree  of  contraction 
of  the  involuntary  muscle  tissue  in  the  coats  of  the  ves- 
sels, while  the  removal  of  constrictor  influences  pi'eviously 
exeiteil  is  followed  by  a  passive  dilatation  under  the  in- 
fluence of  the  blood  pressure  from  within.     Whether  the 


Fig.  1.357.— Plethysmograms  (Hind  Limb  of  Cat).  To  be  read  from 
right  to  left.  On  the  left  hand  is  shown  the  effect  of  slow  stimula- 
tion of  the  sciatic  (1  per  second) ;  on  the  right  hand  the  effect  of 
rapid  stimulation  (tM  per  second). 

influence  of  these  fibres  is  a  direct  one  on  the  muscle  cells 
themselves,  or  whether  a  peripheral  ganglionic  mechanism 
is  interposed,  must  be  left  undecided  as  in  the  case  of  the 
cardiac  nerves. 
The  dilator  nerves  are  usually  compared  to  the  inhibi- 
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ton'  fibres  of  the  heart  and  the  dilatation  wliieh  they  pro- 
duce is  considered  a  passive  one.  It  lias  been  maintained, 
however,  that  tliey  cause  an  active  dilatation  of  ilu-  ves- 
sels which  is  indepenilent  of  the  pressure  within,  and  in 
support  of  this  view  there  are  on  record  some  interesting 
observations  ou  the  frojr's  tonjjue  by  Frey  (1S76),  which 
have  been  recently  repeated  and  perfected  by  Siawcillo."'' 
According  to  these  observers  an  active  expansion  of  the 
smallest  arteries  and  capillaries  made  sullicicnt  suction 
to  start  a  current  in  the  vessels  after  the  blood  had  come 
to  absolute  rest  undera  uniform  zero  pressure  An  active 
elongation  of  the  muscle  cells  and  of  the  capillary  endo- 
thelium in  response  to  the  nerve  stimulus  alone  could 
account  for  such  an  active  dilatation,  and  if  proven  this 
■would  be  the  first  instance  of  the  kind  on  record. 

Vaso-Motiir  Centrrs. — The  vaso-dilator  nerves,  whose 
use  is  simplified  by  the  absence  of  habitual  tonic  influ- 
ences, occur  in  connection 
with  organs  useti  chiefly 
at  least  as  parts  of  reflex 
mechanisms,  and  arise 
from  centres  placed  in 
different  regions  of  the 
central  nervous  system. 
Thus  the  refle.x  centre  for 
the  fibres  descending  in 
the  chorda  tympani  lies 
in  the  medidla  oblongata, 
while  the  centre  of  origin 
of  the  fibres  in  the  nervi 
erigenles  is  placed  in  the 
lower  part  of  the  cord ; 
and  in  general  the  centre 
may  be  said  to  lie  in  the 
central  nervous  system, 
not  far  from  the  superficial 
origin  of  the  nerves  in 
w  h  i  c  h  the  vasodilator 
fibres  run.  Nothing  more 
definite  can  be  s;\id,  al- 
though it  is  possible  that 
a  chief  centre  for  these 
nerves  may  exist  in  the 
medulla,  where  the  cen- 
tres for  so  many  vegeta- 
tive functions  are  concen- 
trated. 

The  vaso-constrictor  nerves  are  distinctly  under  the 
control  of  a  general  centre  situated  in  the  medulla,  oc- 
cupj'ing  a  region  which  extends  from  a  point  4  to  5 
mm.  above  the  point  of  the  calamus  seriptorius  to 
within  1  to  2  mm.  of  the  corpora  quadrigemina.  This 
centre  is  in  continued  tonic  activity,  so  that  section  of  the 
cord  below  the  medulla  results  in  a  general  loss  of  tone 
throughout  the  vascular  system  and  a  great  fall  of  blood 
pressure.  The  existence  of  one  presiding  centre  confers 
upon  the  constrictor  mechanism  the  power  of  producing 
general  effects,  and  its  utility  is  further  increased  by 
reason  of  its  tonic  activity,  since  the  s;ime  fibres  may  by 
an  increase  in  the  impulses  passing  ahmg  them  be  the 
means  of  constriction  and  by  the  removal  or  diminution 
of  the  tonic  influence  be  the  means  of  dilatation.  When 
an  animal  whose  cord  has  been  divided  in  the  thoracic 
region  is  kept  in  good  condition,  the  arteries  of  the  hind 
limbs  and  hinder  part  of  the  body  which  became  dilated 
at  the  time  of  the  section  after  a  while  re-establish  a 
normal  or  nearly  nonual  tone.  This  and  the  fact  that 
they  undergo  reflex  changes  of  calibre  indicate  that  there 
are  otlicr  centres  for  the  vaso-constrictor  nerves  scattered 
along  the  spinal  cord.  These  centres  seem  to  be  less 
irritable  than  the  medullary  centre  under  whose  control 
they  normally  stand,  but  their  great  power  oi  endurance 
would  indicate  that  they  may  play  an  important  role  in 
maintaining  a  nonual  vasctdar  tone.  FinalU",  experiment 
has  shown  that  the  vessels  may  slowly  recover  their  tone 
after  extirpation  of  a  very  large  part  of  the  spinal  cord. 
They  are  at  first  completely  paralyzed  and  maximally 
distended;   graduall}',  however,   their  tone  returns  anil 


they  begin  to  react  to  local  applications  of  heat  or  cold 
niucli  as  they  do  under  normal  conditions.  It  follows 
that  the  vessel  walls  themselves  possess  the  jiower  of 
exhibiting  independent  tonic  contractility,  or  else  tliis  re- 
covery indicates  the  existence  of  vaso-motor  centres  of  a 
third  order  in  the  peri|)heral  ganglia  distributed  along 
the  courseof  the  nerve  trunks.  Siuhatoneof  peripheral 
origin  would  exjilain  the  additional  dilatation  ob.servcd 
on  stimulating  vasodilator  nerves  to  parts  whose  vaso- 
constrictor nerves  had  previously  been  divided.  From 
what  has  been  sjud  it  follows  that  the  simplest  eflerent 
path  along  which  va.so-motor  imiudscs  can  pass  may  be 
considered  as  built  up  of  two  neurones,  one  with  its  cell 
body  in  the  central  nervous  system  and  the  other  in  a 
sympathetic  ganglion.  Since,  however,  the  spinal  vaso- 
motor centres  are  under  the  control  of  the  chief  centre 
in  the  medulla,  the  axis-cylinder  processes  of  the  cells  of 


FKi.  13.5s.— BliKid-Pressure  Kecord 
right  to  left.    Tbe  time  of 


during  F'lectrical  Stimulation  of  the  Depressor  Nerve.    To  be  read  from 
stimulation  is  indicated  by  the  vertical  lines  (' — '  =  10  seconds) . 


the  bulbar  centre  must  come  into  relation  with  the  spinal 
vasomotor  cells,  and  so  the  complete  efferent  path  comes 
to  include  three  nerve  units. 

Vtuo-MoUir  Reflexes. — The  activity  of  the  centres  in  the 
medidla  and  cord  from  which  the  vasoconstrictor  and 
vasodilator  fibres  take  their  origin  is  deteriuined  in  large 
measure  by  the  impulses  falling  into  theiu  along  various 
afferent  nerve  channels  giving  rise  to  reflex  vaso-motion. 

The  possible  afferent  paths  include  practically  every 
centripetal  nerve  in  the  body,  those  distributed  to  the 
vessel  walls  not  excepted;  while  the  response  may  vary 
from  a  slight  local  effect  in  the  region  whence  the  afferent 
impulse  started  to  a  change  involving  an  extensive  vascu- 
lar area  sufficient  to  produce  variations  in  the  general 
blood  pressure. 

The  local  reflexes,  such  as  the  congestion  of  the  skin 
on  the  application  of  warmth,  are  comiuonly  dilatations, 
although  constrictions  also  occasionally  result.  Of  the 
general  reflexes  those  occurring  in  the  great  splanchnic 
area  are  perhaps  the  most  frequent,  sensory  stimulation 
causingconstriction  there  with  special  ease.  Stimulation 
of  sensory  nerves  ma}',  however,  cause  reflex  dilatation  in 
the  splanchnic  region,  wliile  in  the  vessels  of  the  skeletal 
muscles  this  is  the  ride.  In  them  the  reaction  affects  first 
the  muscles  which  stand  in  a  more  or  less  intimate  func- 
tional relation  with  the  stimulated  nerve,  but  it  may  be- 
come general  and  so  become  an  efficient  means  of  bringing 
on  a  general  fall  of  blood  pressure.  It  is  ajiparent  that 
the  effect  on  the  blood  pressure  of  stimulating  a  sensory 
nerve  will  depend  on  the  relative  extent  of  the  antago- 
nistic changes,  both  of  which  are  usually  present,  and  the 
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question  as  to  the  conditions  wliicli  determine  the  pre- 
ponderance of  vaso-dilatiitiou  iu  one  case  and  of  vaso- 
constriction in  another  is  one  of  unusual  interest. 

"We  know  at  present  but  one  nerve,  the  so-called  depres- 
sor nerve  of  Cyon,  which  with  all  degrees  of  stimulation 
regularly-  brings  on  a  fall  of  blood  pressure.  This  is  the 
sensory  nerve  of  the  heart  which  has  already  been  referred 
to  as  causing  reflex  inhibition  of  the  heart.  The  effect 
on  blood  pressure  is  not  dependent  on  this  heart  action, 
as  it  still  occurs  after  section  of  both  vagi,  but  is  due  to 
an  extensive  vaso-dilatatiou  in  which  the  splanchnic  area 
has  a  prominent  share,  although  the  vessels  of  other  parts 
of  the  bodv  also  participate.  The  dilatation  appears  to  be 
due  to  an  'inhibition  or  depression  of  the  tonic  activity  of 
the  vaso-constrictor  centre,  since  the  effect  is  diminished 
or  abolished  by  agencies  which  reduce  or  destroy  the 
irritability  of  this  centre,  and  hence  the  name  of  "  de- 
pressor "  for  this  nerve.  Since  sensory  nerves  in  general 
produce  both  Idnds  of  effects.  "  pressor '"  and  "  depressor. " 
the  interesting  discussion  has  arisen  as  to  whether  they 
contain  two  distinct  varieties  of  nerve  fibres  or  whetheV 
the  different  results  depend  entirely  on  the  condition  of  the 
centres  and  the  character  of  the  stimuli  used.  That  both 
of  the  latter  factors  may  influence  the  result  can  be  easily 
shown.  A  sensor}-  nerve  like  the  sciatic,  whose  stimula 
tion  regularly  produces  vaso-constriction  and  rise  of 
blood  pressure  in  an  animal  under  curare,  will  frequently 
give  a  fall  of  pressure  when  chloral  or  ether  is  used  for 
the  anoesthetic.  Again,  mechanical  stimulation  of  the 
sensory  nerves  in  muscles  by  kneading  or  massage  regu- 
larly causes  reflex  vasodilatation,  while  electrical  stimu- 
lation of  the  same  nerves  gives  reflex  constriction. 

On  the  other  hand  there  is  strong  evidence  for  the  view 
that  there  are  both  "  pressor  "  and  "  depressor  "  or  "  reflex 
vaso-dilator"  fibres  in  the  sciatic  and  similar  nerves.'-" 
The  pressor  fibres  ordinarily  have  the  upper  hand,  but 
by  subjecting  the  nerve  to  the  action  of  cold  or  stimulat- 
ing the  nerve  at  a  certain  stage  of  regeneration  after  sec- 
tion, the  depressor  effect  may  be  obtained.  The  depressor 
fibres  seem  to  retain  their  "power  of  conduction  longer 
than  do  the  pressor  fibres  when  cooled,  and  when  the 
nerve  is  cut  and  sutured  they  regenerate  earlier.  There 
is  also  a  certain  amount  of  evidence  to  indicate  that  the 
fall  of  pressure  from  stimulation  of  the  sciatic  and  similar 
nerves  is  of  a  different  nature  from  that  resulting  from 
stimulation  of  the  depressor  nerve  of  the  heart.  In  the 
former  case  the  dilatation  occurs  largely  in  the  limbs  and 
is  probably  due  to  a  reflex  stimulation  of  dilator  fibres,  so 
that  the  name  "  reflex  vaso-dilators  "  has  been  suggested 


Fig.  ia59.— Pressi'r  Efteot  Pi-otiuced  by  Stimulating  the  Central  End  of 
the  Sciatic  of  a  Curarized  Cat  Under  Morphine.  Time  tracing  in 
seconds.    Reduced  one-half. 

for  this  class  of  fibres  to  distinguish  them  from  the  '"de- 
pressor "  fibres  proper  which  act  by  inhibiting  the  vaso- 
constrictor centre. 

The  complicated  nervous  mechanisms  thus  associated 
with  the  circulatoiy  apparatus  enable  the  nervous 
system,  directed  by  the  afferent  impulses  which  reach  it 
along  various  channels,  to  cooidinate  the  action  of  the 
heart  and  vessels  and  to  direct  the  blood  flow  according 


to  the  needs  of  the  body.  The  blood  supply  of  the 
organs  is  continually  shifting  according  to  their  varying 
activity;  but  dilatation  and  increased  blood  flow  to  the 
active  organs  is  met  by  compensatory  constriction  else- 
where, thus  preventing  a  wasteful  use  of  cardiac  energy 
which  would  otherwise  be  required  to  keep  up  the  gen- 
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FiG.  1:J60.— Dog.  Elher.  Vagi  intact.  Fall  of  pressure  in  can  >tiii  and 
portal  vein,  and  rise  in  femoral  vein  on  stimulation  of  .sciatic  at  10°. 
All  the  curves  have  the  same  liase  line:  the  cun-es  of  venous  press- 
ure being  drawn  to  indicate  the  pressure  in  millimetres  XajCOs,  the 
curve  of  arterial  pressure  in  millimetres  Hg.  The  changes  of 
pressure  m  the  curves  must  be  multiplied  by  two  to  obtain  the 
absolute  changes.    Tracing  from  right  to  left. 

eral  blood  pressure.  This  reciprocal  relation  is  particu- 
larly consjiicuous  between  the  blood-vessels  of  the  somatic 
and  those  of  the  splanchnic  divisions  of  the  body,  thereby 
providing  the  chief  means  by  which  the  l)lood  pressure 
is  regulated  and  V)y  which  the  maintenance  of  a  normal 
body  temperature  is  iu  large  measure  secured. 

George  P.  Dreyer. 
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CIRCULATION,  PATHOLOGY  OF.— The  state  of  the 
circulation  is  ilependent  upon  the  work  of  the  heart,  the 
condition  of  the  blood-vessels,  and  the  amount  and  char- 
acter of  the  blood.     Through  the  rhvthmical  contractions 
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of  the  auricles  and  ventricles  the  blood  is  kept  in  motion 
■\vitliin  the  vessels,  where  it  tlows  under  a  certain  press- 
ure whieli  is  dependent  upon  the  elasticity  of  the  vessel 
walls  and  the  amount  of  jieripheral  resistance.  This 
pressure  is  relativily  high  throughout  the  systemic  arte- 
rial circulation,  but  is  low  in  the  veins.  The  venous 
pressure,  however,  varies  with  tlie  location  of  the  vein, 
being  greatest  where  the  vessel  supports  a  high  column 
of  blood.  In  the  great  veins  of  the  thorax  the  jiressiire 
is  very  slight,  or  negative  during  inspiration  when  the 
negative  pressure  within  the  thorax  causes  an  aspiration 
of  the  blood  from  the  veins  outside  of  the  thoracic  cavity. 
In  forced  expiration  the  pressure  within  both  thoracic 
and  systemic  veins  is  increased.  The  factors  directly 
controlling  the  blood  pressure  are:  the  mass  of  blood,  the 
work  of  the  heart,  and  the  resistance  of  the  blood-vessels. 
The  latter  factor  is  chiefly  dependent  upon  the  degree  of 
tension  exerted  by  the  elastic  contractile  vessel  walls.  In 
the  systemic  circulation  the  tension  is  normally  much 
greater  than  that  in  the  pulmonary  vessels;  the  pressure 
in  tlie  inihnonary  artery  being  only  about  one-third  of 
that  ill  tlie  aorta.  The  work  of  the  heart  is  governed  by 
the  condition  of  its  muscle  and  ganglia,  and  of  the  nerves 
and  centres  regulating  its  action.  The  blood-vessels  are 
also  under  nervous  control,  and  the  circulatory  conditions 
arc  intluenced  to  a  large  extent  by  this  innervation  as 
well  as  by  changes  in  the  walls  themselves.  Every  le- 
sion of  the  heart  or  blood-vessels,  as  well  as  any  disturb- 
ance of  the  nervous  mechanism  controlling  the  blood  flow, 
will  be  followed  by  pathological  disturbances  in  the  cir- 
culation in  ease  such  lesions  are  not  compensated  by  in- 
creased work  of  other  parts  of  the  circulatory  apparatus. 
Further,  the  tone  of  the  heart  muscle  and  blood-vessels 
as  well  as  that  of  the  ganglia  and  nerve  centres  is  directly 
affected  by  pathological  changes  in  the  amount  or  coin- 
position  of  the  blood:  therefore  the  pathological  states 
of  the  circulation  arise  as  the  result  of  those  pathological 

-changes  which  lead  either  to  disturliauces  of  heart  or 
blood-vessel  fimction  or  to  an  altered  state  of  the  blood. 
These  may  be  considered  in  the  following  order: 

Iiicre'i-H'  "f  Heart'n  Action. — An  increase  in  the  rate  of 
the  heart's  contractions  without  decrease  in  force  cau.5es 

.«n  increased  velocity  of  the  blood  flow  with  rise  of  arte- 
rial pressure.     The  force  of  each  beat  may  or  may  not  be 

jnereased  at  the  same  time,  or  it  may  be  strengthened 
without  change  in  the  rate.  The  effect  upon  the  circula- 
tion is  the  same  at  first  in  both  cases.     As  a  result  of  in- 

-creased  muscular  activity  the  heart  undergoes  a  compen- 
satory hypertrophy  in  case  its  nutrition  is  properly  kept 
up.  Wlien  both  rate  and  force  are  increased  the  com- 
pensatory reserve  of  the  heart  muscle  is  sooner  exhausted, 
as  the  short  diastoles  lead  to  fatigue,  the  products  of 
wa.ste  are  not  thoroughly  removed,  and  the  nutrition  of 
the  muscle  suffers.  As  a  result  fatty  degeneration  may 
take  place,  and  with  this  a  failure  of  compensation.  As 
long  as  the  nutrition  of  the  muscle  is  kept  up  to  meet  the 
increased  demand  compensation  will  be  maintained.  The 
left  ventricle  is  the  first  to  become  hypertrophic,  but  as 
the  right  ventricle  receives  a  larger  amount  of  blood  dur- 
ing diastole  because  of  the  quickening  of  the  blood  cur- 
rent its  muscle  has  also  an  increased  amount  of  work  to 
perform  and  likewise  becomes  enlarged.  The  increa.sed 
work  of  the  heart  may  be  caused  by  excessive  bodily 
labor,  over-exercise  ("'athletic  heart"),  high  living,  ab- 
normal irritability  of  the  cardiac  nerves  ("smoker's 
heart,"  "sexual  heart,"),  etc.  Obstruction  to  the  out- 
flow of  blood  from  the  heart  or  in  the  aorta,  abnormal 
positions  of  spine  or  thorax,  chronic  nephritis,  etc.,  may 

.also  be  accompanied  by  increase  in  rate  and  strength  of 
the  heart's  action.  In  all  of  these  conditions  when  com- 
pensation is  fully  maintained  the  pulse  is  full,  quick,  and 

•of  high  tension.     The  heart  sounds  are  increased  in  force. 

-especially  the  aortic  second  sound.  The  first  sound  at 
the  apex  is  frequently  accompanied  by  a  soft  blowing 

jnurmur  even  when  compensation  appears  to  be  perfect. 
Impairmint  of  Heart's  Action. — The  efficiency  of  the 
work   of   the   heart   may  be   impaired   by   patholo.sical 

■  changes  in  the  heart  muscle:  anamic  infarction,  fatty 


degeneration  and  infiltration,  atrophy,  coagulation  nccro- 
.sis,  myocarditis,  etc.  In  the  acute  infectious  fevers  and 
in  many  of  the  intoxications,  trophic  disturbances,  pro- 
longed over-work,  etc.,  the  heart  may  become  inadeiiuate 
without  discoverable  anatomical  changes.  Obstruction 
of  the  coronary  vessels  may  lead  to  heart  failure  so  rapidly 
that  the  anatomical  changes  produced  may  be  too  slight 
to  be  recognized.  Likewise  in  the  acute  heart  failure 
resulting  from  a  sudden  over-strain  no  microscopical 
changes  may  be  found  in  the  heart  muscle.  Pericardial 
and  pleural  adhesions  and  effusions,  deformities  of  the 
thorax,  thoracic  tumors,  aneurisms,  high  position  of  the 
diaphragm,  etc.,  may  hinder  the  filling  of  the  heart  dur- 
ing diastole,  so  that  the  blood  becomes  dammed  back  in 
the  venous  .s)-stem  while  a  less  amount  is  siip|)lied  to  the 
aorta.  Pericardial  adhesions  may  also  hinder  the  ampli- 
tude of  the  systole.  Stenosis  and  insuHicieiicy  of  the 
valves  of  the  heart  are  the  most  common  and  iniportjint 
causes  of  impaired  heart's  action.  In  stenosis  of  any 
valvular  orifice  the  onward  flow  of  blood  is  imiiedcd;  iii 
insufficiency  of  the  mitral  and  tricuspid  the  ventricular 
systole  forces  blood  back  into  the  auricles,  and  in  pulmo- 
nary and  aortic  insufticienc}'  there  is  during  diastole  a 
backward  flow  into  the  ventricles.  Valvular  vegetations, 
thrombi  either  free  or  situated  upon  the  valves  or  be- 
tween the  trabecuU?  of  the  heart  muscle,  may  interfere 
with  the  free  passage  of  the  blood  through  the  heart. 

The  effects  of  impairment  of  cardiac  efiieieiicy  are  in 
all  cases  the  same:  tliere  is  a  decreased  amount  of  blood 
supplied  to  the  arteries,  and  an  overfilling  of  the  veins. 
This  leads  to  a  fall  in  arterial  pressure,  while  the  venous 
pressure  rises.  As  a  result  of  the  engorgement  of  the 
veins  and  capillaries,  the  surface  of  the  body  becomes 
cyanotic,  and  stagnation  oedema  may  occur.  If  the  dif- 
ference between  arterial  and  venous' pressure  reaches  a 
certain  minimum,  stasis  results.  'When  the  cause  of  im- 
paired efficiency  is  located  in  the  left  side  of  the  heart 
there  is  first  manifested  an  over-filling  of  the  pulmonary 
circulation.  This  leads  to  increased  work  on  the  part  of 
the  right  ventricle  resulting  in  compensiitory  hypertro- 
phy. When  the  cause  is  located  on  the  right  "side  the 
blood  is  dammed  back  into  the  systemic  veins,  while  in 
the  aorta  and  inilmonary  circulation  there  is  a  fall  of 
pressure  and  diminished  supply  of  blood.  The  damming 
back  of  the  venous  blood  into  the  large  thoracic  veins 
may  cause  an  exaggeration  of  the  normal  venous  pulse 
(negative  venous  pulse)  in  these  veins,  and  in  case  the 
vessels  are  so  distended  that  the  valves  of  the  jugular 
bulb  become  inadequate  this  pulse  may  extend  beyond 
the  bulb  into  the  veins  of  the  neck  and  head.  It  is  pre- 
systolic in  time,  occurring  synchronously  with  the  auric- 
ular systole.  If  the  dilatation  of  the  right  side  of  the 
heart  becomes  so  great  that  the  tricuspid  valves  are  ren- 
dered inadequate,  or  if  an  organic  insufficiency  of  these 
valves  is  present,  a  second  venous  pulsjttion  (positive 
venous  pulse)  may  be  produced.  This  is  systolic  in  time, 
being  caused  by  a  backward  flow  of  blood  through  the 
tricuspid  opening  during  the  contraction  of  the  right  ven- 
tricle. The  extreme  engorgement  of  the  veins  in  tricus- 
pid insufficiency  may  lead  to  pulsations  of  the  liver,  wliich 
maj'  become  greatly  enlarged  from  the  over-filling  of  the 
hepatic  veins. 

In  all  conditions  in  which  the  contractions  of  the  heart 
become  infrecjuent  and  weakened,  the  arterial  pulse  is 
slow,  soft,  and  small  in  volume.  Such  a  pulse  wave 
("  pulsus  tardus")  is  seen  in  aortic  stenosis.  In  insuffi- 
ciency of  the  aorta  or  pulmonary  artery  a  normal,  or,  as 
is  usually  the  case,  an  increased  amount  of  blood  is 
thrown  into  the  artery  during  systole,  while  in  diastole 
a  partial  regurgitation  into  the  ventricles  occurs.  This 
causes  a  sudden  fall  of  tension  in  the  artery  which  in 
aortic  insufficiency  is  manifested  in  the  so-called  "  water- 
hammer"  pulse  ("pulsus  celer").  Thesuddenincrca.se 
of  pressure  from  the  excess  of  blood  thrown  Into  the 
aorta  causes  a  dilatation  of  the  whole  arterial  system,  and 
also  of  the  capillaries,  which  may  show  marked  pulsation. 
In  all  forms  of  valvular  lesions  that  part  of  the  heart 
which  is  called  upon  for  increased  work  undergoes  a 
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compensatory  hypertroph.v  if  conditions  of  nutrition  are 
good.  In  stenosis  of  tlic  mitral  oritice  the  chief  work 
falls  upon  the  right  ventrielc.  which  hecomes  hvpertro- 
phied;  in  mitral  insufticieucy  there  is  also  hypertrophy 
of  the  left  ventricle,  caused"  by  the  increased  amount 
of  blood  which  comes  to  it  from  the  greater  flow  sent 
through  the  lungs  by  the  right  ventricle.  In  stenosis 
of  the  pulmonary  and  aortic  orifices  the  corresponding 
ventricle  becomes  enlarged.  Since  the  auricles  have  but 
little  power  of  hypertrophy,  lesions  of  the  tricuspid  valve 
are  most  unfavorable  inasmuch  as  they  cannot  be  com- 
pensated. In  any  form  of  valvular  disease  compensation 
becomes  inadequate  as  soon  as  the  heart  is  driven  to  the 
point  of  fatigue;  that  is.  as  soon  as  tlie  period  of  diastole 
becomes  .so  .shortened  that  the  products  of  tissue  metabo- 
lism cannot  be  removed  and  the  building-up  of  the  mus- 
cle take  place  in  the  proper  degree.  Besides  the  altera- 
tions in  the  circulation  manifested  by  the  pulse,  valvular 
lesions  give  ri.se  to  marked  changes  in  the  sounds  of  the 
heart,  pathological  sounds  (murmurs)  of  varying  quality 
and  intensity  being  produced. 

Disturbnnces  of  Blood  Pressure. — The  blood  pressure  in 
both  the  systemic  and  pulmonary  arteries  varies  within 
certain  physiological  limits.  Through  the  influence  of 
many  widely  differing  pathological  conditions  these  lim- 
its may  be  "over-stepped,  and  an  abnormal  increase  or 
diminution  of  arterial  pressure  may  result.  Increase  of 
pressure  in  the  aorta  may  be  due  to  an  obstruction  in  the 
aorta  or  in  the  larger  arterial  branches,  or  to  vascular 
contraction  involving  the  entire  corporeal  circulation  or 
vascular  areas  large  enough  to  affect  the  entire  circula- 
tion. Increased  aortic  resistance  may  be  caused  by  ste- 
nosis of  any  portion  of  the  vessel,  congenital  hypoplasia 
of  the  entire  aorta  or  of  a  portion  of  its  course,  aortic 
thrombosis,  aneurism,  changes  in  its  wall  due  to  arterio- 
sclerosis and  inflanunation,  or  to  dilatation  of  its  lumen 
due  to  loss  of  elasticity  of  its  walls  following  sclerotic 
changes.  Contraction  of  the  peripheral  arterioles  with 
resulting  increase  of  pressure  in  the  aorta  may  be  caused 
by  an  excess  of  carbonic  acid  in  the  blood.  In  chronic 
nephritis  there  is  a  permanent  increase  in  the  general  ar- 
terial pressure,  the  cause  of  which  is  as  yet  uncertain.  It 
may  be  due  to  the  direct  action  of  retained  urinary  poi- 
sons upon  the  blood-vessel  walls,  or  upon  the  vaso-motor 
centres,  or  to  reflex  stimulation  of  the  vessels  or  heart. 
In  whatever  way  it  may  be  caused,  the  increase  of  arte- 
rial pressure  has  been  conclusively  shown  to  be  due  to 
increased  peripheral  resistance  resulting  from  the  con- 
traction of  the  smaller  arterioles.  As  a  result  of  this  in- 
creased resistance  the  heart  undergoes  a  compensatory 
hypertrophy.  It  is  possible,  however,  that  the  enlarge- 
ment of  the  heart,  in  part  at  least,  may  be  due  to  an  in- 
creased stimulation  of  the  heart  itself.  Chronic  intoxica- 
tions from  various  poisons  as  lead,  ergot,  etc.,  likewise 
lead  to  increased  arterial  pressure,  which  may  be  due 
either  to  the  direct  effect  of  the  poison  upon  the  vessel 
wall  or  nerves  or  to  changes  in  (he  kidneys. 

Arterial  pressure  in  the  systemic  circulation  may  be 
diminished  by  severe  hemorrhage,  relaxation  of  arterial 
tone  following  paralysis  of  the  vaso-motor  system,  syn- 
cope, shock,  hysteria,  injuries  to  the  cervical  cord,  etc. 
When  this  decrease  of  pressure  occurs,  the  blood  passes 
too  rapidly  from  the  arteries  into  the  veins,  the  pressure 
in  the  two  systems  tends  to  become  equal,  so  that  when 
a  certain  minimum  of  difference  is  reached  stasis  occurs. 

Increase  of  pressure  in  the  pulmonary  circulation  may 
be  caused  by  obsti-uction  of  a  portion  of  the  lung  capil- 
laries, inflammatory  conditions  of  the  lungs  and  pleura, 
atrophy,  emphysema,  indurations  and  retractions,  pleu- 
ral adhesions  and  effusions,  thoracic  deformities,  tumors, 
aneurisms,  etc.  When  the  pulmonary  obstruction  is  but 
slight,  it  may  be  entirely  overcome  by  collateral  dilata- 
tion :  if  the  obstacle  is  large  enough  to  cause  the  pulmo- 
nary pressure  to  rise,  compensatory  hypertrophy  of  the 
right  ventricle  will  follow. 

The  pulmonary  pressure  may  be  decreased  as  a  result 
of  valvular  lesions  of  the  right  heart,  thrombosis,  weak- 
ness of  the  muscle  of  the  right  heart,  etc.     A  decrease  in 


the  negative  pressure  in  the  right  side  of  the  thorax, 
caused  by  pneumothorax,  pleurat  effusions,  high  position 
of  the  diaphragm,  etc.,  hinders  the  aspiration  of  blood 
into  the  right  heart,  and  causes  a  general  damming  back 
of  the  venous  blood  and  a  deficiency  in  the  pulmonary 
and  arterial  systems.  If  this  decrease  of  negative  press- 
ure is  very  sudden,  as  in  right  sided  pneumothorax,  the 
blood  may  flow  back  out  of  the  right  auricle  into  the 
veins. 

Changes  in  the  tension  of  the  systemic  circulation  are 
recognized  by  the  palpation  of  the  radial  pulse:  those  of 
the  pulmonary  system  by  the  auscultation  of  the  pulmo- 
nary second  sound,  which  varies  in  strength  according  to 
the  tension  in  the  pulmonary  artery.  The  clinical  value 
of  this  sound  is  so  great  that  it  has  been  called  the  "  pul- 
monary pulse." 

D/'stiirbinices  of  Blood  Siipply. — The  regulation  of  the 
amount  of  blood  which  an  organ  or  tissue  receives  under 
normal  conditions  is  effected  by  changes  in  the  calibre  of 
the  afferent  vessels.  These  changes  are  primarily  de- 
pendent upon  the  elasticity  of  the  vessel  wall  and  the 
power  of  contraction  possessed  by  its  muscular  coats. 
The  latter  are  controlled  by  nervous  impulses  arising 
from  the  vessel  plexuses  or  from  the  vasomotor  centres  in 
the  medulla  and  cord.  These  impulses  may  be  direct  or 
reflex,  and  either  inhibitory  or  stimulative  in  character. 
As  the  total  amount  of  blood  in  the  body  is  not  sufficient 
to  fill  all  of  the  vessels  to  their  fullest  capacity  at  the 
same  time,  it  follows  that  at  certain  times  some  of  the 
organs  may  be  richly  sup]ilicd  with  blood,  while  others 
contain  but  little.  The  former  condition  is  designated 
as  hyperaMuia,  the  latter  as  ana?mia.  When  these  condi- 
tions become  protracted  in  time  or  of  excessive  degree, 
the  hyperii'inia  or  ana'mia  is  to  be  regarded  as  patho- 
logical. 

Hyperemia. — This  may  be  either  active  (arterial  con- 
gestion) or  passive  (venous  congestion).  The  former  de- 
pends upon  an  increase  in  the  arterial  supply;  the  latter 
is  caused  by  obstruction  to  the  venous  outflow. 

Arterial  congestion  may  be  either  collateral  or  idio- 
pathic. The  first  plays  but  a  slight  role  pathologically. 
It  is  merely  the  result  of  a  diminished  flow  to  other  parts, 
and  is  found  in  the  immediate  neighborhood  of  parts 
whose  blood  supply  has  been  decreased  or  entirely  shut 
off,  as  around  an  aniemic  infarct.  An  active  hypera'mia 
of  the  internal  organs  may  be  caused  by  a  contraction  of 
the  peripheral  vessels  as  in  a  chill.  In  carbonic  monoxide 
poisoning  more  than  lialf  of  the  volume  of  blood  may  be 
gathered  in  the  blood-vessels  of  the  abdominal  cavity, 
idiopathic  active  congestion  is  of  much  greater  patho- 
logical importance.  It  depends  upon  a  dilatation  of  the 
vessel,  due  either  to  paralysis  of  the  vasoconstrictors, 
stimulation  of  the  vasodilators,  direct  action  upon  the 
muscular  coats,  or  a  lessening  of  the  external  pressure  ex- 
erted upon  the  vessels.  Neuroparalytic  congestion  may 
be  caused  by  injury  or  section  of  the  cervical  sympa- 
thetic; as  in  a  case  of  gunshot  wound  of  the  right  cervi- 
cal sympathetic,  unilateral  flushings  of  the  face  were 
caused  by  slight  exertions.  The  unilateral  congestions 
in  migraine  and  various  forms  of  neviralgias  may  also 
belong  to  this  class;  likewise  the  phenomena  observed 
in  shock,  where  paralysis  of  the  splanchnic  leads  to  an 
extreme  active  congestion  of  the  abdominal  vessels. 
Many  of  the  local  hyperaemias  common  in  hysterical 
cases  may  also  be  explained  as  being  of  the  nature  of 
neurotic  congestions,  but  between  the  jjaralytic  form 
and  that  due  to  stimulation  of  the  vasodilators  no  clear 
line  can  yet  be  drawn  except  in  experimental  work.  Di- 
rect weakening  of  the  muscles  of  the  blood-vessel  walls 
may  be  caused  by  the  action  of  heat,  trauma,  disturb- 
ances of  blood  current,  action  of  certain  drugs,  as  atro- 
pine, chlorine,  ammonia,  etc.  Active  congestion  of  the 
abdominal  ves.sels  follows  the  removal  of  ascitic  fluid; 
likewise,  in  stenosis  of  the  upper  respiratory  tract,  the 
decreased  pressure  in  the  alveoli  of  the  lungs  leads  to 
active  dilatation  of  the  pulmonary  arterioles  and  capilla- 
ries. Active  congestion  is  manifested  clinically  by  red- 
ness, swelling,  and  increased  warmth  of  the  affected  area. 
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The  color  is  that  of  artfrial  blood.  The  clinical  picture 
resembles  that  of  iutlaiiiiMatioii,  in  which  process  active 
eoiigestiou  plays  a  very  iiiiiiortant  role. 

Passive  hypera-inia  may  be  produced  throughout  the 
entire  .systemic  venous  eireulalion  as  the  result  of  iiuper 
feet  compensation  of  valvular  lesions,  impaired  elVieieney 
of  the  cardiac  muscle  (fatt}'  <lesi;eueration  and  inlillra- 
tion).  obstructions  in  the  ])ulmonary  vessels,  decreased 
ncirutiv<'  pressure  in  the  right  half  of  the  thorax  due  to 
pleuritic  exudates,  etc.  Lesions  in  the  right  side  of  the 
heart  produce  a  direct  damming  back  of  the  venous 
blood;  those  in  the  left  side  cause  first  a  passive  conges- 
tion of  the  lungs  •which,  if  not  comjiensated  by  the  right 
Ventricle,  'will  extend  back  through  the  right  heart  into 
the  veins  of  the  corporeal  circulation. 

Local  venous  liyiiera-mia  may  be  caused  by  compres- 
sion, ligation,  direct  pressure  upon  the  vein  by  tmnor  or 
pregnant  uterus,  venous  thrombosis,  extension  of  malig- 
nant growths  into  the  lumen  of  the  vein,  gummata,  etc. 
In  cirrhosis  of  the  liver  the  obliteration  of  the  intrahe- 
patic branches  of  the  portal  leads  to  chronic  pa.ssive  con- 
gestion of  all  the  branches  making  up  the  portal  together 
with  their  collaterals  (caput  medu.sa',  a>sopha,geal  hemor- 
rhoids, etc. ).  Pressure  upon  the  superior  vena  cava  by 
mediastinal  tumors  leads  to  a  dilatation  of  the  superficial 
veins  of  tlie  thorax  and  abdomen  from  the  establishment 
of  a  eollaleral  venous  circulation  through  these  branches. 
Till'  Mow  of  blood  from  the  lower  extremities  ma\'  be  re- 
tarded by  lack  of  jiroper  aid  from  muscular  action,  as  in 
the  case  of  varicose  veins  in  individuals  who  lead  seden- 
tary lives  or  who  stand  in  one  position  for  a  great  part  of 
the  time.  This  form  of  congestion  is  also  favored  by  the 
anatomical  peculiarities  of  certain  veins:  the  hemorrhoi- 
dal, for  examiile.  containing  no  valves,  are  easily  affected 
by  disturbances  of  the  venous  circulation  through  the 
liver,  since  the  blood  from  these  vessels  is  obliged  to 
traverse  a  second  set  of  capillaries  in  this  organ.  Hem- 
orrhoids are  on  this  account  one  of  the  earliest  symptoms 
of  hepatic  obstruction.  The  branches  of  the  left  sper- 
matic vein  are  also  predisposed  to  passive  congestion, 
from  the  fact  that  this  vessel  empties  at  right  angles 
into  the  left  renal  vein. 

The  obstruction  to  the  flow  of  blood  in  any  single  vein 
is  usually  of  slight  consequence  if  the  vessel  has  free 
anastomosis  with  other  veins,  but  if  the  collateral  circu- 
lation is  insufficient  partial  or  complete  stasis  must  result 
which  may  lead  to  thrombosis.  Frequently  the  dilata- 
tions of  the  veins  behind  the  point  of  obstruction  may 
overcome  this,  and  the  tiow  become  re-established,  or  the 
small  anastomosing  veins  may  become  stretched  until 
they  are  adequate  to  carry  on  the  obstructed  circulation. 
In  this  waj'  small  veins  may  become  changed  into  vessels 
of  lar.ue  size.  Even  after  thrombosis  the  lumen  of  the 
vein  may  be  partly  restored  by  contraction  of  the  throm- 
bus and  formation  of  new  channels  in  the  tissue  result- 
ing from  the  organization  of  the  thrombus.  The  con- 
traction of  this  newly  formed  tissue  also  aids  in  the 
formation  of  new  blood  channels.  Direct  anastomosis 
between  veins  and  arteries  may  also  occur. 

The  clinical  signs  of  passive  congestion  are  most  mani- 
fest in  the  extremities,  tips  of  fingers,  ears,  and  nose. 
AVhen  the  congestion  extends  into  the  capillaries,  the  tis- 
sues acquire  a  reddish-blue  color  (c\-ano.sis),  become  some- 
what swollen,  inelastic,  and  warmer  to  the  touch.  In 
thrombosis  of  either  the  superior  or  inferior  vena  cava 
the  corresponding  half  of  the  body  stipplying  these  ves- 
sels becomes  cyanotic.  Enlargement  of  the  liver,  venous 
pidsations,  stagnation  o>dema,  etc.,  are  important  clini- 
cal features  of  general  venous  congestion.  Both  active 
and  passive  hyperoemia  may  disappear  after  death.  The 
contraction  of  the  vessel  walls  in  rigor  mortis  forces  the 
blood  out  of  the  smaller  vessels  into  the  large  veins  and 
auricles.  Extreme  passive  congestion  usually  persists 
to  a  greater  or  less  extent  after  death. 

Ili/posidsis  {Ciidareiic  Liiidity). — After  death  the  blood 
in  the  arteries  is  diiven  into  the  veins  by  the  contraction 
of  the  arterial  walls,  so  that  within  a  short  time  after  the 
beginning  of  rigor  mortis  the  entire  ma.ss  of  blood  is 


fotmd  in  the  veins  and  auricles,  while  the  arteries  and 
ventricles  are  contracted  and  empty.  The  blooil  thus 
eollecled  in  the  veins  tends,  through  gravity,  ♦o  sink  to 
the  dependent  porlionsof  the  cadaver,  so  that  within  a 
few  hours  afti-r  death  reddish  or  bluish  patches  of  col- 
oration appear  over  these  ])arts.  If  the  body  lies  in  the 
usual  |)osilion  upon  its  back,  those  jiortions  of  the  back 
not  i)rcssed  upon  by  the  weight  of  the  body  liceome  hv- 
pcistalii'.  In  a  cadaver  ke]it  in  an  upright  position  the 
hypostasis  would  be  confined  to  the  lower  extremities. 
Post  luorlcni  hypostasis  is  more  marked  in  those  cases 
in  which  there  has  been  a  general  jiassi  ve  congestion  before 
death.  Pressure  upon  the  hypostatic  areas  causes  them 
to  become  pale,  and  cutting  into  them  with  a  knife  pro- 
duces hemorrha.se  from  the  dilated  veins.  In  carbon 
monoxide  poisoning  the  hyjiostalic  areas  are  of  a  bright 
cherry  fed  color;  in  poisoning  by  potassium  chlorate 
they  are  of  a  dirty  chocolale  lirown.  Post-morleui  hy- 
postasis also  appears  in  the  internal  organs,  to  the  most 
marked  degree  in  the  lungs  and  meninges.  In  these  re- 
gions it  is  often  mistaken  at  the  autopsy  for  pathological 
conditions.  Ante-mortem  hypostasis  of  the  internal  or- 
gans, especially  of  the  lungs,  may  result  from  weakened 
lieart's  action.  This  is  most  likely  to  occur  in  failure  of 
compensation  in  chronic  valvular  disease  and  in  pro- 
longed fevers  or  severe  cachexias.  As  the  force  of  the 
blood  How  be<-omes  decreased,  it  is  not  alile  to  drive  the 
blodd  ahead  with  sufficient  power  to  overcome  the  force 
of  gravity,  so  that  a  hypenemie  condition  of  the  lower 
portions  of  the  lungs  is  produced  which  gradually  leads 
to  stasis.  As  a  result  the  circulation  is  further  impeded 
and  death  may  be  hastened. 

Inrren><r  in  the  Vol'imc  of  Bhtod. — An  increase  in  the 
mass  of  the  blood,  so  that  the  sum  total  comes  to  stand 
in  an  abnormally  hi,!:h  proportion  to  the  weight  of  the 
body,  is  known  as  plethora.  It  is  very  doubtful  if  this 
condition  exists  as  a  definite  pathological  state,  but  it  is 
possible  that  as  a  result  of  over-eating  and  drinking  or 
as  a  part  of  some  diathesis  there  may  be  a  temjiorary  in- 
crease in  the  total  mass  of  the  blood.  In  such  cases  there 
is  a  compensatory  hypertrophy  of  the  heart  and  a  dilata- 
tion of  the  arteries.  As  a  result  of  the  high  tension  and 
consequent  overstretching  of  the  vessels,  early  sclerotic 
changes  ma.v  residt.  The  metabolic  powers  of  the  body 
are  in  time  decreased  by  excesses  in  eating  and  drinking, 
and  with  the  deposit  of  a  large  amount  of  fat  throughout 
the  body  the  blood  tends  to  become  anremie.  Animal 
experiments  show  that  an  increase  in  the  volume  of  the 
blood  throu.irh  injection  of  blood  or  normal  salt  solution 
produces  only  temporary  changes  in  the  circulation. 
The  blood  pressure  quickly  returns  to  its  normal  point 
as  a  residt  of  the  eimipens;itory  dilatation  of  certain  vas- 
cular areas,  especially  of  the  abdominal  vessels,  and  al.so 
because  of  the  increased  elimination  of  fluid  through  the 
kidney  and  intestine.  Even  when  the  vohune  of  the 
blood  is  increased  eighty  per  cent,  the  plethora  is  but 
temporary. 

Anamid. — A  diminution  in  the  total  amount  of  the 
blood  leads  to  marked  disturbances  in  the  circulatory 
system,  which  are  in  direct  proportion  to  the  amount  of 
blood  lost  and  to  the  rapidity  of  the  loss.  A  sudden 
hemorrhage  of  0..5  kgm.  in  the  adult  will  cause  syncope. 
The  blood  pressure  becomes  greatly  reduced,  the  pulse 
becomes  small,  fluttering,  and  frequent,  owing  to  the  less- 
ened stimulation  of  the  vagus.  The  peripheral  vessels 
are  contracted,  the  skin  becomes  pale  and  cold,  while  in 
the  abdominal  vessels  there  is  usually  dilatation,  i.e..  hy- 
pertemia.  This  may  lead  to  stasis  as  a  result  of  t  he  weak- 
ened heart's  action.  As  soon  as  the  amount  of  blood 
sent  from  the  heart  becomes  too  small  to  sujiply  the  re- 
spiratory centres  in  the  medulla,  symptoms  of  asphyxia 
appear,  and  death  finally  takes  place.  This  may  result 
when  less  than  one-half  of  the  normal  amount  of  the 
blood  in  the  body  is  lost  if  there  is  a  sudden  auiemia  of 
the  nerve  centres.  The  loss  of  nuich  larger  amounts  may 
be  borne  if  the  hemorrhage  is  extended  over  a  long  period 
of  time.  Wlien  the  loss  of  blood  is  not  excessive,  the 
stimulation  of  the  vasomotor  centre  through  local  ana;- 
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mia  leads  to  contraction  of  the  vessels,  through  which 
means  the  pressure  is  graiiuallj'  raised.  The  fluid  mass 
of  the  blQod  is  quiclvly  replaced"  by  absorption  of  the  tis- 
sue fluids  through  the  activity  of  tlie  cells  of  the  blood- 
vessel -n-alls.  After  a  longer  period  of  time  complete  re- 
generation of  the  corpuscular  elements  takes  place.  In 
auhvdroemia  caused  by  the  sudden  removal  of  large  quan- 
tities of  fluid  from  the  body,  as  in  excessive  diarrhoeas, 
etc.,  the  effects  upon  the  circulation  are  practically  the 
same  as  those  resulting  from  hemorrhage.  In  chronic 
anaemias  due  to  long-continued  decrease  in  the  mass  of 
the  blood,  blood  pressure  is  lowered  and  the  heart  beat 
slowed.  The  circulatory  apparatus  gradually  adapts  it- 
self to  the  new  conditions,  and  both  heart  and  blood-ves- 
sels become  atrophic.  Atr())iliy  and  fatty  degeneration 
of  all  the  internal  organs  also  take  place.  Similar 
changes  take  place  in  the  forms  of  antemia  due  to  changes 
in  the  red  cells,  haemoglobin,  etc.  (see  Antemia). 

Local  ana'mia  or  ischs^mia  is  the  result  of  a  diminished 
flow  of  blood  to  certain  organs  or  tissues.  The  total  mass 
of  the  blood  may  be  normal,  or  the  local  an.Tmia  may  be 
coincident  with  a  general  anannia  due  to  changes  in  the 
blood  as  a  whole.  Local  deprivation  of  blood  supply  may 
he  caused  by  ligation,  obstruction,  embolism,  thrombosis, 
compression,  or  disease  of  the  vessel  walls,  or  any  cause 
whicli  may  act  as  an  obstruction  to  the  atferent  arteries 
of  the  parts  affected.  Collateral  local  an«mia  may  also 
occur,  but  plays  but  a  slight  pathological  role.  Local 
antemia  may  also  be  of  neurotic  origin,  dependent  upon 
increased  resistance  due  to  vasomotor  contraction. 

In  the  auiemic  area  there  results  a  slowing  and  diminu- 
tion of  the  blood  stream,  which  is  directly  proportionate 
to  the  degree  of  obstruction  of  the  artery.  If  the  vessel 
is  completely  occluded  the  blood  current  comes  at  once 
to  a  complete  stasis.  If  the  part  is  well  supplied  with 
anastomosing  collaterals  the  auwuiia  may  be  compensated 
by  an  increased  flow  tln-ough  the  branches,  which  event- 
ually become  greatly  dilated  and  hypcrtrophied.  so  that 
the  restoration  of  the  circulation  may  be  complete.  If 
the  aniemic  area  is  supplied  by  a  terminal  artery  which 
is  poorly  supplied  with  collaterals,  the  blood  of  the  part 
beyond  the  point  of  obstructiou  is  gradually  pressed  out 
by  the  contraction  of  the  tissues  about  the  vessels  until 
the  pressure  in  the  ana?mic  vessels  reaches  that  of  the 
capillaries  or  is  even  less  than  it,  so  that  a  backward  flow 
ma}'  take  place  to  a  slight  extent.  This  is  uot  sufficient 
for  the  nourishment  of  the  affected  area,  so  the  tissues 
thus  shut  off  from  nutrition  either  gradually  or  quickl_y 
die.  The  parenchymatous  cells  first  undergo  necrosis, 
later  the  endothelium  and  connective-tissue  cells.  Such 
a  dead  area  is  spoken  of  as  an  auainic  infarct. 

If  the  obstructed  artery  is  supplied  with  collaterals,  the 
blood  pressure  in  the  vessel  beyonil  the  obstruction  after 
sinking  to  a  certain  minimum  will  rise  again  because  of 
the  afflux  of  blood  from  the  collateral  veins  and  capilla- 
ries. If  these  are  capable  of  dilatation,  as  is  frequently 
the  case  under  normal  conditions,  the  nutrition  of  the 
part  ma.y  not  suffer  and  no  ana'mic  necrosis  follow.  For 
this  reason  the  obstruction  of  a  terminal  artery  in  the 
lung  or  in  the  mesentery  will  not,  under  normal  condi- 
tions, lead  to  infarction ;  but  if  the  circulation  in  these 
regions  is  already  so  disturlied  that  the  collateral  anasto- 
mosis does  not  yield  suftlcient  nutrition  to  the  part,  death 
will  result.  Since  the  blood-vessels  under  these  circum- 
stances contain  a  greater  or  less  amount  of  blood,  the 
damage  to  the  vessel  walls  leads  to  escape  of  the  blood 
either  by  diapedesis  or  rupture.  The  necrotic  tissue  then 
becomes  intiltrated  with  blood,  and  the  area  thus  affected 
is  known  as  a  hemorrhagic  infarct.  The  latter  is  in  fact 
only  an  anaemic  infarct  which  has  become  infiltrated  with 
blood  which  comes  into  the  damaged  area  from  neighbor- 
ing collaterals.  Ana-mic  infarcts  occur  in  the  "brain, 
heart,  liver,  spleen,  kidneys,  and  muscles;  hemorrhagic 
infarcts  onlj'  in  the  lungs  and  mesenterv. 

About  the  periphery  of  the  antemie  infarct  there  is  al- 
ways seen  a  narrow  zone  of  hemorrhage  and  congestion. 
This  is  in  reality  a  narrow  line  of  hemorrhagic  infarct 
surrounding  the  anaemic  area,  and  is  produced  by  the 


limited  collateral  anastomosis.  To  the  naked  eye  all 
anemic  tissues  appear  pale.  They  are  also  softer  than 
normal,  and  the  color  proper  of  the  tissue  is  more  dis- 
tinctly brought  out.  An  anaemic  infarct  is  graj'ish  or 
yellowish  in  color,  and  cheesy  in  consistence.  In  the 
■early  stage  it  is  elevated  and  outlined  by  a  narrow  zone 
of  bright  red.  Later  the  necrosed  area  becomes  con- 
tracted from  the  absorption  or  organization  of  the  infarct. 
Through  the  contraction  of  the  newly  formed  tissue  deep 
fissiircs  or  grooves  may  be  formed  in  the  surface  of  the 
organ.  The  fresh  hemorrhagic  infarct  of  the  lungs  is 
dark  red,  elevated,  and  firm ;  later  it  becomes  brown  and 
undergoes  softening  and  shrinking.  Since  the  ti.ssues  are 
dead  in  both  conditions  the  sequela'  of  both  anaemic  and 
hemorrhagic  infarctions  are  the  same  as  those  of  necrotic 
tissue  in  general:  absorption,  organization,  sequestration, 
calcification,  etc.  Obstruction  to  the  venous  outflow 
produces  a  danuning  back  of  blood,  which  nuiy  be  fol- 
lowed by  extensive  and  destructive  extravasations.  The 
term  hemori'liagic  infarct  has  also  been  applied  to  this 
condition,  but  it  seems  best  to  restrict  its  use  to  the 
anaemic  necrosis  which  is  followed  by  hemorrhage,  and 
to  classify  this  condition  under  hemorrhage.  The  rapid- 
ity and  completeness  of  the  development  of  a  collateral 
circulation  after  arterial  obstruction  depend  entirely 
upon  the  size  and  distensibility  of  the  collateral  branches. 
In  some  cases  small  capillaries  or  arterioles  become 
changed  iu  a  few  weeks  to  large-sized  vessels. 

Changes  in  Current. — As  a  result  of  varying  conditions 
in  and  around  the  blood-vessels,  retrograde  currents  may 
at  times  be  produced.  These  occur  most  frequently  in 
those  veins  subjected  to  pressure  resulting  from  muscu- 
lar activity.  Removal  of  abnormal  pressure  by  the  with- 
drawal of  pleuritic  and  peritoneal  effusions,  decrease  in 
the  intrathoracic  pressure,  etc.,  may  cause  a  reversed 
current  iu  the  large  veins  near  the  heart.  Compression, 
ligation,  and  obstruction  of  the  veins  from  any  cause 
may  lead  temporarily  to  the  production  of  abnormal  cur- 
rents. Collateral  local  hypenemia  may  have  the  same 
effect.  Such  abnormal  currents  play  an  important  part 
in  the  retrograde  metastasis  of  tumor  cells  and  infective 
emboli.  Eddies  are  also  occasionally  set  up  in  the  veins 
at  the  point  where  a  rapid  current  from  one  branch  is 
mingled  with  a  slow  one  coming  from  another.  As  these 
currents  of  different  velocities  come  together  eddies  are 
formed  which  may  favor  the  formation  of  a  thrombus. 

With  the  slowing  of  the  blood  current  in  any  vessel  the 
difference  between  the  peripheral  and  axial  zones  of  the 
stream  becomes  less  and  less  distinct.  When  a  certain 
degree  of  slowing  is  reached,  the  red  cells  pass  into  the 
peripheral  stream  and  this  difference  is  lost  altogether. 
A  clot  formed  on  the  vessel  wall  under  such  conditions 
will  be  composed  chiefly  of  red  cells.  If  the  current  is 
but  slightl}-  slowed,  the  peripheral  stream  contains  only 
leucocytes,  and  a  thrombus  formed  upon  the  wall  under 
these  conditions  will  be  composed  only  of  fibrin,  blood 
plates,  and  leucocytes.  Alternations  in  the  velocity  of 
the  current  will  "lead  to  the  formation  of  laminated 
thrombi.  However,  such  changes  in  current  do  not  al- 
ways in  themselves  lead  to  the  production  of  thrombosis. 

Stasis. — This  term  should  be  applied  to  the  complete 
stoppage  of  the  blood  current.  This  may  take  place 
either  when  the  vessels  are  full  of  blood  or  when  they 
are  empty;  hence  we  may  distinguish  an  anaemic  and  a 
hypera?mic  stasis.  In  the  former  the  vessel  is  collapsed 
and  the  red  cells  are  not  crowded  together.  Such  stoj)- 
page  may  occur  iu  collateral  anaemia  or  in  a  general  or 
local  anamiia  due  to  any  cause.  Hyperaemic  stasis  is 
more  common  and  is  subsequent  to  excessive  hyperaemia, 
in  which  the  red  cells  are  forced  into  the  vessels  under 
such  great  pressure  that  their  outUnes  cannot  be  made 
out.  The  dilated  vessel  appears  as  if  tilled  with  a  homo- 
geneous scarlet  mass.  If  the  obstruction  is  removed 
before  coagidation  takes  place,  the  red  cells  become  sep- 
arated and  the  circulation  is  restored.  If  the  ,stoppage  is 
of  long  duration,  thrombosis  takes  place.  Stasis  is  also 
produced  by  evaporation  (exposure  of  the  intestines  dur- 
ing laparotomy),  heat,  cold,  alcohol,  chloroform,  concen- 
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trated  su^ar  and  salt  solutions,  or  any  substance  which 
has  the  pnwcr  of  quickly  ahstnictiii:;  Hiiid  from  the 
blood,  in.jurinj:  the  vessel  wall,  or  causinj;  destruction  of 
the  blood  corpuscles.  As  a  result  of  stasis  a  gangrenous 
necrosis  of  the  affected  part  may  take  place. 

Ctnirjulitti'in. — Sooner  or  later  after  death  the  blood  in 
tlie  vessels  and  heart  undergoes  coagidatioii.  As  this 
usually  takes  (ilace  when  the  red  cells  are  uniforndy  dis- 
tributed Ihrcnighout  the  blood,  a  red  clot  is  formed  (eruor. 
currant-jelly  clot,  post-m<irtem  clot).  In  leuka'niic  blood 
tlie  postmortem  jelly  clot  may  be  yellowish  or  grayish 
throughout,  liaving  an  appearance  like  that  of  pus.  In 
the  heart  and  in  tlie  large  veins  the  red  cells  may  settle 
to  the  lower  side  of  the  vessel  before  coagulation  takes 
place,  so  that  after  clotting,  the  upper  layer  of  the  clot, 
wliich  may  contain  but  few  red  cells,  has  a  yellowish  or 
grayish  apjiearance  (post-mortem  mi.xed  clot).  Ante- 
mortem  clots  are  also  formed  iu  cases  of  slow  death, 
where  there  is  a  gradually  progressive  lieart  failure. 
Tliese  form  only  in  the  periplieral  stream  of  tlie  heart 
and  larger  vessels,  chietl\-  in  the  auricles  and  vena;  cavit. 
They  contain,  therefore,  few  red  cells  and  have  a  grayish 
or  yellowish  appearance.  The  greater  the  number  of 
leucocytes  contained  in  tiie  clot  the  more  yellow  its  color. 
Toward  the  axial  stream  the  clot  ma}'  contain  red  cells; 
or  when  the  current  is  greatly  slowed,  or  there  are  altera- 
tions of  rapid  and  slow  velocity,  the  ante-mortem  clot  may 
be  mixed  or  laminated.  Such  clots  are  not  infrequently 
mistaken  at  autopsy  for  thrombi.  They  can  be  distin- 
guished from  these  by  tlieir  consistence,  size,  position, 
and  the  fact  that  they  are  nowhere  adherent  to  the  vessel 
wall.  Coagulation  of  extravasatcd  blood  may  also  take 
place  either  in  the  tissues  or  in  any  of  the  body  cavities. 
Such  clots  are  usually  red,  Init  may  be  mixed  as  a  result 
of  tlie  settling  of  the  red  cells  before  coagulation  begins. 

Throriihtms. — If  coagulation  takes  place  within  the 
heart  or  vessels  during  life  as  a  result  of  changes  in  the 
vessel  wall,  in  the  blood  current,  or  in  the  quality  of  the 
blood  the  process  is  known  as  thrombosis,  and  the  result- 
ing clot  a  thrombus.  The  fir.st  stage  of  the  process  consists 
in  tlie  deposit  of  blood  plates  upon  the  intinia  at  the 
point  of  injury.  These  become  fused  into  a  granular 
mass,  leucocytes  collect  and  are  included  in  the  blood- 
plate  mass,  and  linally  stringy  fibrin  is  deposited.  If  the 
blood  current  is  strong  and  the  thrombus  does  not  extend 
into  the  axial  stream,  a  white  thrombus  will  be  formed, 
composed  only  of  hyaline  and  stringy  fibrin  with  a 
greater  or  less  number  of  leucocytes.  If  the  current  is 
very  slow,  a  red  thrombus  results  through  the  inclusion 
of  red  cells,  which  with  the  slowing  of  the  current  pass 
into  the  peripheral  stream;  or,  if  there  are  alterations  of 
velocity,  laminated  thrombi  maj'  be  formed. 

The  causes  of  thrombosis  are  to  be  referred  primarily 
to  changes  in  the  vessel  wall,  arteriosclerosis,  fatty  de- 
generation, calcification,  inflammation,  necrotic  processes, 
the  various  changes  in  the  vessel  wall  produced  by  the 
infections  and  intoxications,  direct  injury,  etc.  Impaired 
efficiency  of  heart's  action  from  any  cause,  dilatation, 
compression,  or  stricture  of  the  vessels  may  also  lead  to 
thrombosis.  Further,  changes  in  the  blood,  as  in  .super- 
ficial burns,  intoxications,  anaemia,  cachexia,  etc.,  favor 
coagulation. 

The  sequelae  of  tlirombosis  are:  contraction,  simple 
softening,  absorption,  purulent  softening,  organization, 
or  calcification.  Embolism  may  result  if  the  thrombus 
becomes  dislodged  and  is  carried  away  with  the  blood 
current.  Obturation  of  a  terminal  artery  by  thrombo- 
sis leads  either  to  hemorrhagic  or  amemic  infarction. 
Thrombosis  of  veins  produces  venous  stasis,  hemorrhage, 
etc.  The  most  favorable  sequela  is  organization,  the 
most  unfavorable  purulent  softening,  since  this  leads  to 
the  metastasis  of  emboli  containing  pus  organisms. 

Emhi'limi. — The  dislodging  of  a  portion  of  a  thrombus 
or  ante-mortem  clot  and  its  metastasis  by  the  blood  cur- 
rent to  other  parts  of  the  vascular  system  wliere  it  is  un- 
able to  pass  the  lumen  is  called  embolism,  and  the  portion 
of  clot  transported  is  called  an  embolus.  This  will  have 
the  same  structure  as  the  parent  thrombus;  but  after 


lodgment  in  a  vessel  a  secondaiy  thrombus  of  different 
structure  may  be  formed  upon  the  embolus.  The  se- 
(piela'  of  embolism  are  essentially  the  .same  as  those  of 
thrombosis.  Metastasis  may  take  place  either  in  the 
direction  of  the  current  (direct)  or  in  the  reversed  direc- 
tion (retrograde),  or  the  emb(]lus  may  pass  from  the  ve- 
nous to  tlie  arterial  .systiiii  tliniugli  a  patent  foramen 
ovale  or  ductus  Hotalli  (iiaradoxical  or  crossed  i-mbolism). 

lIciiKirr/tiir/f. — Any  escaiie  of  blood  from  the  vascular 
system  is  styled  a  hemorrhage.  This  may  take  place 
either  liy  rupture  (rhexis)  or  by  diapedesis.  In  the  lat- 
ter form  the  constituents  of  the  blood  pass  through  the 
ves.sel  walls  without  apiireciable  lesidu  of  the  latter. 
Hemorrhage  from  arteries  occurs  by  rhexis  only,  from 
veins  and  capillaries  by  liotli  rhexis  and  diapedesis.  The 
size  of  the  hemorrhage  bears  no  distinct  relation  to  the 
manner  of  escape.  Large  hemorrhages  may  be  caused 
by  either  rhexis  or  diapedesis.  The  causes  of  hemor- 
rhage by  rhexis  are:  mechanical  injury,  diseased  condi- 
tions of  ves-sel  wall,  increase  of  intravascular  pressure, 
and  decrea.se  of  external  pressure.  In  the  arteries 
changes  of  pressure  are  not  in  themselves  sutlicieiit  to 
cause  hemorrhage,  but  in  the  small  veins  and  ( iijiillaries 
marked  disturbances  of  pressure  may  lead  to  rupture. 
Diapedesis  is  cau.sed  by  an  increased  permeal)ility  of  the 
vessel  wall  in  association  with  a  rise  of  pressure  in  the 
veins.  Passive  hypera>mia.  stasis,  mechanical,  thermal, 
and  chemical  lesions  of  the  walls,  disturbances  of  nutri- 
tion, etc.,  may  all  lead  to  diapedesis.  Neurotic  diapede- 
sis also  occurs  in  connection  with  disturbances  of  the 
vasomotor  system,  arising  either  from  the  central  ner- 
vous system,  lesion  of  the  conducting  nerve  fibres,  or  re- 
flexl_v.  Vicarious  menstruation,  stigraatization,  etc.,  are 
to  be  included  in  this  class.  A  tendency  to  hemorrhage 
is  called  ha-mophilia;  this  may  be  either  congenital  or 
acquired.  The  former  is  an  inherited  condition,  the  path- 
ology of  which  is  unknown.  Acquired  luemophilia 
occurs  in  all  forms  of  severe  infections,  in  the  various  pur- 
puras, in  disease  of  the  blood,  in  many  intoxications,  etc. 
The  sequela'  of  hemorrhage  are  ananiia  which  is  directly 
proportionate  to  the  amount  of  blood  lost,  ab.sorjition  or 
organization  of  the  extravasate,  formation  of  hamatoidin 
and  ha'mosiderin  from  the  broken-down  ha-moglobin.  etc. 

(Edema. — The  fluid  of  the  tissues  (lynipli)  is  essentially 
a  secretion  of  the  cells  of  the  blood-vessel  walls.  When 
the  amount  of  this  fluid  is  increased  to  an  abnormal  de- 
gree so  that  the  tissue  spaces  are  over-filled  with  it,  the 
resulting  condition  is  known  as  oedema  (dropsy,  hydrops). 
This  pathological  increase  of  the  Ij'mph  is  in  all  cases 
chiefly  due  to  an  increased  activitj'  of  the  secretor}-  cells 
of  the  vessels.  This  is  shown  by  the  fact  that  the  fluid  of 
cedema  contains  less  albumin  and  frequently  more  extrac- 
tives than  the  blood,  that  its  chemical  nature  in  different 
portions  of  the  body  differs,  and  that  its  production  is 
under  nervous  control.  Further,  the  specific  function  of 
the  capillary  walls  may  be  excited  by  injection  of  certain 
substances,  hypnotic  suggestion,  etc.  The  accumulation 
of  the  vascular  secretion  in  the  tissues  may  be  due  to  stag- 
nation of  the  blood  stream,  obstruction  to  the  outflow  of 
l3'niph,  pathological  alterations  in  the  walls  of  the  capil- 
laries altering  their  secretion,  and  stimulation  of  the  vas- 
cular secretion  by  decrease  of  the  pressure  external  to  the 
vessels  {mloiia  ex  meuo).  Under  ordinary  conditions  nei- 
ther stagnation  o£  the  blood  nor  obstructioti  to  the  out- 
flow of  lymph  is  sufficient  in  itself  to  cause  a'dema:  but 
in  the  first  case  it  is  probable  that  the  high  pressure  stim- 
ulates the  ves.sel  walls  to  increased  activity.  The  patho- 
logical changes  in  the  walls  of  the  capillaries  and  veins 
leading  to  increased  vascular  secretion  may  be  either 
toxic,  infectious,  mechanical,  thermal,  nutritional,  or  ner- 
vous in  origin.  Clinicallj'  the  following  varieties  of 
cedema  are  descriljed :  stagnation,  inflammatory,  hydre- 
mic, cachectic,  and  neuropathic.  The  fiuid  of  inflamma- 
tory a?deraa  contains  more  albumin,  and  is  probably 
partly  derived  from  the  direct  escape  of  the  blood  con- 
stituents. It  may  be  collateral,  occurring  in  the  neigh- 
borhood of  inflammations. 

Ilydra'mia  only  favors  the  production  of  oedema,  but 
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does  not  in  itself  cause  it.  The  oedema  of  nephritis  is 
more  probabl.v  due  to  the  changes  in  the  vessel  walls, 
caused  by  the  alterations  in  the"'blood.  The  (vdema  of 
anaemia  liiay  be  explained  in  the  same  way.  OEdema  ex 
vacuo  occurs  chiefly  in  the  central  nervous  system  fol- 
lowing a  loss  of  a  part  of  the  nerve  tissue.  The  local 
defect  becomes  filled  with  fluid  resembling  in  character 
that  of  the  cerebrospinal  fluid.  It  is  produced  by  an 
increased  secretion  from  the  capillaries  which  is  probably 
caused  by  the  decreased  pressure  around  the  vessels. 
ffidematous  tissue  is  swollen,  boggy,  inelastic,  and  pits 
when  pressed  upon  by  the  finger.  Extensive  oedema  of 
the  skin  and  subcutaneous  tissues  is  known  as  anasarca 
or  hyposiU'ca.  When  the  condition  is  very  extreme  rup- 
ture" of  the  skin  may  take  place  and  the  fluid  escape. 
Incision  or  trocar  puncture  may  be  of  service  in  allowing 
escape  of  the  fluid.  Collections  of  fluid  in  the  thorax 
(hydrothorax)  and  peritoneal  cavity  (ascites)  may  be  re- 
moved by  tapping. 

Distiirbanan  of  Lymphatic  Circulation. — The  lymphatic 
circulation  through  the  thoracic  duct  or  larger  lymph 
vessels  may  be  obstructed  by  pressure  from  tumors,  in- 
flammations, invasion  of  lumen  by  new  growths,  etc. 
Local  cedemas  may  result,  but  this  is  not  always  the  case 
even  when  the  thoracic  duct  is  obstructed,  as  the  lymph 
vessels  have  elaborate  anastomoses,  and  collateral  chan- 
nels may  be  opened  which  suffice  to  carry  off  the  excess 
of  the  lymph.  Obstruction  of  large  lymph  tnmks  will, 
however,  increase  an  wdenia  already  resulting  from  ex- 
cessive vascular  secretion.  Escape  of  lymph  (lymphor- 
rhagia)  is  caused  by  interruption  of  the  continuity  of  a 
large  lymphatic.  Since  the  pressure  in  the  lymphatic 
circulation  is  practically  the  same  as  that  of  the  tissues, 
lymphorrhagia  can  take  place  only  from  a  surface,  either 
externally  or  in  a  body  cavity.  The  escape  may  be 
checked  by  very  slight  pressure.  Rupture  of  the  tho- 
racic duct  is  the  most  important  and  dangerous.  It  is  usu- 
ally traumatic  in  origin,  but  may  be  the  resvdt  of  inflam- 
matory processes  involving  the  duct,  or  it  may  be  caused 
by  obstruction  or  compression  of  the  duct  b)'  tumors. 
As  a  result  of  such  a  lesion  lymph  may  be  poured  out 
into  the  thoracic  or  abdominal  cavity  (chylous  hydro- 
thorax,  chylous  ascites,  etc.).  If  the  opening  in  the 
lymphatic  vessel  is  permanent,  a  lymph  fistula  may  re- 
sult from  which  there  is  a  permanent  oozing  of  lymph. 
In  this  way  large  quantities  of  fluid  may  be  lost  and 
serious  disturbances  of  nutrition  may  result. 

Clij'le  may  also  appear  in  the  urine  as  a  result  of  ob- 
struction of  the  abdominal  lymphatics,  which  in  turn 
leads  to  dilatation  of  the  lymphatics  of  the  bladder  wall. 
From  the  rupture  of  the  latter  chyle  escapes  and  be- 
comes mingled  with  the  urine.  Chyluria  is  associated 
with  the  presence  of  the  filaria  sanguinis;  but  the  exact 
relations  between  the  parasite  and  the  changes  leading 
to  chyluria  have  not  as  yet  been  satisfactorily  cleared 
up.  Metastasis  of  tumor  cells,  micro-organisms,  etc., 
also  takes  place  through  the  lymph  channels  (Ij'mphog- 
enous  metastasis),  and  may  be  either  direct  or  retro- 
grade. The  latter  plaj'S  a  very  important  role  in  the 
metastasis  of  carcinoma.  (See  Coagulation,  Embolism, 
Hemorrhage,  (Edema,  Thromboais,  etc.) 

Aldred  Scott  Warthin. 

CIRCUMCISION.  — (Synonyms:  Posthectomy:  Lat., 
Circumciisio ;  Fr.,  Circoncimon ;  Ger.,  Besch'neidung.) 
Circumcision  is  the  partial  or  complete  removal  of  the 
prepuce  or  foreskin.  The  operation  is  performed  as  a 
religious  rite,  and  as  a  hygienic  or  therapeutic  measure 
In  congenital  or  acquired  phimosis  and  in  some  other  dis- 
eases of  the  prepuce  and  i)enis.  Among  females  in  Ara- 
bia, Egypt,  Nubia,  and  some  other  portions  of  Asia  and 
Africa,  travellers  have  observed  a  similar  custom,  consist- 
ing of  amputation  of  the  labia  minora  or  mutilation  of 
the  clitoris. 

As  a  religious  rite,  circumcision  is  a  practice  of  great 
antiquity  and  geographical  extent.  'While  most  com- 
monly performed  among  the  Hebrews  and  Arabians,  it  is 
frequently  observed  by  travellers  in  other   portions  of 


Asia  and  Africa  where  the  origin  of  the  custom  is  easily 
traced,  and  it  is  also  seen  in  parts  of  South  America,  in 
the  islands  of  the  Pacific  Ocean,  in  Madagascar,  and  in 
other  places  where  no  clue  to  its  origin  has  yet  been  dis- 
covered. The  Hebrews  are  supposed  to  liave  derived 
their  knowledge  of  circumcision  from  the  Aral)ians  or 
Egyptians,  most  probably  the  latter,  among  whom  the 
practice  originated,  according  to  Herodotus.  An  inter- 
esting account  of  the  operation  as  performed  in  Algiers 
is  given  by  Tarneau.  in  Gazette  (ks  ILipitatu;  18.5.5,  and 
referred  to  by  Hamdy  in  his  monograph  on  circumci- 
sion, which  also  gives  much  valuable  information  of  the 
history  of  the  operation  (Hamdy,  "  De  la  circoncision"). 
The  age  at  which  the  operation  is  performed  varies  in 
different  places.  The  Hebrews  operate  on  the  eighth 
da}',  as  is  also  done  in  Algiers,  while  generally  the  Ara- 
bians wait  until  the  tenth  or  thirteenth  year,  the  age  of 
puberty.  The  operation  consists  essentially  of  three 
parts:  circular  section  of  the  extremity  of  the  prepuce, 
tearing  of  the  remainder  of  the  prepuce  to  the  corona, 
and  denudation  of  the  glans,  and  suction  of  the  wound 
and  penis  by  the  operator.  Hemorrhage  is  arrested  by 
styptics,  powdered  coral,  or  generally  tannin:  and  siili- 
ple  dressings  are  applied  to  prevent  the  inner  layer  of  the 
prepuce  from  again  covering  the  glans  penis.  As  the 
operation  has  too  frequently  been  performed  by  luiskil- 
ful  and  dirty  hands,  serious  complications  and  fatal  re- 
sults have  often  followed.  Cases  of  death  from  exces- 
sive hemorrhage  and  inflammation  can  be  found  in  the 
literature  of  the  operation,  as  well  as  cases  of  various  un- 
toward complications,  for  example,  wounds  of  the  glans 
penis  or  urethra.  Much  has  been  said,  too,  of  the  dan- 
ger of  transmission  of  syphilis  in  the  disgusting  third 
part  of  the  operation,  whether  from  the  operator  to  the 
patient,  or  occasionally  from  the  patient  to  the  operator. 
The  prepuce  consists  of  two  folds  of  integument,  .sep- 
arated by  very  loose  connective  tissue,  that  cover  and 
protect  the  glans  penis.  They  meet  and  become  contin- 
uous at  the  preputial  orifice  or  end  of  the  foreskin, 
which  is  usuall}'  the  narrowest  ]iart  of  the  prepuce,  al- 
though sufficiently  large  in  adults  to  allow  the  prepuce 
to  be  retracted  so  as  to  expose  the  glans.  At  birth  the 
prepuce  is  longer  than  the  penis,  and  its  orifice  narrow, 
often  preventing  exposure  of  the  glans,  so  that  a  greater 
or  less  degree  of  congenital  phimosis  is  pretty  constant. 
The  inner  surface  of  the  prepuce  at  this  time  emljraces 
the  glans  closely,  especially  at  the  corona  where  there 
is  generally  a  little  circle  of  adhesions.  Sometimes  the 
prepuce  and  penis  are  adherent  over  a  much  greater  ex- 
tent of  surface,  either  in  little  jiatches  at  various  parts 
'  of  the  glans,  or  from  the  corona  to  the  meatus.  The  ad- 
hesions are  generally  easy  to  subdue,  partaking  more  of 
the  nature  of  agglutinations  than  of  firmly  organized 
tissue.  They  are  apt  to  be  the  source  of  local  irritation, 
and  to  cause  the  retention  of  the  secretion  of  the  glands 
of  T.yson,  or  smegma  prfeputii.  It  occasionally  happens 
that  the  prepuce  is  imperforate,  a  condition  that  soon 
makes  itself  manifest  and  is  easily  recognized.  The  child 
passes  no  urine,  and  a  soft,  fluctuating,  transparent  tu- 
mor forms  slowly  on  the  penis.  As  the  tumor  grows  it 
pulls  upon  the  skin  of  the  scrotum  and  (lubes.  and  an 
inspection  shows  that  there  is  no  preputial  orifice.  An 
incision  must  be  made  as  soon  as  possible  to  allow  the 
escape  of  urine,  but  circumcision  had  better  be  deferred 
to  a  later  period,  when  it  may  be  unnecessary  to  do  more 
than  trim  up  unsightly  flaps.  In  childhood  there  are 
not  many  changes  in  the  prepuce:  the  few  erections  rup- 
ture a  part  of  the  congenital  adhesions.  Attacks  of  bal- 
anitis or  posthitis  may  result  from  the  decomposition  of 
retained  smegma  and  give  rise  to  contraction  of  the  pre- 
putial orifice,  or  new  adhesions  between  the  prepuce  and 
the  glans.  A  child  with  phimosis  and  an  unhealthy  lo- 
cal condition  may  have  no  sjniptoms,  and  at  puberty, 
with  the  changes  that  occur  in  the  penis,  the  phimosis 
may  disappear.  But  if  there  are  dysuria  or  reflex  symp- 
toms arising  from  the  phimosis,  operative  interference 
is  essential,  not  only  to  relieve  the  immediate  trouble, 
but  as  a  prophylactic  against  various  conditions  appar- 
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ently  (le|Hiulent  on  it,  as  varicocolp,  hernia,  some  oases 
of  nuistnrhatiou.  etc.  (see  article  P/tu/um's).  At  niiber- 
ty  tlie  glans  increases  in  size,  erections  become  more  fre- 
quent anil  stronjr,  and  usually  liestroy  any  remaininj,' 
ailhesious,  while  they  dilate  the  prepulial  oriliee  so  that 
the  phinio.sis  disappeai's.  If  any  adhesions  still  persist 
they  are  strong  and  lirni,  and  may  prevent  the  develop- 
ment of  the  irlans.  and  be  the  cause  of  painful  erections, 
tenderness  of  the  penis,  etc.,  as  well  as  of  other  .symp- 
toms more  or  less  evidcnily  dependent  on  the  local  con- 
dition. Such  a  condition  is  best  remedied  liy  circumci- 
sion, and,  indeed,  it  is  a  question  of  considerable  int<'rest 
and  importance  whether  it  is  not  desirable  to  perform 
circumcision  at  an  early  age  as  a  hygienic  and  prophy- 
lactic measure.  The  outer  lamella  of  the  pre])nee  is 
contimious  near  the  corona  glandis  with  the  integument 
that  covers  the  body  of  the  penis.  One  should  remem- 
ber the  elasticity  of  this  integun\ent  and  the  la.vity  of  its 
subcutaneous  tissue,  and  avoid  undue  traction  ujion  it 
in  |ierfcirming  circumcision,  or  it  may  happen  that  when 
the  skin  has  been  drawn  forward  and  amputated,  an  vm- 
e.xpi-ctedly  large  surface  of  the  prepuce  will  be  found 
denuded,  or  tliere  may  be  a  circular  wound  near  the 
mi<ldle  of  the  penis  while  the  parts  covering  the  glans 
have  entirely  escaped  the  knife.  Such  an  accident  is 
usually  a  surprise  to  the  operator,  and  may  be  followed 
by  disagret'able  deformities  from  subsequent  cicatricial 
contraction.  Under  the  circumstances,  the  best  course 
to  pursue  is  to  relieve  the  jihimosis  for  which  the  opera- 
tion has  been  undertaken,  by  a  dorsal  incision,  without 
removing  any  more  integument,  and  after  careful  arrest 
of  hemorrhage  to  approximate  the  edges  of  the  circular 
wound  as  well  as  possible  by  sutures  and  endeavor  to 
secure  primary  union.  The  inner  surface  of  the  preinicc 
is  retlecteil  forward  from  the  corona  glandis  to  the  oriliee 
of  the  foreskin.  In  its  ordinary  condition,  protected 
from  friction,  and  lubricated  by  the  natural  secretions  of 
the  part,  it  is  soft,  pliable,  moist,  and  so  much  resem- 
bles a  mucous  surface  that  it  is  usually  referred  to  as  the 
"mucous  membrane,"  in  distinction  from  the  ".skin"  or 
outer  layer  of  the  prepuce.  This  layer,  and  not  the 
skin,  is  usually  affected  in  phimosis.  The  constriction 
is  usually  at  the  meatus,  although  it  may  be  anywhere 
between  there  and  the  corona.  The  fra'num  praputialis 
is  a  small  triangular  fold  of  the  inner  layer  of  the  pre- 
puce, is  inserted  near  the  meatus  of  the  urethra,  and 
when  too  short  may  interfere  with  retraction  of  the  pre- 
puce, pulling  the  penis  downward  and  producing  pain. 
On  each  side  of  it,  near  the  median  line,  are  the  arteries 
of  the  fra-num.  When  these  are  divided  in  circumcision 
they  may  lie  the  source  of  troublesome  hemorrhage;  ac- 
cordingly the  operator  is  directed  in  most  of  the  text- 
books to  avoid  them  if  possible.  AVhere  the  framum  is 
short,  it  is  better  to  disregard  this  precept  and  divide  the 
fra?num  thoroughly,  or  remove  a  portion  of  it,  and  be 
prepared  to  place  fine  catgut  ligatures  on  the  arteries 
that  bleed. 

A  considerable  number  of  operative  procedures  have 
been  suggested  and  practised  by  different  surgeons,  hav- 
ing in  view  the  more  accurate  removal  of  the  redimdant 
preimce.  anil  the  coaptation  of  the  wound  surfaces. 
They  fall  into  three  classes:  jireliminary  incision  of  the 
prepuce,  dilatation,  and  ain|iutatiou  of  the  prepuce  with- 
out previous  incision  or  dilatation.  The  preliminary  in- 
cision is  usually  made  on  the  dorsum  of  the  prepuce,  as 
far  liack  as  the  corona,  and  the  two  flaps  thus  formed  are 
carefully  trimmed  away.  The  incision  may  be  made 
with  a  pair  of  blunt-pointed  scis.sors  or  a  Instoury.  The 
liistoury  may  l)e  inserted  into  the  preputial  oriliee  on  a 
director,  or  the  point  may  be  protected  by  a  little  lump 
of  wax  and  the  bistoury  passed  with  the  side  to  the  glans 
as  far  as  the  corona,  then,  turning  the  back  to  the  glans, 
the  point  is  pushed  through  the  foreskin,  which  is  di- 
vided by  drawing  the  bistoury  forward.  The  trimming 
of  the  flaps  may  be  facilitated  by  the  use  of  curved  for- 
ceps applied  so  as  to  leave  out  the  portion  that  is  to  be 
removed.  Instead  of  making  this  division  the  prepuce 
may  be  dilated  and  cotton  stuffed  between  the  prepuce 


and  penis,  but  this  is  a  tedious  and  sometimes  impossible 
process,  and  has  no  aiivantages  beyond  the  greater  facil- 
ity of  applying  needles  and  sutures  in  the  prepuce,  so  as 
to  render  tlie  coaptation  of  the  surfaces  more  accurate. 
The  incision,  however,  is  of  great  value,  especially  where 
there  is  rea,son  to  believe  that  a  constricteil  prepuce  con- 
ceals a  venereal  sore  that  cannot  be  disinfected.  Here  a 
comparatively  small  incision  allows  the  sore  to  be  ex- 
posed, and  after  it  has  lieen  disinfected  or  has  cicatrized, 
the  tnisighlly  flaps  may  be  trimmed  off,  In  such  cases 
it  often  hapiicns  that  so  much  tissue  has  been  destroyed 
by  the  ulcerative  process  that  there  is  no  excess  of  tissue 
when  the  woiuid  has  healed.  The  most  simple  and  rajiid 
method  of  circumcision  is  by  a  transverse  incision  made 
obliquely  from  behind  forward  and  above  downward,  in 
the  direction  of  the  margin  of  the  corona  glandis,  the 
glans  being  carefully  protected  from  the  cutting  instru- 
ment. The  prepuce  may  be  drawn  forward  with  the  lin- 
gers or  with  forcejjs,  and  the  glans  may  be  i)rotecteil  by 
Ricord's  forceps  or  the  handles  of  a  pair  of  scis.sors  or 
other  instrument  applied  obliiiuely.  To  insure  division 
of  the  prepuce  at  the  proper  place,  if  the  eye  cannot  be 
trusted,  it  is  well  to  mark  with  ink  or  iodine  on  the  ]ne- 
puce  at  the  point  where  the  corona  glandis  underlies  in 
a  natural  condition  of  the  parts,  and  to  make  the  section 
a  very  little  in  front  of  this  level.  Uicord  made  the 
mark  two  lines  fiom  the  corona,  and  after  applying  for- 
ceps transfixed  the  prepuce  with  needles  along  the  line 
.so  as  to  secure  accurate  apposition  of  the  two  jireputial 
layers  after  removing  the  prepuce.  Other  surgeons, 
however,  sometimes  remove  more  or  less  of  the  two  lay- 
ers. Dieffenbach  and  Redreau  removed  all  the  nuicoiis 
surface,  leaving  enough  of  the  outer  to  cover  partially 
the  glans.  After  the  prepuce  has  been  drawn  forward 
and  divided,  the  forceps  or  other  protecting  instrument 
is  removed,  and  the  integument  slides  liack  on  the  |)enis, 
while  the  inner  layerof  the  prepuce  still  covers  the  glans. 
This  may  either  be  turned  back  if  there  is  no  constriction, 
or  divided  as  far  as  the  corona  by  cutting  or  tearing  on 
the  dorsum.  The  two  flaps  thus  formed  may  be  left  or 
trimmed  away ;  it  is  genendly  preferable,  with  a  pair  of 
curved  scissors  and  forceps,  to  cut  away  evenly  on  all 
sides,  leaving  about  a  quarter  of  an  inch!  At  the  same 
time  that  this  layer  is  turned  back  any  adhesiims  are 
carefully  broken,  or  if  firm,  cut  through',  doing  as  little 
damage  to  the  penis  as  possible.  All  hemorrhage  should 
be  carefully  arrested,  tine  catgut  ligatures  being  used  for 
the  purpose.  The  edges  of  the  two  layers  are  then  uni- 
ted by  tine  sutures,  which  luay  be  cither  of  horsehair, 
silk,  or  catgut.  A  continuous  catgut  suture  is  very  use- 
ful, but  if  many  stitches  are  used  there  is  apt  to  be  con- 
siderable swelling  of  the  jiarts  from  the  contusion  and 
handling.  In  young  children  it  is  not  necessary  to  use 
sutures,  as  the  dressing  prevents  the  inner  layer  from 
again  covering  the  glans.  and  retains  the  partsin  sufli- 
ciently  close  apposition  for  union  to  take  place  readily. 
If  silk  or  horsehair  sutures  are  u.seil  they  should  be  re- 
moved on  the  fourth  day.  Instead  of  sutures,  the  parts 
may  be  held  together  by  serresfines,  but  these  are  apt  to 
fall  off  as  the  patient  recovers  from  ether  and  maj'  ex- 
cite erections.  If  they  are  used  they  should  all  be  re- 
moved by  the  end  of  twenty-four  lioi  rs.  Before  the 
operation  an  attempt  should  be  made  to  disinfect  the 
parts,  and  antiseptic  dressings  should  be  applied.  In 
children  it  is  impossible  to  prevent  the  soiling  of  the 
wound  by  urine,  but  in  adults,  with  care,  pretty  thor- 
ough asepsis  may  be  preserved.  After  urine  has  been 
passed  the  woimd  should  be  thoroughly  cleansed  with 
some  disinfecting  solution  and  a  new  dressing  applied. 
In  children,  cold-water  compresses  and  weak  carbolic 
acid  solutions,  or  a  light  dressing  of  iodoformized  gauze 
are  as  useful  as  any  elaborate  dressing,  and  may  be  fre- 
quently renewed. 

The  operation  should  not  be  performed  without  some 
ana?sthetic.  For  the  surgeon's  comfort  a  general  an«s- 
thetic  is  the  most  sjitisfactory.  but  there  are  many  cases 
in  which  local  ana'Sthesia  may  well  lie  em|)loyed.  Co- 
caine or  eucaine  may  be   used,  or   Schleichs   mixture 
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for  producing  analgesia  (see  Anmstheda,  Load).  With 
very  young  children  and  when  older  patients  are  ner- 
vous and  emotional,  it  is  not  wise  to  use  the  local  anal- 
gesia on  account  of  the  alarm  that  is  produced  by  the 
preparations  for  and  procedures  during  the  operation. 
On  the  other  hand,  in  the  case  of  adults,  there  may  be 
such  a  complete  absence  of  pain  and  fright  that  the  pa- 
tient can  himself  assist  the  surgeon  in  the  operation  if 
necessary. 

In  some  cases,  especially  where  there  is  danger  of 
hemorrhage,  the  patient  suffering  from  hemophilia,  the 
ecraseur,  the  galvano-cautery,  or  caustics  have  been  sub- 
stituted for  the  knife  or  scissors,  but  they  can  hardly  be 
recommended. 

The  operation  is  liable  to  be  followed  by  the  ordinar}- 
diseases  of  wounds,  but  as  it  is  frequently  performed  by 
unskilful  hands,  it  has  perliaps  had  more  serious  se- 
quelae than  other  equally  simple  operations.  As  already 
stated,  it  occasionally  happens  that  too  much  integument 
is  taken  away,  in  consequence  of  which  there  are  inflam- 
mation and  suppuration,  and  finally  a  contracted  cicatrix. 
Too  little  integument  is  more  often  removed,  and  the 
phimosis  returns  after  cicatrization.  The  glans  penis  or 
urethra  may  be  injured,  and  severe  hemorrhages  and  de- 
forming cicatrices  may  result.  Occasionally,  in  tearing 
adhesions,  the  glans  penis  is  much  damaged,  with  the 
same  result.  Severe  inflammation,  and  even  death,  may 
be  the  consequence.  Severe  and  fatal  hemorrhage  may 
occur  from  small  vessels  of  the  prepuce  Oi  from  arteries 
of  the  fra-num,  or  from  wounds  of  the  glans  penis. 
From  various  causes  the  subsequent  inflammation  and 
suppuration  may  be  very  severe.  Jacobi  ("'  Diphtheria") 
gives  a  number  of  cases  in  wliich  the  wound  has  been  tl:e 
seat  of  the  diphtheritic  processin  epidemics  of  diphtheiia, 
and  Hueter  ("Chirurgic '')  mentions  fatal  cases  from 
phlegmonous  erysipelas  and  gangrene.  Gangrene  of  tic 
penis  and  retention  of  urine  may  also  result  from  tight 
bandages,  or  from  a  thread  of  circular  dressings  becom- 
ing detached  and  buried  in  the  swollen  tissues  at  the 
corona.  The  latter  are  exceedingly  difBcult  to  discover 
and  remove  from  the  tissues,  in  which  they  may  sink 
deeply.  Retention  of  urine  is  usually  reflex,  and  should 
be  relieved  by  the  use  of  soft  catheters.  Primary  imion 
may  fail  from  infection  of  the  wound  with  chancroidal 
virus,  the  infection  usually  becoming  evident  about  the 
third  day.  Free  cauterization  is  necessary,  either  with 
the  Paquelin  cautery  or  by  means  of  some  of  the  acids. 
Excessive  inflammation  or  erections  may  delay  the  union 
of  the  wound.  Erections  are  very  common,  and  in  the 
swollen  and  tender  condition  of  the  part  usually  very 
painful.  To  prevent  them  it  is  well  to  keep  the  patient 
on  a  low  diet,  and  to  prevent  constipation.  Of  drugs, 
bromide  of  potassium,  lupulin.  opium  suppositories,  sup- 
positories or  urethral  injections  of  iodoform,  camphor, 
etc.,  are  used.  Union  may  also  be  prevented  by  patients 
who  masturbate,  so  that  the  inefficiency  of  the  operation 
as  a  cure  for  that  trouble  becomes  very  apparent.  The 
oedema  of  the  parts  on  the  second  or  third  day  after 
the  operation  is  generally  due  to  rough  handling  dur- 
ing the  operation.  The  clamp  may  be  applied  too 
tightly,  or  the  parts  be  much  contused  in  placing  nu- 
merous sutures. 

The  indications  for  the  operation  are.  in  children,  con- 
genital phimosis  when  accompanied  by  hydrocle.  or 
hernia,  balanitis,  preputial  calculi.  "  ballooning  "  of  the 
prepuce  in  voiding  urine,  or  by  general  or  special  reflex 
symptoms  which  may  depend  upon  the  local  condition, 
as  d\"suria,  convulsions,  epilepsy,  spasmodic  contrac- 
tions. In  adults  the  operation  is  indicated  for  the  same 
set  of  troubles  as  in  children,  and  for  phimosis  dependent 
upon  inflammation,  excited  by  venereal  sores,  gonorrhoea, 
etc.,  as  well  as  for  simply  redundant  prepuce  witliout 
phimosis,  when  there  are  any  local  irritation  or  reflex 
symptoms,  as  spermafon-hoea. 

The  operation  should  be  postponed  when  the  parts  are 
in  a  condition  of  acute  inflammation,  except  when  there 
is  a  sanious  discharge  from  the  meatus.  In  this  case,  as 
there  is  probably  a  sloughing  sore  or  severe  inflamma- 


tion, the  dorsal  incision  should  be  first  practised  to  en- 
able local  measures  to  be  efficiently  applied.  The  opera- 
tion should  not  be  done  when  the  patient  is  known  to 
be  a  "bleeder,"  or  when  very  feeble  and  anaemic,  or  suf- 
fering from  febrile  or  severe  constitutional  disease,  im- 
less,  indeed,  there  may  be  some  verj-  urgent  symjitoms. 
Here,  generally,  the  complete  circumcision  should  be  de- 
ferred and  the  dorsiil  incision  practised. 

It  is  still  a  mooted  point  whether  hygiene  demands  cir- 
cumcision at  an  early  age.  It  is  certain  that  many  cases 
of  varicocele  and  hernia  are  due  to  the  straining  in  mictu- 
rition and  the  handling  of  the  penis  by  young  children. 
In  general,  however,  congenital  phimosis  does  no  harm, 
and  disappears  at  puberty.  On  the  whole,  it  seems  best 
to  await  .some  local  disorder  or  consecutive  trouble,  and 
to  urge  circumcision  at  the  first  sign  of  local  irritation, 
or  when  general  symptoms  appear  in  connection  with  a 
phimosis.  ]yilliam  G.  Le  BoutilUer. 

CIRRHOSIS.    See  iira-.     {Pathological.) 

CITRAL.— (CoH.eO).  This  is  the  active  constituent 
of  oil  of  lemon,  which  contains  7.5  per  cent.,  more  than 
any  other  oil,  though  it  is  found  in  other  fruits  of  that 
family  and  in  many  other  volatile  oils  of  widely  differ- 
ent botanical  origin.  It  is  a  liquid  of  a  yellow  color 
and  a  specitie  gravity  of  about  0.899.  It  is  subject  to  the 
same  uses  as  oil  of  lemon,  and  may  be  advantageously 
substituted  for  it,  in  doses  about  one-tenth  as  great. 

Henry  11.  liu.ihi/. 

CITRIC  ACID.— Citric  acid,  HjCJIsO^.H^O.  is  the 
agreeably  flavored  acid  of  lemons  and  limes,  and  occurs 
also  in  other  fruits,  such  as  the  cranberry,  currant,  straw- 
berry, and  raspberry.  It  is  official  in  the  United  Sfates 
Pharmacopoeia  as  Acidum  Citricum,  Citric  Acid,  and  oc- 
curs in  "colorless,  translucent,  right-rhombic  prisms: 
odorless:  having  an  agreeable,  purely  acid  taste;  efflores- 
cent in  warm  air,  and  deliquescent  when  exposed  to  moist 
air.  Soluble  at  1,5'  C.  (o9°  F.),  in  0.63  part  of  water,  and 
in  1.61  parts  of  alcohol ;  in  about  0.4  part  of  boiling  water, 
and  in  1.43  parts  of  boiling  alcohol,  also  soluble  in  18 
parts  of  ether"  (U.  S.  P.).  On  heating,  citric  acid  losea 
its  water  of  crystallization  and  melts. 

Citric  acid  is  the  most  agreeably  flavored  of  the  sour 
so-called  organic  acids,  and  makes,  in  aqueous  solution, 
a  grateful  artiflcial  lemon  juice.  In  concentrated  solu- 
tion the  acid  is  irritant,  but  not  corrosive  nor  specifically 
poisonous.  A  six-percent,  solution  of  citric  acid  in 
water  about  equals  in  strength  good  lemon  juice,  and  if, 
before  solution,  a  drop  or  two  of  the  essential  oil  of  lem- 
on be  triturated  with  the  crystals,  the  imitation  of  genu- 
ine lemonade  flavor  will  be  i|uite  perfect.  Such  artificial 
lemonade  can  be  drunk  with  the  same  freedom  as  the 
natural  article.  Taken  continuously,  and  in  excess,  as 
in  the  over-free  use  of  lemons  in  the  tropics,  citric  acid  ia 
capable  of  producing  a  peculiarly  severe  and  obstinate 
form  of  dyspepsia.  The  proper  dose  is  from  0.30  to  3 
gm.  (gr.  v.-xx.). 

Pharmaceutically,  citric  acid  is  of  service  in  the  prepa- 
ration of  soluble  salts  of  a  number  of  substances,  such  as 
bismuth,  iron,  quinine,  and  strychnine.  Its  principal  use 
is  perhaps  in  the  making  of  the  preparations  of  magne- 
sium citrate. 

Several  promising  commercial  experiments  in  the  arti- 
ficial production  of  citric  acid  are  now  in  progress. 

Editard  Curtis. 

CITRONELLA  GRASS  AND  OIL.— AV;)-(f-(?ra«s.     An- 

driqi"!i"ii  .\'irdii.s  L.  ifinii.  Gruiiiiiincnr).  This  is  a  coarse, 
tufted  grass  of  India,  having  a  delightful  lemon-like  fra- 
grance. It  is  used  for  the  distillation  of  citronellu  nil  or 
rerhenii  oil.  This  is  of  a  very  pale  yellow  color,  often 
greenish  from  the  presence  of  copper,  and  having  a  spe- 
cific gravity  of  about  0.895.  It  consists  of  citral  and  a 
terpene,  and  is  used  altogether  in  perfumery  and  flavor- 
ing. Henry  11.  Rushy. 
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CITROPHEN.— C3H,(OHHCO,NH,C.H,OC,H5),.  This 

cciin]K)uiul  of  tliret-  paraphenetuliu  groups  with  one 
molecule  of  citric  acid,  introduced  by  Roos,  is  a  white 
crystalline  powder  of  mildly  iusipid  acid  taste.  It  melts 
at  ISrC.  (358'  F.).  is  readily  soluble  in  forty  parts  of  water 
and  in  carbonated  waters,  and  is  split  up  by  the  gastric 
juice  into  its  components.  Paraphenetidin  may  be  de- 
tected in  the  urine  by  the  ferric  chloride  test  twenty 
minutes  after  ingestion. 

It  has  been  employed  with  success  in  dose  of  1  gni. 
(gr.  XV.)  three  times  a  day  to  remove  the  excessive  lan- 
guor and  muscular  cramps  of  morphinism.  Kronfeld 
states  that  it  not  only  reduces  temperature,  but  in  rheu- 
matism and  the  various  neuroses  it  often  acts  as  a  specific. 
In  pertussis  and  chronic  morphine  poisoning  it  is  without 
a  peer.  Kronfeld  uses  it  also  with  excellent  effect  in 
epidemic  influenza,  and  claims  that  no  cardiac  depression 
residts  from  large  doses.  David  Cerna,  on  the  contrary, 
(juotes  Treupel  as  having  found  it  poisonous  in  large  dose. 
Frieser.  Freudenberg.  Benario,  and  others  have  used  it 
with  benefit  as  an  antipyretic  in  fevers,  in  typhoid  fever, 
headache,  neuralgia,  facial  neuralgia,  neuralgic  dysmen- 
orrhea, migraine,  etc.  It  is  sometimes  accompanied  by 
sweating.  Dose  0.5  to  1  gm.  (gr.  viij.-xv.),  or  even 
2  gm.  (gr.  XXX.)  three  or  four  times  a  dav. 

IF.  A.  Baitedo. 

CITRUS. — (The  Orange  and  Lemon  Genus.)  A  genus 
of  the  family  Aurantiaeur,  if  this  be  held  distinct  from 
the  Kutacete,  regarded  by  Engler  as  comprising  but  six 
species,  natives  of  Southeastern  Asia  and  the  neighboring 
islands,  but  through  long  and  wide  cultivation  present- 
ing a  great  number  of  varieties  and  forms  which  have 
been  regarded  as  species  by  various  other  authors.  The 
great  economic  value  of  the  edible  fruits  yielded  requires 
no  discussion.  The  following  derivations  are  accepted 
by  Lyons  (Plants'  Names,  Scientific  and  Popular)  and 
are  probably  correctly  judged. 

Tlie  sweet  orange  from  C.  aurantixim  L. 

The  bitter  orange  from  C.  amara  (L.)  Lyons. 

The  lemon,  both  sweet  and  sour,  together  with  sweet 
and  sour  limes  and  the  citron  fruit,  from  C.  medica  L. ; 
although  many  authors  call  the  lemon  C.  Limonium 
Risso.  the  sweet  lime  C.  limetta  Risso,  the  sour  lime  C. 
aciila  Pers.,  and  the  citron  fruit  C.  cedra  Gallesio. 

The  mandarin  or  Tangerine  from  C.  nobilis  Lour. 

The  shaddock,  grape  fruit,  or  pomelo  from  C.  Defu- 
mana  Murray. 

The  bergamot  from  C.  bergatni'a  Risso  and  Poit.  prob- 
ably an  artificial  hybrid  originating  under  cultivation. 

The  meiliciual  importance  of  the  genus  is  verj-  consid- 
erable, although  not  so  great  as  in  the  past.  The  medic- 
inal products  of  the  orange  and  lemon  will  be  consid- 
ered under  those  titles.  Only  the  general  characters  of 
the  products  will  be  here  considered.  The  medicinal 
virtues  reside  in  three  constituents  or  classes  of  them : 
(1)  Citric  Acid,  separately  considered:  (2)  Bitter  Gluco- 
sides  ;  (3)  Volatile  Oils. 

The  bitter  glucosides  appear  to  reside  in  the  inner  por- 
tions C'v^hiie")  oi  the  nmU  (aurantiamarin  in  oranges, 
especially  the  bitter  orange,  and  in  citron  fruit,  and  «<()•- 
ingin  in"grape  fruits  orshaddocks)  or  in  the  seeds,  as 
limonin  in  the  seeds  of  the  lemon.  These  substances, 
medicinally,  act  like  ordinary  bitters,  and  like  them  are 
irritant  and  even  poisonous  in  their  pure  form,  especially 
the  naringin  of  the  shaddock. 

Ifesperidin.  Cs^HjeO,,  {fde  Merck),  occurs  in  minute 
white  or  yellowish  crystals  and  is  soluble  in  dilute  alka- 
lies.    It  splits  up  into  glucose  and  hesperetin  (CieHnO.). 

Isohesparidin  is  very  similar. 

Saringin,  (CjsHjbO,,  +  4HjO)  is  in  yellow  crystals 
and  is  soluble  in  alcohol  and  in  300  parts  of  water. 

Limonin  (CjgHjjOT?)  occurs  in  minute  crystals,  and  is 
soluble  in  alcohol  and  acetic  acid. 

Bitter  substances  also  e.\ist  in  the  leaves  of  these  plants, 
but  whether  identical  with  those  mentioned  above  is  not 
known. 

The  volatile  oils  in  use  are  derived  from  the  flowers 


and  from  the  outer  portions  of  the  rinds  of  the  fruits. 
While  they  possess  the  ordinary  dillusive  -  stimulant 
properties  of  volatile  oils  in  general,  they  are  scarcely 
used  for  their  medicinal  properties,  but  "almost  whollj- 
for  their  flavoring  effects.  The  differences  between  them 
pertain  almost  niioUy  to  the  latter  uses.  Oil  of  man- 
darin rind  is  in  use  and  is  practically  identical  with  that 
of  orange.  Oil  of  Bergamot.  or  Oleum  BergamottiB, 
is  official.  It  is  greenish  or  greenish  yellow  and  bitter, 
with  a  specific  gravity  of  0.8S0  to  0.885,  and  contains 
limonene.  dipentene,  linalol,  and  linaloyl  acetate.  There 
is  no  ortieial  preparation. 

Volatile  oils  also  exist  in  the  leaves,  but  these  are  not 
employed. 

From  the  above,  it  is  obvious  that  the  Citrus  products 
can  be  used  as  simple  bitters,  as  aromatics.  or  as  aromat- 
ic bitters,  according  to  whether  the  constituents  are  used 
separately  or  in  a  preparation  which  combines  them. 

One  of  the  very  best  of  these  bitter  tonics  is  the  grape 
fruit,  eaten  at  the  beginning  of  the  breakfast,  and  not 
too  much  care  should  be  taken  to  avoid  entirely  the  bitter 
portions.  Henry  U.  Musby. 

CIVET. — A  sienna-brown,  ointment-like,  unpleasantly 
odorous  substance,  obtained  from  two  species  of  Viierra  ; 
Order  Cnrnirora.  Viterriua.  The  first,  Virerrn  Zibetha 
Linn.,  the  Indian  civet  cat.  is  from  the  wanner  parts  of 
Asia.  The  second.  T'.  citettn  Schreber.  the  African  civet 
cat.  is  a  native  of  Africa  and  Southern  Europe.  Both  are 
kept  in  confinement  for  their  peculiar  secretion.  This  is 
formed  in  a  sac-like  gland,  situated  in  front  of  the  anus, 
in  both  sexes,  between  it  and  the  external  genitals,  and 
is  collected  from  the  domesticated  animals,  either  by 
Siiving  it  as  it  is  discharged,  or  by  scooping  it  out  of  the 
glands  with  a  small  spoon,  while  the  animals,  closely 
confined  in  a  small  cage  in  which  they  cannot  turn  about, 
are  violently  teased."  When  first  gathered,  it  is  semi- 
liquid  and  brownish  yellow,  but  by" keeping  it  becomes 
considerably  darker  and  harder.  It  is  a  nasty -smelling 
and  dirty-looking  substance,  usually  mixed  with  hairs 
and  other  impurities.  Its  taste  is  sharp,  bitter,  and  dis- 
gusting. It  softens  decide<lly  by  warming,  and  burns 
with  a  bright  clear  flame.  The  odor,  while  having  a  gen- 
eral resemblance  to  that  of  musk,  is  less  diffusible  and 
far  more  disagreeable.  Civet  is  insoluble  in  water  and 
only  slightly  soluble  in  alcohol:  not  wholly  so  even  in 
warm  ether  and  chloroform.  Its  constituents,  according 
to  Boutron-Charlard,  are  volatile  oil,  solid  and  liquid /(7?«, 
yellow  col'iring  matter,  resin,  mucus,  ammonia,  oxide  of 
iron,  and  lime  and  potash  salts. 

It  is  happily  no  longer  used  in  medicine.  Formerly, 
it  had  some  employment  as  an  antispasmodic  in  the  ner- 
vous derangements  for  which  musk  has  had  deservedly 
greater  popularity.  It  is  used  for  strengthening  and  fix- 
ing perfumes  and  for  scenting  bait  for  same. 

W.  P.  BolUs. 

CIVIL  INCAPACITY.— What  iscivil  incapacity?  Civil 
incapacity,  fur  the  purposes  of  this  article,  is  the  lack  of 
that  mental  endowment  which  the  law  considers  an  es- 
sential element  in  every  business  transaction,  whether  it 
concerns  only  the  man  himself,  or  those  who  legally  or 
morally  have  a  claim  upon  him  or  upon  his  property  af- 
ter his  death. 

Perhaps  all  of  such  transactions  may  fall  under  one  or 
the  other  of  the  following  subdivisions:  (a)  contracts; 
(A)  deeds;  (<•)  wills;  (d)  marriage.  For  a  while  the  law- 
permits  all  persons  except  infants  and  married  women  to 
bind  themselves  and  their  property  by  contract,  deed, 
will,  or  marriage,  as  they  may  choose,  yet  it  throws  a  pro- 
tection around  the  insane  and  feeble-minded  in  civil 
transactions,  as  it  does  around  the  insane  and  feeble- 
minded when  they  are  called  upon  to  answer  before  the 
courts  for  the  commission  of  crime.  Therefore  the  law 
will  not  permit  a  sane  and  healthy-minded  man  in  the 
guise  of  legal  methods  to  deprive  an  insane  or  feeble- 
minded man  of  any  property  or  bind  him  in  any  contract 
or  contractual  relation.     Nor  will  the  law  allow  the  legal 


127 


civil  Incapacity. 
Clark's  inin'l  \t'ell. 


REFERENCE  HANDBOOK  OP  THE   MEDICAL  SCIENCES. 


heirs  or  representatives  to  be  deprived  of  an  inlieritance 
by  reason  of  a  will  which  is  tlie  product  of  a  diseased 
mind. 

Methods  of  Proof. 

The  methods  of  proof  in  litigation  involving  civil  inca- 
pacity must  be  ascertaiued  by  a  careful  perusal  of  dis- 
cussions or  treatises  upon  expert  testimony. 

In  order  to  determine  such  questions,  the  courts  fre- 
quently call  upon  experts  in  mental  diseases  to  testify 
before  "them.  However,  in  this  class  of  cases,  as  in  all 
other  cases,  lay  testimony  is  admitted  for  several  pur- 
poses. 

Where  the  person  whose  acts  are  being  construed  has 
previously  been  adjudged  insane,  or  noii  compos  mentis, 
by  a  proper  judicial  proceeding,  prior  to  the  transaction 
in  question,  this  evidence  alone  will  generally  suftice,  al- 
though this  may  be  overcome  by  evidence  of  its  untrust- 
worthiuess  or  by  testimony  that  since  such  adjudication, 
and  prior  to  the  trau.sactiou.  the  mind  of  the  person  had 
been  restored  to  a  normiil  condition. 

There  is  rarely  any  troulile  in  determining  the  effect  of 
such  transactions  when  the  person  whose  actions  are 
sought  to  be  avoided  is  a  lunatic  or  an  idiot. 

The  main  trouble  is  found  in  cases  in  which  the  insanity 
is  partial,  when  the  persou  suffers  from  hallucinations 
and  eccentricities  or  is  afflicted  with  feebleness  of  mind 
not  so  pronounced  as  to  be  self-evident  to  the  ordinary 
mind. 

The  courts  will  permit  evidence  of  the  following  char- 
acter : 

First:  The  record  of  former  adjudication  of  other 
courts  that  the  person  was  insane,  or  iion  cotnjws  mentis. 

Second:  The  testimony  of  lay  witnesses  as  to  the  con- 
duct of  the  persou  tending  to  illustrate  the  condition  of 
his  mind,  and  even  their  opinion  as  to  his  mental  condi- 
tion, although  the  courts  will  receive  such  opinion  evi- 
dence with  caution  anil  will  not  give  it  the  weight  that 
is  given  to  the  opinion  evidence  of  experts. 

Third:  Medical  experts  will  be  allowed  to  testify  as  to 
facts  and  conduct  as  lay  witnesses,  will  be  examined  by 
hypothetical  questions  and  asked  to  express  opinions  as 
to  the  mental  status  of  the  person,  based  on  an  assumed 
state  of  facts.  In  addition,  they  will  be  permitted,  after 
an  examination  of  the  person,  to  give  opinions  as  to  his 
sanity  or  mental  soundness. 

As  the  law  makes  distinctions  between  the  amount  of 
mental  capacity  required  in  different  transactions,  it  is 
necessary  to  consider  separately  the  four  named:  (a) 
contracts;  (b)  deeds;  (<•)  wills;  (rf)  marriage. 

(a)  Contracts. — In  order  to  determine  wlicther  a  person 
has  sufficient  mental  capacity  to  make  a  ccmtract,  it  is 
necessary  to  con.sider  the  definition  of  a  contract.  A 
contract  is  defined  by  the  most  eminent  authorities  to  be 
"an  agreement  between  two  or  more  persons  upon  a  suf- 
ficient consideration,  to  do,  or  not  to  do,  a  particidar 
thing."  The  two  main  features  in  a  contract  are  tirst, 
the  consideration:  second,  the  assent — "for  there  is  no 
contract  imless  the  parties  thereto  assent,  and  must  as.sent 
to  the  same  thing  and  in  the  same  sense."  In  other  words, 
sane  minds  meet  upon  a  common  ground. 

It  is  self-evident  that  mind  is  the  basis  of  consent,  and 
when  the  mind  is  lacking  or  radically  defective,  consent 
cannot  arise.  Whenever  the  mind  is  sulliciently  impaired 
to  negative  the  idea  of  consent,  then  the  contract  is  void- 
able. 

The  mere  superiority  of  intellect  is  not  a  sufficient 
ground  to  set  aside  acontract,  no  matter  how  far  the 
stronger-minded  contracting  party  has  overreached  the 
weaker.  Contracting  parties  are"  rarely  equal  in  busi- 
ness shrewdness,  and  it  would  be  both  irnpracticable  and 
impossible  for  courts  to  settle  such  subtle  questions. 

In  order  to  invoke  successfully  judicial  interference 
the  mind  must  be  abnormal  from  disease  or  mental  in- 
firmity, either  inborn  or  subsequently  developed.  As 
stated  above,  the  plain  cases  of  insanity  and  idiocy 
present  no  difficulty;  the  difficulty  lies  usually  where 
the  contracting  party  was  not  sufficientlj-  weak-minded 


as  to  appear  rum  compos  mentis  to  the  ordinary  and  lay 
mind. 

It  is  difficult  to  express  in  one  rule  the  degree  of  men- 
tal capacity  of  the  parties  that  is  required  to  give  bind- 
ing force  to  a  contract.  A  competent  author  has  ex- 
pressed the  rule  to  be  that  a  contract  is  voidable  when 
made  by  one  who  "  is  so  lacking  in  mental  capacity  from 
idiocy,  hinacy,  senile  dementia,  or  other  defect  or  disease 
of  the  mind  that  he  is  incapable  of  understanding  what 
he  is  doing.  To  render  a  persou  thus  incapable  of  con- 
tracting, his  infirmity  need  not  be  so  great  as  to  dethrone 
his  reason  nor  amount  to  entire  want  of  reason;  but,  on 
the  other  hand,  it  must  tie  .something  more  than  mere 
weakness  of  intellect.  It  must  be  such  as  to  render  the 
person  incapable  of  what  he  is  about,  or,  to  be  more  ac- 
curate, of  comprehending  the  subject  of  the  contract  and 
its  nature  and  probable  consequences  (Clark  on  "Con- 
tracts," pp.  204,  26.5). 

When  the  proof  discloses  the  fact  that  the  person  was 
not  permanently  insane,  but  suffered  fr^m  occasional  fits 
of  insanity,  before  the  contract  will  be  set  aside  it  must 
appear  that  the  contract  was  made  during  one  of  the  fits 
of  insanity. 

One  of  the  most  peculiar  divisions  of  mental  derange- 
ment is  that  which  subjects  the  patient  to  hallucinations, 
and  the  books  disclose  many  notable  instances  in  which 
men.  otherwise  liberall_v  endowed  and  possessed  of  rea- 
son, were  the  victims  of  strange  fancies  to  the  extent 
that  they  were  mental  hallucinations.  Wherever  this 
phase  of  incapacily  is  relied  upon,  the  general  rule  is 
that  if  these  hallucinations  have  not  taken  sufficient  hold 
upon  the  patient  as  to  impair  his  entire  mental  faculties, 
then  it  must  appear  to  tlie  court  that  the  contract  was 
the  result  of  the  hallucinations,  or  it  will  not  be  disturbed. 
For  while  it  may  be  doubted  if  any  person  who  is  afflict- 
ed with  hallucinations  is  perfectly  sane,  yet  often  in  the 
eye  of  the  law  he  is  insufficientlv  insane  to  escape  the 
responsil)ilily  of  all  of  his  civil  or  criminal  acts. 

While  the  law  has  never  had  patience  with  the  plea  of 
drunkenness,  and  even  though  the  great  disciple  of  the 
law.  Coke,  pronounced  that  it  aggravated  rather  than 
palliated  an  offence,  yet  there  are  instances  where  drunk- 
enness will  be  a  sufficient  ground  to  avoid  a  contract. 
Before,  however,  the  law  will  permit  a  contract  to  be 
avoided  upon  the  ground  of  drunkenness  of  the  complain- 
ing fiarty,  the  drunkenness  must  have  been  sufficient  to 
destroy  the  reasoning  power,  and  to  deprive  the  party  of 
the  mental  capacity  to  comprehend  the  nature  and  effect 
of  the  contract. 

After  giving  this  rule,  it  is  almost  needless  to  add  that 
slight  intoxication,  as  a  general  thing,  will  not  be  a 
grovmd  for  relief. 

However,  the  law  does  not  require  the  intoxication  to 
go  to  the  extent  of  delirium  tremens,  for  when  this  state 
ensues  the  rules  in  regard  to  insanity  are  applied. 

(li)  Deeds. — Deeds  are  nothing  more  nor  less  than  exe- 
cuted contracts  in  reference  to  the  conveyance  of  land, 
and  the  same  rules  apply  to  the  avoiding  of  deeds,  exe- 
cuted by  insane  or  drunken  persons,  as  to  the  making  of 
any  ordinary  contract.  And  perhaps  it  may  be  added 
that  where  the  deed  is  voluntary,  the  same  rules  are  ap- 
plicable that  apply  to  the  contesting  of  wills.  This  is 
esiiecially  true  where  undue  influence  is  exercised  over 
the  conveyor. 

(c)  Wills. — Public  policy  deems  an  equal  distribution  of 
one's  estate  among  those  dependent  upon  him  bj-  natural 
tics  of  great  importance,  and  while  it  is  true  that  a  per- 
son not  laboring  under  a  legal  disabihty  may  bequeath  his 
property  to  whom  he  ]ileases,  j'et  the  law  requires  that 
in  order  to  do  this  he  must  be  mentally  capable  as  well 
as  legally  capable.  It  is  needless  to  repeat  that  if  the 
testator  was  insiine,  an  imbecile,  or  an  idiot,  the  will, 
upon  proper  proceedings,  will  be  set  aside.  In  wills  as 
in  contracts,  the  difficulty  presents  itself  in  persons  of 
doubtful  mental  capacity. 

Every  man  is  presumed  to  have  been  of  testamentary 
capacity  until  the  contrary  is  proven.  So  the  burden  of 
proof  rests  upon  the  contesting  party  to  prove  that  the 
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testator  did  not  have  testamentary  capacity.  Tlic  ques- 
tion tlien  is,  Wliat  state  of  mind  does  tlie  "law  regard  as 
suiticient  to  constitute  testamentary  ca)iacity? 

A  careful  consideration  of  the  re(|uiiements  of  the  law 
.  in  this  regard  is  made  by  Mr.  Pritehard  in  his  hook  on 
"Wills  and  Administration."  lie  says:  "  It  is  essential  to 
the  exercise  of  the  testamentary  jiower  that  the  testator 
should  understand  the  nature  (if  the  acts  and  its  etfects; 
should  understand  the  e.vtent  of  the  property  of  which 
he  isdispo.sing:  should  lie  able  to  comprehendand  appre- 
ciate the  claims  to  whii'h  he  ought  to  give  effect;  and 
with  a  view  of  the  latter  objectrthat  no  disorder  of  the 
mind  should  poison  his  affections,  pervert  his  .sense  of 
right,  or  prevent  the  exercise  of  his  natural  faculties; 
that  no  insane  delusion  should  influence  his  mind  in  dis- 
po.sing  of  his  property  and  bring  about  a  disposal  of  it, 
which,  if  the  mind  had  been  .sound,  would  not  have  been 
made.  If  the  human  instincts  and  affections,  or  the 
moral  sense  become  perverted  by  mental  di.sease,  if  in- 
sane suspicion  or  aversion  take  the  place  of  natural  affec- 
tion, if  reason  and  judgment  are  lost,  and  the  mind  be- 
comes a  prey  to  insane  delusions  calculated  to  interfere 
with  and  disturb  its  functions  and  to  lead  to  testamen- 
tary disposition  due  only  to  baneful  influences,  in  such  a 
case  it  is  obvious  that  the  testamentary  jiower  fails  and 
that  a  will  made  under  such  circumstances  ought  not  to 
stand." 

The  same  rules  in  reference  to  hallucinations,  partial 
insanity,  and  temporary  insanity  apply  to  wills  as  to 
contracts  and  need  not  to  be  rejleated  here.  However, 
there  is  one  phase  of  mental  peculiarity  that  often  is 
presented  in  contests  over  wills  that  rarely  is  presented 
in  contests  over  contracts,  namely,  the  eccentricity  of  the 
testator. 

Many  men  of  thoroughly  sound  mind  have  entertained 
various  eccentric  ideas  and  fancies.  These  eccentricities 
frecjuently  relate  to  the  future  state  of  man  and  the  oc- 
cult in  reference  to  life.  The  general  rule  is  that  mere 
eccentricity  of  the  testator  is  not  sufficient  to  overturn  a 
will,  especially  where  the  eccentricity  was  not  manifested 
in  the  will  itself. 

D.  Man-iitge. — While  marriage  partakes  largely  of  a 
religious  and  social  relation,  yet  it  is  also  a  legal  relation. 
So  much  is  this  true  that  an'iusaue  person  cannot  bind 
himself  by  taking  marriage  vows. 

One  of  the  ablest  judges  that  ever  adorned  the  Supreme 
Bench  of  Tennessee,  Judge  Robert  L.  Caruthers,  speak- 
ing for  the  court,  in  the  strange  case  of  Jemima  Coles, 
said:  "The  test  ciuestion  in  all  such  cases  is,  whether 
the  party  is  capable  of  making  any  binding  contract. 
The  identity  of  the  doctrine  that  unsoundness  of  mind 
vitiates  this  as  well  as  all  other  contracts  is  well  estab- 
lished. But  every  consideration  of  i)olicy  and  humanity 
admonishes  us  that  a  contract  so  essentially  connected 
\yith  the  peace  and  happiness  of  individuals  and  fami- 
lies, and  the  well-being  of  society,  .should  not  be  annulled 
on  this  or  any  other  ground  notclearly  made  out.  The 
general  rule  is  that  those  who  have  not"  the  regular  use  of 
their  understanding  sufficient  to  deal  with  discretion  in 
the  common  affairs  of  life,  or  the  weakness  being  so  con- 
siderable as  to  amount  to  derangement,  are  incapable  of 
contracting  a  valid  marriage." 

In  the  ease  involved,  which  illustrates  the  opinion  of 
the  court,  complainant,  the  wife,  had  been  married  be- 
fore the  marriage  in  controversy.  At  the  time  of  the 
marriage  in  ciuestion  she  was  a"bout  forty-six  years  of 
age.  5"or  a  number  of  years  prior  to  the  marriage  she 
suffered  with  prolapsus' tiifri.  During  this  period  she 
was  afflicted  with  paroxysms  and  in^these  paroxvsms 
was  subject  to  delusions.  These  delusions  were"  un- 
grounded apprehension  of  conspiracies  again.st  her  life  by 
her  own  slaves.  They  were  attemptingto  kill  her.  She 
was  wild  and  foolish  when  in  those  spells,  and  when  not 
under  them  was  very  eccentric.  She  had  great  weak- 
ness for  beaux  before  this  marriage,  and  boasted  of  con- 
quests and  showed  her  many  love  letters.  She  became 
permanently  insime  in  1850,  three  years  after  the  mar- 
riage in  question. 
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The  court  held  that  as  the  marriage  was  not  consum- 
mated while  under  the  etfects  of  a  paroxysm,  and  as  the 
proof  showed  that  at  other  times,  tlioug"h  eccentric,  .she 
managed  her  own  business  with  judgment  and  uiider- 
stauding,  Ijn-  marriage  was  vidid.         jnfin  Bill  Kcel/le. 

CLAREMONDE  CHALYBEATE  SPRING.— Washing- 
ton County.  Georgia. 

PosT-Ot-FicE.- Worthen. 

AccKss.— Via  Georgia  Central  Railroad  to  Tennile; 
thence  by  Sandersville  and  Tennile  Railroad  three  miles 
to  Sandersville;  thence  by  private  conveyance  nine  miles 
to  Wortheu.  Following  is  a  qualitative"  analysis  of  the 
water: 


Iron  carbonate. 
Potassium  carbonate. 
Calcium  carbonate. 


Potassium  sulptiate. 
Sodium  cliloride. 
Alumina  (trace). 


The  iron  carbonate  is  present  in  the  proportion  of  about 
four  grains  per  gallon.  The  quantity  of  other  ingredients 
is  small.  This  is  a  very  good  chalyiieate  water,  and  will 
no  doubt  be  found  beneficial  in  all  disea.ses  in  which  the 
carbonated  iron  waters  are  indicated.  The  spring  is 
pleasantly  located  in  a  private  park. 

James  K.  Crook. 

CLARENDON  SPRINGS.— Rutland  County,  Vermont. 

Post-Ofpice.— Clarendon  Springs.  Hotel  and  cot- 
tages. 

Access.— Via  Delaware  and  Hudson  Railroad  to  West 
Rutland  Station:  thence  four  miles  to  springs.  This 
point  is  seven  hours  by  rail  from  New  York,  five  hours 
from  Boston,  three  hours  from  Troy  and  Albany,  and  two 
hour^  from  Saratoga. 

The  springs  are  four  in  number,  and  are  located  in  a 
beautiful  valley  among  the  green  hills  at  a  level  of  one 
thousand  feet  above  the  sea.  This  is  doubtless  one  of 
the  oldest  resorts  in  the  country,  the  medicinal  character 
of  the  water  having  been  discovered  bv  one  Asti  Smith, 
it  is  Siiid,  in  the  year  1776.  From  fifteen  hundred  to 
twenty -five  hundred  persons  visit  the  springs  annually 
in  pursuit  of  health  and  pleasure.  Amid  the  beautiful 
scenery,  pleasant  drives,  and  rare  opportunities  for  trout 
fishing,  the  visitor  may  while  away  the  summer  days  in 
a  delightful  manner.  The  hotels  a"re  said  to  be  of  an  ex- 
cellent character.  The  following  analysis  was  made  by 
Professor  Hayes,  State  Assayer  of  jNIassachusetts: 

One  U.s'ited  States  Gallon  Co.ntaixs: 

Solids.                                                                  Grains. 
Calcium  carbonate 3.03 

Cah-iuin  cliloride        i 

Sntliiim  sulphate  - 2,74 

Magnesium  sulphate  1 

Total S.rti 

Gases.  cu.  in. 

Carbonic  acid 46  lis 

Nitrogen W    sjjo 

The  analysis  is  evidently  incomplete,  and  a  re-examina- 
tion is  desirable.  The  water  is  a  very  pure  and  wliole- 
.some  beverage,  independently  of  its  medicinal  qiialities. 
It  is  used  commercially.         "  James  K.  Crook. 

CLARK'S  RED  CROSS   MINERAL  WELL. —Mecosta 

County.  ^Michigan. 

Post-Okfice. — Big  Rapids. 

This  water  was  discovered  on  the  farm  of  A.  L.  Clark, 
adjoining  the  southern  limits  of  the  town  of  Big  Rapids, 
in  June.  1890.  The  worknieu  were  boring  for  gas.  but  at 
the  depth  of  thirteen  hundred  feet  the_y  struck  a  vein  of 
water  which  escapetl  under  such  a  heavy  pressure  that  the 
drill.  %veighing  nearly  twenty -five  hundred  pounds,  was 
borne  up  with  it.  The  water  was  submitted  to  Prof. 
Albert  B.  Prescott.  of  the  University  of  Jlichigan,  who 
found  the  following  list  of  mineral  ingredients: 


129 


Clark's  Mln'l  Springs. 
Cleft  Palate. 


REFERENCE  HANDBOOK  OF  THE   MEDICAL   SCIENCES. 


One  United  States  Gallon  Contains  : 

Solids.  GraiDS. 

Sodium  (*loride ■'?'S^'5o 

Magnesiuui  chloride aq);! 'ik 

Calcium  chloride "^  q5 

Sodium  bromide ^ol 

Calcium  sulphate ^--^ 

Iron  carbonate *-^5 

Silicic  add •"' 

Aluminum 1  races. 

Potassium traces. 

Total 17,835.27 

Specific  prravitv  at  fi2°  F.  (16.6°  O.  l.'.TO.  .„ -^„  ,„ 

Weight  of  one  United  States  gallon  of  the  water.  ,0.273.19  grains. 
Reaction,  neutral  before  and  after  boiling.    Filters  clear  and  colorless. 

The  analysis  shows  this  to  be  one  of  the  most  heavily 
mineralized  waters  known.  A  bath-house  for  the  local 
use  of  the  water  has  been  erected  on  JIaple  Street,  oppo- 
site the  Northern  Hotel,  and  the  water  is  also  used  com- 
mercially. For  internal  use  it  is  recommended  in  very 
small  doses,  from  one-half  to  two  teaspoonfuls  four  times 
a  day,  diluted  with  plain  water.  It  is  said  to  act  as  an 
emetic  or  as  a  purge  if  taken  too  strong. 

The  water  is  recommended  for  numerous  internal  dis- 
orders, and  also  for  its  local  effects  in  ulcers,  cuts,  burns, 
or  bruises;  as  a  lotion  in  con.iunctivitis.  as  a  gargle  in 
pharyiiffitis.  as  an  injection  in  leucorrhtea,  gonorrha?a. 
etc.  The  hot  baths  are  stated  to  be  of  decided  value  in 
old  cases  of  obstinate  rheumatism.  The  water  is  odor- 
less, and  it  is  said  that  it  never  freezes  at  any  tempera- 
ture known  in  Michigan.  James  K.  Crook. 

CLARK'S  RIVERSIDE  MINERAL   SPRINGS.— Wayne 

County,  Michigan. 

Post-Ofkice.  — Detroit. 

This  resort  is  located  on  Fort  West  Street,  corner  of 
Clark  Avenue,  about  two  miles  from  the  centre  of  the  city 
of  Detroit.  It  is  reached  by  electric  cars,  which  pass  the 
door  of  the  bath-house  every  live  minutes.  This  bathing 
establishment,  which  was  recently  opened  to  the  public, 
is  one  of  the  most  elegant  and  lu.\urious  to  be  found  in 
the  country  The  springs  are  two  in  number,  and  furnish 
an  abundant  flow  of  water.  An  analysis  by  Samuel  P. 
Duffield,  M.D.,  Ph.D.,  made  in  November,  18S9,  resulted 
as  follows:    - 

ONE  United  states  Gallon  contains: 
Solids.  Grains. 

Sodium  chloride 3,108..t0 

Potas.sium  chloride oonm 

Calcium  chloride SSJ'S 

Calcium  sulphate I'm-j )» 

Magnesium  sulphate '^w 

Magnesium  carlxmate -ilo  T« 

Calcium  carbonate qS? 

Silica ,«•"" 

Alumina ^°-*^ 

Total 7,318.97 

Sulphureted  hydrogen  gas,  40.76  cubic  inches. 
Temperature  of  water,  o6°  F. 

The  bath-house  is  kept  open  all  the  year.  The  waters 
have  been  found  very  useful  in  the  diseases  to  which  the 
saline-calcic  class  is  applicable.  James  K.  Crook. 

CLASTOTHRIX.    See  Atrophia  Pihn-um  Propria. 

CLAVICLE.     See  ShonUler. 

CLAVICLE,  SURGERY  OF   THE.— The  clavicle  may 

be  congeuitally  absent  or  partially  defective.  It  may 
be  deformed  in  rickets  and  osteomalacia,  or  as  a  conse- 
quence of  badly  united  fracture.  Fracture  of  this  bone 
may  occur  in  vtero. 

Diseases  of  the  clavicle  are  rare.  The  principal  ones 
noted  are  syphilis  (gumma),  tuberculosis,  and  osteomye- 
litis; with  resulting  periostitis,  osteitis,  abscess,  caries,  or 
necrosis. 

Neoplasms  of  the  clavicle  are  seldom  met  with.  The 
variety  of  new  growth  most  often  seen  is  some  variety 


of  sarcoma.     Carcinoma  is  much  more  rare  and  its  occur- 
rence as  a  primary  growth  appears  somewhat  doubtful. 
Osteoniata  (exostoses)  and  enchondromata  are  seldom 
reported. 

I'raumatisvi  may  cause  contusions,  wounds,  fractures, 
or  dislocations.  Wounds  and  contusions  require  no  spe- 
cial mention.  (See  special  articles  on  fractures  and  Dis- 
locations.) 

The  diseases  and  neoplasms  of  the  clavicle  present  no 
clinical  features  peculiar  to  this  bone.  In  syphilis,  treat- 
ment with  mercury  and  iodide  of  potassium  should  be 
thorough,  and  if  portions  of  bone  die  they  should  be  re- 
moved. Tuberculosis  is  apt  to  begin  here  in  the  perios- 
teum, and  the  sharp  spoon  should  be  employed  to  remove 
the  foci  as  thoroughly  as  possible,  especially  if  suppura- 
tion threatens  or  actually  takes  place.  When  suppurative 
osteomyelitis  is  recognized,  an  incision  should  be  made 
over  the  affected  area,  and  after  raising  the  periosteum  the 
affected  portion  of  bone  should  be  chiselled  or  scooped 
away  and  the  resulting  cavity  drained.  Abscess,  as  else- 
where, requires  incision  and  drainage  and  the  removal  of 
any  dead  bone. 

Compound  fractures,  particularly  if  caused  by  pistol 
or  rifle  balls,  require  a  thorough  examination  and  disin- 
fection under  an  ana'sthetic.  One  may  decide  also  to 
keep  the  fragments  in  apposition  by  sutures,  or  to  excise 
the  whole  or  a  part  of  the  clavicle.  The  question  of  su- 
turing simple  fi'actures  of  the  clavicle  is  still  unsettled. 
When  there  is  marked  deformity,  and  particularly  when 
sharp  fragments  appear  likely  to  cause  damage  to  impor- 
tant vessels  or  nerves  in  their  neighborhood,  the  operation 
has  some  warm  advocates. 

The  principal  operatire  procedures  on  the  clavicle  are 
sntnrii(<i.  or  wiring  for  fracture  or  dislocation;  curetting, 
for  tuberculous  or  syphilitic  foci;  incision,  chiselling,  etc., 
for  osteomyelitis  or  removal  of  necrotic  fragments:  exci- 
sion of  the  clavicle,  partial  or  total;  and  temiiorary  resec- 
tion. The  formation  of  a  claricular  psendartJirosis.  for 
the  relief  of  ankylosis  of  the  scapulo-humeral  articula- 
tion, has  been  suggested  by  Tillaux. 

Kvcisiou  of  the  cUiricle,  whether  partial  or  total,  may 
be  doiK'  beneath  the  periosteum  or  outside  it.  Nearly 
half  the  cases  of  total  extirpation  of  the  clavicle  collected 
by  Norkus  wire  for  "necrosis"  or  "caries."  When  oper- 
ating for  these  diseases,  for  fractures,  or  for  benign  new 
growths,  the  subperiosteal  method  should  be  employed. 
Where  it  has  been  made  use  of,  restoration  of  the  bone 
hius  taken  place  to  a  considerable  extent  or  has  been 
complete  in  the  majority  of  cases,  and  the  functional 
result  was  excellent  or  perfect,  while  in  .some  there 
was  no  apparent  deformity.  An  incision  is  made  fi-om 
one  end  of  the  clavicle  to  the  other,  extending  through 
the  periosteum,  which  is  then  detached  from  the  bone 
with  an  elevator.  The  clavicle  is  then  disiirticulated 
at  either  extremity  tiist,  as  may  be  most  convenient; 
or  it  is  divided  at  some  intermediate  portion  and  the 
two  extremities  are  sejiarately  released  from  their  attach- 
ments and  removed.  Care  is  to  be  exercised  not  to  in- 
iure  the  large  vessels  adjacent  to  the  sternoclavicular 
articulation.  It  may  be  necessary  to  prolong  the  inci- 
sion bevoud  either  joint,  or  to  make  smaller  transverse 
incisions  at  either  extremity  of  the  wound  in  order  to 
gain  better  access  to  the  articulations.  When  the  dis- 
ease process  has  separated  the  bone  from  the  periosteum, 
it  may  be  possible  to  extract  it  through  a  fistulous  tract, 
or  through  a  small  incision  dividing  the  skin  and  perios- 
teum at  a  suitable  point.  Partial  excision  of  the  clavicle, 
removing  more  or  less  of  the  outer  or  inner  extremity  or 
a  jiortion  of  the  middle  of  the  clavicle,  may  be  performed 
for  partial  affections  of  the  clavicle  in  non-malignant  dis- 
eases. For  sarcoma  and  other  malignant  new  growths, 
neither  the  partial  nor  the  subperiosteal  method  should  be 
resorted  to.  In  the  thirty-two  cases  of  extirpation  of  the 
clavicle  for  tumors  (sarcomata  in  twenty-four  instances) 
collected  by  Norkus,  six  deaths  from  the  operation  re- 
sulted. Tlie  incision  is  the  same  as  in  the  subperiosteal 
operation.  The  cutting  must  always  be  done  toward  the 
periosteum,  the  attachments  of  tlie  muscles  should  be 
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carefully  sevcierl  fmm  it,  and  the  bnijo  shniild  he  rcmnvcd 
either  in  frugiiienls  afler  euttinir  <ii'  sawiiiir  tliiuULLli  il.  or 
as  a  whole,  iiichnliii};  th<'  new  urowlli.  The  wound  is  to 
be  closed  b)'  suture  after  the  divided  sterno ch'ido-mastoid 
and  trapezius  above  have  been  carefully  united  by  dee|) 
sutures  to  the  pectoralis  major  and  deltoid  muscles 
below. 

Madclung  advocates /cH/ywn'/v/  irKicli'ni  of  the  clariHe 
to  give  access  to  the  suliehivieuUir  region.  He  recom- 
mends the  division  of  the  elavieh'  ill  its  inner  tliird,  togt'th- 
er  witli  I  he  subclavian  and  both  peeloral  muscles,  in  order 
to  si'parate  wiilely  llie  divided  ends  of  thi'  clavicle.  This 
gives  free  access  to  the  subclavicuhir  space  and  even  to 
the  a.xilla.  Tlie  clavicle  is  divided  obli(iuely  fnmi  above 
and  witliin  downward  and  outward,  in  order  tliat  llie 
sidjseiiuent  adaptation  of  the  parts,  when  the  wound  is 
closed,  may  be  more  perfectly  secured.  Tiie  pull  of  the 
steruo-cleido-niastoid  muscle  and  the  weight  of  the  arm 
are  better  o])])o,sed  by  the  adoption  of  tliis]ilan  than  if  we 
resort  to  the  straight  liackward  division  of  the  clavicle. 

Tlie  operation  is  proposed  for  the  purjMises  of  gaining 
access  to  the  subclavicular  nerves  and  blood-vessels,  of 
extirpating  subclavicular  and  a.xillary  neoplasms,  of  at- 
tacking diseases  of  the  upper  ribs,  and  of  reaching  the 
apices  of  the  pleurtv  or  lungs. 

William  G.  Le  BouUUicr. 

Refebences. 
Nnrkus  :  Beitriitie  zur  klin.  Chir.,  xi.,  "28. 
Miulelunff  :  Beitrjij^e  zur  kliu.  Chir.,  xiv,.  229. 

CLAVUS.    See  Callostitas. 

CLEAR  CREEK  SPRINGS.— Bell  County.  Kentucky. 

I'osT-di'FU  H.—  I'ineville.      Small  hotel. 

Access. — Via  Cumberland  Hivcr  and  Tennessee  Rail- 
road, which  connects  with  the  Louisville  and  Nashville 
Railroad  at  Pineville,  a  distance  of  three  miles  from  the 
springs. 

The  location  of  the  springs  is  in  the  Clear  Creek  val- 
ley, almost  entirely  siu'rounded  b)'  mountains.  The 
elevation  is  about  thirteen  hundred  feet  above  the  sea 
level.  This  region  possesses  many  advantages  in  the 
way  of  charming  scenery,  exhilarating  moimtain  air,  etc. 
The  springs  in  use  are  two  in  number,  possessing  about 
the  same  general  characteristics.  The  following  analysis 
w  as  made  by  Robert  Peter,  State  Geologist  of  Kentucky, 
in  1883: 

One  United  States  Gallon  Coxtaixs: 

SoUds.  Grains. 

Calcium  carbonate 2.07 

Magnesium  carlionaie Traces. 

CahMuni  suljiliate ..33 

MnL'ncsiuin  sulpliale 1.43 

(  iilc  iuiii  ihl.Tiil.- .16 

S'Mliuiu  carbunate 1.84 

Silica .51 

Alumina Traces. 

Total B.34 

The  water  is  said  to  l)e  remarkaljly  juu'c  and  well 
adapted  to  the  uses  of  the  table.  We  arc  informed  that 
it  has  long  enjoyed  a  considerable  re|Hitation  in  dyspep- 
sia, liver  and  kidney  affections,  skin  diseases  and  disor- 
ders of  the  female  pelvic  organs.  James  K.  Crook. 

CLEAVERS.     •6ee  RuUacecB. 

CLEFT  PALATE.— By  cleft  of  the  hard  and  soft  pal- 
ates we  mean  a  lissure  of  greater  or  lesser  degree  existing 
in  the  roof  of  the  mouth,  including,  it  may  be,  the  alve- 
olar ridge  in  front,  and  extending  Imck  to  the  extreme 
end  of  the  uvvda.  These  clefts  are  of  two  kinds,  con- 
genital and  acquired,  the  former  being  by  far  the  more 
frequent. 

Pathologt. — As  to  the  congenital  form,  nature  does 
not  complete  her  work  asoriginally  intended,  and  while  we 
can  consistently  indorsetheviewsoftho.se  who  think  the 
defect  to  be  entirely  due  to  the  want  of  a  meat  diet  and 
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of  sutlicient  phosphates  of  lime  on  the  part  of  the  mother, 
still  Ibcrr  are  many  ollur  factors  to  be  considered. 

H.  I-:.  Dennelt,  O.D.S.,  of  Boston,  has  stated  that  "all 
tlesh<atiiig  animals  take  as  much  of  the  bone  with  the 
tlesh  they  eat  as  they  can 
break  with  their  teeth  sulli- 
cienlly  line  to  swallow,  and 
all  have  good  dental  organs." 
Several  years  ago  the  lions 
in  the  Zoiilogical  (iardens  of 
Lonilon  were  fed  upon  tlesh 
containing  too  large  bones  for 
them  to  break  and  swallow. 
The  young  born  while  this 
method  of  feeding  was  pur- 
sued,  it  was  observed,  liad 
clefl  palates  and  lived  but  a 
short  time.  The  lions  were 
then  fed  upon  small  animals, 
whose  bones  they  could  break 
easily,  and  the  young  born  afterward  had  perfectly 
formed  palates. 

It  is  safe  to  assert  that  tlie  same  causes  which  jnoduce 
rickets  in  children  have  also  a  like  effect  in  producing 
cleft  of  the  hard  ])alate.  Hereditary  tendency  has  lieen 
mentioned  by  some  authors,  and  this  I  have  ob.served  in 
the  history  of  .some  of  my  own  cases. 

Mr.  Law  son  Tail,  F.  H.C.S..  in  his  paper  on  "  Cleft  Pal- 
ate," '  has  very  briefly,  in  somewhat  dilferent  words,  re- 
ferred to  this  pathological  con- 
dition, and  is  very  strong  in  his 
belief  that  in  certain  localities  it  is 
quite  endemic,  ami  that,  in  his 
ex]ierience,  heredity  had  lieen  a 
great  factor.  He  says  he  has 
known  cleft  to  miss  as  many  as 
three  generations,  and  then  ap- 
Iiear  in  an  hereditary  form. 

The  late  Dr.  Gurdon  Buck  has 
reported  a  number  of  interesting 
cases  of  hereditary  cleft  occurring 
in  his  practice,  upon  which  he 
operated  with  success. 

I  lay  much  stress  upon  asking 
the  parents  questions  bearing  upon 
these  points. 

Intermarrying  is  an  element  to 
be  considered  in  the  study  of  the 
pathology  of  these  cases  (see  Fer- 
gusson's  "  Surgery  "). 

In  a  majority  of  cases  in  which 
the  fissure  is  single,  it  is  to  be  found  on  the  left  side,  and 
the  deviation  of  the  two  segments  of  the  alveolar  circle 
is  fortunately,  in  these  cases  of  single  split,  sekiom 
great.  My  experience  has  been  that  in  double  lissure 
through  the  alveolar  ridge,  the  vomer  often  has  its  only 
support  below  in  the  intermaxillary  projection,  that  is, 
the  intermaxillary  bone  or  bones  appear  as  an  append- 
age to  the  vomer,  being  held  or  assisted  in  position  by 
fibrous,  cartilaginous,  and  mucous  tisi;ues.  This  island 
of  intermaxil- 
lary bones  and 
tissues,  which  is 
so  very  notice- 
able in  double 
harelip ,  espe- 
cially when  as- 
sociated with 
double  split  or 
fissure  of  the 
alveolar  circle, 
has  been  a  source 
of  deep  study  to 
histologists  as 
well  as  to  pathologists.  The  former  have  spoken  of  it 
as  analogous  to  the  premaxillary  bones  in  some  of  the 
lower  animals,  and  yet  it  has  been  very  difficult  to  de- 
tect, in  the  youngest  foetal  human  upper  jaw,  the  differ- 
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cnce  between  the  intermaxillan-  portions  and  the  lat- 
eral or  true  portions  of  this  bone.  However,  we  know 
that  this  so-called  island  does  contain  what  may  be 
termed  the  true  intermaxillary  bones  and  the  tempo- 
rary and  permanent  incisors,  in  cases  of  complete  double 
cleft  having  only  the  middle 
ones  perfect,  the  lateral  in- 
cisors often  being  imperfect 
or  entirely  absent.  This  con- 
dition of  the  incisors  I  have 
observed  in  cases  in  which  it 
became  necessary  to  remove  the 
island.  Such  instances  of  re- 
moval are  fortunately  rare. 

Singular  as  it  may  seem. 
Fcrgusson  states  that  this  line 
of  .separation,  just  spoken  of, 
cannot  always  be  traced  in  the 
well-developed  ftetal  skull ;  yet 
the  suture  remains  quite  dis- 
tinct in  the  palatine  portion  of 
this  bone  until  a  late  period  of 
adult  life. 

The  surgeon  is  obliged  to 
take  somewhat  into  consider- 
ation the  structure  of  this  island  or  the  intermaxillary 
substance,  in  determining  the  line  of  treatment  to  adopt. 
Cleft  of  the  hard  palate,  as  well  as  harelip  directly 
through  the  mesial  line  of  the  intermaxillary  bones  and 
soft  parts,  is  very  rare. 

Tait  says  two  specimens  are  known.  I  have  seen  one 
case  of  median  harelip.  Sir  William  Fergusson  states 
that  lie  has  never  seen  a  case. 

Maternal  impressions  are  often  suggested  as  a  cause  of 
this  deformity.  We  can  give  but  a  very  slight  indorse- 
ment to  this  view  of  the  question. 

Congenital  cleft  of  the  hard  and  soft  palates  may  be  ex- 
ceedingly simple,  only  the  uvula,  as  seen  in  Fig.  1363,* 
being  implicated,  or  it  may,  in  ditferent  degrees,  be  con- 
fined to  the  soft  palate,  or  it  may  extend  forward  to,  or 
into,  the  alveolar  ridge  (Figs.  1362  and  1363),  or  finally, 
it  may  double-fissure  the  alveolar  circle  (Fig.  1364).* 

The  fissure  is  oftener  situated  in  the  roof  of  the  mouth, 
so  that  the  vomer  is  to  be  seen  in  the  middle  of  the  split 
(Fig.  1364).* 

At  times  the  vomer  is  fastened  to  one  or  the  other  side 
(Fig.  1365).*  generally  to  the  left,  and  this  location  of  it  is 
always  a  source  of  embarrassment  in  operating.  It  is 
here  that  a  combination  of  the  Fcrgusson  lione  operation 
and  the  Warren  operation — the  former  on  the  side  free 
from  the  .septum,  and  the  latter  on  the  opposite  side,  slid- 
ing the  periosteal  flaps — meets  the  emergency  best.  To 
break  the  vomer,  as  I  did  in  some  of  my  earlier  cases,  is 
not  always  a  success,  and  we  are  more  likely  to  get  ne- 
crosis, especially  of  the  septum. 

It  is  well  known  that  many  infants  born  with  this  de- 
fect die  within  a  short  time  after  birth,  when  the  cleft  is 
of  a  marked  character.  Mr.  Tait  says  that  one-half  of 
the  children  born  with  extensive  clefts  die  within  a  few 
■daj'S  after  birth  from  starvation,  and  thinks  we  might  be 
able  to  save  many  of  these  children  if  we  could  help 
them  to  suck  by  early  giving  them  a  roof  to  the  mouth, 
and  therefore  advocates  doing  the  operation  for  closing 
the  hard  palate  as  early  as  the  third  week.  ]\Iy  personal 
experience  does  not  show  so  high  a  rate  of  mortality. 
When  speaking  of  treatment,  I  shall  refer  to  this  again. 
Children  born  with  cleft  palate  cannot  nurse,  nor  can 
they,  in  many  instances,  use  the  large  rubber  nipple  of 
the  nursing  bottle  with  complete  success.  Mason,  in  his 
excellent  work,  mentions  the  large  flat  nipple,  made  so  as 
to  fill  the  roof  of  the  mouth  while  nursing,  as  of  great 
use. 

When  the  children  must  be  fed  with  a  spoon,  a  great 
care  devolves  upon  the  mother  or  nurse.  Among  my 
cases  I  have  the  notes  of  two  fa  son  and  a  daughter  in 
one  family)  in  which  the  mother,  for  nearly  two  years  in 

*  From  UasoD,  "  On  Harelip  and  Cleft  Palate." 


each  instance,  was  obliged  to  give  nearly  her  entire  time 
to  the  care  of  the  two  children,  as  regards  feeding,  be- 
fore they  could  help  themselves.  In  neither  ofthese 
cases  was  an  earl.v  operation  done  for  closing  the  double 
harelip.     (Fig.  1363  shows  condition  of  the  son.) 

Cases  allowed  to  go  on  without  interference  beyond 
the  second  year  are  those  that  show  the  loss  of  voice  and 
the  nasal  tone  in  so  marked  a  degree.  This  often  proves 
a  source  of  great  annoyance  in  after-life,  keeping  the 
possessor  from  society  and  from  following  a  professional 
career.  It  is  interesting,  as  we  study  the  history  of  this 
subject,  to  note  the  views  of  different  surgeons  who 
have  publi.shed  their  cases,  as  to  the  proper  time  for  op- 
eration, especially  in  reference  to  the  recovery  of  the 
voice. 

I  have  now  performed  the  operation  so  many  times,  in 
patients  of  from  twenty  months  to  nineteen  years  of  age, 
that  I  am  entitled  to  speak  from  experience,  and  am  con- 
vinced that  our  most  successful  cases  are  those  upon 
which  we  oiienite  early,  and  before  the  child  has  made 
any  great  elTort  to  speak.  In  fact,  these  cases  should 
not  be  encouraged  to  talk  early.  Most  children  make  an 
earnest  elTort  to  talk  at  the  end  of  the  second  year,  and 
bv  that  time  the  operation  should  have  been  performed. 
From  my  own  observations  of  the  results  oljtained  by 
other  siu'geons  who  have  closed  the  cleft  as  early  as  the 
second  or  third  month  of  infant  life,  and  from  my  study 
of  the  lit<'rature  of  tiie  subject,  as  well  as  from  my  per- 
sonal experience.  I  am  not  in  favor  of  going  so  far  as 
this  in  the  direction  of  early  operating.  Young  children 
do  not  l>ear  the  loss  of  blood  well,  and  although  we  may 
make  use  of  the  galvano-eautery  knife  to  divide  the  tis- 
sues and  thus  avoid  hemorrhage,  yet  the  shock  is  such 
as  to  add  to  our  mortality  list,  and,  besides,  union 
often  fails  in  these  early  attempts.  Of  this,  however, 
I  am  certain,  that  in  all  these  cases  of  cleft  palate 
complicated  with  single  or  double  harelip,  the  opera- 
tion upon  the  soft  external  parts  should  be  done  as 
soon  after  birth  as  possible.  With  the  large  nipple  and 
perfect  li])s  to  surround  it,  or  sim|ily  liy  the  use  of 
the  spoon,  the  child  can  be  fed  very  well.  The  union 
of  the  soft  ])arts  does  aid,  I  am  convinced,  in  bringing 
together  the  bony  vault  of  the  mouth,  a  result  which 
is  very  desirable.  Then  again,  it  does  to  a  certain  ex- 
tent carry  the  child  out  from  the  domain  of  idle  curios- 
ity and  observation,  and  thereby  lessens  the  burden  of 
the  iiarents.  Some  of  these  children  will  die  before 
reaching  the  age  of  two  years,  not  because  of  imperfect 
mastication,  but  because  thev  are  bound  to  bear  their 
ratio  of  death  with  the  rest  of  the  infant  family. 

In  double  harelip,  while  the  treatment  of  the  island  or 
intermaxillary  bone  has  been  dwelt  upon  very  clearly  by 
the  various  writers,  I  am  sure 
that  of  all  the  different  com- 
plications, it  is  in  this  that  ex- 
perience is  of  the  greatest  value, 
and  that  every  ease  presents 
one  or  more  iieculiar  features. 
To  save  the  island  when  pos- 
sible is,  I  think,  good  surgerv. 
There  can  be  no  doubt  tliat  it 
prevents  the  child-like  contrac- 
tion or  ap]iearance  which  is  so 
striking  in  some  adult  faces 
where  it  has  been  removed.  I 
think  the  cases  are  few  in 
which,  in  saving  the  island, 
the  operator  can  go  on  and 
unite  both  sides  in  the  same 
operation. 

As  to  the  manner  of  closing 
the  single  harelip,  there  can  be  little  difference  of  opin- 
ion. The  law  is  inflexible  that  to  produce  a  good  result 
the  vermilion  border  of  the  lip  must  be  always  on  a  line 
projecting  a  little,  if  possible.  If  not,  an  apparent 
notching  occurs  in  the  vermilion  border. 

Regarding  the  mode  of  dealing  with  the  island,  my 
preference  is,  if  I  cannot  save  the  bone,  to  save  the 
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healthy  skin  covering  it.  be  it  ever  so  small,  ami  to 
shape  it  in  such  a  way  that  by  angle,  curve,  or  siiuare 
I  can  lit  it  eitlier  into,  between,  or  to  one  side  of  the  up- 
per lip.  using  that  to  form  tlajis.  The  small  portion  thus 
saved  aids  in  its  way  to  give  an  appearanc<'  of  fulness  to 

the  face  or  ii]>per 
lip.  In  one  of  my 
eases,  sent  me  by 
Professor  Bigelow, 
of  Albany,  there 
existed  that  dread- 
fid  defonnily,  such 
as  is  seen  in  a  small 
number  of  cases 
only,  in  which  the 
island  projected 
upward  almost  like 
a  horn  toward  the 
nose.  There  was 
iiuite  a  surface  of 
healthy  skin  cover- 
ing it,  and  I  deter- 
mined to  save  it  all. 
Accordingly.  I  lirst 
took  from  the  sep- 
tum, with  curved 
bone  forceps,  a  V-sliaped  portion  of  bone,  and  then  broke 
the  island  into  position  on  a  level  with  the  alveolar  ridge 
of  the  upper  jaw,  holding  it  there  for  a  period  of  ten 
days  with  compress  and  adhesive  plaster.  Two  weeks 
later  I  freshened  the  edge  of  the  fissure  on  the  left  side, 
also  the  edge  of  the  skin  covering  the  island,  and  then 
brought  tlie  flap  or  upper  lip  up  to  it,  holding  it  there 
with  two  silver  pins.  Good  union  was  obtained  (sec 
Fig.  1866).  Two  months  later — the  child  being  then  not 
quite  six  months  old — I  treated  the  fissure  on  the  right 
side  in  a  similar  manner,  and  got  a  perfect  result.  Un- 
fortunately for  the  completion  of  the  operation  for  closure 
of  cleft  of  the  hard  palate,  this  child  died  of  cholera  in- 
fantum just  at  the  end  of  its  second  year,  and  at  a  time 
when  the  parents  were  ready  and  ansious  for  the  final 
operation. 

The  saving  of  the  island  gives  a  better  septum  for  the 
nose,  as  is  reasonable  to  conclude  from  a  comparison  of 
this  case  with  another  in  which  the  island  was  removed.  In 
the  latter  case,  a  boy  six  months  old,  there  was  a  double 
harelip  with  the  intermaxillary  bone  so  prominent  that 
it  was  deemed  best  to  remove  it  entirely.  At  the  fiist 
operation,  when  this  was  done,  a  lateral  incision  was 
made  from  the  angle  of  the  nose  on  each  side  outward 
into  the  cheek,  and  then  the  two  flaps  forming  the  upper 
lip  were  brought  together;  perfect  union  was  thus  se- 
cured. Later  on,  and  in  his  second  year,  two  operations 
were  required  for  closing  the  cleft  in  the  hard  and  soft 
palates;  but  his  voice  did  not  improve  as  I  had  hoped. 
I  did  not  see  him  for  nearly  three  years,  when  he  was 
brought  to  me,  and  on  examination  I  found  that  the 
upper  lip  had  no  union  with  the  septum  or  vomer,  and 
that  through  this  opening  the  air  escaped  in  so  great  a 
volume  as  partially  to  account  for  his  defective  speech. 
These  cases  are  difficult  to  remedy. 

In  the  case  of  a  boy  who  was  four  years  of  age,  and 
whose  face  was  almost  as  much  disfigured  as  was  that 
of  the  case  just  narrated.  I  operated  the  same  number  of 
times,  but  1  did  not  remove  the  intermaxillary  bone. 
The  result  obtained,  as  to  appearance  and  voice,  was 
nearly  perfect. 

Just  here  I  wish  to  speak  of  the  necessity  of  operating 
upon  the  soft  parts  in  such  a  manner  as  not  to  leave  any 
scar  behind.  On  this  point  Mr.  La wsonTait  says:  "To 
avoid  these  scars  I  use  ordinary  seamstresses'  needles, 
strong,  and  threaded  with  a  few  inches  of  silver  wire 
double.  I  introduce  each  needle  through  the  lip  (in  the 
plane  of  its  surfaces),  about  half  an  inch  from  the  prola- 
bium,  and  bring  the  point  out  at  the  middle  of  the  cut 
surface.  I  then  introduce  the  needle  at  the  correspond- 
ing point  of  the  opposite  cut  surface,  and  bring  it  out  at 
the  root  of  the  ala  of  the  nose.     Thus,  when  both  nee- 


dles are  in  xitii  they  form  a  St.  Andrew's  cross,  the  ])oint 
of  intersection  being  the  centre  of  the  w  ound.  The  nee- 
dles arc  then  pushed  home  up  to  their  eyes,  the  wires 
twisted  firmly  together,  the  points  cut  off  ckise  to  the 
skin,  and  the  stumps  retracted  into  it.  Thus  all  possible 
scarring  is  avoided." 

In  my  article  on  Harelip  I  shall  speak  more  fully  on 
this  subject,  having  little  reason  to  regret  the  use  of  tho 
ordinary  silver  harelip  pins. 

In  these  operations  I  <lo  not  hesitate  to  make  use  of 
chloroform,  and  especially  in  children  luider  ten  years  of 
age.  Before  it  is  given  everything  should  l)e  in  readi- 
ness, and  each  assistant  shouhi  be  instructed  as  to  his 
work;  then,  as  the  little  one  conies  under  the  influence 
of  the  an;esthetic.  the  operation  should  be  begun  with 
promptness.  It  is  true,  many  of  these  children  are  of 
feeble  make-up,  but  the  cases  are  few  in  which  one  need 
feel  at  all  anxious  in  giving  the  chlorofoi-m  from  a  small 
plain  napkin,  plenty  of  air  being  allowed. 

The  subject  of  cleft  of  the  hard  and  soft  palates  is  one 
not  so  well  settled  in  the  minds  of  surgeons  as  to  exclude 
further  elucidation,  and,  while  it  is  hardly  safe  for  one 
to  attempt  to  advance  much  that  is  new,  I  am  convinced 
that  a  more  carefid  examination  of  our  cases,  and  of  the 
leports  of  the  same,  one,  two,  or  more  years  after  an  f>pera- 
tion  has  been  performed,  is  needed.  It  will  ever  remain  a 
source  of' regret  to  the  profession  that  such  successful 
operators  as  Warren  and  Fergusson  (the  latter  operating 
over  three  hundred  times)  did  not  have  a  record  as  to 
how  the  operation  ultimately  affected  the  voice,  the  resto- 
ration of  which  is  the  piincipal  object  sought  for  in 
doing  so  ditficult  an  operation. 

That  it  is  a  severe  operation  there  can  be  no  doubt,  es- 
pecially when  the  attempt  is  made  to  close  a  complete 


Fig.  1367. 

cleft.  In  my  own  practice,  furthermore,  I  have  experi- 
enced repeated  failures  in  a  few  cases.  Nevertheless,  in 
these  very  cases,  with  one  or  two  exceptions,  I  have  finally 
conquered,  and  in  none  was  the  patient  left  any  the  worse 
for  the  future  trial  of  an  obturator.  That  cases  do  get 
on  in  life  without  any  operation  being  done,  and  are  then 
improved  by  the  use  of  an  obturator,  is  now  a  well-estab- 
lished fact.  "  However,  these  cases  are  not  always  so  bene- 
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fited.  A  gentleman  with  whom  I  am  acquainted,  aged 
sevent}',  was  operated  upon  when  a  child  for  harelip, 
by  Guthrie,  and  then  given  to  the  dentists  for  relief  when 
eighteen  years  of  age.     He  has  never  been  in  the  least 
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improved  by  the  use  of  obturators,  and  life  has  ever  been 
to  him  a  sorrow.  It  is  with  great  difficulty  that  he  can 
be  understood. 

I  have  never  j-ct  been  obliged  to  stop  an  operation  be- 
cause of  hemorrliage,  but  I  have  known  it  to  occur  at 
times  in  a  severe  manner.     Once  I  was  compelled  to  post- 


FIG.  lotiil. 

pone  an  operation  on  account  of  tlie  great  and  rapid  se- 
cretion of  mucus,  it  being  so  abundant  that  the  bronchi 
filled  to  an  alarming  c-xtcnt.  and  sutfocatiou  seemed  im- 
minent. Wlieu  the  secimd  attempt  was  made  I  put  the 
patient  for  twenty  four  hours  upon  full  dn-ii-;  of  tincture 


Fig.  1370. 

of  belladonna,  which  had  the  desired  effect  of  drying  the 
throat  and  eliecliing  the  free  secretion  of  mucus. 

The  subject  of  cleft  palate  is  one  that  lias  occupied  llie 
minds  of  our  best  surgeons  both  in  this  country  and  in 
the  old  world,  and  each  can  claim  a  good  degree  of  suc- 
cess. It  is  not  necessary  at  this  point  to  enter  into  the 
details  of  the  history  of  the  opera- 
tion. It  is  enough  to  know  that 
Billroth,  Liiwson  Tait,  Francis  ^la- 
son,  T.  Smith.  Goodwillie.  Prince, 
and  mjiuy  others  of  our  own  time, 
liave  given  the  matter  careful  con 
sideration.  It  is  an  operation  in 
which  experience  is  of  service  as 
to  dexterity,  as  to  time  consumed 
in  doing  it,  as  to  teaching  the 
mother  or  the  nurse  how  to  improve 
the  speech  afterward,  and  also,  I 
believe,  as  to  the  choice  of  tlie 
proper  time  for  operating.  I  think 
that,  if  we  coukl  get  honest  sta- 
tistics, we  should  find  the  best  time 
for  operating  to  be  immediately 
after  tlie  first  dentition,  or  when 
the  child  is  about  two  j-ears  old, 
and  that  previous  to  this  no  at- 
tempt should  be  made  to  encourage 
the  child  to  talk.  Then  tliere  is 
not  so  mucli  danger  of  acquiiing 
that  nasal  twang  which  is  so  ditfi- 
cult  for  an  older  person  to  over- 
come. The  rule  stated  above  should  also  apply  to  cases 
of  incomplete  cleft,  in  which  there  is  no  harelip. 
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The  acquired  form  of  cleft  is  the  result  of  a  variety  of 
diseases  and  accidents.  Of  the  former  the  most  frequent 
is  constitutional  syphilis  in  the  adult.  In 
children  it  is  usually  the  result  of  a  fall 
while  running  with  something  in  the  mouth, 
as  a  bean  blower,  pencil,  or  pen,  the  force 
being  such  as  to  drive  the  article  through 
some  part  of  the  roof  of  the  mouth.  These 
forms  of  fissure  are  situated  strictly  behind 
the  alveolar  ridge,  and,  as  a  usual  thing,  are 
not  large.  They  will  be  considered  more 
fully  when  speaking  of  treatment. 

Stiip/iyliyrmp/ii/  is  an  oiieratiou  suited  es- 
pecially for  clo.sing  a  cleft  of  the  soft  pal- 
ate, also  such  as  are  associated  with  but 
slight  fissures  of  the  liard  palate. 

Osteophixty  is  essentially  the  bone  or  Fer- 
gusson  operation.  I  liave  combined  the 
two  in  closing  a  complete  cleft  of  both 
hard  and  soft  palates,  and  have  had  no  rea- 
son to  regret  it.  although  it  is  a  severe  op- 
eration. 

Steps  of  tiik  OrKinriox. — The  child's 
bowels  liaving  been  moved  tlie  day  before, 
no  solid  food  should  be  given  on  the  morn- 
ing of  the  ojieiation.  I  was  once  greatly 
embarrassetl  in  a  case  in  wliich  the  nurse 
liad  given  the  child  a  large  plateful  of  oat- 
meal gruel,  wliich  it  continued  to  vomit  during  the  en- 
tire operation. 

Chloroform  may  be  giv'en,  and  when  the  anicsthetic 
takes  effect  the  Wliitehead  gag.  whicli  I  consider  the 
best,  should  be  introduced  as  shown  in  Fig.  1367.  The 
opt'rator  should  have  ready  a  good  supply  of  bits  of 
sterilized  gauze  (not  too  large)  with  at  least  a  dozen 
good  sponge  holders,  long  enough  to  reach  well  back 
into  the  phaiynx.  It  is  necessary,  too,  to  have  near  at 
liand  a  bowl  of  cracked  ice,  in  which  to 
dip  the  bits  of  gauze  intended  for  use  in 
controlling  hemorrhage.  The  surgeon 
re(|nires  as  his  assistants,  one  to  give 
and  watch  faithfully  the  ana'sthetie, 
another  to  sponge,  a  third  to  hand  the 
instruments  and  assist  generally,  and 
two  others  to  look  after  the  mojis  of 
gauze. 

The  opeiat'on  should  be  performed  in 
front  of  a  good  liglit.  and  the  patient's 
bead  should  rest  on  a  firm  pillow.  Some 
opc-rators  speak  very  favorabh'  of  let- 
I  ing  the  child's  head  hang  over  the  table, 
ilic  blood  being  sponged  out  as  it  col- 
Irris  in  the  posterior  part  of  the  pliaryn.x. 
The  essential  steps  of  the  operation  are 
:is  follows; 

FivKl.  Standing  on   the  right  side  of 
™j  nani    I  he  patient  with  forceps  or  tenaculum 

fl  HI      t-'tj?-  13G8),  the  opera- 

lor  grasps  the  lower 
rnd  of  the  uvula,  on 
lice  left  side,  and,  with 
long,  sharp  -  pointed, 
narrow  knife  ( Fig. 
1309),  freshens  well  the 
edges  of  the  fissure,  not  hesitating  to 
take  away  plenty  of  tissue,  and  fre- 
quently doing  it  without  removing 
the  instruments:  in  which  matter,  of 
course,  much  will  depend  upon  the 
bleeding,  and  how  well  the  child  is 
under  the  influence  of  the  anaesthetic. 

Semnd.  With  an  awl-shaped  instrument  (Fig.  1370) 
holes  are  bored  through  the  bone  near  the  edge  of  the 
cleft,  for  passing  the  sutures  (see  Fig.  1367). 

T/ih-d.  Similar  holes,  two  on  each  side,  are  drilled 
through  the  bone  along  the  alveolar  ridge,  sufficiently  in 
front  "and  not  so  far  back  as  to  interfere  with  the  impor- 
tant blood-vessels,  and  then,  by  means  of  the  chisel  (Fig. 


FIG.  1373. 


Fig.  1374. 
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FIO.  1375. 


FIG.  1376. 


1371),  the  parallel  pdilion  of  bouc  is  pressed,  or  rather 
forced,  toward  the  median  line  for  the  purpose  of  closiiijr 
the  cleft  in  the  liard  palate  with  bone 
and  i)eriosteal  substance. 

Fiiiirth.  The  blue  and  red  silk 
threads  forming  the  sutures  are  then 
passed  alternately  in  the  following 
niaiiiii  r,  as  shown  in  part  in  the  ae- 
eoinpanyiu!!  illustrations;  A  blue 
thread  is  tirst  passed  through  the 
anterior  hole  previously  made  in  the 
left  side  of  the  cleft,  by  means  of  the 
Ion:;  curved  needle  (Figs.  13Ti  and 
137ii),  and  the  free  end  is  drawn  out 
by  means  of  the  long  forceps;  ne.\t. 
a  red  thread,  doubled  over  so  as  to  form  a  loop,  is  passed 
in  the  Siime  manner  through  the  hole  opposite  in  the 
right  side  of  the  cleft,  the  loop 
being  drawn  through,  and  in  this 
is  engaged  the  free  end  of  the 
blue  sutur<'  in  order  to  draw  it 
through  the  hole  on  the  right 
side,  thus  completini:  its  passiisre, 
as  seen  in  Figs.  1374,  13T.1.  13TG. 
and  1377.  In  this  way  as  many 
sutures  as  are  neeiled  are  passed, 
the  red  and  blue  alternating. 

Fijth.  Tying  the  suturi'S  is  ne.vt 
done  b_v  means  of  the  slipknot. 
A  half-knot  is  thrown  around  the 
free  end  of  the  suture  (Fig.  1377),  and  then  by  the  use  of 
the  lingers  or  instrument  (Fig.  137S.)  the  knot  is  pressed 
tightly  down  against  the  edges  of  the 
cleft — whi(  h  arc  thus  brought  together — 
and  tied  twice,  as  shown  in  the  drawing 
taken  from  life  (Fig.  1379),  the  suture 
being  drawn  to  one  side  of  the  tis.surc  and 
cut  short  with  curved  scissors. 

This  closes  the  entire  split  completely 
in  one  operation. 

Sixth.  This  is  a  very  imjiortant  ste]i  in 
many  operations.  It  consists  in  dividing 
the  tissues  at  the  point  where  the  greatest 
tension  e.\ists.  In  e.vamining  my  patients 
I  was  impressed  early  with  the  observa- 
tion that,  when  they  attempted  to  swal- 
low and  when  they  breathed  with  the  mouth  open,  the 
two  sides  of  the  lissure<l  soft  palate  very  nearly,  if  not 
..  quite,  came  into  apposition,  except  .pist  op- 
posite the  hamular  process  and  at  the  junction 
of  the  hard  and  soft  palates;  and,  at  the  same 
time,  there  was  thrown  up  on  the  posterior  wall 
of  the  pharyn.x  a  transverse  ridge  formed  by 
the  superior  constrictor,  the  latter  aiding  to 
prevent  the  passage  of  air  or  food  up  into  the 
posterior  nares.  This  observation  led  me  to 
make  the  lateral  incisions  in  the  soft  palate 
otdy  at  the  point  of  greatest  tension,  and,  that 
being  the  tendon  of  the  tensor  palati,  to  but- 
tonliole  it,  as  we  may 
say,  with  a  short 
blunt  knife  (Fig. 
1380,  after  Fergu"s- 
son).  The  relief  af- 
forded by  this  pro- 
cedure is  at  once 
marked,  but  at  times 
the  hemorrhage  is 
decided,  and.  there 
fore.    I   believe   that 

I        the  platinum  knife  of 
the    galvano-cautery 
is  the  best  instrument 
to  use.  and  probably 
better  than  the  wire 
suggested  by  Dr,  David  Prince, 
for  this  part  of  the  operation. 
This  is  essential!}'  the  same 


FIG.  isrr. 


FIG.  1378. 


r 


Fig.  1380. 


FIG.  1379. 


procedure  as  that  of  dividing  what  Mr.  Lawson  Tait  so 
ably  describes  in  his  paper  as  the  circtimtlcx  fascia  be- 
longing to  the  tendinous  insertion  of  the  tensor  palati 
muscle,  a  failure  to  divide  which  so  often 
causes  non-union  of  the  hard  and  soft  pal- 
ates. 

Dr.  David  Prince,  in  a  paper  on  "  Palato- 
plasjy,"  very  clearly  and  ably  discusses 
this  subject. 

Fig.  1379  shows  the  appearance  of  the 
mouth  when  the  combined  operations  have 
been  performed;  the  lateral  alveolar  inci- 
sion having  been  well  jiacked  with  strips  of 
iodoform  gauze.  This  step  I  c(msider  essen- 
tial, as  it  prevents  the  too  ((uick  union  of 
this  free  incision,  which  is  apt  sometimes 
to  occur.  It  is  well  to  repack  the  incision 
on  the  third,  fourth,  fifth,  or  sixth  da}',  the 
judgment  of  the  operator  determining  the 
exact  time. 

When  simple  staphylorraphy  is  to  be  per- 
formed, the  steps  are  much  the  Siime;  the 
use  of  the  awl  and  chisel  in  l>ringii,g  the 
edges  of  the  bone  together  should,  how- 
ever, be  omitted,  and  where  the  hard  palate 
is  implicated  the  Warren-Lan.srenbecU  peri- 
osteal operation  of  sliding  the  covering  of 
the  bone  as  needed,  should  be  performed. 
This  is  done  by  first  making  an  incision 
through  the  mucoiis  membrane  and  periosteum  with  a 
blunt-edged  iustniment  or  cautery  knife;  then,  with 
periosteal  elevators  (Fig.  1381)  the  ti.ssues  should  be 
lifted  from  the  bone  and  toward  the  mesian  line,  the 
point  of  the  instrument  being  carried  posteriorly  near 
to  the  posterior  palatine  arteries.  This  procedure,  as 
Mr,  Tait  has  observed,  raises  the  vessels  from  their  iK-d 
without  injuring  them.  The  point  of  the  rasi)atory 
must  not  be  introduced  into  the  canal  containing  these 
vessels.  Mr.  Tait  believes  that  if  the 
muco-periosteum  of  the  bard  palate  be 
elevated  with  a  raspatory  from  the  semi 
lune  of  the  palate  bone,  the  tendinous 
att;»chment  of  the  tensor  palati  will  be 
raised  with  it,  and  the  muscle  will  thus 
be  paralyzed,  thereby  doing  away  with 
the  necessity  of  any  such  division  of  mus- 
cles as  is  practised  by  Pollock  or  Fergus- 
son,  and  diminishing  the  risk  of  there  being 
a  pinhole  <irifice  at  the  junction  of  the 
hard  and  soft  palates.  After 
this,  if  tension  of  the  soft 
palate  be  jiresent,  divide  as 
before  spoken  of. 

The  length  of  time  during 
which  the  sutures  should  be 
left  in  is  of  importance.  Tait 
leaves  them  in  fourteen  days 
and  uses  silver  wire.  Prince 
uses  silver  wire.  Mason  uses 
silk,  and  in  many  instances 
lets  them  ulcerate  out.  Other 
surgeons  have  suggested  and 
used  horsehair.  I  always 
use  silk  and  remove  some 
stitches  as  early  as  the  sixth 
day  and  the  remainder  by  the 
tenth.  Colored  silk  is  best.  In  removing 
the  "sutures  it  is  well  to  put  the  patient 
under  the  influence  of  chloroform.  Use 
long  forceps  and  sharp-pointed  curved 
scissors  (Fig.  1382), 

A  word  as  to  the  incision  of  the  pos- 
terior pillar  of  the  fauces  as  mentioned 
by  5Ir.  Bryant.  I  have  observed  that 
there  is  a  great  difference  between 
different  individuals  as  regards  the 
breadth  of  the  space  between  the  anterior  and  posterior 
pillars  of  the  fauces,  and  where  the  soft  parts  are  found 


Fig.  13»1. 


Fig.  13S2. 
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to  be  very  tense  the  posterior  pillar  may  be  divided ;  but 
we  are  warned  by  Mr.  Tait  that  atrophy  of  the  soft  pal- 
ate is  likely  to  follow  this  operation,  an  outcome  which 
is  to  be  regretted.  This  condition  I  have  noticed  in  one 
of  my  own  cases. 

JIany  cases  require  two  and  three  operations,  but  we 
should' not  be  discouraged.  Contrast  a  good  result  with 
the  frequent  necessity  of  changing  the  obturator  and  the 
care  required  in  looking  after  it. 

Fie.  1383  shows  thelittle   pinhole  opening  (in  some 
cases^larger),  which  may  often  be  closed  by  the  persistent 
use    of    some   caustic,    such   as 
nitrate  of  silver  or  nitric  acid. 

Training  the  voice  after  the 
operation  is  of  great  impor- 
tance as  regards  the  final  result. 
Great  patience  is  required,  and 
we  must  not  expect  improve- 
ment to  follow  immediately.  A 
year,  or  even  a  longer  time,  may 
be  required.  Witli  children  I 
have  liad  greater  trouble  in  teach- 
ing the  pronunciation  of  ch.  as 
in  church,  chicken,  etc.,  than 
that  of  any  other  sound.  Dr. 
Henry  J.  Bigelow,  of  Boston, 
lias  in  a  vcrj-  able  manner  pre- 
sented the  following  views  as  to 
teaching  the  children  to  talk 
after  the  operation  has  been  per- 
formed. He  says:  "Some  years 
since  I  devised  a  short  scries  of  exercises  for  a  patient 
I  had  o|icrated  upon.  It  begins  with  the  only  conson- 
ant which  a  patient  can  usually  best  articulate,  namely, 
'  t '  in  '  tar,'  and  gradually  leads  to  the  rest,  constantly 
referred  to  the  acquired  '  < '  as  a  point  of  departure.  The 
great  difficulty  in  pronouncing  correctly  with  a  cleft  pal- 
ate is  in  distinguishing  the  nasals  from  the  unites;  thus, 
p  and  b  from  m;  pab  or  liab  from  mam;  t  and  d  from  n : 
tat  from  nan;  k  and  g  (hard)  from  ng.  '  Titr'  is  well 
pronounced  by  most  beginners  with  an  obturator.  When 
the  beginner  can  pronounce  '  stai'k  '  and  '  car  '  he  has  the 
key  to  most  of  what  here  follows.  The  above  words 
should  be  practised  carefully ;  not  '  start '  and  '  tar, '  but 
'stark'  and  'car,'  and  should  be  spoken  loudly,  or,  as 
the  elocutionists  say,  '  exploded. ' 


FIG.  1383. 


1.  tar 

2.  kar 
8.  kar 

4.  kar 

5.  kar 

6.  kar 

7.  kar 


artar 
arkar 
arkar 
arkar 
arkar 
arkar 
arkar 


kar 

arkgar 

nrkdar 

ark  par 

arkbar 

arklar 

arksar 


arkgar 

kgar 

kdar 

kar 
gar 
dar 

kpar 
kbar 

par 
bar 

klar 

lar 

ksar 

sar 

Practise  all  the  above  with  the  following  vowels: 

8.  o  as  in  coke. 

Thus,  instead  of  kar,  akar,  etc,  ko-oko-oklo-klo-lo. 

9.  a  (long)  as  in  cake. 

10.  1  as  in  kite. 

11.  e  as  in  keep. 

12.  u  as  in  suit. 


13.  kar      arkar 

arngar    arkar    arngar 

kar 

ngar 

14.  tar      artar 

arnar      artar     arnar 

tar 

nar 

15.  par     arpar 

arniar     arpar    armar 

par 

mar 

bar 

mar 

Practise  reading 

loudly  from  a  book :     \ 

dar 
sar 

mar 
rar" 

In  the  case  of  children  beyond  twelve  years  of  age, 
and  particularly  with  adults,  I  would  perform  the  opera- 
tion for  closing  cleft  palate,  if  for  nothing  more  than  to 
afford  comfort  in  eating. 

Regarding  the  treatment  of  the  acquired  form  of  cleft. 
I  should,  in  all  cases  of  traumatic  origin,  operate  bj' 
forming  the  periosteal  flaps.  In  cases  in  which  consti- 
tutional syphilis  is  present,  I  should  hesitate  somewhat. 


believing  that  in  the  majority  of  these  cases  the  obturator 
does  bes^..  A.  Vander  Veer. 

'  British  and  Foreign  Mcdlco-Chinirgioal  Review,  July.  18T0. 
^  From  Boston  Med.  and  Surg.  Journal,  February  7th,  1884. 

CLEVELAND. — The  second  city  of  size  and  impor- 
tance in  Ohio,  situated  on  the  south  shore  of  Lake  Erie 
at  the  mouth  of  the  Cuyahoga  River.  It  is  a  large  and 
handsome  city  of  several  hundred  thousand  inhabitants, 
and  from  the  abundance  of  its  shade  trees  is  called  the 
"Forest  City."  The  climate  is  indicated  by  the  accom- 
panying table: 

Climate   of   Cleveland,   Ohio— Latitcde.  41°  30';   Lo.vgitude, 
81°  42'.    Period  of  Observations,  Thirteen  Years. 


Data. 

Temperature  (Fahr.)  — 

Average  or  noriual 

Average  daily  range 

Mean  of  wannest 

Mean  of  coldest 

Highest  or  nia.ximum 

Lowest  or  minimum 

Humidity- 
Average  relative 

Precipitation- 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourlv  velocity  in  miles 

Weather- 
Average  number  clear  days 

Average  number  fair  days 

Average  number  fair  and  clear  days.. 


January. 

July. 

26.8° 

71.9° 

13.7 

14.9 

32.8 

79 

19.1 

64.1 

70 

96 

-17    ■ 

49.6 

•    77.W 

~0.\% 

2.50 

4.21 

S.W. 

N. 

10.7 

7.3 

2.8 

9.6 

8.4 

15.7 

11.2 

2.5.3 

Year. 


48.9° 


71.2* 
38.40 
S.G. 


83 

141.8 
224.8 


Edward  0.  Otis. 

CLIFTON  SPRINGS.— Ontario  County,  New  York. 

Post-Ofkice. — Clifton  Springs.  Hotel  and  sanita- 
rium. 

Access. — Viit  Auburn  branch  of  the  New  York  Cen- 
tral and  by  the  Lehigh  Valley  railroads. 

This  resort  is  located  in  one  of  the  most  healthful  parts 
of  the  State,  midway  between  the  villages  of  Geneva  and 
Canandaigua.  The'  location  is  about  six  hundred  and 
seventecnfeet  above  the  sea  level,  and  the  surrounding 
country  is  somewhat  hilly.  An  average  summer  temper- 
ature of  about  7.')'  to  8.5°  F.  is  the  rule.  The  springs 
are  very  numerous,  but  only  five  are  in  use  at  present. 
Dr.  Henry  Foster,  the  superintendent,  sends  us  the  fol- 
lowing analysis  by  the  late  Prof.  J.  R.  Chilton ; 

Sulphur  Spring. 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  cartM>nat4» 9.68 

Miiirucsinin  i-arl)onate 13.12 

Sndmiii  sutpliate 7.76 

CaLiuiii  sulphate 69.20 

MiiirTii-sHJiM  sulphate 16.48 

Sndiuiri  I'll  I,  .ride 9.28 

Calcium  chloride 4.08 

Magnesium  chloride 4.08 

Organic  matter Trace. 

Total 133.68 

Sulphureted  hydrogen  gas,  present. 
Carbonic  acid  gas,  present. 

This  water  is  quite  similar  to  that  of  the  Greenbrier 
White  Sulphur  Springs  of  West  Virginia.  It  is  used  to 
supplv  the  Clifton  Springs  Sanitarium,  the  important 
feature  of  this  resort.  A  staff  of  eight  physicians  (six 
gentlemen  and  two  ladies)  is  maintained  at  the  sanitarium 
and  it  is  believed  that  the  facilities  for  treating  certain 
classes  of  diseases  are  unsurpassed  anywhere.  All  varie- 
ties of  baths  are  here  to  be  found,  as  well  as  all  the  mod- 
ern appliances  and  methods  of  usin,g  electricity.  The 
use  of  massage,  the  Swedish  movement,  and  the  various 
forms  of  gymnastics  also  receive  due  attention.  The 
sanitarium  building,  with  its  recently  constructed  annex, 
affords  accommodation  for  four  hundred  and  fifty  per- 
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sons.  All  modpru  cnntrivancos  for  tlip  comfort  and 
licalth  of  the  guests  are  provided — elevators,  an  electric 
bell  service,  a  solarium,  roof  j;arden,  etc.  The  surround- 
iug  park,  containins  more  than  liflv  acres,  beautilied  by 
well-ke])t  lawns,  sjiacious  pavilions,  attractive  walks, 
miniature  lakes,  shady  groves.  Mowers,  etc.,  provides  a 
lieallhful  and  restful  retreat.  The  house  is  kept  open  for 
guestsall  the  year,  but  Ihcgreatcr  nunibervisit  the  place 
during  the  summer  months.  ./dims  K.  Crouk. 

CLIMATE. —  The  word  clim.'itc  comes  from  the  (Jreek 
word  lif.iun.  an  inclination  or  slope.  It  was  applied  an- 
ciently to  signify  the  su|iposed  horizontal  oblii(uity  of 
the  surface  of  the  earth  fnmi  the  equator  to  the  pole. 
The  earth  was  divided  by  the  earlier  astronomers  and 
geograpliers  into  parallel  climates,  or  zones,  that  ililVered 
successively  from  each  other  from  the  equator  to  the  pole 
by  some  arbitrary  increment  in  the  length  of  the  mid- 
sinnmer  days.  Indirectly  these  zones,  or  climates, 
marked  out  more  or  less  accurately  the  gradual  changes 
in  the  characteristics  of  the  weather  dependent  upon 
decreasing  insolation.  In  modern  usage  the  word  climate 
has  reference  to  the  weather  of  a  place  or  region,  and  to 
the  factors  that  cause  the  weather  to  dilfer  in  dilTerent 
regions.  It  is  ditlicult  to  give  a  rigid  detinition  of  the 
modern  acceptation  of  the  word  climate,  because  dilTerent 
meanings  have  been  given  to  it  by  different  writers,  just 
as  different  conceptions  of  its  scope  or  the  intents  and 
l>urposes  of  its  users  have  dictated.  As  used  subsequent- 
ly in  this  article  the  word  climate  is  applied  to  the  to- 
tality of  those  ph_v.sical  conditions  of  the  atnuisjihere  of  a 
|dace  or  region  that  recur  with  more  or  less  imiformity 
with  the  recurrence  of  the  natural  periods  of  time.  Or, 
in  other  words,  climate  is  the  totality  of  the  weather  of 
a  place  or  region  as  experienced  there  in  the  course  of  a 
long  period  of  consecutive  years.  Weather  itself  is  the 
instantaneous  condition  of  the  atmosphere  with  respect  to 
its  physical  state.  In  a  more  extended  sense  weather  is 
the  continuity  of  the  successive  variations  in  the  phj'sical 
conditions  of  the  atmosphere.  In  this  sense,  it  is  com- 
mon to  speak  of  the  weather  at  noon,  sunset,  orany  other 
time  of  the  day.  or  of  the  weather  of  the  whole  day.  or 
of  the  month,  or  of  the  year,  and  even  of  .several  years  in 
succession. 

The  investigation  of  the  causes  that  produce  the 
weather  and  of  their  laws  and  jirinciiiles  of  operation 
constitutes  the  branch  of  science  known  as  meteor- 
ology. The  further  study  of  these  causes  to  find  out  and 
c-lassify  those  that  are  operative  in  producing  the  more  or 
less  periodical  recurrences  of  the  weather  constitutes 
what  is  known  as  climatology,  or  the  science  of  climate. 
Climatology  is  dependent  upon  meteorology,  and  mete- 
orology in  turn  derives  benefit  from  the  advancement  of 
climatology.  For  descriptive  purposes,  climate  is  usu- 
ally stated  in  terms  that  have  reference  or  regard  to  the 
temperature  of  the  air,  its  humidity,  motion,  density, 
transparency,  and  electrilication:  also  to  the  amount  of 
precipitation,  that  is,  the  quantity  of  rain,  snow.  hail, 
sleet,  dew,  and  frost,  that  occurs,  and  to  its  distribution: 
these  items  are  referred  to  as  the  climatic  elements.  The 
conditions  that  cause  variations  in  the  intensity  of  the 
climatic  elements  constitute  the  climatic  factors;  the 
principal  ones  of  which  are  latitude,  altitude,  distribution 
of  land  and  water,  mountain  ranges,  ocean  currents, 
prevailing  winds,  amount  and  distribution  of  rainfall, 
nature  of  the  soil  and  its  draina.ge  and  vegetation,  and 
the  slope  of  the  surface.  These  factors  may  be  clas.sifled 
as  fixed  or  natural  factors,  and  dependent  or  resultant 
factors.  The  tixed  factors  are  altitude,  latitude,  distri- 
bution of  land  and  water,  mountain  ranges  and  slope  of 
the  surface,  and  nature  of  the  soil ;  the  dependent  or  re- 
sultant factors  are  the  ocean  currents,  the  prevailing 
winds,  precipitation,  soil  drainage,  and  vegetation.  As 
different  regions  and  places  on  the  earth's  surface  differ 
with  respect  to  one  or  more  of  these  factors,  the  climates 
of  such  regions  necessarily  differ  more  or  less  from  each 
other.  To  describe  exactly  the  climates  of  the  different 
regions  of  the  earth  would  be  a  task  too  great  to  be  un- 


dertaken, but  fortimately  such  exactness  is  not  necessary 
to  a  practical  comprehension  of  (he  climatic  possibilities 
of  any  given  spot  on  the  globe. 

Certain  important  ]irin<iples  arc  learned  from  meteor- 
ology that  go  far  toward  enabling  us  to  anticipate  from 
the  .geograjihical  position  and  natural  features  of  a 
place  relative  to  some  other  place,  whose  climate  is 
known,  what  the  climate  of  the  former  is  likely  to  be. 
Prinuuily,  climate  results  from  the  effects  on  the  earth's 
surface  of  the  incident  solar  energy  and  its  vmequal 
distribution,  which  follows  of  necessity  from  the  .shape 
of  the  earth  and  its  motions  and  its  inclination  with 
respect  to  the  ecliptic.  Other  disturbing  causes  are 
introduced  by  the  heterogeneous  nature  of  the  earth's 
surface.  All  of  these  causes  have  been  alluded  to 
as  the  climatic  elements  and  factors.  Their  actual 
opcratiims  and  effects  will  become  plainer  if  we  lirst 
con.sider  a  hypothetic  earth  and  sun.  From  the  laws 
of  general  physics,  we  can  predict  with  as  much  cer- 
tainty as  we  can  predict  the  future  course  of  the 
eartli  in  its  orbit  what  woidd  be  the  climatic  condi- 
tions upon  every  part  of  our  imaginary  globe,  i^larting 
with  a  homogeneous,  smooth  spheroid,  either  land  or 
water,  having  an  atmosphere  of  the  same  compo.sition  as 
ouractual  atmosphere,  situated  with  respect  to  its  sun  as 
the  actual  earth  is  to  its  sun,  only  having  no  axial  revo- 
lution, the  sun  revolving  round  the  earth  instead,  let  us 
consider  what  kind  of  climate  it  would  have.  The 
amount  of  solar  energy  received  on  each  'imd  every  me- 
ridian by  our  hypothetic  earth  would  be  distributed  from 
the  equator  to  the  jioles  in  a  ratio  that  would  vary  a])- 
proximately  as  the  cosine  of  the  latitude  (this  is  also  true 
with  regard  to  the  actual  earth,  and  is  an  important  fact 
to  bear  in  mind):  the  temperature  of  its  atmosphere 
woidd  therefore  decrease  gradually  poleward  on  each 
side  of  the  equator  and  every  place  on  the  same  parallel 
of  latitude  would  have  the  same  temperature. 

As  the  temperature  controls  the  amount  of  moisture  in 
the  atmosphere,  places  on  the  Siime  parallels  woidd  have 
the  same  degree  of  atmospheric  humidity.  The  same  con- 
ditions of  equality  would  be  true,  also,  of  the  winds  and 
their  velocities.  In  short,  the  climate  of  a  given  spot 
would  be  determined  by  its  latitude,  and  all  places  in  the 
same  latitude  would  have  the  same  climate.  The  general 
circulation  of  the  atmosphere  would  be  simple.  The 
warmer  air  of  the  e(piatorial  zone  would  expand,  rise  to  a 
higher  vertical  level,  and  HowotT  toward  the  coolerpole- 
ward  regions.  The  air  of  these  regions,  under  the  differ- 
ence of  pressure  that  woidd  result  from  the  accumulation 
of  the  overflowing  air  from  the  equator,  would  tlow  equa- 
torward.  This  polar  air,  however,  arriving  in  the  equa- 
torial zone  would  itself  be  warmed,  expanded,  and  would 
overtiow  in  like  manner;  and  so  a  circulation  would  be 
established  with  surface  currents  from  the  poles  to  the 
equator,  and  upper  currents  from  the  e<iuator  to  the 
poles,  the  direction  of  both  currents  being  along  the  me- 
ridians. This  would  be  the  general  tendency  of  the  cir- 
culation. The  actual  circulation  would  be  somewhat 
more  involved.  From  the  form  of  the  surface  of  the 
spheroid  over  which  this  circulation  would  take  place, 
the  poleward  moving  air  would  be  lianked  up  more  or 
less  in  its  course  b_v  the  lateral  diminution  of  the  area 
over  which  it  was  moving.  The  principle  of  the  con.ser- 
vation  of  areas  enables  us  to  locate  this  banking  u]i  of 
the  poleward  moving  air  in  the  regions  of  latitudes  30'. 
The  result  that  would  follow  would  be  aii  increa.se  in  at- 
mospheric pressure  in  these  regions  with  surface  outflows 
on  each  side,  those  on  the  equatorial  sides  toward  the 
equator,  as  in  the  first  hypothetic  instance;  those  on  the 
polar  side  toward  the  pole,  and  opposite  and  antagonis- 
tic to  the  flow  in  the  first  suppositious  instance.  The 
result  of  this  opposite  poleward  flow  would  be  to  over- 
come for  a  considerable  distance  the  surface  currents 
from  the  poles;  the  latter  would  be  lifted  from  the  sur- 
face and  become  middle  currents.  This  underrunning 
and  lifting  of  the  polar  currents  would  obtain  to  about 
the  polar  circles.  The  final  result  would  be  surface 
winds  on  the  equatorial  sides  of  latitude  30°  toward  the 
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equator,  and  on  the  polar  sides  toward  the  poles ;  surface 
winds  within  the  polar  cireles  toward  the  equator;  re- 
gions of  variable  winds  and  calms  at  the  equator,  lati- 
tudes 30°,  and  the  polar  circles.  The  circulation,  how- 
ever, would  still  be  along  the  meridians. 

If,  now-,  our  hypothetic  earth  and  sun  a.ssume  relations  to 
each  other  like  those  of  the  actual  earth  and  sun,  a  decided 
modification  of  this  imaginary  atmospheric  circulation 
would  take  place.  From  the  axial  rotation  of  the  earth, 
there  would  arise  a  right-handed  deflecting  force  in  the 
northern  hemisphere  and  a  left-handed  deflecting  force 
in  the  southern  hemisphere.  In  the  northern  hemisphere, 
north  winds  would  be  deflected  to  the  right  and  become 
northeasterly  winds,  and  south  winds  would  be  deflected 
to  the  right  and  become  southwesterly  winds.  {A  wind 
is  named  from  the  direction  from  which  it  comes;  e.g..  a 
northeast  wind  is  one  that  comes  from  the  northeast.)  In 
the  southern  hemisphere,  northerly  winds  would  become 
northwesterly,  and  southerly  winds  would  become  south- 
easterly. And  now  on  our  imaginary  spheroid  there 
would  be  a  system  of  atmospheric  circulation  such  as 
is  shown  in  Fig.  1384.  Subject  to  the  interferences 
introduced  by  the  land  and  water  surfaces  and  the 
irregularities  of  elevation  of  the  former,  tliis  imaginary 
circulation  is  the  actual  circulation  on  our  real  earth. 
Bearing  in  mind  the  atmospheric  conditions  that  w-ould 
exist  upon  a  homogeneous  and  smooth  earth,  we  are 
prepared  to  see  how  these  conditions  are  modilied  by 
the  heterogeneous  surface  of  our  actual  earth,  and  how 
the  climate  of  any  jilace  is  controlled  by  and  may  be  pre- 
dicted with  more  or  less  certainty  from  a  knowledge  of 
what  we  have  called  the  climatic  factors. 

Climatic  F.^ctoks.  — The  general  effect  of  these  factors 
will  now  be  briefly  described. 

Latitude. — Generally  speaking,  at  the  equatorthe  sun's 
raj'S  at  midday  fall  perpendicular  to  the  surface  of  the 
earth  and  their  intensity  is  at  maximum.  North  and 
south  of  the  equator  they  inijiinge  at  angles  that  increase 
with  the  latitudes  and  they  lose  in  intensity  from  two 
causes:  first,  because  they  are  spread  over  a"  larger  sur- 


FiG.  1384.— Showing  General  Circulation  and  Direction  of  Atmospheric 
Currents.  (After  Ferrel.)  Arrows  in  inner  circle  show  the  direc- 
tion of  the  surface  winds.  Arrows  within  inner  and  outer  circles 
show  the  scheme  of  the  vertical  circulation. 

face;  and  secondly,  because  they  traverse  a  greater  depth 
of  air  and  lose  energy  from  atmospheric  absorption. 
With  some  slight  modifications  this  explanation  is  appli- 


cable to  the  differences  between  the  int^sity  of  insolation 
at  noon  and  that  at  other  hours  of  the  day.  The  following 
figure  will  illustrate  these  two  facts.     The  same  beam  R, 


Fig.  1385.— Showing  the  Effect  of  Inclination  on  the  Intensity  of  Inso- 
lation. 

when  the  sun  is  vertical,  is  spread  over  a  surface  such  as 
FF.  When  the  sun  is  inclined  at  an  angle  as  represented 
in  the  figure,  the  beam  is  spread  over  a  surface  F  F', 
which  is  obviously  greater  than  the  first,  and  it  passes 
through  a  column  of  air  AAF  F'  greater  than  that  of 
AAFF.  The  intensity  of  insolation  at  midday  decreases 
approximately  as  the  co,sine  of  the  latitude.  If  the  solar 
radiation  received  in  the  average  day  at  the  equator  be 
taken  as  tuiity  and  be  called  a  thermal  day,  the  aimexed 
table  will  show  the  annual  sum  of  solar  radiation  re- 
ceived at  different  latitudes: 


Latitude. 

Thermal  days. 

Latitude. 

Thermal  days. 

0 

3&5.3 

50 

349.7 

1(1 

3«0.3 

60 

207.8 

20 

:M.i.2 

70 

173.0 

30 

331.3 

80 

156.6 

40 

288.5 

90 

151.6 

The  amount  of  solar  radiation  also  depends  upon  the 
length  of  the  day.  At  the  equator  the  days  are  practi- 
cally of  the  same  length  and  there  is  virtually  no  varia- 
tion in  the  daily  or  seasonal  amounts  of  insolation;  but 
toward  the  poles  the  variation  in  the  length  of  the  day 
becomes  very  great,  so  much  so  as  to  overcome  at  certain 
seasons  of  the  year  the  adverse  effect  of  latitude.  The 
following  table  shows  the  intensitv  of  solar  radiation  on 
the  16th  of  December,  tlie  IRth  of  March,  and  the  IGtIi  of 
June,  dates  near  the  shortest,  the  average,  and  the  long- 
est days  of  the  year,  for  each  10' north  latittide.  Tlie 
figures  express  the  intensity  as  a  percentage  of  what  it 
would  be  were  the  sun  to  remain  vertical  for  twenty- 
four  hours. 


North  latitude. 


December  16th 

June  16th 

March  16th 


0°. 

10°. 

30°. 

30°. 

40°. 

50°. 

60°. 

70°. 

80°. 

0.30 

0,26 

0.22 

0.17 

0.13 

0  Oti 

0  03 

o.no 

.28 

.31 

.:« 

.:m 

.;« 

,a=, 

:« 

,3li 

0  38 

.:« 

.31 

.3(1 

.27 

.n 

.30 

.15 

.10 

.06 

90'. 


The  eccentricity  of  the  sun  with  respect  to  the  centre 
of  the  earth's  orbit  is  such  that  at  the  period  of  perihelion 
the  effect  of  the  solar  energy  is  about  seven  per  cent, 
more  than  at  aphelion.  As  perihelion  occurs  in  the  sum- 
mer time  of  the  southern  hemisphere,  and  aphelion  in  its 
winter,  the  seasons  are  nuich  more  extreme  in  that  hemi- 
sphere than  in  the  ncirthern. 

Altitude. — In  climatology,  altitude  signifies  vertical 
height  above  the  level  of  the  sea.  The  effect  of  altitude 
upon  climate  follows  from  its  effect  upon  the  mass  of  the 
atmosphere.  According  to  the  well-known  law  of  Boyle, 
the  volume  of  a  given  mass  of  gas  will  vary  inversely  as 
the  pressure  for  all  ordinary  ranges  of  pressure,  the  tem- 
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peraturc  remainiiifc  constant.  The  stratum  of  air  at  3.5 
miles  above  llie  sea  sustains  only  about  one-lmlf  the  sea- 
level  pressure;  acconiinfrly.  if  the  t<'iMperatiire  remains 
constant,  a  sriven  volutne  of  air  al  the  level  of  the  sea  if 
transported  to  this  altitu<le  would  expand  into  two  vol- 
umes. Conversely,  a  volume  of  air  at  this  altitude 
wovdd  be  comiu-essed  at  .sea  lev(d  into  but  half  its  origi- 
nal volume.  I'nder  natural  conditions  when  air  expands 
freely,  that  is  without  doins!;  work,  it  loses  temperature, 
or.  more  correctly,  its  heat  is  em|)loyed  in  accomplishinj; 
the  expansion,  anil  becomes  latent  to  the  senses  and  to  the 
thermomeler.  The  opposite  is  the  case  when  air  con- 
tracts willicuit  doinj;  work:  that  is.  it  i;ains  in  tempera- 
ture, or  it  liberates  the  heat  that  was  iloing  the  work  of 
expansion;  this  liberated  heat  becomes  sensible.  Alter- 
alionsof  the  temperatureof  theair  of  this  sort  are  spoken 
of  asadialiatic  cooling  and  heating;  i.i:.  cooling  and  lieat- 
ingwithout  loss  or  accession  of  heat  from  (Uitside  sources. 
The  general  elTects  of  altitude  upon  the  air  may  be 
briefly  slated,  with  approxinnite  accuracy,  to  be  that  the 
volinnc  of  a  given  quantity  of  air  incn-ases  anil  its  densi- 
ty di  creases  with  the  altitude;  il  decreases  in  tempera- 
ture and  loses  more  or  less  of  its  humidity  by  conden- 
sation and  precipitation:  its  velocity  increases,  but  its 
relative  momentum  decreases,  it  is  more  transparent,  and 
offers  less  obstruct  ion  to  insolation.  The  percentage  com- 
position remains  unchanged,  with  the  exception  of  the 
moisture  as  above  slated.  The  following  table  shows  the 
aiiproximate  decrease  in  atmospheric  [U'cssure  for  each 
1,000  feel  up  to  10,000  feet. 


Elevation 

abo\'e  sea  level 
1  feet  1 . 

Baninielric     ' 
pressure 
linebe.st. 

Elevation 

above  sea  level 

(feet). 

Barometric 
pressure 
(Inches.) 

29.97 
28.82 
27.88 

26.87           j 
25.90 
2t.97           1 

B.aK) 

34.07 

1,000. 

7,0tXl 

8,011(1 

33.20 

2,000. 
3.000. 
4,000. 

22.37 

9,000 

21.56 

10,I»IU 

20.79 

5.000. 

Land  (ind  ^y^tel•. — These  two  forms  of  the  earth's  sur- 
face are  the  perturbing  factors  of  climate.  As  already 
pointed  out.  a  homogeneous,  smooth  earth  would  have 
regularly  distiibu'ed  climatic  conditions.  The  introduc- 
tion of  two  kinds  of  surface,  distinct  in  form  and  projier- 
ties,  and  irregularly  ilistriliuled  with  respect  to  each 
other,  and  in  the  case  of  the  land  irregularin  its  own  sur- 
face, produces  all  the  anomalies  cncoimtered  in  climate. 
A  knowledge  of  the  land  forms  and  the  relative  ]iositions 
and  distributions  of  land  and  water  is  essential  to  (he 
understanding  of  the  actual  climates  of  the  earth.  The 
disturbing  influence  of  the  land  and  water  surfaces  of  the 
earth  arises  from  the  ditfereni  specilic  heat  capacities  of 
these  two  surfaces  and  their  different  powers  of  conduction, 
convection,  and  radiation  of  radiant  solar  energy;  al.so, 
from  the  rigidity  of  the  one  and  the  mobility  of  the  other ; 
and  the  general  persistency  of  form  in  one.  the  land,  and 
the  duality  of  form  (liquiil  and  vapor)  in  the  other,  the 
water.  Some  of  the  effects  caused  by  the  irregularities 
of  the  land  surface  have  been  alluded  to  under  altitude. 
and  others  w  ill  be  mentioned  imiler  other  heads.  The 
specific  heat  capacities  of  land  and  water  are  about  in  the 
ratio  of  1  to  4.  that  is.  the  sjime  absolute  amount  of  heat 
will  raise  the  temperature  of  a  land  surface  four  times  as 
high  as  it  w  ill  raise  that  of  a  water  surface.  Land  is  a 
poor  absolute  conductor  and  a  poor  reflector  of  heat;  it 
is  a  good  absorber  and  a  good  radiator.  From  its  poor 
<'onductivity  the  land  retains  its  absorbed  heat  near  its 
surface  to  be  as  quickly  radiated  as  it  was  absorbed. 
Water  is  a  fairly  good  reflector,  and  for  this  reason  a  con- 
siderable quantity  of  the  incident  insolation  is  reflected 
and  exerts  no  intiuence  upon  the  temperature  of  the 
water.  Water  permits  a  considerable  jiart  of  the  incident 
heat  to  penetrate  it  to  a  not  inconsiderable  distance. 
Comparatively  little  of  the  heat  is  absorbed  by  the  imme- 
diate surface  layer  or  by  any  other  one  layer;  tlie  absorp- 
tion is  distributed  almost  uniformly  throughout  the  depth 


penetrated.  A  part  of  the  heat  absortjcd  is  expended  in 
evaporating  some  of  the  water,  and  causes  no  ri.se  in  the 
temperature  of  the  water.  The  water  is  in  continiial 
motion,  and  so  a  further  mixing  of  the  layers  at  different 
tem|)eratures  and  depths,  and  of  the  waters  of  different 
regions,  lakes  place.  The  warm  water  in  the  equatorial 
regions,  heated  by  the  intense  in.solation  of  a  vertical 
sun,  flows  poleward  along  the  stu'face.  and  its  place  in 
the  torrid  zone  is  taken  by  the  cooler  waters  from  higher 
latitudes  that  flow  equatorward  as  dee]>  currents.  The 
specilic  heal  of  water  is  great,  greater  than  that  of 
almost  any  other  substance,  hence  it  requires  a  great  deal 
of  heat  localise  a  perceptible  increase  in  ils  temperature; 
;*()•  w)/^)v(,  it  may  radiate  a  great  deal  of  heal  without 
sensibly  lowering  ils  temperature.  From  the  opeiation 
of  all  these  factors,  a  water  surface  maintains  a  more 
uniform  temperature  than  does  a  land  surface.  It  is 
never  as  hot  in  the  summer  and  never  as  cold  in  winter. 
A  certain  amount  of  evaporation  takes  jilace  from  all 
land  surfaces  not  absolutely  dry;  but  the  amount  is  ex 
tremely  small  comjiared  with  the  distillation  that  goes  on 
from  a  free  water  surface.  As  aconseqiience,  llie  atnios- 
l>here  over  Ihe  latter  contains  always  moi-c  moisture  (the 
temperature  being  the  same)  than  the  former,  and  clouds 
and  precipitation  are  more  frequent  as  a  rule. 

Mi'untiiiii  Riiir/is. — The  influence  of  mountain  ranges 
is  seen  chiefly  in  their  effects  upon  the  rainfall  and  the 
prevailing  winds.  These  effects  will  be  more  or  less 
general  or  local  according  to  Ihe  height  and  direction  of 
the  mountains  with  reference  to  the  general  almospheric 
circulation  of  the  latitude.  If  a  range  runs  transversely 
to  the  prevailing  winds,  it  will  either  deflect  them  from 
their  course  or  force  them  into  higher  altitudes.  In  the 
former  case  the  range  will  serve  as  a  wind  break  to  the 
regions  on  its  lee  side  and  will  send  the  winds  into  other 
regions  from  directions  other  than  they  would  have  come. 
Jlost  important  consequences  ai'ise  from  this  fact.  The 
late  distinguished  American  meteorologist.  Prof.  William 
Ferrel,  has  pointed  out  that  the  high  tablelands  and 
mountains  of  Mexico  deflect  the  winds  of  the  northeast 
trade  zone  toward  the  north  over  Ihe  southeastern  United 
States  and  up  the  Jlississippi  valley  into  higher  latitudes. 
"This."  sjiys  he.  "completely  breaks  up  the  tropical 
calm  belt  and  dry  zf)nc,  so  that  instead  of  a  dry  region 
with  scanty  rainfall,  such  as  is  found  in  North  Africa, 

Arabia,  el c we  have  a  region  of  abundant  rainfall. 

and  all  the  way  up  the  Jlississippi  valley  and  in  the  in- 
terior of  the  continent  there  is  nnich  more  rain  than  in 
the  interior  of  Asia."  When  a  wind  is  forced  up  a 
mountain  it  cools  by  expansion,  or  adiabatically,  and 
more  or  less  of  ils  moisture  is  precipitated  on  the  moun- 
tain sides  and  top.  On  the  lee  side  of  the  mountain  it 
descends  and  its  temperature  is  raised  by  compression, 
again  adiabatically.  As  the  air  in  its  passage  up  the 
mountain  has  lost  the  greater  part  of  ils  moisture  by  pre- 
cipitation, in  its  descent  on  the  lee  side  of  the  mountain 
ils  temperature  is  raised  to  a  higher  point  than  it  was  at 
the  beginning  of  the  ascent,  because  dry  air  has  a  less 
specific  heat  capacity  than  moist  air.  These  facts  are 
seen  in  the  well-known  iihenoinena  of  the  Swiss  i'V^n  and 
the  American  chimuik  winds.  Mountain  ranges  that  do 
not  obstruct  the  prevailing  winds  of  the  region  exert  only 
local  influences  upon  the  climate  of  the  region. 

Ociitn  C'lin-eiiti!. — The  effect  of  ocean  currents  on  climate 
may  be  inferred  almost  without  further  comment  from 
what  has  been  said  regarding  the  difference  of  insolation 
on  land  and  water  surfaces.  The  chief  effect  of  ocean 
currents  is  to  temper  the  extremes  of  the  shores  that  they 
wash,  and  this  tempering  effect  may  extend  to  a  greater 
or  less  degree  inland,  depending  on  the  greater  or  less 
elevation  of  the  land  near  the  coast  and  the  prevailing 
winds  of  the  region.  The  most  notable  illustration  is 
seen  in  the  effects  of  what  is  popularly  attributed  to  the 
Otdf  Stream,  but  which  are  really  those  of  the  general 
circulation  of  the  North  Atlantic  Ocean.  By  this  circu- 
lation the  warm  water  from  the  tropics  is  carried  north- 
eastward to  the  shores  of  Iceland  and  N'ortbcrn  I-urope, 
rendering  habitable,  by  the  aid  of  the  winds  of  those  lati- 
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tudes,  which  blow  from  tlie  ocean,  countries  that  wouhl 
otherwise  be  as  bleak  as  Labrador.  The  better-known 
ocean  currents  are.  tlie  Gulf  Stream  of  the  Nortli  Atlan- 
tic and  tlie  Kuro  Siwo  of  the  North  Pacitic,  both  warm 
currents,  flowing  from  the  tropics  toward  the  cooler  wa- 
ters of  the  poleward  regions.  There  are  otlier  warm  cur- 
rents less  popularly  known  flowing  from  the  tropical 
waters.  There  are"  also  cold  currents  from  the  Arctic 
regions  that  chill  the  coasts  of  the  countries  they  wash. 
A  cold  current  tiows  from  Davis  Strait  along  the  coast  of 
Labrador  and  even  farther  southward,  intfuencing  the 
temperature  of  the  coast  as  far  as  Cape  Cod.  Hum- 
boldt's, or  the  Peruvian,  current  from  the  Antarctic 
lowers  somewhat  the  temperature  of  the  Chilian  littoral. 

Prevailing  Winds. — As  climatic  factors  tlie  prevailing 
winds  are  tlie  agencies  by  which  the  inequalities  in  tem- 
perature and  the  other  climatic  elements  that  result  from 
the  effects  and  distribution  of  the  land  and  water  surfaces 
of  the  earth  are  maintaim^d  within  a  measure  of  equilib- 
rium, which  though  varying  in  different  regions,  yet  re- 
main on  the  whole  constant  for  each  region.  To  under- 
stand the  climate  of  a  region,  the  direction  from  which 
the  wind  of  that  region  comes  must  alwaj's  be  taken  into 
consideration.  If  the  wind  comes  directly  fi'om  over  a 
considerable  body  of  water,  it  will  bring  with  it  in  a 
greater  or  less  degree  the  temperature  and  humidity  of 
the  air  over  the  water  .surface.  Should,  however,  a 
mountain  range  intervene,  the  wind  would  be  robbed  of 
the  greater  part  of  its  moisture,  but  would  retain  its 
temperature,  as  already  referred  to  under  the  effects  of 
mountain  ranges.  On  the  other  liand,  if  the  wind  blows 
from  the  land,  it  brings  with  it  the  climatic  conditions  of 
the  surfaces  which  it  traverses. 

Winds  are  classified  as  permanent,  periodic,  and 
variable.  The  permanent  winds  are  those  of  general 
systemic  circulation  that  prevail  over  the  disturbing 
effects  of  the  land  and  water  distribution.  They  are 
well  represented  in  the  trades  and  the  anti  trades 
of  the  oceans.  The  periodic  winds  are  characterized 
by  their  prevalence  from  one  direction  in  one  sea.sou, 
and  from  the  opposite  direction  in  the  opposite  season. 
Tlie  Indian  monsoons  are  the  most  popularly  known 
of  this  class.  The  variable  winds  are  members  of 
the  cyclonic  and  autieycloiiic  circulation  systems  of  the 
atmosphere.  The  jirevaiUug  winds  of  a  region  can  be 
predicted  from  a  knowleilge  of  the  po.sition  of  the  region 
with  respect  to  the  general  system  of  the  atmospheric 
circulation,  previously  indicated,  and  from  the  relative 
position  and  distribution  of  the  land  and  water  areas  of 
the  region,  the  topography  of  the  region  and  the  consid- 
eration of  the  season  of  the  year.  and.  in. some  instances, 
of  the  time  of  the  day.  From  the  facts  already  devel- 
oped of  land  heating  and  cooling  more  rapidly  and  more 
extremely  than  water,  the  atmosphere  over  the  land  is 
subjected  to  greater  extremes  of  temiierature  and  den.sity 
than  that  over  the  water.  Air  moves  in  the  direction  of 
least  resistance,  that  is.  from  the  denser  toward  the  less 
dense.  In  the  case  of  continents  these  conditions  give 
origin  to  the  class  of  periodic  winds  known  as  monsoons, 
from  the  Hindoostanee  signifying  season.  The  monsoon 
results,  in  the  summer,  from  the  overheating  of  the  air 
over  the  interior  of  a  continent,  its  consequent  expansion, 
loss  of  density,  rising  and  overflowing  as  upper  air  cur- 
rents toward  the  cooler  region  of  the  ocean  and  the  in- 
flowing as  surface  currents  of  the  cooler  air  from  the 
water  to  take  the  place  of  the  former.  This  form  of 
exchange  keeps  up  during  the  summer  months.  In 
the  winter  months  the  conditions  are  reversed.  The 
air  over  the  ocean  is  warm,  that  over  the  interior  of 
the  continent  cold,  for  reasons  that  have  been  explained, 
and  the  exchange  takes  place  just  the  opposite  of  that 
in  summer.  When  the  monsoon  wind  is  in  the  direc- 
tion of  the  general  circulation  of  the  latitude,  it  adds 
its  force  to  that  of  the  latter,  which  appears  as  a  stronger 
wind  than  normal.  If  contrary,  the  monsoon  must  either 
overcome  or  be  overcome  by  the  general  wind  of  the  lati- 
tude. If  the  tirst,  it  appears  as  a  feeble  monsoon  ;  if  the 
latter,  it  is  in  evidence  negatively  as  an  enfeeblement  of 


the  systemic  wind  of  the  latitude.  The  effects  of  tojiog- 
raphy  upon  a  monsoon  can  be  inferred  readily  from 
what  has  been  said  regarding  the  intluence  of  mountains 
on  winds.  Along  the  littorats  of  all  large  bodies  of  water 
a  familiar  illustration  of  the  different  effects  of  insolation 
ou  land  and  water  is  seen  in  a  periodic  wind  of  shorter 
period  than  the  monsoon,  the  daily  land-and-sea  breeze. 

The  following  broad  generalizations  as  to  the  prevail- 
ing winds,  and  also  ocean  currents,  of  the  globe  niav 
be  of  service.  Within  the  warmer  latitudes,  riie  tropics 
and  sub-tropics,  the  winds  and  ocean  currents  have 
a  prevailing  direction  from  the  east;  within  the  tem- 
perate latitudes,  the  winds  and  ocean  currents  have 
a  prevailing  direction  from  the  west;  within  the  polar 
latitudes,  the  wind  and  ocean  currents  have  a  prevailing 
direction  from  the  poles  toward  the  equator.  There  are 
a  few  winds  that  should  be  mentioned  because  of  the 
frequent  reference  to  them  in  climatic  literature.  Tliese 
winds  are  all  cyclonic  in  origin.  Tlie  disagreeable  cnxt 
ifiiitl  of  Ihitain.  referred  to  so  often  by  Dickens  in  one 
of  his  novels,  is  dry  and  cold.  The  rnistnil  of  Southern 
France  is  a  violent  cold,  dry,  northwest  wind,  and  is  the 
tminnntiiiKi  of  the  Adriatic  coast.  The  northers  of  Texas 
and  the  West  are  very  cold  and  dry  winds.  The  sci- 
roccn  of  the  Mediterranean  littoral  is  a  torrid  south  wind, 
hot  froiii  the  sanils  of  the  Sahara  and  damp  from  the 
moisture  of  the  Mediterranean.  The  khamsin  of  Egypt, 
and  the  Ihirninttini  of  the  west  coast  of  Africa,  are  east- 
erly and  southeasterly  winds,  dry  and  hot  fiom  Sahara. 
The  dreadful  simomns  of  the  Arabian  and  Persian  deserts 
are  but  violent  local  whirlwinds,  mixing  the  air  and  the 
heated  .sands  of  the  desert  together,  with  resultant  tem- 
peratures that  would  be  unendurable  if  continued  longer 
than  a  few  moments.  The  simoon  passes  over  in  about 
ten  minutes. 

Rdiiifiill. — The  effect  of  rainfall  as  a  factor  is  rather 
passive  than  active.  Rain  itself  is  the  result  of  the 
operation  of  the  other  climatic  factors  and  elements.  To 
save  a  certain  amount  of  repetition,  its  further  considera- 
tion is  deferred  to  rain  as  an  element  of  climate. 

Soil. — The  nature  of  the  land  surface,  apart  from  the 
great  irregularities  that  have  been  considered  under 
mountain  ranges,  exerts  a  considerable  influence  U]ion 
the  climate  of  the  region.  The  plu'sical  construction  and 
chemical  composition  of  the  soil  affect  in  no  inconsider- 
able degree  the  quantities  of  insolation  and  of  moisture 
that  remain  for  a  greater  or  less  time  in  its  surface.  The 
general  relation  of  the  kind  of  soil  to  the  absorption  and 
radiation  of  heat  is  approximately  about  as  follows: 

ABSORPTIOS  AND  RiDIATION   OF  HEAT  IN  PEnCENTAGE. 

Sand,  Willi  some  limestone 100 

Pure  sand 96 

Ufihx  clay 77 

(iypsum 72 

H  eavv  clay 71 

Clavi'v  earth 68 

Vmv  flay 67 

Fine  cliallc 62 

Humus 49 

From  this  table  it  will  be  observed  that  a  sandy  limestone 
soil  absorbs  luactically  all  the  heat  falling  on  it.  The 
absorptive  ami  the  emissive  thermal  powers  of  a  body 
being  equal,  it  follows  that  the  same  soil  i-adiates  under 
given  conditions  all  the  heat  it  absorbs.  Observation 
has  shown  that  sandy  deserts  are  subject  to  the  greatest 
ranges  in  temperature.  Earth  containing  much  humus 
shows  less  range  of  temperature  than  any  other  kintl 
of  soil.  The  quantity  of  moisture  taken  up  by  the  dif- 
ferent kinds  of  soil  varies  greatly.  Sand  and  sandy 
soils  absorb  moisture  quickly  and  in  great  quantity,  but 
retain  it  badly.  Humus  may  take  up  from  forty  to  sixty 
per  cent,  of  its  own  volume  of  water  and  will  retain  it 
strongly.  Rain  falling,  therefore,  on  sandy  soil  is 
quickly  absorbed  and  quickly  lost,  the  loss  is  mostly  by 
percolation;  falling  on  humus  it  is  slowly  absorbed,  but 
what  is  taken  is  strongly  retained.  The  damper  the  soil 
the  more  nearly  it  approximates  the  behavior  of  a  watiT 
surface  with  respect  to  temperature  and  humidity.     Frost 
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docs  not  fonn  readily  on  marshy  lands,  wliilc  on  well- 
drained  lands  it  may  oeeur  on  any  niglit  when  theatmos- 
pherie  tempei-ature  falls  lii4ll  F.  The  damiu'r  the  soil, 
the  damper  will  be  Ihe  atmosjihero  over  it ;  the  ilrier  Ihe 
soil,  the  drier  Ihe  atmosphen — that  is. so  far  as  the  nioist- 
tue  content  of  the  air  is  dependenl  on  the  evaporation 
from  the  soil.  Ilrainase  of  the  soil  will  raise  the  tem- 
perature in  the  day  ami  lower  it  at  night.  Water-log- 
ging will  re.striet  "both  the  day  and  the  night  ranges. 
Vegetation,  though  not  strictly  a  part  of  the  soil,  is  in- 
tiniati'lv  associated  withthc^  latter  and  maybe  considered 
in  connection  with  it.  The  ctTect  of  vegetation  will  de- 
pend upon  whether  it  simply  covers  the  soil  as  grass,  or 
extends  above  and  shades  ila's  forest.  The  general  etTcct 
ot  vegetation  is  to  cool  the  soil  by  affording  an  increased 
radiating  surface.  Only  a  relatively  small  jiart  of  the  foli- 
age surface  of  plants  is  expo.sed  to  the  sun's  rays  and 
absorbs  heat,  while  all  the  foliage  surface  radiates  heat ; 
hence,  the  lower  temperature  of  vegetation  compared 
with  that  of  the  soil.  In  grass-covered  fields  the  night 
temperature  falls  lower  than  in  the  forests;  this  is  un- 
<loubtedly  due  to  the  interference  with  soil  radiation  by 
the  elevated  foliage.  The  average  temperature,  however, 
of  forests  is  lower  than  that  of  woodless  idains,  but  the 
temperature  variations  are  less.  The  average  humidity 
of  the  air  of  forests  is  usually  about  four  to  live  jier  cent, 
above  that  of  the  open.  The  effect  of  forests  upon  rain- 
fall is  a  much  debated  question,  but  the  general  con- 
sensus appears  to  be  that  deforestation  decreases  the 
amount,  and  that  where  treeless  regions  have  been  re- 
forested the  amount  of  precipitation  has  increased. 
That  reforestini:  lias  an  appreciable  influence  upon  the 
surface  run  olt  of  water,  cliecking  the  rate,  seems  un- 
doubted. F.-.rests  may  serve  to  a  certain  extent  as  wind 
breaks.  These  influences  arc  obviously  local  in  operation. 
The  effect  of  forests  on  the  climate  of  a  region  in  general 
is  a  matter  awaiting  further  inquiry.  The  local  slope  of 
the  ground  has  a  considerable  influence  on  the  local  cli- 
mates of  a  region.  A  hillside  sloping  toward  the  sun 
receives  the  solar  rays  more  nearly  vertically  than  one 
sloping  away  from  the  sun.  As  a  consequence  the  sur- 
face temperature  of  a  sunward  incline  will  be  higher 
than  that  of  an  antisolar  incline.  The  effect  of  inclina- 
tion upon  soil  drainage  is  obvious  and  needs  no  com- 
ment. 

Ci.iM.vTic  Elements. — The  items,  or  elements,  of  cli- 
mate will  now  he  considered  biiefly  in  detail. 

PresKiire. — Atmospheric  pressure,  though  of  the  utmost 
importance  in  the  causation  and  the  explanation  of  the 
general  and  the  local  circulation  of  the  air,  is  not  usually 
classed  among  either  the  climatic  factors  or  the  climatic 
elements.  It"  is  not  a  climatic  factor  in  the  sense  that 
latitude,  or  altitude,  land,  and  water  are,  because  it  has 
nothing  of  their  fi.xity.  As  an  element  of  climate  it  is 
not  perceptible  to  the  senses  like  temperature,  moisture, 
and  the  other  climatic  elements,  hence  it  is  generally  left 
out  of  this  category.  Whether  factor  or  clement  or 
neither,  it  is,  however,  a  matter  of  importance  to  the 
student  of  climatology  to  know  something  of  the  general 
distribution  and  effects  of  atmospheric  pressure.  In  the 
introduction  to  the  general  atmospheric  circulation,  the 
statement  was  made  that  in  the  region  of  latitude  30', 
both  north  and  south,,  there  resulted  from  the  banking 
up  of  the  poleward  moving  currents  a  belt  of  high  press- 
ure that  was  sufficiently  great  to  cause  a  poleward  out- 
moving  current  at  the  surface  strong  enough  to  over- 
come the  equator-seeking  surface  current  from  tbe  poles. 
The  pressure  in  this  belt  (speaking  now  of  the  one  in 
north  latitude)  is  not  uniformly  distributed  around  tlie 
earth.  In  winter,  the  pressure  is  greatest  in  those  por- 
tions of  the  belt  that  cross  the  great  continental  areas  of 
America,  Europe,  and  Asia,  and  lowest  in  those  over  the 
Atlantic  and  Pacific  Oceans.  In  summer,  the  pressure  is 
greatest  in  those  portions  of  the  belt  over  the  Atlantic 
and  Pacific  Oceans  and  lowest  in  those  over  the  continents. 
This  shifting  of  pressure  gives  rise  to  the  monsoon  winds; 
it  is  itself  due  to  the  unequal  effects  of  insolation  on  land 
and  water.     In  the  southern  hemisphere  these  changes 


are  less  striking,  because  of  the  relative  preponderance 
in  area  of  Ihe  water  over  the  land,  but  they  are  still  in 
evidence.  As  a  climatic  element  the  pressure  changes 
from  day  to  <lay  arc  usually  so  slight  that  their  cnVcts 
escape  detection  excejit  by  closest  observation.  To  a 
certain  extent  tlw  effects  usually  attributed  to  altitude 
arc  those  that  b(dong  properly  to  diminished  atmospheric 
pressure. 

Temperature. — If  other  influences  be  ignored,  it  may  be 
stateil  that  the  temperature  is  hi,i;hest  inider  the  vertical 
sun  and  decreases  as  the  sun  declines  fri>m  thi'  vertical. 
The  rate  of  this  decrease  with  regard  to  latitude  has  been 
explained  and  is,  as  jireviously  stated,  approximately  as 
the  cosine  of  the  latitude.  If  we  reail  altitude  for  lati- 
tude, the  sfime  ratio  will  hold  good  for  the  intensity  of 
the  insolation  with  a  clear  sky  at  any  hour  of  the  day. 
When  the  sun  is  just  on  the  hori/.on  its  rays  are  tangent 
to  the  surface,  and  practically  all  its  caloric  radiant  energy 
is  absorbed  by  the  great  de|ith  of  the  atmosphere  through 
which  the  rays  have  to  pass.  As  the  sun  rises  above  the 
horizon  this  depth  of  atmosphere  becomes  less  and  less, 
in  the  ratio  stated,  and  less  and  less  heat  is  absorbed,  till 
under  a  vertical  sun  seventy-five  per  cent,  of  radiant 
energy,  as  heat,  reaches  the  earth's  surface.  As  the  sun 
declines  from  the  vertical  the  reverse  operation  takesplace. 
Under  the  equator,  or  within  the  tropics  generally,  it  is  es- 
timated that  on  a  clcarday  si.xty-five  iicrcent.  of  the  total 
radiant  solar  energy  incident  on  the  outer  limits  of  the 
atmosphere  reaches  the  earth's  surface.  From  the  differ- 
ent effects  produced  by  the  solar  rays  on  land  and  water, 
taken  in  connection  with  the  .great  increase  in  the  length 
of  the  summer  day  (that  is,  of  the  time  the  siui  is  above 
the  horizon)  in  the  higher  latitudes,  one  is  prepared  to 
understand  that  the  highest  temperatures  are  not  nec- 
essarily confined  to  the  tropics.  The  lengthened  sun- 
lighted  day  of  the  summer  in  extra-tropical  regions,  and 
the  relatively  great  absorpticm  of  heat  by  the  land,  cause 
the  temperature  of  the  continents  in  these  regions  to  be 
from  10'  to  2U'  F.  higher  than  the  theoretical  normal  for 
their  latitudes.  On  the  contrary,  the  long  nights  of  these 
regions  in  winter  and  the  enfeebled  insolation  due  to  the 
low  meridian  altitude  of  the  sun,  and  also  to  the  great 
radiating  jiowers  of  the  land,  bring  the  temperature  of 
these  continental  areas  correspondingly  below  their  theo- 
retical normals.  The  following  table,  calculated  by  the 
late  Prof.  William  Ferrel.  shows  in  F.  degrees  the  average 
temperature  over  the  combined  land  and  water  surface 
for  each  tenth  parallel  as  far  as  8(1 '  north  and  60'  south 
latitude,  for  January,  July,  and  for  the  year. 


Temperature. 

Latitude. 

January. 

July. 

Mean  of 
Year. 

Nortli  SO" 

-25°  F. 

-16 

„*> 

21 
40 
55 
71 
79 
81 
82 
80 
73 
64 
52 
38 

34'' F. 

44 

57 

66 

73 

80 

84 

83 

79 

75 

69 

60 

52 

44 

32 

4^. 

••    70    

14 

"    60            

29 

"    ,50   

43 

"    40    

56 

"    30                    

68 

"    20    

78 

"    10       

81 

"      0    

80 

79 

"     20    

••     30    

67 

"     40    

•■     50    

58 
48 

"     60    

33 

The  appro.ximate  actual  distribution  of  temperature 
around  the  world  for  January  and  July,  as  deduced  from 
the  accumulated  meteorological  records  of  the  world,  is 
shown  in  the  two  accompanying  charts  (Plate  B).  A 
comparison  of  the  deflection  of  the  actual  isotherms  from 
the  position  of  the  calculated  isotherms  shows  most  strik- 
ingly the  effects  of  the  different  climatic  factors.  The  in- 
fliience  of  the  ocean  currents  and  the  general  heat-retain- 
ing properties  of  water  cause  the  extra-tropical  parts  of 
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the  great  oceans  to  be  from  5°  to  10°  F.  cooler  in  summer 
than  the  calculated  normals  for  the  latitudes,  and  from 
10'  to  even  40'  F.  warmer  in  winter,  as  in  the  North 
Atlantic.  The  interior  of  continents  is  subjected  to  the 
greatest  extremes  of  lieatand  cold,  while  the  temperature 
of  their  shores  maj'  be  greatl_v  modified  by  that  of  the 
surrounding  oceans.  Though  many  irregularities  exist 
in  the  falling-off  of  temperature  with  increasing  latitude, 
nevertheless  the  decline  is  positive.  But  latitude  is  not 
alone  necessary  for  low  temperature:  even  under  the 
equator,  if  the  elevation  be  sufficient  (about  fifteen  thou- 
sand feet),  freezing  temperatures  and  snow  may  be  found. 
Going  toward  the  poles  this  elevation  declines  till  at  the 
Arctic  circles  it  is  at  sea  level.  The  line  of  the  altitudes 
of  this  freezing  temperature  in  the  different  latitudes  is 
called  the  snow  line.  In  the  free  air.  the  temperature 
falls  about  1°  F.  for  every  three  hundred  feet  ascent.  In 
ascending  high  mountains,  the  decline  is  slightly  less. 
Overelevated  plateaux  the  fall  in  temperature  due  to  the 
altitude  of  the  region  is  very  much  less,  not  more  than 
2°  to  3°  F.  to  the  thovisiind  feet,  and  this  amount  varies 
with  the  season,  being  less  in  summer  and  greater  in 
winter.  In  estimating,  therefore,  what  will  be  the  de- 
crease in  temperature  due  to  the  altitude  of  a  place,  re- 
gard must  be  had  to  whether  it  be  a  rapidly  rising  moun- 
tain or  a  slowly  rising  plain. 

The  temperature  of  the  air  is  controlled  more  or  less  in 
its  degree  and  in  its  fluctuations  by  the  state  of  the  atmos- 
pheric humidity.  Water  in  the  gaseous  state  is  as  dia- 
thermanous  as  dry  air:  but  when  condensed  as  cloud,  even 
though  the  condensation  he  too  .slight  to  be  visible,  it  offers 
great  obstruction  to  the  pas.sage  of  heat.  Hence  in  cloudy 
regions,  and  on  cloudy  days,  the  temperatiu'c  is  usually 
more  uniform,  that  is,  it  is  subject  to  less  pronounced  ex- 
tremes of  heat  than  it  is  in  clearer  regions  or  on  cloudless 
days.  Air  expands  or  contracts  ^^^  of  its  volume  for 
each  change  of  1"  F.  Warm  air  is,  therefore,  lighter  and 
rises:  cold  air,  heavier  and  falls.  The  effect  of  this  is 
seen  in  the  phenomena  of  hill  and  valley  winds.  In  the 
daytime  the  warm  air  flows  up  the  hillside,  and  at  night 
the  cool  air  flows  down  the  slope  into  the  valley,  where 
it  is  felt  sometimes  as  an  intensely  cold  wind.  These 
cold  night  winds  are  very  common  in  the  deep  valleys  of 
the  Swiss  Alps.  The  average  temperature  of  the  air  is 
highest  both  seasonally  and  diurnally.  not  at  tlie  time  of 
the  greatest  solar  altitude,  but  at  a  period  a  little  sub- 
sequent thereto.  The  warmest  part  of  summer  is  about 
a  mouth  after  the  aestival  solstice:  and  the  warmest  part 
of  the  day  is  about  one  or  two  hours  after  noon.  The 
coldest  part  of  the  winter  is  about  a  month  after  the 
winter  solstice,  and  the  coldest  part  of  the  day  is  about 
an  hour  before  s\inrise. 

Hnmidifi/. — The  relation  between  temperature  and 
humidit}-  is  an  intimate  one.  The  amount  of  water  that 
can  exist  in  the  gaseous  state  depends  on  the  temperature. 
The  higher  the  "temperature  the  greater  the  possible  hu- 
midity: the  lower  the  temperature  the  lower  the  possible 
humidity.  Water  exists  in  the  gaseous  state  at  all  ob- 
served temperatures.  The  following  table  shows  the 
actual  weight  of  water  that  can  exist  as  a  gas  at  some 
of  the  ordinary  atmospheric  temperatures: 


Temperature. 

Number  of 

grains  of  aqueous 

vapor  in  a  cubic 

foot. 

Temperature. 

Number  jf 

grains  of  aqueous 

vapor  in  a  cubic 

foot. 

1(10°  F 

19.8 
14.8 
10.9 
8.0 
.5.7 
4.1 

:.'.8 

30°  F 

2(1        

10        

0        

-10        

-=»        

1  9 

90 

1  3 

SO      

.8 

VO      

60       

.3 

50       

40       

The  amovmt  of  moisture  in  the  atmosphere  in  any 
given  locality  will  be  governed,  first,  by  the  temperature 
of  the  region;  secondly,  by  the  nature  of  the  evaporat- 
ing surface  of  the  place,  whether  land  or  water;  thirdly. 


by  the  rate  at  which  tlie  humidity  is  carried  away :  and 
finally,  by  the  rate  at  which  humidity  is  brought  to  the 
region  by  the  prevailing  winds.  As  the  temperature  de 
clines  with  altitude,  it  is  evident  that  the  humidity  possi- 
bilities of  elevation  must  likewise  decline.  The  humidity 
of  the  atmosphere  is  referred  to  under  two  captions,  ab- 
solute and  relative  humidity.  By  absolute  humidity 
is  meant  the  real  amount  of  water  existing  as  vapor  in  a 
unit  of  space.  In  English  measures  this  amoimt  is 
stated  usually  as  grains  of  water  per  cubic  foot.  The 
table  just  given  shows  the  absolute  humidity  in  a  satu- 
rated cubic  foot  at  the  temperatures  indicated.  By  rela- 
tive humidity  is  meant  the  ratio  that  the  amount  of  vapor 
actually  present  bears  to  the  amount  required  to  saturate 
the  space  at  the  given  temperature.  Relative  humidity 
is  usually  stated  as  a  percentage,  saturation  being  taken 
as  100.  Absolute  humidity  is  a  physical  entity.  Rela- 
tive humidity  is  simply  a  relation  between  the  tempera- 
ture and  the  absolute  humidity.  The  statement  of  the 
relative  humidity  conveys  no  practical  information  tmle.ss 
the  temperature  or  the  absolute  humidity  be  given  also. 
The  absolute  humidity  of  the  air.  though  limited  in  its 
quantity  by  the  temperature,  varies  but  slowly  fiom  day 
to  day  and  from  season  to  season.  The  variation  is  less 
with  a  rising  temperature,  because  the  increase  of  tempera- 
ture does  not  affect  in  any  way  the  form  of  the  humidity. 
But  as  the  temperature  falls  a  point  is  reached  when 
the  space  will  be  saturated,  and  then  a  change  of  form 
of  the  moisture  takes  place,  condensation  occurring,  and 
heat,  the  so-called  latent  heat  of  evaporation,  is  set  free, 
which  raises  the  temperature  somewhat  and  checks  its 
fall  for  a  while.  This  process  may  go  on  indefinitely  till 
either  the  moisture  be  all  precipitated  or  some  accidental 
cau.se  comes  in  to  raise  the  temperature.  This  fact  of 
moisture  liberating  heat  during  condensiition  is  an  im- 
portant factor  in  the  retardation  of  cooling.  In  passing 
from  the  liquid  to  the  vapor  state,  water  takes  heat  from 
the  surroundings;  that  is,  evaporation  lowers  tempera- 
ture. 

The  amount  of  evaporation  depends  on  the  tempera- 
ture of  the  space  into  which  the  vapor  escapes.  The 
higher  the  temperature  of  the  space  the  more  vapor  it 
can  contain.  The  rate  of  evaporation  depends  on  the 
temperature  of  the  evaporating  surface,  tlie  humidity, 
and  the  velocity  of  the  wind.  The  temperature  of  tlie 
evaporating  surface  determines  the  velocity  with  which 
the  vapor  molecules  escape  from  the  surface:  the  higher 
the  temperature  the  greater  the  velocity.  The  lower  the 
atmospheric  humidity  the  more  rapidly  will  the  molecules 
escape  into  the  space,  and  the  higher  the  velocity  of 
the  wind  up  to  a  ceitain  limit  the  more  rapidly  will 
the  escaped  molecules  be  removed  out  of  the  way  of 
others. 

It  is  customary  to  say  tliat  the  atmospheric  pressure  in- 
fluences the  rate  of  evaporation;  this  is  only  true  if  by  it 
we  mean  the  partial  pressure  of  the  aqueous  vapor  in 
the  atmosphere.  Water  evaporates  in  a  dry  atmosphere 
of  oxygen  or  any  other  dry  gas  under  twice  the  ordinary 
barometric  pressure  as  rapidly  as  it  does  in  one  of  like 
kind  under  but  one-fourth  the  same  pressure.  It  is  the 
pressure  of  the  water  vapor  that  controls  the  rate  of 
evaporation,  for  the  well-known  physical  fact  that  all 
gases  are  to  each  other  as  vacuums  holds  good  with  re- 
gard to  the  gases  of  the  atmosphere.  The  fact  that 
evaporation  is  usually  more  rapid  in  elevated  regions  is 
simply  due  to  the  lesser  atmospheric  moisture  of  these 
regions.  The  wind  facilitates  evaporation  by  removing 
the  layer  of  vapor  formed  over  the  evaporating  surface, 
thereby  lessening  the  vapor  pressure  on  the  surface. 
Under  the  most  favorable  conditions,  a  certain  definite 
time  is  required  to  convert  water  into  vapor.  When  the 
velocity  of  the  wind  reaches  a  rate  of  movement  equal  to 
the  rate  of  vapor  formation,  no  further  increase  in  the 
movement  of  the  wind  affects  the  rate  of  evaiioration. 
This  velocity  is  about  thirty  miles  per  hour;  that  is  to 
say.  that  wind  velocities  of  more  than  thirty  miles  |ier 
hour  have  no  more  effect  on  the  rate  of  evaporaticm  than 
a  thirtv-mile  wind  has. 
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The  following  tabic  shows  in  inclics  the  average  depth 
of  water  evaporated  annually  from  a  free  water  surface 
at  several  places  where  such  records  have  been  kept ; 


Plaoe. 

Latitude. 

Evaporation. 

Madraj» 

13  N. 

ITS. 
«N. 
51  N. 
42  N. 
44  N. 
41  N. 
82  N. 

91 

84 

Dijon 

26 

21 

39 

22 

80 

Fort  Conger 

9 

The  atmosphere  contains  always  raoie  or  less  foreign 
solid  particles,  or  dust,  which  radiate  their  heat  during 
the  night  more  rapidly  than  the  air.  The  temperature 
of  many  of  these  particles  will  generally  fall  below  that 
of  the  atmospheric  dew-point  at  the  time — that  is.  the 
temperature  at  wliich  tlie  air  would  be  saturated  with 
moisture.  As  a  result  vapor  will  condense  upon  them, 
they  will  become  heavier  and  heavier,  and  many  of  them 
will  fall  to  the  ground.  The  occurrence  of  this  phe- 
nomenon explains  why  the  air  is,  as  a  rule,  so  much 
clearer  in  the  mornings  than  at  other  parts  of  the  day. 

]Vi)nl. — The  movement  of  the  atmosphere,  or  simply 
the  wind,  results  from  a  difference  in  the  density  of  the 
atmosphere.  The  wind  is  merely  the  cltort  to  restore  or 
maintain  an  equilibrium.  The  atmospheric  density  is 
disturbed  in  two  ways:  by  difference  in  temperature  and 
by  difference  in  humidity.  The  effect  of  temperature  on 
tlie  density  of  the  air  has  been  mentioned.  Aqueous 
vapor  is  specifically  lighter  than  either  oxygen  or  nitro- 
gen, the  two  chief  constituents  of  dry  air;  hence  an  equal 
volume  of  moist  air  is  lighter  than  a  like  volume  of  dry 
air,  temperature  and  pressure  being  equal.  The  move- 
ment of  the  air  is  impeded  by  friction  at  the  surface  of 
the  earth ;  and  it  increases  with  elevation  up  to  a  certain 
heisrht. 

Atmospheric  movement  is  of  two  kinds,  vertical  and 
horizontal;  the  latter  are  those  familiar  to  us  as  winds. 
The  vertical  circulation  is.  however,  an  important  ele- 
ment. It  is  V>y  the  vertical  movement  of  the  air  that  the 
uniform  ratio  of  mixture  of  the  different  permanent  gases 
of  the  atmosphere  at  all  observed  elevations  is  maintained. 
The  upward  vertical  movement  is  greatest  in  the  region 
of  the  equatorial  calms.  A  downward  vertical  movement 
takes  place  in  the  region  of  variable  winds  about  lati- 
tudes 30%  also  in  the  regions  of  the  poles.  The  winds  are 
generally  stronger  during  the  day  and  increase  in  velocity 
up  to  noon  or  a  little  after,  and  then  decrease  gradually 
to  a  minimum  during  the  night.  This  does  not  apply, 
of  course,  to  the  wind  velocities  of  accidental  storms. 

E/ectriJication. — As  an  element  of  climate  the  electrical 
state  of  the  atmosphere  deserves  mention ;  but  as  to  its 
effects  little  can  be  said.  The  atmospheric  electrilieation 
is.  as  a  general  rule,  positive  with  respect  to  that  of  the 
earth,  but  it  is  subject  to  great  and  sudden  variations. 
During  rain  storms  the  atmosphere  is  often  if  not  gen- 
erally negatively  electritied.  There  appears  reason  to 
think  that  the  atmospheric  potential  of  elevated  regions 
is  greater  than  that  of  sea-level  regions. 

StnisJii7ie  or  Siinliffht. — The  effect  of  the  sun  cognizable 
as  light  undoubtedly  is  a  most  important  consideration 
in  climate  in  relation  to  the  organic  world,  but  as  an  item 
of  the  state  of  the  atmosphere  sunlight  is  not  appreciable. 
What  impress  it  may  make  or  leave  upon  the  air  is  yet 
to  be  ascertained.  As  a  climatic  element,  it  is  measured 
by  its  photographic  effects.  Observation  has  shown  that 
the  photographic  effects  are  stronger  in  summer  than  in 
winter,  and  in  the  forenoon  than  in  the  afternoon.  This 
is  probably  the  result  of  the  greater  freedom  of  the  air 
from  clouds  and  dust  in  the  morning  hours,  and  to  the 
lessened  atmospheric  depth  traversed  by  the  light  rays 
in  the  summer. 

Ruin. — Like  sunlight,  rain  makes  no  continuous  im- 
press on  the  atmosphere.  It  cannot  be  regarded  strictly 
as  an  element,  yet  it  performs  an  important  function  in 


the  purification  of  the  air.  According  to  the  re.m-arclies 
of  Aitkin  and  others,  the  formation  of  rain  begins  by  con- 
densation on  the  dust  particles  of  the  atmospheie;  in 
falling  to  the  earth,  rain  washes  down  many  more;  this 
is  why  tlieair  is  always  clearerafler  precipitation.  Rain 
also  brings  in  solution  some  of  the  conslitueul  gases  of 
the  air.  An  inijiortant  one,  and  one  that  exists  in  such 
small  quantities  as  to  be  characterized  in  amount  by  the 
chemist's  "trace,"  is  anunonia.  But  small  as  is  the  am- 
monia content  of  the  air,  it  is  indisjiensible  in  the  vege- 
table economy.  The  relation  of  rainfall  to  the  humidity 
of  the  air  is  almost  that  of  effect  and  cause;  without 
sufficient  humidity,  rain  cannot  occur.  The  time  of  rain- 
fall varies  with  the  cause  of  its  precipitation.  AVithin 
the  tropics,  rain  falls  most  often  in  the  afternoons  and  in 
the  form  of  heavy  downpours.  Shortly  alter  the  pre- 
cipitation ends  the  clouds  break  up  and  disapiiear,  leav- 
ing the  nights  cloudless.  In  the  extra-tropical  regions, 
when  the  rain  comes  as  one  of  tin?  consequences  of  a 
thunder  storm,  it  is  most  frequent  in  the  afternoons.  In 
the  rains  of  cyclonic  storms,  the  precipitation  may,  and 
does,  occur  at  all  hours  of  the  day.  The  clouds  do  not 
break  up,  as  a  nile,  till  .simie  time  after  the  rain  has 
ended,  except  in  the  case  of  thunder  storms,  after  which, 
the  clearing  is  generally  more  rapid. 

The  seasonal  distribution  of  rainfall  is  a  most  impor- 
tant climatic  consideration  in  connection  with  vegctati(m 
and  habitability.  Many  regions  having  comparatively 
large  amounts  of  rainfall  in  the  year  are  yet  unsuitable 
for  vegetation,  because  the  precipitation  either  does  not 
fall  duiing  the  spring  or  siunmer  seasons,  or  falls  all  in 
one  or  two  torrential  downpours,  instead  of  being  dis- 
tributed in  smaller  quantities  over  the  growing  season. 
On  the  other  hand,  regions  that  have  but  a  compara- 
tively small  j'early  rainfall  are  yet  fertile  because  the 
precipitation  occurs  during  and  throughout  the  grow- 
ing seasons. 

The  present  knowledge  of  the  caustition  of  rain  may  be 
summarized  as  fallows:  To  produce  abundant  rain  the 
temperature  of  the  air  must  be  su<ldenly  brought  below 
that  of  the  dew-point.  Air  cooled  below  its  dew-point 
condenses  its  moisture  into  minute  cloud  or  fog  particles. 
These  particles  may  tloat  away  or  be  re-evaporated  should 
some  cause  raise  their  temperature;  or,  if  in  sufficient 
numberand  insuch  motionas  to  bring  them  into collison. 
they  may  coalesce  and  form  larger  and  larger  drops  till 
they  attain  sufficient  weight  to  overcome  the  atmospheric 
resistance  and  fall  to  the  ground  as  rain,  snow,  or  hail, 
according  to  the  temperature  and  conditions  of  conden- 
sation. This  cooling  of  the  air  may  be  effected,  so  far  as 
present  knowledge  goes,  by  the  air  being  forced  up  the 
side  of  a  mountain,  as  hajipens  when  a  mountain  runs 
transversely  to  the  direction  of  the  wind;  the  surface  air 
may  beconie,  under  the  effects  of  intense  insolation  of  a 
region,  warmed  to  a  degree  that  will  cause  it  to  expand 
rapidly  and  thus  give  rise  to  ascensional  currents,  which 
carry  the  moisture  upward  till  its  dew-point  is  reached, 
with  resulting  condensation  and  precipitation :  and  lastly, 
but  most  important,  at  least  outside  the  tropics,  by  the 
circulation  of  the  air  in  cyclonic  stoims  in  which  there 
is  a  surface  inflow  radially  from  all  sides  and  a  central  as- 
censional movement. 

The  following  broad  rules  are  convenient  as  indicat- 
ing the  general  distribution  of  rain:  Rain  is  more  abun- 
dant in  warm  than  in  cold  countries,  that  is.  its  quantity 
decreases  from  the  equator  toward  the  poles.  Rain  is 
more  abundant  in  coast  regions  than  in  the  inland 
countries;  proiided  that  there  be  no  mountains,  or  the 
mountains  be  far  in  the  interior.  Rain  is  more  abundant 
in  hilly  and  mountainous  districts  than  in  lowland  re- 
gions. Rain  is  more  abundant  on  windward  shores  and 
exposures  than  on  leeward  shores  and  exposures.  Rain 
is  more  abundant  in  summer  than  in  winter.  It  increa.ses 
in  amount  up  to  5,000  feet  above  sea  level;  above  this 
altitude  it  begins  to  decrea.se.  Rain  in  falling  washes 
down  many  of  the  impurities,  especially  dust  particles, 
floating  in  the  air.  Regions  that  have  frequent  rains, 
have  clear  and  clean  atniosi)heres.     The  humidity  of  the 
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air  is  always  greater  for  some  time  after  a  rain  because 
of  increased  surface  evaporation. 

CoMP.\R.\TivE  Climatology. — Havins  sl^etclied  ivliat 
climate  is,  and  how  it  is  primarily  dependent  upon  solar 
radiation,  moditied  by  the  agencies  called  in  this  con- 
nection climatic  factors,  we  should  ue.xt  consider  how 
we  may  best  obtain  a  knowledge  of  the  difference  be- 
tween the  actual  climates  of  the  different  regions  of  the 
earth's  surface.  The  practice  of  classifying  climates  is 
an  attempt  at  the  solution  of  this  difficidt  problem,  for 
difficult  problem  it  is.  and  will  be  so  found  by  any  one 
giving  careful  thouglit  to  the  subject.  Climates  are 
classified  variously.  There  is  no  definitely  settled  system, 
the  deciding  influence  being  that  of  the  purposes  the 
system  is  intended  to  subserve  or  illustrate.  They  may 
be  classified  with  reference  to  their  relative  insolation,  as 
solar  or  astronomical  climates:  or  with  reference  to  the 
general  characteristics  impressed  on  them  by  the  two 
grand  divisions  of  the  earth,  as  land  and  water,  or  con- 
tinental and  marine,  climates;  or  with  reference  to  the 
possession  in  greater  or  less  degree  of  some  particular 
physical  property,  as  heat,  moisture,  etc. ;  and  finally, 
with  regard  to  their  physiological  effects,  as  relaxing, 
invigorating,  rigorous,  severe,  etc.  The  following 
schema  will  show  in  a  measure  some  of  the  possibilities 
of  climatic  classification,  and  will  suggest  combinations 
that  may  perhaps  be  found  more  applicable  to  any  par- 
ticular purpose  the  reader  may  have  in  view: 


Classlfloatloii 
basis. 

Sub- 
divisions 
under  clas- 
sification. 

General  characteristics  of  each 
subdivision. 

Solar  or 
astronomical. 

Tropical  . . . 

Temperate.. 
Arctic 

Usually  mild,  equable,  moist,  warm,  aver- 
age temjierature  80°  F.  Uaiofall  fre- 
quent and  heavy  over  water  and  over 
windward  land  exposures.  Nights  usu- 
ally clear,  afternoons  cloudy.  No  gen- 
eral storms.  Seasons,  rainy  and  dry ;  but 
this  division  is  only  a  relative  one. 

Unsettled  weather,  great  and  variable 
changes  in  temperature,  rainfall,  and 
moisture  from  season  to  season  and  dav 
to  day.  Region  of  cyclonic  storms,  cold 
and  hot  waves,  floods  and  draughts. 

Cold:  temperature  on  average  c-onsiderably 
below  freezing.  Scanty  rainfall.  Very 
short  but  hot  sunmier.  Winter  long  and 
severe.    Storms  infrequent. 

Geographical. 

Continental 

Oceanic 

Insular  and 
littoral . . . 

High  temperature  in  daytime,  low  at  nigbt. 

Difference  between  day  and  night  tem- 
peratures increases  toward  centre  of  con- 
tinent. Great  variations  in  temperature, 
sometimes  hot,  sometimes  cold.  Moist- 
ure variable  from  almost  saturation  to 
aridity.  Rainfall  subject  to  great  varia- 
tions and  extremes.  General  tendency 
to  extremes  in  all  climatic  elements. 

Temperature  equable,  raflge  l»etween  day 
and  night  hardly  exceeds  2°  to  t"  F.  in 
mid-ocean.  Moisture  high  but  constant. 
Rainfall  frequent. 

Intermediate  between  atwve,  partaking 
more  or  less  of  the  characteristics  of  one 
or  the  other. 

Topograph- 
ical (land). 

Plain 

HUl 

Mountain. . . 

Valley 

Desert 

Artiaclal... 

Extremes  of  temperature  great,  rainfall 
uncertain,  humidity  low. 

Extremes  of  temperature  less  than  plain, 
rainfall  greater,  humidity  higher. 

Generally  same  as  hill,  except  effects  of 
altitude  become  more  evident  rainfall 
increases  up  to  about  Ave  thousand  feet, 
then  decreases. 

Extremes  of  temiierature  greater  than  hill. 
Humidity  greater :  rainfall  greater  than 
plain. 

Rainless ;  great  extremes  of  temperature 
l>etween  night  and  day  and  season  and 
season. 

Such  as  climates  of  large  cities.  Temper- 
ature of  cities  always  higher  than  sur- 
rounding country ;  haze  and  cloud  and 
fog  more  frequent. 

Aerophysical. 

Tempera- 
ture  

Humidity . . 

High               )  according  to  the  degree  of 
Intermediate  y    heat  adopted  as  the  stand- 
Low                \     ard  of  comparison. 

Fnterm"^i^{f ' '- "''^'-dibg  to  standard  of 
DiVor^'d       )     hnmidlty  adopted. 

Classification 
basis. 

Sub- 
divisions 
under  clas- 
sification. 

General  characteristics  of  each 
subdivision. 

Physiological. 

Invigorat- 
ing  

Relaxing  . . 

Rigo  r  0  u  s , 
etc 

Mild 

Pleasant . . . 

Humid 

Disagree- 
able, etc . . 

According  to  the  general  effects  of  the 
particular  cUiuate. 

According  to  the  general  sensation  pro- 
duced, etc. 

E.vact  physical  measurements  of  the  climatic  elements 
and  the  effects  of  the  climatic  factors  are  essential  to  the 
scientific  understanding  and  utilization  of  climate.  How 
these  elements  and  factors  shall  be  measured  and  recorded 
is  a  question  of  the  first  moment,  and  one  of  the  most  diffi- 
cult to  formtdate  a  satisfactory  answer  for.  What  would 
be  a  satisfactory  determination  of  climate  to  the  pure 
meteorologist  would  probably  be  unsatisfactory  in  a 
greater  or  less  degree  to  the  student  of  climate  in  its  ap- 
plication to  other  subjects.  The  botanist,  the  zoologist, 
the  physiologist,  the  sociologist,  etc.,  each  and  all  have 
a  different  view  of  climate,  and  each  would  measure  it  in 
terms  not  altogether  applicable  or  best  suited  to  the  pur- 
poses of  the  others.  To  measure  and  record  climate  in 
a  manner  such  that  each  inquirer  would  find  what  he 
looked  for  anil  in  the  shaiie  in  which  it  was  wanted, 
would  obviously  be  a  task  of  magnitude.  But,  great  as 
would  be  the  undertaking,  should  any  one  desire  to  at- 
tempt it,  a  greater  difficulty  would  be  encoimtered  in 
deciding  what  was  suited  to  each  interest.  The  discus- 
sion of  this  aspect  of  the  question  cannot  be  opened  in 
this  article.  For  the  present,  climate  is  for  the  most  part 
measured  and  recorded  as  the  student  of  meteorology 
conceives  it  serviceable  and  appropriate  to  the  purposes 
of  his  science.  Taking  the  climatic  statistics  as  they  are 
generally  recorded,  the  question,  however,  becomes  per- 
tinent how  to  present  them  to  the  best  possible  advan- 
tage for  the  purposes  of  general  information.  Ordinarily 
these  stittistics  are  given  in  terms  of  their  average  values 
for  a  period  of  years.  In  some  respects  this  kind  of 
climatic  information  is  useful  and  even  indispensable; 
but  it  by  no  means  conveys  an  adequate  conception  of 
the  weather  conditions  that  may  prevail  in  the  regions 
the  statistics  represent. 

The  method  of  averages,  as  is  well  known,  smooths 
out,  or  masks,  irregularities  and  extremes.  The  cli- 
mate of  a  region  is  more  important  in  respect  to  the 
extreme  limits  within  which  the  values  of  its  elements 
fluctuate  than  in  the  mean  between  these  limits.  The 
average  temperature  of  two  places  may  be  the  same, 
and  yet.  so  far  as  the  distribution  of  their  tempera- 
tures either  throughout  the  year  or  through  shorter 
periods  is  concerned,  they  may  differ  to  such  an  extent 
as  to  be  unrecognizable  when  viewed  in  the  light  of  the 
total  effects  of  their  respective  temperatures.  As  con- 
crete illustrations  of  this  fact  there  may  be  cited  the  mean 
temperatures  of  two  places  in  the  United  States  each 
having  the  same  jearly  average  of  49'  P.,  viz.:  Des 
Moines,  Iowa,  and  Tatoosh  Island,  Washington.  The 
average  temperature  of  the  warmest  month  at  Des 
Moines  is  75°  F.,  at  Tatoosh  Island  56'  F. ;  the  averages 
of  the  coldest  months  are  18'  F.  and  41'  F.,  respectively. 
The  temperature  at  Des  Moines  has  been  observed  as 
high  as  H>4°  F.,  at  Tatoosh  it  has  never  been  observed 
above  78"  F.  At  Des  iloines,  the  lowest  recorded  tem- 
perature was  30'  F.  below  zero :  at  Tatoosh.  7°  F.  above 
zero.  The  total  range  of  temperature  observed,  that  is,  the 
difference  between  the  highest  and  lowest  temperatures, 
was  134'  F.  at  Des  Moines,  and  but  85  P.  at  Tatoosh. 
Averages  may  thus  be  very  misleading.  Although  the 
mean  yearly  temperatures  of  England  and  of  New  York 
are  the  same,  Indian  corn  will  not  mature  in  the  former, 
but  does  ripen  readily  in  the  latter,  and  all  because  the 
summer  of  England  iscool  and  that  of  New  York  warm. 
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The  followinj;  table  compiled  for  the  city  of  Washinjr- 
ton,  D.  C.  from  the  records  of  tweuty-six  years,  1871-06, 
shows  what  in  the  writer's  opinion  is  a  very  concise 
method  of  presenting  meteorological  statistiis  for  con- 
veying a  fair  iilea  of  the  climate  of  a  place;  what  kind 
of  weather  is  ordinarily  to  be  expected,  and  what  kind 
of  weather  mav  occur; 


and  for  shorter  periods  is  reiiiiired.  The  average  diur- 
nal hourly  values  for  each  month  are  important  items. 
The  number  of  days  with  temperatures  below  and 
above  certain  defiuite  degrees,  the  number  of  hours  of 
bright  sunshine,  etc.,  arc  >\Ui>  matters  of  im|<ortance. 
In  fact,  the  fulhst  conception  of  a  climate  can  be  had 
only  by  going  into  great  detail  and  by  looking  at  the 


Washington,  D.  C,  Record  of  Twenty-Six  Ye-^rs,  1871-96. 


riimatlc  conditions. 


Temiieraturf  iFahr.i  — 

Mean  or  normal 

Normal  iiia.xiinum.. 
minimum., 
variability " 
Wannest  month- 
Year  

Degrees 

Coldest  month- 
Year  

Degrees 

Highest- 
Degrees  

Day 

Year 

Lowest- 
Degrees  

Day 


Year. 


Frost- 
Average  date  flrst  killing  frost  (In 
autumn)— 

Day 

Average  date  last  killing  frost  (in 
spring)— 

Day 

Humidity- 
Normal  relative 

atjsolute,  in  grains  per  cu.  ft. 
Precipitation  in  inches— 

Averajje  monthly 

Average  number  days  0.01  inch  or 

moi-e 

Greatest  monthlv- 

Year 

.\mount 

Least  monthly — 

Year 

Amount 

Greatest    amount    in    twenty-four 
hours — 

Amount 

Day 

Year 

Greatest  amount  snowfall  In  twenty- 
four  hours — 

Amount 

Day 

Year 

Weather- 
Average  number  of  days — 

Clear. 

Partly  cloudy 

Cloudy 

Wind- 
Prevailing  

Normal  velocity  in  miles  per  hour 
Highest  velocity — 

Miles  per  hour 

From 

Day 


Year. 


33° 
41 


12 
1890 

-U 
1 

1881 


1.6 

3.50 

12 

1882 
7.09 

18T2 
.23 


4 
1886 


5 

12 

1893 


12 
12 

N.W. 
6 

46 

N.W. 

30 

1891 


SB" 
44 

28 


1890 
43 


1885 

27 


23 

1874 


5 


70* 

1.7 


3.31 
11 


1884 
6.84 


1872 
.93 


2.29 
5H3 


10 

3 

1886 


7 
11 
10 

N.W. 


N.W. 

2 

1876 


s 


41° 
50 
33 


1878 
49 


1885 
34 


22 
1894 

4 
4 

1873 


1.9 
4.08 
12 

1891 

8.84 

1894 


2.79 
9 
1881 


6 
11 

1888 


8 
12 
11 

N.W. 


48 

N.W. 

24 

1878 


53° 

63 

43 

5 

1878 
58 

1874 
48 


18 


19 

1875 


6« 
2.9 

3.16 

11 

1889 
9.13 

1896 
1.07 

3.21 


4 

6 

1889 


12 


N.W. 


43 
N.W. 


1879 


64° 
75 
54 

4 

1880 
70 

1883 
59 

96 
26 

1880 

34 
1 

1876 


69* 
4.4 

3.90 

12 

1889 

wm 

1875 
1.01 

3.50 

7-8 
1886 


10 
12 


54 
S.  W. 

28 

1896 


83 
63 
4 

1874 

78 

1878 


102 

9 

1874 

46 
1.6 
118731 
'(1894( 


70* 
6.1 


4.29 
11 


1883 
8.55 


1873 
1.63 


4.16 
22 
1886 


9 
15 
6 


48 
S. 
26 

1877 


1876 
81 


1891 


108 

18 

1887 

53 
20,22 

1890 


7W 
6.7 


4.84 
11 


1886 
10.63 


1872 
.82 


5.80 
29-30 
1878 


10 

14 


60 
N.W. 

4.28 
11874  1 
■|  1877  )■ 


74° 
84 
C6 


1874 

72 

101 

13 

1881 

49 
24 

1890 


74* 
6.5 


4.44 
12 


1875 
12.93 


1892 
.85 


2.84 

29 

1875 


10 
13 


53 
N. 

5 

1878 


B 


78 

59 

4 

1881 


1871 
62 

lot 

7 
1881 


1879 


76* 
4.5 


3.82 


1876 
10.81 


1884 
.14 


5.66 
15-16 
1874 


n 

11 

8 


S.  E. 
29 

1896 


57° 

66 

47 

5 

1881 
63 

1876 
.51 

02 

3 

1879 

26 
31 


73* 
3.4 

3.27 

9 

1885 


1874 
.29 


3.98 
4 

1877 


23 


12 
U 
8 


51 

N.W. 

4 

1877 


45° 
S3 
37 


1S80 
40 

80 

13 

1879 

12 
22 

1880 


72* 
2.4 


10 


1877 
7.18 


1890 


2.83 
24 
1877 


2.5 

5 

1891 


12 
9 

N.W. 
6 

m 
s.  w. 

23 
1891 


36° 

44 

29 

6 

1889 
46 

1876 
26 

73 
4 

1893 

-13 
31 

1880 


7» 
1.8 


3.01 
U 


1878 
4.94 


.19 


2.70 

17 
1888 


10 

26 

1890 


12 
10 

N.W. 
6 

49 

W. 

9 

18T« 


'  Variability  of  temperature  is  the  difference  between  the  mean  temperatures  of  consecutive  days,  irrespective  of  the  direction  of  the 
change.    Average  variability  shows  how  much  one  day  is  likely  to  be  warmer  or  colder  than  the  day  t)efore  or  the  day  after  it.  t  Trace. 


C)f  course  for  special  purposes,  special  arrangements 
of  statistics  and  special  computations  are  requiied,  but 
the  above  table  has  the  advantage  that  it  can  be  taken 
almost  without  additional  calculation  from  the  ordi- 
nary meteorological  records  of  a  first-order  station  or 
observatory.  Uniformity  iu  the  publication  of  climatic 
statistics,  as  in  all  other  kinds,  is  much  to  be  desired. 
But  such  a  table  as  the  above  does  not  give  all  that 
is  desired  for  a  complete  conception  of  the  climate  of 
a  place.  The  average  and  extreme  values  for  seasons 
Vol.  III.— 10 


values  of  the  climatic  elements  in  a  variety  of  ways. 
In  the  study  of  individual  climates,  those  of  small  areas 
can  be  pursued  by  the  statistical  method,  of  which  the 
above  table  is  an  illustration.  But  for  the  study  of  gen- 
eral climates  this  method  is  too  laborious,  and  the  less 
accurate  but  easier  method  of  graphic  representation  is 
used.  In  some  respects  graphic  methods  are  more  im- 
pressive and  more  readily  grasped,  and  ft)r  this  reason 
are  much  employed  wherever  the  matter  lends  itself 
to   such  treatment.     The   preceding  charts  (Plate    B). 
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sliowiug  the  distribution  of  temperature  over  the  surface 
of  the  earth  in  the  mouths  of  January  and  July,  are  illus- 
trations of  graphic  or  chartographic  methods.  These 
charts  show  at  a  glance  the  effects  of  some  of  the  dis- 
turbing and  modifying  influences  concerned  in  bringing 
about  the  very  complex  distribution  of  climate  on  the 
earth's  surface.  The  elevation  of  tlie  January  isotherms 
on  the  northwest  coasts  of  America  and  Europe  is  striking- 
ly evident.  This  is  due  to  the  westerly  winds  and  ocean 
currents  of  these  latitudes.  The  depression  of  the  July 
isotherms  in  the  same  regions  is  due  to  tlie  same  causes. 
In  the  winter  tlie  waters  of  the  North  Pacific  and  the 
North  Atlantic  are  warmer  than  the  land,  in  the  summer 
they  are  cooler;  hence  the  winds  blowing  from  tliem  to 
the  laud  carry  the  climatic  conditions  of  the  oceans  to  a 
greater  or  less  e.xteut  inland. 

Applied  Clim.\tologt. — The  relation  of  climate  to  the 
organic  world  is  one  of  the  most  interesting  and  at  the 
same  time  intricate  of  the  problems  that  present  them- 
selves for  scientific  investigation.  The  relation  of  climate 
to  the  distribution  of  organic  life  has  been  discussed  from 
time  out  of  mind,  but  beyond  a  few  generalizations  little 
has  been  yet  found  out.  That  climate  does  control  ab- 
solutely in  some  way  the  forms  of  life  scattered  with 
more  or  less  appearance  of  regidarity  over  the  earth  is  a 
proposition  that  is  generally  admitted.  It  is  the  founda- 
tion stone  of  the  modern  theory  of  evolution.  Indeed,  it 
would  be  most  dillicult  for  auy  one  to  refute  successfully 
the  claims  put  forward  in  support  of  climatic  control. 
However,  it  must  be  admitted  that  it  is  impossible  at 
present  to  express  the  geographic  distribution  of  the  or- 
ganic world  in  terms  of  functions  of  climate.  Whether 
it  will  ever  be  possible  to  predicate  with  scientific  jue- 
cision  the  peculiarities  of  form,  habits,  and  health  that 
will  be  the  necessary  outcome  of  a  given  climate  cannot 
be  asserted  at  present  either  positively  or  negatively. 

Climate  and  Mini. — It  the  presence  of  man  only  be 
considered,  it  will  be  found  that  he  exists  in  all  known 
climates,  from  the  equator  to  the  poles,  from  the  hottest 
to  the  coldest,  in  the  dryest  and  in  the  dampest,  and  in 
equable  and  in  variable  climates.  So  far  as  ability  to  live 
is  concerned,  man  appears,  at  lirst  sight,  to  be  independ- 
ent of  his  climatic  environment.  Yet  such  is  actually 
not  the  case.  By  intelligent  foresight  nmu  is  eniil>leil  to 
combat  more  or  less  successfully  effects  that  woidd  other- 
wise overcome  him.  Virtually  he  makes  for  himself  an 
artificial  climate.  Deprived  of  the  means  of  surrounding 
his  person  witli  this  artificial  climate,  he  would  be  re- 
stricted to  very  narrow  geographic  ranges.  By  the  ad- 
dition of  clothing,  he  conserves  his  body  temperature 
when  his  atmospheric  surroimdings  would  dissipate  it 
too  rapidly.  He  re-enforces  when  necessary  the  ]irotectioii 
of  his  habiliments  by  refuge  in  dwellings  and  by  aid  of 
artificial  heat,  both  of  which  his  ingenuity  has  devised. 
On  the  other  hand,  when  his  climatic  surroundings,  or 
the  weather,  go  to  the  opposite  extreme  he  constructs 
fans  and  punkahs  to  create  artificial  breezes,  and  he 
brings  ice  that  has  been  stored  from  tha previous  winter, 
or  made  by  his  refrigerating  machines,  to  cool  him.self. 
If  the  region  produce  not  the  food  that  he  requires,  he 
transports  it  from  where  it  can  be  obt^iined,  and  he  varies 
the  quality  of  that  of  his  own  locality  by  importation 
from  abi'oad.  Should  the  resources  at  his  command 
prove  insufficient  for  health  and  happiness  he  migrates 
to  climates  more  to  his  liking.  That  he  has  not  reached 
the  poles,  or  scaled  the  highest  mountains,  is  not  because 
he  can  not  abide  the  climates  of  either.  He  has  mapped 
o>it  plans  that  would  accomplish  these  objects  with  cer- 
tainty, but  it  requires  the  energy  of  more  than  a  few- 
hardy  adventurers  to  carry  them  into  execution.  The 
human  body  has,  however,  a  great  natural  tolei-ance  for 
both  heat  and  cold.  Jacobabad,  in  India,  is  a  city  of 
5,000  inhabitants,  and  its  average  July  temperature  is 
96°  F.,  but  two  degrees  less  than  that  of  the  human 
body.  The  United  States  Weather  Bureau  maintained 
from  May  to  October,  1891,  a  station  in  Death  Valley, 
Cal.,  and  the  observer,  Mr.  J.  H.  Clery,  spent  July  and 
August  in  that  place  with  mean  monthly  temperatures 


of  103°  F.  and  101°  F.  respectively.  The  inhabitants  of 
Verkhoiansk,  in  Northern  Siberia,  endure  a  midwinter 
temjierature  of  60°  F.  below  zero,  or  93°  below  freezing. 
In  ordinary  winters  of  the  temperate  zones,  quite  fre- 
quently man  passes  suddenly  from  a  warm  room  at  75° 
or  80°  to  the  outdoors  with  maybe  its  temperature  of  zero 
or  below.  lie  lives  in  the  deserts  of  Arabia  and  Africa, 
where  clouds  are  seldom  seen  and  rain  more  than  once  or 
twice  a  year  is  an  unusual  occurrence;  and  he  flourishes 
iu  the  tropical  islands  where  rain  and  cloud  are  daily 
phenomena,  and  in  the  Khasia  hills  with  their  nearly  five 
hunilred  inches  of  rain  a  year. 

Different  races  are  endowed  with  different  degrees 
of  climatic  resistance.  The  Eskimoes,  living  iu  the 
cold  and  cheerless  north,  wrapped  in  skins,  and  hud- 
dled in  ice  dens  as  houses,  find  life  outside  of  the 
Arctic  circle  almost  unendurable.  The  Latin  races  of 
Europe  live  readily  in  the  tropics  where  the  Teutonic 
stock  must  struggle  incessautlv  for  existence.  The 
Chinese  may  be  found  living  easily  from  Jianchuria  to 
Australia.  The  Jew  lives  everjwhere.  He  is  as  much 
at  home  iu  the  climates  of  Siberia  as  in  his  native  Pales- 
tine, and  he  is  found  from  Cairo  to  the  Cape.  The 
Ethiopian  can  live  iu  the  hot  jungles  of  the  torrid  zone, 
but  finds  it  hard  to  flourish  in  the  temperate  climates  of 
the  northern  United  States.  All  this  shows  that  it  is  not 
so  much  the  climate  as  it  is  the  man  and  the  race.  It  is 
the  personal  equation  of  living  after  all,  the  habits  and 
modes  of  life,  that  account  for  this  varied  tolerance. 
Climate  places  its  imprint  upon  .social  life  and  customs, 
and  long  usage  makes  it  hard  to  aliandon  them,  even 
when  reason  and  experience  show  their  evil  effects.  The 
average  Caucasian  carries  with  him  to  the  tropics  the 
same  habits  of  life,  food,  and  drink,  ami  even  clothing, 
that  he  has  acquired  in  the  colder  north,  and  then  wonders 
at  his  inability  to  become  acclimated  in  the  torrid  zone. 
In  the  deserts  anil  on  the  great  treeless  plains  where 
water  and  grass  often  fail,  man  becomes  a  nomad,  driv- 
ing his  herds  and  flocks  from  place  to  place  iu  search  of 
sustenance.  In  the  forest  regions  he  fells  trees  and 
builds  a  cabin  or  a  kraal,  and  lays  (he  foundation  of  a 
permanent  home.  The  character  of  the  climate  affects 
the  habitation  he  erects  for  his  use.  Under  the  hot  siui 
of  the  tropics  his  house  is  low  and  open,  the  shade  is 
sought  aud  every  breeze  courted.  Farther  northward  the 
house  grows  higher  aud  the  openings  are  feweraud  fewer. 
From  wood  and  open  construction  it  passes  to  brick  and 
stone,  and  compact  structure ;  and  every  de\ice  that 
promises  to  keep  the  outside  climate  out  and  the  inside 
climate  in  is  sought  for.  Still  farther  north,  because 
it  is  hard  to  heat  a  large  building  in  the  intense  cold  of 
the  Arctics,  the  house  becouu'S  smaller,  and  from  the 
modern  sky-scraper,  with  its  furnaces,  fans,  and  I'lcctric 
lights,  and  itsother  numerous  conveniences,  it  descends  to 
the  small  dugout,  and  the  ice-cabin,  wherein  luunan  beings 
huddle  together  for  warmth  from  each  other's  bodies,  the 
only  suflicient  source  of  heat  at  their  command. 

Climate  leaves  its  impress  even  upon  fiction  and  his- 
tory, upon  poetry  and  prose,  religion  and  su|)erstitions. 
To  the  wandering  Bedouin,  he  who  dug  a  well  was  a 
benefactor;  paradoxically  the  well  was  tlie  monument  of 
a  philanthropist.  To  die  of  thirst  with  water  vanishing 
ere  it  touches  the  parched  lips  is  the  Arab's  direst  curse, 
and  green  trees  and  running  waters  his  ideal  of  paradise. 
In  tlie  colder  north,  where  the  sufferings  from  cold  and 
want  of  heat  are  felt,  demons  in  red,  with  heated  forks 
and  fierv  furnaces,  terrorized  the  wicked  and  restr;iined 
the  good,  and  the. halls  of  Valhalla  were  the  hope  of  a 
hereafter.  Upon  the  features  climate  iierhaps  has  an 
influence,  but  tlie  periods  required  for  many  changes  are 
relatively  so  great  that  we  cannot  measure  them.  With- 
in historic  times  there  is  no  evidence  of  ethnic  change. 
The  Ethiopian  of  to-day  is  the  Ethiopian  upon  the  bas- 
reliefs  of  Nineveh  and  Babylon.  And  the  modern 
Egyptian  fellah  wandering  about  the  streets  of  Cairo 
was  depicted  in  the  reign  of  the  Pharaohs. 

From  the  influence  of  climate  on  man's  modes  and  life, 
it  follows  that  directly  or  indirectly  climate  njust  exert  a 
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inofiiund  inlluence  upon  his  physical  well-being.  Abun- 
dant evidence  of  this  intlnence  is  seen  in  the  geogruphi- 
ciil  distribution  of  certain  diseases  and  their  behavior 
when  transported  by  commerce  and  migrations  to  other 
regions.  Cholera  and  yellow  fever  are  endemic  within 
the  sea-level  altitudes  of  the  trojiics.  Both  occasionally 
are  carried  by  agencies  beyond  their  indigenous  climates, 
and  both  after  a  greater  or  less  time  disappearcomplelely 
from  their  new  homes.  The  former  lives  longer  out  of 
its  native  habitat  than  the  latter,  which  vanishes  with 
the  first  air  tem])erature  of  32°  or  lower.  Malaria  is  a 
widespread  disease  extending  geographically  on  each 
side  of  the  equator  to  the  limits  of  the  isotherm  of  (iO; 
beyond  this  it  is  not  known  to  onginate.  Some  forms  of 
disea.se,  as  diphtheria,  pneumonia,  jihthisis.  rheumatism, 
nephritis,  and  others,  show  no  detinite  climatic  lindts, 
and  may  apparently  originate  in  any  locality.  Sunstroke, 
frost-bite,  snow-blindness,  and  mountain  sickness  are 
perhaps  the  only  ones  that  can  be  Siiid  to  be  caused  by  the 
climatic  conditions  under  which  they  develop.  The  most 
important  intiuence  of  climate  is  that  which  it  .sustains  as 
a  predisposing  agent.  The  manner  in  w  hieh  this  influence 
may  be  e.xerted  will  depemi  upon  the  nature  of  the  disease. 

Modern  research  warrants  the  classification  of  disease 
into  two  general  categories,  viz.,  infectious  and  non- 
infectious; the  germ  diseases  and  the  uon-germ  diseases. 
Of  the  tirst  class,  obviously  those  diseases  that  result 
from  the  presence  of  the  striclly  obligate  parasites  can 
be  affected  solclj'  through  the  medium  of  the  host;  and 
so  we  find  the  diseases  from  such  germs  everywhere 
that  the  diseased  host  may  migrate  and  live.  Among 
this  class  are  rabies,  syphilis,  and  gonorrhcea.  Upon  the 
exciting  causes  of  these  disca.ses  climate  has  no  oppor- 
timity  to  act  directly.  I'pon  obligate  parasites,  but 
those  of  greater  resistance,  and  which  may  e.\ist  for  some 
time  outside  of  the  animal  bodv,  but  which  probably  do 
not  lead  a  saprophytic  existence,  there  is  opportunity  for 
cliinatic  effect.  To  this  cla.ss  belong  the  germs  of  diph- 
theria, glanders,  variola,  measles,  and  scarlatina.  And 
there  is  some  reason  for  supposing  that  the  variations  in 
virulence  manifested  in  the  different  epidemics  of  these 
diseases  are  parth-  due  to  such  causes.  Upon  the  faculta- 
tive saprophytes  and  the  facultative  parasites  there  is 
abundant  opportunity  for  the  effects  of  meteorological 
agencies.  Under  one  or  the  other  of  these  classes  are 
the  germs  of  phthisis,  anthrax,  typhoid,  choljra,  tetanus, 
yellow  fever,  and  the  various  pyogenetic  microbes.  And, 
again,  the  evidence  of  variation  in  malignancy  of  these 
disea.ses  can  be  accounted  for.  at  (iresent  at  least,  only 
on  the  s\ipposition  of  some  favorable  or  unfavorable 
meteorological  influences.  Further  corroboration  of  the 
probability  of  such  suppositions  is  furnished  in  the  ex- 
periments that  have  Ix'en  made  by  different  observers  on 
the  attenuation  of  microbic  virulence  when  the  micro- 
organisms were  grown  under  certain  physical  conditions 
of  temperature,  humidity,  and  illumination.  The  effect 
upon  the  different  pathogenetic  micro  organisms  is  par- 
ticidarly  noticeable  in  respect  to  sunlight.  Moist  bacilli 
and  spores  fif  anthrax  are  killed  by  two  hours'  direct  ex- 
posure to  the  sunlight.  Koch  states  that  a  few  minutes 
in  the  sunlight  will  kill  tubercle  bacilli,  and  diffuse  sun- 
light will  kill  them  in  from  six  to  seven  days.  Sawisky 
found  that  they  gradually  lost  their  virulence  in  from 
two  and  a  half  to  three  months  in  ordinarily  lighted 
dwelling  houses.  Two  hours'  insolation  is  suflicient  to 
kill  typhoid  bacilli.  A  few  hours'  drying  will  kill  the 
comma  bacillus  of  cholera.  None  of  the  pathogenetic 
para.sites  multiply  under  temperatures  below  .50'  F. 

Experiments  have  shown  that  physical  environment  can 
profoimdly  alter  the  resistance  of  the  host  to  infection. 
Hens  will  not  contract  anthrax  unless  they  be  first  chilled 
by  exposure  to  the  cold.  Frogs  become  susceptible  to 
the  disease  if  kept  in  an  atmosphere  of  80'  F.  or  luore. 
Bowditch  in  this  country  and  Buchanan  independently, 
in  England,  showed  that  soil  dampness  favored  the  de- 
velopment of  tuberculosis.  The  relation  of  the  gro\uid 
water  and  its  fluctuations  to  typhoid  has  been  widely 
discussed,  and  the  maximuiu  jirevalence  of  the  disease 


after  the  hot  weather  of  summer  has  suggested  a  low- 
ered resistance  in  the  human  body.  The  general  preva- 
lence of  pneumonia  in  winter,  and  its  relatively  great 
freciuency  in  climates  of  high  altitudes,  have  pointed  to 
a  meteorological  predisposition.  As  has  been  mentioned 
previously,  the  absolute  atmospheric  hunudity  is  con- 
trolled by  the  temperature.  A  cubic  foot  of  air  at  32° 
F.  can  contain  at  the  most  but  2.1  .irrains  of  moisture;  at 
98'  F.  it  can  contain  18.T  grains.  A  cubic  foot  of  air  in- 
spired at  32  F.  or  below,  is  warmed  up  in  the  respiratory- 
passages  to  about  98°,  and  is  expired  saturated  with 
moisture,  and  it  takes  from  these  pa.ssages  1(1.6  grains 
of  water.  If  this  moisture  be  not  supplied  rapidly  enough 
by  the  naso-bronchial  nuicous  meml)rane,  dryness  and 
mechanical  irritation  result,  and  this  may  be  the  sufficient 
predisposition  for  the  graver  disease,  tiie  preparation  of 
the  soil  for  the  germ.  Excessive  evaporation  from  the 
respiratorj-  passages  is  a  fact  both  in  cold  weather  and 
in  elevated  regions,  and  pneumonias  are  then  and  there 
prevalent.  Longstaff  found  that  diarrhteal  diseases  be- 
came epidemic  in  London  when  the  water  of  the  Thames 
reached  62"  F.,  and  Ballard,  looking  in  another  direction, 
foimd  them  epidemic  when  the  temperature  of  the  groimd 
four  feet  below  the  surface  rose  for  the  season  to  bli'  F. 

The  treatment  of  disease  by  climate  forms  an  interest- 
ing and  important  chapter  in  medical  literature.  The  par- 
ticular manner  and  the  properties  of  climate  that  effect  the 
cures  are  still  subjects  of  medical  polemics.  The  chief  dis- 
ease that  climate  is  relied  upon  for  curing,  to  the  exclusion 
of  almost  all  else,  is  phthisis.  That  change  of  climate  in 
this  disease  is  bcueflcial  would  be  folly  to  attempt  to  gain- 
say. The  present  consensus  of  medical  opinion  leans  to  the 
climates  of  altitude,  particularly  those  above  three  thou- 
sand feet  elevation.  Altitude,  moderate  temjieraturcs, 
clear  skies,  and  well-drained  soil  appear  to  be  the  climatic 
desiderata  for  this  disease.  In  this  malady  the  physiolog- 
ical effects  of  high  altitude  have  usually  "been  considered 
as  the  most  efficient  therapetitic  properties  of  the  climate. 

The  present  writer,  from  a  careful  consideration  of  the 
known  physiological  actions  of  the  different  climatic 
elements  and  factors,  takes  exception  to  the  claims  of 
altitude  in  this  disease.  Without  entering  into  any  dis- 
cussion he  ventures  to  state  that  whatever  virtue  there  is 
in  such  widely  recognized  climates  as  Colorado,  thcEn- 
gadine  Alps,  and  others  as  .sanitaria  for  phthisis  flows  from 
the  absence  of  clouds  and  is  due  to  the  effects  fif  the  in 
tense  insolation  under  low  atmospheric  temperatures 
that  favor  life  passed  in  the  direct  sunlight  rather  than 
in  the  shade. 

The  utilization  and  indications  for  climate  in  diseases 
belong  rather  to  the  therapieutics  of  each  disease  than  to 
the  present  article,  which  is  but  a  brief  attempt  to  ilefine 
climate  and  point  out  the  general  principles  that  will  in- 
dicate what  climates  are  to  be  expected  in  given  localities, 
or,  a  particular  kind  of  climate  being  given,  where  it  can 
be  most  nearly  ajiproximated.  In  climatotherapy.  how- 
ever, one  should  bear  in  mind,  as  a  motto,  the  dictum  of 
Scoresby -Jackson :  "If  it  be  a  good  tiling  for  a  sick  man 
to  change  his  residence,  it  mu.st  be  a  proper  thing  for 
him  to  know  what  it  is  that  he  is  avoiding,  and  wliat  it 
is  that  he  is  to  ac(iuire  in  exchange  for  it  in  another 
place."  The  what-it-is-tliat-is-to-be-avoidedand  thewhat- 
acquired  nuist  be  worked  out  by  the  physiologist,  path- 
ologist, and  the  therapeutist  much  more  thoroughly 
than  at  present  Ijefore  climatotherapy  can  become  other 
than  empiricism. 

Climnte  diid  Animah. — Endued  with  only  a  limited 
degree  of  reasoning  ability,  but  few  animals  evince  any 
intelligent  foresight  in  providing  against  future  contin- 
gencies of  heat,  cold,  famine,  or  drought.  The  nearest 
approach  to  |)revision  is  exhibited  in  the  migratory  and 
the  hibernating  habits  of  some  animals,  and  in  the  storage 
of  food  by  a  few  others.  The  climatic  control  of  the 
distribution  of  animals  is  perhaps  as  much  one  of  iniiirec- 
tion  as  of  direction.  Cats  cannot  live  at  an  elevation  of 
eleven  thousand  feet,  and  all  efforts  to  introduce  the  New- 
foundland dog  in  India  have  failed.  The  polar  bear  cannot 
live  outside  of  the  isotherm  of  33°  F.,  unless  surrounded 


14^ 


rilniax  Springs, 
t'loves. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


with  au  artificial  reproduction  of  its  native  climate.  On 
the  other  hand,  many  natives  of  the  tropics  tind  no  ditH- 
culty  in  livins;  in  the  colder  temperate  zones.  Parrots 
introduced  into  England  flourish  in  the  woods  of  Norfolk, 
and  that  they  have  not  spread  over  the  island  is  more  a 
matter  of  food  supply  than  of  inimical  climatic  conditions. 
The  tiger  stands  the  jungle  climates  of  Bengal  and  the 
snows  of  Thibet  with  equal  impunity.  The  elephant, 
found  now  only  in  the  tropics,  once  roamed  over  the  table- 
lands of  Siberia.  The  matter  of  food  supply  and  the  ease 
with  which  food  can  be  obtained  are  more  influential  than 
the  direct  physiological  effects  of  the  climate  itself. 

-Adaptation  to  climatic  conditions  is  seen  in  many  ani- 
mals. The  change  of  color  and  of  thickness  of  the  pelage 
with  the  cliange  of  saasons  is  a  physiological  tribute  to 
climate.  The  peculiar  body  formation  of  many  animals 
is  an  accommodation  to  the  direct  influence  of  climate. 
The  arboreal  animals  arc  unfitted  for  the  treeless  prairie. 
The  camel  is  found  in  the  desert,  but  it  would  |ierisli  in  the 
forest.  Sheep  and  goats  are  adapted  to  the  climate  of 
mountains,  but  not  to  that  of  forests.  In  each  and  e^'ery 
case  we  shall  find  an  effort  at  accommodation  in  one  way 
or  another  to  climatic  environment,  and  in  most  of  the 
cases  the  adaptation  is  one  rather  to  the  food  supply,  and 
ultimately  to  the  vegetation  of  the  climate,  than  to  the 
immediate  physiological  eftecls  of  the  meteorological  en- 
vironment. 

The  key  to  climatic  control  of  the  distribution  of  ani- 
mals is  in  the  struggle  for  food.  Many  of  the  extinct 
animals  disappeared  not  from  any  secular  change  of  cli- 
mate, but  simply  from  the  advent,  often  perhaps  ac- 
cidental, of  some  other  form  that  jjreyed  uiion  it  or  its 
food  supply.  Goats  introduced  into  the  island  of  St. 
Helena  destroyed  a  whole  flora  of  trees,  and  with  it 
doulitless  disappeared  many  if  not  all  of  the  parasites 
dependent  upon  it.  Swine  introduced  in  ilauritius  de- 
stroyed the  dodo.  The  mongoose  in  Jamaica  has  com- 
pletely exterminated  the  native  fauna  of  this  island. 

Climate  and  Vegetation. — The  character  and  distribu- 
tion of  vegetation  are  both  distinctively  climatic  results. 
Light,  heat,  and  moLsture,  in  greater  or  less  degrees,  are 
essential  to  the  development  of  vegetable  life.  The 
measures  in  which  these  elements  are  combined  deter- 
mine the  general  characteristic  features  of  the  vegeta- 
tion. Variations  of  degree  in  these  characteristics  result 
from  the  combination  of  the  effects  of  climate  and  those 
of  other  factors,  as  the  structure  and  composition  of  the 
soil,  the  effects  of  animal  life,  etc.  The  intense  heat  and 
generally  abundant  moisture  of  the  tropics  favor  a  luxu- 
riant growth  in  forms  that  in  colder  regions  are  diminu- 
tive in  size.  The  vegetation  of  arid  regions  is  distinct 
from  that  of  humid  countries;  and  the  vegetation  of  the 
hot  deserts  is  different  from  that  of  the  deserts  of  colder 
latitudes.  Under  the  equator  palms  and  bananas  are 
the  typical  forms;  then,  receding  toward  the  poles,  come 
in  succession  tree  ferns  and  figs,  myrtles  and  laurels, 
evergreens,  deciduous  trees,  conifers,  lichens  and  dwarf 
shrubs,  and  mosses.  If  we  ascend  a  high  tropical  mountain 
■\ve  shall  tind  the  .same  change  of  vegetational  formation. 

The  following  tabular  view  will  jiresent  the  approxi- 
mate general  distribution  of  vegetational  types  with  ref- 
erence to  the  average  temperature  under  which  each 
best  develops. 


Palms      / 

Bananas  i 

Tree  ferns  I 

ngs        (■ 

Myrtles  \. 

Lsfurels  I 

Evergreens  

Deciduous  I 

Trees  f 

Conifers  (pines,  etc) 

Licliens  t  

Mosses    \  , 


Average 

temperature  of 

zone. 


83° -TO"  ¥. 

78  -73 

73  -68 

68  -60 

60  -48 

48  -40 
40  -33 
32"  and  lower. 


Altitude  of  each  under  the 
equator. 


Al  sea  level. 

From  sea  level  to  2,000  feet. 

From  2,000  to  4,000  feet. 

From  4,000  to  6.01X1, 

From  6,tXI0  to  8.000  feet. 

From  8.000  to  10,0(X1  feet. 
From  10,00(1  to  13,000  feet. 
From  13,000  to  14,000  feet. 


The  distiibution  of  the  temperature  and  the  rainfall 

are  the  most  important  factors  :in  vegetation.  And  it  is 
the  heat  of  the  summer  rather  than  the  cold  of  winter 
that  determines  the  limit  of  vegetation.  A  broad  gen- 
eralization has  been  made  to  tlie  effect  that  the  geo- 
graphical distribution  of  animals  is  dependent  upon  that 
of  the  minimmn  temperatures  of  winter,  and  the  geo- 
graphical distribution  of  the  different  varieties  of  plants 
is  dependent  upon  the  maximum  tempei-atures  of  sum- 
mer. Observation  of  the  lowest  temperatures  at  which 
most  plants  begin  to  germinate  shows  that  vital  action  is 
not  evident  till  the  temperature  rises  to  43'  F.  This  is 
the  first  effective  temperature.  Plant  growth  takes  place 
only  .so  long  as  the  temperature  is  at  or  above  this  point, 
and  the  amount  of  growth  that  actually  takes  place, 
other  conditions  being  favorable,  is  estimated  bj'  the  prod- 
uct of  the  number  of  hours  by  the  number  of  degrees 
the  temperature  is  above  42°  F!  This  ])rodnct  is  called 
the  accumulab'd  temperature,  and  represents  the  total 
effective  temperatui-c  for  plant  development.  The  higher 
the  temperature,  up  to  a  certain  optimum,  varying  for 
different  plants,  the  greater  the  rate  of  gi'owth,'  The 
study  of  plant  growth  and  meteorology  is  receiving  the 
scientific  attention  that  it  so'w<'ll  merits.  When  more 
progress]  has  been  made  scientific  jihenology  will  be  a 
most  important  and  valuable  assistance  to  mankind. 

ir,  F.  11.  Phillips. 
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Annual  Reports  of  U.  S,  Weather  Bureau,  1891  to  date, 

Bebl)er,  W.  J,  van  :  Hygienische  Meteorologie  fUr  Aertze  unJ  Natur- 
lui-scher,  1895, 
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of  over  400  maps.    Edited  hv  Alex.  Buchan,  1S99, 

Cullimore,  I),  H. :  Bool;  nf  riiniat«  for  All  Lands,  1890. 

Davis,  W.  M.:  Elcim-iitarv  .Mcti'.irology,  1898. 

Dickson,  H.  N, :  Mi-tc.,ioi,,L'v,  Isitt. 

Ferrel,  William:  A  rupuliir  Triiilise  on  the  Winds,  Comprising  the 
General  Moti<->ns  nf  iln>  .xiiiinsi'lirrt-.  Monsoons,  Cyclones,  etc.,  1893. 

Greelv,  A,  W. :  Aiii'iiian  Wciillicr,  ls.~<s. 

Hann,  Julius:  Haiidlnuli  d.-r  Kliniiitolngip.  3  Auflage,  1897. 

Moore.  J.  W. ;  Mi'lr..n,l,,L'v.  Practical  and  Applied,  1894, 

Scott,  U,  H, :  ElcMiciilarv  Mct.-nn.li.gv, 

Solly,  S.  E, :  M>'dical  rliniat"lcij;y,  lK!i7, 

Transactions  American  t  limatological  Association,  18.81  to  date, 

Waldo,  Frank  :  Elementary  Meteorology  for  High  Schools  and  Col- 
leges, 1896, 

Wilhams,  C.  Theo. :  AiToIlicnipcutics.  1H94. 

See  also  articles  on  Cliinaic  111  l-:n'-y<'l"pii^dia  Britannica.  Johnson's 
Universal  Cyclupa'dia.  Stcvciisun  and  Murphy's  Hygiene,  Park's 
I'nictlcal  Hygiene,  Allbutt's  System  of  Medicine. 

CLIMAX  SPRINGS.— Camden  County,  Missouri. 

Post  Office. ^Climax.     Hotel. 

AccKss. — Via  Missouri  Pacific  Railroad  to  Warsaw, 
thence  25  miles  by  stage  to  .springs. 

These  springs  are  seven  in  number,  and  are  located  in 
a  rolling,  heavily  timbered  region,  with  many  pleasing 
landscapes.  An  analysis  .of  the  waters  was  made  in  1883 
by  Prof.  N.  W.  Wiley,  of  Purdue  University,  Indiana. 
State  Chemist. 

One  U.MTEn  States  Gallo.n  Contains: 

Solids,  Grains. 

Calcium  oxide 4,98 

Magnesium  oxide 1.80 

Aluminum  oxide  (with  iron  oxide) 5.08 

Sulphuric  acid 3.60 

Carbonic  acid 3.92 

Sodium 14.00 

Potassium 1.30 

Iodine      '  ii  jvi 

Bromine  f ^*-"" 

Chlorine 20.40 

Loss 3.03 

Total 72.00 

The  waters  are  remarkable  for  the  quantity  of  iodine 
and  liiomine  which  they  contain.  They  are"  somewhat 
similar  to  the  waters  of  the  celebrated  Kreulznach 
Springs,  of  Prussia,  but  are  far  stronger  in  these  ingre- 
dients. Such  waters  are  especially  adapted  for  the  treat- 
ment of  chronic    syphilitic  and "  scrofulous   affections. 
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<  lliiiiix  SprlugN. 
Cloves. 


Tlic  analysis  is  obviously  incompk'te.  liowcvcr.  aiui  a 
new  examination  should  l)e  niado.  \\\'  have  lic<'n  unable 
to  obtain  a  ncriit  report  of  these  springs.  The  fore- 
goinir  aeeount  is  eoniiiili-d  from  Walton's  work  and  from 
the  United  States  Geological  Reports. 

James  K.  Crook. 

CLOVER,  RED.— The  flower  heads  of  Trifi'lhni,  pni- 
tdtm  L.  (tiini.  /.ii/iiiiiiiitmr).  The  herbage  of  most  of  the 
two  or  three  liundred  speeics  of  'J'rifr//i/iiii  is  rich  in  al 
biiniinous  nutriment,  or  liyiniiin,  and  red  clover  is  one 
of  the  best  and  the  most  extensively  cultivated  of  these 
fodders.  During  recent  years  it  has  come  into  jironn- 
nence  as  an  ingredient  of  a  "shotgun"  preparation,  used 
as  an  alterative  of  which  the  other  ingreclicnts  represent 
the  activity.  Jlmnj  11.  liiiKby. 

CLOVER,  SWEET.  MELILOT.— The  dried  herb  of 
two  species  of  Mdiliit'in.  .1/,  I'jficiiiiiUs  Desr.  and  ,V.  ultin- 
siiiii"<  Tliuill.  (fani.  /.it/iiiiiinosa').  Thescaretall,  upright, 
or  straggling  biennial  herbs,  with  small  trifoliolate  leaves 
and  axillary  spikes  of  minute  clover-like  flowers.  Both 
plants  are  fragrant,  having  the  pleasant  odor  of  Tonka 
beans,  which  is  also  increased  by  drying.  They  contain 
also  the  sjime  odorous  substance  found  in  Toidia  beans, 
ciiiiKirin  (cumaric  anhydride),  as  well  as  the  related  sub- 
stances, mtliliitus  nil.  iiiililotif  iin'tl.  niu\  ciniiiin'e  iici<l. 

Melilot  is  a  mild  and  pleasiuit  aromatic  of  no  special 
value  in  medicine,  and  is  fairly  obsolete.  The  infusion 
was  formerly  employed  to  a  considerable  extent  as  au 
eyewash.     Dose  indefinite.  11'.  P.  BoUcs. 

CLOVERDALE  LITHIA  SPRINGS.  — Cumberland 
Coinily,  Penii. 

Post Okfr  E. — Newvillc. 

This  artesian  mineral- water  fountain  is  located  2i  miles 
northwest  of  Xewville  and  ,5  miles  south  of  the  Doubling 
Gap  White  Sulphur  Springs.  It  was  discovered  in 
18(i.5  by  a  party  prospecting  for  oil.  The  opening  bored 
through  the  solid  rock  to  a  great  depth  struck  this  water 
vein,  which,  being  released  from  its  subterranean  confine- 
ment, gushed  to" the  surface  at  the  rate  of  three  hun- 
dred gallons  per  hour  lunUr  the  pressure  of  its  own  car- 
bonic acid  gas.  The  flow  since  that  time  has  never 
diminished,  being  uniform  at  all  seasons  of  the  year. 
The  water  is  perfectly  clear  and  entirely  free  of  organic 
matter,  and  has  a  temperature  at  the  spring  of  .52°  F, 
The  following  analysis  was  made  in  1889  by  Prof.  E.  T. 
Fristoe,  of  the  Columbian  University.  Washington,  D.  C. 

ONE  rxiTED  States  Gallon  Contains: 
SoUds.  Grains. 

Pota,s.siinn  oartwinan^ 0.20 

LiUiilim  rartHHiiilc C.f" 

Matrnrsiuin  sul))tuile l.fiO 

Mairiii^^^iuiii  flili.Tide 0.09 

SimIiuiij  .hloriiie Trace. 

Mairn.-sitiiii  bicarbonate 0.42 

Ca  iriuui  lii(;arbonat« ti.rt? 

Iron  o.\ide  and  alumina tt.T-'i 

Silica 0.80 

Phosphoric  acid Trace. 

Total 10.70 

Gases.  Cubic  Inches. 

Carbonic  acid l.OTil 

Oxvfren l.WO 

S"itrof?en 6.ni;j 

This  water  is  not  heavily  impregnated  with  mineral 
ingredients,  yet  when  taken  in  sufficient  quantities  it 
exerts  an  undoubted  influence  on  the  physical  economy. 
It  has  been  found  to  possess  antacid,  mild  ajierient,  and 
tonic  effects.  Its  clear  and  sparkling  appearance  and 
freedom  from  organic  impurities  qualify  it  for  table  and 
domestic  purposes.  It  is  said  to  have  been  foiuid  fresh 
and  palatable  after  three  years'  bottling.  The  water  is 
used  commercially.  James  K.  Crook. 

CLOVES.— '"'"V/"/'/' .'/?/"«.  U.  S.  P.:  Ciri/npfii/lhim. 
B.  P.  "The  un(X|ianded  flowers  of  Eiiffenui  tinnnnticn 
Linn."  (U.  S.  P.).     "The  dried  flower  buds  of  tJiiyoiiu 


ctiri/ojifii/Uiitii  Thumb."  (B.  P.).  This  tree,  to  which 
each  pharmacopieia  has  given  adilTeiciil  name,  is  a  mem- 
ber of  the  order  .Ui/itdnip.  in  which  are  included  many 
aromalic  [ilants  such  as  the  allspice,  bay,  cajuput,  and 
eucidyplus.  It  is  a  beautiful,  fragrant,  evergreen  tree, 
with  a  line  pyramidal  crown  thirty  or  forly  feet  higli, 
and  with  bright  crimson  flower.s.  The  branches  are  nu- 
merous, sleniler,  horizontal,  the  leaves  opposite,  lanceo- 
late. point<'d,  entire,  diuk  green  and  shining,  and  covered 
with  glandular  dots.  Flowers  in  terminal  dusters,  artic- 
ulated. ('aly.\  brilliant  crimson,  with  a  long,  ,solid, 
flattened,  cylindrical  tube  (receijtatle  of  Baillon),  in  the 


Fig.   13S6.— Clove   Tree,   flowering  branch   onethird  natural  size. 
(Baillon.) 

upper  part  of  which  the  minute  ovary  is  embedded,  and 
four  thick,  spreading,  triangular  lobes.  Petals  also  four, 
cream-colored,  orbicular,  arched,  in  tli<'  bud  iml)rieated  in 
a  perfect  globular  head;  stamens  very  numei'ous,  ovary 
minute,  two-celled,  many-ovuled,  embeilded  in  the  fleshy 
calyx  mass;  style  slender,  single.  Fruit  oval,  crowned 
with  the  four  conniving  calyx  teeth,  one-seeded  (the 
mother  cloves  of  the  market).  Length  of  flower  about 
1..5  cm.  (i  in.),  of  fruit  about  2. .5  cm.  (1  in.K 

Its  orginal  habitat  was  the  Molucca  and  Philippine 
Islands,  but  it  is  now  cultivated  in  the  islands  of  the  In- 
dian ocean.  Southern  India.  Africa,  the  West  Indies,  and 
South  America.  The  buds  are  collected  just  before  the 
petals  expand  and  the  iirocess  requires  much  care  and 
experience.  If  gathered  too  soon,  the  clove  is  deficient 
in  its  aromatic  constituents;  if  too  late,  the  corolla  ex- 
pands when  drying.  The  buds  are  dried  in  the  sun.  and 
much  attention  is  given  to  procure  the  characteristic  rich 
brown  color.  All  parts  of  the  plant  are  aromatic,  and 
the  small  branches  are  often  l)roken  into  small  pieces  and 
colored  for  the  purpo,se  of  adulteration.  Ground  cloves 
often  arc  made  up  of  a  large  proportion  of  the  bi'anches 
and  also  of  the  fruit.  Another  adulteration  of  gi-ound 
cloves  is  the  addition  of  cloves  from  which  the  oil  has 
been  alxstracted.  The  clove  somewhat  resembles  a  nail 
in  shape,  its  name  being  derived  from  the  French  doii. 
"It  is  over  half  au  inch  long,  dark  brown,  consisting  of 
a  sub-cylindrical,  solid,  and  glandular  calyx  tube,  termi- 
nated liy  four  teeth,  and  surmounted  liy  a  globular  head, 
formed  by  four  petals,  which  cover  numerous  curved 
stamens  and  one  style.  Cloves  emit  oil  when  scratched, 
and  have  a  strong  "aromatic  odor,  and  a  pimgcnt.  spicy 
taste"  (U.  S.  P.).  Cloves  contain  a  large  percentage  of 
the  official  oil,  which  forms  as  much  as  one-fifth  of  its 
bulk.  There  are  also  present  tannin,  gum.  resin,  etc. ; 
C'irt/op/ii/llin.  CjoHsjOj.  which  is  isomeric  with  cam- 
phor; and  c'iginiii.  none  of  which  arc  of  any  therapeutic 
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raliie.  The  properties  of  the  clove  are  containe<l  in  the 
vohitile  oil.  It  i.s  obtained  b.v  distillation,  and  is  ollicial 
in  the  United  States  PharmacopaMa  and  British  Pharma- 
copceia.  When  first  procured,  the  oil  is  clear  and  color- 
less and  very  fluid;  with  age  and  exposure  it  becomes 
yellow  in  color,  and  ultimately  reddish  brown.  It  also 
becomes  thicker.  Its  specific-  irravity  shoidd  be  1.060  to 
1.067  at  15'  C.  It  is  heavier  than  water,  .soluble  in  equal 
volumes  of  alcohol,  ether,  and  acetic  acid.  It  is  slightlj' 
acid  in  reaction.  Oil  of  cloves  is  made  up  of  eugenul 
{eugenic  acid),  doHisOg,  chemically  resembling  phenol 
and  guiacol,  and  a  terpene,  CsHoj,  which  is  deposited 
when  the  oil  is  kept  for  a  length  of  time. 

Eugenol  is  formed  by  a  process  of  oxidation  from  oil 
of  cloves,  and  may  also  be  procured  from  other  essential 
oils,  as  those  of  cinnamon,  pimento,  sassafras.  It  is  an 
aromatic,  colorless,  or  brownish,  oily  liquid,  insoluble 
in  water,  soluble  in  alcohol,  and  forms  compcnuuls  of  a 
definite  character  with  caustic  alkalies.  It  possesses  an- 
tiseptic properties,  and  has  been  recommended  as  a  febri- 
fuge, but  is  inferior  to  salicylic  acid,  quinine,  etc.  Eu- 
genol, the  action  of  which  is  somewhat  analogous  to 
guaiacol,  was  biouglit  into  prominence  by  Dr.  Koch, 
who  suggested  its  administration  during  the  tuberculin 
treatmenll.  The  dose  is  ti),  xIv.  during  the  day,  dissolved 
in  spirit  and  diluted  with  water.  Applied  locally  it  has 
a  mild  ana'sthetic  action. 

Two  derivatives  of  eugenol — benzoyl-eugenol  and  cin- 
namyl-eugenol — have  been  introduced  and  are  advocated 
for  the  treatment  of  tuberculous  disease.  Both  of  tlu'se 
preparations  occur  in  neutral,  acicular  crystals,  free  from 
color  and  odor;  taste,  faintly  bitter;  slightly  soluble  in 
water  and  freely  soluble  in  alcohol. 

The  therapeutic  action  of  cloves  is  due  to  the  volatile 
oil  which  they  contain,  and  is  that  common  to  all  aromatic 
oils.  Externally  it  is  antiseptic,  stimulant,  and.  when 
freely  used,  is  a  counter-irritant.  It  also  is  slightly 
ana>sthetic.  It  is  employed  locally  only  as  a  remedy  for 
rheumatic  jiaius,  sciatica,  and  neuralgias.  Its  most  com- 
mon use  is  as  an  antiseptic  and  aniesthetic  application  to 
carious  teeth. 

When  taken  internally  it  produces  a  stimulating  and 
antiseptic  effect  upon  the  mucous  membrane  of  the  stom- 
ach and  bowels.  It  also  acts  as  a  carminative  and  anti- 
S]iasmodic,  checking  fermentation  and  promoting  diges- 
tion. 

After  absorption  it  produces  a  general  stimulation  and 
is  excreted  unchanged  bj'  the  kidneys,  liver,  and  bronchi. 
Upon  these  tissues  it  exercises  its  .■uitiseptii-  properlies. 
and  it  is  thought  that  this  is  specially  ilirected  to  the 
pulmonary  tissues.  It  is  this  local  action  upon  the  lungs 
which,  with  its  carminative  and  sti;nulating  effects,  has 
encouraged  its  employment  in  tuberculosis. 

The  oil  is  usually  selected  for  administration  in  from 
one-  to  five-di'op  doses.  The  dose  of  powdered  clovi's  is 
said  to  be  from  gr.  v.  to  x.  An  infusion  is  otticial  in  the 
British  Pharmacopoeia,  1  part  to  40.  <^il  of  cloves  is 
added  to  several  ]iills,  confections,  and  other  preparations 
for  its  carminative  effects.  Beitumont  iSiihiII. 

CLUBBED  FINGERS;  CLUB  HAND.  See  Hand  and 
Fingers,  etc. 

CLUB-FOOT.    See  Foot,  Deformities  of . 

COAGULATION.— Most  of  the  animal  proteids  can  be 
obtained  in  solution.  Many  of  these  may  be  coagulated 
or  rendered  insoluble  by  different  means.  As  to  the  na- 
ture of  the  process,  we  know  very  little  in  addition  to 
the  fact  that  there  is  a  striking  difference  between  the 
substance  formed  and  the  material  from  which  it  was 
pnxluced.  The  degree  of  insolubility  varies  with  the 
dilTi'rent  proteids  and  the  means  by  which  coagulation  is 
produced.  There  is  a  distinct  difference  between  jire- 
cipitation  and  coagulation  of  proteids.  In  the  former  the 
precipitate  ma)'  be  redissolved  again  in  suitable  media, 
while  in  the  latter  the  coagulum  cannot  be  dissolved  by 
ordinarv  media.    The  difference  is  well  illustrated  bv  the 


action  of  alcohol  upon  proteids.  Albumins  and  globulins 
are  at  first  precipitated  by  this  reagent — the  precipitate 
nuiy  be  redissolved ;  after  standing  under  alcohol  for  days 
or  weeks  the)'  are  coagulated  and  cannot  be  redissolved. 
Alcohol  also  precipitates  proteoses  and  peptones,  but  does 
not  coagulate  them.  Ammonium  sulphate  in  saturation 
will  precipitate  all  proteids  except  peptones,  but  does 
not  coagulate  any  of  them. 

Coagulation  :nay  be  brought  about:  I.  By  heat  or 
chemical  reagents;  II.  by  coagulating  ferments  or  en- 
zymes. 

"I.  Co.\ouLATioN  BY  Heat. — The  coagulation  of  egg 
white  by  boiling  is  the  most  familiar  examjjle  of  heat 
coagulation.  The  temperature  necessary  to  produce  co- 
agulation varies  with  different  proteids.  Thus  filirinogen 
and  mviisin  coagulate  at  56'  C. ;  egg  albumen  and  mu.scle 
albumen  at  73'  C. ;  scrum  globulin  at  75°  C.  Serum  al- 
bumin, which  was  once  regarded  as  a  single  body,  has 
been  found  by  Halliburton  to  consist  of  three  different 
bodies  having  coagulation  points  at  73°,  77°,  and  84"  C. 
respectively.  Not  only  does  the  coagulation  point  vary 
with  different  proteids,  but  even  for  the  same  proteid  it 
varies  with  the  salts  jiresent  and  the  reaction  of  the  solu- 
tion, Coagidation  occui-s  nnicli  more  readily  and  c<im- 
pletely  in  an  acid  than  in  an  alkaline  or  neutral  medium. 

From  the  readiness  with  which  albumins  and  globulins 
are  coagulated  by  heat  they  are  often  called  the  coagu- 
lable  proteids.*  Vegetable  albiunins  and  globulins  are 
coagulated  by  heat  like  those  of  animal  origin.  Some 
non-coagulabic  proteids  may  becoagidated  under  certain 
conditions — cy. ,  acid  and  alkali  alluunins  are  nini-eoag- 
ulablc  when  in  solurion,  but  after  preciiiitation  by  neu- 
tralization they  can  be  coagulated  by  heat.  Proteids 
coagulated  by  heat  cannot  be  dissolved  by  water  or  sa- 
line solution  of  any  strength.  Weak  acids  or  alkalies  onl}' 
dissolve  them  by  the  aid  of  heat.  The  digestive  fer- 
ments, however,  readily  act  upon  them  in  suitable  media. 

We  know  no  chemical  difference  between  the  coagu- 
lum formed  by  heat  and  that  formed  by  chemical  rea- 
gents, but  the  proteids  fcirmed  by  the  coagulating  fer- 
ments can  still  be  coagulated  by  heat.  Thus  myosin  of 
muscle  can  be  extracted  by  saline  solution,  but  not  after 
it  has  been  boiled.  In  the  digestion  of  fresh  fibrin  inter- 
mediate products  occur  which  cannot  be  obtained  w  hen 
it  has  been  boiled.  The  proteids  coagulated  by  fernieiUs 
are  nnich  more  soluble  in  strong  solutions  of  neutral  salts 
and  in  weak  acids  or  alkalies  than  are  those  coagulated 
by  heat  or  chemical  reagents. 

Coagulated  proteids  beluive  like  native  proteids  to 
those  tests  which  can  be  applied,  such  as  the  color  tests. 

The  chemical  reagents  causing  coagulation  without 
definite  compounds  (such  as  are  formed  by  salts  of  the 
heavj-  metals)  are  alcohol,  picric  acid,  tannic  acid,  and 
strong  mineral  acids.  Fixation  agents  such  as  alcohol, 
formalin,  osmic  acid,  and  meroiric  chloride  cause  coagu- 
lation of  the  ]u-oteids  of  |)rotoplasm  in  preserving  tissues 
and  cause  a  reticular  formation  in  the  cell  formerly  de- 
scribed as  spongioplasm. 

II.  Coagulation  by  Fekments. — A.  Coagulation  of 
Titiiiid. — When  blood  is  shed  it  soon  becomes  viscid,  and 
in  from  three  to  ten  minutes  sets  in  a  jelly  like  clot  or 
coagulum.  The  coagulum  shrinks  and  gradually  the 
clear  yellowish  blood  serum  .separates  from  the  clot. 
The  ciot  consists  of  a  fibrillar  substance,  fibrin,  entan- 
gling tlie  corpuscles  in  its  meshes.  Although  the  clot 
forms  a  bidky  mass  from  the  large  number  of  corpuscles 
contained  in  it,  the  actual  amount  of  dried  fibrin  that  can 
be  obtained  from  blood  is  small,  being  only  from  0.3  to 
0.4  per  cent,  by  weight.  The  corpu.scles  are  not  at  all 
necessary  for  the  forinati(jn  of  the  clot,  as  they  can  be 
removed  in  v.arious  ways,  and  coagulation  occurs  in  the 
fluid  of  the  blood — the  idasma — as  perfectly  as  when 
they  are  present.  The  essential  part  of  the  clot  is  the 
fibrin,  a  coagulated  proteid  which  is  formed  when  lilood 
or  lymph  coagulates.  The  whole  problem  of  coagula- 
tion of  the  blood  centres  in  the  formation  of  fibrin. 

*  Some  nuoleo-proteids  are  also  coagulable  by  heat. 
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Fibrin  is  formed  from  fibrinoircn,  a  jrlobiiliii  ■niiicli 
Dornially  is  in  sohition  in  bloml  ]il,isin!i  and  lias  ci.Ttain 
chfMiical  [H'culiaritics  tliat  distinguisli  it  from  oilier  glo- 
bulins. Fibrinoiteii  is  eompletely  used  lip  in  tlie  forma- 
tion of  fibrin  and  none  apjiears  in  blood  serum.  The 
amovuit  of  tibrin  formed  is  never  ijuite  as  iireat  as  the 
amount  of  tibrinosren  aeled  upon.  The  tibrinoi;en  is 
split  u]i  by  librin  ferment  or  thrombin,  as  it  is  now 
generally  ealled.  into  (1)  the  eoajiulated  ))roteid  fibrin 
which  represents  the  larijer  ])art,  and(~)a  small  amount  of 
a  solulile  nlobulin  ealled  fibrin-globulin  which  rcmain.s  in 
solution  in  blood  serum. 

The  thrombin  or  fibrin  ferment  does  not  normally  ex- 
ist in  blood  but  is  formed  when  it  is  sh<'d.  It  results 
from  the  interaction  of  a  nncleo-proteid  with  lime  salts, 
and  hence  this  nueleo-proteid  has  been  ealled  prothrom- 
bin. Even  the  nueleo-proteid  or  prothroniliin  does  not 
exist  in  solution  in  siifiieieiit  (piaiitity  in  the  circulating 
blood  to  cause  coagulation,  but  arisi'S  from  the  disinte- 
gration of  blood  platelets  and  leucocytes  (especially  the 
polynuelear  leucocytes)  when  the  blood  leaves  the  ves- 
sels. 

Pekelharing  supposes  that  in  the  cleavage  of  fibrinogen 
the  thrombin,  being  a  comjiound  of  calcium  and  nucli'o- 
proteid.  yields  its  calcium  to  combine  with  a  part  of  the 
fibiinogen  molecule  and  form  tlie  insolulili'  fibrin  ;  that  the 
ealeiuni-free  thrombin  (or  )n'otliriinil)in)  then  again  reeom- 
bines  with  free  lime  s;ilts  to  hand  these  over  in  turn  in  the 
formation  of  more  fibrin  until  all  the  fibrino,gen  is  used  uji. 
This  is  not  the  case,  for  different  observers  have  obtained 
perfect  fibrin  by  adding  a  solution  of  thrombin  containing 
no  free  lime  Sidts  to  a  solution  of  fibrinogen  from  which 
free  lime  salts  had  also  been  removed  in  the  same  way — 
viz..  by  the  presence  of  solulile  oxalates.  Further,  llam- 
marsten  has  failed  to  find  any  more  calcium  iu  fibrin  than 
in  fibrinogen. 

It  does  not  follow  from  this  that  lime  salts  are  not 
necessary  for  coagulation,  but  only  that  they  do  not 
combine  as  Pekelharing  at  first  thought,  and  that  they  do 
not  play  the  same  part  in  coagulation  of  the  blood  as 
they  do  in  the  coagulation  of  milk  under  the  influence  of 
rennet  (see  the  section  on  "Coagulation  of  ^lilk"). 

On  the  conlrary.  lime  salts  are  absolutely  necessary  for 
coagulation.  If  the  blood  be  received  directly  into  a 
solution  of  a  soluble  oxalate  (such  as  potassium  or  am- 
monium), the  fret'  lime  salts  are  removed  as  the  insoluble 
oxalate  of  ealeiuni.  and  coagulation  cannot  take  place, 
although  Ijoth  fibrinogen  and  the  nueleo-proteid  or  pro- 
throniliin are  present.  The  lime  salts  seem  to  interact  in 
some  way  with  prothrombin  to  form  thrombin.  After 
the  thrombin  is  once  formed  the  subsequent  addition  of 
a  soluble  oxalate  cannot  remove  any  cunibiiied  calcium. 

Although  nucleo-proteids  extracted  fnmi  various  other 
tissues  of  the  liody  (lymph  glands,  thymus,  etc.)  influ- 
ence coagulation,  none  of  them  behaves  like  this  one 
(prothrombin)  found  in  the  plasma  of  shed  blood.  The 
latter  is  not  coagulated  by  the  prolonged  action  of  alco- 
hol. The  most  remarkable  difference  is  that  thrombin 
acts  upon  blood  outside  the  liody,  but  does  not  act  in  the 
same  way  upon  the  circulating  blood.  On  the  other 
hand,  other  nueleo-proteids,  if  injected  into  a  vein,  rap- 
idly cause  extensive  intravascular  clotting,  but  do  not 
produce  extravascular  coagulation.  This  may  be  due  to 
differences  in  the  nucleo-proteids  or,  what  seems  more 
probable,  in  the  compounds  which  they  form  with  lime 
salts. 

If  the  question  is  asked.  Why  does  the  blood  not  coag- 
ulate in  the  living  vessels'?  it  may  be  answered  that  nei- 
ther thrombin  nor  prothrombin  is  present  in  sufficient 
quantities  in  the  circulating  blood  to  cause  coagulation. 
But  if  it  is  considered  how  ditficult  it  is  to  produce  intra- 
vascular coagulation,  or  thrombosis,  as  it  is  called  under 
these  circumstances,  by  the  injection  of  thrombin  or 
fibrin  ferment  directly  into  the  vein,  it  will  be  seen  that 
this  answer  is  not  satisfactory.  There  is  no  sjitisfaetory 
explanation  of  the  failure  of  blood  to  coagulate  if  kept 
in  a  portion  of  a  vein  carefully  removed  from  the  body. 
Neither  can  we  explain  why  coagulation  occurs  in  the 


living  body  when  the  endothelial  lining  of  a  bloodvessel 
is  allereil  by  di.sease  or  injured  as  by  a  ligature. 

The  coagulability  id'  the  blood  varies  considerably,  and 
we  are  unable  to  explain  the  cause  of  it.  Thus  it"  is  in- 
creased in  some  acute  infections  such  as  diphtheria  and 
pneumonia.  As  there  is  an  increase  of  the  leucocytes, 
and  also  of  the  number  destroyed  in  these  conditions,  one 
might  suppose  it  to  be  du(!  to  an  increased  amount  of 
nueleo-proteid  (prothrombin)  in  the  blood  plasma.  But 
the  coagulability  of  the  blooil  is  also  greatly  increased  in 
starvation  and  rapidly  increases  during  .severe  hemor- 
rhage. In  neither  is  there  any  leucoeytosis,  and  we  are 
unaiiU'  to  explain  the  condition,  although  it  seems  to  be 
a  wise  ]U'ovision  of  Nature  to  prevent  death  from  capil- 
lary and  venous  heinorrliagi'.  On  the  other  hand  the 
coagulability  may  be  greatly  diminished  and,  in  the  curi- 
ous ilisease  ha'mophilia,  almost  entirely  lost.  In  many  of 
these  cases,  according  to  Wright,  tliere  apjieais  to  lie  a 
deficiency  of  lime  salts,  and  the  internal  adniiiilstration 
or  lo<-al  apjilication  of  these  will  stop  the  heinorrhage. 

The  liver  seems  to  be  concerned  in  maintaining  the 
coagulability  of  the  blood  in  some  unknown  way.  Blood 
that  is  ke|it  circulating  through  the  lungs  and  heart 
alone  soon  hises  its  coagulability.  If  the  portal  circula- 
tion be  cut  out  of  the  systemic  circulation,  the  blood  also 
loses  its  property  of  coagulating,  and  agents  which  alter 
the  coagulability  of  the  blood  fail  to  act  under  these  cir- 
cumstances. 

Certain  agents  can  be  introduced  into  the  circulation 
which  will  increase,  or,  on  the  other  hand,  les.sen  or  com- 
pletely destroy  the  coagulabilitj'  of  the  blood.  Many 
ingenious  theories  have  been  advanced  as  to  the  way  in 
wliich  these  agents  act,  but  none  of  them  explains  the 
]ilienomena  satisfactorily.  The  following  eonilitions 
hasten  coagulation:  Agitation  of  blood  by  stirring  or 
by  passing  gases;  contact  with  a  rough  surface.  All  of 
these  probably  act  by  hastening  the  disintegration  of  the 
cells  liberating  nueleo-proteid.  The  presence  of  COj  is 
favorable,  so  that  the  blood  in  asphyxia  coagulates  read- 
ily. Heat  favors  coagulation  probably  by  favoring  the 
formation  and  action  of  thrombin  or  fibrin  ferment.  It 
is  in  this  way  that  sponging  with  very  hot  solutions 
stops  hemorrhage. 

The  following  conditions  retard  coagulation:  Receiving 
blood  under  oil  or  in  a  vessel  made  jierfectly  smooth  by 
oil  or  va.seline.  If  blood  be  surrounded  by  a  freezing 
mixture,  the  cold  niav  delay  and  even  jirevent  coagula- 
tion. If  blood  be  received  into  a  solution  of  a  soluble 
oxalate  of  such  strength  as  to  form  0.1  per  cent.,  coagu- 
lation is  entirely  prevented  becau.se  the  lime  salts  have 
been  removed  to  form  the  insoluble  calcium  oxalate.  If 
blood  be  received  into  one-fourth  its  volume  of  a  satu- 
rated solution  of  magnesium  sulphate,  coagulation  is  pre- 
vented by  the  neutral  salt — probably  by  ijreventing  the 
disintegration  of  cells,  as  it  can  be  made  to  clot  by  add- 
ing thrombin.  Extracts  of  the  heads  of  leeches  contain 
some  material  which  prevents  coagulation.  Commer- 
cial'' jiepfone."  which  is  really  a  mixture  of  proteoses, 
will  (lesfroy  the  coagulability  of  the  blood  when  intro- 
duceil  into  the  circulation.  No  satisfactory  explanation 
can  be  given  of  this  effect. 

Certain  substances,  as  nucleo-proteids,  albumoses  of 
snake  venom,  and  certain  colloidal  proteid  like  bodies  pro- 
duced synthetically,  can  be  introduced  into  the  body  very 
gradually,  and  in  small  quantities  they  act  so  as  to  lessen 
or  destroy  the  coagulability  of  the  blood — "negative 
jihase  "  of  coagulation.  If.  however,  these  same  materials 
are  introduced  rapidly  and  in  larger  i|Uantities,  extensive 
thrombosis  ensues  in  tlie  heart  and  large  ves.sels  and 
causes  instant  death — the  "positive  phase"  of  coa.gnla- 
fion.  Although  an  enormous  amount  of  work  has  been 
performed  by  investigators  to  ascertain  how  these  re- 
markable results  are  produced,  no  explanation  has  been 
ailvanced  that  is  without  some  objection. 

/>'.  ('iiiifiulatiiin  tif  Milk  consists  in  the  formation  fif  a 
curd  or  eoagulum  which  separates  from  the  clear  milk 
plasma  or  whey  that  still  holds  the  .sjdis  and  milk  sugar 
iu  solution.     The  eoagulum  is  composed  of  the  compara- 
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tivfly  iiisolubU'  proteid  casein  and  the  fats  of  milk  entan- 
gled with  it.  True  coagulation  of  milk  is  brought  about 
by  renuin,  an  enzyme  of  the  gastric  juice.  Other  cur- 
dling agents  can  also  act  upon  milk,  but  the  changes  are 
not  the  same.  The  so-called  "  spontaneous  coagulation  " 
or  curdling  of 'milk  from  souring  is  not  true  coagulation, 
but  merely  the  precipitation  of  caseinogen.  If  milk  is 
allowed  to  stand  exposed  to  the  air  at  a  warm  tempera- 
ture, the  lactic-acid  bacillus  soon  decomposes  the  lactose  or 
milk  sugar  with  the  formation  of  lactic  acid.  When  this 
acid  reaches  a  certain  amount,  it  causes  a  precipitnte  of 
caseinogen  and  fat.  True  coagulation  consists  in  the 
conversion  of  caseinogen  into  the  comparatively  insoluble 
proteid  casein,  but  acids  do  not  produce  this  cliange. 

The  action  of  rennin  in  changing  the  soluble  proteid 
caseinogen  into  the  more  insoluble  casein  is  not  a  simple 
one.  The  caseinogen  is  split  up  into  two  parts:  the  com- 
paratively insoluble  casein  which  forms  by  far  the  greater 
part,  and  a  very  small  amount  of  a  freely  soluble  proteid 
resembling  a  proteose,  called  "  whey  proteid  ''  by  Ham- 
marsten.  This  change  is  comparable  to  the  change  which 
takes  place  in  fibrinogen  in  clotting  of  blood.  The  fibrin 
ferment  acts  upon  fibrinogen,  splitting  it  up  into  the  co- 
agulated proteid  filirin  and  a  soluble  globulin  which 
passes  into  solution  in  the  blood  serum.  The  coagula- 
tion of  milk  is  further  analogous' to  that  of  blood  in  tliat 
lime  salts  are  absolutely  necessary  for  the  chemical 
changes,  and  clotting  does  not  occur  when  they  have 
been  removed  by  diahsis  or  the  addition  of  a  soluble  ox- 
alate. The  changes,  however,  are  not  identical.  In  the 
coagulation  of  blood  the  lime  salts  first  combine  with  a 
nucleo-proteid  to  form  fibrin  ferment,  and  this  then  acts 
upon  fibrinogen,  splitting  it  up  into  a  soluble  and  an  in- 
soluble proteid.  Rennin  first  acts  upon  caseinogen,  even 
in  the  absence  of  lime  salts,  to  form  a  "soluble  casein," 
but  no  curdling  occurs.  The  enzyme  may  then  be  de- 
stroyed by  boiling,  but  the  addition  of  a  lime  salt  causes 
coagulation  instantly.  The  lime  salt  unites  with  soluble 
casein  to  form  insoluble  casein. 

The  caseinogen  of  human  milk  is  different  from  that 
of  cow's  milk,  and  forms  a  flocculent  curd  with  rennet 
instead  of  a  solid  mass. 

The  curdling  ferment  of  the  pancreatic  juice  produces 
a  peculiar  kind  of  casein,  called  "pancreatic  casein"  by 
Halliburton,  which  is  not  the  same  as  that  formed  by 
rennet.  At  the  body  temperature  it  forms  with  cow's 
milk  a  granular  precipitate  and  not  a  coherent  clot  as 
rennin  does.  The  removal  of  lime  Siilts  only  slightly 
hinders  but  does  not  prevent  this  curdling.  The  precip- 
itate differs  in  its  solubilities  both  from  caseinogen  and 
casein,  and  it  can  still  be  converted  into  true  casein  by 
reaain. 

E.\tracts  of  various  tissues,  as  the  testis,  muscle,  and 
liver,  as  well  as  the  juice  of  certain  plants,  cause  cur- 
dling of  milk  probably  in  much  the  same  way  as  does 
this  unnamed  ferment  of  the  pancreatic  juice. 

As  stated  above,  the  curdling  of  milk  from  souring  is 
not  true  coagulation.  This  precipitation  of  caseinogen, 
carrying  the  entangled  fats  with  it,  can  be  brought  about 
by  other  acids,  e.g.,  by  the  cautious  addition  of  acetic 
acid.  The  precipitate  resulting  from  the  addition  of  an 
acid  is  usually  flocculent  and  contains  less  lime  than  that 
formed  by  rennin.  It  can  form  even  in  the  absence  of 
lime  salts,  and  is  more  easily  redissolved  than  is  ihe  curd 
containing  true  casein.  Jloreover,  it  can  be  dissolved 
and  recurdled  by  rennin,  i.e.,  converted  into  true  casein. 
Although  true  casein  can  be  dissolved,  it  cannot  be  re- 
curdled  by  rennin.  This  is  the  most  striking  difference 
between  caseinogen  and  casein. 

Although  the  lactic-acid  bacillus  does  not  cause  true 
coagidation  in  the  ordinary  souring  of  milk,  some  bacte- 
ria,"either  by  their  life  activity  or  by  some  product  of 
their  metabolism,  produce  a  coagidum  which  appears  to 
be  a  true  clot.  This  fact  is  utilized  by  bacteriologists  to 
distinguish  between  different  kinds  of  bacteria,  but  prob- 
ably occurs  only  under  ordinary  conditions  in  those  very 
exceptional  instances  when  a  ropy  or  stringy  clot  forms 
in  milk. 


C.  Cociguliition  of  Mti.icle. — Rigor  mortis,  or  the  rigidity 
of  death,  is  due  to  a  coagulation  of  muscle  proteids.  If 
the  muscles  of  cold-  or  warm-blooded  animals  be  freed 
from  blood  and  mixed  with  ice  and  salt,  or  extracted 
with  a  rather  strong  solution  of  neutral  salt,  a  clear  mus- 
cle plasma  containing  most  of  the  proteids  of  muscle  can 
be  obtained.  By  raising  the  temperature  in  the  one  case 
or  diluting  with  water  in  the  other,  a  coagnlum  consist- 
ing of  myosin  is  formed  from  the  proteids  that  were  in 
solution  and  separates  from  a  clear  serum.  M3'osinogen, 
a  globulin-like  body  which  constitutes  about  eighty  per 
cent,  of  the  proteids  of  muscle  plasma,  is  converted  into 
myosin.  Paramyosinogen,  another  globulin  which  is  only 
one-fourlh  as  abundant  as  myosinogen,  is  also  contained 
in  the  clot.  Small  amounts  of  other  proteids  (myoglob- 
ulin  and  myo-albumin)  remain  in  solution  in  muscle 
serum.  The  formation  of  myosin  results  from  the  action 
of  a  m}"osin  ferment  upon  myosinogen.  This  enzyme 
can  be  extracted  from  muscle  in  the  same  way  as  fibrin 
ferment  is  obtained  from  blood  serum.  The  two.  how- 
ever, are  not  identical,  for  fibrin  ferment  cannot  coagulate 
myosinogen,  neither  can  myosin  ferment  coagulate  fibrin- 
ogen. Free  lime  Siilts  do  not  appear  to  be  necessary 
for  the  formation  of  myosin,  ilyosiu  is  much  more  solu- 
ble than  other  coagulated  proteids  resulting  from  the 
action  of  enzymes,  and  is  often  classed  with  globulins 
because  of  the  ease  with  which  it  can  be  dissolved  by 
saline  solutions.  Further,  the  difference  between  myosin 
and  the  mother  substance  from  which  it  is  formed  (myo- 
sinogen) is  not  so  great  as  in  the  other  cases.  In  the 
coagulation  of  muscle,  CO3  and  lactic  acid  are  formed, 
probably  from  the  chemical  changes  taking  place  in  the 
proteids. 

The  appearance  of  rigor  mortis  in  the  muscles  is  due 
to  these  same  chemical  changes  that  have  been  described 
in  muscle  plasma.  The  rigor  often  dissippears  before 
putrefactive  changes  appear.  A  proteolytic  ferment  has 
been  found  in  dead  muscles,  and  this  is  probably  greatly 
aided  by  the  lactic  acid  in  causing  the  myosin  to  disap- 
pear. 

The  presence  of  acids,  stopping  the  blood  supply,  or 
heating  the  muscle  will  cause  coagulation  that  is  often 
called  "acid"  or  "heat-rigor."  In  the  cold-blooded  frog 
40°  C,  in  the  mammal  a  temperature  of  48'  to  50°  C, 
will  cause  heat  rigor.  This  is  probably  only  the  prema- 
ture appearance  of  rigor  mortis  in  the  dying  muscle.  It 
is  entirely  different  from  heat  coagulation,  as  the  myosin 
can  be  dissolved  by  solutions  of  neutral  salts,  while  pro- 
teids coagulated  by  heat  cannot.  Further,  the  other 
chemical  changes  are  the  same  as  in  rigor  mortis,  and  the 
myosin  formed  is  still  coagulable  by  heat. 

William  S.  Carter. 

COAGULATION  NECROSIS.    See  Jfecrona. 

COAL  GAS.    See  Carbon,  etc. 

COCA. — Eryt/iroTi/lon.  "The  leaves  of  ErythroxyUn 
Cora  Lamarck  "  (U.  S.  P.). 

(Owing  to  their  important  bearing  upon  the  value  and 
uses  of  this  drug,  we  find  it  neces.sary  to  discuss  in  some 
detail  portions  of  its  history  which  in  the  case  of  most 
drugs  are  practically  unimportant.  The  several  depart- 
ments are  indicated"  by  small  capital  side-headings,  so 
that  the  reader  can  readily  refer  to  any  desired  portion 
of  the  subject.) 

Definition. — The  limitations  of  the  official  definition 
are  bj-  no  means  clear,  though  highly  important.  The 
different  varieties  of  the  coca  leaf  vary  in  qualitative  ac- 
tion to  a  degree  not  recognized  in  our  best  text-books  and 
appreciated  by  verj-  few  practitioners.  If  the  one  plant 
is  to  be  regajded  as  a  mere  form  of  the  other,  then  the 
definition  includes  two  drugs,  sufficiently  distinct  to  re- 
ceive recognition  under  two  titles,  as  is  certainly  true  of 
the  British  Pharmacopoeia  definition,  which  sajs:  "The 
leaves  of  Erythrnxylon  Coca  Lam.  and  its  varieties."  If, 
on  the  other  hand,  each  is  to  be  regarded  as  a  distinct 
species,  then  that  leaf  which  appears  to  be  of  the  higher 
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medicinal  value  is  excluded  from  the  Pliariiiacopfeia  in  the 
interest  of  one  yielding  a  larirer  pencntatce  of  crystalliz- 
nhle  cocaine.  There  are  various  irood  reasons  for  taking 
the  latter  view,  so  tliat  in  this  article  Coca  ( l'.  8.  I'.)  will 
be  regarded  as  only  that  variety  known  as  the  "lluaniico." 
or  "Bolivian."  or  "  l.arge  Brown  "  leaf  (Fig.  13^7).  Of 
this  there  are  noticeable  forms  or  grades,  but  these  may  be 
regarded  as  differing  in  degree  rather  than  in  kind.  Thus, 
the  best  Bolivian  ( Vungas)  leaf  is  rather  smaller  than  the 
same  grown  in  Peru.  The  term  "Peruvian"  is  too  in- 
definite for  use.  as  it  may  rea.sonably  be  ajiplied  to  either 
this  or  the  Truxillo  variety.  When  we  have  quite  fin- 
ished with  Ilie  article  thus  di'fined.  attention  will  be 
given  to  the  Truxillo  variety  and  to  other  sjiecies  of  the 
genus. 

OiUGix. — There  is  no  reasonable  doubt  that  the  species 
originated  upon  the  eastern  slope  of  the  South  Ameiican 
Andes,  probably  in  Peru.  Since  it  was  cultivated  in  pre- 
historic times,  there  is  no  way  of  ci-rtainly  ascertaining 
whether  it  was  wild  in  its  present  form  or  whether  the 
latter  is  a  product  of  development  by  c\dtivation  from 
some  other  wild  form.  The  latter  is  probably  true,  be- 
cause in  the  wild  (escaped)  state  it  shows  a  strong  and 
rapid  tendency  to  lose  its  characteristics.  It  is  impos- 
sible to  say  of  an.v  of  the  wild  plants  collected  by  the 
writer  and  others  that  they  are  not  escapes  from  ctdtiva- 
tion.  many  known  to  be  such  having  been  encountered. 
Lastly,  it  is  not  known  whether  the  ancestral  form  is  one 
of  those  still  in  existence  in  a  wild  state. 

HisTOHY. — The  coca  jilaut  was  imder  cultivation  at  the 
time  of  the  discovery,  and  no  clew  to  its  introduction  to 
cultivation  could  then  be.  or  has  since  been,  obtained.  It 
occupied  an  importjuit  place  in  the  religious  and  mytho- 
logical history  of  the  people.  This  is  of  interest  here 
only  because  of  the  unquestionable  fact  that  such  esteem 
was  the  rcsvdt  of  an  appreciiltiou  of  its  useful  properties, 
rather  than,  upon  the  contrary,  and  as  for  centuries  be- 
lieved, the  superstitious  reason  for  its  being  used.  We 
mav  therefore  dismiss  its  mvthical  historv  (see  "Coca  at 
Home  and  Abroad."  Thcr.  Xiaz..  March  and  :May,  1888, 
also  p.  14,  1886)  as  being  here  unimportant,  and  consider 
its  physiological  and  therapeutical  history.  Its  expec- 
torant, sialagogue,  stomachic,  carminative,  emmena- 
gogue,  and  aphrodisiac  properties  are  among  the  minor 
ones  for  which  it  was  and  is  used  by  the  natives.  As  a 
stomachic,  it  is  recognized  that  its  use  before  meals  de- 
tracts from  the  appetite,  but  that  its  use  thereafter  re- 
lieves any  discomfort  resulting  from  excess,  while  not 
appreciablv  inhibiting  digestion.  In  fact,  its  general  re- 
pute is  that  of  aiding  digestion.  The  more  important 
objects  of  its  use  are  as  a  limited  cerebral  stimulant,  an 
anaesthetic,  a  very  peculiar  muscular  stimulant,  and  an 
ordinary  masticatory.  As  a  cerebral  stimulant  it  filled 
the  place  of  coffee.  It  wa.s  used  before  the  latter  was 
introduced,  and  after  that  event  it  continued  to  be  used 
by  the  natives,  while  the  much  more  expensive  coffee 
was  used  by  the  foreign  element.  In  this  direction  its 
characteristics  were  to  promote  cheerful  and  hopeful 
views  and  sentiments,  without  excitability,  but  rather 
with  increased  calm.  As  an  an.Tsthctic,  its  use  was  a 
general  more  than  a  local  one,  though  it  was  locally  ap- 
plied to  ease  pain,  and  its  carminative  and  stomachic 
uses  were  clearly  of  this  nature.  The  object  of  over- 
coming the  pains  of  hunger  and  of  fatigue  were  pre  emi- 
nent, while  that  of  securing  relief  from  pain  by  a  mild 
general  anaesthetic,  in  spite  of  increased  wakefulness,  was 
general. 

The  term  "  muscular  stimulant  "  is  not  accurate,  but  is 
use<l  for  want  of  a  better.  More  lengthily  stated,  the 
plant  was  used  to  enable  man  to  perform  more  labor  with 
less  fatigue  and  with  less  nutrition.  Without  regard  to 
the  facts  of  the  case,  this  was  the  belief  of  its  users.  In 
consequence  of  these  effects,  bodily  or  mental,  they  per- 
formed almost  Incredible  physical  tasks,  long-continued, 
upon  a  food  supply,  the  scantiness  of  which  is  equally 
astonishing,  and  with  results  not  injurious  beyond  caus- 
ing temporary  inconvenience.  The  special  adverse  con- 
ditions to  be  met  in  these  efforts  were  the  continued  scal- 


ing of  steep  and  high  acclivities,  with  little  food  and  with 
a  very  scanty  su])ply  of  oxygen,  and  under  the  necessity 
of  either  attaining  a  high  speed  or  transporting  heavy 
loads. 

The  above  statements,  in  substance,  were  among  the 
earliest  historical  records  promulgated  concerning  its  use 
by  the  people  of  the  countries  concerned,  and  they  have 
been  repeated,  with  assurance,  by  all  subsequent" inves- 
tigating travellers.  JIanv  of  these  travellers  went  to 
e.vtrannlinary  lengths  to  test  their  accuracy,  and  always 
witli  allirmalive  results.  Travellers  and  foreign  residents 
verified  Ihcm  by  personal  experience  and  very  frecjuently 
relied  up<in  them  for  personal  help.  These  as.sertions 
were  met  abroad  by  religious  opjiosition  because  of  the 
heathen  relations  of  the  coca  customs,  by  very  great  pro- 
fessional conservatism,  and,  lastly,  by  discredit  because 
the  leaves,  exiwirted  for  use,  largely  failed,  in  the  condi- 
tion in  which  they  were  received,  to  verifv  them.  All 
the  present  imiiortant  uses  of  the  drug  in  its  own  form, 
or  in  that  of  cocaine,  cannot  be  said  to  cover  th<'  same 
ground  involved  by  Ihe  native  uses  of  coca  leaves.  There 
appears  to  be  but  one  rational  explanation  of  this  broad 
discrepancy,  namely,  changes  in  properties  which  the 
leaves  tmdcrgo  after  being  dried.  This  view  has  been 
verified  b,v  the  writer  by  numerous  assays  of  the  leaves 
soon  after  collection,  compared  with  others  made  later. 
Preparations  made  upon  the  spot  have  also  been  found, 
by  extended  trial,  to  act  more  like  the  leaves  as  chewed 
by  the  natives  than  like  preparations  made  from  the  ex- 
ported leaves. 

The  details  of  the  method  of  use  have  been  so  often 
published  that  any  account  of  them  appears  scarcely 
necessitrv  in  this  article.  The  use  of  Llipto,  or  ashes, 
with  the  bolus  is  to  be  regarded  partly  like  that  of  condi- 
ments, especially  of  sjilt  as  such,  without  food.  At  the 
same  time,  the  suggestion  made  by  Holmes  that  the  effect 
of  this  alkali  is  to  decompose  the  alkaloid,  cocaine,  de- 
veloping new  constituents  which  exert  the  desired  physi- 
ological action,  is  full  of  food  for  thought  and  experi- 
ment. 

Cui.TiVATios  AND  PRODUCTION. — The  product  in  use 
proceeds  wholly  from  cultivated  plants.  Leaves  from 
wild  plants  are  unfit  for  use.  Its  cultivation  is  generally 
like  that  of  the  coffee  and  tea  shrubs.  Details  will  be 
foimd  in  the  article  last  cited.  Cultivation  is  very  exten- 
sive in  Bolivia,  whence  large  quantities  are  exported  to 
Peru  for  native  use.  in  addition  to  the  large  quantities 
there  produced.  The  annual  consumption  is  to  be  stated  in 
tens  of  millions  of  poimds.  It  is  comparatively  little 
grown  outside  of  the  two  countries  named,  the  product 
of  Ecuador,  Colombia.  Venezuela.  Brazil,  India,  Java, 
Jlexico  and  other  countries  being  chiefly  of  the  other 
kinds.  There  is  no  point  in  the  United  States  where  the 
climate  would  admit  of  its  being  grown  SiXtisfactorily, 
though  it  would  probably  do  well  in  the  mountains  near 
Santiago  de  Cuba. 

The  Cixa  Plant. — The  shrub  grows  from  five  to  eight 
feet  high  and  is  widely  branched.  The  trunk  may  ulti- 
mately attain  a  thickness  of  four  or  live  inches,  and  it, 
with  the  larger  branches,  soon  becomes  shaggy  with  gray 
lichens.  The  twigs  soon  become  scaly  with  the  closely 
set,  stiff,  almost  spinose  persistent  stipules,  and  are 
densely  leaf.v  toward  their  ends.  The  small  white  or 
cream-colored  flowers  grow  in  little  fascicles,  close  a.gainst 
the  bark,  on  the  older  and  leafless  parts  of  the  twigs. 
They  are  followed  by  an  investment  of  ovoid,  slightly 
inequilateral,  smooth  drupes,  which  become  about  a 
fourth  of  an  inch  long  and  of  a  deep-red  color.  The  first 
crop  of  leaves  can  be  gathered  at  about  two  and  a  half 
years  from  seed,  and  the  shrubs  bear  well  for  twenty  or 
thirty,  or  even  forty,  years.  There  are  no  definite  months 
for  picking,  the  condition  of  the  leaves  determining  the 
time.  Their  development  at  the  tip  of  the  twig  is  con- 
tinuous, and  if  allowed,  they  would  as  continuously  fall 
off  below,  but  they  are  picked  just  in  time  to  avoid  loss 
from  this  cause.  '  The  shrub  yields  two  or  three,  or 
sometimes  even  four,  crops  in  the  twelve  months.  They 
are  picked  by  hand  and  immediately  dried  in  the  sun 
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upon  smooth  floors  of  hard  clay,  or  preferably  of  flat 
stone.  As  the  upper  layers  dry  the  lower  must  be  con- 
tinually stirred  up.  Not  even  the  slightest  amount  of 
rain  must  be  allowed  to  fall  upon  them.  Hence  men 
stand  always  ready  with  huge  brush  brooms,  and  upon 
tlie  slightest  indication  of  rain  sweep  them  through  the 
immense  doors  of  the  buidings  which  surround  the  dry- 
ing-floor. A  few  hours  of  hot  sun  is  sufficient  to  dry 
them,  but  they  must  be  kept  in  the  houses  for  two  or 
three  days  to  undergo  a  slight  sweating  process.  When 
this  supplementary  moisture  has  dried,  they  are  pressed 
very  tightly  into  small  bales,  called  cextim.  and  are  ready 
for  marketing.  The  tight  pressure  is  as  much  to  exclude 
the  moist  atmosphere  as  to  secure  convenience.  For 
transportation  across  the  mountains  and  export  they  are 
encased  in  oil  cloth  or  rawhide.  Upon  being  opened  the 
few  outer  la_vcrs  may  be  found  discolored,  but  if  j^roperly 
dried  and  packed  it  is  rare  that  the  remainder  midergoes 
any  conspicuous  change.  Yet  a  slow  deterioration  com- 
mences at  once  after  drying.  No  matter  how  carefully 
they  are  kept,  the  chewers  prefer  them  in  proportion  to 
their  freshness.  After  being  kept  for  a  very  few  months 
they  will  scarcely  be  accepted  for  native  use.  and  these 
leaves,  which  the  natives  would  reject,  are  the  only  ones 
which  are  ever  used  by  us  for  medicinal  purposes.  The 
chemical  nature  of  this  change  has  never  been  deter- 
mined, though  the  writer  has  demonstrated  that  it  is  due 
to  only  a  slight  extent  to  the  loss  of  cocaine,  which  is 
clearly  not  the  constituent  which  the  native  chewers  find 
most  efticacious.  a  fact  to  be  borne  in  mind  in  connection 
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with  their  use  of  alkali,  as  referred  to  above.  Neither  is 
it  true,  as  has  often  been  suggested,  that  this  native  pref- 
erence is  due  to  differences  of  sjtvor  merely. 

Aside  from  the  method  of  chewing,  which  is  despised 
by  the  better  classes,  large  quantities  of  the  leaves  are 
prepared  in  the  form  of  a  sort  of  fluid  extract  or  cordial 
for  use  as  a  liquor  or  jwtisse  cafe. 

Coca  paralysis  or  coca  mania,  which  has  frequently 
been  discussed  in  a  somewhat  scnsiitional  way  in  the 
medical  press,  and  which  has  been  compared  with  cocain- 
ism,  is  so  rare,  at  least  among  the  Bolivians,  as  to  be  al- 
most a  fiction.  The  writer  was  never  able  to  find  a  case 
«r  any  authenticated  account  of  one.  Nevertheless  it  is 
not  unlikely  that  such  do  occur. 

Description'  of  Drug. — The  leaves  occur  in  a  yellow- 
ish-brown to  brown  mass,  a  distinct  green  color  being 
rare,  and  even  a  distinct  green  tinge  to  the  brown  being 
oftener  wanting  than  present.  Much  of  the  quality  is  to 
be  determined  by  the  color  characteristics.  A  very 
young,  and  therefore  inferior  leaf,  is  more  apt  to  retain 
the  green  color.  A  badly  cured  or  preserved  or  very 
stale  leaf  will  be  of  a  dark  brown.  If  only  stale,  this 
brown  will  be  uniform  and  dull :  if  badly  cured,  it  will 
be  smudgy  and  patchy  and  of  a  stained  appearance. 
The  perfect  leaf  will  be  of  a  rich,  light,  clear  brown, 
with  more  or  less  of  golden  or  greenish  tinge,  never 
hright  green,  and  with  a  slight  lusfre.  They  are  mostly 
flat  and  unbroken  in  the  best  preserved  samples.  They 
have  a  very  short,  stout  petiole.  The  blade  is  from  2.5 
to  7.5  cm.  (1  to  3  in.)  in  length,  and  a  very  little  more  or 
less  than  half  as  broad.  It  is  oval  in  outline,  a  very 
slight  point  at  the  apex  and  a  very  short  abruptly  nar- 
rowed basal  portion,  the  length  of  which  is  not  more  than 
one-twelfth  of  the  entire  blade.     Except  for  this  portion 


and  the  slight  tip.  the  outline  is  an  almost  perfect  ellipse. 
The  margin  is  quite  entire,  the  surface  smooth,  the  body 
thickish,  the  consistence  somewhat  tough  and  slightly 
leathery.  The  midrib  is  very  prominent  below ,  traversed 
by  a  narrow  ridge  above.  The  venation  markings  are 
rather  obscure  on  both  surfaces,  especially  above.  Upon 
the  lower  surfaces  two  characteristic  lines  are  prominent, 
known  as  the  "lateral  lines."  They  run  at  a  little  more 
than  one-third  of  the  distance  from  the  midrib  to  the 
margin,  and  terminate  at  both  ends,  not  in  the  midril), 
but  in  the  margin,  at  a  slight  distance  from  it.  They  are 
not  veins,  but  consist  chiefly  of  collenchyma  cells,  and 
are  to  strengthen  the  edges  of  the  folds,  in  the  bud.  The 
surface  enclosed  by  them  is  of  a  lighter  shade  than  that 
outside,  and  is  known  as  the  "areola."  The  more  highly 
cultivated  and  finer  and  richer  the  leaf,  the  more  con- 
spicuous are  these  lines.  As  the  plant  escapes  and  retro- 
grades in  the  wild  state,  these  lines  appear  less  conspicu- 
ously in  the  dried  leaf,  which  becomes  thicker,  browner, 
more  veiny  and  rougher  of  surface.  The  foregoing  is  a 
description  of  the  typical  leaf,  as  grown  in  the  Andes  an<l 
some  other  parts;  it  varies  with  the  narroweil  basiil  por- 
tion longer,  but  always  much  less  than  half  the  length 
of  the  leaf,  and  the  leaf  never  narrower  than  obovate. 
It  also  varies  to  paler,  but  is  never  of  a  pale  senna- 
green  color,  like  the  next  variety.  The  apex  is  often 
very  slightly  retuse,  and  the  midrib  produced  into  a 
slight  apiculation  or  mucronation.  The  faint  odor  has 
been  denominated  "tea-like,"  but  it  is  characteristic  of 
coca.  Tlie  taste  is  slightly  bitter  and  barely  aromatic. 
The  bitter  Uiste  is  greater  in  jioorly  cultivated  and  in 
wild  or  shade-grown  leaves.  A  little  while  after  chew- 
ing anjcsthesia  of  the  tongue  and  lips  occurs.  Experi- 
ence can  enable  one  to  estimate  almost  exactly  the  per- 
centage of  cocaine  by  the  degree  of  this  effect. 

Some  other  leaves  are  occasionally  chewed  by  the  na- 
tives when  coca  is  not  obtainable,  purely  as  a  masticatory. 
One  of  these  is  apparently  a  Mimosea.  and  is  called 
"Chiuchi-coea."  None  of  these  is  observed  in  our  drug, 
which  is  not  likely  to  be  adulterated  nor  substituted  by 
anything  except  another  variety  of  coca. 

Composition. — The  alkaloid  riicnine  is,  in  professional 
medicine,  the  important  constituent,  and  exists  to  the 
extent  of  one-half  to  nine-leiUhs  of  one  per  cent.  This 
alkaloid  is  considered  in  a  sepaiare  article.  Since  it  is  a 
niet/ii/l-hfiiZ'ii'r  arid  compound  of  the  alkaloid  iriinnitir.  it 
is  not  surprising  that  the  latter  alkalnid  slmuld  be  en- 
countered in  the  drug,  both  free  and  in  comliination  with 
various  other  substances.  Neither  the  constancy  nor  the 
percentage  of  these,  nor  the  resulting  modification  of  the 
drug's  action,  has  been  investigated  or  much  considered. 
With  these  alkaloids,  there  is  a  little  tannin  and  wax  and 
a  very  slight  amount  of  an  aromatic  principle. 

Actios. — So  far  as  medicinal  practice  and  literature 
are  concerned,  the  action  of  cocaine  is  that  of  coca,  and 
will  be  considered  imder  the  title  of  Cocaine. 

That  the  two  are  the  same  in  action  is  assuredly  not 
true,  but  the  ilifl'erences  between  them  and  the  action  of 
the  other  alkaloids  are  subjects  which  have  not  been  suit- 
ably investigated,  the  assumption  generally  prevailing 
that  they  are  practically  the  same.  No  differences  can  be 
expected  between  cocaine  and  coca  as  it  reaches  us,  with 
cocaine  as  the  chief  constituent,  wliich  can  be  compared 
with  those  between  the  alkaloid  and  the  leaves  immedi- 
ately after  being  collected  and  dried,  for  careful  drying 
effects  scarcely  any  change  in  their  composition  or  activ- 
ity. In  spite  of  this  fact  it  is  unforttuiate  that  the  action 
of  our  leaf  preparations  should  not  have  received  more 
study.  The  only  oflicial  preparation  is  the  fluid  extract, 
of  which  the  dose  is  2  to  4  c.c,  (fl.  3  ss.  to  i.).  A  prop- 
erly made  wine  of  coca  should  contain  about  fifteen  per 
cent,  of  the  drug,  the  dose  being  8  to  16  c.c.  (fl.  3  ij- 
to  iv.). 

Other  Varieties  and  Species, — The  genus  Erythroxylon 
is  one  of  two  in  the  family  Erythroxyhice<r.  and  it  con- 
tains about  one  hvmdred  and  forty  species,  for  which 
more  than  one  hundred  and  seventy  names  have  been 
proposed.     About  one-sixth  of  the  species  are  foreign. 
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Fi(i.  ISfW.-Triixilto  Coca.    (K.  Tnixil- 

Icnst:  Rusbv.)    Natural  size. 


the  others  natives  of  tropical  Ameriean  countries.  Co- 
caine, or  at  least  some  principle  liavinj;  slijrht  locally 
amesthetic  properties,  pertains  to  seveml  species,  liut  in 

only  tliree,  or  only  one 
with  its  two  varieties, 
if  that  view  be  taken. 
are  they  of  pnietical 
importance.  Of  these 
the  |)rincipal  one  lias 
been  consiilereii  above. 
That  next  in  impor- 
tance is  K.  Truj'iUiiise 
Rusby  (Drugijistn'  Cir- 
■culfir.  IflOO,  p.  223),  or  the  Tru.xilio.  or  "Snn'iil  Green" 
leaf.  It  was  called  A'.  Coca  Spriiciiinuiii  by  Biirck,  but 
is  a  distinct  species,  and  there  is  already  an  E.  Spriimi- 
nnm  Peyr.  This  is  the  leaf  chielly  cultivated  in  Northern 
Pern,  Ecuador,  Colombia,  Mexico,  and  Brazil.  It  is  not 
the  one  commonly  spoken  of  in  Enirlisli  journals  as  the 
Truxillo  leaf.  Accordinir  to  Burck,  it  is  also  the  leaf 
cultivated  in  Java  and  is  .sometimes  written  of  as  the 
".lava  "  leaf.  Its  most  distinctive  characters  are  its  uni- 
forndy  small  size,  pale,  senna-irreen  color,  thin  and  brit- 
tle texture,  and  tajiering  base.  It  varies  between  obovate 
and  oblanceolate.  the  lower  half  tapering  gradually,  and 
is  about  two-thirds  the  size  of  the  Iluanuco  variety.  The 
apex  may  contract  abruptly  into  a  short  point,  or  be 
sliu'htly  eniarginate.  then  apicidate.  It  is  exceedingly  thin 
and  brittle,  and  occurs  much  broken.  Its  color  and 
geiienil  aiipearance  at  a  distance  are  those  of  India  senna. 
Jlost  of  the  leaves,  in  the  dry  state,  are  wanting  in  the 
lateral  lines,  and  when  these  are  present  they  are  ijuite  in- 
distinct. The  mode  of  cultivation  and  packing  of  this  va- 
riety arc  about  the  same  as  of  the  other,  but  it  does  not 
bring  so  high  a  price.  The  published  statements  as  to 
its  composition  are  very  contradictory.  Its  yield  of  total 
alkaloid  has  lieen  placed  as  high  as  2.2.5  percent.,  but 
this  estimate  is  doubtless  erroneous.  A  more  trustworthy 
as.say  makes  it  about  one  percent.,  or  a  little  higher  than 
that"  of  the  last.  This  alkaloid,  however,  differs  greatly 
in  kind  from  that  of  the  official  leaf.  Instead  of  cocaine  it 
consists,  to  a  very  considerable  extent,  of  cinnamyl  com- 
pounds of  ecgonine.  It  yields  a  much  larger  percentage 
of  truxilline  (isatropylcocaiue)  than  either  of  the  others, 
with  bcnzoyl-pseudotropeine.  Of  these,  the  former  is  be- 
lieved to  be  poi.smious,  while  the  latter  is  less  poisonous 
and  acts  very  much  like  cocaine.  Certainly,  manufac- 
turers find  it  impossible  to  produce  from  it  an  ecpial 
quantity  of  cocaine.  This,  however,  affects  the  manu- 
facturer alone,  for  it  bj"  no  means  follows  that  it  is  in- 
ferior for  medicinal  use.  In  fact,  the  use  of  the  tluid 
extract  prepared  from  this  variety  has  been  found  by 
many  physicians  to  produce  better  results  than  the  use  of 
that  from  the  other  variety.  This,  it  may  be  remarked,  is 
quite  in  keeping  with  several  other  indications  already 
mentioned,  that  much  of  the  physiological  action  of  coca 
is  not  referable  to  its  cocaine.  It  appears  to  be  the  ben- 
zoyl-ecgonine  which  produces  the  stimulant  effects',  while 
lacking  the  amesthetic  properties.  It  would  seem  to  the 
writer  that  the  idea  of  substitutins  this  varietv  for  that 
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now  otKcial,  and  of  allowing  the  latter  to  be  represented 
by  cocaine  only,  is  worthy  of  the  most  careful  consider- 
ation. 

There  is  a  third  variety  of  the  coca  leaf,  known  in 
English  journals  as  the  Truxillo  leaf,  but  never  seen  in 
the  New  York  market,  where  the  Truxillo  leaf  is  an  im- 
portant article  of  commerce.  It  has  been  called  by  Mor- 
ris ■■  E.  Coca  Novagranateuse."  but  there  is  little  doubt 


that  it  is  one  of  the  first  described  S|)eei<'S  of  Erythroxy- 
lon.  namely.  A'.  Vartlinneiieiinr  .Jacq.  It  appears  to  be 
native  in  Colombia,  and  largely  cultivated  in  the  British 
provinces,  wbilher  all  the  stock  was  sent  from  a  sini.'le 
plant  cultivated  in  the  Kew  Botanical  Gardens,  The 
leaves  (Fig.  18><!t)  areaboul  two,  or  even  three  inches  long 
by  one-third  as  broad,  oblanceolate,  with  a  very  long 
tapering  base  and  a  rounded,  mostly  eniarginate,  tlien 
mucronate  summit.  They  are  pale  and  thin,  ami  the  lat- 
eral lines  and  areola  are  very  well  marked.  Their  coin- 
po.sition  is  very  similar  to  that  of  the  Truxillo  leaves, 
though  it  is  said  that  the  isotro])yl-cocaine  is  wanting, 
or  present  in  slight  amount.  There  appears  so  far  to  be 
no  good  reason  why  they  should  not  rank  with  the  Tru.x- 
ilio leaves  as  a  medicinal  agent,  though  much  fuller  in- 
formation concerning  them  is  required. 

Henry  U.  Runhi/. 

COCt<mE.—{MdhyI-bn\znyl-ecgomnf)CiR,{CniSS.VW 
((),CO.C,dUuCH..,CO.OCH'3).*  Cocaineitself  isnol  olli- 
cial  in  the  United  8tiites.  but  its  hydrochloride  is.  as  "I he 
hydrochlorate  of  an  alkaloid  obtained  from  coca."  (Juite 
a  number  of  other  salts  of  it  are  in  the  market,  but  this 
is  the  one  most  used.  As  it  is  therapeutically  the  equiv- 
alent of  the  alkaloid,  except  as  to  its  solubility  and 
slightly  lower  strength,  we  may  discuss  its  properties  as 
those  of  the  alkaloid  itself.  The  origin  of  cocaine  is 
sufHcientIv  explained  in  the  preceding  article  on  (}irii. 
It  was  tirst  isolated  liy  Gardeka  in  IS-'jo  and  by  him  named 
Kryt/iroxi/Zhw.  Niemann,  who  renamed  it  cocaine,  gave 
much  fuller  information  concerning  it.  It  was  many 
years  after  its  discovery  before  its  physiological  action 
was  thoroughly  investigated,  altliough  its  benumbing 
power  and  its  action  in  dilating  the  pupil  were  early 
made  known.  About  the  year  1880  many  important 
rejiorts  concerning  it  began  to  appear,  and  its  remark- 
able uses  in  ophthalmology  began,  in  1884,  to  b<'  <le- 
veloped.  The  tirst  productions  were  extremely  expen- 
sive, selling  as  high  as  S3  per  grain,  with  a  steady 
reduction  to  a  little  more  than  one  cent  per  grain  five 
years  later.  Those  very  high  prices  were  due  merely  to 
rarity  of  manufacture.  The  subsequent  lower,  but  still 
very  high  ]irices  weic  due  to  the  presence  in  Europe 
and  America  of  only  accidental  lots  of  leaves  at  a  time 
when  a  heavy  demand  arose.  After  the  ilenian<l  for  the 
leaves  began  to  lie  fully  met.  prices  which  would  now 
be  considered  very  high  were  still  maintained,  in  con- 
sequence of  manufacturing  expenses  which  have  since 
been  greatly  reduced.  Coincident  with  these  high  ex- 
penses of  manufacturing,  the  processes  of  purification 
were  imperfect,  and  led  to  many  serious  accidents  in  the 
application  of  the  drug  to  the  eye,  and  to  niisinterpreta- 
tious  of  its  normal  action.  At  the  present  time,  manu- 
facturing processes  may  be  considered  to  have  be(;nab(uit 
perfected,  as  to  both  quality  and  economics,  and  the  ac- 
tion of  the  drug  is  as  well  known  as  that  of  almost  any 
other. 

In  spite  of  the  very  extensive  use  of  eucaine  and 
orthoform,  which  act  similarly,  and  in  some  respects 
preferably,  to  cocaine,  the  consumption  of  the  latter  is 
enormous,  reaching  in  the  United  States  probably  not 
far  from  1.50,000  ounces  annually  and  is  steadily  increas- 
ing. Various  natural  products,  such  as  eri/l/iiop/ileine, 
have  been  proposed  as  substitutes,  but  their  action  is  far 
from  being  as  satisfactory.  Originally,  all  cocaine  was 
extracted  from  the  leaves" in  this'tountry  and  in  Europe, 
but  since  then  economies  in  transportation  and  the 
avoidance  of  damage  to  the  leaves  in  transit  have  led  to 
its  extraction  in  an  impure  state  at  the  points  of  produc- 
tion in  Peru  and  Bolivia,  and  its  subsequent  purification 
in  Europe,  our  tariff  prohibiting  its  profitable  importa- 
tion into  this  countrv  for  that  ])urpose.  The  following 
method  of  manufacture  was  supplied  by  Dr.  Squibb  for 
the  last  edition  of  this  work : 

The  ground  coca  leaves  are  moistened  with  a  solution 

•  The  writer  nf  iliis  article  desire.s  to  aoknowledee  his  in(lebtedne5« 
to  Prof.  Henry  H.  Rushy,  of  tills  city,  for  valuable  assistance  rendered 
In  the  revisioii  of  the  text. 
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of  carbonate  of  sodium,  aud  the  alkaloid  directly  ex- 
tracted from  them  by  percolating  with  kerosene.  From 
this  kerosene  solution  the  alkaloid  is  washed  out  by 
means  of  weak  sulphuric  acid,  and  for  purposes  of  purify- 
ing precipitated  again  by  carbonate  of  sodium  in  the  pres- 
ence of  a  small  piSrtionof  kerosene  to  dissolve  it  again. 
This  process  of  precipitating  andredissolving  is  repeated 
several  times.  At  last  the  crystals  of  the  crude  alkaloid 
are  dissolved  in  dilute  acid  and  freed  from  kerosene  by 
means  of  ether;  then  the  alkaloid  is  precipitated  again  in 
the  presence  of  ether,  the  clear  ethereal  solution  (of  the 
alkaloid  hydrate)  shaken  out  whh  hydrochloric  acid,  and 
the  solution  of  the  liydrochlorate  evaporated  t(5  dryness. 

;Much  discussion  has  taken  place  as  to  the  accuracy  of 
the  following  {MaHaynii' >i)  test  for  the  purity  of  cocaine, 
as  a  result  of  which  it  seems  to  have  been  generally  ac- 
cepted by  our  best  authorities.  It  consists  in  dissolving 
one  graiii  hydrochlorateof  cocaine  in  two  ounces  distilled 
water  and  adding  one  to  two  drops  of  ammonia  solution. 
If  free  from  amorphous  cocaine,  on  stiri-ing  the  anmioui- 
ated  solution  for  a  few  seconds  cocaine  hydrate  separates 
out  in  crystalline  form  and  falls  to  the  bottom,  leaving 
the  supernatant  solution  clear  and  free  from  opalescence. 
If  it  is  at  all  milky,  the  presence  of  amorplious  cocaine  is 
indicated. 

Gartier's  test  is  as  follows:  AVhen  a  solution  of  3  cgm. 
to  0.5  gm.  of  hydrochlorate  of  cocaine  is  mixed  with  one 
drop  of  a  two-percent,  solution  of  permanganate  of  po- 
tassium, the  resulting  fluid  must  assume  a  red  color  and 
remain  transparent.  On  a  subsequent  addition,  drop  by 
drop,  of  the  )iermanganate  solution,  there  must  appear  a 
red  precipitate  consisting  of  permanganate  of  cocaine, 
which  becomes  brown  only  after  heating  and  that  with- 
out evolving  an  odor  of  bitter  almonds.  When  the  ad- 
dition of  one  diop  of  the  permanganate  solution  brings 
about  a  brown  discoloration  or  brown  preciiiitate,  or 
when  on  heating  the  mixttire  there  appears  an  odor  of 
bitter  almonds,  the  preparation  is  impure  and  unlit  for 
use. 

Chemical  Constitdtion. — Cocaine,  if  heated  with 
hydrochloric  acid,  splits  into  benzoic  acid,  methyl  alcohol, 
and  a  new  alkaloid,  ecgonine  {C0H15NO3),  of  not  w-ell- 
prouounced  physiological  action.  As  was  to  be  ex- 
pected, there  is  an  intimate  connection  between  the  con- 
stitution of  the  cocaine  molecule  and  its  physiological 
action.  There  exists  cjuite  a  series  of  bodies  similarly 
constituted,  with  analogous  physiological  action,  facts 
that  have  been  studied  by'p^hrlich  (DentKrlw  mrd.  Woch- 
eiisrhr..  1891.  No.  32.  p.  TIT)  and  E.  Pnulssiin  ("Beitrage 
zur  Kenntniss  der  pharmakologischen  Gruppe  des  Co- 
cain,"  Arcli.f.  expcrimenteUe  Pdtholugie  u.  Pltdrmiikoloyie, 
vol.  xxvii.,  p.  301).  In  ecgonine  a  group  called  cocayle, 
(Ch3)NCi,H;,  whose  constitution  is  raethyltetrahj'dro- 
pyridine,  is  combined  with  the  radical  of  oxypropionic 
acid,  thus: 
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The  side  chain  in  this  molecule  (oxypropionic  acid) 
contains  a  hydroxyl  and  a  carboxyl,  with  either  of  which 
different  radicals  can  unite. 

Whenever  an  alcohol  radical  is  affixed  to  the  carboxyl 
group,  and  at  the  same  time  an  acid  radical  enters  the 
other  replaceable  hydroxyl  group,  the  resulting  body  in 
<  hemical  and  physiological  action  closely  resembles  co- 


caine. In  this  latter  methyl  (Clla)  and  benzoyl  (CeHsCOj) 
are  the  two  radicals  entering  into  the  oxyproiiionic  rest. 
The  coca  leaves  contain  various  cocaines  with  radicals 
other  than  those  given  above,  and  by  chemical  synthesis 
a  great  number  of  them  have  been  formed.  So  the 
methyl  of  the  ordinary  cocaine  has  been  replaced  by 
ethyl,  giving  rise  to  coca  ethyl,  and  the  benzoyl  has  been 
sulistituted  by  the  radicals  of  Inildrian-.  cinnamon-,  or 
phenyl-acetic  acid,  thus  leading  to  another  series  of 
homologous  alkaloids.  But  this  does  not  exhaust  the 
possibilities  for  the  formation  of  bodies  similarly  consti- 
tuted and  with  similar  physiological  action.  The  radical 
of  the  oxypropionic  acid  eoittained  in  the  ecgonine  mole- 
cule can  be  replaced  by  other  acid  radicals,  which  of 
course  must  contain  one  carboxyl  and  one  hydroxyl 
group.  In  fact,  by  oxidizing  ecgonin,  Einhorn  has  suc- 
ceeded in  composing  a  l)ody  which  contains  oxyacetic 
acid  instead  of  oxypropionic  acid.  By  introducing  the 
benzoyl  and  the  ethyl  in  this  new  combination  a  body  is 
obtained  which  is  isomeric  with  cocaine  and  jiossesses 
highly  ana?sthetic  qualities,  at  the  same  time  su:'passing 
cocaine  in  poisonous  effects,  as  Ehrlich  has  found.  Ex- 
periments with  a  number  of  these  cocaines  and  their 
components  have  shown  that  the  alcohol  radical  above 
mentioned  is  essential  for  the  anaesthetic  effect,  and  that 
with  its  removal  from  the  cocaine  molecule  the  ana's- 
tlietizing  and  poisonous  properties  disappear  (Poulsson, 
loc.  cit.). 

That  the  local  ana'mia  observed  upon  local  a]i|ilica- 
fion  cannot  be  the  cause  of  the  anaesthesia,  as  several 
authors  have  as.serted,  must  be  apparent  to  everybodj', 
who,  aiiplying  it  to  the'eye,  notices  that  the  anaesthesia 
of  the  cornea  precedes  the  anaemia  of  the  conjunctiva. 
Several  facts,  as  for  instance  the  slight  cloudiness  and 
the  dotted  erosions  of  the  corneal  epithelium  after  re- 
peated applications  of  cocaine,  pointed  to  thisdrug  being 
a  general  protoplasma  poison,  first  stimulating  and  then 
mortifying  it.  The  writer,  who  in  his  first  experiments 
noticed  the  haziness  of  the  corneal  epithelium,  was  in- 
clined to  consider  it  due  to  evaporation,  in  c(inse(|uence 
of  the  arrested  secretion  of  tears  and  diminished  winking 
of  the  lids,  brought  on  by  the  local  ana>stlie.sia.  When, 
with  the  increasing  general  use  of  cocaine  as  an  ana!s- 
thctic,  reports  began  to  come  in  about  opacities  of  the 
cornea  occurring  after  operations  in  which  c<icaine  and 
simultaneously  solutions  of  corrosive  sublimate  had  been 
used  (Herschel,  Bunge),  the  writer  set  out  to  determine 
this  question  by  experiment.  Wuerdinger.  of  JIunich 
(■•  Ex|ierimentelle  und  analoniische  Uutersucluingen  iiber 
die  W'irlvung  des  Cocain  auf  die  Cornea,"  Kliiiixcke  Mo- 
niitiihcfte  fi'ir  Aiirienheilkiinde.  1886),  had  come  by  his  cx- 
]ieriments  and  his  pathological  researches  to  the  conclu- 
sion thai  the  haze  was  due  to  dryness  of  the  cornea.  In 
1886,  while  in  Utrecht,  the  writer  conducted  a  series  of 
ex])eriments  on  rabbits,  the  results  of  which,  however, 
were  never  published.  Cocaine  was  instilled  iiuo  the 
rabbit's  eye  and  the  lids  carefully  closed  over  it  with  an 
artery  forceps,  while  the  other  eye  was  kejjt  open  by 
means  of  an  ej'e  speculum.  The  eye  that  had  been  kept 
open  (and  into  which  no  cocaine  had  been  instilled) 
showed  drying  and  loss  of  epitheliuiu  after  several  min- 
utes, while  the  cocainized  eye  showed  that  by  carefully 
protecting  it,  the  hazy  appearance  and  loss  of  epithelium 
in  it  had  been  reduced  to  a  niinimimi.  Evidently,  there- 
fore, evaporation  was  a  factor  to  be  taken  into  accinmt. 
[Other  experiments  established  the  evidence  that  the 
corneal  epithelium  is  especially  prone,  when  cocainized, 
to  become  hazy  when  the  eye  is  washed  with  solutions 
of  corrosive  sublimate  (of  the  same  concentration  as  that 
commonly  used  in  eye  surgery,  1  to  4,000-.'), 000).]  But 
however  careful  or  however  often  the  experiment  was 
made,  repeated  instillations  of  cocaine  would  always  pro- 
duce some  haziness  and  some  dotted  defects  of  the  epithe- 
lium— a  condition,  though,  that  would  return  to  the  nor- 
mal within  a  few  hours.  It  was  nearly  certain,  therefore, 
that  cocaine,  as  such,  affects  epithelial  cells  in  their  vital- 
ity. This  probability  became  stronger  yet  by  comparison 
with  the  action  of  erythrophleinc,  an  alkaloid  extracted 
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from  the  bark  of  Eriithmphhenm  Giiiiieeiine.  This  alka- 
loid, like  u  iniinlKT  of  others,  lias  very  strong  ana'sthotic 
jiroperlies.  even  stronu'er  than  cocaine.  The  irritation 
prececliiii;  the  ana'sthesia  is  much  more  markeil  anil  of 
loii;;er  duration  than  in  the  ease  of  cocaine,  and  eorrc- 
spondiiifjly  the  inroad  iijion  the  vilalit}-  of  epithelium 
and  corneal  tissue  is  a  more  vehement  one.  Two  drops 
of  uone  i-ighth-percent.  solution  instilled  into  the  writer's 
oye(Koller,  Wit mr  iittdirhiixr/ic  Wnflu  unchrijl.  If<s8,  No. 
C.  and  ChicaiTO  MnJii-nl  ./niirniil  dinl  K.itiiiiii(ii\  Ajuil  of 
the  same  year)  jiroved  to  be  siillicient  to  set  up  an  irrita- 
tion ot  lliirty-tive  to  forty  niiiuites'  duration,  and  to  pro- 
iluce  a  distinctly  visible  opacity  of  the  cornea  which  look 
two  days  to  disappear  entirely.  (This  property,  together 
with  the  hiirhly  poisonous  action  of  the  drni;.  has  pre- 
vented tlie  jiractical  use  of  it  recommended  by  Lewin.*) 
The  initial  irritation,  the  ensuing  aiuesthesia,  and  the 
simultaneous  clomling  of  the  e]>itheliiim  are  all  iiro- 
portionate  in  the  action  of  the  two  drugs,  and  strongly 
point  toward  an  intimate,  or  rather  a  causiil.  connec- 
tion. 

E.\tensive  researches  on  the  action  of  cocaine  upon  the 
vital  manifestations  of  various  kinds  of  cell  elements  and 
low  animals,  instituted  by  Albertoni  (Pietro  Albertoni, 
"Azione  della  cocaina  suUa  coutraclilita  del  Protoplas- 
ma,''  Ann.  d.  C/iiiii..  1890,  ]>.  305),  have  shown  that  co- 
caine is  a  protoplasma  ))oisou.  According  to  its  couccu- 
tratiou  and  the  dui~ation  of  its  action,  it  stimidates  or 
paralyzes  the  ]irotoplasma  in  its  vital  ftuictions.  For 
instance.  aO.i.'i-per-cent.  solution  applied  to  the  jialate  of 
a  frog  stimulates  the  activity  of  the  ciliated  epithelium, 
so  that  iiarticles  of  coal  dust  are  moved  along  with  four 
times  the  ordinary  velocity,  while  two-percent,  solutions 
slacken  the  velocity  to  the  fourth  or  sixth  part  of  the 
normal.  Grubs  of  buttertlies  and  anueb.-v  in  a  physio- 
logical solution  of  Nat'l  stop  their  movements  upon  the 
addition  of  one-half  to  two  percent,  cocaine,  and  so  do 
the  large  white  blood  cells  of  astacus.  Spermatozoids 
and  other  ciliated  cells  sto])  their  movements  in  strong 
solutions  of  cocaine  or  when  subjected  to  the  protracted 
action  of  weaker  ones.  The  mucous  glands  in  the  niem- 
brana  nictitans  of  frogs  lose  their  ability  to  respond  to 
electrical  stimulation.  The  effects  of  the  electrical  cur- 
rent oliserveil  in  pieces  of  muscle  and  nerve  soon  disap- 
pear under  the  influence  of  cocaine.  So  the  e.vperiments 
■of  Albertoni  have  established  beyond  a  doubt  the  view, 
which  was  the  most  reasonable  and  proliable  one,  that 
the  local  ana'sthesia  is  the  effect  of  a  paralyzing  influence 
upon  the  ends  of  the  sensitive  nerves.  A  pathological 
supplement  to  this  theory  is  the  fact  that  nerve  fibres  in 
flve-per-cent.  solution  of  cocaine  look  less  bright  than 
they  do  in  O.tj  i>er  cent,  sodium  chloride  .solution  (Alms, 
"Wirkvmgdes  Cocain  auf  die  peripheren  Nerven,"  Du 
Hois  Jifyimmd's  Air/iii'fiir  l'/i!/f:iiilogie,  1886).  A  pectd- 
iarly  characteristic  and  deleterious  effect  is  exercised  by 
cocaine  upon  the  cells  of  the  liver.  The  livers  of  mice, 
which  Ehrlich  C'Studien  in  der  Cocainreihc,"  Deutacke 
med.  WorhenscJii:.  No.  32,  p.  TIT)  had  fed  with  cocaine 
(0.01  to  0.03  to  the  "cake,"  Prince  Albert  cracker),  and 
which  had  perished  within  a  few  days  under  this  diet, 
showed  considerahle  increase  in  volume,  and  their  macro- 
scopic appearance  reminded  one  of  the  stuffed-goose  liver. 
The  microscopical  examination  showecl  vacuolar  degen- 
eration i>f  the  cells;  the  latter  were  enlarged,  containing 
many  vacuoles,  and  very  small  remains  of  protoplasma 
about  the  nucleus.  No  glycogen  was  to  be  found  in  the 
cells,  nor  in  fact  in  the  whole  liver.  The  hepatic  con- 
nective tissue  showed  fatty  degeneration  and  "Coagula- 
tionsnekrose  " ;  the  stellated  cells  and  the  endothelia  of 
the  blood-vessels  also  showed  fatty  degeneration. 

Action  upon  Nervk  Tissue. — The  action  of  cocaine 
upon  nerve  tissue,  therefore,  cannot  be  considered  as 
being  of  a  specific  kind,  but  is  rather  identical  with  the 
general  action  of  this  drug  upon  protoplasma,  the  only 
difference  lieing  that  the  nerve  tissue  responds  more 
readily  and  more  effectively  to  outside  influences.     In 
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accordance  with  this  view  one  would  expect  that  all 
nerve  tissue  woidd  be  similarly  a(Tectc(l  by  it-  although 
the  action  upon  the  ends  of  the  sensitive  liervcs  is  most 
marked  and  constitutes  the  most  striking  jiroperty  of 
cocaine  and  its  main  claim  as  a  valuable  Iherapeulic 
agent. 

In  order  to  test  the  action  of  cocaine  on  other  than 
peripheral  sensory  nerves,  the  writer  devised  a  series  of 
expcrinient.s,  witii  the  purpose  of  deciding  the  ([uestion 
whether  tlie  terminal  apparatusof  the  higher  senses  could 
also  be  paralyzed  by  cocaine.  TIk;  field  of  experiment 
selected  was  the  ri'tina.  In  two  cases  in  which  an  enu- 
cleation of  the  eyeball  had  lo  be  performed,  percc])tion 
and  projection  of  liglit  being  still  present,  cocaine  was 
injected  into  tlie  orbits  by  means  of  a  hypodiTmic 
syringe,  as  near  to  the  eyeball  as  possible.  In  one  of 
these  cases  it  was  apparent  that  the  perce])tion  of  light 
was  affected  in  that  part  of  the  field  of  vision  which  cor 
responded  to  the  jilaceof  injection.  Continued  injection 
in  other  places  around  the  eyeball  blinded  other  corre- 
spon<ling  parts  of  the  field,  until  after  .some  time  nearly 
all  iierce|)tion  of  light  was  lost.  The  other  case  did  not 
give  any  satisfactory  result,  on  account  of  which  ti)ese 
experiments  were  not  published.  (The  ex|)eriments 
were  made  in  Professor  .Snellen's  Eje  Clinic,  in  I'trecht, 
in  188T.)  Experiments  on  dogs,  undertaken  in  common 
with  Dr.  H.  Zwaardemaker,  in  I'trecht.  failed,  on  ac- 
count of  the  toxic  effect  of  the  doses  necessary.  Later  on. 
Dr.  H.  Zwaardemaker  (■•  Cocaiu-Anosmie,"  Fi>rtschi ifle 
thr  Mcdiciii.,  1  Juli,  1S8!C')  tested  the  action  of  cocaiiM' 
on  the  sense  of  smell,  and  by  means  of  the  olfactometer, 
examined  the  way  in  which  the  smell  was  affected  when 
cocaine  powder  of  five,  ten,  and  twenty  jier  cent,  was 
blown  up  the  nose.  He  found  that  if  sufficiently  ab- 
sorbed by  the  mucous  membrane  of  the  upper  jiarls  of 
the  nose  it  produces  anosmia,  preceded  by  hypera'sthesia 
of  smell.  The  various  qualities  of  smell  were  equally 
affected. 

Tuniass  ("  Uber  die  "Wirkung  des  salzsauern  Cocains 
auf  die  psychomotorischen  Centren,"  Are/i.  f.  ajei: 
Path.  II.  Ph'armahA.,  1886-8T,  xxii.,  lOT-126)  has  shown 
that  cocaine  has  the  same  paralyzing  influence  upon  the 
gray  matter  of  the  cerebral  cortex.  _He  experimented  on 
dogs,  applying  from  O.O.'i-per  cent,  to  4-per-cent.  solu- 
tions to  the  psychomotor  centres  of  the  cortex,  which  had 
been  laid  bare  by  trephining.  The  result  was  that,  after 
the  application  of  cocaine,  stronger  currents  were  neces- 
sary to  produce  just  noticeable  contraction  of  the  corre- 
sponding muscles.  The  reduction  of  irritability  lasted 
fifteen  minutes,  whereupon  it  slowly  increased,  but  ilid 
not  reach  the  normal  within  forty-five  minutes.  The 
trunks  of  thick  sensory  nerves  w-ere  affected  in  the  same 
way  when  moistened  with  a  solution  of  cocaine;  they 
could  be  cut  without  the  slightest  manifestation  of  pain. 
Other  observers  obtained  the  same  results.  The  experi- 
ments of  Goldscheider  ("  Wirkung  des  Cocain,  etc.,  auf 
die  Sinncsnerven  der  Haut.."  Wr/cheiuchr.  f.  ]>riikt.  Der- 
matulogie.  1886,  2),  Kochs  ("'Wirkung  des  Cocain  auf 
Freipraeparirte  Nerven,"  Centrn/blult  f.  kliit.  Med.,  1886, 
No.  33),  and  Alms  ("Wirkung  des  Cocain  auf  die  peri- 
]iheren  Nerven,"  Du  Bois  Reymond's  Arch.  f.  Pht/si</lof/ie. 
1886).  show  that  the  application  of  cocaine  to  the  trunk 
of  a  sensory  nerve  produces  peripheral  ana'Sthesia.  so 
that  the  cocainized  part  of  the  nerve  seems  to  constitute 
an  impediment  for  conduction.  The  .same  experience 
can  frequently  be  made  when  cocaine  is  applied  sub- 
cutaneously  for  surgical  purposes,  and  the  place  of  ap- 
plication is  near  a  sensory  nerve  trunk.  The  action  of 
cocaine  upon  motor  nerve  trunks  is  essentially  the  same, 
although  the  conditions  are  here  so  complicated  as  to 
make  that  fact  less  evident  than  in  the  case  of  sensory 
nerves. 

If  a  cocaine  solution  is  applied  to  the  trjiink  of  a  mixed 
nerve  of  a  frog,  the  liml)  controlled  by  that  nerve  seems 
paralyzed  in  both  its  sensory  and  its  motor  functions;  but 
upon  further  examination  it  is  found  that  the  motor  pa- 
ralysis is  only  a  consequence  of  the  muscular  and  cutane- 
ous amesthesia  (Vul|)ian,  Compter  rendiis,  xcix.,  p.  887, 
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and  Alms,  loc.  cit.).  for  reflex  action  can  be  produced  by 
irritation  of  other  points  of  tlie  body  in  the  apparently 
paralyzed  muscles.  Nevertheless,  irritation  above  the 
cocainized  point  (experiments  made  by  Alms  on  rabbits) 
discloses  a  marked  decrease  in  irritability,  so  that  cocaine 
acts  on  motor  in  the  same  way  as  on  sensory  nerves;  that 
is  to  say,  it  impedes  the  conduction  of  a  stimulus.  The 
paralyzing  action  on  the  terminal  apparatus  of  the  motor 
nerves  has  been  demonstrated  by  Alms.  If  cocaine  is 
injected  into  the  arteria  iliaea  communis  of  one  side  in  a 
frog,  precautions  being  taken  at  the  same  time  to  prevent 
the  cocaine  from  passing  into  the  general  circulation,  the 
muscles  of  the  leg  of  that  side  become  completely  par- 
alyzed ;  faradic  stimulation  of  the  sciatic  does  not  cause 
contfaction,  while  the  muscles  retain  their  direct  irrita- 
bility. Cocaine  applied  in  this  way  has  exactly  the  same 
effect  as  curare  has  when  introduced  into  the  blood  cir- 
culation. 

The  Action  ofCoc.\ine  upon  the  Org.\nism  depends 
of  course  upon  this  nerve-stimulating  and  paralyzing 
property. 

The  Central  Nervous  System  of  all  animals  is  paralyzed 
Dy  cocaine  in  sufficient  doses  after  a  period  of  excitation, 
which  latter  in  warm-blooded  animals  is  chaiacterized 
by  general  convulsions,  while  in  coldblooded  animals 
they  are  absent.  The  convulsions  are  of  a  general  char- 
acter and  of  the  type  of  tetanus  and  opisthotonus;  thej' 
are  certainly  of  central  origin  (not  reflex  convulsions,  as 
they  occur  at  a  time  when  tlie  animals  no  longer  react 
under  the  strongest  stimulants)  and  their  seat  is  most 
likely  the  medulla  oblongata  (Anrep.  Tumass).  The 
animals  die  most  frequently  during  these  convulsions  by 
sutTocation  due  to  tetanus  of  the  res])iratiirv  muscles — 
incidentally  as  it  were;  for,  if  they  survive  the  convul- 
sions, finally  paralysis  of  the  entire  nervous  system  sets 
in,  sensibility  is  lost,  reflexes  disappear,  respiration 
ceases,  the  heart  stops  beating.  After  veiy  large  doses 
of  cocaine  this  paralysis  is  developed  directly  without 
the  intervention  of  convulsions.  [According  to  the  state- 
ments of  Mosso  (Areh.  f.  (xperim.  PutJuAogie  u.  Phnrmn- 
kidiigie.  xxiii.,  3,  4,  1887),  0.005  gm.  per  kilogram  will 
sometimes  produce  general  symptoms  of  poisoning,  while 
he  puts  the  fatal  dose  at  0.03  gm.  per  kilogram.  The 
fatal  dose  for  men  is  about  half  that  amount.]  Small 
doses,  0.03-0.0.5-0.1  gm..  produce  a  decided  enhancement 
of  the  psychical  functions,  euphoria,  and  increased  capac- 
ity for  mental  and  physical  work,  as  shown  by  the  ex- 
periments of  Freud  ("  fteitrag  zur  Kenntniss  der  Cocawir- 
kung."  Wiener  m<-d.  ir™7((7(.vcAc. ,  1885,  No.  5)  and  many 
other  observers,  with  whom  the  writer,  from  his  own  ob- 
servations, fully  agrees.  This  eilect  is  most  likely  due 
to  stimulation  of  the  gray  cortical  matter.  The  jiowerful 
effect  which  large  (but  not  toxic)  doses  have  in  altering 
the  psychical  functions  (hallucinations,  deliria,  irresisti- 
ble impulse  to  move)  is  too  well  known,  from  Anrep's 
dramatic  description  of  his  experiments  on  dogs,  to  be 
repeated.  It  will  be  partlj-  described  luider  the  heading, 
Accidental  Poisoning.  The  exciting  effect  of  large  doses 
is  not  confined  to  the  cortex.  It  includes  the  great 
subcortical  ganglia,  the  cerebellum,  the  medulla  oblon- 
gata, and  the  spinal  cord,  as  is  evident  from  the  forced 
movements,  the  vertigo,  the  convulsions,  and  the  circu- 
latory and  respiratory  phenomena. 

Ei/(. — The  action  of  cocaine,  when  introduced  iato  the 
general  circulation,  upon  this  organ  is  very  similar  to  its 
action  when  applied  locally;  the  pupil  is  dilated,  the 
eyeball  protrudes,  the  eye  is  opened  wider,— symptoms 
due  to  irritation  of  the  sympathetic  nerve.  We  must 
look  for  the  seat  of  its  action  uijon  the  s_ympathetic  nerve 
(when  the  drug  is  introduced  into  the  general  circulation) 
in  the  nuclei  of  the  sympathetic  in  the  cord  and  medulla, 
for  if  the  sympathetic  is  severed  in  dogs  after  0.1  gm. 
cocaine  has  been  injected  into  the  vena  saphena,  the  above 
symptoms  do  not  appear  on  the  corresponding  side  (G.  N. 
Durdufi,  "Zur  physiologisehen  Wirkung  des  Cocain," 
Dentsche  med.  W»chfMe/ir..  1887,  xiii.,  172-174).  The 
dilatation  of  the  pupil  after  general,  just  as  after  local 
application,  must  be  ascribed  to  the  contraction  of  the 


iris  arteries,  as  there  does  not  exist  another  dilater  of  the 
pupil  in  the  human  eye. 

Respiration. — Cocaine  always  accelerates  the  respira- 
tion by  stimulating  the  respiratory  centrum.  Large 
doses  produce  very  frequent  dyspnoeic  breathing,  in- 
creasing to  tetanus  of  the  respiratory  muscles.  Fatal 
doses  finally  paralyze  respiration. 

Circiildtion. — In  small  and  medium  doses  cocaine  in- 
creases the  frequency  of  the  heart  beat,  small  doses  ren- 
dering the  contraction  at  the  same  time  more  powerful 
(Mosso).  The  increased  frequency  is  most  likely  due  to 
stimulation  of  the  accelerating  nerves  of  the  heart  (Dur- 
dufi). Large  doses  finally  paralyze  the  heart  (the  action 
is  dilTerent  in  frogs,  the  frequency  being  diminished  in- 
stead of  being  increased). 

Veiy  peculiar  and  characteristic  is  the  action  of  cocaine 
upon  the  blood-vessels.  Local  application  has  a  power- 
ful constringent  effect  upon  the  small  blood-vessels, 
making  the  tissue  affected  almost  anaemic,  as  we  can 
observe  every  day  when  ajiplying  cocaine  to  the  nose  or 
to  the  eye.  This  action  upon  the  blood-vessels  is  evi- 
dently due  to  a  stimulating  effect  of  cocaine  upon  the 
nerves  of  the  smooth  muscular  fibres.  The  contraction 
resulting  is  of  long  duration  (several  hours)  and  is  fol- 
lowed by  a  relaxation.  [Again  here  we  find  a  difference 
in  frogs.  Local  application  of  even  weak  .solutions 
(1  to  4,000)  to  the  frogs  tongue  produces  considerable 
dilatation  of  the  blood-vessels.]  Introduced  into  the  cir- 
culation, cocaine  has  the  same  constricting  action  upon 
the  blood-vessels,  and  this  evidently  because  it  acts  upon 
the  centres  of  the  nerves  of  blood-vessels,  as,  for  instance, 
is  shown  by  the  dilatation  of  the  pupil  (ana'uiia  of  the 
iris)  not  appearing  if  the  sympathetic  nerve  has  been 
severed.  The  pressvire  in  tiic  arteries  is  increased  by 
medium  doses  in  consetiuence  of  constriction  of  the  small 
blood-vessels.  Fatal  doses  lower  the  pressure  accord- 
ingly. 

?7(p  secretion  of  mine  is  materially  increased  by  medium 
doses  (even  to  the  double  of  tiie  normal)  just  on  account 
of  the  increase  of  ]iressure  in  the  arteries;  very  large 
doses  diminish  and  finally  stop  urine  secretion  (Bignon: 
"Des  Proprietes  loxiques  de  la  Cocaine,"  Bullet,  gen.  de 
Thenip..  1886,  ii.). 

Intestines. — Peristaltic  movements  are  increased;  very 
large  doses  paralyze  the  intestines,  which  at  the  same 
time  become  very  hyijerannic. 

Secretion  of  sidiro  nod  perspiration  stops  after  local 
application,  and  also  when  the  drug  acts  by  way  of  the 
circulation,  most  likely  on  account  of  the  ]iaralysis  of 
the  secreting  epithelium,  and  constriction  of  the  blood- 
vessels. 

Pn.\CTrc.ii.  Use. — E//e  Surgery. — Cocaine  is  used  for  a 
threefold  purpose:  As  an  anodyne  in  painful  affections; 
as  a  local  ana'Sthetic  in  eye  operations ;  as  a  dilater  of  the 
pupil. 

Owing  to  the  short  duration  of  the  cocaine  annesthesia 
(about  fifteen  to  twenty  minutes),  its  use  as  an  anodyne 
is  a  limited  one.  Naturally  it  would  be  most  useful  in 
pains  caused  l.iy  su|;ierficial  erosions  oi'  ulcers  of  the 
cornea.  The  weakening  effect  upon  the  vitality  of  cells 
(as  shown  in  the  paragraphs  devoted  to  the  consideration 
of  its  action  on  cell  elements)  does  not  make  a  frequently 
repeated  and  prolonged  action  desirable.  It  is  found 
very  useful  in  the  examination  of  an  eye,  where  pain, 
photophobia,  and  lachrymation  would  otherwise  render 
such  an  examination  almost  impossible,  as  in  conjunc- 
tival or  corneal  troubles,  cases  of  superficially  seated 
foreign  bodies,  scalding  by  chemicals,  etc.  In  pains 
which  might  possibly  be  of  glaucomatous  origin  the  u.se 
of  cocaine  should  be  carefully  avoided,  as  it  has  repeat- 
edly been  found  to  hasten  the  development  of  a  glau- 
comatous attack  previously  threatened  (.laval).  Supra- 
or  infra-orbital  neuralgia  can  frequently  be  successfully 
combated  by  hypodermic  injection.  Tiie  use  of  cocaine 
as  a  local  an.Tsthetic  in  eye  operations  is  a  very  extended 
one  and  it  has  reduced  the  employment  of  general  ana?s- 
thesia  by  ether  or  chloroform  to  a  minimum.  The  objec- 
tions raised  against  it  in  the  beginning,  of  producing 
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sometimes  opacities  of  the  cornea  after  cataract  opera- 
tions, have  been  silenced  by  its  more  judicious  applica- 
tion, by  prevention  of  eva|ior,ition.  and  by  avoidance  of 
the  too  free  use  of  sublimate  or  other  coaitulalini;  anti- 
septics. Another  objection  raised  l)y  several  writers. 
that  the  cocaine  anifsthesia  renders  the  eye  so  hypotonic 
that  the  expression  in  operation  for  cataract  becomes 
difficult,  has  not  been  heard  of  in  the  more  recent  litera- 
ture. On  the  contRiry,  many  operators  who  follow  the 
trend  of  the  time  by  practising  cataract  extraction  without 
iriilectomy  consider  the  revival  of  this  more  perfect 
method  as  partly  due  to  the  cocaine ana'sthesia.  the  latter 
beiiijr  instrumental  in  ]ireventini:  prolapse  of  the  iris. 
While  operations  on  the  conjunctiva  and  on  the  cornea 
can  always  be  made  perfectly  paiidess  by  iiiKtilUition  of 
cocaine  solutions,  such  operations  in  which  tlie  iris  is 
touched  or  cut.  as  iridectomies  and  operations  for  cata- 
ract, cannot  always  be  renilered  jierfectly  painless  by  in- 
stillation, owing  to  the  ditlictdty  of  making  the  iris  suffi- 
ciently aniesthetic.  In  a  number  of  cases  one  does 
succeed  in  this;  in  another  number  one  does  not. 

For  making  the  iris  ana'sthetic  through  instillation  into 
tlie  conjunctival  site  it  is  necessary  to  begin  from  twenty 
to  tliirty  minutes  before  the  operation,  and  continue  in- 
stilling every  live  minutes.  During  this  time  the  eye 
must  be  closed  to  prevent  evaporation.  To  render  the  iris 
anaesthetic  with  certainty,  the  cocaine  must  be  instilled 
into  the  anterior  chamberafter  the  corneal  section — a  pro- 
ceeding which  several  surgeons  adopted  in  the  beginning, 
but  which  was  soon  abandoned  because  it  proved  to  be  in- 
expedient. Far  superior  and  absolutely  sure  in  its  results 
is  the  method  of  subconjunctival  injections  which  the 
writer  adopted  for  operationson  the  tendonsand  muscles 
as  far  back  as  l8.Si.  Since  about  1890  he  has  used  the 
subconjunctival  injections  very  successfully  in  cataract 
operations,  iridotoniies,  and  iridectomies,  following  a  sug- 
gestion made  to  him  by  Professor  Snellen,  of  I'trecht.  in 
a  private  communication  (see  also  Snellen.  "Sur  I'opera- 
tion  de  la  cataracte."  Annales  d'Octilixtique.  Janvier. 
1892).  After  an  experience  extending  over  more  than 
ten  years  the  writer  recommends  the  following  jiroced- 
ure:  After  repeated  instillation,  to  make  the  conjiuictiva 
and  cornea  aniesthetic,  a  speculum  is  inserted,  and  by 
means  of  a  mouse-toothed  forceps  a  fold  of  the  conjunc- 
tiva is  seized.  If  the  case  is  one  of  operation  on  tendons 
or  muscles,  the  needle  of  a  sterilized  hypodermic  syringe 
must  be  inserted  as  deeply  as  possible  into  Tenon's  c-a\>- 
sule,  at  the  point  of  the  intended  operation,  and  a  few- 
drops  of  a  live-per-cent.  solution  are  injected.  Then  the 
eye  is  closed  again  after  removal  of  the  speculum  and 
the  artificial  tedema  of  the  conjunctiva  is  given  time  to 
disappear,  which  it  does  in  five  to  ten  minutes.  Tenot- 
omy can  be  performed  absolutely  free  of  pain.  Ad- 
vancement, however,  is  not  free  of  pain  ;  it  is  occasioned 
by  the  pulling  on  the  central  part  of  the  muscle,  which 
cannot  well  be  reached  by  the  ana'stlietic. 

If  the  ca,se  is  ime  of  iridectomy  or  extraction  of  cataract, 
the  site  of  incision  must  not  be  chosen  for  injection,  as 
the  (edematous  conjunctiva  would  be  in  the  way  of  the 
knife.  It  is  advisivble  to  make  three  injections,  one  be- 
low the  cornea  and  one  on  each  side  slightly  below  the 
horizontal  meridian.  At  each  point  of  injection  two 
drops  of  live-percent.  si>hition  are  injected  under  the 
conjunctiva,  care  being  taken  that  the  needle  does  not 
go  into  the  subconjunctival  layers,  which  would  produce 
more  swelling  than  desirable.  After  live  minutes  the  iris 
is  thoroughly  ana'sthetic  and  operationscan  be  performed 
without  the  impleasjint  and  dangerous  surprises  and  dis 
disiippointments  that  freciuently  attend  an  operation 
which  the  patient  had  expected  to  be  painless.  In  cases 
of  glaucoma — acute  and  chronic — it  is  well  to  use  a  five- 
percent,  solution  of  cocaine  which  contains  at  the  same 
time  two  percent,  pilocarpine.  The  writer  has  practised 
this  method  of  local  anaesthesia  for  over  ten  years  and 
has  never  met  with  any  bad  effects  which  cotikl  be  at- 
tributed to  the  injectioiJ,  His  results  are  as  good  as  those 
of  other  operators. 

The  pnpU-dihiting  property  of  cocaine  is  of  great  value 


in  ophthalmoscopy.  AVhile  the  dilatation  is  sufficient  in 
the  dark  chamber  to  allow  a  satisfactory  examination,  it 
does  not  have  the  blinding  ctTect  of  belladonna,  the  pupil 
all  the  time  responding  to  light.  This  is  due  to  the  fact 
that  cocaine  dilates  the  pupil  by  constricting  the  blood- 
vessels of  the  iris,  but  leavi^s  the  sphincter  intact.  He- 
sides,  the  acconmiodation  is  hardly  interfered  with.  The 
pujiil  dilating  power  of  cocaine,  it  combine<l  with  that 
of  atropine,  is  invaluable  in  ciuses  of  iritis.  The  mydri- 
atic effect  of  this  combinati(m  is  stronger  than  that  of 
any  other  drug  or  any  combination  of  drugs;  it  counter- 
aitsboth  forces  that  contract  the  |nipil — the  sphincter 
and  the  blood-vessels.  (llyi>cra-mia  of  the  iris  tends  to 
contract  the  pupil  by  stretching  the  tortuous  course  of 
the  iris  arteries,  while  the  bloo<l-ves.sels,  when  empty, 
return  to  their  tortuous  course  and  so  dilate  the  pupil.) 

The  an:emia  of  the  blood-vessels  is  a  strong  check  to 
tlie  inflammation,  the  jiain  ceasing  mostly  after  a  few 
instillations,  and  the  duration  of  treatment  lieing  greatly 
shortened.  The  writer  uses  a  mixture  of  eipial  parts  lif 
a  one-percent,  solution  of  sulphate  of  atropine  and  a 
tive-per-cent,  solution  of  hydrdchli irate  of  cocaine;  at 
lirst  he  instils  every  ten  minutes  until  the  pupil  is  dilated 
(three  to  four  instillations  necessary),  then  oidy  three 
times  a  day.  The  combination  of  the  two  drugs  is  also 
efficient  in  cases  of  cyclitis, 

WiinohMjy  and  Laryntjiilofjy. — In  the  e.\amination  and 
treatment  of  the  nasal  cavities  cocaine  has  an  extensive 
field  of  usefulness.  By  its  power  of  constricting  the 
blood-vessels  the  mucous  membrane  recedes  and  iiispec 
tion  of  the  posterior  parts  is  facilitated;  in  chronic  catarrh 
with  hypertrophy  a  proper  inspection  without  its  help 
would  be  impossible  Medicated  applications  and  the 
actual  cautery  or  caustics  can  be  emph>yed  painlessly. 
In  reflex  neuroses  starting  from  the  nose  the  exact  local- 
ity of  the  trouble  can  be  detected,  inasmuch  as  by  ap- 
plication of  cocaine  to  the  starting-point  the  patient  is 
temporarily  relieved  (asthma,  mimic  spasm,  etc).  In 
hay  fever  it  affortls  relief  but  lias  no  curative  jiower. 
Posterior  rhinoscopy  is  facilitated  by  checking  the  reflex 
action  of  the  soft  palate  and  the  tedious  practising  of  tlie 
patient  is  done  away  with.  The  solutions  are  applied 
either  as  a  spray  by  means  of  an  atomizer  or  with  a  cot- 
ton wad  on  the  point  of  a  probe.  For  spraying,  only 
weak  solutions  (two  per  cent,)  should  be  used,  in  gradu- 
ated bottles,  so  that  the  quantitj'  used  is  known,  to  avoid 
the  possibility  of  poisoning.  Weak  solutions  a]iplii-d 
repeatedly  at  intervals  of  Ave  minutes  will  accomplish 
the  same  result  as  strong  ones;  the  first  application  con- 
.stricts  the  blood-vessels  and  the  following  ones  act  more 
strongly  on  the  ana-mie  membrane,  while  at  the  same 
time  a  too  rapid  absorption,  with  its  poisonous  effects, 
is  prevented.  For  application  with  brush  or  cotton 
stronger  solutions  (five  ten,  or  fifteen  per  cent,)  may  be 
used.  Nasal  surgery  has  lieen  greatly  ]iromote<i  by  the 
use  of  cocaine.  Operations  on  the  ,septum  ami  the  tur- 
binated bones  can  frequently  be  performed  painlessly, 
although  not  always  so.  Laryngological  examinations 
and  operations  are  made  easier  b.y  stopping  reflex  action  of 
pharynx  and  larynx ;  the  practising  of  the  jiatient  is 
done  away  with.  For  making  the  vocal  cords  ana-sthetic 
very  strong  solutions  (twenty  per  cent,)  arc  required; 
they  are  applied  with  brush  or  cotton. 

Otology. — Comparatively  little  advantage  lias  been 
brought  to  otology  by  the  use  of  cocaine.  The  drum- 
head (covered  with  epidermis)  can  hardly  be  rendered  com- 
pletely ana'sthetic,  but  the  sensibility  can  be  lessened  by 
repeated  application  of  a  warmed  fifteen-  to  twenty-per- 
cent, solutiim  (Ilcdinger),  In  operations  in  the  tympanic 
cavit}'  more  can  be  expected  from  the  antesthetic  ef- 
fects of  the  drug,  although  only  if  the  operation  is  limited 
to  the  mucous  membrane  (Kretschmann:  "  Communica- 
tion about  tlie  results  experienced  in  Schwartzes  Clinic," 
Airh.f.  Ohrenheilk..  xxiii.,  4,  1886).  Catheterization  of 
the  Eustachian  tube  is  facilitated  and  made  painless;  the 
air  penetrates  in  broader  current  into  the  tympanic  cav- 
ity, Hedinger  {M'tirtembcry.  Corr.Blait..  "ivii,,  7,  1887) 
relates  favorable  results  in  cases  of  inflammation  of  the 
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middle  ear.  A  few  drops  of  a  two-  to  four-percent, 
solution  blown  into  the  Eustacliiati  tube  by  means  of  a 
oatlieter  were  in  most  cases  sufficient  to  stop  the  pain  for 
several  hours.  Kiesselbach  (^V«n(7tec/*ny< /.  Ohirnlicil- 
Ininde.  xxiii.,  9,  1889)  had  good  success  from  insufflation 
of  a  few  drops  of  a  four-percent,  solution  into  the 
Eustachian  tube  in  cases  of  subjective  ear  noises.  The 
insufflations  were  made  at  intervals  of  from  three  to  five 
ilays,  the  strength  of  the  .solution  being  increased  to  ten 
l^er  cent.  The  most  various  noises  disappeared  entirely ; 
most  cases  improved. 

General  S^iiyery. — The  use  of  cocaine  in  general  surgery 
is  very  extended,  and  in  minor  operations  has  displaced 
general  anaesthetics  and  ether  methods  of  local  ana?sthesia. 
It  is  injected  under  the  skin  or  into  the  deeper  layers  of 
the  skin  at  the  .site  of  the  operation  by  means  of  the 
hypodermic  syringe.  Careful  distribution  over  the  field 
of  operation  is  necessary  for  full  effect.  Coming's 
method  of  "incarceration"  is  an  important  improvement 
on  the  simple  injection  (J.  Leonard  Corning:  "On  the 
Prolongation  of  the  Aniesthetic  Effects  of  the  Hydro- 
chlorate  of  Cocaine  wlien  Subcutaneously  Injected — an 
Experimental  Study."  New  York .1/crf/c«?  .7<>;;/v>(//,  Sep- 
tember 19th.  1885,  "and  "Local  Ana'sthesia  in  General 
Medicine  and  Surgery."  in  book  form,  Appleton  &  Co., 
1886).  A  short  time  is  given  to  the  circulation  to  dis- 
tribute tlie  drug  over  the  field  of  operation,  then  cxsan- 
_guination  of  the  limb  and  apphcation  of  a  tourniquet 
(especially  devised  apparatus  on  other  parts)  keep  the 
solution  in  place.  By  this  way  of  proceeding,  the 
anKsthctic  effect  can  be  prolonged  indefinitely,  while 
absorption  into  the  general  circulation  and  poisonous 
■effects  are  prevented. 

At  present  extirpation  of  small  tumors,  extraction  of 
forei.gn  bodies,  amputations  of  fingers  and  toes,  operation 
for  phimosis,  operations  for  ingrown  nail,  incision  of  ab- 
scesses and  furuncles,  are  perfonned  under  cocaine  ana's- 
thesia. -Pernice  {Deutsc/ie  med.  Woc/ie/uc/in'ft.  1890,  14) 
reports  more  than  a  thousand  cases  operated  in  the  Poly- 
clinic at  Halle,  where  one-percent,  solutions  were  used, 
which  were  always  found  sufficient.  Not  more  than 
0.01-0.02  gm.  was  injected,  and  thus  accidents  could  with 
■certainty  be  avoided. 

In  genito-urinary  surgery  cocaine  is  extensively  used, 
not  only  for  external  anil  internal  urethrotomy,  but  also 
for  operations  in  the  bladder  (litholapaxy).  As  the  un- 
broken epithelium  of  the  bladder  has  hardly  any  power 
of  afjsorbing,  enormous  quantities  have  sometimes  been 
used  (1.00-5.00  gm. !  1).  Ilnwever,  genito-urinary  surgery 
is  especially  rich  in  accidental  poisoning,  the  assumption 
of  an  unabraded  epithelium  not  always  being  correct. 

Dentistry. — To  make  extraction  of  teeth  painless  it  is 
not  sufficient  to  brush  the  solution  on  the  gums,  as  this 
does  not  make  the  alveolus  anfesthetic.  Even  injection 
between  gum  and  alveolus  in  one  place  only  will  fre- 
quently fail.  All  those  who  report  successful  antesthesia 
{George  Yiau:  "  De  I'Anesthesie  buccale,"  Paris,  188(i; 
Bleichsteiner,  Congress  of  Dentistry,  Paris)  concur  in  tlie 
recommendation  to  inject  the  solution  under  the  gum  in 
several  places  on  the  inside  and  outside  of  the  alveolus. 
A  five-percent,  solution  is  sufficient,  and  not  more  than 
0.05  gm.  cocaine  should  be  used.  Even  then  one  must 
expect  to  encounter  a  larger  number  of  cases  in  which 
constitutional  symptoms  occur  than  are  observed  in  other 
branches  of  surgery.  Schlenker  i"Ueber  Cocain  als 
locales  Anaestheticum,"  TagebUitt  f/c?' 61.  Vers,  deutscher 
ISaturf.  und  Aerzte,  COln,  1889)  had  three  per  cent,  of 
graver  and  five  per  cent,  of  minor  cases  of  poisoning. 
Bleichsteiner  had  collapse  in  five  to  six  per  cent,  of  his 
cases. 

Gynacology. — Apart  from  the  use  in  minor  operations 
on  the  vulva,  vagina,  and  the  cervix,  cocaine  is  especiallj- 
valuable  in  the  treatment  of  vomiting  in  pregnancy, 
vaginismus,  and  sore  nipples.  In  cases  of  vomiting  in 
pregnancy  it  has  been  found  successful  where  all  other 
medication  failed,  whether  administered  by  the  stomach, 
hypodermically,  or  by  application  to  the  os  or  cervical 
canal  (Weiss:  Prager  med.  Wochenschr.,  1884,    No.  51 — 


0.004  gm.  internally  every  half-hour;  Phillips:  London 
Lancet,  November  •2Q{h,  1887).  It  is  scarcely  used  any 
more  at  present  in  obstetrics ;  in  the  first  enthusiasm  it 
was  recommended  to  alleviate  pain  in  labor. 

DerninUiUgy. — Cocaine  does  not  have  any  effect  if  ap- 
plied to  the  unbroken  epithelium.  If  the  latter  is  macer- 
ated or  wanting,  solutions  or  ointments  can  be  used  to 
combat  itching  as  in  vesicular  eczema,  especially  in  the 
itching  eczema  of  tlie  genitals,  in  painful  ulcers  and 
after  cauterizing.  In  different  operations  on  the  skin, 
and  before  cauterizing,  the  application  is  the  ssime  as 
described  under  the  heading  of  General  Surgery.  Touton 
reports  painless  treatment  by  electrolysis  of  warts  or 
moles,  if  a  few  drops  of  a  five-percent,  solution  arc  in- 
jected under  the  little  tumor  (which  fact  the  writer  can 
confirm).  It  is  of  theoretical  interest  that  cocaine,  like 
other  substances,  can  be  driven  into  the  skin  by  the  elec- 
trical current  if  applied  to  the  positive  pole — cataphoretic 
action  of  the  galvanic  current  (Wagner:  "L^eber  eiue 
neue  Methode  Haut-Anaesthesie  durch  Cocain  zu  erzeu- 
gen,"  Xtitschr.  jT/r  Tlurapie.  1886,  No,  6).  The  anaes- 
thesia thus  engendered  may  be  used  for  superficial  opera- 
tions. 

In  general  medicine  mucli  has  been  expected  from  the 
stimulating  powers  of  cocaine  upon  the  physical  func- 
tions. However,  it  does  not  seem  to.be  extensively  used 
for  this  purpose,  perhaps  from  exaggerated  fear  of  the 
cocaine  habit.  From  the  experiments  of  Freud,  Ham- 
mond, and  others  it  is  apparent  that  it  has  a  decidedly 
stimulating  power  upon  the  psychical  faculties,  and 
some  writers  report  very  good  results  in  neurasthenic  pa- 
tients and  in  melancholic  depression  (0.02-0.3  gm.  inter- 
nally several  times  a  day).  According  to  these  observers 
(Freud:  "Bemerkungen  liber  Cocainsucht  und  Cocain- 
furcht,"  Wiener  med.  Wochenscfirift,  xxxvii..  No.  38, 
1887)  the  cocaine  habit  is  not  to  be  feared,  as  persons, 
unless  they  are  addicted  to  the  opium  habit,  can  discon- 
tinue the  use  of  cocaine  without  any  symptoms  there- 
from. Preparations  of  coca  in  the  form  of  coca  wine  are 
extensively  advertised  and  used  as  a  nerve  stimulant. 

In  whooping-cough  applications  of  two-  to  five-per- 
cent, solutions  to  the  tonsils,  pharynx,  and  epiglottis 
have  been  used  with  good  result  (Schuirer,  Arr/i.  ff/r 
Kinderheilkunde).  Various  neuralgias  and  the  shooting 
pains  in  locomotor  ataxia  are  a  field  for  the  subcutaneous 
application  of  cocaine.  In  taljcs,  0.02-0.03  gm.  twice  a 
day  is  reported  to  have  succeeded  in  cases  in  which  mor- 
phine did  not  have  the  desired  effect.  Cocaine  has  also 
been  recommended  in  seasickness;  however,  with  little 
success. 

Opium  Hii/jit.— The  recommendation  (Freud:  Central- 
Matt  ffir  Therapie.  July,  1884)  to  use  cocaine  in  the 
cure  of  the  opium  habit  did  not  meet  with  general  aj)- 
proval.  on  account  of  the  danger  of  making  the  sub- 
jects of  the  opium  habit  victims  of  the  cocaine  habit  in 
addition.  As  Freud  ("Bemerkungen  ijber  Cocainsucht 
und  Cocainfurcht,"  Wien.  meil.  Woch..  1887,  No.  2.'^) 
believes,  cocaine  is  a  very  valuable  agent  to  combat  the 
craving  for  morphine  and  the  collapse  incidental  to  the 
disuse,  provided  the  physician  absolutely  controls  the  ad- 
ministration. Obersteiner  considers  the  use  of  cocaine 
admissible  if  no  morphine  at  all  is  given.  He  recom- 
mends to  administer  it  only  internally,  the  first  dose 
twenty-four  to  forty-eight  hours  after  the  last  dose  of 
morphine,  giving  about  0.0.5-0.1  gm.  several  times  a  day, 
and  not  more  than  0,5  gm.  per  day,  gradually  diminishing 
the  quantity  and  stopping  the  administration  on  the  fifth 
or  sixth  day. 

Accidental  Poisoning. — It  is  not  surprising  that  a  drug 
which  came  into  such  rapid  and  general  use  in  almost  all 
branches  of  medicine  and  surgery  sliould  have  given  rise 
to  many  and  even  fatal  accidents,  partly  due  to  lack  of 
acquaintance  with  the  drug,  and  partly  due  to  reckless- 
ness. The  history  of  cocaine  poisoning  has  already  de- 
veloped quite  a  literature.  Its  more  judicious  use  in 
recent  years  has  greatly  reduced  the  frequency  of  such 
accidents.  Cases  of  slight  poisoning,  which  are  the 
commoner  ones,  offer  the  following  objective  symptoms : 


160 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES. 


Cocaine. 
Cocaine. 


Pallor,  cold  perspiration,  freiiuent  pulse,  dilated  pupils; 
subjectively  the  patients  complain  of  dryness  of  the 
throat  and  the  lips,  a  feeling  of  heaviness  in  the  limbs, 
weakness,  or  even  vertigo.  This  condition  does  not  last 
long,  and  after  a  short  time  (one  half  to  one  hour)  com- 
plete well-being  sets  iu.  even  if  no  rcstonitives  are 
used.  In  anotlier  class  of  more  serious  accidents  great 
mental  excitement,  with  talkativeness,  hallucinations, 
and  even  delirium,  may  be  present.  On  the  other  hand, 
conditions  of  syncope  and  collapse  may  prevail.  In  the 
gravest  cases  painful  dyspnieic  breathing,  clonic  and 
tonic  convulsions  occur,  which  may  cause  death  by 
tetanus  of  the  respiratory  muscles.  ( Ir  death  may  result 
from  paralysis  of  respiration  and  heart  without  preced- 
ing convulsions.  Dr.  Paid  Mannheim,  under  the  guid- 
ance of  Leyden.  has  made  a  thorough  compilation  of  the 
accidents  hitherto  reported  in  medical  literature  ("Ueber 
das  Cocain  und  seine  Gefahren  in  physiologischer,  toxi- 
cologischer  und  therapeutischer  Beziehung,"  Zeitschrift 
fur  kiii,iw/ie  iMirin.  xviii.,  3  and  4,  p.  380,  1891). 
The  discussion  in  the  Societe  de  Chirurgie  de  Paris  of  a 
fatal  case  reported  by  Dr.  Paul  Berger,  is  also  of  great 
interest  and  rich  in  information  ( "  Empoisoiinement  mortel 
produit  par  I'iujection  dune  Solution  de  Chlorhydrate 
de  Cocaine  dans  la  tvmique  vaginale  a  ia  suite  de  la 
ponction  d'une  hvdrocMe."  Bulletin  et  Memoirs  de  la  Soc. 
de  Chir.  de  Birii  1889.  pp.  7.")1,  T.57,  761,  790). 

Mannheim  has  collected  ninety-nine  cases  from  the 
literature  in  which  the  doses  used,  the  symptoms,  etc., 
ivere  stated  with  sufficient  accuracy,  and  the  following 
account  is  based  upon  these  cases.  The  statement  fre- 
quently made  that  weak  and  nervous  women  are  more 
inclined  to  constitutional  symptoms  cannot  be  accepted: 
sex  does  not  show  any  influence.  Idiosyncrasy  cannot 
be  proven  to  plav  a  part  (the  writer  fully  concurs  in  this 
opinion).  Although  idiosyncrasy  against  alkaloids  cer- 
tainly exists  as  a  rare  exception,  it  will  not  do  to  assume 
such  peculiarity  in  every  case  in  which  a  (juantity  harm- 
less to  one  individual,  produces  constitutional  symptoms 
in  another.  There  are  other  circumstances  that  should 
be  taken  into  consideration:  for  instance,  the  velocity 
with  which  a  given  amount  is  thrown  into  the  general 
circulation.  The  same  quantity  in  a  more  concentrated 
solution  will  be  more  quickly  absorbed  than  if  dissolved 
in  more  water;  a  tissue  richer  in  blood-ves.scls  will  ab- 
sorb faster  than  a  less  vascularized  one.  etc.  For  similar 
reasons  it  may  be  that  constitutional  symptoms  occur 
with  relative  frequency  iu  operations  on  the  head,  which 
fact  has  been  especially  emphasized  by  Walfler  ("Zur 
toxischen  Wirkung  des  Cocain,"  M'ien.  med.  Woefiensc/ir.. 
xxix.,  18.  1889)  and  explained  by  the  nearness  of  the 
brain.  The  .sitting  posture  has  been  accused  as  espe- 
cially aiding  the  ana?mia  of  the  brain,  supposed  to  be  the 
chief  cause  of  the  weakness  and  vertigo  in  the  minor 
cases.  Out  of  the  99  cases  tabulated  by  Mannheim, 
cocaine  was  administered  hypodermically  in  51.  instilled 
in  the  eye  in  9,  in  the  ear  in  2,  brushed  ou  the  mucous 
membrane  of  the  nose  in  5.  Sometimes  very  small 
doses  produced  graver  symptoms,  sometimes  very  large 
doses  were  followed  by  very  slight  ones.  The  time 
of  appearance  of  the  symptoms  varies,  being  five  to 
ten  minutes  on  an  average;  sometimes  they  appeared 
immediately  after  administration  or  after  a  few  seconds, 
sometimes  only  after  one-fourth  or  even  one-half  hour. 
In  the  following  the  symptoms  of  poisoning  are  given  as 
collected  by  Mannheim  from  the  various  cases.  (The 
seeming  contradiction  in  the  symptoms  is  not  to  be 
wondered  at.  if  it  is  taken  into  consideration  that  cocaine 
is  a  poison  with  first  stimulating  and  afterward  paralyz- 
ing properties,  and  that  according  to  quantity  or  veloc- 
ity of  ab.sorption  the  first  or  the  second  will  prevail.) 

Ge?ieral  Symptoms. — The  patients  become  sleepy  and 
get  into  a  soporous  condition;  they  almost  lose  con- 
sciousness and  faculty  to  articulate,  or  they  fall  within  a 
few  minutes  into  a  very  deep  sleep  of  comatose  character. 
Severe  collapse  has  been  observed,  preceded  by  weak- 
ness, with  complete  loss  of  consciousness  of  long  dura- 
tion and  with  retluced  respiration.  In  other  eases  the 
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patients  become  very  restless  and  excited,  seem  dizzy, 
cry  and  laugh  alternately,  gesticulate,  and  are  very 
talkative,  not  heeding  any  questions  put  to  them;  in- 
cessantly change  their  position,  stand  up.  sit  down; 
their  gait  becomes  unsteady,  like  that  of  a  drunken  per- 
son. This  condition  grows  into  intoxication,  or  a  feeling 
of  impending  death.  There  maj'  be  sleeplessness,  lasting 
from  thirty  to  forty  hours;  afterward  complete  forget- 
fulness  of  what  has  happened. 

Ventral  Nervous  Si/Ktem. — In  mild  cases  reflexes  are  in- 
creased: there  are  cerebral  irritation  and  delirium,  lasting 
as  much  as  an  hour,  and  hallucinations.  In  severe  cases 
there  arc  ciiileptiform  attacks,  with  general  clonic  con- 
vulsions, lasting  even  five  hours,  tetanus,  opisthotonus, 
death. 

Peripheral  Nerves. — Sensibility  diminished.  Com- 
plaints of  loss  of  sensation  over  the  whole  body  or  on  single 
parts,  limbs,  or  pharynx.  Sometimes  only  numbness, 
sometimes  complete  aniBsthesia.  Feeling  of  intense  cold- 
ness in  theana'sthesic  parts.  Various  para'sthesias.  On 
the  part  of  motor  nerves  twitching  of  single  muscles  (or, 
as  already  mentioned,  general  convidsions).  in  other  cases 
heaviness  or  tired  feeling  iu  the  limbs,  sometimes  ag- 
gravated to  apparent  paresis.  Gait  staggering  or  com- 
plete inability  to  walk. 

Eye. — -Pupils  dilated,  sometimes  very  contracted:  re- 
acting in  some  cases,  in  others  motionless.  Some  patients 
complain  of  darkness  before  the  eyes,  others  notice  di- 
minished acuteness  of  vision,  complain  of  mist  before 
the  ejes;  in  some  instances  complete  amaurosis  (tran- 
sient).    One  lady  recovered  vision  only  after  four  hours. 

Otfier  Special  Sen.ies. — Buzzing  in  the  ears,  various  dis- 
turbances of  smell  and  taste. 

Bespiration. — Short,  whistling,  laboring.  Paroxysms 
of  dyspnoea.  On  the  contrary,  the  frequency  can  be 
diminished  (even  to  nine  respirations  in  the  minute)  and 
may  cease,  so  that  death  occurs  by  asphyxia.  Some- 
times Cheyne-Stokes  respiration  has  been  observed. 

Ciroihiiion. — Pulse  very  accelerated,  often  verj-  weak, 
filiform,  irregular,  at  last  hardly  or  not  at  all  perceptible. 
In  other  cases,  pulse  less  frequent.  Diuresis  increased 
according  to  some  writers,  diminished  and  even  sup- 
pressed according  to  others. 

Organs  of  Digestion. — Numbness  of  the  throat,  as- 
tringed  sensation  and  dryness  in  the  pharynx,  dys- 
phagia. Burning  pain  in  mouth  and  stomach  (even 
after  hypodermic  administration).  Pain  in  intestines. 
Rectal  and  vesical  tenesmus. 

Cause  of  Death. — Paralysis  of  respiratory  and  vaso- 
motor centres  and  heart,  whereas  in  other  cases  death 
results  from  tetanus  of  respiratory  muscles. 

Autopsy  showed,  in  the  few  cases  examined,  intense 
hypertemia  of  the  brain  and  of  the  inner  organs. 

Fatal  Dose. — In  five  of  the  fatal  cases  the  dose  was 
larger  than  1  gm. .  whereas  only  one  patient  who  had 
been  given  1.2.5  gm.  recovered.  From  this  ^Mannheim 
concludes  that  1  gm.  is  to  be  considered  the  fatal  dose. 

Of  the  99  cases  thus  compiled,  9  were  fatal.  Besides, 
there  are  100  ca.ses  in  literature  in  which  no  symptoms  are 
mentioned.  Of  JIattison's  108  cases,  58  are  included  in 
Mannheim's  table,  whereas  50  are  not.  This  makes 
altogether  250  ca.ses  with  13  fatal  results,  so  that  of  the 
accidents  reported  five  percent,  proved  fatal.  (Consider- 
ing that  most  of  the  graver  and  fatal  cases  are  reported, 
while  the  much  more  frequent  minor  accidents  do  not 
come  to  general  cognizance,  the  figure  five  per  cent,  is 
certainly  too  high.) 

Treatment  of  Cocaine  Poisoning. — In  the  minor  cases, 
in  which  weakness  and  dizziness  prevail,  horizontal  posi- 
tion of  the  patient  and  administration  of  stimulants,  like 
brandy,  coffee,  ether,  are  the  reasonable  measures  to  be 
taken."  Inhalation  of  a  few  drops  of  amyl  nitrite  has 
been  recommended,  and  is  the  measure  generally  adopted 
to  combat  the  supposed  anaemia  of  the  brain.  For  the 
severe  cases  in  which  convulsions  occur.  Mosso,  from  his 
experiments  on  dogs,  comes  to  the  following  conclusion; 
"  If  it  were  necessary  to  assist  a  human  being  poisoned 
with  cocaine,  one  would  have  immediateh'  to  resort  to 
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ether  or  chloroform  to  prevent  tetanus  of  the  respiratory 
muscles,  which  is  the  most  frequent  and  dangerous  cause 
of  death.  After  the  tirst  grave  and  imminent  danger 
lias  passed,  chloral  can  be  given.  If  respiration  stops, 
artificial  respiration  must  be  resorted  to." 

Dose. — Internally  0.02  to  0.05  gm.  several  times  a  day 
may  be  considered  a  safe  dose,  and  even  0. 1  gm.  may  be 
given.  For  hypodermic  use  in  operations  it  is  advisable 
to  keep  under  "the  0.05  gm.  limit.  Weak  solutions  of  one 
per  cent,  and  two  per  cent,  should  be  used,  well  dis- 
tributed over  the  field  of  operation.  For  spraying  (nose, 
throat)  weak  solutions  (two  per  cent.)  should  be  used  in 
known  quantity.  For  operations  in  nose,  pharynx,  and 
laryu.x,  brushing  with  strong  solutions  cannot  be  avoided, 
but  in  these  cases  the  danger  is  obviously  less  because 
the  quantities  used  are  small.  Careful  watching  of  the 
patient  and  gradual  administration  in  all  cases  will  in- 
crease the  safety  of  continued  administration. 

CocAiSE  H-\BiT. — Most  subjects  of  the  cocaine  habit 
are  victims  of  the  opium  habit  who  have  taken  cocaine 
for  the  purpose  of  curing  themselves,  have  not  succeeded 
in  their  efforts,  and  have  consequently  become  addicted 
to  both  drugs.  It  is  therefore  not  easy  to  state  the 
symptoms  of  the  cocaine  habit  pure  and  simple.  Luff 
(London  Lancet.  September,  1889)  tells  of  a  man  who 
used  0.25  gm.  daily  during  three  years  for  nasal  catarrh, 
and  who  in  consequence  was  very  much  reduced  phys- 
ically, mentally,  and  morally.  He  became  unsociable, 
incapable  of  attending  to  his  business,  because  unable  to 
come  to  any  decision.  Palpitations  of  the  heart  and  ob- 
stinate constipation  were  also  among  the  .symptoms  from 
which  he  suitered.  Bauer  (New  York  iledkul  Becord. 
November,  1885)  tells  of  a  man  who  replaced  the  use  of 
alcohol  by  daily  injection  of  0.67  gm.  cocaine.  He  be- 
came very  weak,  lost  all  appetite,  had  attacks  of  de- 
lirium, and  ultimately  fell  into  complete  physical  and 
mental  decay. 

From  all  observation  it  appears  that  rapid  falling  off 
in  flesh  is  one  of  the  most  prominent  somatic  symptoms 
of  the  cocaine  habit.  Erlcnmeyer  (Deutsche  med.  Zei- 
tunij,  1886,  p.  483)  reports  a  falling  off  of  twenty  to 
thirty  per  cent,  within  a  few  weeks,  without  diminution 
of  food  and  with  no  existing  catarrh  of  the  stomach.  He 
lays  great  stress  on  the  respiratory  and  vasomotor  dis- 
turbances caused  by  the  blood-vessel-paralyzing  proper- 
ties of  cocaine:  frequent  pulse,  relaxation  of  arterial 
system,  profuse  perspiration,  sjncope.  The  psychical 
symptoms  are  very  marked  and  characteristic,  and  in 
well-developed  cases  offer  the  clinical  picture  of  hallu- 
cinatory paranoia.  They  consist,  according  to  Ober- 
steiner,  chiefly  of  feelings  of  fright  caused  by  hallucina- 
tions, especially  in  the  visual  and  sensory  spheres.  Either 
terrible  apjiaritions  are  seen  or  great  liordes  of  small 
animals.  These  latter  hallucinaiious  are  most  likely 
based  on  itching  parcesthesias  of  the  skin,  giving  to  the 
patient  the  impression  of  the  presence  of  insects  or 
worms  under  the  skin  and  causing  him  to  scratch.  There 
exists  an  interesting  observation  of  Ehrlich's,  in  his  ex- 
periments with  mice  above  mentioned,  which  closely  re- 
calls these  para'Stliesias  and  hallucinations  based  upon 
them.  One  of  his  mice,  after  three  weeks'  use  of  cocaine, 
began  to  gnaw  its  limb,  so  that  in  the  course  of  the  next 
few  days  the  whole  right  thigh  down  to  the  kree  was  en- 
tirely denuded.  Ehrlich's  explanation  of  this  remarkable 
fact  is  that  ])ara;sthesias  due  to  degeneration  of  the  periph- 
eral nerves  provoke  the  gnawing,  while  the  simultaneous 
ansesthcsia  of  the  skin  leaves  the  latter  without  the  pro- 
tection of  sensation. 

While  some  writers  deny  the  existence  of  symptoms 
due  to  withdrawal  of  cocaine  in  cases  of  well-formed 
habit,  others,  like  Obersteiuer  and  Erlenmeyer,  attirm  tlie 
contrary.  According  to  Obersteiner  they  frequently 
appear  "only  after  tlie  lapse  of  a  fortnight  and  consist 
of  sudden  "collapse  and  a  feeling  of  impending  death. 
Erlenmeyer  emphasizes  the  vaso-motor  disturbances  as 
palpitation,  weakness  of  the  heart,  dyspnoja.  syncope, 
depression  of  humor,  enormous  weakening  of  the  will 
power.     According  to  all  writers  the  prognosis  of  the 


cocaine  habit  is  not  a  good  one,  as  patients  very  readily 
relapse.  It  is  reportedthat  the  habitual  use  of  cocaine 
among  the  negroes  in  our  Southern  States  is  deplorably 
comnion,  and  that,  no  adequate  restrictive  measures  upon 
its  sale  being  in  force,  it  is  on  the  rapid  increase.* 

Carl  Koller. 

COCCIDIA.     See  Protozoa. 

COCCULUS    INDICUS.     (TOXICOLOGICAL.)— Coc- 

culus  indieus  is  tliedried  fruit  of  Ami/iiirlii  paicicnlata  or 
MeriitipeniiiDit  cmrtdus.  order  Meitinpeniuicew.  It  is  a 
climbing  plant  indigenous  to  Asia,  India,  and  the  neigh- 
boring islands.  Tliis  fruit  or  berry  is  also  known  as  Coc- 
cus indieus.  coccidus,  Indian  berry,  Indian  cockle,  fish 
berry,  fisher's  berry,  and  Levant  nut.  The  berry  is 
shaped  somewhat  like  a  kidney,  and  is  about  the  size  of 
a  small  marble.  It  consists  of  a  light  yellow  seed  of  ex- 
cessive bitterness,  covered  with  a  woody  shell.  The  exter- 
nal coat  is  of  a  dark-binwnish  color.  This  fruit  has 
been  used  to  adulterate  beer  and  ale  in  order  to  make 
them  more  bitter  and  inebriating.  It  is  extremel.v  poi- 
sonous to  fish,  and  on  this  account  has  often  been  put 
into  the  water  of  fish  ponds.  It  enters  into  the  composi- 
tion of  various  decoctions  for  killing  vermin.  Of  late 
years  tlie  chief  importance  of  this  berry  consists  in  its 
being  the  source  of  picrotoxin.  The  shell  contains  two 
inert  principles;  menisiiermin  and  paramenisperniin. 
Picrotoxin  (CaoHs.O.s),  the  active  principle,  was  discov- 
ered in  1820  by  BouUay.  This  drug  may  be  prepared 
by  extracting  the  berries  with  boiling  alcohol.  The  crys- 
tals are  odorless  but  very  bitter,  neutral,  and  soluble  in 
caustic  ammonia ;  also  in  a  large  proportion  of  cold  wa- 
ter, far  more  easily  in  hot  water,  and  in  thirteen  parts  of 
alcohol.  There  are  no  official  preparations  of  Cocculus 
indieus  except  picrotoxin  itself.  The  a ntii(]oin.<<t  is  chlo- 
ral, which  opposes  its  cerebral  and  spinal  effects,  although 
it  has  the  same  depressing  power  over  the  heart  and  res- 
piration. Anaesthetics  control  the  convulsions  incident 
to  the  overdose  of  picrotoxin;  and  acetic  acid  also  affords 
relief. 

The  phi/siotogicnl  action  of  pictrotoxin  is  that  of  a  cere- 
bro-spiual  stimulant,  affecting  particularly  the  centres  in 
the  medulla.  It  slows  the  action  of  the  heart  as  well  as 
respiration  after  having  accelerated   them   transitorily. 

•As  Dr.  Roller's  cnnnection  with  the  emplos^ment  of  cocaine  as  a 
local  anaesthetic  has  often  been  stated  erroneously,  I  requested  hlni  to 
furnish  hip  with  a  brief  account  of  the  actual  facts,  in  ordei-  that  1 
miLTht  pulilisli  it  as  an  addendum  to  the  main  article  on  this  drug. 
From  tile  letter  which  I  received  from  him  in  response  to  my  request 
I  quote  tlie  foUowinp: 

The  events  which  led  to  the  therapeutic  nse  of  the  auiesthetic 
properties  of  cocaine  were  by  no  means  accidental,  as  represented. 
(Jn  the  contrarv  I  hail,  one  year  liefore  the  summer  of  l.sh4  (the  year 
in  which  iiiv  coiaine  e.\|ie]iments  weie  mailei,  e-xperimenleil  with  va- 
rious substances  iii)'ir[iliitie,  brniiiiiie.  rtilonil.  etc.),  lui'iiler  t"  dud  a 
local  amv.sthetie  wliich  I  thuutilit  would  be  valuatile  in  eye  operations, 
as  the  general  aniesthesia,  with  its  sequels  of  \omitiiiL'.  etc.  is  not  de- 
slralile  for  tliese  operations.  I  pave  the.se  expiTiriieuts  upas  unsuc- 
cessful, but  mv  mind  was  prepared  to  pnisp  an  aiiiestbetic  as  soon  as 
it  preseuleii  itself.  It  happened  that  my  friend,  Siginiuid  Freud  (Pri- 
vatili'i-eiit  ef  Neurolopy  in  the  t'nuersity  of  Vienna),  was  making  ex- 
peiiiuenis  on  the  physiolotncal  action  of  cw^aine,  and  he  gave  me 
some  to  take  internally.  I  took  it  and  fell  the  numbness  of  the  tongue, 
and  said  to  myself:  Here  is  an  ana?sthetic.  I  went  at  once  into 
Strieker's  Laboratorv.  where  I  took  a  guinea-pig  and  made  the  ex- 
periments which  established  in  my  mind  the  usefulness  of  cocaine 
as  a  local  anaesthetic.  In  less  thaii  two  weeks  the  experiments  were 
finished.  I  gave  to  Dr.  Brettauer.  of  Tiieste.  a  vial  of  the  solution. 
He  was  travelling  through  Vienna  to  Heidelberg,  to  attend  the  meeting 
of  the  Gennan  iiphthalmologii-al  Smiety.  and  there  he  exhibited  for 
the  first  time  my  exjierituenis.  That  cor;iiiie  makes  the  tnugue  numb 
was  nothing  new.  but  could  be  fotmd  in  e\ery  text-bonk  nn  tuxicology. 
That  the  anaesthesia  of  the  eye  cannot  he  disiwereil  niced  »»o»i/.by 
a  drop  squirting  into  one's  eye — which  fjinciful  accident  has  been  al- 
leged as  the  cause  of  my  so-called  discovery— is  best  shown  by  the 
fact  that  another  friend,  who.  upon  the  suggestion  of  l>r.  Freud,  tried 
the  'astringent '  etTect  of  ci>caine  in  conjunctivitis  and  trachoma,  and 
who  did  put  it  into  his  own  and  other  people's  eyes,  failed  to  notice 
the  anaesthesia.  Physiologists  had  l>ef<'re  me  put  it  into  the  eyes  and 
noted  dilatation  of  the  pupil,  but  had  not  grasped  the  idea  of  a  local 
ana^thetic. 

"After  I  had  established,  to  my  own  satisfaction,  the  usefulness  of 
cocaine  in  eye  surgery,  I  induced  Dr.  Jellinek,  a  larvngologist  of 
Vienna,  to  use  it  in  the  larynx.  To  what  extent  it  was  used,  shortly 
or  immediately  after  this,  in  other  branches  of  metlicine.  is  known. 

"  What  I  may  justly  claim  for  myself  is,  not  that  I  introduced  co- 
caine into  eve  surgery,  but  that  I  originated  the  idea  of  a  local  anses- 
thetic."— Editor  of  Re'fere.nce  Ha.ndbook. 


162 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIE^'CES. 


rorrldla. 
<'u<'('):;<idynia. 


The  brain  is  not  aflFected  to  any  extent.  Picrotoxin  has 
a  marked  local  action,  stimnlalin?  all  tlic  sccrciions,  espe- 
cially those  of  the  intestines.  Rilhrig  noted  iilerine  con- 
tractions. In  over-doses  its  action  is  much  like  that  of 
strychnine.  It  can  lie  dilleieutiiitcd  by  the  character  of 
the  spasm  produced:  that  cau.sed  liy  picrotoxin  is  choreic, 
alTectiiijr  chiefly  the  tlexor  muscles;  that  due  to  strych- 
nine' beinjr  tetanic,  and  affecting  chietly  the  extensors. 

The  xi/iiijitmiisun-  twitchings  and  inco-ordination  of  the 
muscles,  increased  rctlcxcs.  spasms,  convulsions,  deli- 
rium, stupor,  coma,  death  from  cardiac  jiaraly.sis;  glottic 
spasm,  Imrning  taste,  |i.'iin  in  the  throat  and  stomach,  vom- 
iliug,  and  diarrhea.     The  lircatli  is  very  characteristic. 

As  to  Uw  fatal  ilosr,  according  to  Blytli.  probably  from 
two  to  three  grains  would  be  dangerous  for  an  adidt. 
The  frog,  which  seems  the  most  suitable  animal  for  ex- 
perimentation witli  this  drug,  shows  an  extreme  abdomi- 
nal swelling  as  a  rcsidt  of  its  ingestion.  There  are  very 
few  fatal  cases  of  jioisoiiing  by  picrotoxin  in  man  on  rec- 
ord. Tlu'  absorption  of  this  drug  by  the  stomach  and 
by  the  body  surface  is  rapid.  The  method  of  its  distri- 
bution in  the  tissues  has  not  yet  been  clearly  demon- 
strated. Xeither  is  its  excretion  by  the  urine  well  under- 
stood, altliough  the  poison  has  been  detected  unchanged 
in  this  excretion. 

The  jMiit-mortem  changes  offer  very  little  which  is  char- 
acteristic. According  to  Robert  the  brain  and  lungs  are 
congested.  The  heart  is  tiabby  and  the  salivary  glands 
are  swollen.  There  may  be  signs  of  gastro-intestinal  ir- 
ritation and  jierilonitis. 

Kolurt  gives  the  following  method  of  separating  picro- 
toxin from  the  organism:  "The  extracts  from  the  organ- 
ism, pnritied  by  means  of  neutral  plumbic  acetate  and 
freed  from  lead,  yield  jdcrotoxin  to  amylic  alcohol  or 
chloroform.  It  will  reduce  alkaline  cupric  sulphate  so- 
lution. Evaporated  with  concentrated  IINOa,  then 
touched  with  concentrated  IIsSO),  and.  finally,  upon 
addition  of  XaOII  solution,  it  turns  brick-red.  With 
IIjSO,  alone,  a  Siiffron  yellow  appears.'"  AVhen  in  aque- 
ous acid  solutions,  picrotoxin  can  be  extracted  by  chloro- 
form, amyl  alcohol,  or  ether.  After  evaporating  the  sol- 
vent the  crude  picrotoxin  can  be  crystallized  out  of  water 
and  examined. 

A  ti  Kt  which  may  be  applied  is  as  follows:  The  sus- 
pected picrotoxin  is  dried  and  mixed  with  three  times 
its  amoimt  of  saltpetre.  A  little  HnSO,  is  added,  after 
which  the  mixture  is  decomposed  by  an  excess  of  soda 
lye.  when  there  will  apjiear  a  transitory  brick-red  color. 

The  treiitiiient  consists  in  the  use  of  the  stomach-pump 
or  in  the  administration  of  emetics,  e.g.,  mustard,  zinc  sul- 
phate, or  apomorphine  subcutaneously.  Chloroform  is 
valuable  when  convulsiims  take  place.  Amyl  hydrate 
and  paraldehyde  are  useful  as  antidotes.  In  order  to  al- 
lay tetanus,  chloral,  gr.  x.  to  xx.  every  half  hour,  may 
be  administered:  the  effect.s  must  be  watched.  Or,  3  i. 
of  potassium  bromide,  or,  in  severe  cases.  3  i.  of  the  bro- 
mide with  gr.  XX.  of  chloral  may  be  given. 

Emma  E.   Walker. 

CCELIO-HYSTERECTOMY.    See  Catareari Section. 

COCCYGODYNIA.— For  (his  term,  sometimes  written 
coccydynia.  medical  nomenclature  is  indebted  to  Sir 
James  Y.  Simpson,  who  gave  the  name  to  a  painfid  af- 
fection of  the  coccyx,  or  of  the  parts  in  intimate  relation 
with  that  bone — claiming  for  the  name  the  negative 
merit  that  it  conveyed  no  erroneous  impression  concern- 
ing the  pathology  of  the  disorder. 

It  is  probable  that  the  term  embraces  several  distinct 
diseases,  some  of  which  may  be  simpl_y  neuralgic;  some, 
possibly,  rheumatic :  some  only  sympathetic ;  while 
others  are  certainly  due  to  organic  degeneration  of  the 
bony  structure  itself,  or  to  fracture  or  dislocation  of 
the  bone. 

As  the  name  implies,  it  matters  not  what  may  be  the 
morbid  condition  which  gives  rise  to  it,  pain  in  the  re- 
gion of  the  coccyx  is  the  symptom  that  calls  into  exercise 
the  resources  of  the  medical  art. 


The  afleclion  is  more  common  in  women  tlian  in  men. 

and  is  most  frecpiently  encomitered  in  women  who  have 
borne  cliildriMi.  thcnigii  il  i-,  by  no  means  con  lined  lolli.-m. 
It  may  eontiiiui'  indelinilely.'if  left  to  itself,  and  the  pain 
is  sometimes  very  severe. 

The  pain  isjirovoked  by  pressure,  by  any  movement  of 
the  bone,  or  by  contractions  of  the  muscles  attached  to 
the  coccyx.  Sitting.  an<l  esiiecially  rising  from  the  sit- 
ting posture,  ascending  stiurs,  walking,  defecation,  and 
even  mietiuitioii  in  some  cases,  occasion  paroxysms  of 
inten.se  sulTering. 

The  principal  causes  of  eoccygody  nia  are  direct  violence 
to  the  coccyx,  injuries  intlicted  during  i)arturition,  the 
influence  of  cold,  and  uterine,  ovarian,  or  rectal  disease;. 

The  iliiirjiioxin  is  not  attended  with  ditliculty.  A  thor- 
ough physical  examination  will  always  remove  any  ob- 
scurity and  enable  the  surgeon  to  detect,  by  means  of 
bimanual  manipulation  with  one  finger  in  the  rcctmn, 
any  <lisplaceinent  of  the  bone  and  to  distinguish  between 
this  alfection  and  painful  hemorrhoids,  anal  fissure,  for- 
eign bodies  within  the  rectum,  or  any  other  pelvic  dis- 
order with  which  the  symptoms  may  be  associated. 

A  favorable  7J)v)r/ //<;,«■,■<  may  always  be  given,  unless  the 
pain  should  be  dependent  upon  some  incurable  disease 
elsewliere;  otherwise,  with  proper  treatment,  complete 
relief  can  be  prondsed. 

The  treatment  should,  of  course,  vary  to  meet  the  con- 
ditions that  may  be  ]iresent.  If,  ujion  investigation,  the 
atl'ection  is  found  to  residt  from  uterine,  ovarian,  or  rec- 
tal disease,  curative  measures  should  be  addressed  to  the 
primary  disorder.  In  the  absence  of  any  such  exciting 
cause,  or  of  any  dis])lacement  or  appreciable  disease  of 
the  bone,  the  remedies  appropriate  in  the  several  forms 
of  neuralgia  may  be  resorted  to  with  a  fair  prospect  of 
success.  Among  the  most  potent  of  these  are  opium, 
quinine,  arsenic,  salicylate  of  .sodium,  blisters,  and  elec- 
tricity, and  such  general  medication  and  such  manage- 
ment as  the  condition  of  the  patient  may  require. 

In  the  event  of  failure  after  a  faithful  trial  of  this  plan, 
surgical  interference  should  be  confidently  advised.  Two 
procedures  are  available. 

One  consists  in  the  isolation  of  the  coccygeal  bones 
from  the  surrounding  tissues,  by  means  of  a  tenotomy 
knife;  the  other,  first  practised  by  Dr.  J.  C.  Nott.  of 
Mobile,  in  the  removal  of  the  coccyx  entire,  or  of  the 
lower  part  of  the  bone. 

A  modification  of  the  operation  proposed  by  Dr.  Nott 
was  suggested  a  few  years  ago  by  Dr.  Garretson.  He 
exposes  the  bone  by  an  incision  through  the  skin,  and  by 
means  of  a  "burr''  attached  to  a  dental  engine,  the  bone 
is  ground  away  to  any  desired  extent,  leaving  the  perios- 
tetmi  upon  the  anterior  surface,  with  all  of  its  attach- 
ments, intact. 

In  the  great  majority  of  cases,  the  thorough  division  of 
tlie  muscular  and  tendinous  structures  surrounding  the 
coccyx  will  surtiee,  though  occasionally  the  extirpation 
or  tlie  enucleation  of  the  bone,  or  a  portion  of  it,  will  be 
found  to  be  necessarj"  to  effect  a  permanent  cure. 

The  complete  excision  of  the  bone  is  followed  by  no 
lasting  inconvenience,  and  most  surgeons  would  prefer 
to  do  Hie  radical  operation  at  once,  rather  than  incur  the 
risk  of  failure  by  doing  only  a  little  less,  and  thereby 
subject  the  patient  to  the  ordeal  of  a  second  operation. 

The  operation  is  made  by  an  incision  over  the  coccyx. 
All  attachments  to  the  borders  and  to  the  apex  are  sev- 
ered close  to  the  bone  by  blunt  scissors.  The  apex  being 
thus  freed,  the  bone  is  rlrawn  strongly  backward  and  at- 
tachments to  the  anterior  surface  are  divided.  Disjirticu- 
lation  from  the  sacrum  is  then  accomjilished  and.  after 
arrest  of  all  hemorrhage,  the  wound  is  clo.sed.  On  ac- 
count of  the  depth  and  size  of  the  cavity,  accurate  coap- 
tation by  tiers  of  catgut  sutures  is  reconimended. 

In  one  case  which  has  come  to  the  attention  of  the 
writer — the  case  reported  by  Dr.  Floyd  V,'.  McRae — re- 
lief was  not  obtained  by  the  ablation  of  the  coccyx  entire, 
but  was  secured  only  by  the  subsequent  removal  of  the 
sacral  bursa  and  of  Luschka's  gland,  both  of  which  were 
enlarged.  James  B.  Baird. 
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COCHINEAL.  COCCUS.—"  The  dried  female  of  Coc- 
cus cacti  L."  (U.  S.  P.). 

The  cochineal  insect  is  a  native  of  Mexico  and  Central 
America,  wliere  it  abounds  as  a  parasite  upon  several 
genera  of  Cacti,  especially  I  he  Opuntias.  It  is  also 
found,  probably  native,  in  the  West  Indies.  For  commer- 
cial purposes,  "however,  it  has  long  been  bred  and  raised 
upon  yiipnka  CocliinUlifer (\j.)  Lyons.  Opuiitia  Tiiiia^'L.) 
Mill,  and  other  species  of  Opuntia  which  are  cultivated 
in  plantations  for  the  purpose.  The  pregnant  females, 
about  two  hundred  times  as  numerous  as  the  males, 
placed  upon  them,  deposit  their  numerous  progeny, 
which  feed  and  live  upon  the  plants.  These  when  fully 
grown  (and  pregnant)  are  collected,  killed  by  heat,  and 
dried.  This  insect,  together  with  its  foster  plants,  have 
been  introduced  into  the  West  Indies,  East  Indies,  Java, 
Southern  Europe,  and  Africa. 

Description. — The  dried  cochineal  is  described  as  fol- 
lows: "About  onc-flfth  of  an  inch  (5  ram.)  long;  of  a 
purplish-gray  or  purplish-black  color;  nearly  hemispher- 
ical ;  somewhat  oblong  and  angular  in  outline ;  flat  or 
concave  beneath;  convex  above;  transverselv  wrinkled; 
easily  pulverizable,  yielding  a  dark-red  powder.  Odor, 
faint;  taste,  slightly  "bitterish.  It  contains  a  red  coloring 
matter,  soluble  in  water,  alcohol,  or  water  of  ammonia; 
slightly  soluble  in  ether,  insoluble  in  fixed  and  volatile 
oils.  On  macerating  cochineal  in  water  the  insect  swells 
up.  but  no  insoluble  powder  should  be  separated." 

Cochineal,  being  an  expensive  article,  is  subject  to  much 
adulteration ;  crude  foreign  substance,  like  stones,  starch, 
tapioca,  etc.,  and  insoluble  and  heavj- earths  caused  to 
adhere,  are  easily  detected.  The  most  difficult  to  recog-. 
nize  is  the  substitution  of  partially  exhausted,  for  fresh 
insects ;  this  can  be  detected  only  by  a  sort  of  assay  for 
the  coloring  powder  left  in  them. 

The  wild  O'cei  are  collected  in  Jlexico  and  elsewhere 
to  supply  an  inferior  grade  of  cochineal.  Besides,  Coccus 
Ilecis  Fabricius.  Kermcs  is  a  larger  species,  living  upon 
a  species  of  oak  {Quercus  coccifera  Linn.).  It  is  collected 
and  dried  in  Southeastern  Europe,  and  has  constituents 
similar  to  those  of  C  Cacti,  but  the  color  is  inferior  and 
less  in  quantity. 

Composition. — Good  Honduras  cochineal  contains,  ac- 
cording to  Hager,  six  per  cent,  of  iinnnturc,  from  fifteen 
to  eighteen  of  f tit.  from  fort}'  to  forty-five  of  canninic 
acid,  from  three  and  a  half  to  five  of  atih,  and  from  seven 
to  eleven  of  insoluble  residue.  Of  these  the  only  one  of 
tise  is  the  carminic  acid  or  coloring  matter,  a  brilliant  red 
powder,  soluble  in  water  and  alcohol,  but  insoluble  in 
dilute  acids.  It  is  the  basis  of  carmine,  and  the  differ- 
ent pink,  purple,  and  other  beautiful  lukrs  used  in  paint- 
ing and  dyeing. 

Uses. — Like  nearly  everything  else  that  can  be  in  any 
way  swallowed,  this  too  has  been  used  in  medicine  as 
"anodyne,  tonic,  astringent,"  It  has  no  medicinal  value 
whatever,  and  is  wholly  consumed  at  present  in  the  man- 
ufacture of  dyes  and  paints.  In  pharmacy  and  confec- 
tionerv  it  is  fi-equently  used  for  its  color. 

W.  P.  BoUeg. 

COCILLANA.— The  bark  of  auarea  Rnshyi  (Brittou) 
Rusby  (fam.  JIi  linear),  a  good-sized  tree.  The  writer, 
in  1886,  found  this  bark  in  use  among  the  Indians  of 
Bolivia  as  an  emetic  and  purgative,  and  recognized  by 
them  as  a  fatal  poison  in  overdoses,  the  symptoms  being 
those  of  poisoning  by  ipecac,  though  with  rather  more 
irritation  of  the  intestine.  Its  medicinal  action  is  also  in 
general  like  that  of  ipecac.  It  contains  a  little  tannin, 
two  resins,  and  the  alkaloid  Ru ■<<(>!/ iiie  (Eccks).  The  two 
latter  are  active  and  overcome  the  effect  of  the  tanniu, 
producing  a  laxative  effect.  As  an  expectorant,  cocillana 
acts  within  half  an  hour,  stimulating  the  secretion  of  the 
bronchial  mucous  memlirane  and  producing  a  free  flow  of 
mucus;  this  continues  for  some  hours,  and  is  followed  by 
diminished  activity  of  the  glands.  It  has  very  little  ac- 
tion on  the  skin.  It  has  proved  of  greatest  service  in 
chronic  and  subacute  bronchitis  when  the  secretion  is 
scanty  and  tenacious.     In  such  cases,  it  liquefies  the  secre- 


tion and  stimulates  expectoration.  The  fluid  extract,  in 
doses  of  ni  x.  to  xx.  every  three  or  four  hours,  seems  to 
have  been  the  most  serviceable  means  of  securing  its 
effects.  In  the  early  stages  of  acute  inflammation  it  slioidd 
not  be  given.  In  bronchorrhcea  and  in  the  aged,  with 
profuse  secretion,  it  is  not  advised,  as  it  does  not  stimu- 
late the  respiratory  organs,  and  might  produce  too  free 
secretion  within  the  tubes.  In  phthisis  it  has  to  be  used 
with  caution  on  account  of  its  irritant  action  upon  the 
digestive  tract,  and  the  danger  of  producing  inflammatorj- 
foci  in  the  lungs.  Henry  H.  Rusby. 

COCOA  BUTTER.     See  Cacao,  Butter  of. 

COCONUT,  OIL  OF.— Oleum  Coc^js.  The  fat  obtained 
from  the  albumen  of  the  seed  of  Coeos  nvcifera  (L.)  (fam. 
Palmaeeee).  This  magnificent  palm,  a  native,  perliaps, 
of  tropical  Asia  and  many  islands  of  the  Pacific  and  In- 
dian Oceans,  is  cultivated  in  all  warm  countries  for  its 
edible  seeds  and  numerous  useful  products.  Its  well- 
known  fruit  and  seed  are  among  the  largest  in  the  world. 
Several  methods  are  employed  in  separating  the  oil,  and 
give  rise  to  some  diversity  of  appearance  in  the  product. 
That  obtained  by  cold  expression  is  softer,  and  melts 
easier  than  the  oils  obtained  by  heat.  These  also  vary  ac- 
cording to  the  degree  of  heat  and  method  used.  Some- 
times the  pulp  is  simply  warmed  and  then  expressed  as 
above,  at  other  times  the  oil  is  boiled  out  as  lard  is  in  the 
country.  The  yield  is  about  fifty  per  cent.  The  oil  va- 
ries in  consistence  from  that  of  hard  lard  or  butter,  to 
that  of  petroletmi,  in  the  summer,  and  melts  between  60° 
and  80°  F,  It  is  greenish- white  or  creamy-white  in  color, 
and  has  a  lard-like  odor,  with,  in  most  specimens,  a  cer- 
tain degree  of  rancidity.  Taste,  when  fresh,  not  disa- 
greeable. It  is  a  rather  complicated  substance,  and  con- 
tains free  and  combined  fatty  acids,  both  fixed  and 
volatile.  Among  the  principal  glyeerides  are  those  of 
palmitic,  eapr.i/lic.  tnyristie,  and  la  uric  aciels,  also  those 
of  stearic  and  caprinic  acids,  and  others. 

In  the  countries  where  it  is  produced,  coconut  oil  is  tised 
for  all  the  every -day  uses  of  such  fats — food,  fuel,  light, 
soap,  etc.  In  temperate  climates  it  is  not  likelj'  to  dis- 
place the  olive,  cotton-seed,  almond,  and  many  other  oils 
like  them,  with  which  those  countries  abound.  It  is, 
however,  abundant  and  cheap,  and  when  good,  not  dis- 
agreeable— and  well  adapted  to  fill  the  place  of  lard  and 
other  animal  fats  in  the  preparation  of  ointments  and 
cerates.  It  has  been  given  as  a  substitute  for  cod-liver 
oil,  but  with  no  particular  advantage.  It  is  very  largely 
used  in  soaps.  A  butter,  to  be  distinguished  from  Cacao 
butter,  is  made  from  this  oil  which  possesses  the  merit  of 
enduring  hot  climates  without  becoming  rancid,  and  this 
has  been  recommended  for  military  and  naval  uses.  Dis- 
tinct tamieidal  properties  are  recognized  in  the  domestic 
uses  of  coconut  oil,  and  large  doses  (  3  ij.  to  iv.)  have 
proven  elficient  in  intractable  cases  of  tapeworm. 

Henry  H.  Rusby. 

CODEINE,  CODEINA.— (C,  JL,  [OCH,]  [OH]NO  + 
Hjt)).  This  alkaloid,  which  is  chemically  methyl  mor- 
phine, is  obtained  from  opiiun  to  the  average  extent 
of  about  one-half  of  one  per  cent.  Its  solubility  in 
water,  about  gr.  vi.  to  the  ounce,  as  well  as  in  alcohol, 
is  noteworthy.  It  is  thus  described  in  the  Pharma- 
copa?ia ; 

"  White,  or  nearly  translucent,  orthorhombic  prisms,  or 
octahedral  crystals,  odorless,  having  a  faintlj-  bitter 
taste,  and  slightly  eflSorescent  in  warm  air. 

"Soluble,  at  1.5°  C.  (59'  F. ),  in  80  parts  of  water  and  in 
3  parts  of  alcohol.  In  boiling  water  codeine  melts  into 
oily  drops  which  dissolve  in  17  parts  of  the  water.  It  is 
very  soluble  in  boiling  alcohol;  also  soluble  in  30  parts 
of  ether  and  in  2  parts  of  chloroform. 

"  At  100°  C.  (212°  F.)  codeine  loses  its  water  of  crystal- 
lization (5.67  per  cent.):  at  155°  C.  (311'  F.)  it  melts, 
forming  a  colorless  liquid ;  and,  when  ignited,  it  is  con- 
sumed without  leaving  a  residue. 

"Codeine  is  neutral  to  litmus  paper. 
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"Codeine  is  dissolved  Iiy  cold,  conreiitiated  siilphuiic 
acid  (free  from  nitrose)  williout  producinir  ii  color. 

"H  about  2  c.c.  of  this  solution  be  poured  iuto  a  small 
porcelain  capsule,  and  1  drop  of  highly  diluted  nitric 
acid  (made  by  adding  1  drop  of  nitric  acid  to  !((()  c.c.  of 
water)  added,  a  bluish  or  blue  tint  will  be  developed. 

■■  Another  portion  of  this  solution,  of  about  2  c.c,  gently 
warmed,  and  mixed  with  1  drop  nf  a  mixture  of  1  vol- 
ume of  ferric  chloride  T.S.  and  19  volumes  of  water,  like- 
wise assumes  a  bluish  or  blue  tint  (difference  from  mor- 
pfii/ii). 

"  On  adding  to  5  c.c.  of  an  aqueous  solution  of  codeine 
(1  to  lOtt)  10  drops  of  bronune  water,  and  shaking  so  as 
to  redissolve  the  precipitate  formed,  the  liquid  will  grad- 
ually develop  a  light  claret-red  tint.  This  tint  may  be 
developed  at  once  by  the  addition  of  anun<inia  water. 

"On  sprinkling  0A)~)  gm.  of  codeine  upon  "J  c.c  of  nitric 
acid  (specific  gravity  1.20()).  the  crystals  will  tiu-n  red, 
but  the  acid,  even  when  warmed,  will  acquire  only  a 
yellow  color  (difference  from  and  absence  of  moi-pJiiiie)." 

Although  no  salt  is  official,  sjiltswith  most  of  the  acids 
ordinarily  used  for  such  purposes  are  in  the  market.  All 
are  soluble  in  very  small  amounts  of  water  except  the 
sidphale.  which  requires  40  parts  and  the  hj'drochlorate 
which  requires  20  parts. 

The  properties  are  in  gcnenil  similar  to  those  of  mor- 
phine, but  it  cannot  subdue  pain.  Light  irritations,  how- 
ever, yield  to  it.  It  depresses  the  cerebral  functions,  and 
if  there  be  not  much  pain  or  other  preventive  cause,  in- 
duces sleep.  This  is  followed  by  increased  excitability. 
It  therefore  appears  that,  just  opposite  to  morphine,  its 
juimary  action  is  depressiint,  its  secontiary  stimulant,  a 
fact  which  is  commoidy  true  of  methyl  compounds  as 
com]iared  w  ith  the  substances  so  combined.  It  thus  fol- 
'ow^.  "hat  the  secondary  effects  are  secured  more  jiromptly 
.mil  strongly  with  increase  of  dosage,  and  for  an  anodyne 
the  dose  must  be  kept  down.  The  most  common  use  of 
codeine  is  as  a  respiratory  sedative.  It  does  nothing  to 
cure  the  condition  but  relieves  the  disturbance,  reduces 
the  cough  and  thus  permits  sleep.  It  will  also  reduce 
he  amount  of  sugar  in  the  urine.  It  has  been  used  to 
a  vor  recovery  from  the  morphine  habit.  The  dose  is  0. 03 
to  0.1  gra.  (gr.  ss.  to  iss.).  For  hypodermic  injection  the 
dose  is  about  half  as  great.  Umiy  II.  Busby. 

COD-LIVER  OIL.— Oleim  MoRi!nr.«.  Oleum  Jeroris 
Asell(f.  "A  fixed  oil  expres.sed  from  the  fresh  livers 
of  Gadus  Morrhua  L.,  and  of  other  species  of  Gudiis" 
(U.  S.  P.).  The  similar  oils  from  the  pollock,  hake,  and 
haddock  have  also  been  much  used,  but  are  not  now 
officially  recognized.  The  English  and  German  Phar- 
macopo-ias  imile  in  requiring  the  oil  to  be  expressed 
without  much  heat.  The  L'nited  States  does  not  limit 
the  heat,  but  the  reqtiirementsof  the  market  here  effectu- 
ally exclude  oils  in  anj-  way  injured  in  extraction.  The 
British  Pharmacopa>ia  requires  that  the  solid  fat  be 
filtered  out  at  about  23=  F. 

The  codfish  is  too  well  known  to  require  description. 
It  is  very  widely  distributed  and  abundant,  inhaliiting 
the  temperate  and  colder  parts  of  both  the  Atlantic  and 
the  Pacific  Ocean. 

Codliver  oil  is  prepared  in  several  ways,  according  to 
the  character  of  the  lisheries  and  the  use  to  which  it  is  put. 
If  the  fishermen  are  far  from  shore,  as  on  the  Banks,  where 
the  boats  remain  out  perhaps  for  several  weeks,  the  livers 
are  thrown,  as  the  fish  are  cleaned,  into  barrels,  where 
they  lie  until  putrefaction  begins,  and  the  oil  escaping 
from  the  decomposing  cells  rises  to  the  top.  This  is  then 
drawn  off.  Upon  returning  to  the  shore,  the  remaining 
pulp  is  boiled  and  the  rest  of  the  oil  strained  out.  Such 
products  are  dark  in  color,  offensive-smelling  and  unfit 
for  medicine.  The  pale,  sweet  oils  are  made  by  fishermen 
who  catch  near  shore,  and  every  day  or  two  land  with 
their  fish ;  they  separate  the  oil  at  once  from  the  fresh 
and  clean  livers.  The  common  way  is  simply  to  scald 
the  livers  in  water  until  the  tissues  become  disintegrated, 
when  the  mass  is  strained  through  cloths,  the  water  and 
oil  tinalh-  separating  from  each  other  upon  standing. 


The  best  method  is  to  heat  the  livers  in  a  vat  or  barrel 
by  means  of  injected  steam  until  they  become  softened, 
and  then  strain  them  and  allow  the  oil  to  separate  as 
above.  Most  of  the  fine  oil  used  in  this  country  is  pre- 
l)ared  in  this  way  during  the  winter  months,  and  then 
has  also  a  portion  of  its  stearin,  etc.,  removed  by  freezing 
and  expression.  Some  of  our  fine  oil  is  manufactured  on 
the  New  England  coast;  that  of  Europe,  in  Norway, 
Scotland,  and  England.  The  better  grades  of  Norwegian 
oil  are  now  very  extensively  imported  for  medicinalusc 
here.     The  best  is  the  Loffoten. 

Cod-liver  oil  has  had  some  reputation  as  a  medicine  for 
a  century  or  more,  but  its  extensive  and  most  important 
use  in  phthisis  is  less  than  half  as  old. 

The  quality  of  oil  suitable  for  dispensing  is  a  pale  yel- 
low liquid  of  faint  fishy  odor,  and  a  i)eculiar.  at  first  not 
very  marked,  but  finally  disagreeable,  slightly  acrid 
taste.  It  does  not  dissolve  in  alcohol,  but.  like  all  fats, 
is  readily  soluble  in  ellier.  Its  specific  gravity  is  about 
.922.  "If  one  drop  of  the  oil  be  dissolved  in  twenty 
drops  of  chloroform,  and  the  solution  .shaken  with  one 
drop  of  sulphuric  acid,  it  will  aeciuire  a  vi(det-red  tint, 
rapidly  changing  to  rose-red  and  brownish-yellow  (U. 
S.  P.).  In  addition  to  the  above  test,  and  others,  a  cul- 
tivated taste  and  smell  are  necessary  to  judge  of  the 
quality,  or  even  genuineness,  of  the  drug. 

Composition. — Although  a  complex  mixture,  it  is  not 
known  bow  far  its  value  depends  upon  its  complexity ; 
certain  it  is  that  the  modern  clear  and  comparatively 
agreeable  oils  conljuu  less  of  the  imusual  ingredients 
than  the  older  ones,  and  that  some  of  these  ingredients, 
at  least,  were  cadaveric  products  of  decomposition  of  the 
livers,  or  empyreumatic  decompositions  brought  about 
by  the  method  of  manufacture.  These  clear  and  light 
oils  are  more  efficient  as  medicines,  as  they  certainly  are 
less  disgusting,  and  can  be  tiiken  bj'  numerous  persons 
who  could  not  endure  the  others. 

The  very  different  action  of  cod-liver  oil  from  that  of 
other  animal  fats  consisting  of  olein,  palmitin,  and 
stearin  has  recently  been  explained,  by  the  announce- 
ment that  its  constituents  are  chiefly  therapin  and  jeco- 
lein,  fatty  substances  very  different  from  those  above 
named.  On  the  other  hand,  as.suming  it  to  have  the 
usual  composition,  the  most  extensive  efforts  have  been 
made  to  discover  in  it  something  in  the  nature  of  an  ac- 
tive constituent.  Iodine,  bromine,  phosphorus,  choles- 
terin,  and  bile  acids  have  all  in  turn  been  credited  with 
the  peculiar  properties  of  the  oil,  but  these  theories  have 
been  successively  abandoned.  Free  acids  are  less  in 
amount  in  the  better  oils,  and  the  same  is  true  of  the 
several  alkaloids  which  have  been  discovered,  especially 
trimethylamine.  aselline.  and  niorrhuine.  This  question 
is  of  great  importance,  as  it  determines  our  ability  or 
inability  to  secure  the  effects  of  the  oil  from  extractive 
jjreparations.  It  may,  however,  be  truthftdly  affirmed 
that  this  has  not  been  foimd  possible.  The  body  of  the 
oil  must  be  assimilated  in  order  to  get  its  benefits,  and 
the  above  theory  as  to  its  fatty  substances  being  »«t 
generis  is  the  only  one  which  presents  elements  of  prob- 
ability. 

Action  and  1'se. — This  is  the  most  readily  absorbed 
and  assimilated  of  oils.  A  loop  of  intestine  containing  it, 
compared  with  another  containing  another  oil,  is  said  to 
show  an  appreciable  gain  over  the  other  in  absorption. 
It  is  natural,  therefore,  that,  added  to  other  food,  it 
should  increase  nutrition  and  the  accumulation  of  fat. 
This  quality  is  sufficient  to  explain  its  usefulness  in  the 
treatment  of  cases  of  simple  emaciation,  from  bad  nutri- 
tion, in  chronic  and  wasting  diseases,  at  the  end  of  fevers, 
etc.  So  far,  it  can  hardly  be  considered  a  medicine, 
but  only  a  particularly  useful  form  of  non-nitrogenous 
food,  it  is  emulsified  "and  absorbed  exactly  as  other  oils 
are,  and  tmdoubtedly  becomes  in  the  same  way  a  part 
of  the  bodily  tissues.  In  this  view,  other  oils  should 
have  the  same  effect  according  to  their  assimilahility, 
and  suitable  doses  of  olive,  linseed,  and  lard  oils  should 
be  equally  as  good,  and  cream,  from  its  state  of  emul- 
sion, eveii  better.     Experience  has  not,  however,  con- 
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firmed  their  equalitj-.  The  most  importaut  uses  of  cod- 
liver  oil.  moreover,  are  observed  in  a  series  of  cases 
whose  patholog}-  is  as  obscure  as  the  action  of  the 
remedy — such  as  the  "scrofulous"  diseases,  whether 
glandular  or  ulcerative,  chronic  rheumatism,  etc.  It 
must  in  these  cases  act  in  some  gentle  and  peculiar 
way  upon  the  pathological  processes,  tending  to  re- 
turn them  to  normal  ph3'siological  ones,  and  in  this 
respect  is  to  be  classed  in  the  heterogeneous  number  of 
medicines  called  alteratives.  Its  uses  have  been  mostly 
noticed  in  the  preceding  sentence  liut  may  be  recapitu- 
lated a  little  more  in  detail.  It  is  given,  more  than  in 
any  other  disease,  in  phthisis  pulmonalis.  The  long, 
wasting  course  of  this  complaint  calls  very  distinctly  for 
remedies  that  will  prevent  waste  on  the  one  hand,  and 
promote  nutrition  on  the  other.  Alcohol  and  cod-liver 
oil  ma_y  be  regarded  as  tyjies  of  these  two  therapeutic 
agents,  and  experience  has  long  ago  shown  them  to  be 
two  of  the  most  generally  useful  things  that  can  be 
given.  Neither  is  a  specific,  neither  appears  in  the 
slightest  degree  to  change  the  character  of  the  poison 
lying  at  the  root  of  the  complaint,  but  both  retard  the  loss 
of  flesh  and  strength,  each  in  its  peculiar  way.  The  oil 
is  often  given  alone  in  the  early  stages  of  the  disease,  and 
generally  with  advantage,  as  alcohol  in  small  doses 
more  readily  loses  its  effect.  It  is  also  frequently  com- 
bined with  malt  extracts,  the  hypophosphites,  iron, 
iodine,  and  other  alteratives  or  aids  to  nutrition.  Be- 
sides the  general  action,  the  oil  has  an  undoubted  favor- 
able effect  upon  the  chronic  bronchitis  and  catarrhal 
pneumonia  present,  and  it  is  therefore  of  value  in  the 
cough  of  consumption.  It  is  also  of  great  service  in 
subacute  and  chronic  idiopathic  bronchitis  ("colds  in  the 
chest").  In  the  persisting  colds  of  iufantsand  the  aged, 
with  a  good  deal  of  weakness,  it  has  no  equal.  In 
chronic  catarrh  of  various  mucous  membranes,  ear,  nose, 
vagina,  urethra,  etc.,  especially  if  attended  with,  or  de- 
pending iv(ion,  debility,  it  is  sometimes  useful.  In  hip 
di.sease,  and  similar  degenerations  of  other  joints:  in 
glandular  abscesses,  in  chronic  ulcers;  in  short,  wherever 
there  are  waste,  emaciation,  and  thinness  of  blood,  it  is  to  be 
tried.  A  peculiar  method  of  its  employment  in  the  fish- 
eries is  in  half -tumblerful  doses,  to  break  up  an  acute  cold. 

The  great  obstacles  to  the  fullest  use  of  cod-liver 
oil  are  its  taste,  which  is  so  re]iugnant  to  many  tliat  they 
can  scarcely  take  it,  and  its  liability  to  disiigree  with  the 
stomach,  and  either  to  produce  nausea  and  vomiting,  or, 
what  is  equalh'  disastrous,  to  impair  the  appetite  and  so 
to  more  than  undo  all  its  possible  benefit.  The  different 
methods  of  administration  mentioned  below  sometimes 
overcome  this,  but  most  important  is  the  exclusive  use 
of  the  carefully  prepared  and  nearly  tasteless  oils  referred 
to  above. 

Administration. — The  dose  of  the  oil  is  from  12  to 
30  c.c.  (  3  iij.  ad  §  i. )  two  or  three  times  a  day.  If  it 
can  be  taken  clear  it  may  be  so  given;  the  taste,  even  of 
the  best,  is  somewhat  repulsive,  and  becomes  more  .so 
toward  the  last  of  the  bottle  in  summer,  as  it  rather 
easily  becomes  rancid.  It  is  best,  therefore,  to  purchase 
only  a  small  quantity  at  a  time,  and  to  keep  it  as  cool  as 
possible.  The  taste  may  be  disguised  b}'  means  similar 
to  those  used  with  other  oils  (e.g. .  Cantor  Oil.  g.  v. ) ;  rinsing 
the  mouth  thoroughly  witli  whiske}',  spirit  of  lemon, 
peppermint,  or  some  such  pungent  vehicle;  swallowing 
the  oil  at  once,  and  again  rinsing  the  mouth,  is  as  good  as 
any  of  the  extemporaneous  means  used  for  this  purpose. 
The  liquor,  if  one  prefers  to  do  so,  may  be  spit  out.  Large 
elastic  capsules  containing  G  or  8  gm.  (3  i.  to  ij.)  are 
made,  but  not  much  used,  on  account  of  their  expensive- 
ness.  The  following  combination,  when  liquor  is  to  be 
given  with  it.  is  a  well-known  favorite: 

Cod-liver  oil 50  parts. 

Whiskey 35      " 

Comp.  tincture  of  lavender 15      " 

It  must  be  thoroughly  shaken  for  every  dose,  as  the 
oil  immediately  begins  to  separate.    The  lavender  is  add- 


ed only  as  a  flavor,  and  ma.y  be  omitted.  All  oils  appear 
to  be  less  offensive  to  children  than  to  adults. 

Another  method  is  to  mix  the  oil  with  about  an  equal 
part  of  one  of  the  syrupy  malt  extracts ;  the  mixture  does 
not  separate  so  readil}'  as  the  above.  Its  taste  is  well  borne 
b.v  children.  Then  there  are  the  numerous  emulsions 
made  and  advertised  everywhere.  They  come  under 
one  of  the  following  classes:  First,  mucilage  emulsions, 
of  which  the  following  is  an  exaiuple : 

Cod-liver  oil 50  parts. 

Oil  of  wintergreen 2      " 

^Mucilage  of  tragacanth 15      " 

Water  of  orange  flowers,  sufficient  to 

make 100      " 

A  little  "knack"  is  required  to  "make  it  well.  The 
mucilage  is  the  emulsifying  agent,  and  the  oil  should  be 
added  to  it  very  slowly,  and  most  tlwioughly  stirred  until 
it  is  dieidtd  into  inHsible  partieles,  before  the  water  is 
added.  The  oil  of  wintergreen  is  only  a  flavor,  which 
may  be  varied  to  suit.  This  makes  a  good,  permanent 
mixture  of  about  the  consistence  and  appearance  of  thick 
cream.  Instead  of  tragacanth,  mucilage  of  acacia,  about 
twice  the  amount,  or  a  decoction  of  Irish  moss,  may  be 
used. 

Second,  egg  emulsions:  These  are  made  like  salad 
dressings,  by  using  the  yolk  of  egg  as  the  suspending 
ingredient.     The  following  is  a  good  one : 

Cod-liver  oil 50  parts. 

Oil  of  sassafras 3      " 

Chloroform 2      " 

Glycerite  of  yolk  of  egg 10      " 

Rose  water,  enough  to  make 100      " 

Here  the  oil  and  the  egg  must  first  be  "emulsified," 
when  the  other  ingredients  may  be  added — the  water 
last.     This  is  a  thiimer  liquid  than  the  preceding. 

The  pancreatic  emulsions  are  nominally  made  by  emul- 
sifying with  pancreatin,  and  are  theoretically  the  most 
perfect  of  all,  but  are  practically  attended  with  some 
difficult}';  the  ordinary  "pancreatin"  of  the  shops  will 
not  make  a  good  result,  and  of  those  claimed  to  be  so 
produced  some  are  made  b.y  means  of  added  alkalies, 
others  by  the  fresh  pancreas  itself,  and  some  do  not  even 
contain  any  cod-liver  oil  at  all.  Considerable  care  has 
to  be  exercised  with  all  proprietary  preparations,  to  see 
that  the  percentage  of  oil  is  not  deficient,  as  the  drawing 
out  of  the  oil  is  a  favorite  method  of  rendering  the 
preparation  palatable.  An  oimce  or  two  of  perfectly 
sweet  pancreas,  chopped  tine  and  mixed  thoroughly  with 
a  gallon  of  oil,  will,  it  is  said,  suffice,  when  the  oil  is 
filtered  off  and  mixed  with  water,  to  emulsify  it  per- 
fectly. Like  the  other  emulsions,  it  can  he  flavored  to 
taste.  Iodine,  iron,  the  hypophosphites,  and  other  suit- 
able additions  can  be  made  to  all  of  them,  but  alcohol 
and  tinctures  are  incompatible  with  the  mucilaginous 
ones.  If  the  patient  would  chew  a  bit  of  raw  smoked 
herring  before  taking  ihe  oil,  its  taste  would  not  be 
noticed. 

The  "  wines,"  and  similar  preparations,  of  cod-liver  oil, 
under  whatever  fanciful  names,  are  utterly  unreliable 
and  are  to  be  classed  as  unscientific. 

Morrhuol  is  an  alcoholic  extract  of  the  oil.  Very  little 
is  yielded  by  fresh  sweet  oils,  and  the  yield  increases 
with  the  degree  of  putridity  of  the  article.  It  is  there- 
fore to  be  regarded  as  essentially  a  putrefactive  product, 
and  whatever  useful  properties  it  may  claim  to  possess, 
it  need  not  be  used  for  the  effects  of  the  oil. 

Cod  liver  oil  is  often  given  by  inunction,  with  benefit, 
especially  to  marasmic  babies.  11'.  P.  BoUes. 

C(ELOM,  COMPARATIVE  DEVELOPMENT  OF  THE. 

—In  all  vertebrates  the  primitive  intestine  forms  two 
sets  of  diverticula  which  are  destined  to  become  perma- 
nent tissues,  (1)  one  toward  the  medullary  groove  which 
forms  the  chorda  dorsalis.  and  (2)  two  lateral  diverticula 
which  form  the  body  cavities.     These  latter  are  later  on 
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subdivided  into  pleural,  pericardial,  peritoneal,  and  other 
cavities.  A  detailcil  (icscripliou  of  the  theory  of  the 
formation  nia}'  bi-  found  in  Halfour's  work,  in  Ilertwiij's 
"Embryologie,"  and  in  Miuot's  "Human  Embryology." 


Fig.  latlO.— Transverse  Seotlrin  Ihmupli  the  Posterior  Region  of  u  Chirk,  with  Six  Pairs  o( 
Mycftonies.  (.\fter  WaUieyer,  from  Minot.i  Kc,  ectoderm;  Mei^.,  mesoderm:  Eut,, 
entoderm ;  Afti.,  medullary  groove. 

When  sections  are  made  through  very  young  embryos  of 
liiglier  vertebrates,  just  after  the  blastudermic  membranes 
are  well  formed,  a  solid  mesoderm  is  found,  as  shown  in 
Fig.  1890.  Although  in  lower  vertebrates  the  mesoderm 
is  produced  by  lateral  diverticula  from  the  entoderm, 
which  are  hollow  from  the  beginning,  in  higher  verte- 
brates the  mesoderm  is  first  laid  down  as  a  solid  mass  of 
cells.  Soon  the  cells  of  the  mesoderm  on  either  side  of 
the  chorda  divide  into  two  layers,  the  somatopleure  and 
thesplanchnopleure(Fig.  139i.  .Sow.  and  ^y.).  From  the 
two  lateral  cavities  between  these  two  layers  the  peri- 
toneal cavity  is  formed. 

The  more  accurate  early  formation  of  the  pleuro-peri- 
toneal  cavity,  in   its   relation  to  the  other  or- 
srans,    we    tiud   carefully    studied   by   Budge, 
who  by  means  of  injection  followed  it  in  tlie 
chick.     With   a   line   hypodermic   syringe    he 
tilled  tlie  various  spaces  of  the  co-lom  as  they 
appeared,   thus  showing   very  clearly  the  ex- 
tent of  this  cavity  in  various   embryos.     The 
splanchnopleure,  according   to  Budge,  may  be 
split  into  two  layers,  a  dorsiil  or  lymphatic  and 
a  ventral  or  vascular.    As  the  first  blood-vessels 
are  formed,  lymph  vessels  appear  on  their  dor- 
s;d  side,  which  flow  together  to  form  networks  and  accom- 
pany the  primitive  veins  to  the  axial  part  of  the  germinal 
area.     Here  the   h'mphatics  form   two  spaces,   one   on 
citiier  side  of  the   body,   which  are  soon  united  by  a 
bridge,  or  rather  duct,  on  the  ventral  side  of  the  heart. 
Therefore,  in  birds  at  least,  the  primitive  pleuro-peri- 
toneal  cavity  appears  somewhat  as  an  H,  the  uprights  of 
which  are  on  either  side  of  the  body,  and  the  cross-piece 
on  the  oral  side  of  the  sinus  venosus.     In  its  further  de- 


the  cross  piece,  thus  reversing  the  relation  of  the  vascular 
system  to  the  lymphatic,  or  rather  cadoniic  system.  The 
uprights  of  till"  H  fall  to  the  out.side  of  the  body  and  are 
swuilowcd  up  in  the  formation  of  the  amnion.  Fig.  1392 
is  a  cross-section  from  a  chick  at  this 
stage,  and  shows  that  the  greater  por- 
tion of  the  cavity  is  now  on  the  out- 
side of  the  body.  'l"he  cross-piece  of 
the  H  is  immediiitely  on  the  ventral 
side  of  the  heart,  and  forms  the  cavity 
of  the  pericardium  by  the  heart  grow- 
ing into  it.  Its  communication  with 
the  remaining  cctlomic  cavity  is  later 
on  cut  otT  in  higher  vertebrates,  while 
in  lower  veretebrates  it  may  remain 
open. 
According  to  Budge  two  diverticula  grow  from  the 
cross-piece,  one  on  either  side  of  the  chorda,  toward  the 
tail  of  the  bodv,  and  form  the  primitive  pleuro-peritoneal 
cavities.  Budge's  paper  was  published  from  fragment- 
ary notes  after  his  death,  and  I  am  certain  that  the  above 
statement  is  not  correct.  Professor  His  has  placed  be- 
fore me  Budge's  specimens,  which  I  think  show  conclu- 
sively that   the   interpretation   of  his   injections  is   not 


So 


Enir 


Fig.  1391.— Transverse  Section  of  a  Chick  of  the  Second  Day.  (After  Waldeyer, 
from  Minot.)  So»i.,  .Somatic  mesoderm  ;  SpL.  splanchnic  mesoderm  ;  Ec„  ecto- 
derm ;  EM.,  entoderm  ;  V.C,  vein ;  IT.,  WollHan  duct ;  ild.,  medullary  canal ; 
A-O.,  aorta :  Ch.,  chorda :  M,S.t  myotome. 


velopment  the  sinus  venosus  grows  to  the  dorsal  side  of 


correct.  Most  of  his  injections  were  made  into  the 
amniotic  fold  as  the  amnion  was  forming.  Cross  sec- 
tions of  embryos  show  that  on  either  side  there  is  a  large 
cavity  (Fig.  1393,  Som.)  which  communicates  freely  with 
the  pleuro-peritoneal  (Coe).  Before  the  amnion  is  com- 
plete we  have  lateral  cavities  on  either  side  of  the  bod}-, 
communicating  with  each  other  only  by  means  of  the 
cross-piece  on  the  ventral  side  of  the  heart.  This  is  the 
freest  portion  of  the  communication,  which  also  com- 
mimicates  most  freely  with  the  pleuro-peritoneal  cavities 


yiG.  13fl2.— Section  through  the  Body  of  a  Chick  of  the  Third  Day.  (After  Minot.)  Ch..  Chorion  ;  ^m.,  amnion  :  Som.,  somatopleure :  v., 
blfK  id-vessels:  Ov..  cnelom  :  Sp(.,  splanchnopleure:  /;i.,  intestine:  ao..  aorta:  TTd.,  WollHan  duct:  Year.,  vena  cardinalls :  Ch.d., 
chorda  dorsalis :  My.,  myotome ;  Jfd.,  medullary  canal. 
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Fig.  1393.— Section  of  a  Chick,  to 
show  that  the  Pleuro-perito- 
neal  Cavity  Is  cut  off  of  the 
Coelomic,  leaving  a  Portion  in 
the  Amnion.  The  embryo  has 
been  injected,  but  the  fliiid  of 
the  two  cavities  has  not  flowed 
together. 


(Fig.  1392,  Cne).  In  many  embryos  the  injection  passed 
from  tlie  cross-piece  into  the  picuro-peritoneal  cavity  and 
would  not  extend  out  into  the  amniotic  portion  of  the 
coelom,  thus  making  it  appear 
as  if  the  pleuro  -  peritoneal 
cavities  were,  so  to  speak,  di- 
verticula projecting  directly 
from  the  cross-piece  or  peri- 
cardial cavity.  Transverse 
sections,  however,  give  the 
picture  of  Fig.  1393.  Surface 
views  could  not  decide  that 
these  two  cavities  united  di- 
rectly, and  these  sections  were 
no  dotibt  made  after  the  writ- 
ing of  the  rough  draft  of  his 
manuscript.  Therefore,  in- 
stead of  stating  that  the  two 
pleuro-peritoneal  cavities 
arise  'as  independent  diverticula,  we  must  say  that  they 
are  pinched  oS  from  the  ccelomic  cavity  after  the  amnion 
is  formed. 

The  ccelomic  cavities  which  are  so  intimately  united 
with  the  lymphatic  sj-stem  unite  and  again  divide  into 
sections,  thus  forming  the  various  compartments  of  the 
visceral  cavity  of  liigher  vertebrates.  In  all  of  the  verte- 
brates the  heart,  as  it  is  developing,  hangs  into  the  ven- 
tral transverse  portion  of  the  cavity,  or  the  primitive 
pericardial  cavitv.  This  is  shown  diagrammatically  in 
Figs.  139-1,  139.5,  "1396,  and  1397,  P. 

Figs.  1394  to  1397  show  the  very  early  condition  of 
things;  the  ccelomic  cavities  are  united  by  the  cross-piece 
or  the  primitive  pericardial  cavity.  The  dotted  lines 
(Fig.  1394)  mark  what  portion  of  the  cavity  is  taken  up 
in  the  amnion  (A. P.),  while  the  remaining  middle  portion 
(P.P.)  becomes  the  pleuro-peritoneal.  Figs  1395,  1396 and 
1397  show  in  succession  the  more  advanced  stages.  In 
higher  vertebrates  the  pericardial  cavity  Is  completely 
closed  off  from  the  pleuro-peritoneal,  but  in  elasmobranch 
fishes  a  communication  between  them  exists  in  the  adult. 
The  separation  of  the  pericardial  cavity  from  the  pleuro- 
peritoneal  is  aided  materially  by  the  heart  growing  over 
to  the  ventral  side  of  the  body,  as  shown  in  Fig.  1398. 
Sections  throtish  various  parts  of  the  Siime  embryo,  from 
which  Fig.  1398  is  taken,  are  shown  in  Figs.  1399" to  1404. 
In  none  of  these  sections  is  the  communication  between 
the  pericardial  and  pleural  cavities  shown,  but  sections 
nearer  the  head  contiiin  it. 

A  cast  of  the  ccelomic  cavity  of  this  same  embryo  is 
given  in  Fig.  1405.  There  is  only  a  slight  communication 
between  the  peiicardial  cavity  and  the  pleuro-peritoneal. 
The  groove  in  the  cast  marked  M  indicates  the  position 
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Thus  it  is  seen  that  the  heart  first  grows  into  tiie  primi- 
tive pericardial  cavity,  wliich  is  nothing  else  than  the 
cross-piece  of  the  H  already  sjioken  of.  The  pericardial 
ca?lom  grows  larger  and  larger,  at  the  same  time  hanging 
as  it  were  over  the  ventral  side  of  the  body,  and  is  soon 
connected  with  the  pleuro-peritoneal  cavity  only  by  two 
ducts,  which  later  on  become  closed  in  the  higher  verte- 
brates. 

In  early  embryos  the  veins  enter  the  heart  behind,  and 
not  in  front,  as  is  the  case  in  Ingher  animals.  The  heart 
in  its  whole  development  imdergoes  a  half-revolution, 
and  in  this  way  the  twists,  etc.,  are  formed.  Before  the 
pericardial  cavity  is  shut  off  from  the  pleuro-peritoneal 


FIG.  1394. 


Fig.  1395. 


Figs.  139i,  139S,  1.396.  and  1397.— Diagrams  to  Show  the  Development  of  the  Coelomic  Cavity. 
P.P.,  Pleuro-peritoneal  ca\'ity ;  ^-l.P.,  portion  of  the  coelomic  cavity  swallowed  up  in  the 
amnion ;  P.,  pericardial  cavity  :  L.,  pleural  cavity ;  G.J\'.,  pa.slric  diverticula,  right  and 
left ;  D.,  position  ot  the  diaphragm  ;  L.G.D.,  left  "gastric  diverticulum  :  R.G.D..  right  gas- 
tric diverticulum  or  lesser  periuineal  cavity ;  F.W.,  foramen  of  Winslow  ;  O.P.C.,  greater 
peritoneal  cavity ;  T.,  tunica  vaginalis. 


of  the  simple  mesentery.  Its  relation  to  these  organs  is 
belter  shown  in  the  sections  (Figs.  1399  to  1404).  Fi'g.  1406 
represents  a  section  through  a  chick  at  au  earlier  stage  of 
development,  in  which  the  duct  communicating  between 
the  pericardial  and  pleural  cavities  is  cut  longitudinally. 


Fig.  1398.— Reconstruction  of  a  Human  Embryo.  (Enlarged  16  times, 
viewed  from  the  lert  side.)  P.,  Pericardial  cavity ;  1,  2,  3,  and  4, 
branchial  pockets:  A. D.,  descending  aorta;  A.,  auricle;  1'.,  ven- 
tricle ;  I/.,  lung ;  .S.,  stomach  :  1'..  pancreas ;  il.,  mesentery  ;  K., 
kidney ;  It'.D.,  WollBan  duct ;  i)..  ojienings  through  which  the 
right  and  left  peritoneal  cavities  communicate. 

the  large  vessels  enter  from  behind.  They  arc  embedded 
in  a  mass  of  mesoblastic  tissue  which  is  encroaching  upon 
the  pleuro-peritoneal  cavity,  and  has  been  ternuMl  by  His 
the  transverse  septum.  This,  by  its 
further  growth,  forms  the  dia- 
phragm of  higher  animals  (Figs. 
1395,^1396,  1397).  In  lower  animals 
only  a  rudimentary  diaphragm,  or 
none  at  all,  is  jiresent.  B.y  the  for- 
mation of  the  diaphragm  the  pleu- 
ro-peritoneal cavity  is  divided  into 
a  smaller  anterior  portion,  the  pleu- 
ral, and  a  larger  posterior  portion, 
the  peritoneal.  The  lungs  now 
grow  into  the  pleural,  as  shown  in 
an  early  stage  in  Fig.  1406.  and  in 
a  somewhat  later  stage  in  Fig.  1399. 
The  peritoneal  cavity  is  at  first 
composed  of  two  distinct  portions, 
one  on  either  side  of  the  intestine, 
which  in  lower  animals  is  quite  a 
straight  tube,  lying  In  the  middle 
line  of  the  body.  Soon,  however, 
two  communications  are  found  be- 
tween the  two  halves,  one  in  front  and  one  behind  the 
omphalo-mesenteric  vessels  (Fig.  1399,  0).  These  open- 
ings enlarge  more  and  more  as  the  intestine  becomes 
more  convoluted,  and  soon  flow  together,  severing  com- 
pletely the  omphalo-mesenteric  vessels  and  duct,    A  poi- 
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tion  of  the  duct  nia_v.  however,  remain  in  connection 
with  the  small  intestine  to   form  the  diverticulum  of 
Meckel. 
As  the  organs  grow  the  peritoneal  cavity  surrounds 


A  section  of  the  chick  at  this  stage  is  given  in  Fig.  1406, 
G.D.,  making  the  lesser  cavities,  or,  as  they  may  better 
be  termed,  the  right  and  left  gastric  diverticula.  At  the 
beginning  of  the  fourth  day  the  gastric  diverticula  be- 


ne. IHAI. 


no.  1101. 


Fig.  1402.  no.  1408.  Kg.  1404. 

Figs.  1395>-1404.— Swtions  thmugh  a  Human  Embryo  Twenty-six  Days  Old.  Cx  S  times.')  0..  (Esopbaeus :  S..  stomach ;  I.,  intestine :  P., 
pancreas ;  B..  hile  duct :  A.,  aona  ;  C,  coeliac  axis  ;  (J.,  rigbt  gastric  diverticulum  ;  F..  foramen  of  Wtnslow  ;  M.,  mesentery  ;  i.,  lirer ; 
P..  portal  vein  ;  V..  umbilical  vein  ;  H..  heart ;  X.,  bulb  of  the  aorta.    The  pleuro-peritoneal  cavity  is  colored  black  throughout. 


them  more  or  less  completelj-,  until  the  condition  of 
things  as  seen  in  the  adult  is  produced. 

In  lower  vertebrates  the  peritoneal  cavitv  remains 
quite  simple,  but  in  reptiles,  birds,  and  mammals  it  may 
become  (juitc  complex.  Especially  is  this  true  regarding 
the  birds,  in  which  these  divisions  are  greatly  complicated 
by  the  growth  of  the  air  sacs  from  the  lungs. 

The  first  trace  of  the  lesser  peritoneal  cavity  is  seen  in 
the  reptiles.  Ravn  has  shown  that  in  the  lizard  there 
are  two  diverticula  from  the  peritoneum,  one  on  either 
side  of  the  stomach.  From  the  one  on  the  right  side  the 
lesser  peritoneal  cavity  of  mammals  arises.  In  general 
the  relation  of  the  lesser  peritoneal  cavity  to  the  greater 
is  much  like  what  is  shown  in  Fig.  139.5.  In  the  true 
sense  of  the  term  there  is  no  lesser  cavity,  but  only  the 
two  pouches.  These  are  already  present  in  the  embryo, 
and  in  the  adult  they  retain  their  embryonic  appearance. 

In  birds  the  conditions  become  more  complex.  They 
appear  in  the  chick  during  the  third  day  of  incubatioii. 


come  larger,  and  on  transverse  section  semicircular. 
Figs.  1407  and  1408  are  from  casts  of  the  cavities  about  the 
stomach  of  a  chick  of  eighty-eight  hours.  The  right  is 
larger  than  the  left  and  is  markedly  cup-shaped,  and 
connects  by  means  of  a  narrowed  opening  with  the  right 
pleuro-peritoneal  cavity  (Fig.  1407,  F.  TTT).  The  two  to- 
gether enclose  the  proventriculus.  On  account  of  the 
relations  of  the  opening  of  the  right  diverticulum  with 
the  blood-vessels,  stomach,  and  liver,  and  also  for  reasons 
which  find  their  basis  in  comparative  anatomy  and  em- 
bryology, the  opening  can  be  nothing  else  than  the  fora- 
men of  Vrinslow. 

On  the  left  side  the  gastric  diverticulum  is  much 
smaller,  and  in  older  embryos  it  disappears  altogether. 

In  a  chick  of  fi  ve  days  and  sixteen  hours  (Fig.  1409)  the 
right  gastric  diverticulum  has  about  doubled  all  its 
dimensions,  while  the  embryonic  foramen  of  Winslow 
has  become  much  more  sharply  defined.  At  this  time 
the  liver  has  greatly  increased  in  size,  the  right   lobe 
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being  larger  tlian  the  left,  both  lyiug  anterior  to  the 
foramen  of  Winslow.  The  originarposition  of  the  liver 
being  behind  the  foramen,  its  rotation  necessarily  carries 
the  hepatic  artery  and  the  portal  vein  aroimd  the  fora- 


P.P. 


Fig.  1405.— Corrosion  Preparation  of  the  Pleuro-perltoneal  Cavity  of 
an  Embrvo  Tweiitv-six  Davs  OKI.  I  X  22  times.)  P..  Pericardial 
cavity  ;  A.,  opening  for  ts'e  aorta  ,  T.,  openinjf  for  the  vein :  L., 
space  over  the  liver;  31..  slit  for  mesentery:  ir.B.,  space  for 
Wolffian  body. 

men  of  Winslow — its  adult  position.     With  the  growth 
of  the  gizzard  a  space  extends  from  behind   the  right 
gastric  diverticulum  along  the  dorsal  side  of  this  organ, 
and  marks  the   beginning  of   the   cavity  of  the   great 
omentum  (,(>.).     Netirly  the  whole  of  the  right  diverticu- 
lum now  lies  on  the  left  side  of  the  body ;  the  sjime  posi- 
tion is  held  by  the  proventriculus  and  the  gizzard. 
The  domestic  fowl  possesses  three  peritoneal  cavities, 
comiiletely  .separated  from   one 
another,  and  from  one  of   them 
the    lesser    cavity   arises.     The 
communication    is  by  means  of 
the  foramen  of  Winslow.    After 
the  anterior  abdominal  walls  are 
removed,    two    ventral    cavities 
are  exposed,  separated  from  each 
other  by  a  vertical  longitudinal 
septum.     Into  each   of  the  cav- 
ities hangs  a  lobe  of  the  liver, 
while  into  the  left   the  ventral 
surface  of  the  gizzard   projects. 
On  the  dorsal  side  of  the  liver 
there  are,  on  each  side,  tliiee  air 
sacs  —  an     anterior,    a    middle, 
and  a  posterior.    The  middle  one 
is  the  smallest,  and  the  posterior 
the  largest,  extending  as  it  does 
throughout  the  posterior  portion 
of  the  abdominal  cavity.     Each 
sac  communicates  by  means  of  a 
special  opening  directly  into  the 
lungs.     By  allowing  the  sacs  to 
collapse  we  lind  that  a  very  dis- 
tinct membrane   projects   back- 
ward from  the  gizzard  and  cuts 
monary  buils.  L.    A  few      ^  (j^    portion  oTf  the  abdominal 
sections  deeper  the  gastric  ..      ^    .   .    .         ..      .,,. 

diverticula  communicate  cavity  containmg  the  intestines, 
with  the  pleuro-perltoneal  This  is  the  "  pseudo-epiploOn  " 
cartty.  H..  heart ;  D.C..  described  bv  Weldon  and  fol- 
ductus     Cuvien ;     B.-!.,    ,  ,  •      .       .      i     i      n  j 

bulbus  aortie.  lowed  more  extensively  by  Bed- 


FiG.  1406.— Section  through 
the  Region  of  the  Heart  of 
a  Chicli  of  Seventy  Hours. 
(X  35  times.)  The  section 
strikes  the  oral  end  of  the 
gastric  diverticulum  G.D., 
and   the  tips  of  the  pul- 


derd.  A  similar  membrane  is  present  in  the  crocodile. 
In  all  respects,  this  membrane  is  situated  in  the  same 
position  as  is  the  epiploon  in  mammals,  with  the  differ- 
ence that  it  is  adherent  to  the  abdominal  walls  along  its 
free  border.  On  the  dorsiil  side  of  the  gizzard  the  air 
sacs  fill  all  the  space,  thus  closing  off  the  communication 
between  the  cavity  in  which  the  intestines  lie  and  the 
ventral  cavities. 

When  the  anterior  and  middle  air  sacs  on  the  right  side 


Fig.  1407. 


Figs.  1407  and  1408.— Corrosion  Preparations  of  the  Right  and  Left 
Gastric  Diverticula  of  a  Chick  Elghtv-eight  Hours  Old.  (  ■  S>  times.) 
P.P.,  Pleuro-perltoneal  cavity :  Il.G.D.,  right  gastric  diverticulum  ; 
i.G.D.,  left  gastric  diverticulum;  L..  position  of  lung;  F.H'., 
foramen  of  Winslow. 

are  separated  from  the  posterior  sjic  on  the  stjme  side,  a 
slit  is  shown  which  extends  anterior  and  dorsal  to  the 
hepatic  veins.  Here  it  communicates  by  means  of  a 
round  opening,  about  1  cm.  in  diameter,  with  a  large 
cavity  lyiug  on  the  median  and  dorsal  side  of  the  pro- 
vcntrictdus  and  extending  to  the  spleen.  The  cavity 
does  not  extend  on  the  doi-sal  side  of  the  gizzard.  In 
all  respects  it  corresponds  with  the  right  gastric  diver- 
ticulum of  embryos  and  with  the  lesser  peritoneal  cavity 
of  mammals. 

The  relation  of    the  embryonic    omentum  with  the 
"  pseudo-epiploOn "  is  as  yet  unknown.      However.    I 


P.p.. 


Fig.  1409.— Corrosion  Preparation  of  the  Right  Gastric  Diverticulum 
from  a  Chick  of  One  Hundred  and  Thirty-sis  Hours.  ( X  15  times.) 
P.P..  Pleuro-perltoneal  cavity;  F.ir.," foramen  of  Winslow;  L., 
position  of  rignt  lung ;  P..  position  of  proventriculus ;  O.,  omental 
cavity  (position  of  gizzard). 

think  it  probable  that  the  one  is  changed  into  the  other, 
and  that  the  "  pseudo-epiploon  "  will  prove  to  be  the  true 
epiploon  homologous  with  the  same  in  mammals.     We 
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must  imagine  only  the  embryonic  omentum  attaching 
itself  ou  the  sides  of  the  abdomen  followed  by  a  loss  of 
the  epiploonic  cavity.     A  subsequent  growth  of  the  air 

sacs  backward  from 
the  dorsal  side  of 
the  stomach  will 
produce  the  condi- 
tion found  in  the 
adult. 

In  mammalian 
embryos,  while  the 
stomacli  is  still  up- 
right, only  one  gas- 
tric diverticulum  is 
found.  It  is  on  the 
right  si<l<-  in  Fi^'S. 
1399  to  1-101.  which 

'  Fig.  UIO.— Corrosion  Preparation  of  the  '*'"'^  taken  from  a 
Gastric  Divertii'ulum  of  a  Human  Em-  yoiuig  human  em- 
bryo, T  mm.  long.  (X  35  limes.)  P.P.,  bryo  In  each 
Pleuro-peritoneal  oavitv ;  F. Tt*.,  foramen     ,     *    ■"        ^,  i 

of  Winslow;  «.D.,  gastric  diverticulum.      urawmg   tue   creio- 

mic  cavity  is  color- 
ed black  and  the  position  of  the  section  can  be  made  out 
by  the  organs  which  are  cut  across  in  the  section.  A 
cast  of  the  cavity  is  shown  in  Fig.  14(t-).  The  portion  of 
the  cavity  on  the  right  side  of  the  stomach  and  the  liver 
is  shown  in  Fig.  1410.  which  is  taken  from  a  cast  also. 
Figs.  1399,  UOO,  and  1401  show  sections  through  the 
gastric  diverticulum  of  Fig.  1410,  Fig,  1401  being  through 
the  foramen  of  AVinslow, 

The  general  form  of  the  cavities  is  shown  in  Fig.  1410, 
■which  is  taken  fi'om  a  resconstruction  of  a  human  em- 
bryo. The  peritoneal  cavity  surrounds  the  Wolffian 
body,  intestine,  omphalomesenteric  vessels,  stomach, 
liver,  and  lungs,  with  the  addition  of  the  right  gastric 
diverticulum. 

In  lower  mammals,  according  to  Ravn,  there  are  two 
diverticida;  so  the  symmetrical  arrangement  of  these 
cavities  in  reiitiles,  is  still  indicated  in  the  mammals.  It 
is  so  insignificant,  however,  that  we  need  not  take  it  into 
consideration. 

The  fate  of  the  right  gastric  diverticulum  of  mammals 
has  been  studied  in  the  dog,  and  it  has  been  found  that 
it  is  converted  directly  into  the  lesser  peritoneal  cavity, 
much  as  is  shown  in  Figs.  1390  and  1397.  In  a  dog's  em- 
bryo, 6  mm.  long,  the  diverticulum  is  much  like  what  it 
is  in  the  human  embryo  of  about  the  same  size  (Fig. 
14101.  A  dog  embryo,  10  mm.  long,  shows  a  picture  more 
advanced,  nuich  like  what  is  seen  in  the  chick  of  five 
days  (Fig.  1409).  In  a  later  stage  (Fig.  1411)  the  stomach 
has  been  twisted  about,  holding  in  great  part  the  adult 

P.D. 


Fig.  nil.— Corrosion  Preparation  of  the  Stomach,  Intesstines,  and 
Lesser  Peritoneal  Cavily  of  a  Dog,  13..i  mm.  Long,  Viewed  from  the 
Left  Side.  (X  1.5  times.)  The  lesser  peritoneal  cavity  has  been 
mied  with  metal.  B.D..  Bile  duet ;  P..  pancreas:  C.  caecum  :  O., 
omentum  ;  F.  tl'.,  foramen  of  Winslow ;  L.S.,  position  of  lobus 
Spigelii. 

position.  The  liver,  which  before  lay  on  the  ventral  side 
of  the  stomach,  now  lies  in  front,  and  to  a  great  extent 
on  the  dorsal  side  of  it.  A  model  of  these  parts  from  a 
10-mra.  embrj-o,  simply  rotated  to  throw  the  stomach 
away  from  the  inoutli.  gives  the  condition  of  things  as 
they  exist  in  the  embiyo  13  mm.  long. 


Fig.  1411  .shows  the  lesser  peritoneal  cavity  as  a  cast 
stuck  in  behind  the  .stomach.  The  intestine  is  composed 
of  two  loops,  one  from  the  stomach,  extending  into  the 
pelvis,  and  the  other  from  the  ciucuin  into  the  uniliilical 
cord.  The  rapid  growth  of  tlielai-ge  intcsline  has  thrown 
the  crecum  as  high  as  the  stomach  and  to  the  right  of  it. 
The  fold  of  mesogastrium  coming  from  the  dorsiil  side  of 
the  stomach  passes  over  the  large  intestine  to  form  the 
omentum  (Fig.  1411,  0.).    The  general  shape  of  the  lesser 


Fig.  1412.— Section  through  the  Foramen  of  Winslow  and  Lobus 
Spigelii  of  a  Dog,  13.5  mm.  long.  (X  36  times.)  A..  Aorta;  S., 
stomach:  P.,  portal  vein  ;  L'.,  umbilical  vein ;  Z^.S.,  lobus  Spigelii; 
O.,  omental  cavity  ;  L.I..  large  intestine. 

peritoneal  cavity  is  shown  in  transverse  section  in  Fig. 
1412,  which  can  be  compared  with  Fig.  1401.  The  S- 
shaped  loop  of  intestine  is  cut  across  three  times,  and 
the  lesser  peritoneal  cavity  with  the  foramen  of  Winslow 
is  shown  throughout  its  whole  extent. 

The  omentum  from  now  on  rapidly  grows  over  the 
whole  ventral  wall  of  the  abdominal  cavity,  and  in  man 
adheres  to  the  colon  as  first  described  by  ileckel. 

A  resume  of  the  comparative  development  of  the  coelom 
of  the  embryo  is  given  in  Figs.  1394  to  1397. 

Fmtiklin  P.  Mall. 

CCELOM,  HUMAN,  DEVELOPMENT  OF  THE.— Un- 
fortunately, there  are  no  data  legaiding  the  beginning 
of  the  coelom  in  the  human  emliryo.  and  in  all  probability 
none  will  ever  be  found.  The  smallest  human  described 
until  recently  is  that  described  by  Reichert. '  It  was  ob- 
tained from  a  woman  who  had  committed  suicide,  on  ac- 
count of  pregnancy,  forty-one  days  after  the  beginning 
of  the  last  menstrual  period.  It  was  therefore  presu- 
mably about  thirteen  days  old.  This  ovum,  which  is 
pictured  in  every  text-book,  was  .5.5  X  3.3  mm.  in  diam- 
eter, was  surrounded  by  a  zone  of  villi  leaving  two 
poles  bare,  and  contained  in  its  interior  a  mass  of  cells 
measuring  1..5  X  175  mm.  All  the  space  between  this 
inner  mass  and  the  chorion  is  the  ctelom,  and  regarding 
its  origin  we  can  no  more  than  speculate. 

During  the  last  few  years  live  other  human  ova,  about 
as  large  as  Reichert's,  have  been  cut  into  sections,  thus 
permitting  a  more  careful  study  of  their  contents.-  The 
dimensions  and  approximate  ages  of  these  embryos  are 
given  in  the  table  in  the  first  column  of  the  following  page. 

It  is  noticeable  that  in  the  embryos  just  mentioned  the 
size  of  the  whole  egg  does  not  correspond  with  the  size 
of  the  embryo,  nor  with  its  age.  I  do  not  think  that  this 
great  variation  in  the  size  of  the  chorionic  vesicle  is  alto- 
gether due  to  the  method  of  hardening  the  specimen. 
Just  at  this  time  the  growth  of  the  chorion  is  precocious, 
as  is  also  the  case  in  the  dog.'  rabbit,''  and  monkey  ' 

The  papers  by  Bischoff  and  by  Sclenka  are  worthy  of 
the  most  careful  study  by  every  embryologist,  and  I  take 
the  liberty  of  rearranging  some  of  BischoBf's  data  on  the 
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Table  of  YorxG  Himas  Ota. 


Observer. 

Diameter 
of  embrvonic 

vesicle, 
millimetres. 

Diameter 

of  Ovum. 

millimetres. 

Time  be- 
tween first 
lapsed  period 
and  abortion. 

Peters        .         

0.19    X  ? 
.325  X  ? 
1.5    X  1.0 
1.75  X  1.5 
1.84  X  1.083 

2  X2 
2.1    X  2.1 
2.15  X  2 
2.69  X  3 

3  X4 

0.3  X    1.5 
5.5  X    4.5 
10     X    T 
5.5  X    3.3 
6     X    4.5 
10     X    8.5 
18     X    8 
15     X  12.5 
15     X14 
8 

Slegenbeek  van  Henkelom 
Mall  (No.  XI.) 

13  days. 

14     '• 

Von  Spec  (V.  H.) 

Von  Spee  (Gle  ) 

12*  " 

12*  " 

Mall  (No.  XII.)  

13     " 

His  (Lg.)  ...; 

12    " 

14     " 

15     " 

*  These  are  all  of  the  authentic  young  human  ova  I  can  collect  from 
the  literature  giving  all  of  their  "measurements  as  well  as  the  men- 
strual historv  of  the  mother.  In  both  of  von  Spee's  eases  the  time  be- 
tween the  aiiortion  and  the  end  of  the  last  period  is  given  ;  in  embryo 
V.  H.  the  time  is  given  as  "  exactly  Ave  weeks."  while  in  embryo  Gle. 
"  five  weeks  "  is  given.  If  we  estimate  the  duration  of  menstruation 
as  Hve  days  and  its  frequency  twenty-eight  days,  then  the  time  between 
the  first  lapsed  period  and  the  abortion  is  twelve  days,  as  I  have  Riven 
it  in  the  table. 

development  of  the  dog.  His  observations  are  verv  ex- 
tensi\e.  and  give  us  the  basis  for  our  present  ideas  of  the 
passage  of  tlie  ovum  into  the  uteiine  tube  after  fertiliza- 
tion. Unfortunately,  they  were  made  before  the  time  of 
sectioning  specimens,  yet  they  are  more  complete  than 
most  researches  relating  to  this  subject  published  since 
his  time. 

The  portion  I  tabulate  relates  to  the  size  of  the  em- 
brj'ouic  mass  or  vesicle,  the  size  of  the  ovum,  and  its 
approximate  age.  As  far  as  I  have  been  able  to  deter- 
mine, these  data  taken  from  the  dog  are  still  the  most 
important  ones  with  which  we  can  compare  the  human 
ovum.  Embryologists  are  accustomed  to  state  that  the 
age  of  a  human  ovum  is  to  be  reckoned  from  the  begin- 
ning of  the  first  lapsed  period,  and  I  think  tliat  Bischoif's 
obsei  vation  upon  the  size  and  growth  of  tlie  dog's  ovum 
corroborates  this  view.  He  found  that  the  ova  left  the 
ovary  during  the  rutting  period,  but  the  exact  date  could 
never  be  determined.  Neither  did  the  time  of  copulation 
determine  the  ovulation.  As  a  rule,  it  took  twentj-four 
hours  or  less  after  copidation  for  the  spermatozoa  to  reach 
the  ovary,  and  about  the  same  time  is  ii-cjuired  for  tlie 
ovum  to  reach  the  beguming  of  the  uterine  tube  after 
ovulation.  So  if  ovulation  and  copulation  took  place  at 
the  same  time,  fertilization  of  the  ovum  could  not  take 
place  until  twenty-four  hours  later, 

Bischoff  in  his  tables  often  rates  the  age  of  an  ovum 
from  the  first  or  from  the  last  coptdation,  or  from  the 
beginning  or  froiu  the  end  of  the  rutting  period.  I  have 
attempted  to  tabulate  his  specimens  from  all  four  of 
these  dates,  but  in  none  of  the  attempts  did  the  size  of 
the  ova  correspond  with  their  respective  dates.  Often 
eggs  of  a  given  date  were  smaller  and  developed  to  a  less 
degree  than  ova  presumably  younger.  After  much  diffi- 
culty I  finally  constructed  a  table  in  which  the  size  of 
the  ovum  and  its  age  correspond.  A  number  of  the  ova 
published  by  Bischoff  were  obtained  from  the  same  ani- 
mal by  removing  half  of  the  uterus  at  one  time  and  the 
remaining  half  the  next  day.  In  each  half  a  number  of 
ova  were  found,  and  they  were  usually  of  about  the 
same  stage  of  development.  By  this  method  of  pro- 
cedure it  is  possible  to  determine  very  accurately  the 
growth  of  the  ovum  from  one  stage  to  one  twenty-four 
hours  later.  So,  by  gradually  plodding  through  the 
specimens  published  by  Bischoff.  it  was  possible  for  me 
to  correct  his  data  completely.  It  is  remarkable,  as  the 
table  shows,  how  slowly  the  development  takes  place  in 
the  early  stages,  and  about  ten  days  are  required  before 
the  ovum  is  1  mm.  in  diameter.  On  the  fifteenth  or  six- 
teenth day  the  ovuiu  is  about  as  large  as  the  liuman 
ovum  described  by  Reichert  (see  table). 

Similar  results  can  also  be  obtained  from  the  various 
papers  published  on  the  rabbit's  embryo.  Its  develop- 
ment, however,  is  considerably  more  rapid  than  the  dog's 
as  the  period  of  gestation  is  but  thirty  days. 


Table  of  Age  and  Size  of  the  Dog's  Ovum. 
(Compiled  from  BishoH.) 


Age. 

Diameter 

of  ovum, 

millimetres. 

Diameter 
of  embryonic 

mass, 
milUmetres. 

Stage. 

1  day 

0.15 
.14 
.14 
.16 
.16 
.18 
.20 
.21 
.28 
.30 

1. 

2. 

3. 

4. 

5. 

5. 

6. 

, . . . 

".m 

.16 
.34 
.43 
.5 

1. 

2. 

3. 

2   days 

2  cells 

3      ••    

4     " 

4      "    

13     " 

5      "    

64     " 

6      "    

Mulberry. 

8      "    

»^ 

9      "    

t* 

10      "    

11      "    

13      "    

13      "    

14      '•    

15      "    

16      "    

101^  ••    

It  has  been  somewhat  difficult  to  compile  this  table,  as  Bischoff's 
measurements  are  all  given  in  Paris  lines.  My  measurements  are 
taken  in  great  part  from  his  figures,  and  I  think  that  these  are  very 
accurate. 

Recently  Selenka  has  given  some  of  his  results  relating 
to  the  development  of  the  monkey.  The  most  valuable 
specimen  relating  to  the  early  development  of  higher 
animals  was  uufortunately  lost,  but  its  age  and  dimen- 
sions are  preserved  for  us.  and  are  of  value  iu  the  deter- 
mination of  the  age  of  human  ova.  The  ovum  came  from 
a  monkey  kept  in  confinement  which  was  killed  eight 
days  after  copulation.  If  we  estimate  one  or  two  days 
required  before  fertilization,  this  ovum  cannot  be  over 
seven  days  old.  This  suggests  that  the  early  stage  of 
this  variety  of  monkey  is  developed  more  rapidly  than 
tliat  of  the  dog. 

Development  of  the  Monkey. 


Semnopithecus  maurus  . . 
Semnopithecus  pminosus 
fercocebus  cynoiuolgus  . 
Cercocebus  cynomolgus .. 


Diameter 

of  ovum, 

millimetres. 


1.5 
6 
5 
10 


Diameter 
of  embryonic 

vesicle, 
millimetres. 


0.3" 


2.4 1 


The  pictures  Selenka  gives  indicate  that  the  development  of  a 
monkey's  ovum  is  identical  with  that  of  the  human  ovum.  At  any 
rate,  tile  few  specimens  Selenka  publishes  give  results  which  are 
equal  t<t  the  great  number  of  specimens  of  human  ova  which  have 
iMvn  piilitislicd.  Thi.^  only  indicates  that  many  of  the  interesting 
pn.l)UMiis  relating  to  early  human  development  will  probably  be 
solved  by  the  study  of  the  monkey's  ovum.  There  is  but  little  doubt 
now  that  young  monkeys'  ova  will  soon  be  obtained  lor  study. 

*  Not  an  embryonic  vesicle,  but  only  a  disc. 
tNeurenteiic  canal  present. 

Material  Esiploted. 

During  the  last  few  years  I  have  obtained  a  number  of 
j'Oung  human  embryos  from  physicians  in  dififerent  por- 
tions of  the  United  States,  and  to  them  I  am  under  all 
obligation  for  the  present  study  as  well  as  for  some  others 
which  are  to  follow.  Nearly  all  of  the  specimens  which 
I  give  in  a  table  are  well  preserved,  and  a  number  of 
them  are  preserved  excellently.  All  of  the  specimens 
were  stained  in  alum  carmine,  and  with  the  exception  of 
Nos.  XVII.,  XLIII.,  and  LVII.  were  cut  transversely. 
These  three  were  cut  into  sagittal  sections. 

All  of  the  specimens  were  hardened  in  alcohol,  the 
value  of  which  method  I  have  repeatedly  emphasized  to 
my  friends,  and  do  continue  to  emphasize  to  those  who 
may  preserve  specimens  for  my  use  in  the  future.* 

*  Embryologists  usually  recommended  that  hiunan  embryos  should 
be  hardened  by  placing  them  in  dilute  alcohol  and  then  gradually  in- 
creasing the  strength  of  the  alcohol.  It  has  been  my  experience  that 
by  this  treatment  the  specimen  is  injured  by  maceration  due  to  the 
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C'celom. 
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List  of  Embryos  Stcdied. 


No. 

Length 
of  millimetres. 

From  whom  obtained. 

V.  B.* 

N.  B. 

XI 

■2.i 
5- 

3 

is" 

17 
17 
18 
18 
18 
19 
19.5 

ai 

23 

•u 

24 

28 

81 
13U 

'4.5 

7 

7 
13 
14 
14 
17 
15 
18 
18 
18 
18 
20 

ai" 

19 

eo 

110 

Dr.  Kittredge,  Xai>bua,  N.  H. 

xn 

Ill 

Dr.  Ellis,  Elkton,  Md. 

I*rt)f.  His,  I^ipsie,  Germany. 

XIX 

XVIII 

II 

Dr.  Williams,  Baltimore,  Md. 
Dr.  Douplas,  Nil.slivllle.  Tenn. 
Dr.  C.  0.  Miller,  Baltimore,  Md. 

IV 

Dr.  Williams,  Baltimore,  Md. 

XLIII 

VIII 

IX 

Dr.  BiKiker,  Baltimore,  Mil. 
Dr.  Hitter.  Bi-ooklvii,  N.  Y. 

V 

Dr.  Kittredge,  Nashua,  N.  H. 
Dr.  Wills,  Los  Angeles,  t'al. 
Dr.  Cottrell,  Louisville,  Ky. 
Dr.  Sewall.  Denver.  Col. 
Dr.  Booker.  Baltimore,  Md. 
Dr.  Snivelv.  Wavneslioro.  Penn, 
Dr.  Howani.  Cleveland,  nliio. 
Dr.  C.  0.  Miller.  Baltimore.  Md. 

XLII 

XVII 

XXVIII 

VII 

XXII 

LVII 

VI 

X 

Dr.  W.  S.  Miller,  Madison,  Wis. 

XLV 

XXXIV  .... 
XLVIII  .... 

Dr.  Douglaii.  Nashville,  Tenn. 

Dr.  Ellis,  Elkton.  Md. 

Dr.  Wilson,  Worcester,  Mass. 

*  V.  B.  and  N.  B.  indicate  the  length  of  the  embryo  measured  from 
the  verte.x  to  the  breech  and  from  the  nape  of  the  neck  to  the  breech, 
respectively. 

Nearly  all  of  the  embryos  were  drawn  or  photographed 
to  scale  aud  then  carefully  ciil  into  sections  from  10  to 
50  fi  thick.  I  liud  that  for  purposes  of  reconstruction  it 
is  a  mistake  to  cut  the  sections  very  thin.  Yet  in  small 
specimens,  as  Nos.  XI.  aud  XII.,  the  specimens  were  cut 
thin  to  permit  of  careful  eytological  studies  also.  In 
most  of  the  specimens  photographs  or  an  additional 
series  of  sections  were  made  of  the  chorion  and  amnion 
in  order  to  study  the  variation  of  these  structures. 

Embryos  XL,'  XII.,  and  II. '  were  completely  recon- 
structed in  wax  by  the  method  of  Born.  Nos.  IX.,  VI., 
and  X.  were  reconstructed  in  part  by  Bom's  method  and 
finished  bv  Ilis's  method  of  reconstruction.  The  ab- 
dominal viscera  of  Nos.  VI..  IX.,  X.,  XXXIV.,  XLV., 
and  XLVIII.  were  modelled  by  Bern's  luethod.' 

The  mechanical  portion  of  reconstruction  has  been 
simplitied  to  a  great  extent  by  a  special  apparatus  used 
in  the  Anatomical  Laboratory,'  which  enables  us  to  em- 
ploy a  modeller.  The  sections  are  projected  upon  a 
screen,  to  which  the  wax  plate  is  attached.  By  working 
in  a  dark  room  with  this  apparatus  it  is  easy  to  direct  a 
modeller  to  draw  the  outlines  accurately.  He  can  then 
cut  them  out,  and  all  that  remains  to  be  done  is  to  pile 
the  pieces  and  then  blend  them. 

The  C(elom  in  Young  Ova. 

All  of  the  young  human  ova  which  have  been  described 
contain  within  them  a  cavity,  hned  with  mesoderm;  this 
is  the  co^loiu.  bounded  by  the  somatopleure  on  the  out- 
side and  by  the  splanchnopleure  on  the  inside.  This 
arrangement,  as  shown  b_v  a  number  of  diagrams  by 
recent  authors,  is  very  unlike  the  appearance  of  the 
blastodermic  membranes  of  many  of  the  lower  mammals, 
and  it  is  necessary,  therefore,  that  we  should  revise  our 


ik  alcohol.  A  few  years  ago  I  emphasized  the  fact  that  the  whole 
ovum  should  be  placed  in  a  large  quantity  of  strong  alcohol  as  .soon 
as  possible.  It  shipuld  be  handled  as  little  as  possible  t)efore  harden- 
ing it^  thus  preventing  mechanical  injury.  By  leaving  the  ovum 
closed  the  alcohol  must  first  penetrate  tlie  chorionic  and  amniotic 
fluids  before  it  reaches  the  embryo,  ami  thus,  without  placing  the 
embryo  first  in  weak  alcohol,  it  naturally  pa.sses  through  the  succes- 
sive dilutions  of  al<'ohol  before  it  is  completely  hardened. 

It  is  Terv-  injurious  to  these  delicate  specimens  to  lie  wrapped  in 
cotton  bef'TH  they  are  sent  by  mail  or  express.  \  perfei't  method  is 
to  place  the  pn*sen"ed  specimen  in  a  tx'ttle  filled  completely  with  al- 
cohol, thus  imitating  the  condition  of  a  fa'ttitt  in  utero.  If  there  is  no 
air  or  cotton  in  the  u»ttle  containing  the  embryo  it  is  almost  impossi- 
ble to  injure  the  embryo  by  shaking  it. 

Since  I  have  emphasized  this  method  of  preparation  (Johns  Hopkins 
Hospital  Bulletin.  lsit:j>,  I  have  obtained  a  number  of  specimens  ex- 
cellent  in  every  resiiect.  These  specimens  are  not  distorted,  nor  mac- 
erated, nor  shruukea. 


conception  of  the  formation  of  the  amnion  in  the  human 
embryo. '" 

The  ova  recently  published  by  Peters  and  by  Graf 
Spec  indicate  that  the  amnion  must  be  formed  very  early, 
and,  since  it  is  completed  before  the  medulliiry  grooves 
licgin,  we  must  admit  now  that  it  is  formed  "much  the 
siime  as  it  is  in  many  rodents,  i.e..  by  apjiareiil  inversion 
of  the  iiienibrane.  When  Bisihofl'  "  "first  described  inver- 
sion of  the  membrane  in  guinea-iugs  it  seenied  like  a 
parado.x.  but,  since  the  compurativc  methods  of  study 
have  been  introduced.  iiiviisi<in  only  means  that  the 
amnion  is  completed  before  the  medullary  groove  begins 
to  form.  This  alteration  of  the  development  of  the 
amnion  and  the  medullary  groove  makes  the  body  of 
the  embryo  develop  on  a  concave  surface  instead  of  "on  a 
convex  one,  thus  apparently  making  the  embryo  in- 
verted, as  is  the  case  in  the  guinea-pig. 

Closely  associated  with  inver.sion  of  the  blastodermic 
membrane  is  the  formation  of  an  additional  layer  of  cells, 
discovered  by  Rauber,'-'  the  importance  of  which  has  been 
emphasized  by  Selenka  and  others.  Raiibei  s  layer  is 
so  marked  in  the  rabbit  that  it  was  at  tirst  believed"  to  be 
the  true  ectoderm.  The  fate  of  Rauber's  layer  has  not 
been  sufficiently  studied  to  interpret  it  completelj',  and 
our  ideas  regarding  it  will  not  improbably  require  .some 
revision.  In  many  rodents  Rauber's  layer  becomes 
markedly  thickened  on  one  side  of  the  ovum,  forming  a 
support,  or  Tnigei;  for  the  ovum.  The  relation  of 
Rauber's  layer  to  the  Triiyer  is  shown  beautifully  by 
Selenka  '^  on  Plate  XVI.  of  his  monograph. 

The  cjuestion  which  interests  us  here  is  whether  the 
inversion  of  the  blastodermic  membrane  as  well  as  the 
discovery  of  Riiuber's  layer  aids  us  in  advancing  a  theory 
of  the  develojiment  of  the  germ  layers  of  the  human 
embryo,  and  thus  in  turn  to  explain  the  large  cadom  as 
found  in  all  of  the  earliest  human  ova.  I  realize  fully 
that  any  such  effort  will  not  be  final,  yet  I  believe  that 
it  will  aid  us  to  understand  better  the  relation  of  the 
membranes  as  found  in  the  human  ovum. 

In  looking  over  the  illustrations  of  the  development  of 
animals  closely  related  to  man.  one  is  struck  with  the 
similarity  of  the  arrangement  of  the  membranes  to  those 
described  for  the  human  ovum  by  Peters  and  by  Graf 
Spec.  One  must  compare  only  plates  XXXV. -XXXVIII. 
of  Selenkr.'s'''  paper  with  the  two  plates  accompanying 
Graf  Spec's  '*  to  be  convinced  that  the  early  development 
of  monkeys  is  almost  identical  with  that  of  man.  Yet 
Selenka 's  researches  on  monkeys  do  not  help  us  a  great 
deal;  they  only  show  us  that  the  monkey's  development 
is  like  that  of  man.  In  monkeys  we  have  also  the  pre- 
cocious chorion  and  the  early  amnion  and  the  large  ccelom 
between  the  umbilical  vesicle  aud  the  chorion.  The 
marked  difference  is  that  the  amnion  is  attached  to  the 
chorion  along  its  dorsal  side,  while  in  the  human  embryo 
this  is  only  the  case  along  the  posterior  end  of  the  amnion. 
The  attachment  of  the  amnion  along  the  chorion  suggests 
that  the  embryonic  plate  separated  from  the  exterior  of 
the  ovum  along  this  point,  as  Selenka  thinks  he  observed 
in  a  very  young  ovum  only  1..5  mm.  in  diameter.  Un- 
fortunately, the  most  valuable  specimen  was  injured  in 
its  preparation,"  and  Selenka  did  not  trust  himself  to 
give  any  illustrations  of  it. 

With  the  amnion  attached  at  its  dorsal  end  to  the 
chorion,  we  understand  why  the  entodermal  end  of  the 
allantois  must  grow  around  an  angle  to  reach  the  chorion 
(Selenka,  Plate  XXXVII. ,  Fig.  5).  Somewhat  the  same 
arrangement  has  been  described  by  Graf  Spec"  in  his 
embryo  Gle.,  but  the  curve  is  by  no  means  as  marked, 
indicating  that  the  attachment  of  the  embryo  to  the 
chorion  is  along  its  posterior  end,  as  shown  by  His  '*  in 
his  well-known  diagram  of  the  formation  of  the  amnion. 

Regarding  the  ver^'  early  stages  of  monkeys  and  man 
it  is  better  that  we  make  comparisons  with  animals  most 
neatly  related  to  them,  and  now  we  have  careful  studies 
of  the  very  early  stages  of  Chiroptera  at  our  disposal.  I 
believe  that  Selenka's "  study  of  the  development  of 
Pteropus  edulis  gives  us  the  key  for  the  comparison  of 
the  formation  of  the  blastodermic  membranes  in  mam- 
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mals.  Recent  investigations  by  Duval  •"  on  different 
families  of  Chiroptera  appear  to  confirm  the  work  of 
Selenka  on  Pteropus. 

In  order  to  illustrate  these  points  more  clearly  I  have 
made  diagrams  of  three  of  Selenka's  figures  of  Pteropus. 


FIG.  U15. 

Figs.  1413-U15.— Diagrams  of  the  Development  of  Pteropus  Edulis,  after  Selenka.  FlR.  1413  Is 
Selenka's  Fig.  2 ;  Fig.  1414.  Selenka  s  Fig.  r, ;  Fig.  1413,  Selenka's  Fig.  9.  R.  Rauber's 
layer:  P.  placenta;  ec.  ectoderm;  ch.  entoderm;  ch,  chorion;  am,  amnion;  n  i\  umbil- 
ical vesicle ;  tne^^  mesoderm  ;  coe,  coelom ;  aiU  allantois,  with  the  arrow  indicating  the  di- 
rection of  its  future  development. 


Fig.  1413  is  from  an  ovum  covered  completely  with  two 
layers  of  cells,  between  which  at  one  pole  of  the  egg 
there  is  a  mass  of  scattered  cells  destined  to  become  tiie 
permanent  ectodenn.  The  outer  layer  of 
cells  has  a  tendency  to  grow  into  the  form 
of  villi  over  the  embryonic  disc,  while  on 
the  opposite  side  of  the  egg  it  is  composed 
of  but  a  single  layer  of  cells.  Since  this 
outer  layer  remains  well  separated  from 
the  body  of  the  embryo  throughout  its 
development,  and  since  it  holds  the  same 
position  to  the  egg  that  Rauber's  la\'er 
does  in  the  rodents,  I  believe  it  to  be 
identical  with  Rauber's  layer,  and  shall 
speak  of  it  as  such.  According  to  Duval 
this  Rauber's  layer  disappears  over  the 
embryonic  disc  in  the  Chiroptera  much  as 
in  the  development  of  the  rabbit  and  the 
field  mouse.  This  does  not  necessarily 
contradict  Selenka's  observations  on  Pter- 
opus, for  the  house  mouse  begins  to  de- 
velop like  the  field  mouse,  but  continues 
during  the  early  stages  in  the  same  man- 
ner as  Pteropus  does. 

In  the  next  stage  the  ectoderm  has  been 
converted  into  a  hollow  mass  of  cells,  Fig. 


1414,  rather  by  a  process  of  absorption  than  by  an  in- 
vagination, as  I  have  expressed  it  in  the  diagram.  The 
entoderm  lines  the  whole  interior  of  the  egg,  and  sur- 
rounds the  ectoderm  of  the  amniotic  cpvity.  The  ecto- 
derm of  the  exterior  of  the  egg,  Rauber's  layer,  is  again 
thickened  over  the  embryonic  mass 
to  form  the  placenta,  as  Selenka 
calls  it,  or  the  I'mf/er,  if  we  were 
discussing  rodent  embryology. 

In  the  next  stage,  as  expressed  in 
Fig.  1415,  the  mesoderm  is  begin- 
ning to  form,  and  has  extended 
completely  over  the  amnion  and 
partly  over  the  umbilical  vesicle. 
The  entoderm  has  retracted  itself 
and  touches  the  ectoderm;  only  the 
chorda  dorsalis  is  yet  to  form.  Be- 
tween the  amnion  and  the  placenta, 
or  the  Trdgcr  portion  of  Rauber's 
layer,  there  is  a  marked  space,  and 
the  mesoderm  does  not  come  in  con- 
tact with  it.  The  allantois  grows 
as  a  bag  into  this  space  and  attaches 
itself  to  the  thickened  part  of  the 
ectoderm,  as  shown  by  Gohre-'  in 
his  figures.  In  the  Fig.  3  accom- 
panying Gohre's  paper  he  shows 
the  vesicular  allantois  attached  to 
the  support  of  the  chorion  (black 
portion  of  my  Fig.  141.'))  leaving 
on  either  side  of  the  embryo  a 
cadom.  The  allantois  carries  the 
mesoderm  and  vessels  to  the  villi  of 
the  chorion,  and  these  in  turn  are 
embedded  in  the  decidua  of  the 
uterus.  In  so  doing  the  ectoderm 
of  the  chorion  receives  a  second 
layer  of  epithelium,  and  I  believe 
that  this  must  account  for  the  two 
layers  of  epithelium  we  have  on  the 
chorionic  villi  of  the  human  ovum. 
There  has  been  much  written  on  the 
subject  of  the  double  layer  of  epi- 
thelial cells  of  the  human  chorion, 
and  I  think  that  a  glance  at  Gohre's 
Figs.  3  and  4,  on  Pteropus,  as  well 
as  at  Selenka's  Figs.  11  and  13 
(Plate  XXXV.)  anil  Fig.  6  (Plate 
XXXVII.)  on  monkeys,  will  decide 
this  question  more  definitely  than 
all  the  many  discussions  on  the  hu- 
man chorion  put  together  have  done. 
Having  now  selected  from  Selenka  diagrams  and  de- 
scriptions of  the  development  of  the  germ  layers  of 
Pteropus,  it  is  easier  for  me  to  give  a  plausible  explana- 


FlG.  1417. 


FIG.  1418. 


FIGS.  1416  to  1418.— Hypothetical  Stages  of  the  Early  Development  of  the  Human  Ovum. 
iJ.  Rauber's  layer;  €C,  ectoderm;  ch.  ent*»derm  ;  7?ics,  mesoderm  ;  ui\  umbilical 
v^cle :  coe,  coelom ;  att,  position  of  allantois. 
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tion  of  the  beginning  of  the  coelom  in  tlie  human  embrj-o. 
If  the  (liagnim  I  have  given  in  Fig.  141")  i.s  compared 
■with  Selenka's  Figs.  5  and  11  (Plate  XXXV.)  and  Fig.  5 
(Plate  XXXVII.)  of  the  monkey,  as  well  as  with  the  sec- 
tions of  young  human  ova  published  by  Graf  Spee^-'  and 
by  myself.-^  one  is  struck  with  the  great  similarity  of  the 
two  groups  of  figures. 

Fig.  14U(i.  given  further  on,  is  a  diagrammatic  outline 
of  a  longitudinal  section  of  a  joung  human  embryo  pub- 
lished recently  by  Graf  Spec.  It  is  the  one  marked  v. 
H.  in  the  table  of  young  human  ova  given  in  the  begin- 
ning of  this  paper.  When,  now,  this  section  is  comiiared 
with  the  transverse  section  of  Pteropus,  in  Fig.  Ml"),  the 
only  marked  difference  is  that  the  umbilical  vesicle  in 
Pttropus  has  retracted,  in  order  to  make  the  arrangement 
of  the  membranes  as  given  for  the  human  embrvo  in 
Fig.  14-'ti. 

In  order  to  make  the  connection  complete,  I  give  hvpo- 
thetical  .stages  in  Figs.  1416,  1417,  and  1418.  Fig.  1416 
represents  the  human  ovum  in  the  two-layer  stage.  The 
outer  layer,  or  Rauber's  layer,  is  complele  as  in  the  rodents 
and  in  Pteropus.  The  inner  layer,  or  entoderm,  is  also 
complete.  Between  the  two  is  the  embryonic  shield,  or 
ectoderm  of  the  future  embryo.     The  next  figure,  1417, 


qic 


Fig.  1419.— Diagram  nt  a  Pathological  Ovum  wbieh  Represents  an 
Early  Hypothetical  Stage. 

shows  the  beginning  of  the  mesoderm  developing  toward 
the  tail  end  of  the  embryo,  as  this  is  the  position  of  tlie 
primitive  streak,  and  as  the  head  fold  of  the  amnion  in 
many  embryos  is  often  invested  only  with  ectoderm  and 
entoderm.  A  stage  later.  Fig.  1418,  finds  the  mesoderm 
enveloping  the  umbilical  vesicle  completely,  and  also 
partly  lining  the  outer  layer,  R.  of  the  ovum.  The  cav- 
ity between  the  two  is  the  ccelom.  At  the  tail  end  of 
tlie  embryonic  disc  the  mesoderm  of  the  somatopleure 
and  splanchnopleure  are  still  united,  and  mark  the  place 
of  the  formation  of  the  rudimentary  allantois. 

Having  carried  the  development  of  the  human  ovum 
to  this  stage  by  means  of  hypothetical  stages,  based 
upon  the  development  of  Pteropus,  I  can  now  continue 
the  description  of  the  development  based  upon  observa- 
tion. 

Abnormal  Oi-n. — Teratologists  are  accustomed  to  view 
a  group  of  abnormal  states  as  arrested  development,  and 
in  recent  years  a  number  of  abnormal  human  ova  have 
been  studied  by  His,-^  by  Giacomini,"  and  others.  Fre- 
quentl}-  in  the  development  of  an  ovum  the  embryo  is 
destroyed  completely,  or,  according  to  Giacomini,  may 
wander  out  of  the  ovum.  In  these  cases  the  ova  are 
aborted.  Frequently,  however,  a  portion  of  the  embryo 
is  not  developed,  or  it  dies  and  the  remaining  portion 
develops  for  a  time,  and  then  the  ovum  is  aborted.  I 
have  now  in  my  collection  a  beautiful  example  of  au 
ovum  of  apparently  normal  structure,  the  interior  of 
■which  is  lined  completely  with  an  amnion,  and  in  place 
of  an  embryo  there  is  only  an  umbilical  cord.  The  ovum 
■was  aborted  fifty-four  days  after  the  first  lapsed  period, 
and  was  30  mm.  in  diameter.  The  cord  was  2  mm.  in 
diameter  and  9  mm.  long.  Its  embryonic  end  seemed  to 
be  cut  off  abrupti}-,  and  was  covered  with  a  small  mass 


of  round  cells.  I  give  this  example  only  to  show  that 
the  unbryo  may  be  entirely  wanting  with"a  perfect  cord 
and  membranes. 

Table  of  Vesicclar  Forms  op  Pathological  Eubrtos. 


No. 

DlME.VSIONS  OP— 

Time 
between  last 

period 
and  atortlon. 

Ovum. 

Vesicle. 

XIII 

txxxiv .. 

XI 

LXXXVIl 

LVIII 

LXXVIII.. 

XXIV 

XIV 

CXXIII... 

XXI 

IXXX  .... 
CXLVII... 
CXLIII  ... 

8X    7 
17X11 
10  X    7 
24  X  16  X    9 

20  X  18  X  12 
36  X  33  X  13 

21  X  16  X    5 
30 

17X14 
40X30 
I5X10X    « 
-10  X  27  X  20 

1     X6X6 

9     X3 

1.5X1 

2.5 

6 

1  X6 
2.6 

1.5 

2  X1.5 
5.5  X  3.5 

4    X  3  X  1.5 

1 

25X10 

33  days. 

41  •• 

42  •■ 
71    " 

87    " 

27  days. 
Udays. 

Amnion  formed. 
Amnion  partly  formed 

Partial  amnion. 

Multiple  amnion. 

No  amnion. 

A  large  per  cent,  of  young  ova  which  come  into  the 
embryologist's  hands  are  abnormal.  According  to  Pro- 
fessor His'  experience  over  half  of  the  ova  less  than 
three  weeks  old  are  abnormal,  while  of  those  of  four  and 
five  weeks  one-quarter  are  abnormal.  In  my  collection 
the  per  cent,  of  abnormal  embryos  is  not  as  high.  No. 
XIII.  is  His'  Embryo  XLIV.,  which  is  frequently  de- 
scribed in  the  books  as  a  normal  specimen,  but  which 
unfortunatelv  is  an  abnormal  one.  My  interpretations 
of  the  vesicular  forms''  is  that  the  fibrous  degeneration 
overtook  the  embryonic  vesicle  after  it  had  reached  the 
stage  of  Graf  Spec's  embryo  v.  H.,  my  Fig.  14"36. 

Nos.  XXI.  and  LVIII.  came  to  me  as  perfect  specimens 
both  having  been  hardened  unopened,  the  first  in  strong 
formalin  and  the  second  in  strong  alcohol.  No.  XXI. 
was  still  enclosed  in  its  decidua,  and  appeared  to  be  a 
normal  specimen  until  it  had  been  cut  into  serial  sections. 
The  embryonic  vesicle  proved  to  be  very  large,  and  was 
composed  throughout  of  two  layers,  an  inner  one  giving 
all  the  appearance  of  the  entf^derm  and  an  outer  giving 
all  the  appearance  of  the  mesoderm  of  the  umbilical 
vesicle  of  young  embryos.  The  mesodermal  layer  con- 
tained within  it  islands  of  blood  cells,  as  are  also  present 
in  normal  specimens.  The  whole  vesicle  was  connected 
to  the  chorion  with  a  mass  of  mesodermal  cells  somewhat 
as  shown  in  the  diagrammatic  Fig.  1419.  The  chorion 
and  decidua  appeared  to  be  normal. 

No.  LVIII.  showed  considerable  change  in  the  meso- 
derm of  the  vesicle  and  chorion,  giving  somewhat  the 
appearance  of  fibroid  degeneration  rich  in  cells.  The 
chorion  was  attached  to  the  vesicle  by  a  strong  pedicle, 
as  shown  in  Fig.  1419.  The  vesicle  itself  was  comi)osed  of 
two  layers,  an  inner  and  continuous  one  composed  of  one 
layer  of  cells,  and  an  outer  and  thickened  layer  appear- 
ing like  the  mesoderm  of  the  chorion.  There  were  no 
indications  of  blood  islands.  In  addition  to  these  two 
laj'ers  there  was  a  third  layer  fairly  well  marked  near  the 
pedicle  and  between  the  vesicle  and  the  chorion.  With 
the  exception  of  the  allantois  canal,  Fig.  1419  is  a  diagram 
of  this  specimen. 

Giacomini  ''■  has  described  a  numbex  of  similar  vesicles, 
and  he  expressly  states  that  the  vesicas  had  the  structure 
of  the  umbilical  vesicle,  but  that  there  was  no  trace  of 
the  amnion  present  in  any  of  them.  A  number  of  other 
vesicular  forms  have  been  described,  and  in  general  they 
all  appear  much  like  the  two  specimens  I  have  given. 

I  do  not  think  that  it  is  rash  to  assert  that  these  vesicles 
represent  an  arrested  development  of  an  earlier  stage, 
which,  due  to  impaired  nutrition,  or  whatever  it  might 
have  been,  simply  allowed  the  embryonic  vesicle  to  keep 
on  expanding.  That  this  expansion  can  keep  on  is  al- 
ready shown  in  the  simple  enlargement  of  the  chorion 
after  the  embryo  is  distorted  or  wanting  altogether.  We 
have  in  these  specimens  a  thin  chorion  with  atrophic 
villi,  and  why  can  we  not  have  an  expanded  and  atrophic 
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embryonic  vesicle  if  its  development  is  impaired?  In 
this  way  I  view  specimen  No.  LVIII.  It  represents  a 
jnucli  earlier  stage,  which  has  simply  e.\panded  and  was 


Fig.  If  (I.— Dlajrraniiiiatic  Si'ctinn  of  Half  of  the  Human  Ovum  No. 
XI.  Enlarfreil  In  tiiii*\s.  Tim  villi  are  drawn  only  on  the  upper 
side.  f(%  E'etodenn  ;  tn,  entoderm:  hic^,  mesoderm:  ui\  umbil- 
ical-vesicle ;  coe,  cceloni :  all,  allantols ;  a,  amnion. 

ultimately  aborted.  In  No.  LVIII.  the  embryonic  ves- 
icle must  have  ceased  its  further  development  a  week 
or  so  before  the  abortion,  about  the  time  the  ca>lom  was 
beginuins  to  develop.  At  that  time  the  fibrous  degener- 
ation enclosed  the  embryonic  vesicle  as  well  as  extt'nded 
around  the  whole  chfirion  into  all  of  its  villi.  This, 
then,  arrested  the  further  development  of  the  embryo, 
and  the  embryonic  vesicle  simply  continued  to  expand. 

This  idea  is  further  strengthened  by  another  ovum 
whose  liistory  I  published  on  sev- 
•eral  occasions  several  years  ago.** 
The  specimen  is  a  good  one,  hav- 
ing been  preserved  fairly  well,  and 
It  has  every  indication  of  being 
normal.  Since  the  specimen  has 
been  in  my  hands  I  have  studied  it 
.over  and  over  again,  have  photo- 
graplied  many  of  the  sections,  and 
have  resconstructed  it.  At  first  it 
was  very  difficult  for  me  to  inter- 
pret it.  but  finally  it  appears  to  me 
that  something  definite  can  be  said 
regarding  the  arrangement  of  the 
membranes  and  their  relation  to 
•older  as  well  as  to  the  pathological 
and  presumably  younger  speci- 
mens.* 

Embryo  iVo.  XL — "The  woman, 
from  whom  the  specimen  was  ob- 
tained, is  twenty-five  years  old, 
menstruates  reguRrly  every  four 
weeks,  the  periods  lasting  from  four 
to  five  days.  She  gave  birth  to  a 
•  child  September  X9th.  1893.  and  had 
the  first  recurrence  of  menstruation 
December  19tli.  The  second  period 
followed  on  .January  2.5th,  and  was 
very  profuse:  it  lasted  until  Feb- 
ruary 1st.  The  next  period  should  have  begun  about 
February  32d,  but  on  account  of  its  lapsing  the  patient 
-concluded  that  she  was  pregnant,  and  called  at  my  office 

*  An  extensive  description  of  the  patht^logy  of  early  human  embryos 
Is  given  by  me  in  the  "Contributions  to  the  Medical  Sciences,"  Johns 
Hopldns  Hospital  Reports,  vol.  Ix.,  Baltimore.  190U. 


a  few  days  later.  I  did  not  examine  her,  but  asked  her 
to  remain  quiet  and  await  developments  as  I  thought 
possible  that  she  might  be  pregnant.  On  the  evening  of 
March  1st  she  fell  and  sprained  herself,  and  during  the 
same  night  had  a  scanty  flow.  The  flow  recurred  each 
day,  and  on  the  7th  of  March  she  passed  the  ovum.  It 
was  kept  in  a  cool,  moist  cloth  for  twenty  hours,  and 
when  it  came  into  my  hands  was  at  once  placed  in  a 
large  quantity  of  sixty-percent,  alcohol."  f 

The  ovum  is  very  large  for  its  age,  having  a  long 
diameter  of  10  mm.  and  a  short  diameter  of  7  mm.  It  is 
covered  with  villi  only  around  its  greatest  circumference, 
having  two  spots  without  villi,  as  was  the  case  with 
Reichert's  ovum.  The  villi  of  the  chorion  are  from  0..5 
to  0.7  mm.  long  and  are  branched. 

Upon  opening  the  chorion  it  was  found  that  the  ger- 
minal vesicle  was  situated  just  opposite  the  edge  of  the 
zone  of  villi.  About  it  was  much  coagulated  albumen, 
magma  reticulare,  which  I  did  not  remove,  and  therefore 
could  not  obtain  good  camera  drawings.  The  portion 
of  the  choiion  to  which  the  vesicle  was  attached  was  cut 
out  and  stained  with  alum  cochineal  and  cleared  in  oil, 
but  even  after  this  treatment  it  was  impossible  to  obtain 
any  clear  picture.  The  specimen  was  next  embedded  in 
paraffin  and  cut  into  sections  10  u  thick.  The  series 
proved  to  be  perfect.  Prom  the  sections  a  reconstruction 
was  made  in  wax,  and  the  accompanying  Fig.  1420  is  a 
sagittal  section  of  it. 

The  dimensions  of  the  different  portions  of  the  vesicle 
are  as  follows: 

Diameter  of  stem O.t  mm. 

L.ength  of  stem 0.4    " 

Lenj?th  of  vesicle 1.5    " 

Width  of  vesicle 1.0    " 

Leninh  of  invagination  0.8    " 

Width  of  invafrination 0.5    " 

Diameter  of  opening  of  invagination 0.03  " 

The  sections  and  reconstruction  show  that  the  em- 
bryonic vesicle  is  attached  to  the  chorifin  by  means  of  a 
stem.  The  greater  part  of  the  vesicle  itself  is  composed 
of  two  layers,  ectotlerm  and  mesoderm.  In  the  neigh- 
borhood of  the  embryonic  stem  there  is  a  third  outer 
layer  which  shows  all  of  the  characteristics  of  the  ecto- 


FiG.  1423. 


Fig.  1424. 


FIG.  142.5. 


Figs.  1421-1425.— Sections  Nos.  43,  .53,  68,  80,  and  89  through  the  Embryonic  Vesicle  of  Embryo 
No.  XI.  Enlarged  SI  times.  The  entoderm  is  a  heavy  line,  the  ectoderm  is  striated,  and 
the  mesoderm  di>tted.  a.  Amnion :  X,  cavity  of  the  umhilical  vehicle  extending  into  the 
stem  of  the  vesicle  :  R,  Rauber's  layer  as  the  ectoderm  of  the  chorion. 


derm.  .lust  beside  the  attachment  of  the  vesicle  to  the 
stem  there  is  a  sharp,  deep  and  narrow  invagination  of 
all  three  embryonic  membranes,  which  Ihave  interpreted 
as  the  formation  of  the  amnion.     The  arrangement  of 
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tliis  invagination  is  fully  pictured  in  Figs.  1421  to  142.5. 
Witliin  tlie  stem  there  is  a  sliarply  detined  allautois  which 
communicates  with  the  cavity  of  the  vesicle  just  below 
the  cavity  of  the  ectoderm.  The  ectodermal  plate  of  the 
invagination  is  very  broad  but  not  of  equal  thickness 
throughout  its  whole  extent.  It  extends  to  the  outside 
of  the  vesicle  and  ends  quite  abruptly  in  the  neighbor- 
liood  of  the  stem.  The  blood-vesssels  of  the  mesodermal 
layer  extend  to  the  stem  but  do  not  enter  it,  nor  are 
there  any  blood-vessels  in  the  chorion. 

Since  the  first  publication  of  this  specimen,  embrj-os 
both  normal  and  pathological  have  been  studied,  all  of 
which  indicate  more  and  more  that  this  specimen  must 
belong  to  the  pathological  class.     The  other  pathological 
specimens  of  m_v  collection  as  well  as  the  perfect  normal 
specimen  described  recently  bj'  Peters  all  speak 
for   this   conclusion.     Yet  the   presence  of    all 
three  blastodermic  membranes  in  No.  XI.,  with 
blood  islands  in  the  mesoderm,  and  an  allantois 
in  the  embryonic  stem,  indicate  that  this  speci- 
men cannot  be  far  from  the  normal,  but  repre- 
sents the  earliest  changes  in   the   blastodermic 
membranes  in  a  specimen  of  the  Peters  stage 
under  pathological  conditions. 

The  next  stages  in  the  development  of  the 
embryonic  vesicle  are  taken  from  Graf  Spec,  and 
they  are  of  importance  to  elucidate  the  changes 
which  take  place  preparatory  to  the  formation 
of  the  body  cavity.  In  Fig.  1426,  which  repre- 
sents the  3"ounger  embryo,  the  amnion  is  still 
surrounded  completely  with  mesoderm,  as  in 
embryo  No.  XL,  represented  in  Fig.  1420.  The 
mesoderm  crosses  the  median  line,  as  the  sections 
given  by  Graf  Spee"  show.  The  dorsal  .side 
of  the  amnion  is  covered  witli  a  very  thick 
lavcr  of  mesoderm,  as  the  closure  of  the  amnion 


and  the  head  end  of  the  embryo.  Tliis  porliim  of  the 
embryo  is  marked  H  in  my  Fig".  1427,  and  falls  anterior 
to  von  Spec's  Fig.  ItS.  Von  Spec's  Fig.  l(j  is  the  twenty- 
fourth  section  of  the  embryo,  beginning  at  the  head, 
while  his  Fig.  23  is  the  eighty-first  section. 

The  various  small  spaces  in  different  portions  of  the 
mesoderm  cannot  be  viewed  as  the  real  origin  of  the 
body  cavities 
without  further 
discussion.  In  the 
von  Spee  embryo 

H.  there  are  in- 
dications already 
of  small  spaces  in 
the   mesoderm  at 


Fig.  1126. 


Fig.  1427. 


From  the  stage  represented  in  Fig.  1426  it  is 
easy  to  pass  to  the  older  embryo  represented  in 
Fig.  1427.    Now  the  bodj'  of  the  embryo  is  well 
marked,  the   neural   folds  are   just  beginning, 
and  the  neurenteric  canal  has  just  been  formed. 
The  chorda  dorsalis  is  not   }-et   separated   from 
the  entoderm,  and  the  blood  islands  encircle  completely 
the  umbilical  vesicle  and  have  nearly  reached  the  head 
end  of  the  body  of  the  embryo  preparatory  to  the  forma- 
tion of  the  heart. 

In  my  earlier  studies  I  was  inclined  to  believe  that 
embryo  XL,  Fig.  1420,  to  be  normal,  but  the  recent  pub- 
lication of  a  normal  human  ovum  younger  than  Reichert's, 
by  Peters,  makes  this  view  improbable.  Now  we  must 
view  the  opening  in  the  amnion  in  XL  as  a  secondary 
rupture,  for  in  the  Peters  embryo,  which  is  so  much 
smaller  than  any  yet  seen,  and  the  amnion  is  closed. 
Furthermore,  Sclenka  has  just  described  a  small  ovum  of 
the  gibbon  in  which  the  amnion  is  still  connected  with 
the  epithelial  covering  of  the  chorion  and  almost  com- 
municates with  the  exterior  of  the  ovum.  These  ob- 
servations practically  set  to  rest  this  difficult  question. 
The  amnion  ainses  directly  from  the  exterior  of  the  ovum, 
closes  at  once,  and  then  the  embryo  forms  within  it. 
There  is,  therefore,  apparent  inversion  of  the  germ 
layers. 

In  these  two  ova  described  by  von  Spee,  the  coelom  is 
much  of  the  same  form  it  was  in  embryo  No.  XL,  Fig. 
1420,  and  therefore  needs  no  special  comment.  Yet 
around  the  head  end  of  embryo  Gle.  there  is  a  marked 
accumulation  of  mesoderm  into  which  the  heart  is  to 
grow.  In  the  illustrations  of  the  section  of  this  embryo 
Graf  Spec  ■■"  pictures  spaces  in  the  mesoderm  which  "he 
believes  to  be  portions  of  the  body  cavity  of  the  embryo, 
that  is,  the  cavity  of  the  muscle  plates,  pericardial  cavity 
or  peritoneal  cavity.  It  is  impossible  to  determine  defi- 
nitely which  portion  of  the  body  cavity  these  spaces 
represent,  but  I  do  not  feel  inclined  to  believe  that  what 
he  marks  pericardial  cavity  in  Fig.  143.5  can  possibly 
represent  it,  for  we  are  to  look  for  the  pericardial  cavitj' 
between  the  junction  of  the  pharynx  and  umbilical  vesicle 
Vol.  IIL— 12 


Figs.  1426  and  142T.— Longitudinal  Sections  ol  Two  Tounp  Human  Ova.  (Alter 
«raf  Spee.)  Enlarged  10  times.  Fig.  1426,  Embryo  v.  H. ;  Fijf.  1427.  Embryo 
Gle.  Just  half  of  the  chorion  is  drawn,  and  the  villi  are  outlined  only  over  a 
portion  of  the  ovum.  i?.  Rauber's layer:  a.  amniotic  cavity  ;  w  i\  umbilical 
vesicle  ;  en,  entoderm  ;  mes.  mesoderm  ;  alU  allantois ;  c,  chorda  ;  ?i  c,  neu- 
rentic  canal ;  H,  position  of  heart. 


the  border  of  the  ectoderm  of  the  embryo.  Similar 
spaces  are  described  by  Bonnet  ^'  for  the  sheep  and  b}' 
Selenka  ^''  for  the  monkej'.  While  von  Spee  and  Bonnet 
believe  that  these  spaces  belong  to  the  coelom,  Selenka 
simply  designates  them  heart,  or  vascular. 

The  blood-vessels  are  intimately  associated  with  the 
coelom  in  their  early  development,  and  it  is  easy  to  be  led 
into  error  without  an  abundance  of  material.  Drasch  ^' 
recently  has  again  emphasized  this  relation.  He  has 
shown  in  the  chick  that  the  blood  islands  are  separated 
from  one  another  by  a  number  of  closed  spaces  filled  only 
with  a  fluid.  These  spaces  soon  flow  together  to  form 
the  large  slit-like  coelom  of  birds.  The  same  condition 
of  things  has  been  shown  to  be  true,  but  from  a  very 
different  method,  by  Budge."  He  injected  the  blasto- 
derm of  the  chick,  and  showed  that  the  ccelom  was  com- 
posed of  a  network  of  spaces,  which  gradually  flowed 
together  into  the  large  ca>lom  surrounding  the  embryo. 

Of  course  in  the  j'oung  human  embryos  we  have  at  our 
disposal  this  stage  of  the  process  has  long  passed,  but 
there  is  no  reason  why  a  remnant  of  it  should  not  exist 
at  the  point  of  union  of  the  umbilical  vesicle  with  the 
body.  The  reason  I  question  von  Spec's  interpretation 
of  these  small  spaces  in  the  mesoderm  in  embryo  Gle.  is 
that  I  believe  that  all,  or  certainly  nearly  all.  of  the  botlj' 
cavity  is  formed  by  an  incorporation  of  the  extra-embry- 
onic co-lom  within  the  embryo.  What  I  have  observed 
in  human  embryos  as  well  as  in  the  injected  specimens 
of  Budge  shows  that  this  must  be  true.  These  small 
spaces  in  the  mesoderm  of  the  body  may  belong  to  the 
muscle  plates  and  the  carh'  blood-vessels,  and  certainly 
cannot  play  any  great  part  in  the  development  of  the 
body  cavity.  There  is  no  doubt  whatever  that  the  whole 
peiitoneal  cavity  is  simply  pinched  off  from  the  cadom 
of  the  outside  of  the  body,  and  it  is  highly  probable  that 
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the  pericardial  cavity  and  pleural  cavities  are  formed  in 
tlie  same  way.  The  anterior  nieseuterv  of  the  intestine 
has  never  existed  in  the  human  embryo,  and  it  is  there- 
fore needless  to  e.xplain  its  mode  of  disiippearance. 

My  statements  are  based  in  great  part  on  embryos  Nos. 
III.  and  XII.,  and  since  No.  XII.  is  such  a  perfect  speci- 


ti,nt. 


Fig.  1438.— Outline  Drawinp  of  a  Sapittal  Section  of  the  Model  of  Embrro  No.  XII. 
Enlarged  .50  times.  The  heavy  line  Is  the  aorta.  The  muscle  plates  are  miinlxred 
for  occipital,  cervical,  and  dorsal  regions,  respectively.  The  mesoderm  is  striated. 
am^  Amnion  :  a.  border  l)et\veen  forebrain  and  midbrain  :  .r  and  x\  extent  of 
closure  of  spinal  canal ;  S.  Seessei's  pocket ;  c/(,  chorda  ;  h'  and  h',  first  and  second 
branchial  pockets ;  o  r.  otic  vesicle;  m.  mouth  ;  T,  thyroid  :  H.  pericardial  space; 
ph,  pharynx  ;  ent,  entoderm ;  S  T,  septum  transversum  ;  U  liver;  n  c,  neurenteric 
canal ;  all,  aUantois. 


men  it  is  well  for  me  to  describe  it  in  greater  detail.  The 
embryo  is  about  the  same  age  as  Kollmann's^°  embryo 
BuUe.  which  unfortunately  was  never  fully  published. 
No.  III.  is  an  embryo  given  me  by  Professor  His.  This 
embryo  had  been  torn  from  the  umbilical  vesicle,  and 
was  injured  in  different  portions  of  the  body.  Yet  the 
head  end  of  it  is  fairly  well  preserved,  and  it  is  of  value 
in  determining  the  growth  of  the  body  walls  coveting 
the  heart. 

Einhryo2.1  mm.  Long. — Thehistory  of  embrj'oNo.  XII. 
is  as  follows:  "The  woman  from  whom  the  ovum  was 
obtained  is  twenty-three  years  of  age  and  has  been  mar- 
ried for  three  years.  She  is  a  very  intelligent  woman, 
and  her  statements  are  reliable.  Her  menstrual  periods 
recur  every  thirty  days.  She  had  been  married  some 
time  before  she  became  pregnant,  anil  after  passing  two 
periods  aborted  July  6th,  1893.  She  was  unwell  the  .ith 
of  October  and  again  on  the  7th  of  November,  this  last 
period  lasting  five  days.  She  passed  her  next  period  and 
on  December  18th  aborted  the  ovum."* 

The  ovum  was  hardened  in  strong  alcohol  without 
opening  it  first,  and  when  it  came  into  my  hands  its 
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dimensions  were  18  X  18  X  8  mm.,  that  is,  it  wasslightlj- 
flattened.  It  was  completely  covered  with  long  villi. 
It  was  carefully  opened,  care  having  been  taken  not  to 
injure  the  embryo  in  any  wtiy.  The  ca>lom  was  tilled 
with  a  clear  fluid,  and  many  firm  shreds  of  a  fibiin- 
like  body  which  obscured  tlie  embryonic  vesicle  greatly. 
With  much  difficulty  the  embryo  could  be 
outlined,  and  these  drawings  proved  to  be 
of  great  service  in  making  the  reconstruc- 
tion. The  portion  of  the  chorion  to  which 
the  embryo  was  attached  and  tlie  embryo 
were  stained  in  caiinine  and  embedded  in 
paraffin.  The  whole  was  cut  into  sections, 
at  right  angles  to  the  body,  10  //  thick. 

Every  other  section  was  enlarged  100 
times  and  drawn  on  wax  plates  2  mm.  thick, 
anil  from  them  the  model  of  the  embryo 
wa.s  made.  The  model  gives  the  whole  cen- 
tral nervous  system,  tlie  entodeim  through- 
out its  extent,  the  blood-vessels,  and  the 
muscle  plates. 

The  sliajie  of  the  neural  tube  is  given  in 
,pjj,143jthe  diagrammatic  outline.  It  was  closed 
'"  '  only  along  the  middle  of  the  body,  being 
open  in  front  down  to  the  beginning  of  the 
fourth  muscle  plate.  From  the  beginning 
of  the  fourth  plate  to  tlie  beginning  of  the 
fourteenth  it  was  closed,  and  from  there 
on  again  it  was  open.  In  the  figure  the  por- 
tions between  .;■  and  j'  indicate  to  what  ex- 
tent the  tube  is  closed.  In  Figs.  1429  and 
1430  the  tube  is  nearly  closed,  while  in  Fig. 
1432  the  fail  end  of  the  tube  is  just  begin- 
ning to  separate  from  the  ectoderm.  The 
cephalic  end  of  the  tube  ahiad.v  clearly  out- 
lines the  forebi-ain.  the  midbrain,  and  the 
hind-brain;  the  constriction.  Fig.  1438.  a, 
indicates  the  junction  between  the  first  two. 
On  the  Ventral  side  of  the  fore-brain  there 
are  two  marked  pockets,  one  on  cither  .side, 
just  behind  the  neiu'opore,  which  are  no 
doubt  the  primary  optic  vesicles.  It  shows 
tliat  in  the  human  embryo  these  are  fully 
outlined  before  the  brain  has  .separated  itself 
from  the  ectoderm.  Farther  liehind.  very 
near  the  dorsal  median  line  and  about  in  the 
mitldle  of  the  head,  there  is  a  short  pocket 
of  thickened  ectoderm,  the  otic  vesicle. 
Toward  the  hinder  end  of  the  embryo  the 
spinal  cord  communicates  by  means  of  a 
solid  band  of  cells  with  the  entoderm  {Fig. 
1432).  At  no  point  in  this  communication  is 
there  a  canal,  so  it  must  be  viewed  as  the 
last  remnant  of  the  neurenteric  canal.  The 
location  is  opposite  the  twelfth  muscle  plate,  or  in  the 
neighborhood  of  what  will  later  on  be  the  position  of 
the  first  rib.  The  chorda  dorsahs  extends  to  the  neu- 
renteric canal,  but  not  beyond  it.  There  is  no  chorda  in 
the  tail  end  of  the  embryo. 

Throughout  the  central  nervous  system,  immediately 
about  the  central  canal,  there  are  many  karyokinetic 
figures,  showing  that  the  specimen  was  excellently  pre- 
served. In  the  greater  portion  of  the  neural  tube  the 
tissue  is  already  marked  by  two  zones,  a  central  one  rich 
in  nuclei,  and  a  peripheral  containing  none.  This  cor- 
responds with  the  desciiption  already  made  familiar  to 
us  by  His. 

The  general  shape  of  the  whole  central  nervous  system 
is  very  unlike  that  of  any  other  3-oung  human  embiyo 
ever  published.  It  circumscribes  the  greater  portion  of 
a  circle,  while  in  the  other  human  embryos  of  this  .size  it 
makes  more  of  a  straight  line.  I  think  that  it  is  probable 
that  this  specimen  represents  the  normal,  as  it  was  not 
injured  nor  handled  in  any  way  before  it  was  cut  into 
sections. 

The  entoderm,  as  the  figures  show,  is  already  divided 
into  fore-gut.  mid-gut.  and  hind-gut.  The  fore-gut 
makes  the  pharynx,  from  which  there  are  four  diverticula 
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ou  the  dorsal  sido,  one  on  the  ventral  sifie.  an<l  two  near 
the  mouth.  The  four  on  the  dorsal  side  mark  the  first 
two  hrauehial  jioekets  on  either  side  of  the  embryo;  the 
two  in  front  are  Secssel's  jioeketaud  the  entodermal  por- 
tion of  the  mouth;  while  the  one  on  the  ventral  side  of 
the  pharvnx  is  the  lieniuninir  of  the  median  portion  of 
the  thyroid  ifland  (Fis.  14-Ji)r/). 

At  the  jimetion  oi'  the  pharynx  with  the  umbilieal 
vesiele  there  is  a  larjje  divertieulum  into  the  septum 
transversum  (Fiij.  1430  0.  the  besinnin;;-  of  the  liver. 

Within  the  tail  end  of  the  embryo,  behind  the  nem-en- 
teric  canal,  the  hind-gut  is  enlarged  eonsiderably,  and 
from  it  the  entodermal  eanal  of  the  allantois  arises. 

The  whole  umbilieal  vesiele  is  covered  with  blood- 
vessels which  comnumieate  with  the  veins  and  arteries 
of  the  embryo.  Near  the  origin  of  the  liver  there  are 
two  veins  which  collect  the  blood  from  the  umbilieal 
vesiele  and  then  enter  the  heart.  These  are  the  omphalo- 
mesenteric veins.  Tliey  with  a  number  of  their  branches 
are  shown  in  sections  in  Fig.  1430,  i\  The  heart  itself  is 
broken,  but  there  is  enough  of  it  left  to  show  that  it  is 
bent  upon  itself  and  contains  a  large  cavity  at  the  point 
where  the  veins  entered  it.  From  the  heart  two  arteries 
arise  and  pass  in  front  of  the  first  branchial  pocket,  and 
each  follows  the  course  as  shown  in  black  in  the  recon- 
stniction.  The  aorta;  do  not  unite,  but  each  sends  a 
number  of  segmental  branches  to  the  umbilical  vesicle 
along  the  tail  end  of  the  embryo.  These  are,  of  course, 
temporary  ;  they  may  be  called  collectively  the  omphalo 
mesenteric  arteries.  As  the  penuaneiit  omphalomesenteric 
artery  arises  more  aboral  than  any  of  these,  it  is  easy  to 
understand  that  most  of  them  must  degenerate. 

The  sections  show  that  there  are  fourteen  muscle 
plates,  all  of  which  are  hollow  and  do  not  in  any  way 
communicate  witli  the  body  cavity  in  general.  Koll- 
maiui,  who  described  an  embryo  of  fliis  same  age,  num- 
bers tliem  from  before  backward,  but  I  think  that  they 
can  l)e  designated  more  delinitely .  Froriep '"  showed  that 
in  all  amniotic  vertebrates  there  were  a  number  of  muscle 
plates  and  dorsal  ganglia  formed  in  the  occipital  region, 
and  studied  their  fafe'in  the  chick  and  in  the  cow's  em- 
brvo.  Piatt ''''  has  also  followed  the  order  of  the  origin  of 
the  muscle  plate  in  the  chick,  and  found  that  the  first 
division  of  the  mesoderm  was  between  the  third  and 
fourth  occipital  plates.  The  first  three  or  four  of  these 
segments  communicate  in  the  cliick.  according  to  Dexter, '•' 
with  the  cadom,  and  Bonnet^' has  found  also  that  the 
same  is  true  in  the  sheep.  Bonnet's  figures  (compare 
his  Plate  IV.)  show  that  a  sheep's  embryo  of  the  same 
stage  as  embryo  XII.  has  uuisele  plates  much  more 
sharply  outlined  than  the  human.  In  order  to  locate  the 
muscle  plates  more  dctiuitely  I  have  made  every  effort 
to  count  the  spinal  ganglia  in  embryo  XII.,  but  with  no 
definite  result.  It  is  impossible  for  me  to  define  the 
spinal  .ganglia,  as  often  they  are  represented  by  a  few 
cells  only,  then  again  as  a  band  of  cells  they  extend  over 
several  "segments.  Tlie  same  is  true  in  the  oci'ipital 
region.  Had  I  been  able  to  number  them  definitely  it 
would  still  have  been  impossible  to  number  the  muscle 
plates  from  them,  for  His-"'  has  shown  that  there  is  an 
occipital  ganglion  in  the  human  embryo  as  well  as  in  the 
lower  animals. 

The  fact  that  the  muscle  plates  reach  to  the  otic  vesicle 
in  embryo  XII.,  as  well  as  in  Kolhnaun's  embryo  Bulle, 
indicate"  that  the  first  plates  must  belong  to  the  occipital 
rcgirm,  and  I  have  found  that  there  are  three  oecijiital 
muscle  plates  in  embryo  X'o.  II.'"  Moreover,  there  is 
every  indication  of  a  degeneration  of  the  first  two  plates 
in  XII.,  so  on  this  account  I  am  inclined  to  number  them 
as  they  are  numbered  in  Fig.  14'28.  I  do  not  think  that 
any  of  them  ever  communicate  with  the  pericardial  cav- 
ity" as  Bonnet  found  them  in  the  sheep.  The  cavities  in 
all  of  the  other  plates  are  small,  and  they  are  separated 
by  a  large  mass  of  mesoderm  from  the  coelom.  'This  all 
confirms  my  view. 

The  chorda  extends  from  Seessel's  pocket  to  the  neu- 
renteric  canal. 

There  are  also  a  few  segmental  ducts,  some  completely 


and  some  partly  separated  from  the  ectoderm,  as  was  the 
case  in  Kollmann's  embryo.  The  ducts  are  small,  and 
extend  over  one  or  two  sections  only,  and  occasionally 
one  of  them  is  arising  at  seveial  dilTeri'iit  points  between 
a  gi\i'n  two  segments.  They  are  present  on  both  .sides 
between  the  first  and  second  eervi<'al  segments,  second 
and  tliird  segments,  third  and  fourth  ,segments,  fourth 
and  fillli  segments,  and  oidy  on  the  left  side  in  the  region 
of  the  fifth  and  sixth  cervical  segments. 

The  codom  of  this  embryo  is  especially  instructive.  A 
sagittal  section  of  the  embryo  and  ovum  is  given  in  Fig. 
1433.  This  embryo,  when  drawn  eomiecte<l  with  the 
ovum,  is  very  similar  to  Graf  Spec's  embryo  Gle.  as 
shown  in  F"ig.  14'.J7.  It  is  very  easy  for  us  to  conceive  the 
von  Spec  cnd)rvo  converted  into  this  endnwo.  for  about 
all  the  change  that  is  necessary  is  lliat  the  cndiryo  grow 
somewhat  and  bend 
upon  itself.  In  so 
doing  the  attachment 
of  the  umbilieal  vesi- 
cle becomes  smaller 
as  the  amnion  encir- 
cles the  body  of  the 
embryo    more.      The 


Figs.  f4x*0-H:!;J. — Sections  tliroupli  Embryo  No.  Xlf.,  as  indicated  by 
tlic  Lines  in  Ftp.  i42S.  Enliirtrcd  nt\  times.  'I'lie  lilacli  is  Il;c  eoelom 
witliin  Ilic  lindy.  0'  and  n^,  Kii'st  an(i  third  wcipital  naiscie  plates : 
ri  and  C^,  tlrst  and  eigtitli  cervical  innscic  plali-s:  !>'.  Ilrst  donftal 
niiiscie  plate:  a.  aorta:  t\  oinplialonicscnteric  vein;  (.  tliyroid :  U 
liver;  p/i,  pharynx:  t,  intestine:  n  c.  neurerueric  canut ;  A//f, 
membrana  reuniens. 

position  of  the  neurenteric  canal,  the  shape  of  the  allan- 
tois, and  the  formation  of  the  pericardial  cavity,  all  show 
that  the  curving  must  be  a  normal  one. 

Nearly  all  other  young  embryos  of  this  stage,  or  a  little 
older,  wiiich  have  been  published  show  a  straighter  body 
or  even  a  curve  in  the  opposite  direction.     I  have  also  in 
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my  ccjllection  two  embryos  of  this  stage,  Nos.  I.  and 
XV.,  which  liad  been  taken  out  of  the  chorion  and  torn 
from  the  umbilical  vesicle,  and  both  of  them  are  straight 


Fig.  1433.— Sagittal  Section  of  the  Ovum  with  Embryo  No.  XII.  At- 
tached. Enlarged  10  times.  Coc,  Coelom ;  u  r,  umbilical  vesicle ; 
all,  allantois ;   MP,  medullary  plate. 

like  KoUmann's  embryo  Bulle  and  His's''*  embiyo  L.  It 
is  difficult  to  conceive  how  my  embryo  XII.  could  possi- 
bly be  torn  out  of  its  membranes  without  straightening  it. 
"We  need  only  recall  our  experience  in  hardening  embryos 
of  lower  animals  to  be  reminded  how  easily  a  curved 
embryo  is  straightened  when  it  is  handled  the  least  bit 
roughly  before  it  is  hardened. 

His,  in  his  great  monograph  on  human  embryos,  em- 
phasizes a  curve  in  the  back  of  the  embryo  just  the  re- 
verse of  the  one  given  in  Fig.  1433.  I  refer  to  embryos 
Sch.,  BB.,  and  Lg.,  as  well  as  to  Minot's  embryo  195.*^ 
The  fact  that  this  inverted  bend  in  the  back  is  not  con- 
stant (His's  Rf.,  for  instance),  and  that  it  occurs  at  the 
time  when  any  tension  upon  the 
umbilical  vesicle  coidd  produce 
it,  makes  me  believe  that  it  is  an 
artifact.  This  view  was  sug- 
gested to  me  a  number  of  years 
ago,  when  I  was  removing  j'ouug 
dogs'  embryos  from  the  uterus, 
and  unwittingly  distorted  a  num- 
ber of  them  in  this  very  way 
before  they  were  hardened.  The 
middle  of  the  l.iack  is  the  weakest 
part  of  the  embryo's  body,  and 
the  umbilical  vesicle  is  attached 
to  it.  Under  these  conditions  the 
simple  weight  of  the  vesicle  is 
sufficient  to  bend  the  back  of  the 
embryo  as  pictured  by  His. 

To  return  to  the  cadom.  At 
the  hinder  end  of  the  embryo  the 
coelom  dips  into  the  body  over- 
lapping the  hindgut  in  the  neighborhood  of  the  neuren- 
teric  canal,  as  shown  in  Fig  1432.  This  cavity  communi- 
cates with  its  fellow  on  the  opposite  side  through  an 
opening  between  the  umbilical  vesicle  and  the  allantois, 
marked  0  in  Fig.  1428.    This  communication  has  already 


been  described  by  His  "  for  an  embryo  somewhat  older. 
If,  now,  the  point  O  in  Fig.  1428  is  approximated  toward 
NC.  with  a  flexion  of  the  embryo  at  the  same  time,  this 
communication  is  easily  explained.  In  other  words,  as 
the  hind-gut  is  being  separated  from  the  umbilical  vesi- 
cle, a  groove-like  portion  of  the  cielom  is  also  included 
in  the  bod_Y  of  the  embryo.  At  the  hinder  portion  of 
the  embryo,  on  either  side,  the  cadomic  grooves  extend 
deeper  into  the  body  of  the  embryo,  and  commtuiicate 
with  each  other  around  the  aboral  side  of  the  stem  of 
the  umbilical  vesicle.  This  communication  is  shown 
well  by  His  in  Fig.  I,  B,  Plate  VI.  of  his  "Atlas,"  as 
well  as  in  the  same  figure,  page  299  of  Minot's  "Em- 
bryology." Excellent  profile  views  showing  this  point 
are  given  in  all  the  embrvos  figured  on  Plate  IX.  of  His's 
"Atlas." 

I  emphasize  this  point  in  order  to  exclude  the  ventral 
mesentery  for  this  portion  of  the  embryo.  The  fact  that 
this  mesenterj-  could  never  have  existed  in  the  human 
embryo  is  also  proved  by  a  careful  examination  of  His's 
models  of  human  embryos  made  by  Ziegler. 

As  we  pass  toward  the  head  in  embr30  XII.  the  coelomic 
groove  communicates  freely  with  the  extra-embryonic 
coelom  until  the  region  of  the  niembrana  reuniens  is 
reached.  This  is  shown  in  Fig.  1431,  -1/ii',  with  the  mem- 
brana  reuniens  complete  on  one  side,  but  not  yet  united 
on  the  other.  Themembrana  reuniens  extends  up  to  the 
heart,  and  sejiarates  the  pericardial  cavity  from  the 
extra-embryonic  coelom,  then  crosses  the  ventral  median 
line  to  return  on  the  opposite  side  of  the  embryo. 
Throughout  the  extent  of  the  membrana  reuniens  there 
is  a  great  increase  of  mesodermal  tissue,  which  encircles 
completely  the  beginning  of  the  liver,  as  Fig.  1430  shows. 
A  portion  of  this  mesodermal  ti.ssue  has  been  described 
by  His  as  the  septum  transversum.'*'  Accoiding  to  His 
only  that  jiortion  of  the  mesodermal  tissue  is  septum 
transversum  which  lies  between  the  posterior  part  of  the 
pericardial  cavity  (Pu lieteUiohk).  the  wall  of  the  intes- 
tine, and  the  point  where  the  veins  enter  the  heart.  It 
extends  aci'oss  the  body,  and  has  within  it  the  beginning 
of  the  liver.  In  ti'ausverse  section  this  region  is  shown 
in  Fig.  1430.  Now  the  pericardial  cavity  commimicates 
bj*  means  of  a  long  canal  on  either  side,  with  the  peri- 
toneal cavity,  and  the  omphalomesenteric  vein  hangs  into 
this,  attached  to  a  kind  of  mesentery,  as  Fig.  1430  shows. 
Lower  down,  near  the  communication  (Fig.  1431),  there 
is  an  indiwition  of  the  beginning  of  the  umbilical  vein, 
which  unites  with  the  omphalomesenteric  vein  through 
the  membrana  reuniens.  The  two  canals  which  com- 
municate with  the  extra-embryoiiic  cadom  are  the  pleural 
cavities,  and  the  membrana  reuniens  aids  to  separate 
them  from  the  peritoneal. 

All  of  the  tissues  from  the  diaphragm  to  the  opening 


FIG.  MM. 


Fig.  1435. 


Fig.  14.36. 


Figs.  14:M-H38.— Three  Stages  to  Show  the  Development  of  the  Blastodermic  Layers  at  the  Head 
End  of  the  Embryo.  Fig.  14:Jt,  Count  Spee's  Embryo  Gle.  Fig.  14:ii,  Embryo  No.  III.  Fig.  1436, 
Embryo  No.  XII.  V,  Vein  ;  ph,  pharynx  ;  rtui. amnion  ;  ^[P,  medulIaTv  plate  ;  it  i\  pericardial 
cavity;  N,  Seessel's  pocket;  m,  mouth;  t,  thyroid:  1  ami  J,  rirst  and  secmd  brainhiiil  jiockets; 
J),  pleural  cavity;  m  t\  membrana  reuniens;  vom,  oinplialnTin'senieric  ^lAu,  wliirh  is  expressed 
as  a  dotted  line;  O,  communication  between  .right  and  left  body  cavities  on  the  ventral  side  of 
the  umbilical  vesicle. 


of  the  liver  duct  into  the  duodenum  arise  from  the  septum 
transversum  and  the  membrana  reuniens:  the  stomach 
from  the  fore-gut,  the  liver  from  the  liver  diverticulum, 
and  the  diaphragm  from  the  septum  transvei'sum  and 
the  membrana  reuniens.     The  Cuvierian  duct  must  also 
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havp  arisen  in  the  membrana  roimiens,  in  order  to  pass 
arouiid  tlie  outside  of  llie  body  cavity  to  reach  the  ear- 
diual  and  jugular  veins,  as  ijietured  by  His-"'  for  tlie 
Innnan  embryo. 

In  the  furtlier  development  of  the  pleural  and  peri 
cardial  cavities  the  Cuvierian  veins  give  us  our  best  land- 
mark, as  they  define  the  jioint  where  the  pleural  cavity 
is  to  bo  .separated  from  the  pericardial.  And  it  really 
seems  as  if  the  .irreater  i)ortion  of  the  diapluayni  is 
formed  from  the  portion  of  the  septum  transversuni  on 
the  ventral  side  of  the  vein  and  from  the  membrana 
reuniens,  rather  than  from  tlie  portion  immediately  in 
front  of  the  intestine.  In  other  words,  there  is  a  horse- 
shoe-shaped ridge  of  tissue  around  the  neck  of  the  em- 
bryo to  the  ventral  side  of  the  pericardial  and  pleural 
cavities  and  parallel  to  them.  The  median  (lorlion  is 
composed  of  the  septiuu  tiansversum.  and  each  wing  of 
the  .v/d'tf  is  the  memlirana  reuniens.  one  on  either  side  of 
the  embryo.  Its  general  direction  in  this  stage  is  parallel 
with  the  long  a.\is  of  the  embryo,  and  within  each  wing 
there  is  an  oniphalomesenteric  vein. 

Origin  nf  PericnrOiid  Cnriti/. — With  the  pericardial 
cavity  opening  into  the  extra-embryonic  cadom  on  either 
side  as  a  basis,  it  is  jiossible  to  ti'ace  back  the  pericardial 
cavity  to  its  origin.  Figs.  1428  and  143(3  show  that  the 
ventral  wall  of  the  |iericardial  cavity  is  composed  mostly 
of  mesodeini.  This  is  the  |iorlion  of  the  mendirana 
reuniens  which  is  composed  of  mesoderm,  as  the  sections. 
Figs.  14;!0  and  1431,  show^  An  earlier  stage  is  shown  in 
the  diagrammatic  Fig.  1435.  It  is  taken  from  embryo 
No.  III.  In  this  specimen,  since  the  ectoderm  of  the 
amnion  lias  not  reached  completely  around  the  body,  as 
both  the  sagittal  and  transverse  sections  show  (Figs.  143.5 
and  1437),  it  is  evident  that  the  pericardial  space  is  tirst 
covered  on  the  ventral  side  with  mesoderm  and  later  the 
ectoderm  is  added  when  the  amnion  begins  to  close  over  the 
liead.  In  embryo  III.  the  canals  communicating  between 
the  pericaidial  space  and  the  e.vtra-embryonic  ccelom  are 
not  as  long  as  in  enibr3'o  XII.,  and  the  ventral  walls 
of  the  pericardial  space  are  composed  wholly  of  meso- 
derm. This  indicates  that  the  growth  of  this  wall  was 
first  by  a  union  of  the  mesoderm,  which  was  followed  b_v 
the  ectoderm  of  the  amnion  to  complete  the  body  wall. 
The  process  is  shown  in  Figs.  1434  to  143(i.  Fig.  1434  is  a 
hypothetical  stage  between  Graf  Spee's  embryo  Gle.  and 
my  embrj-o  No.  III.  As  the  process  from  Graf  Spee's 
embryo  continues,  the  blood-vessels  reach  the  body  to 
form  the  heart,  as  iuflicated  by  the  outlines  marked  v  in 
Fig.  1434.  The  mesoderm  of  the  amnion  then  unites  with 
that  of  the  umbilical  vesicle,  and  the  first  pericardial 

space  is  formed.  This  is 
not  wholly  an  imaginary 
stage,  for  it  is  based  upon 
Bonnet's  observations  up- 
on the  sheep,'"  as  well  as 
Cadiat's  upon  the  chick. ■■* 
In  a  sagittal  section  of  a 
sheep's  embryo  of  about 
the  same  stace (Plate  III.. 
Figs.  16-20,  c  CB)  Bonnet 
gives  a  similar  fold,  and 
after  the  pericardial  walls 
are  well  formed  he  gives 
an  illustration  of  a  stage 
in  wliich  it  still  communi- 
cates with  the  extra-em- 
bryouic  ca^lom  (Plate  IV., 
Fig.  IT,  KC).  With  Graf 
Spee'£  embrj'o  Gle.  and 
with  Bonnet's  observa- 
motic  oavuy  inmcates  tne  airec-    j-  ^,      sl.ppn  na  a 

Hon  of  the  future  growth  of  the  ""°s  upon  tne  sneep  as  a 
amnion  to  complete  the  ventral  startmg-point.  it  is  not 
body  wall.  difficult  to  interpret  Figs. 

1434-1436. 

Extemion  of  the  Amnion. — After  the  stage  of  embryo 

XII.  is  passed  the  amnion  rapidly  envelops  the  whole 

body  and  soon  passes  out  over  the  cord.     The  next  stage 

sfter  No.  XII.  which  1  have  studied  is  No.  XIX.     1  have 


Fig.  14.37.  —  Section  through  the 
Head  of  Enibrj-o  No.  III.  En- 
larged .'w  times.  Ph.  Pharynx ; 
H,  heart.  The  arrow  In  the  am- 
niotic cavity  indicates  the  direc- 


very  perfect  photographs  of  this  specimen,  and  tlie  sec- 
tions are  all  good,  although  the  nervous  system  is  macer- 
ated. The  embryo  has  rotated  in  the  amnion,  throwing 
the  cord  to  the  right  side  with  the  left  side  toward  the 


Fig.  14:j8.— Ovum  and  Embryo  No.  XIX.  Enlarged  5  times.  Just 
half  of  the  ovum  is  shown,  a,  Arm ;  U  leg  ;  H,  heart ;  u  \\  umbil- 
ical vesicle  :  B,  branchial  arch. 

observer.  It  would  have  been  impossible  to  obtain  a 
view  of  the  right  side  of  the  embryo  without  cutting  the 
cord.  The  outlines  of  this  embryo  and  ovum  are  given 
in  Fig.  1438.  Two  sections  through  the  bodv  are  given 
in  Figs.  1439  and  1440. 

The  amnion  has  become  separated  from  the  body  with 
the  exception  of  the  part  about  the  cord  and  also  that 
along  the  right  side  of  the  body,  over  the  heart.  The 
arrow  in  Fig.  1437  shows  how  the  amnion  on  that  side  is 
extended  over  the  ventral  body  wall  to  make  the  condi- 
tion shown  in  Fig.  1440.  No  doubt  the  cause  of  this  is 
the  rotation  of  the  body,  throwing  the  cord  to  its  right 
side  and  the  amnion  with  it.  In  nearly  all  j-oung  em- 
bryos the  cord  ison  the  right  side.'"  AVith  the  exception 
of  the  four  instances  mentioned  below,  the  rotation  has 
always  been  so  as  to  throw  the  left  side  of  the  body 
away  from  the  chorion,  and  in  all  of  these  specimens  the 
amnion  must  have  swept  over  the  body  from  left  to  right, 
as  shown  in  the  figures.  I  find  a  similar  illustration  by 
His  in  his  great  monograph.*" 

Absence  of  a  Ventral  Mesentery. — After  the  septum 
transversum  has  been  formed  as  it  is  in  einbrvo  XII., 
there  is  on  its  ventral  side  a  pretty  sharp  groove,  which 
indicates  that  the  umbilical  vesicle  is  being  constricted 
at  this  point. 

It  is  generally  believed  that  the  ventral  mesentery  of 
the  intestine  extends  to  the  umbilicus,  and  that  ultimately 
the  round  ligament  of  the  liver  represents  its  remnant 
after  most  of  it  has  disappeared.  This  theory  is  ex- 
pressed by  two  diagrams  in  jlinot's"  Embryology."  page 
767.  As  the  liver  begins  to  .grow,  and  while  the  heart  is 
being  pushed  down  in  fr(mt  of  it,  the  ventral  end  of  the 
.septum  transversum  is  turned  down  to  the  umbilicus. 
While  this  is  taking  place  the  stem  of  the  umbilical 
vesicle  becomes  relatively  smaller  and  smalh'r.  but  there 
is  no  union  between  the  umbilical  vesicle  and  the  .septum 
transversum  as  expressed  in  Minot's  diagram.  The  first 
stage  of  this  process  is  shown  in  my  Fig.  1436,  and  its 
successive  stages  are  shown  in  His's  "Atlas,"  Plate  IX. 
In  all  six  embryos  pictured  on  that  plate  the  successive 
stages  are  represented,  and  in  none  of  them  is  the  um- 
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bilical  vesicle  attached  to  the  septum  transversum  to 
form  a  ventral  mesentery.  From  these  embryos  of  Ilis 
we  can  pass  to  embryo"  XIX.,  in  which  the  umbilical 


Fig.  1439. 


FKi.  1440, 


Figs.  1439  and  144fl.— Section  througrli  F.mhryo  XIX.  to  Show  the  Attachment  of  the  Amnion  to 
the  Side  of  the  Body.  Enlarged  2.5  times.  ^-Im.Amniun;  S,  stomach ;  J/,  heart;  c,  cardinal 
vein  ;  ?f,  umbilical  vein ;  a.  aorta. 


vesicle  communicates  by  a  rounrl  canal  with  the  intestine, 
and  the  tube  is  com])letely  encircled  with  a  sjiace  which 
extends  to  the  liver,  thus  cutting  otT  any  possilile  ventral 
me.sentery  at  that  point.  The  same  thing  is  shown,  but 
in  a  later  stage,  in  Fig.  1442.  O,  but  a  new  piocoss  has 
already  taken  iilace  to  complicate  matters. 

In  embryo  XII.  there  is  just  a  beginning  of  an  um- 
bilical vein  in  the  membrana  reuniens.  In  Kollmaun'.s 
embryo  the  vein  is  more  marked."  The  vein  extends  out 
into  the  somatopleure,  far  away  from  cither  the  intestine 
or  the  median  line.  This  same  position  ii  again  shown  in 
Hiss  embryos  I?B.  and  F.r.  on  j'late  IX.  in  his  "Atlas." 
The  left  umbilical  vein  becomes  the  more  prominent,  and 
as  the  body  wall  is  developed  more  and  more  it  moves 
around  toward  llie  ventral  median  line.  This  movement 
takes  place  in  common  with  the  movement  of  the  anmion 
over  the  body  from  left  to  right,  as  shown  in  Fig.  1440. 
In  embryo  No.  II..  however,  the  liver  iias  nearly  reached 
the  umbilicus,  and  the  vein  has  almost  moved  around  to 
the  ventral  median  line,  as  shown  both  in  the  reconstruc- 
tion and  the  .sections  (Figs.  1442,  14;i7-1451).  After  the 
vein  has  moved  around  the  body  to  its  ventral  surface, 
and  after  the  liver  moves  away  from  the  umbilicus  up  to 
the  permanent  diaphragm,  it  is  easy  to  explain  the  forma- 
tion of  the  round  and  broad  ligaments  of  the  liver  as  a 
secondary  formation,  but  not  as  a  remnant  of  a  ventral 
mesentery.  It  might  be  called  a  portion  of  the  septum 
transversum,  as  it  is  directlj-  continuous  with  it.  A 
ventral  mesentery  does  exist  between  the  abdominal  walls 
and  the  liver,  and  extends  only  slightly  below  the  liver. 
It  is  always  slightly  to  the  left  of  the  median  line,  and 
is  in  direct  connection  with  the  septum  transversum  (Fig. 
1443,  Oand  ST). 

Ca'loiii,  of  Kiiibi'yo  No.  IF. — After  the  body  cavity  Is 
beginning  to  separate  from  the  extra-embryonic  cad'om, 
the  next  imp<n-tant  stage  is  the  one  after  the  separation 
is  complete,  as  from  now  on  the  adult  body  cavities  are 
formed  by  a  simple  division  and  expansion  of  the  cavities 
already  within  the  body.  This  stage  is  represented  in 
embryos  XV'IIl..  II.,  and  IV.  All  of  these  embryos  are 
nearly  of  the  same  size,  the  successive  stages  being  in 
the  order  they  are  given.  No.  XVIII.  is  somewhat  dis- 
torted in  the  middle  of  the  body,  while  No.  IV.  is  slightly 


macerated.  No.  11.  is  a  jierfect  specimen,  and  has  been 
already  described  by  me  several  years  ago.''  I  shall  con- 
tine  my  description  of  it  to  the  body  cavity. 

The  external  form  of  the  embryo 
within  the  ovum  is  given  in  Fig. 

1441.  The  position  of  the  umbilical 
vesicle,  as  well  as  the  extent  of  the 
amnion  and  the  relation  of  the  um- 
bilical vesicle  and  amnion  to  the 
chorion,  are  all  given.  The  umliil- 
ical  cord  is  large  and  lies  on  the 
left  side  of  the  body,  while;  in  most 
embryos  already  published  it  is 
upon  the  right  side.  The  cord  is 
short,  and  midway  between  the  em- 
bryo and  its  attachment  to  the  cho- 
rion it  shows  a  decided  enlargement. 
The  umbilical  vesicle  is  large,  meas- 
uring 5  X  T  mm.,  and  is  located  be- 
tween the  head  end  of  the  embryo 
and  the  chorion. 

The  amnion  has  not  grown  very 
much,  still  leaving  a  great  space 
between  it  and  the  chorion,  the  ex- 
tra-embryonic C(elom  (comjiare  with 
Fig.  )43S).  Within  it  hangs  this 
large  umbilical  vesicle,  the  lumen  of 
which  no  longer  connects  with  the 
alimentary  canal.  The  separation 
is  now  complete  Around  tlie  stem 
of  the  vesicle  the  extra-embryonic 
co-lom  communicates  freely  with 
the  body  cavity,  as  shown  in  Fig. 

1442.  This  figure  is  from  a  recon- 
struction,   and   shows   the    general 

extent  of  the  body  cavity  within  the  embryo.  It  en- 
circU's  the  heart,  and  then  extends  to  the  lungs  and  over 
them  and  to  the  stomach,  over  the  intestines,  and  out 
into  the  cord.     A  cast  of  the  whole  cavity  is  also  given, 


Fig.  1441.^Emhryo  No.  II.  Attached  to  the  Chorion.  Enlarged  5 
times.  Just  half  of  the  ovum  is  shown,  o  r,  optic  vesicle  ;  U  E^ 
upper  exlreniity ;  L  E.  lower  extremity ;  iV,  nose ;  /,  //,  III, 
branchial  arches. 

showing  the  slit  on  the  dorsiil  side  for  the  mesentery  of 
the  intestine,  and  the  grooves  on  either  side  of  this  for 
the  Wolffian  bodies.     There  are  also  grooves  in  the  cast 
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for  the  veins,  and  the  place  wlicre  the  Cuvierian  duct 
enters  the  licart  is  nwiUfd  T'.     The  sagittal  section  of 


Fig.  1M2.— Reconstruction  of  Embryo  No.  II.  Enlarcre'i  1"  times.  F  and  X,  Fifth  and 
tentti  cranial  nerves  ;  I.  i.  5,  and  i.  cast  of  tlie  linmrliiHi  poclceis ;  ;  and  S,  first  and 
eigUtb  cerncal  nerves,  from  ttie  fourtli  the  phicnif  arises :  i-,  twelfth  dorsal  nerve  ; 
A,  auricle:  1',  ventricle:  L,  lunp:  .S,  stomach  ;  I\  pancreas:  TT'  A  Wolfllan 
body :  K,  kidney ;  M,  mesentery  :  .S  T,  septum  transversum  :  0,  openings  which 
communicate  with  the  peritoneal  cavity  of  the  opposite  side.  The  black  line  around 
the  heart  marks  the  pericardial  cavity. 


the  peritoneal  cavity  is  given  iu  Fig.  1444.  The  striated 
line  indicates  where  the  cavity  crosses  the  median  line 
of  tlie  body,  while  the  other  lines  outline  the  cavity  be 
yond.  Lp.  outlines  tlie  lesser  peritoneal  cavity.  Figs. 
144.')-14.~)1  give  the  extent  of  the  peritoneal  cavity  in  dif- 
ferent portions  of  tlie  embryo,  as  indicated  by  the  lines 
in  Fig.  1442. 

It  is  not  difficult  now  to  imagine  the  body  cavity  of 
«mbryo  XII.  converted  into  the  one  just  described.  In 
tliat  embryo  the  heart  is  high  in  the  neck  on  the  oval  and 
doi'sal  side  of  the  septum  transversum.  In  this  embryo 
it  is  on  tlie  venti'al  and  oial  side  of  the  septum  trans- 
versum, but  still  above  the  eiglith  cervical  nerve.  The 
septum  transversum  has  ali'cady  received  its  nerve  sup- 
ply from  the  fourth  cervical  nerve,  as  pointed  out  in  the 
early  part  of  the  century  by  von  Baer.  Tiiis  movement 
of  the  septum  transversum  is  accompanied  by  a  move- 
meut  of  all  the  other  organs  on  their  way  into  the  thorax 
and  abdomen  of  the  futui'e  individual.  In  the  rotation 
the  Cuvierian  duct  acts  much  as  the  fixed  point  abnut 
which  the  coilom  is  bent.  The  figures  all  illustrate  this 
beautifully.  But  as  the  heart  has  rolled  over  the  liver, 
and  the  septum  transversum  has  undergone  a  quarter- 
revolution,  the  Cuvierian  ducts  and  all  have  moved  away 
from  the  head.  This  is  by  no  means  the  end  of  the  ex- 
cursion of  the  septum  tiansversum,  as  its  dorsal  end 
must  move  down  and  beyond  the  twelftli  dorsal  seg- 
ment (compare  Fig.  1442). 

The  pericardial  cavity  surrounds  the  whole  heart,  as 
the  various  figures  show.  The  cavity  is  traversed  only 
where  the  large  veins  enter,  and  where  the  aorta  leaves 
the  heart.     The  cavity  cotnpletely  surrounds  the  bulbus 


aorta  to  its  origin  (Pigs.  1444-1447)  in  the  ventricle.  On 
the  dorsal  side  of  the  lieart  the  pericardial  cavity  is  sepa- 
rated by  a  bridge  for  the  transmission  of  the 
veins  to  the  heart.  Between  the  liulbus 
aortic  and  the  eiiliance  of  the  veins  into  the 
heart  the  pei-icardial  cavity  ciosses  the  me- 
dian line  as  thicc  distinct  opening.s,  as  ex- 
pressed by  the  black  areas  in  front  of  the 
tracliea  in  Fig.  1442.  On  the  dorsal  side  of 
the  heart  on  either  side  of  the  lungs  the 
pericai'dial  cavity  communicates  with  the 
pleural  cavities  by  means  of  two  openings 
(Fig.  1445),  each  of  which  is  about  fJ.l  x  0.5 
mm.  iu  diameter.  Farthei  on,  the  pleural 
cavities  extend  as  two  slits  which  enciicle 
the  lobes  of  the  liver  and  sejiarate  them 
from  the  alimentary  canal  on  tlie  one  hand 
and  from  the  body  wall  on  the  other  (Figs. 
1446-1449).  The  two  pleural  cavities  do  not 
communicate  with  eacli  other  around  the 
lungs,  leaving  for  them  both  a  dorsal  and  a 
ventral  mesentery. 

This  a|ipeaiance  of  the  coelom  about  the 
luugs  and  the  liver  can  be  explained  by  the 
lungs  and  liver  both  growing  into  the  two 
pleural  cavities  of  embryo  XII.,  and  this 
has  often  made  me  think  that  the  membrana 
reuniens  of  embryo  XII.  is  the  main  origin 
of  what  is  called  septum  transversum  in  em- 
bryo II.  If  this  proves  to  be  the  case,  then 
the  lower  end  of  the  membrana  reuniens 
will  form  the  ventral  end  of  the  diaphragm, 
and  not  the  reverse.  A  stage  between  em- 
bryos XII.  and  XVIII.  (Fig.  1453)  is  required 
to  elucidate  this  point. 

In  the  neighborhood  of  the  stomach  the 
peritoneal  cavity  on  either  side  of  it  has 
become  asymmetrical,  as  Fig.  1448  show.s. 
The  mesentery  has  become  bent  to  the  left 
side,  leaving  a  diverticulum  from  the  right 
side  which  extends  oralward  to  the  tip  of 
the  lung  (Figs.  1446  and  1447)  to  form  the 
beginning  of  the  lesser  peritoneal  cavity.'' 
Further  aboralward  the  cavities  become 
symmetrical  again  (Figs.  1449,  14.50),  and 
then  unite  along  the  ventral  median  line,  as 
shown  in  Fig.  1451.    The  ventral  mesentery  shown  in  Fig. 

A 


FIG.  U43.-Cast  of  the  Body  Cavity  of  Embryo  No.  II.  Enlarged  22 
times.  A,  Position  of  the  aorta  :  V.  position  of  the  vein  ;  ^l.  posi- 
tion of  the  mesentery  ;  H"  B.  position  of  the  Wolffian  body  :  P, 
pericardial  cavity ;  L,  ccelom  over  liver. 
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crosses  the  median  line.  P, 
Pericardial  space  ;  pi,  pleu- 
ral cavity :  I  p,  outline  of 
lesser  peritoneal  cavity. 


1450  does  not  extend  more  than  a  section  or  two  beyond 
tlie  liver,  and  is  separated  by  a  marl<ed  opening  from 
tlie  stem  of  the  umbilical  vesi- 
cle in  this  embryo,  as  is  shown 
in  Fia;.  1-143,  6  (see  also  No. 
XII.,"  Fig.  1428,  0).  On  the 
aboral  side  of  the  umbilical 
cord  the  peritoneal  cavities  of 
the  two  sides  tmitein  both  em- 
bryos again,  marked  0'  in  both 
figures. 

Derclopmcnt  of  the  Dia- 
phirdjiii. — It  has  often  been 
stated  that  the  de- 
vcloiuncnt  of  the 
diaphragm,  espe- 
cially in  the  hu- 
man  embryo,  be- 

,  ..  „  ,.  ,  „  ,  lonsis  to  one  of 
Fig.  Ii44.-0utline  of  Coelom  ,.,„-,,,„„.  fiiffiriilt 
in  Embryo  No.  11.  in  Siigittal  tlie  most  climcuit. 
Section.  The  striated  line  problems  of  em- 
indicates  that  the  coelom  bryology,  partly 
because  of  the  dif- 
flculty  of  obtain- 
ing the  necessary 
specimens  and 
partly  because  there  are  no  fixed  points  from 
which  to  calculate.  In  its  development  the 
whole  diaphragm  wanders  from  the  head  to 
the  abdomen,  forming  as  well  as  modifying 
the  structures  and  organs  along  the  way. 
So  while  von  Baer'-''  recognized  that  the  dia- 
phragm wandered  in  its  development,  pick- 
ing up  its  nerve  in  so  doing,  a  faiily  clear 
picture  of  the  whole  process  was  not  given 
until  Cadiat,^9His.«»  Uskow,^'  and  Ravn'' 
studied  carefully  the  development  of  neck, 
heart,  lungs,  and  intestine.  In  so  doing  His 
especially  recognized  the  anlagc  of  the  dia- 
phragm in  a  mass  of  tissue  located  with  the 
heart  amongst  structures  belonging  to  the 
head  and  containing  within  it  tlie  veins  to 
the  heart  as  well  as  the  anlage  of  the  liver. 
This  mass  of  tissue  His  termed  the  septum 
transversum.  His's  studies  were  made  upon  the  human 
embryo,  mainly  by  the  method  of  reconstruction,  and 
shortly  after  theywere  published  Uskow  made  a  very 
careful  study  of  the  farther  growth  of  the  septum  trans- 
versum. Uskow  recognized  the  great  importance  of  two 
additional  structures  in  the  formation  of  the  pericardium 
and  adult  diaphragm  from  the  septum  transversum :  these 


he  termed  the  j)?C!/TO-;)fW(7)'A'n'?  membrane,  containing  the 
])hrenic  nerve  and  the  pillars  which  form  the  dorsal  end 
of  the  diaphragm.  The  pillars  of  Uskow  have  been 
termed  the  plenro-peritoneal  membranes  by  Bracket,  and  as 
this  term  is  more  appropriate  it  should  be  adopted. 

Jly  own  studies  show  that  the  pleuro-pericardial  and 
pleuVo-peritoneal  membranes  arise  from  a  common  struc- 
ture which  grows  from  the  lobe  of  the  liver  along  the 
dorsal  wall  of  the  ductus  Cuvieri  to  the  dorsal  attach- 
ment of  the  mesocarilium.  Later  it  extends  toward  the 
head  to  complete  the  pleuro-pericardial  membrane,  and 
then  toward  the  tail  to  complete  the  pleuro-peritoneal 
membrane.     This  structure,  which  I  term  the  pulmonary 


Fig.  1447. 


Fig.  141H. 


FIG.  1445.  FIG.  1446. 

Figs.  144.i  and  1446.— Sections  through  Embryo  No.  II.  at  the  Point*  Indicated  in  Fig, 


Figs.  144"  and  1448.— SecUons  through  Fmbryo  No.  II.  a.  Aorta  :  ■«,  stomach  ;  (,  liver; 
H,  umbilical  vein  ;  x,  Inilbus  aortii' :  h,  heart :  [n,  omphalomesenteric  vein  :  (/,  lesser 
peritoneal  cavity:  /,  foramen  of  WInslow  ;  c,  ca'llac  axis;  ic.b..  Wolfflan  body; 
w.d..  Wolffian  duct. 


ritlf/e,  giving  rise  to  the  pleuro-pericardial  and  iileuio-peri- 
toneal  membrane,  is  located  in  the  sagittal  plane  of  the 
body  cavity  with  cephalic  and  caudal  horns  on  its  dorsal 
side.     Tlic  ductus  Cuvieri  lies  between  these  horns. 

In  following  the  fate  of  the  septum  transversum  it  is 
necessary  to  ccmsider  the  division  of  the  body  cavity  into 
the  pericardial,  pleural,  and  jieritoucal  cavities.  Accord- 
ing to  His.  the  body  cavity  is  divided  into  the 
Parietal/iij/ile  and  liitmpflio/den.  The  com- 
munication between  these  spaces  he  has  also 
termed  the  recessus  parietalis.  The  parietal 
cavity  from  its  earliest  appearance  contains 
the  lieart  and  is  destined  to  form  the  peri- 
car(ii;U  cavity.  This  is  tlie  pericardial  coelom. 
A  portion  of  the  recessus  parietalis  forms  the 
pleural  cavity;  it  surrounds  the  lung  buds 
throughout  its  development  and  forms  the 
plcunil  coHom.  The  remainder  of  the  reces- 
sus parietalis  to  the  origin  of  the  liver  has 
developed  in  it  the  liver  and  stomach;  this  is 
a<lde(l  to  tlie  general  peritoneal  cavit_v  and 
may  be  termed  the  jieritoucal  ca'lom.  In  the 
early  embryos  the  whole  cfclom  lies  Tar  out 
of  its  final  place;  in  embryo  XII.  nearly  the 
entire  cwlom  lies  in  the  region  of  the  head  and 
neck,  and  in  the  further  development  of  these 
parts  the  coelom  with  the  surrounding  organs 
wanders  away  from  the  head  to  its  permanent 
location.  As  long  as  the  serous  cavities  arising 
from  the  creloin  are  in  the  process  of  wandering 
and  are  not  fully  separated  from  one  another, 
they  may  be  termed  pleural,  pericardial,  and 


1442.    Enlarged  23  times.    B  ;),  Brachial  plexus ;  n,  aorta ;(/ a,  bulbus  aorta; ;  p/i,    rieritoneal  co^Iom-  when  the V  are  fullv  estab- 
pharynx ;  h,  heart  ;  (,'trachea ;  o,  oesophagus ;  J.  jugular  vein ;  (,  lung ;  v  c.  cardinal    {;^"„ ""  i    „  f         m    „        i Vy  ^"'^'^  ^  ""•'  "'^'^ 
vein ;  C,  Cuvlerian  duct. 


lished  thej»  form  these  cavities. 
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lu  embryo  XII.,  Fig.  1433,  the  coelom  of  the  embryo 
forms  a  free  space  encircling  the  heart  and  extending  on 

either  side  of  the  body  over 

the  omphalomesenteric  veins 
to  the  root  of  the  umbilical 
vesicle.     This  canal  of  com- 


FlG.  1-H9. 


Fig.  143U. 


Fig.  14.51. 


Figs.  1449-1451.— Sections  through  Embryo  No.  II.  n,  Aorta  ;  I'.c  oardiQal  vein  ;  r 
omphalomesenteric  vein ;  ji,  pancreas ;  i.  Intestine  :  li,  bile  duct ;  ;,  liver ;  /;,  heart 
«,  umbUical  vein  ;  m,  mesentery  ;  ic./j..  Wolffian  body  ;  all,  allantois. 


munication  has  developed  within  it  the  lung,  stomach,  and 
liver,  and  throughout  its  earlier  development  it  always 
measures  in  lengtli  about  one-fourth  of  that  of  the  body. 
The  a])pearauce  of  the  lung  and  liver  marks  the  subdivi- 
sion of  the  cadom  into  the  pleural  aud  peritoneal  cadom. 
With  the  development  of  the  liver,  lung,  and  stomach  the 
Cffilom  containing  them  graduallj-  dilates  until  the  em- 
bryo is  about  9  mm.  long,  when  the  containing  canal 
evagiuates,  so  to  speak,  and  turns  the  liver  and  stomach 
out  into  the  general  peritoneal  cavity.  The  Wolffian 
body,  which  occupies  the  dorsal  wall  of  the  canal,  gradu- 
ally degeuei'ates,  and  the  lung  takes  its  place.  From 
these  statements  it  is  readily  inferred  that  the  canal  ex- 
tending from  the  pericardial  ca?lom,  His's  recessus  parie- 
talis,  gives  rise  to  the  pleural  cadom  on  its  dorsal  side  and 
to  the  peritoneal  ccelom  on  its  ventral  side.  The  line  of 
division  is  formed  by  the  pleuro-peritoneal  membrane 
extending  from  the  ductus  Cuvieri  to  the  adrenal. 

It  is  now  no  great  task  for  me  to  give  the  development 
of  the  diaphragm  in  the  human  embryo,  for  I  have  at  my 
disposal  excellent  sections,  as  well  as  definite  knowledge 
of  the  anatomy  of  the  surrounding  organs  contributed 
by  the  above-mentioned  authors. 

"While  the  embryo  is  still  straight  it  is  very  easy  to 
locate  the  various  organs  and  their  relations  to  one  an- 


again  on  its  dorsal  side.  At  first  tlie  lungs  arc  on  the 
dorsal  side  of  the  heart,  then  on  the  lateral  side,  aud 
finallj"  also  on  the  ventral  .side  of  it.  At  lirst  the  liver  is 
on  the  aboral  side  of  the  septum  transversum  in  the  head 
of  the  embryo,  then  on  the  dorsal  side  of  it  in  the  cervical 
region  of  the  embryo,  then  as  the  liver  is  descending  in 
its  excursion  it  is  transferred  to  the  ven- 
tral side  of  the  seiilum  and  extends  into  the 
sacral  region.  At  first  the  WoHliau  body 
extends  high  into  the  tlioraeic  region  of 
the  embryo,  but  while  it  is  degenerating 
and  the  diaphragm  descends,  the  upper 
liart  of  the  posterior  cardinal  vein  remains, 
while  the  lower  part  is  incorporated  with 
its  vena  cava  inferior,  as  shown  by  lloch- 
stetter.'"  As  the  Cuvieriau  ducts  and  car- 
dinal vein  descend  into  the  thorax,  the  seg- 
mental veins  entering  the  cardinal  veins 
are  gradually  shifted,  so  thai  veins  which 
originally  emptied  into  the  posterior  car- 
dinal now  empty  into  the  anterior  cardinal. 
While  the  whole  process  is  taking  place 
the  arteries  arising  from  the  descending 
aorta  also  shift,  as  I  have  shown  in  a  pre- 
vious communication."  At  that  time  my 
collection  of  human  embryos  was  very 
limited,  and  it  was  necessary  to  include 
some  observations  on  lower  animals  to 
prove  my  point,  but  now  I  can  give  a  com- 
plete table  of  human  embryos  in  which  the 
point  of  origin  of  the  coeliac  axis  is  recorded. 


Fig.  1453.— Section  of  a  Chick  to  Show  that  the  Body  Cavity  Commu- 
nicates with  the  Extra-Embryonic  Ccelom.  Although  the  embryo 
has  been  injected,  the  injection  masses  a  and  c  are  not  continuous. 

other,  but  through  their  shifting  and  the  flexion  and  ex- 
tension of  the  embryo  the  relations  are  constantly  chang- 
ing, and  one  must  not  rel.y  too  much  upon  sections  or 
else  erroneous  impressions  will  often  be  obtained.  At 
first  the  heart  is  upon  the  oral  and  dorsal  side  of  the 
septum  transversum,  then  on  its  ventral  side,  and  finally 


OmjVumZ 


ftimcq/ 


HoUai 


Fig.  1433.— Diagram  to  Show  the  Position  of  the  Diaphragm.  The 
numbers  on  the  blocks  indicate  the  embryos  from  which  the  dia- 
phragms are  taken.  KO  is  His's  embryo  K  0  :  PP.  the  outline  of 
the  opening  between  the  pleural  and  peritoneal  cavity,  which  Is 
Anally  closed  when  the  diaphragm  reaches  the  tenth  dorsal  segment. 
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Table  Showing  Point  of  Origin  of  Cceliac  Axis. 


Embryo. 

Length  In 
millimetres. , 

Origin  of  coeliac  axis. 

jjo  XII             

2.1 

2.6 

7 

7 

7.5 
13 
14 
18 
16 
20 

Opposite   4th  cervical  nerve.* 

His's  Embryo  M 

B 

1st  dorsal        "      + 
2d      ••            "      i 

No.  II 

Hls's  Embryo  A 

No  XLIII 

4th    '■ 

6th     "            "      § 
••       10th     '• 

"    IX            

nth    " 

"    XXII 

11th     " 

*•     XVII 

••       12th     ■• 

"    LVIl 

Below      12th     •• 

12th     ■■ 

*  In  the  nrst  two  embryos  the  omphalomesenteric  artery  Is  noted, 
and  not  the  coeliac  axis. 
+  Compare  Fie.  15,  PI.  vi.,  His's  "  Atlas,"  with  M4.  PI.  vli. 
t  Compare  Fiji.  35.  PI.  ii.,  His's  "  Atla.s,"  with  Fig.  1,  PI.  i. 
S  Compare  Figs.  79  and  86,  His's  "  Atlas,"  with  Fig.  4,  PI.  1. 

The  table  shows  that  the  arteries  arising  from  the  ven- 
tral side  of  tlie  aorta  to  supply  tlie  stomach  and  intestines 
are  constantl_y  .shifting  until  their  definite  origin  is  finally 
reached.  In  these  specimens  the  omphalomesenteric 
artery  is  shifted  ahead  of  the  cadiac  a.xis.  In  embryo 
No,  II.  the  omphalomesenteric  artery  has  a  double  origin 
from  the  aorta,  which  indicates  that  this  movement  may 
be  brought  about  by  a  new  anastomosis  forming,  which 
is  then  followed  b.v  an  occlusion  of  the  old  oiigin.  At 
any  rate  it  is  impossible  that  tlie  whole  aorta  shifts  with 
the  abdominal  viscera,  for  it  is  bound  to  the  vertebroeand 
muscle  plates  through  the  segmental 
arteries. 

The   various  sections  and   the  re- 
construction of  embryo  No.  II.  show 
the  pleural  and    pericardial  cavities 
still     communicating     freely. 
The  same  is  true   in  embryos 
XIX.,   XVIII. ,  and   IV.     Im- 
mediately after  this  stage  there 
are   no  embryos  in  my 
collection,  so  I  have  no 
specimen  in   which  the 
communications  bet  ween 
the     pleural    and 
pericardial  cavi- 
ties are  just  clos- 
ing.    In  embrvos 
VIII.,    v.,    IX., 
and  XLIII.  (Figa. 
1453-145.5),    the 
pleural  and   peri- 
cardial cavities 
are  separated, 
while  the  pleural 


FIG.  1454.-Reconstruction  of  Embryo  No.  IX.  Enlarged  17  times.  S.T..  Septum  transversum; 
L  liver-  S  stomach:  C,  ca-ciim:  »',  Wolffian  body;  K.  kidney:  J-I2,  dorsal  ganglia:  o, 
omphalomesenteric  artery.  The  ventral  mesentery  of  the  liver  is  dotted,  as  it  is  only  a  thin 
membrane  :  .S.C.,  suprarenal  capsule ;  X,  point  of  communication  between  pleural  and  peri- 
toneal cavities. 


and  peritoneal  still  communicate.  In  the  embryos  with 
a  vertex  breech  measurement  exceeding  17  mm.  the 
pleural  and  peritoneal  have  been  separated  completely. 

The  separation  of  the  pleural  from  the  pericardial  cav- 
ity is  dependent  upon  the  complete  development  of  the 
diaphragm.  At  tirst  the  .septum  transversum  and  the 
membraiia  reuniens  are  on  the  ventral  side  of  the  pleural 
cavity,  and  both  are  still  located  within  the  head.  As 
the  septum  transversum  descends  into  the  body  it  is 
next  located  on  the  dorsal  side  of  the  heart.  In  other 
words,  the  dorsal  end  of  the  septum  transversum  has  not 
moved  as  rapidly  as  the  ventral  end,  and  thus  the  whole 
mass  of  tissue  has  turned  a  quarter  revolution.  This  is 
accompanied  by  the  extreme  flexion  of  the  head,  as 
represented  in  embrj'o  No.  II.  At  this  time  the  septum 
transversum  has  descended  to  the  lower  part  of  the  cer- 
vical region.  Now  the  septum  begins  to  turn  in  the 
other  direction  again,  for  with  the  development  of  the 
neck  the  ventral  end  of  the  septum  becomes  the  fixed 
point  and  the  dorsal  end  moves  more  rapidly.  The  suc- 
cessive stages  in  the  movement  of  the  septum  are  best 
shown  in  the  diagrammatic  Fig.  1453. 

Fig.  1454  shows  the  septum  transversum  on  the  ventral 
side  of  the  stomach  and  the  pleural  cavity  communicating 
with  the  peritoneal  at  the  point  A'.  The  Wolffian  body 
and  the  suprarenal  capsule,  which  is  very  large,  have  re- 
ceded markedly,  and  the  pleural  cavity  alreatly  forms  a 
pocket  on  the  dorsal  side  of  them.  A  sagittal  section 
through  this  region,  somewhat  distant  from  the  median 
line,  is  given  in  Fig.  1457.  A  transverse  section  of  the 
embryo  pictured  in  Fig.  1454  is  given  in  Fig.  1455.  This 
section  is  just  at  the  point  above 
the  opening,  and  shows  the  com- 
munication between  its  pleural 
and  peritoneal  cavities  closed  on 
one  side,  but  open  on  the  other. 
There  is  a  ridge  on  the  side  of  the 
cavity  which  projects  between  the 
lung  and  the  liver  and  continues 
down  to  the  suprarenal  capsule. 
This  ridge  has  been  well  described 
by  Ravu,'^  who  gives  an  excel- 
lent illustration  of  the  opening 
with  the  ridge  encircling  it. 

In  all  the  embryos  in  which  the 
pleural  and  peritoneal  cavities  still 
communicate,  the  vena  cava  does 
not  yet  communicate  with  the 
posterior  cardinal  vein. 

Fig.  1457  is  from  an  embryo 
slightly  larger  than  the  one  from 
which"  Fig."l454  was  taken.  The 
jileuro  -  jieritoneal  communication 
has  just  closed  by  the  walls  of  the 
ridge  having  grown  together;  the 
ext^-nt  and  shape  of  the  pleural 
cavity  is  much  as  it  is  in  Fig. 
14.54."  The  Wolffian  body  is  small- 
er, and  the  kidney  and  suprarenal 
capsule  have  come  together. 

The  story,  then,  is  brief:  as  the 
diaphragm  descends,  its  dorsal  end 
is  in  apposition  with  the  suprarenal 
capsule,  and  finally,  when  the  cap- 
sule approaches  the  twelfth  rib,  a 
ridge  of  tissue  which  also  includes 
the  capsule  unites  with  a  ridge 
from  the  septum  transversum, 
and  the  opening  is  closed.  These 
two  ridges,  however,  are  portions 
of  one  and  the  same  ridge,  as  they 
form  a  circle  and  in  section  ap- 
pear as  two  ridges.  The  circle  is 
closed  much  after  the  fashion  of 
tying  up  a  bag. 

All  of  the  abdominal  organs, 
with  the  exception  of  the  kidney, 
descend:  and   the  descent   is  not 
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completed  until  the  iielvis  is  formed  to  admit  some  of 
tliem.  In  tlie  stji.iri'S  |)ictiiic(l  nearly  all  the  small  intes- 
tine lies  iu  the  umbilical  eord.  as  is  the  case  iu  mauv 


Fio.  14->5.— Section  tlimugti  the  Point  of  rommunioation  between  the 
Pleural  and  Peritoneal  Cavities  in  Emhrvo  No.  IX.  Enlarged  1.5 
times.  7.  Seventh  rib:  L.  Inng;  Li.  liver;  .V,  ventral  mesentery 
of  liver ;  a.  aorta.  The  diaphragm  is  complete  on  one  side,  X,  while 
it  is  incomplete  on  the  other. 

mammalian  embryos.  In  embryo  X.  (Fig.  1457)  a  larse 
portion  of  the  liver  also  projects  into  the  cord.  I  have 
also  observed  a  hernia  of  the  liver  in  another  embryo 
somewhat  larger.  I  do  not  consider  the  form  of  embryo 
X.  altogether  normal,  but  this  was  not  noticed  until  the 
reconstruction  was  com|ilete. 

Closely  associated  with  the  closing  of  the  pleuro-peri- 
toneal  opening  is  the  develojuiient  of  the  ca>liac  ganglion. 
In  these  young  cmliryos  it  is  extremely  large,  and  can  be 
outlined  already,  while  the  septimi  transversum  is  still 
high  in  the  thora.x.  As  the  septum  descends,  the  various 
communicating  branches  of  the  nerves  are  caught  up 
with  the  ca>!iac  ganglion  and  dragged  along.  This  ac- 
counts for  the  high  origin  nf  the  splanchnic  nerve. 

Fig.  1458  (embryo  VI.)  shows  that  all  the  tissues  are 
becoming  more  definitely  oiulined,  and  the  whole  struct- 
ure is  firmer  than  in  embryo  X.  The  organs  of  the  ab- 
domen are  more  firmly  clustered  together,  and  the  intes- 
tine has  become  more  convoluted.  The  lung  is  much 
larger,  and  the  pleural  cavity  extends  to  the  ventral  wall 
of  the  embryo,  obscuring  wholly  the  outline  of  the  heart. 
In  geiKM-al  it  confirms  everything  given  in  Fig.  1457. 

Minot  "'■  has  stated  that  the  pleural  cavities  are  to  be 
considered  a  portion  of  the  septum  transversum.  becau.se 
they  lie  on  the  dorsid  side  of  it.  From  what  has  already 
been  said  above  it  will  be  seen  that  I  consider  Iheseptuiii 
transversum  the  mass  of  tissue  between  the  pericardial 
cavity,  the  pleural  cavities,  and  the  opening  between  the 
two  sides  of  the  peritoneal  cavity  immediatelv  below  the 
liver.  luarki-d  Oiu  Figs.  142Sand  i44-2.  This  tissue  includes 
the  membrana  reuniens.  which  is  really  the  wings  of  the 
septum  transversum  as  described  by  His.  In  my  account 
I  have  employed  the  term  membrana  reuniens  wherever 


pos-sible  to  avoid  confusion,  and  have  tisually  employed 
the  terms  septum  and  primitive  diapliragiii  as  synonyms. 

There  are  developeil  within  the  region  of  the  septum 
transversiuu  the  whole  liver,  including  its  ventral  mesen- 
tery, the  lesser  peritoneal  cavity,  the  stomach,  and  the 
suprarenal  cai)sule.  This  same  r<-gioii  wliich  I  have 
marked  out  by  tliese  three  boundaries  as  the  septum 
tninsversuin  is  still  sharply  defined  in  the  adult.  The 
point  O  in  Figs.  14'J8  and  144-,'  is  still  asdifinablv  marked 
as  ever  by  the  round  ligaiueut,  fonimen  of  Winslow,  and 
the  duct  jiassing  from  the  liver  to  the  duodenum.  The 
round  ligament  is  developed  by  the  umbilical  vein  shift- 
ing around  the  side  of  the  abdominal  walls  into  the  ven- 
tral mesentery  of  the  liver,  and  then  when  the  liver  is 
retracted  from  the  tuubilical  cord,  the  vein  and  mesentery 
remain  as  the  round  and  bioad  ligaments  ri'speclively. 

/^'■i-tci-  l'(/it<>iu:til  Ciiriti/. — I  have  already  discussed  Ihe 
lesser  peritoneal  cavity  in  a  separat<'  paper.''"  and  find  that 
'  I  can  confirm  all  that"  I  have  stated  at  that  time.  I  can 
only  add  that  the  portion  of  it  extending  up  tmder  the 
lung  degenerates,  while  the  omental  sac  is  growing 
rapidly.  I  have  also  found  that  it  is  extremely  easy  for 
the  omentum  to  find  its  way  over  the  large  intestine.  At 
the  time  this  takes  place"  the  large  inU-sline  is  in  the 
median  line,  while  the  stomach  anil  the  omentum  are  on 
the  left  side  of  the  body.     After  the  intestine  is  retracted 


Fig.  1456.— Section  through  Embryo  No.  XLIII.  Enlarged  8  times. 
H.  Hand :  .-1,  auricle ;  T',  ventricle  :  L.  lung :  S  T,  septum  trans- 
versum ;  P.  phrenic  nerve ;  t',  umbilical  vein  :  S,  stomach ;  IK. 
Wolfllan  body  ;  Or,  ovary  ;  Am.  amnion  ;  l-U.  ribs. 

from  the  cord  the  caecum  falls  over  to  the  right  side  ot 
the  body,  while  the  descending  colon  is  shifted  to  the  left 
side,  and  the  omentum  then  comes  to  lie  on  the  ventral 
side  of  the  transverse  colon. 

Krpanmo))  of  t/ie  B/jdy  Carity  and  Obliteration  of  thf  K.r- 
tra-Embryunic  CaUnn. — After  the  pleural  and  pericardial 
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cavities  are  separated  from  each  other  it  is  very  easy  to 
follow  their  further  development.  In  embryo  II.,  Fig. 
1459,  the  heart  is  still  upriglit,  and  a  transver.se  section  of 


cardial  accounts  for  the  location  of  the  phrenic  nerve 
in  the  adult.  In  Fig.  1459  the  nerve  passes  to  the  septum 
transversimi  from  the  lateral  body  wall,  and  it  is  grad- 
ually separated  from  it  by  the  descent  of  the  sep- 
tum and  by  the  growth  of  the  pleural  cavity  be- 
tween tlie  nerve  and  the  bodj'  wall,  thus  locating 
the  nerve  in  a  membrane,  as  Figs.  1460  and  1461 
will  readil_Y  e.xplain. 

The  expansion  of  the  peritoneal  cavitv  is  by  no 
means  as  simple.  In  it  there  are  many  bands  and 
mesenteries  as  well  as  a  marked  shifting  of  the 
organs.  With  the  descent  of  the  testis  a  portion 
of  it  is  cut  oft'  to  form  the  tunica  vaginalis. 

In  embiyo  II.  the  peritoneal  cavity  is  extremely 
simple,  as  the  figures  show, — a  simple  cavity  on 
each  side  communicating  the  one  with  the  other 
by  means  of  two  openings,  one  above  and  one  be- 
low the  omphalomesenteric  duct.  Later,  as  the 
diaphragm  descends  more  and  more,  the  liver 
rotates,  and  its  lobes  soon  till  the  peritoneal  cavity, 
while  the  intestine  develops  out  into  the  core. 
The  Wolllian  bod}',  sexual  glands,  and  suprarenal 
capsule  till  the  dorsal  side  of  the  cavity  and  the 
rudimentary  pelvis.  The  whole  development  of 
the  intestine  takes  place  within  the  cord,  and  fi- 
nally it  is  tlrawn  into  the  embryos  when  it  is  about 
3i)  mm.  in  length.  By  what  process  this  takes 
];ilace  I  am  imable  to  determine,  but  it  must  take 
place  very  rapidly,  for  I  have  never  seen  a  hu- 
man embryo  in  which  it  is  only  partly  retracted. 
In  the  pig's  embryo,  however,  I  have  found  the 
stages  in  which  the  intestine  is  in  process  of  re- 
traction. 

The  liver  now  fills  nearly  the  whole  cavity, 
and    extends 


Fig.  1457.— Reconstruction  of  Embryo  No.  X.  Enlarged  8  times.  I-IS,  Dorsal 
ganglia;  S.C,  suprarenal  capsule;  TT'',  Wolffian  body;  it.  kidney:  Xy, 
liver ;  S.  st«mach  ;  C.  ca-cum.  The  dotted  area  on  the  ventral  side  of  the 
liver  indicates  the  extent  of  the  ventral  mesentery  of  the  liver. 

it  is  also  transverse  to  the  lung.  The  pleural  cavity  lies 
wholly  on  the  dorsal  side  of  the  pericardial  (Fig.  1444). 
In  the  next  stage,  as  the  lungs  descend  more  and  more, 
the  heart  is  tilted  over  so  that  its  base  is  toward 
the  lung  and  its  apex  away  from  it,  as  in  enibr30 
IX.,  shown  in  Figs.  14.54and  1460.  The  pericardial 
s]iace  has  now  become  sejiarated  completely  from 
the  pleural,  although  both  have  grown  at  about 
the  .same  pace.  From  now  on  the  pleural  space 
grows  more  rapidly  than  the  pericardial,  as  shown 
in  Fig.  1461.  I  have  a  number  of  embiyos  which 
represent  intermediate  stages  between  embryos 
IX.  and  XXII.,  and  all  of  them  confirm  the  idea 
that  the  pleui-al  space  develops  first  and  then  is 
ft>llowed  by  a  grow-th  of  the  lung.  Fig.  1463, 
which  is  a  section  of  embryo  No.  XLV.,  shows 
a  marked  increase  in  the  size  of  the  lung,  but  the 
heart  and  peiicardial  space  are  of  about  the  same 
size  as  in  embryo  XXII.  A  much  later  stage  is 
shown  in  Fig.  1463,  The  scale  of  enlargement  is 
only  half  that  of  Fig.  1463.  and  when  this  is  con- 
sidered it  is  again  seen  that  the  heart  has  not 
grown  very  much,  but  the  lung  has  developed 
enormously. 

It  is  therefore  seen  that  at  first  the  pericardial 
cavity  is  on  the  oral  side  of  the  pleural,  then  on 
the  ventral  side,  and  is  finally  enclosed  by  the 
pleural  cavity  growing  over  it. 

The  growth  of  the  pleural  cavity  over  the  peri- 
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Fro.  1458.— Reconstruction  of  Embryo  No.  VI.  Enlarged  8  times.  1-12,  Dor- 
sal ganglia;  S.C.,  suprarenal  cjipsule;  K,  kidney;  Tr,  Wolffian  body;  S, 
stomach  ;  C,  caecum  ;  1>,  liver.  The  dotted  area  on  the  ventral  side  of  the 
liver  indicates  the  extent  of  the  ventral  mesentery. 
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ovary  and  is  in  contact  with  tlio  rectum.  As  tlic  in- 
testines are  retracted  from  tlie  curd  tlie  liver  is  relatively 
higher  and  higher,  for  the  ex])ansion  of  the  abdominal 
walls  is  now  greater  below  the  uinl)ilical  cord  than  before, 
giving  more  space  in  this  region  fur  the  intestine  which 
displaces  the  liver.  In  embryos  XXXIV.  and  XLVIII. 
the  intestine  has  been  studied,  and  it  was  found  that  it 


Fig.  14.19.  Fig.  1460. 


Fig.  1«1. 


Figs.  1459  to  14iil.— outlines  of  the  Pleural  and  Pericardial  Cavities 
to  Show  Their  Relative  Position  and  Size.  Enlarged  T  times.  Fip. 
1459,  Embryo  No.  II.:  Fig.  1460.  Eiubr.vo  No.  IX.;  Fig.  14iil,  Em- 
bryo No.  XXII.  H,  position  of  heart :  L,  position  of  lung. 

is  still  located  in  the  ventral  portion  of  the  peritoneal 
cavity,  as  there  is  no  pelvic  cavity  large  enough  to  hold 
any  portion  of  it. 

The  extra  embryonic  coelom  has  only  a  short  existence, 
as  it  is  already  completely  obliterated  in  embryo  No. 
XXII.     This  embryo  came  to  me  in  an  unopened  ovum, 


Fig.  1462.— Outline  of  Pleural  and  Pericardial  Cavities  In  Embryo  No. 
XLV.    Enlarged  7  times. 

and  on  this  account  is  extremely  valuable  for  this  pur- 
pose. This  embryo  is  about  six  weeks  old,  so,  reasoning 
from  it.  the  union  of  the  amnion  and  chorion  takes  place 
earlier  than  is  generally  believed.  In  emlnyo  No.  XLIII., 
which  is  about  five  «eeks  old.  the  amnion  has  expanded 
over  the  whole  embrvo  and  has  uearl  v  reached  the  chorion 


Fig.  1463.— Outline  of  Pleural  and  Pericardial  Cavities  In  Embrvo 
No.  XXXIV.  Enlarged  3)^  times.  H,  Position  of  heart ;  L, 
position  of  lung. 

The  earlier  stages  are  given  in  the  sagittal  sections.  They 
show  that  the  amnion  is  nearest  the  chorion  at  the  caudal 
end  of  the  embryo  in  the  earliest  stages,  and  soon  the  two 
unite  at  this  point.  As  the  embryo  grows,  the  union  of 
amnion  and  chorion  extends.     At  the  end  of  the  fourth 


week  the  extra-embryonic  ccelom  is  .still  very  large;  at 
the  end  of  the  lifth  week  the  space  between  the  embryo 
and  chorion  is  divided  equally  between  the  amnion  cavity 


Fig.  1464.— Embryo  No.  XXII.  Within  the  Ovum.  Enlarged  3  diam- 
eters. The  villi  of  chorion  are  outlined  on  one  side  of  the  ovum 
only.  The  umbilical  vpsicle,  rt  i\  lias  hecouiH  shifted  around  to  the 
dorsal  and  rifht  side  of  the  eriilpryo.  The  outline  l-i  made  from  a 
photograph,  and  is  mrrect  in  detail  with  the  e.\r.'|)tj..n  .if  the  at- 
tachment of  tile  chord  to  the  clK-rion.  This  in  reality  attaches  itself 
to  the  chorion  immediately  to  the  right  of  the  embryo. 

and  the  coelom;  at  the  end  of  six  weeks  the  extra-em- 
bryonic coelom  has  disappeared.         Franklin  P.  Mall. 
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COFFEE. — The  seeds  of  Coffen  arabica  L.  (fam.  liiihi- 
acea).  Coffee  itself  is  not  official,  having  been  replaced 
by  its  alkaloid  (see  Caffeine). 

The  coffee  plant  is  a  good-sized  shrub  or  small  tree, 
with  opposite  spreading  or  horizontal  branches,  and  dark 
green,  glabrous,  nearly  evergreen  leaves.  The  white 
flowers  grow  in  close  clusters  in  the  axils  of  the  leaves. 
Farther  down  are  the  green  and  then  the  red  fruits,  the 


Fig.  1465.— Branch  ot  the   Coffee  Tree,  Cnffea  arahica.  with  Fruit. 
(Baillon.) 

whole  being  highly  ornamental.  The  fruit  is  an  oblong, 
rounded,  scarlet  or  purplish,  slightly  juicy  drupe,  with 
a  thin,  fleshj'  mesocarp,  and  a  papeiy  endocarp,  loosely 


enclosing  the  two  seeds.  It  is  about  2  cm.  long  {i  to  i 
in.). 

This  .shrub  is  a  native  of  tropical  Africa,  where  it  grows 
very  extensively  upon  both  coasts,  and  far  into  the  in- 
terior. It  is  also  cultivated  in  most  of  the  warm  parts  of 
the  earth,  especially  in  Java  and  Brazil. 

Our  earliest  knowledge  of  coffee  came  from  Arabia, 
where  it  was  introduced  from  Abyssinia  at  least  four 
hundred  3'ears  ago.  Its  use  was  introduced  into  Europe 
by  wa.v  of  Constantinople,  reaching  London  and  Paris 
about  tlie  middle  of  the  seventeenth  centuiy.  Its  cultiva- 
tion was  begun  in  Batavia  at  about  the  end  of  the  same 
centurv.  and  in  the  beginning  of  the  next  it  was  being 
raised  in  India.  Brazil,  and  the  West  Indies.  The  plants 
and  the  berries  of  these  different  countries  present  slight 
variations,  ilocha  coffee  is  small,  plum]),  and  dark  yel- 
low ;  Java  larger  and  paler,  and  the  Indian  and  American 
coffees  larger  and  greenish  gray  or  bluish  gray.  Mocha 
has  the  richest  flavor.  Java  is  one  of  the  most  delicate, 
and  the  West  India  and  Brazilian  kinds  are  coarser  and 
less  fragrant.  Age,  before  they  are  roasted,  improves 
them  all. 

Coffee  is  raised  in  orchards,  where  the  trees  are  set  in 
rows;  trimmed  and  tended,  they  are  long-lived  and  bear 
for  many  j'ears.  Two  crops  are  usually  produced  each 
year.  The  pulp  of  the  fruits  is  separated,  usually  by 
mechanical  means,  and  the  paperv  endocar]),  when  dry 
and  brittle,  broken  and  rubbed  away.  The  testa  of  the 
seed  is  usually  also  absent  in  commercial  coffee,  except- 
ing on  the  face,  where  it  enters  the  ventral  fissure. 

Composition. — The  most  interesting  ingredient.  Caf- 
feine, is  described  elsewiiere.  It  occurs  in  coffee  in  com- 
bination with  caffeo-tannie  acid,  in  varying  proportions 
between  one-half  of  one  per  cent,  and  two  and  three- 
tenths  per  cent.  The  quality  of  the  coffee,  as  usually 
estimated,  depends  only  parlially  upon  its  amount  of 
alkaloid.  Of  the  caffeo-taunieacid,  the  yield  is  from  four 
to  five  per  cent.  It  is  of  the  series  which  gives  green  salts 
with  the  persalts  of  iron.  Besides  these,  are  fj'ed  oils, 
from  fourteen  to  twenty-two  per  cent.,  (h'j'trin  from 
fourteen  to  sixteen  per  cent.,  a  large  amount  of  alhu- 
rnimiid  tnritter,  and  a  very  minute  amount  of  mhitih'  oil. 
Roasting  changes  the  character  of  coffee  ver)'  materially, 
dissipating  a  little  of  its  caffeine  and  most  of  its  water, 
and  formmg  some  fragrant  decomposition  products  not 
much  understood.  Thcseeds  lose  about  fifteen  ortwenty 
per  cent,  in  weight,  and  gain  much  more  than  that  in 
volume.  The  sugar  and  dextrin  are  changed  to  caramel, 
and  the  soluble  portions  in  general  are  diminished. 

Uuground  coffee  is  seldom  adulterateil.  but  ground 
coffees  are  apt  to  be  adulterated,  the  world  over,  by 
grains  of  various  kinds.  Of  these  admixtures,  beans  and 
chicory  roots  are  the  most  important.  It  is  better  to  pur- 
chase the  whole  seed  than  to  puzzle  over  the  mixtures. 
Pure  ground  and  burnt  coffee  shaken  in  water  does  not 
immediately  discolor  it,  as  most  of  the  imitations  do.  Re- 
cently, many  brands  of  artificial  "coffee,"  made  wholly 
from  grains  and  so  advertised,  have  come  into  use  as  a 
warm  and  grateful  drink,  free  from  the  nervous  effects 
of  caffeine.  Many  peojile  become  very  fond  of  these 
products,  which  are  used  upon  a  vast  scale 

Action  .\jxd  Use. — The  effect  of  coffee  is  in  the  main 
the  same  as  that  of  caffeine,  a  nervous  and  cardiac  stimu- 
lant ;  but  it  has  in  addition  a  pleasant,  exhilarating  effect 
upon  the  feelings,  which  is  probably  in  part  also  due  to 
aromatic  ingredients  contained  in  it,  or  developed  by  the 
r(>:isting.  It  is  occasionally  given  for  sick  and  neuralgic 
headaches,  and  to  counteract  the  disagreeable  after-effects 
occasionally  produced  by  opium;  and  in  opium  poison- 
ing, which  it  mildly  antagonizes  by  its  stimulating  effects 
upon  the  brain  aiid  circulation.  "  The  tmiversal  use  of 
coffee,  however,  greatly  restricts  its  usefulness  as  a  medi- 
cine. Its  excessive  use,  or  its  use  by  those  unfortunate- 
ly sensitive  to  it,  produces  wakefulness,  "nervousness," 
confusion  and  incoherence  of  thought,  palpitation,  and 
irregular  action  of  the  heart  and  dyspeptic  disorder. 
The  excessive  use  of  coffee  is  believed  in  Oriental  coun- 
tries to  be  responsiljle  for  many  cases  of  blindness,  and  it 
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certainly  causes  disorders  of  vision  wlicn  sufficiently 
abused  to  disturb  the  nervous  equilibrium. 

The  dose  of  cotTec  for.  sjiy.  headache,  is  from  1j  to  20 
gm.  (  3  ss.)  in  infusion,  that  is.  a  cupful  made  .strong  and 
"black."     A  fluid  extract  is  to  be  had  if  desired. 

There  are  twenty  species  of  Oiffcn,  natives  of  tropical 
Asia  and  Africa,  several  of  which  contribute  a  part  to 
the  total  yield.  One  of  these,  i'njfai  liliericn.  of  Western 
Afiica,  produces  a  larger  seed,  with  a  strong,  full,  but 
rather  rank,  flavor,  known  as  Liberian  coffee.  Coffee 
leaves  themselves  contain  caffeine,  and  are  used  as  a 
beverage  in  the  East.  11'.  P.  Bullet. 

COHOSH,  BLUE.— C.\ui,ornYLLnt.  Pappoose  Root, 
Squaw  Root.  The  rhizome  and  roots  of  Cdiilophyltinn 
t/i<ilirtn>iil()i  (L).  Mich.x.  (fam.  Berlierkhirea).  This  is  a 
perennial  herb,  with  an  erect,  smooth  stem,  about  50  or 
75  cm.  (20  to  30  ins. )  high,  bearing  a  thricetemate  leaf 
above  the  middle,  and  a  raceme  of  greenish  yellow  flow- 
ers at  the  top.  The  rhizome  is  horizontal,  thick,  crooked, 
scarred  above,  and  covered  below  with  numerous  roots. 
It  is  a  native  of  rich,  damp  woods,  over  most  of  the  United 
States,  and  grows  also  in  Japan  and  JIanchuria.  It  was 
a  favorite  remedy  in  laboramong  some  tribes  of  the  North 
American  Indians,  as  its  vernacular  names  indicate. 

The  dried  rhizome  is  thus  described  in  the  Pharma- 
copoeia: "About  four  inelies  (10  cm.)  long,  and  about 
one  fourth  to  two  fifths  of  an  inch  (6  to  10  mm.)  thick, 
bent;  on  the  upper  side  with  broad,  concave  stem  scars, 
and  short,  knotty  branches;  externall_v,  graj'-browu;  in- 
ternally, whitish,  tough,  and  woody.  Roots  nimierous, 
matted,  about  four  inches  (10  cm.)  long,  and  one  twenty- 
fifth  of  an  inch  (1  mm.)  thick,  rather  tough;  nearly  in- 
odorous; taste  sweetish,  slightly  bitter,  and  somewhat 
acrid." 

It  contains  twelve  per  cent,  of  resin  and  some  tannin,  a 
glucoside  much  resembling  saponin,  and  a  small  amount 
of  the  alkaloid  caulophylline. 

The  drug  is  irritating  to  mucous  membranes,  the 
powder  being  highly  sternvitatory.  It  is  much  like 
Siiponin  in  its  local  effects.  It  is  recommended  as  a  uterine 
stimulant,  of  service  in  parturition,  and  also  as  a  stim- 
ulating emmenagogue,  but  there  is  little  reliable  in- 
formation in  regard  to  its  action.  There  is  no  official 
preparation,  but  the  fluid  extract  is  the  best  form  of  ad- 
ministration, in  doses  of  gm.  0.3  to  2.0  (gr.  v.-xxx.). 

Henry  H.  Ruiby. 

COLCHICUM.— .I/Mrfoff  Siiffron.  A  genus  of  plants 
of  tin-  lily  lumily  (LUiitceit).  comprising  about  thirty 
species,  one  of  which.  C.  aiitiimiuik  L.,  yields  two  offi- 
cial drugs,  namely,  the  corm  (Colchici  liadix)  and  the 
seed  (Colchici  Semen).  As  these  drugs  are  identical  in 
properties  <xnd  use,  and  practically  so  in  composition, 
they  are  considered  together.  The  plant  is  a  perennial 
herb,  with  a  very  short  subterranean  upright  stem,  aris- 
ing from  the  apex  of  a  corm,  and  having  at  its  side  an- 
other corm,  younger  or  older  according  to  the  season. 

The  corm  of  colchicum.  in  the  latter  part  of  the  sum- 
mer, when  it  is  usually  gathered,  is  principally  composed 
of  that  portion  which  has  just  done  service  in  ripening 
the  fruit.  It  is  about  5  cm.  long  by  i  in  width  (3  X  H 
ins.),  and  enclosed  in  two  brown  papcrj'  coats.  It  is 
irregularly  pear-shaped,  rather  pointed  above,  blunt  and 
oblique  at  the  base,  and  flattened  and  grooved  on  one 
side,  where  it  clasps  the  new  growth.  At  the  apex  is 
the  scar  or  remains  of  the  now  decayed  aerial  vegetation. 
At  the  ba.se.  on  the  flattened  side,  is  attached  the  new- 
bud  which  is  to  produce  the  flower  in  the  autumn,  en- 
closed in  the  general  coverings  above  mentioned.  Later 
in  the  season  the  stem  and  flowers  of  the  young  bulbs 
form  a  column  at  the  side  of  the  old  one,  fitting  tnto  its 
flattened  or  grooved  surface,  and  having  the  appearance 
of  being  simply  a  lateral  bud  of  the  older  corm.  During 
the  following  spring,  however,  the  elder  tuber  shrivels 
away,  and  the  Uf w  one,  as  its  fruit  ripens,  becomes  large 
and  plump,  and  in  its  turn  develops  a  junior  for  tjie 
succeeding  fall. 


Colchicum  is  a  native  of  Sliddle,  Southern,  and  Eastern 
Europe.  It  is  frequent  also  in  England,  and  is  occasion- 
ally cultivated,  for  its  pretty  but  soiidjre  flowei-s,  in  lliis 
country.     Our  medical  supply  of  the  root  comes  princi- 


FlG.  14titj.— Colchieuni.    Flowerinc  plant,  one-half  natural  size,  and 
details  of  structure ;  also  seed.     (Bullion. I 

pally  from  England  and  Germany.  The  cormsare  usually 
collected  in  midsummer,  or  shortly  after,  when  they  are 
the  plumpest  and  finest  looking.  From  this  time  until 
fall  they  do  not  change  much,  and  if  gathered  when  in 
flower  woidd  be  probablv  equally  good.  They  are 
sometimes  used  abroad  in  the  fresh  state;  sometimes  also 
dried  whole.  Usually,  however,  and  always  for  this 
market,  they  are  sliced  and  dried  by  the  aid  of  gentle 
heat.  Their  quality  is  very  sensitive  to  carelessness  in 
drying.  The  seeds  are  simply  collected  and  dried  when 
ripe. 

Colchicum  has  been  known  as  a  poison  since  the  time 
of  Dioscorides,  but  as  a  medicine  only  for  the  last  two 
or  three  hundred  years.  Its  first  admission  to  the  London 
Pharmacopceia  was  in  1618.  and  thirty-two  years  after 
it  was  dropped,  and  did  not  reappear  in  it  until  1788, 
since  which  time  it  has  been  in  regular  employment 
{Plttirmiicographiii). 

Description. — The  Corm. — The  transverse  slices  into 
which  the  corm  is  cut  are  about  3  mm.  (J  in.)  thick, 
and  from  1  to  3  cm.  in  diameter,  according  to  their 
position.  Their  cut  surfaces  are  white  or  grayish  white, 
their  edges  (surface  of  the  corm)  brownish  yeUow.  In 
shape  they  vary  a  little;  those  cut  from  the  upper  part 
may  be  simply  round,  but  those  of  the  middle  and  lower 
portions  are  flattened  or  indented  at  one  side,  where  the 
flower  buds  lie,  or  they  may  even  be  typically  kidney- 
shaped.  The  drug  is  occasionally  sliced  vertically,  when 
the  slices  will  be  more  or  less  ovate,  and  some  of  them 
longitudinally  grooved.  Even  the  whole  corms  are  some- 
times met  with.  They  are  hard,  brittle,  and  loaded  with 
starch.     Taste  very  bitter  and  acrid,  odor  simply  earthy. 
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That  which  is  very  dark  colored  internally,  or  breaks 
with  a  horny  fracture  (showing  too  much  heat  used  in 
drying),  should  be  rejected. 

The  seeds  are  of  more  modern  use,  having  been  intro- 
duced about  sixty  years  ago.  They  are  sub-globular, 
about  3  ram.  (^  in.)  in  diameter,  very  slightly  pointed 
at  the  hilum;  surface  reddish  brown,  finely  pitted  and 
dull;  internally  whitisli;  odor  none;  taste  bitter  and  acrid; 
texture  very  hard,  bone-like  between  the  teeth,  at  the 
hilum  a  soft  caruncle. 

Composition. — The  corms.  In  drying,  lose  two-thirds 
of  their  weight,  and  when  about  dry  consist  largely  of 
starch,  in  tine  rounded,  by  mutual  pressure  polyhedral, 
and  sometimes  compound  grains.  Sugar,  gum.  resin, 
fixed  oil.  etc.,  are  oiher  common  substances  contained  in 
them.  The  seeds  also  contain  sugar,  resin,  tixed  oil,  etc., 
as  incidental  constituents.  Both  contain,  as  tlieir  pecul- 
iar principle,  the  intenselj'  active  substance  colchicine, 
in  small  quantity — in  the  "root"  about  0.5  per  cent.,  in 
the  seeds  about  0.3  per  cent.  It  is  also  present  in  the 
leaves.  Colcliicine(C,5H9[OCn3]3[NHC»H30J[CO,CH3]) 
is  a  very  bitter  and  extremely  poisonous  alkaloid,  occur- 
ring as  a  yellow,  crystalline  powder,  soluble  in  botli  water 
and  alcohol.  It  yields  cdc/ticeine.  or  aceto-trimethyl- 
colchiciuic  acid,  in  yellowisli  needles,  soluble  in  alcohol. 
This  also  occurs  free  in  the  drug,  and  is  poisonous.  It 
is  believed  that  these  substancesare  not  active  until  after 
oxidation  has  occurred  in  the  alimentary  canal. 

Action. — The  actions  of  colchicum,  colchicine,  and 
colchiceine  differ  onl)-  in  degree. 

All  the  effects  are  chiefly,  and  perhaps  wholly,  refer- 
able to  local  irritation.  The  skin  is  somewhat  irritated, 
all  mucous  membranes  powerfully  so,  sneezing,  cough- 
ing, running  at  the  cjesand  nose  being  prominent  symp- 
toms of  exposure  to  the  dust.  Its  internal  effects  are 
very  slow  in  developing,  some  hours  usually  elapsing, 
thus  strengthening  the  theory  of  preliminary  oxidation 
of  the  colchicine.  Then  nausea  and  pain  in  tlie  stomach, 
with  lassitude  and  salivation  come  on.  If  the  dose  is 
large  enough,  vomiting  and  purging  follow,  and  tliese 
are  characteristic  of  great  irritation,  the  stools  being 
mucous  and  perhaps  bloody.  Varying,  and  mostly 
slight,  symptoms  of  reflex  stinudation  may  be  observed. 
In  severe  poisoning  paralysis  quickly  follows,  beginning 
at  the  lower  extremities,  proceeding  upward,  and  killing 
by  asphyxiation.  It  is  generally  believed  that  the  latter 
effects  are  entirely  dependent  upon  the  irritation.  Even 
if  given  hypodermically,  the  principle  is  excreted  into 
the  stomach  and  intestines,  and  the  modus  operandi  is  the 
same.  In  any  case,  the  practical  facts  are  that  the  cliar- 
acteristic  effects  of  over-dosage  are  severe  alwlominal 
irritation  and  severe  depression,  both  of  which  are  to  be 
avoided  as  much  as  possible  in  its  medicinal  employment. 
The  effects  upon  the  kidney  are  very  irregular,  depend- 
ing apparently  upon  stimulation  by  small  quantities,  de- 
pression by  larger  ones.  Lastly  it  may  be  noted  that  the 
irritant  effects  of  colchicum  are  cumulative.  They  may 
be  produced  quickly  b)'  large  doses,  or  gradually  by  con- 
tinued small  ones,  so  that  its  administration  has  ahvaj's 
to  be  performed  with  watchfulness  and  care. 

Use  and  Administr.^tion. — All  the  study  of  the  ac- 
tion of  colchicum  is  devoid  of  therapeutic  value,  as  no 
relation  can  be  seen  between  the  former  and  i*s  thera- 
peutic use.  which  is  almost  exclusively  in  the  treatment 
of  gout.  We  only  know  that  gout  and  all  its  sequelre 
and  dependent  functional  disturbances  are  markedly  re- 
lieved by  the  administration  of  colchicum,  which  has  for 
very  long  been  regarded  as  a  specific  for  tliat  disease. 
All  cases  are  not  equally  benefited,  acute  and  the  early 
stages  of  chronic  ones  being  much  more  amenable. 
With  long-continued  administration,  the  drug  gradually 
loses  its  effectiveness,  and  at  the  same  time  undesirable 
€ffects  become  more  troublesome.  The  desirability  of 
cautious  administration  thus  becomes  apparent.  As  soon 
as  abdominal  disturbances  begin,  the  administration 
should  be  stopped  for  a  while. 

The  forms  of  administration  are  very  numerous.  The 
powdered  drug  is  often  given  in  doses  of  0.1  to  0.5  gm. 


(gr.  ij.-viij.).  The  Pharmacopoeia  offers  us  an  extractof 
the  root,  dose  0.03  to  0.13  gm.  (gr.  ss.-ij.),  fluid  extracts 
of  each,  dose  itl  ij.  to  viij.,  a  15-per-cent.  tincture  of  the 
seeds,  dose  0.6  to  2  c.c.  m,  x.  to  xxx.),  a40-per  cent,  wine 
of  the  root,  dose  0.3  to  1  c.c.  (m  v.  to  xv.),  and  a  lo-per 
cent,  wine  of  the  seed,  dose  the  same  as  of  the  tincture. 
The  presence  of  these  two  wines,  of  such  dissimilar 
strength  and  dosage,  is  barbarous,  and  it  is  even  to  be 
hoped  that  the  seeds  and  their  preparations  may  be  en- 
tirely dropped,  or  the  strength  of  the  preparations  so 
adjusted  that  the  dosage  will  be  uniform.  This  could 
easily  be  done  by  alkaloidal  standardization,  as  it  is  now 
certainlv  known  that  the  two  substances  do  not  differ  in 
kind.  Colchicum  corm  and  fluid  extracts  should  contain 
one-half  per  cent.,  the  extract  two  per  cent.,  of  total  al- 
kaloids, the  other  preparations  proportionately  with  their 
strength.  Colchicine  is  frequently  given  in  doses  of  0.0005 
to  0.0022  gm.  (gr.  ylj  to  53),  colchiceine  occasionally  in 
maximum  doses  about  half  as  large.  Tannate  of  col- 
chicine is  somewhat  used  in  doses  about  twice  as  large  as 
those  of  colchicine  itself.  Henry  H.  Rusby. 

COLCHICUM,  POISONING  BY.— Colchicum  autum- 
nale.  or  meailow  saffron.  ori\t;r  Lilinrnr,  isabieuuial  plant, 
a  native  of  Europe.  It  is  not  found  in  America.  It  is 
nearly  related  to  veratrum.  All  parts  of  the  plant  are 
poisonous,  but  only  the  corm  and  the  seeds  are  used  me- 
dicinally, being  most  active  in  the  second  season.  This 
plant  is  said  to  have  been  known  to  Dioscorides  and  to 
have  been  first  used  by  Medea.  The  active  principle  is 
the  intensely  bitter  and  poisonous  alkaloid  colchicine, 
discovered  by  Pelletier  and  Caventon.  Its  usual  form  is 
a  white  or  yellowish,  amorphoiis  powder;  sometimes  it 
occurs  as  crystals.  It  is  alkaline  in  reaction,  and  is  solu- 
ble in  water,  acids,  spirits,  ether,  chloroform,  and  benzene. 
It  is  frequently  an  ingredient  of  quack  medicines  for 
rheumatism  and  gout  and  is  sometimes  put  into  beer. 
Of  the  preparations,  those  of  the  seeds  are  the  more  re- 
liable. There  are  in  the  United  States  Pharmacopoeia; 
an  extract  of  the  root,  a  fluid  extract  of  the  root  and  of 
the  seeds,  a  wine  of  the  root  and  of  the  seeds,  and  a 
tincture  of  the  seeds. 

Fatal  Dose  of  the  Alkaloid. — Casper  quotes  this  to  be 
from  25  to  30  mgm.  (gr.  0.385  to  0.463).  However,  ac- 
cording to  Blyth.  there  is  a  recorded  recovery  from  70 
mgm.  (gr.  1.08). 

Symptoms. — The  poison  is  slowly  absorbed,  and  the 
sjniptoms  generally  continue  after  the  drug  has  been 
stopped,  while  relapses  are  not  uncommon.  The  patient 
usually  feels  a  burning  pain  in  the  gastrointestinal  tract, 
with  great  abdominal  pain,  griping,  nausea,  vomiting, 
and  diarrho-a.  although  cases  have  been  noted  with  no 
diarrha?a.  The  stools  aboimd  in  bile  and  are  sometimes 
bloody.  Dysuria  and  h;ematuria  have  been  recorded. 
The  respiration  and  pulse  are  much  depressed.  The 
temperature  falls,  and  muscular  weakness  supervenes. 
There  may  lie  cramps  in  the  feet  and  calves.  The  brain 
is  rarely  affected.  In  severe  cases,  however,  stupor  oc- 
curs followed  by  early  collapse  and  death.  Convulsions 
sometimes  take  place.  As  indicated  above,  death  does 
not  occur  at  once,  the  symptoms  in  many  cases  lasting  as 
long  as  six  or  seven  days  and  even  longer.  If  the  patient 
recovers,  it  is  only  after  a  tedious  convalescence.  In 
certain  cases  the  patient  suffers  from  chronic  diaiThoea 
after  the  other  symptoms  have  passed  away. 

Tre.\tment. — The  use  of  the  stomach  pump  is  indi- 
cated, or  emetics  may  be  used,  e.g.,  ipecacuanha,  zinc 
sulphate,  mustard;  or  apomorphine.  administered  hypo- 
dermically in  doses  of  four  or  five  drops.  Mucilaginous 
drinks  and  abundance  of  water  are  beneficial.  Tannic 
acid  neutralizes  the  poison  and  is  an  antidote.  The 
bowels  should  be  cleared  out  by  castor  oil.  while  the 
abdominal  pain  is  quieted  by  morphine  or  opium.  Heat 
applied  to  the  extremities  and  abdomen  also  relieves 
pain.  For  the  depression,  stimulants  should  be  em- 
ployed. 

test. — If  to  the  alcoholic  solution  of  the  alkaloid,  ferric 
chloride  be  added  there  will  result  a  garnet  red;  while 
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if  an  a(|ueous  solution  be  iised.  the  color  obtained  will  be 
green  or  brownish  green.  If  a  combination  of  the  solid 
substance  and  nitric  acid  be  made,  a  violet  hue  will  de- 
velop. Colchicine  may  be  C-\tracteil  from  a  feebl}'  acid 
aqiu-ous  .solution  by  chloroform. 

I'lift-M'ii-ttjii  .[jijiiiinmrci. — Hypera?mia  is  the  most 
strikinjr  of  these,  and  has  been  observed  in  the  mucous 
menilirane  of  the  gastrointestinal  tract,  in  the  kidneys. 
lungs,  articular  joint  surfaces,  bone-marrow,  brain,  an<l 
cord.  Degeneration  of  the  liver  has  been  reported.  As 
in  siilphuric-acid  poisoning,  the  large  veins  are  filled  with 
thick  dark-red  blood.  The  stomach  contents  give  an  acid 
reaction.  The  pathological  changes,  however,  are  not 
<;onstant. 

St'piinitwit  of  Colchicine  from  Orymiic  Matter. — Olio- 
louski's  method:  The  viscera  are  finely  ground  with 
powdered  glass,  and  the  mi.xture  left  in  alcohol  for  twelve 
hours,  after  which  the  liquid  is  removed  and  the  residue 
is  washed  in  alcohol.  This  extract  is  heated  to  a  teiu- 
perature  not  above  80°  C.  The  concentrated  product  is 
<'ooled  and  mixed  with  eno\ig]i  alcohol  to  equal  the 
original  i|uantity.  The  li(juid  is  filtered  and  evajiorated 
as  before,  and  this  process  is  repeated  until,  on  the  addition 
of  water,  there  is  no  further  separation  of  clots.  The 
final  residue  is  dissolved  in  water,  purified  by  shaking 
with  light  petroleum,  and  at  last  the  colchicine  is  ex- 
tracted with  chloroform.  Emma  E.  Walker. 

COLD.  EFFECTS  OF.     %ee  Vamp  Diseases. 

COLD  IN  THE  HEAD.     Sve  A'aml  Cavities,  etc. 

COLD  SULPHUR  SPRING.— Rockbridge  County,  Vir- 
ginia, 

Post  Okfiie. — Go.slien  Bridge.     Hotel. 

Access. — Via  Chesapeake  and  Ohio  Railroad  to  Goshen, 
thence  a  drive  of  2  miles  to  springs.  Hacks  meet  all 
trains. 

The  Cold  Sulphur  Springs  are  located  in  the  mountains 
of  Virginia,  at  an  altitude  of  two  thousand  feet  above  the 
.sea  level.  The  situation  is  near  the  centre  of  the  cele- 
brated mineral-spring  region,  so  long  noted  for  the  beauty 
of  its  scenery  and  the  salubrity  of  its  climate.  Recent 
additions  to  the  hotel  building  have  greatly  increased  its 
<-apacity.  and  many  improvements  have  been  made  for 
the  comfort  of  guests.  The  location  is  encompassed  on 
every  side  by  lofty  mountains  of  rare  loveliness  and 
grandeur,  and  the  beautiful  lawn,  with  its  vast  shade  of 
primeval  oaks,  forms  a  picture  of  alluring  restf ulness  and 
trant)uillity.  Within  a  few  minutes'  drive  is  the  west 
entrance  to  the  Goshen  Pass,  the  gateway  through  which 
the  north  branch  of  the  .lames  River  finds  its  way  to  the 
sea — a  spot  famous  for  its  wild  and  magnificent  scenerj-. 
The  water  of  the  Cold  Sulphur  Springs  is  clear  and 
slightly  sparkling  from  the  gases  which  it  contains.  It 
has  a  temperature  of  .lO'  F.  as  it  flows,  and  the  presence 
of  a  large  amount  of  free  carbonic  acid  renders  it  pecul- 
iarly light  and  grateful  both  to  the  taste  and  to  even  a 
delicate  stomach.  The  water  has  been  analyzed  with 
the  following  results  by  a  chemist  whose  name  is  lost ; 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Calcium  sulpliate 2.90 

Ma^esium  sulptiate 0..58 

.\luminiim  sulphate 2.46 

SiKtiuru  sulptiate 0.65 

Calcium  oartx^nate 1.85 

Magnesium  carlxtnate 1.78 

Iron  carbonate 1.22 

Sodium  silicate 1.48 

Calcium  chloride 0.43 

Lithium  chloride Trace. 

Phi:)sphates Trace. 

Organic  matter 0.33 

Total 13.67 

Gases.  Cubic  inches. 

Sulphureted  hydronen 253.00 

Carbonic  acid 5.65 

This  analysis  shows  a  mild  alkaline-chalybeate.     If  the 
figures  are  correct  it  contains  an  unusually  large  quantity 
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of  sulphureted  hydrogen.  The  efTects  of  the  water  are 
tonic  and  sedative.  It  is  used  with  goo<l  etl'ects  in  dis- 
eases of  the  stomacli,  bowels,  liver,  and  kidneys.  The 
resort  is  well  jirovidcd  with  facilities  for  the  accommoda- 
tion, comfort,  and  amusement  of  guests. 

James  K.  Crook. 

COLD,  THE  THERAPEUTICS  OF.-IIeat  and  cold 
ari-  t\v<p  rclativf  iiiciilis  of  niolecular  motion.  We  call  an 
object  warm  or  cold  when  it  possesses  more  or  less 
niolicular  motion  than  our  bodies  contain.  According 
to  a  fundamental  law  of  physics,  motion  takes  place  in 
the  line  of  least  resistance,  and  since  a  greater  (|uantitj- 
of  motion  offers  more  resistance  than  a  smaller  ciuaiitity, 
it  follows  that  motion,  unless  impeded,  always  temls  "in 
the  direction  of  lesser  motion,  or,  in  other  woids,  from 
heat  toward  cold.  If  the  animal  body,  therefore,  comes 
in  contact  with  a  colder  medium,  it  loses  a  certain  amount 
of  its  heat;  and  if  the  surrounding  temperature  is  sutti 
ciently  low  and  if  it  remains  so  for  a  sufiicient  length  of 
time,  enough  heat  is  extracted  to  threaten  and  even  to  ex- 
tinguish life.  We  may  lience  conclude  that  while  cold 
acts  as  an  antipyretic,  it  also  acts  as  a  depressant.  On 
the  other  hand,  when  colil  is  ajiplied  fugitively,  or  for  a 
shoit  time,  it  has  a  stimulant  and  tonic  effect.  This 
duplex  action  of  cold  is  demonstrated  by  the  following 
observations:  Liebermeister  ("Beobachtungen  und  Ver- 
suche  liber  die  Anweudung  des  kalten  Wassers  bei  fieber- 
haften  Krankheiten,"  Leipsic,  1868),  and  Kernig  (Rei- 
chert's  Arc/iir.  1860)  found  by  actual  experiment  that 
brief  exposure  of  healthy  persons  to  cold  baths  elevates 
the  temperature,  while  on  the  clinical  side  it  has  been 
abundantly  proven  that  prolonged  exposure  of  fever 
patients  to  cold  invariably  reduces  the  temperature. 

That  a  health}-  body  may  have  its  temperature  elevated 
by  transient  exposure  to  cold,  and  that  a  fevered  body 
may  suffer  depression  of  temperature  if  exposed  to  cold, 
are  facts  which  accord  with  another  physical  law,  viz.: 
that  action  and  reaction  ai-e  eiiual.  A  healthy  body  is 
momentarily  thrown  out  of  its  accustomed  equilibrium 
by  the  aggressive  force  of  cold,  but  in  virtue  of  its  greater 
inherent  strength  and  resistance  it  is  soon  enabled  to  re- 
act on  and  to  neutralize  the  influence  of  this  disturbance, 
and  while  undergoing  this  greater  activity  its  tempera- 
ture is  elevated.  On  the  other  hand,  the  fevered  body 
possesses  less  resistance  and  is  too  feeble  to  offer  much 
resistance  to  the  aggressive  action  of  cold,  and  hence  the 
latter  readilv  depresses  the  abnormally  augmented  activ- 
ity of  the  body.  Cold  may.  therefore,  be  an  antipyretic 
ora  stimulant  according  to  the  circumstances  under  which 
it  acts ;  thus  showing  that,  like  all  our  therapeutic  agents, 
its  effects  are  controlled  by  the  dose  and  by  the  length 
of  time  during  which  it  is  administered.  Additional  cold 
also  contracts  and  condenses  bodily  tissue,  and  thus  in- 
cidentally it  has  the  power  of  contracting  blood-vessels — 
a  property  of  considerable  therapeutic  importance. 

Physiologically  it  may  be  said  then  that  C(jld  acts  (1) 
as  an  antipyretic;  (2)  as  a  tonic  or  stimulant;  and  (3) 
as  a  contractor  of  the  blood-vessels,  by  which  means  it 
lessens  the  supply  of  blood. 

Methods  op  Applying  Coi.d. — It  has  already  been 
shown  that  the  effects  of  cold  depend  on  the  manner  in 
which  this  agent  is  applied,  and  it  is  therefore  necessary 
briefly  to  consider  the  different  modes  of  its  application 
together  with  the  physiological  effects  of  each. 

Wct-Sfiet't  Application. — A  cotton  or  linen  sheet  is  wrung 
out  of  water  liaving  a  temperature  of  80'  or  90°  F. :  it 
is  then  wrapped  around  the  patient's  body,  and  is  al- 
lowed to  remain  for  two.  three,  or  four  minutes.  If  the 
patient  is  in  a  feeble  condition,  vigorous  friction  must 
precede  and  follow  the  application  of  the  sheet.  The 
temperature  of  the  water  ma)'  be  gradually  lowered  as 
the  patient  becomes  accustomed  to  the  influence  of  cold. 
Used  in  this  way  the  wet  sheet  takes  the  place  of  a  cold 
bath  in  a  certain  class  of  invalids,  relieves  fatigue  and 
nerve  depression,  and  invigorates  vital  energy. 

Spinal  Bath. — Water  at  a  temperature  of  80'  F.  and 
gradually  cooled  is  poured  from  a  jug  or  can,  or  pressed 
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from  a  large  sponge,  along  the  spine  as  the  patient  sits 
on  a  stool  in  the  bath  tub.  It  is  to  be  continued  for  from 
five  to  ten  minutes  at  a  time  and  may  be  repeated  once 
or  twice  every  day.  In  a  short  time  the  patient  will  be 
able  to  bear  the  water  entirely  cold.  The  spinal  cord,  as 
■well  as  the  peripheral  and  visceral  nerves,  is  stimulated, 
•ind  it  is  claimed  that  the  abdominal  organs  are  influenced 
favorably. 

The  Pail  Duuche. — This  method  of  bathing  consists  in 
throwing  three  or  four  bucketfuls  of  cold  water  over  the 
front  and  back  of  the  patient's  chest  while  he  is  sitting 
in  a  bath  tub.  The  e.xact  temperature  of  the  water  is  to 
be  graduated  by  the  feelings  of  the  patient.  A  vigorous 
rubbing  with  a  dry.  coarse  towel  fullows  the  douching. 
This  form  of  bath  is  available  only  for  those  who  possess 
a  rather  vigorous  constitution,  but  in  such  cases  it  acts 
as  a  powerful  iuvigorator. 

The  t^pray  Dmiche. — No  other  form  of  liathing  pro- 
duces such  powerful  stimulation  as  that  of  the  cold  spray 
douche.  The  effects  of  the  cold  arc  enhanced  by  the 
mechanical  impact  of  the  water  on  the  bod_y,  and  they 
vary,  of  course,  in  accortlance  with  the  size,  force,  direc- 
tion, and  duration  of  the  column  of  water  which  is  em- 
ployed. The  size  of  the  latter  may  be  from  one  to  three 
inches  in  diameter  and  may  fall  from  a  distance  of  from 
a  few  to  ten  or  twenty  feet;  or  it  may  be  directed  in  a 
small  stream  at  right  angles  against  the  patient's  body. 
The  stream  may  also  be  broken  up  into  fine  jets  and  al- 
lowed to  fall  on  the  patient's  body,  or  be  directed  against 
it  at  an  angle.  It  may  be  used  alternately  with  hot  or 
tepid  water,  and  in  beginning  to  use  it,  in  cases  in  which 
the  power  of  vital  resistance  is  not  very  pronounced,  it 
is  a  good  plan  to  employ  water  with  a  temperature  of 
about  80"  or  85°  F.  and  gradually  lower  it  to  the  desired 
point  of  coldness.  If  cold  water  is  used  from  the  outset 
in  the  treatment  of  such  persons  it  is  best  first  to  spraj' 
the  extremities  and  then  the  trunk.  In  persons  possessed 
of  robust  reaction  tlie  spray  should  be  allowed  to  fall 
from  the  desired  lieight  on  the  head,  shoidders.  and  back, 
and  should  be  continued  for  from  one  to  three  minutes. 
It  is  Important  that  it  should  not  be  continued  for  too 
long  a  time,  for  if  it  is,  the  patient  will  fail  to  obtain  its 
full  exhilarating  property. 

The  Plunr/e  Bath. — In  this  form  of  bathing  the  person 
jumps  into  a  pool  or  tub  of  cold  water,  remains  there  for  a 
few  minutes,  and  is  then  dried  and  rubbed  with  towels. 
The  effects  of  such  a  bath  are  similar  to  those  of  the 
dotiche.  although  not  so  pronounced.  The  plunge  bath 
is  the  final  stage  of  the  Turkish  bath,  and  to  it  the  latter 
owes  much  of  its  agreeable  and  stimulating  property. 
As  in  the  douche,  a  sudden  chilliness,  a  deep  inspira- 
tion, and  a  roughening  of  the  skin  are  some  of  its  promi- 
nent effects,  which  iu  a  few  minutes  are  followed  by  a 
sense  of  warmth  and  exhilaration. 

The  Proliiiiffed  Bath. — Here  the  patient  is  immersed  iu 
a  tub  of  water  the  temperature  of  which  ranges  from  6.5° 
to  70°  F.,  or  slightly  lower.  It  abstracts  heat  in  febrile 
diseases,  soothes  the  irritable  nervous  system,  and  pro- 
vokes sleep.  The  duration  of  a  bath  of  this  kind  is  gov- 
erned by  the  infiuence  which  it  exerts  on  the  fever.  This 
is  its  chief  object.  If  the  fever  falls  to  the  level  of  102° 
F..  or  still  nearer  the  normal,  the  bath  is  discontinued 
and  the  patient  is  returned  to  bed.  This  method  of  treat- 
ing fever  was  introduced  by  Currie  and  Brand  about  a 
century  ago,  b"ut  fell  into  disuse  some  time  later.  It  was 
revived  by  Liebermeister.  von  Ziemssen.  and  others  in 
Germany,  and  has  latterly  found  strong  advocates  in 
America,  among  whom  are  Wilson,  Tyson,  and  Baruch. 

Ice  Applications. — The  application  of  ice  tn  the  human 
body  is  the  most  concentrated  form  in  which  cold  may  be 
employed.  Its  physiological  action,  which  differs  some- 
what from  that  of  the  other  forms  already  described,  has 
been  investigated  by  various  observers.  Thus.  Jlosler 
(Virchme's  Archie.  1873,  Baud  Ivii.,  1)  found  that  by  ap- 
plying an  ice  bag  over  the  spleen  of  a  dog  its  length 
diminished  from  17  to  14  cm.,  and  its  bread t;h  from  5  to 
4.6  cm. ,  in  the  course  of  an  hour.  Dr.  Schlikoff  (Detitsrhes 
Archil'  f.  klin.  Med..  Bd.  xviii.,  p.  577)  made  a  series  of 


observations  on  man,  in  the  course  of  which  the  thermome- 
ter was  introduced  into  various  cavities  of  the  human 
body,  and  ice  bags  were  applied  to  the  exterior.  For 
example:  1.  A  thermometer  being  placed  between  the 
gum  and  the  cheek,  and  an  ice  bag  applied  to  the  outside, 
the  temperature  fell  5.1°  C.  iu  one  hour.  After  removing 
the  ice  bag,  the  temperature  returned  to  the  normal  in 
half  an  hour's  time.  2.  When  the  thermometer  was  held 
in  the  hollow  of  the  hand,  and  an  ice  bag  applied  to  its 
dorsum,  in  seventy  minutes  the  temperature  fell  5.8°  C. ; 
an  hour  after  the  removal  of  the  ice  bag  the  temperattu'e 
had  not  attained  its  original  elevation.  3.  In  an  em- 
pytemic  patient  the  thermometer  was  introduced  into  the 
pleural  cavity  firmly  against  its  inner  wall,  and  the  ice 
bag  was  placed  immediately  over  it ;  in  an  hour  the  tem- 
perature fell  3.7°  C.  The  original  temperature  was  re- 
gained in  fifty  minutes  after  the  thermometer  was  re- 
moved. The  thickness  of  the  thoracic  wall  was  3.2  cm., 
which  gives  the  distance  between  the  bulb  of  the  ther- 
mometer and  the  ice  bag.  4.  Introduction  of  a  thermom- 
eter into  the  intestine  through  an  intestinal  fistida.  and 
the  application  of  an  ice  bag  over  the  alidomen  reduced 
the  temperature  2.3°  C.  in  the  course  of  half  an  hour — 
the  distance  between  the  thermometer  bulb  and  the  ice 
bag  having  been  about  4  cm.  5.  When  the  thermometer 
was  placed  in  the  vagina,  and  the  ice  bag  over  the  pubic 
arch — the  distance  between  the  two  being  7  cm. — the 
temperature  fell  uearly  1°  C.  in  a  little  less  than  an  hour 
and  a  half.  6.  Introducing  a  thermometer  into  a  fistu- 
lous passivge  leading  to  a  carious  tibia — the  soft  parts 
being  inflamed,  thickened,  and  a'dematous — and  placing 
an  ice  bag  over  the  same,  reduced  the  temperature  0.5° 
C.  in  eighty  minutes.  The  distance  between  the  ther- 
mometer and  the  ice  was  aliout  4  cm. 

These  experiments  demonstrate,  therefore,  that  when 
cold  is  employed  iu  the  manner  indicated  it  has  the  prop- 
erty of  diminishing  the  volume  of  bodily  organs,  reducing 
temperature  very  actively,  and  showing  sufticient  pene- 
trating power  to  influence  deep  seated  organs. 

The  TirEKAi'EUTic  AppLrc.\TioN  of  Cold. — Next  in 
order  will  be  considered  the  various  affections  in  which 
the  reniedial  value  of  cold  is  indicated. 

A'ercous  Dehilifi/. — In  cases  of  nerve  exhaustion  with- 
out serious  ciiange  iu  any  of  the  vital  organs, — a  con- 
dition often  found  among  men  of  intellectual  pursuits. — 
the  douche  applied  daily  is  a  most  valuable  adjiuict  in 
the  treatment.  If  possible  the  douche  should  be  com- 
menced duriug  warm  weather,  and  after  being  begun  it 
should  be  used  every  day  throughout  the  year. 

Heniorrhiiid-i. — When  ice  in  a  bag  or  wrapjied  in  a 
towel  is  applied  in  the  early  stage  of  this  affectiou  it  will 
give  relief  quickly.  When  the  disorder  is  of  several  days' 
standing,  moist  heat  is  probably  preferable:  although  it 
is  a  good  plan  to  test  the  influence  of  cold  first. 

Acute  Orchiti.i. — Surrounding  the  inflamed  testicle  with 
ice  bags,  or  allowing  a  stream  of  ice  water  to  flow  on  it, 
will  frequently  cut  short  the  pain  and  relieve  the  swell- 
ing. 

Acute  Ton.<.iUi1is,  Diphtheria,  and  Croup. — Application 
of  cold  to  the  neck  in  these  diseases,  either  in  the  form 
of  ice  l)ags  or  in  that  of  compresses,  preferably  the 
former,  has  a  most  comforting  and  quieting  influence  on 
the  patient.  It  allays  fever  and  pain,  and  prevents  in- 
filtration of  the  cervical  glands. 

Measles. — In  strange  contrast  to  the  medical  teaching 
of  half  a  centur_v  ago,  that  patients  suffering  from  measles 
should  be  kept  in  a  warm  room,  remain  imwashed,  and 
be  protected  from  all  cold  air  dratights, — it  is  now  a  well- 
established  fact  that  the  aiiplication  of  cold  externally  in 
one  form  or  another,  and  the  administration  of  an  abun- 
dant supply  of  cold  water  internally,  is  a  most  serviceable 
method  of  treating  this  disease.  When  the  fever  is  mild, 
sponging  of  the  whole  body  with  cool  water  will  suffice 
to  reduce  the  temperature.  If  the  fever  rises  to  103°  or 
104°  F.,  the  cold  pack  is  to  be  applied,  or  the  patient  is 
to  be  tubbed.  In  case  there  is  swelling  of  the  glands 
of  the  neck,  as  often  occurs,  the  application  of  an  ice 
bag  over  the  tumefaction  will  have  a  counteracting  <'ffect. 
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f<ciirlatina. — No  otlicr  exantlK'timtoiis  disease  is  so 
prone  to  develo])  a  liiu'li  temperatvireas  searlet  fever,  and 
in  no  citlu-r  are  the  renieilial  efTects  of  cold  aiiplied  ex- 
ternally more  marked.  In  mild  cases  cold  sponging  is 
all  that  is  neces.sary.  When  the  lemperatiire  ri.ses  to 
1U.")°  or  106°  F. .  and  is  arc(>m|ianied  by  stupor  and  de- 
lirium, when  the  rash  is  dark  and  not  well  maikeil,  and 
when  the  urine  is  loaded  with  all)uniin,  nntliing  seems  to 
be  more  efTectivc  in  reducing  fever,  in  i|UicliMg  stupor 
and  delirium,  and  in  bringing  out  a  well-marked  eruption 
than  a  cold  tub  bath  or  the  cold  pack.  For  the  lliroat 
alTection  the  ice  bag  is  to  be  applied  externally  to  the 
neck,  from  the  beginning  of  the  attack,  and  the  patient 
is  to  be  encouraged  in  holding  small  pieces  of  ice  in  the 
mouth  until  they  are  dis.solve(l.  Cold  water  is  to  be  al- 
lowed as  a  drink. 

Chiihrn  Iiifantiiiii. — In  affections  of  this  kind,  when 
the  diarrhnea  becomes  an  almost  continuous  serous  dis- 
charge, when  the  abdomen  and  head  are  very  hot  and 
the  extremities  are  cold,  couiiled  with  a  tendency  to  coma, 
an  ice  bag  or  two  applied  to  both  the  abdomen  and  the 
head,  and  hot-water  bags  or  hot  poultices  to  the  armsand 
legs,  are  frequently  followed  by  the  very  best  results. 

Cerehrnl  Congestion  iind  Cerehro-Spimil  Meningitis. — In 
these  diseases  the  ajiplication  of  a  number  of  ice  bags  to 
the  head  and  neck  is  a  most  usefid  therapeutic  measure. 
The  action  of  the  cold  thvis  employed  is  enhanced  by  the 
application  of  mustard  or  hot  water  to  the  extremities. 

Sun-Strnke  ;  Hoit-Slrnki . — Tlie  former  is  merely  an  in- 
tensitied  form  of  the  latter,  and  both  conditions  reiiviire 
the  same  treatment.  The  patient  should  be  stripped, 
laid  on  a  canvas  cot.  covered  with  a  sheet,  and  a  stream 
of  iced  cold  water  allowed  to  play  on  his  whole  body, 
white  at  tlie  same  time  the  head  is  packed  in  ice.  The 
stream  of  water  may  come  from  a  hose  or  fiom  the 
mouth  of  a  large  can.  AVhen  the  high  temperature  is 
reduced  and  approaches  the  normal  pniiit.  his  body 
should  be  wrai)ped  in  warmed  woollen  blankets,  while 
the  application  of  cold  to  the  head  is  to  be  continued. 

Typlwid  Ferer. — The  use  of  cold  in  various  forms  and  at 
diilercnt  temperatures  is  one  of  the  most  approved  meth- 
ods of  combating  typhoid  fever.  In  mild  cases  of  this 
disease,  or  in  cases  in  which  the  general  tuli  bath  is  not 
well  borne,  frequent  or  almost  constant  sponging  of  the 
whole  bod_y  with  cool  or  cold  water,  slightly  aci<lulated 
with  vinegar,  is  usually  sufficient  to  restrain  the  teinpera- 
ttireand  to  reduce  it  toa  proper  point.  In  case  the  fever 
makes  a  stubborn  resistance  the  patient  should  be  placed 
in  a  tub  bath  the  temperature  of  which  mav  range  from 
60'  to  80=  F.  If  it  is  well  borne,  it  is  best  to  begin  with 
a  bath  temperature  of  6.j'  or  6S'  F.  Sometimes  it  is  a 
good  plan  to  begin  with  a  bath  temperature  of  80'  and 
gradually  lower  it  to  60  by  the  addition  of  ice  water. 
The  patient  should  remain  in  the  bath  for  five,  ten,  or 
twenty  minutes,  or  longer  if  necessary,  to  reduce  the 
fever  to  102'  F. ;  and  the  Ijath  is  to  be  rejieated  as  often 
as  the  temperature  rises  above  the  latter  point.  Between 
the  baths  ice  bags  sht)uld  be  used  over  the  abdomen  and 
liead.  and  in  cases  of  intestinal  hemorrhage  or  of  marked 
tympanites  the  ice  bags  should  be  applied  continuously  to 
the  abdomen.  Placing  an  ice  bag  over  the  region  of  the 
heart  also  serves  to  allay  the  irritability  of  that  organ. 
In  cases  in  which  tubbing  is  inexpedient  and  the  tempera- 
ture remains  high  the  cold  ]iack  may  be  resorted  to,  or 
the  patient's  body  may  be  rubbed  with  small  lumps  of 
ice.  After  the  patient  leaves  the  bath  his  body  must  be 
nibbed  dry  and  wrapped  in  a  warmed  blanket  in  order 
to  secure  good  liodily  reaction. 

Cold  water  should  also  be  freely  used  internally.  This 
is  of  great  importance.  It  should  be  given  systematically 
whether  the  patient  asks  for  it  or  not. 

Appendicitis. — Application  of  the  ice  bag  over  the  right 
iliac  fossa  is  a  useful  measure  to  afford  relief  in  this 
affection.  It  is  supeinor  to  the  hot  poultice,  although  in 
some  instances  the  alternate  application  of  the  two  is 
beneficial.  When  vomiting  is  present  the  patient  should 
be  allowed  to  dis.solve  small  pieces  of  ice  in  his  mouth. 

Acute  Rheumatism. — professor  Esmarch,  of  Kiel,  as  far 


back  as  1861.  drew  attention  to  the  great  utility  of  ice 
locally  a|>plieri  to  the  involved  joints  in  the  treatment  of 
acute  articular  rheumatism.  The  residts.  as  cuMqiarnl 
with  thosiderived  from  I  he  application  of  heal,  blankets, 
blisters,  etc..  were  most  striking  both  in  regard  to  the 
shortening  of  the  attacks  an<l  the  diminution  of  the  pain. 
Dr.  Wilson  Fox  (/.miret.  vol.  ii.,  1871)  reported  two  cas<'S 
of  rheiMuatic  fever  in  adults,  one  with  a  temperature  of 
1 10  F.  and  the  other  with  a  temperature  of  107'  F..  which 
were  treated  with  cold  applieal  ions  and  both  madi>  iironipl 
recoveries.  The  ice  was  placed  on  the  chest,  alidomen, 
and  along  the  spinal  column,  and  iced  water  was  rapidly 
poured  over  the  patients'  bodies  at  the  same  time. 

From  all  the  i)rHctical  evidence  at  our  command  there 
is  no  more  reason  why  cold  should  be  coiilraindicaled 
in  acute  rheumatism  than  it  is  in  any  other  acuti'  intliim- 
matory  disease;  and  the  day  is  not  far  distant  when  it 
will  be  employed  as  frecjuently  in  this  disease  as  it  is 
now  used  in  typhoid  fever. 

Anilr  Pneniiiiiiiiii. — The  princi]ial  indications  in  the 
treatment  of  acute  pneumonia  are:  (1)  reduction  of  the 
volume  of  blood  in  the  lungs,  (2)  reduction  of  fever,  and 
(3)  support  of  the  fiuiction  of  the  heart.  From  his  own 
experience,  the  author  believes  that  all  these  indications 
arc  fully  met  by  the  application  of  ice  to  the  chest  im- 
mediately over  the  seal  of  inflammation  in  both  <roupous 
and  acute  catarrhal  pneumonia,  and  that  this  agent 
checks  the  extension  of  the  intlannnatory  process,  con- 
stricts the  pulmonary  capillaries,  promotes  resolution, 
disperses  the  products  of  exudation,  reduces  fever, 
strengthens  the  pul.se.  alleviates  difficult  breathing,  abates 
pain  in  the  chest,  and  gives  general  comfort  to  the  patient. 

The  number  of  ice  bags  which  are  to  be  ajiplieil  in  any 
case  depends  on  the  degree  of  fever  which  is  present  ami 
on  the  size  of  the  area  which  is  inflamed.  If  the  fever  is 
not  very  high  and  the  inflamed  area  small,  one  or  two 
bags  will  answer.  If  the  fever  is  high  and  the  involved 
area  large,  as  many  as  eight  or  t<-n  may  be  applied,  it 
being  alwa3's  borne  in  mind  that  the  head  slwndd  monoiio- 
lize  one  or  two  constiintly.  The  length  of  time  during 
which  they  are  kept  on  also  depends  somewhat  on  th<' 
range  of  fever.  If  the  temperature  falls  near  the  normal, 
it  is  good  policy  to  remove  some,  but  not  all,  of  the  ice 
bags,  unless  the  crisis  is  at  hand.  If  they  shoiUd  be  re- 
moved too  early  and  before  the  crisis-jieriod.  the  tem- 
perature will  rise  again,  and  as  a  rule  it  is  brought  down 
with  greater  difficulty  the  second  than  the  first  time, 

Aeiite  Plenrixif. — There  is  no  other  external  application 
that  will  relieve  the  painful  breathing  of  acute  pleurLsy 
more  quickly  than  that  of  the  ice  bag;  and  when  this  is 
coupled  with  suitable  internal  treatment  it  will  soon  cut 
short  tlie  disea.se. 

Acute  Periciinlitix. — In  this  affection  the  ice  bag.  when 
applied  directly  over  the  heart,  gives  relief  to  the  pain, 
reduces  fever,  and  quiets  the  action  of  the  heart, 

Ihintoptysia. — Whether  ha'inoptysis  is  of  pulmonary  or 
of  cardiac  origin,  it  is  always  benefited  by  the  applica- 
tion of  one  or  two  ice  bags  to  the  chest.  It  is  important, 
of  course,  that  a  dilTerential  diagnosis  in  regard  to  the 
source  of  the  bleeding  should  be  made  as  soon  as  possible, 
so  that  each  case  may  be  treated  with  appropriate  inter- 
nal remedies  in  connection  with  the  external  use  of  ice, 

P/ilmomiri/  P/it/iisi.i. — The  cold  douche  has  been  used 
in  Germany  and  in  this  country  in  the  treatment  of  this 
disease,  and  is  highly  recommended  in  cases  in  which  the 
temperature  of  the  body  is  at  or  very  near  the  normal 
point.  The  patient,  previous  to  the  bathing,  is  rubb<'d 
with  a  dry  coarse  towel,  and  is  then  exposed  to  the 
douche  for  ten  or  fifteen  seconds,  or  even  longer,  after 
which  he  is  again  rubbed  until  the  skin  becomes  red. 
He  is  then  allowed  to  take  a  brisk  walk  for  a  short  period, 
after  which  he  takes  a  rest.  This  is  repeated  every  day. 
In  cases  of  acute  phthisis  one  or  two  ice  bags  should  be 
applied  over  the  affected  area  and  retained  there.  It  is 
very  good  practice  to  allow  phthisical  patients  with 
irritable  hearts  to  wear  an  ice  bag  continually  over  the 
cardiac  area.  It  quiets  the  heart  and  checks  the  tem- 
perature. Thomas  J.  ilnyg. 
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COLEMANVILLE  MINERAL   SPRINGS.— Cumberland 

<'oiuity,  Virginia. 

Post-Office — Lucyville.     Hotel  aud  cottages. 

This  resort  has  recently  come  into  notice.  Under  its 
■enterprising  management  it  gives  promise  of  becoming  a 
vigorous  rival  to  some  of  the  older  Virginia  spas.  The 
location  presents  many  pleasing  features  of  climate  and 
scenery,  but  its  chief  attraction  is  in  the  great  number 
and  variety  of  mineral  springs  in  the  neighborhood: 
these  are  eightj'-seven  in  number.  We  present  llie  fol- 
lowing analysis  of  two  of  the  best-known  springs,  made 
iu  1894  by  William  H.  Taylor,  state  chemist: 

Spring  No.  7. 

One  U.mted  States  Gallon  Coxtaixs: 

Solids.  Grains. 

Calcium  bicarbonate 7.93 

Magnesium  bicarbonate 5.52 

Iron  bicarbonate Trace. 

Lithium  bicarbonate Trace. 

Pota.ssiuni  sulphate 0.22 

Sixliuiii  chinri.!*' 1.87 

Potassium  clil'iriile O.W 

Magnesiuiu  rhIoritJe 0.4,5 

Silica 3.38 

Total 19.41 

Spring  No.  19. 

Iron  bicarbonate 1.89 

Calcium  bicarbonate 1..52 

Magnesium  bicarbonate 1.15 

Sodium  bicarbonate 1.24 

Lithium  bicarlxinai*' Trace. 

Potassium  sulphate 0.13 

Sodium  chloride 0.15 

Potassium  chloride 0.U5 

Silica 2.4.5 

Total 8.38 

The  water  is  used  in  general  debility,  gastro-intestinal 
disorders,  and  derangements  of  the  liver  und  ki<lneys. 

•Ill lilts  K.  CriHil:. 

COLIC.  INTESTINAL.— Intestinal  colic  is  irregular 
and  rtuetuatiiig  jiuiii  in  the  intestines,  occurring  mostly  in 
seizures  of  variable  duration  and  at  varying  intervals, 
and  usually  without  inflammation,  fever,  or  discoverable 
organic  change.  Enteralgia  is  a  term  sometimes  applied 
to  colic,  but  more  often  to  a  neuralgia  of  the  intestines 
without  spasm.  The  terms  arc  frequently  usejl  inter- 
changeably, and  no  discussion  of  either  could  fail  to  in- 
clude, in  some  measure,  both  subjects. 

Etiology. — Colic  attacks  both  sexes,  is  very  rare  after 
the  middle  period  of  life,  but  affects  all  ages  up  to  that 
jioint,  and  is  especially  frequent  in  infancy.  It  is  due  to 
many  causes,  and  arises  under  a  great  variety  of  circum- 
stances. Imh'qeMioii  causes  a  majority  of  all  the  cases. 
IiTitating,  indigestible,  and  deccmiposing  food  in  the  in- 
testines causes  pain  directly,  and  often  provokes  spas- 
modic and  painful  peristaltic  action,  while  gas  is  rapidly 
formed  wherewith  the  bowel  is  distended  to  the  extent 
of  producing  suffering.  A  diarrlia-a  may  be  set  up  and 
expel  the  offending  material,  when  the  colic  ceases. 

In  some  cases  of  mild  intestinal  indigestion  there  are 
frequent  slight  colicky  pains  without  other  symptoms. 

Consiipii-iion  may  induce  colic  in  the  large  intestine. 
The  colon  becomes  distended  with  hard,  drj-  fitces,  by 
which,  after  a  variable  period  of  tolerance,  it  is  stimulated 
to  severe  spasmodic  elforts  to  evacuate  itself,  with  the 
*  result,  usually,  of  sharp  pains.  Various /"mj;«  bodien  in 
the  intestines  induce  pain,  as  worms,  irritating  medicines, 
the  indigestible  portions  of  fruits  and  vegetables,  intes- 
tinal concretions,  and  unnatural  objects  swallowed  by 
accident  or  caprice.  Collections  of  r/ii.<i.  when  large  or 
imprisoned  so  as  to  resist  peristaltic  force,  cause  the 
severest  colic,  especially  in  infants.     Even  the  movement 


of  moderate  quantities  of  gas  through  the  intestine  is 
sometimes  painful.  Cold  iliiii/iS  in  large  potations,  ices 
and  ice  cream,  may  cause  colic,  and  cold-ciitching  and 
chilling  of  the  surface  may  induce  it  by  congestion  of 
the  abdominal  organs  and  disturbance  of  the  nervous 
system.  Wunnuiiiniii  and  dimt  may  attack  the  muscular 
and  nervous  tissues  of  the  intestine  and  induce  pain. 

Alcoholic  exce,%'tes  are  sometimes  followed  by  colic. 
Probably  the  alcohol  simply  induces  indigestion,  which 
in  turn  causes  the  colic.  This  view  seems  the  more 
plausil)le  since  in  many  of  these  cases  there  are,  with 
the  colic  or  iireceding  it,  vomiting,  abnormal  thirst,  hic- 
cough, and  constipation. 

ilidiirkil  poisoning  occasionally  produces  regularly  re- 
curring paroxysms  of  enteralgia,  the  periodicity  corre- 
sponding with  that  of  intermittent  fever.  Lead  jwisoning 
is  a  prolitic  cause  of  colic  in  adults,  and  poisoning  by 
copper  induces  it  in  a  few  cases.  Dysentery  and  other  in- 
flammations of  the  colon  and  rectum  are  attended  with 
colicky  pains,  more  or  less  severe  and  frequent.  Syp/iilia 
is  said  occasionally  to  pi'oduce  nocturnal  enteralgia.  In- 
niginiitiiin  of  the  intestine,  hernin,  and  peritnnilis.  local 
and  general,  may  cause  interrupted  pains  in  the  intestines. 
Colic  is  sometimes  a  true  nenrrms.  and  is  due  to  the  ordi- 
nary causes  of  neuralgia  and  hysteria.  Depressing  emo- 
ti'ins  may  cause  it,  and  debility  from  chronic  disease  or 
other  cause  tends  to  the  easy  occirrence  of  intestinal 
pains. 

Symptoms. — The  symptoms  of  colic  vary  in  degree  and 
character.  An  attack,  especially  when  due  to  digestive 
disturbances,  may  be  preceded  by  such  symptoms  of  so- 
called  biliousness  as  anorexia,  sense  of  oppression,  or 
weight  in  the  stomach,  eructations,  and  possibly  nausea 
and  vomiting.  All  the  forms  of  colic,  and  nearly  all 
fnvms  of  intestinal  pain,  ate  characterized  l)y  more  or  less 
fluctuation  and  periodicity  in  the  suffering.  The  par- 
oxysms last  from  a  few  seconds  to  several  minutes,  and 
are  followed  by  remission  or  complete  cessation  of  pain 
lasting  from  a  few  minutes  to  many  hours.  Although 
colic  may  occur  in  any  part  of  the  intestinal  canal,  unless 
it  is  in  the  rectum,  the  patient  usually  refers  the  pain  to 
the  neighborhood  of  the  umbilicus,  whichever  portion  is 
involved.  The  pain  may  lie  felt  in  other  regions  of  the 
abdomen,  especially  in  the  hypochondria  if  the  disease  is 
ill  the  large  intestine;  but  in  some  cases  of  colitis  the 
pain  is  complained  of  at  the  lunbilicus  exclusively.  In 
ntui  inflammatory  cases  pressure  on  the  abdomen  fre- 
quently lessens  the  pain. 

Colic  has  all  shades  of  variation  in  degree  of  pain. 
Sometimes  so  mild  as  to  disturb  the  patient  but  little;  so 
slight  as  not  to  prevent  his  moving  about  and  attending 
to  the  duties  of  life;  it  may  be  so  severe  as  to  cause  him 
to  writhe  and  groan,  bend  his  body  forward,  plunge  his 
flsts  into  the  abdomen,  or  lean  forward  over  the  back  of 
a  chair,  or  roll  about  in  an  agony  of  torture  hardh'  ex- 
ceeded in  human  experience.  Patients  characterize  the 
severer  jiains  by  a  varietj-  of  terms,  according  to  indi- 
vidual fancy,  as  griping,  twisting,  cutting,  and  tearing. 
The  abdomen  may  be  variously  distended  with  gas.  or  it 
may  be  ipiite  flat,  so  flat  that  in  a  thin  patient  the  .spinal 
column  may  lie  easily  felt  from  the  front.  In  colic  due 
to  indigestion  much  flatus  may  exist,  distending  the 
abdomen  and  giving  evidence  of  its  active  movement 
during  a  paroxysm  by  frequent  aud  loud  borliorygmi. 
In  the  absence  of  distention,  the  peiistaltic  movements 
and  knotting  of  the  intestine  b\-  the  spasm  thei-eof  may 
usually  lie  felt  through  the  abdominal  wall  at  the  moment 
of  suffering.  During  the  paroxysm  the  intestine  is  ob- 
served to  be  in  strong  movement,  or  in  hard  masses  or 
nodular  tumors,  but  during  an  interval  the  abdomen  is 
soft  and  without  motion.  In  attacks  of  pain  with  in- 
flammation, and  .sometimes  without  it.  the  abdominal 
muscles  may  be  tense,  and  the  cremaster  may  be  con- 
tracted.    Frequently  with  colic  there  is  tenesmus. 

The  temperature  in  an  attack  of  ordinary  colic  is  rarely 
elevated,  fever  is  quite  unusual,  while  the  extremities 
and  surface  are  often  cold  aud  clammy  with  perspiration. 
The  pulse  is  not  usually  accelerated :   frequently  in  a 


196 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


<  ulrclolllj'. 
I'ollr. 


paroxysm  it  is  iitmoimally  slow,  increasing  its  rate  ini- 
nu'iliately  afterward. 

In  iiitants,  who  furiiisli  a  large  ma  jorily  of  all  cases  of 
colic,  tile  .symptoms  (hiriiii;  anexaeerliationare:  repeated 
or  increased  cryinir.  refusal  to  nurse,  eiilirely  or  but  for 
a  moment  at  a  time.  Ilexinj:  the  legs  and  thighs,  and 
bending  the  body  in  niidlifarious  eontorlions. 

A  number  of  other  symptoms  may  attend  tJKise  of 
colic,  varying  with  many  circumstances  and  conditions; 
thus  there  may  be  nausea  and  vomiting,  dyspniea  and  a 
sense  of  compression  of  the  chest,  faint ness,  tremor,  and 
vertigo. 

In  hysterical  colic  considerable  cutaneous  liy  perajsthesia 
may  be  present,  causing  light  pressure  and  palpation  to 
be  ([uite  ]iainful.  while  tirni  and  deep  pressure  gives 
comfort.  Other  evidences  of  jilumbism  nearly  always 
attend  lead  colic.  Among  these  are  anaemia,  cachexia, 
constipation,  anorexia,  a  bad  breath,  the  blue  line  of  the 
gums  about  neglected  teeth,  ami  jiaralysis  ot  Iheexten.sor 
muscles  in  the  forearm. 

I'.VTiloi.oiiY. — For  the  occunence  of  intestinal  colic 
there  must  exist  either  au  irritation  or  liypera-stliesia  of 
the  intestine,  or  both.  There  is  reason  to  think  that  many 
cases  of  enteralgia — intestinal  pain  willio\it  s]iasm — are 
pure  neuralgias  of  the  sympathetic  nerves  of  the  ab- 
domen, otherwise  neuroses. 

The  constipation,  scantiness  of  the  urine,  and  retarded 
p\dse.  often  observed  in  colic,  particularly  that  from 
l>lunibisni,  are  evidences  of  nervous  disturbance  as  veri- 
table as  is  pain.'  The  imeumogastric  nerves  are  proven 
to  have  relations  with  the  muscular  fibres  of  the  intestine, 
and  may  be  presiuned  to  play  some  part  in  their  pathol- 
ogy. Klectrization  of  the  pneuniogastrics  cau.ses  con- 
traction of  the  nuiscles  of  the  intestine.  Galvanizatii>n 
of  the  solar  plexus  induces  contraction  of  the  small  in- 
testine. Irritation  of  the  fifth  nerve  at  certain  points, 
and  of  the  medulla  oblongata,  causes  muscular  move- 
ment of  the  stomach  and  intestines. 

Colic  is  in  most  cases  the  result  of  shaiji  peristaltic 
contraction  of  the  intestine  in  its  eft'ortsto  free  itself  from 
some  irritation.  The  contractions  ate  regularly  peri- 
staltic, or  irregular,  erratic,  and  iuelTective  toward  mov- 
ing the  contents  of  the  bowel  forward,  but  rather  pre- 
venting it.  In  severe  cases,  with  agony  from  muscular 
contractions,  often  no  evacuation  results  until  the  system 
is  brought  fully  under  the  influence  of  opium  to  stop  the 
pain,  when  free  dejections  take  place. 

In  dysentery  and  other  intiammatory  states  of  the  colon 
and  small  intestine,  the  colicky  pains  experienced  are 
probably  due  in  most  cases — or  chiefly  due — to  normal 
peristalsis  in  a  tender  intestinal  tube.  But  the  inflam- 
mation of  the  intestine  probably  sometimes  induces  spasm 
in  other  parts  than  at  the  seat  of  disease. 

In  lead  colic  the  ganglia  and  fllaments  of  the  sympa- 
tlietii'  nerves  of  the  abdomen  have  been  found  enlarged 
by  thi<  Ueningof  their  connective  tissue.  The  sheaths  of 
some  of  the  small  vessels  of  the  mucous  membrane  have 
likewise  been  found  in  this  eonditi<in. 

Di.Koxosis. — Intestinal  colic  is  to  be  discriminated  from 
hepatic,  renal,  ovarian,  and  uterine  colic :  from  ga.stralgia, 
peritimitis.  and  other  inflammations  within  the  abdomen  ; 
from  intussusception,  hernia,  and  other  obstructions  of 
the  intestines;  from  spinal  disease,  aneurisms  of  the  ab- 
dominal aorta,  and  from  labor  pains. 

From  he))atic  coiic  it  is  distinguished  by  the  relatively 
long  continuance  of  the  former,  by  the  location  of  the 
pain  with  tenderness  at  the  epigastrium,  by  the  relatively 
continuous  character  of  the  pain,  and  by  occasional 
icterus. 

In  renal  colic  the  pain  is  in  the  region  of  one  ureter, 
and  continues  usually  much  longer  than  a  paroxysm  of 
intestinal  colic:  jiains  shoot  down  into  the  groin  and 
pubic  region,  which  perhaps  never  occurs  in  intestinal 
colic;  and  there  isa  frequent  desire  to  urinate,  and  bloody 
urine  may  be  pas.sed  after  a  paroxysm,  if  not  during  its 
continuance.  Ga.stralgia  of  slight  degree  at  times  re- 
sembles intestinal  colic,  but  the  pain  is  usually  higher  in 
the  abdomen  than  in  the  latter  affection,  and  has  such 


positive  relations  with  the  gastric  functions  as  to  make 
the  diagnosis  usually  I'asv.  Nearly  all  cases  of  severe 
epigastric  pain,  usually  culled  gastralgia,  are  cases  of  gall- 
stone colic. 

Peritonitisnirely  occurs  without  some  feveranil  a  ra))i<i 
pulse,  although  il  may  exist  without  either.  The  patient 
is  quiet,  the  abdomen  is  lender  in  some  degree,  and  there 
are  no  moving  about  and  pressing  the  abdomen  for  com- 
fort as  is  seen  in  intestinal  colic.  But  it  is  hardly  sjife 
to  regard  all  cases  of  tenderness  of  the  alidomen  as  in- 
flanunalory,  since  in  lead  colic — uniforndy  unattended 
with  inflanuuation — pressure  may  cause  liain.  On  the 
other  hand,  in  some  cases  of  intestiiud  ulceration  gentle 
and  firm  ]ircssure  gives  a  sense  of  relief. 

Strangulated  hernia  has  been  mistaken  for  colic,  the 
pain  being  paroxysmal  and  riderred  to  the  umbilical 
region.  In  a  case  of  colicky  pains  in  the  abdomen,  about 
winch  there  can  be  douljt  as  to  its  .seat  and  character, 
careful  examination  for  hernia,  in  the  several  regions  of 
its  possible  occurrence,  slioidd  never  be  omitted.  Intus- 
susception and  twisting  of  the  gut  have  been  more  than 
once  mistaken  for  flatulent  colic.  In  these  conditions 
there  are  usuall,v  complete  intestinal  ob.struction  and  some 
vomiting,  at  first  of  a  simple  character,  liiit  later  con.sist- 
ing  of  stercoraceous  matter,  with  complete  absence  of 
evacuations  from  the  bowels,  except  in  some  cases  of 
intussusception  in  which  there  may  be  voided  a  few 
siuall  and  possibly  bloody  stools. 

There  is  no  certain  way  to  diagnosticate  the  presence 
of  worms  as  a  cause  of  colic,  except  to  see  theiu.  If  they 
are  suspected,  the  test  of  treatment  may  be  made  with 
some  anthelmintic  medicament. 

The  pain  of  abdominal  aneuiism  is  less  severe  and 
pamxysmal  than  that  of  colic,  there  is  no  movement  of 
gas  in  conjunction  with  the  pain,  nausea  and  vomiting 
are  absent,  as  also  is  a  tendency  to  diarrhoea.  Ausculta- 
tion will  readily  determine  the  question  of  aneurism,  and 
the  application  of  this  test  should  never  be  neglected  in 
any  case  of  persisting  abdominal  pain  in  an  adult. 

Piiofixosis. — In  the  main  the  prognosis  is  favorable. 
Deaths  have  occurred  from  rupture  of  the  intestine  due 
to  gaseous  distention.  An  occasional  death  of  an  infant 
with  convulsions  following  upon  colic  seems  to  be  due 
to  this  event,  but  ])robably  in  most  such  cases  the  colic, 
the  convulsions,  and  the  death  are  results  of  some  com- 
mon cause.  Severe  colic  may  lead,  in  infants,  to  intus- 
susception. 

Tre.\tmest. — The  tirst  theoretical  indication  in  colic 
is  to  stop  the  pain  and  spasm  ; — after  that,  the  cause  is  to 
be  removed,  if  possible.  The  most  practical  treatment 
for  the  greatest  numbers  of  cases  of  intestinal  colic  is  free 
evacuation  of  the  colon  by  an  enema.  In  cases  of  moder- 
ate severity  benefit  may  be  expected  from  mild  opiates 
and  carnunatives.  warming  agents  for  the  stomach  and 
bowels,  like  cardamon.  mint,  anise.  ,iraultli<  ria.  aromatic 
spirit  of  anuuonia.  compound  spirit  of  ether,  and  chloric 
ether.     Of  the  opiates  the  best  for  such  cases  is  paregoric. 

For  severe  attacks  quick  relief  is  demanded,  ami  a 
prompt  remedy  should  be  chosen.  Chloroform  and  ether 
by  the  stomach  and  by  inhalation,  and  morphine  hypo- 
dermically,  fulfil  the  indication  best.  For  luonipt  and 
certain  action  nothing  takes  the  place  of  hypodeimic  in- 
jections of  morphine.  One  moderate  do.se  is  usually 
sufficient.  In  some  intense  cases  the  pain  is  slow  to  yield 
to  even  repeated  doses,  and  caution  is  necessary  to  avoid 
the  introduction  of  a  (|Uantity  sufiicient  to  bring  on  fatal 
narcotism — a  thing  tliat  has  been  done  more  tlian  once. 
The  morphine  should  be  supplemented  by  the  inlernal 
administration  of  such  remedies  as  chloroform,  ether, 
compound  sjiirit  of  ether,  and  chloric  ether,  and  by  in- 
halation of  ana-sthetics  if  necessary. 

In  cases  due  to  indigestion  the  alimentary  canal  should 
beeva<'uated  soon.  Next  to  quieting  agents  for  the  )>ain. 
mild  cathartics  and  enemata  are  the  most  widely  useful 
medicines  in  colic.  \Ahere  there  is  a  tendency  to  the 
extensive  development  of  gas  in  the  intestines  from  in- 
digestion, antifermentatives  and  aids  to  digestion  ma.v  be 
used,  as,  for  example,  the  sulphites  ami  hyposulphites. 
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the  salicylates,  salol,  the  preparations  of  pepsin  and  pan- 
creatin.  and  the  various  stomachics  and  carminatives.  In 
lead  colic  the  first  medicine  is  opium:  the  system  should 
feel  the  effect  of  it  before  the  attempt  is  made  to  pro- 
duce catharsis.  One  of  the  best  cathartics  is  croton  oil  in 
small  doses,  but  other  vegetable  cathartics  and  the  salines 
may  be  used  with  good  effect.  Enemata  of  mistura  asa- 
ftt'tida;  may  relieve  flatulence — an  excellent  measure  for 
children — and  a  long  catheter  passed  up  the  rectum  as 
far  as  possible  may  give  e.\it  to  volumes  of  gas.  This 
latter  result  is  more  likely  to  ensue  if  the  body  can  be  to 
some  extent  inverted  so  that  the  pelvis  is  much  higher 
than  the  shoulders,  with  the  spine  uppermost.  If  gase- 
ous distention  is  so  extreme  as  seriously  to  threaten  the 
integrity  of  the  intestine,  or  to  portend  shock  or  death 
from  interference  with  vital  organs,  it  is  justifiable  to 
puncture  the  intestine  through  the  walls  of  the  abdomen 
with  a  trocar  of  small  diameter  and  to  evacuate  some  of  the 
gas  if  possible.  This  operation,  not  devoid  of  difficulty 
and  danger,  may  yet,  in  a  perilous  meteorism — a  most 
rare  occurrence — offer  to  the  patient  the  lesser  of  two 
dangers  to  life.  If  the  surfaces  of  the  body  and  extremi- 
ties are  cold  they  must  be  kept  warm  by  clothing,  a  hot 
bath,  or  a  liberal  use  of  bottles  of  hot  water  or  some  other 
heated  thing.  Mustard  sinapisms  and  hot  turpentine 
stupes  to  the  abdomen  frequently  somewhat  relieve  slight 
colicky  pains ;  they  are  of  small  consequence  for  severe 
pain.  Stupes  or  dry  flannels  over  a  part  need  not  be  re- 
moved or  changed  for  reheating :  they  may  be  kept  con- 
tinuously hot  b_v  a  succession  of  hot  plates  laid  against 
them.  Where  inflammation  exists,  particularly  if  the 
peritoneum  is  involved,  the  incessant  contact  of  a  hot 
dressing  constitutes  one  of  the  best  measures  of  treat- 
ment. 

The  colic  of  infants  requires  treatmeut  on  the  same 
general  principles  as  that  in  adults.  The  cause,  which 
is  usual!}'  some  form  of  maldigestion,  must  be  discovered 
and  corrected  if  possible.  Infants  who  are  predisposed 
to  attacks  sometimes  experience  much  benefit  from  a  pro- 
tracted slight  effect  of  belladonna  or  the  bromides,  or  both. 
For  the  relief  of  an  attack  of  colic  a  few  drops  of  whiskey 
or  brandy,  or  the  compound  spirit  of  ether  well  diluted 
with  water,  slightly  sweetened,  may  be  given,  or,  these 
failing  to  give  relief,  the  camphorated  or  the  deodorized 
tincture  of  opium  may  be  resorted  to  with  caution.  At 
the  same  time  the  mixture  of  asafa'tida  may  be  injected 
into  the  rectum.  Frequently  no  permancut  relief  is  ex- 
perienced from  these  or  any  measures  till  the  bowels  arc 
freely  evacuated,  and  this  should  be  the  first  considera- 
tion when,  as  is  usually  the  case,  there  is  reason  to  think 
tliat  the  intestine  contains  irritating  substances. 

yorimtn  Bridge. 

'  J.  W.  Begble.  Reynolds'  Syst.  Med.,  veil,  iii.,  p.  1S3. 

COLITIS.  MUCOUS.— A  distinction  is  frequently  made 
lietween  mucous  aud  membranous  colitis:  it  will  appear 
further  on  that  this  distinction  cannot  well  be  maintained, 
and  it  is  proposed  to  treat  the  subject  under  the  common 
beading  of  mucous  colitis. 

The  peculiar  group  of  symptoms  variously  termed 
mucous  or  membranous  colitis  or  enteritis,  pseudo-mem- 
branous enteritis,  fibrous  enteritis,  etc.,  constitutes  an 
affection  pre-eminently  of  the  female  sex.  According 
to  Litten,  eighty  per  cent.,  according  to  Kitagawa,  as 
much  as  ninety  per  cent,  of  all  observed  cases  occur  in 
women.  It  is  found,  however,  not  infrequently  in  men 
and  even  in  children.  LOwensteiu  reports  the  case  of  a 
boy  three  j'ears  old. 

The  women  sutfering  from  mucous  colitis  show,  as  a 
rule,  well-marked,  more  or  less  extensive  neurotic  or 
hysterical  stigmata.  The  same  holds  good  for  children. 
The  men  are  usually  distinctly  neurotic  or  hysterical. 

Of  late  years  the  clinical  symptoms  and  the  pathology 
of  this  disease  have  been  the  subject  of  much  discussion, 
though  nothing  essentially  new  has  been  brought  out 
since  the  masterly  essay  of  the  late  Dr.  Da  Costa,  in  the 
Americnn  Jiiurndl  fif  the  Medicul  Scifiiccn  for  1S71.     The 


more  important  clinical  symptoms  of  mucous  colitis  may 
be  briefly  summarized  as  follows: 

Pathognomonic  for  the  affection  are  the  peculiar  evacu- 
ations fnmi  the  intestines.  Preceded  by  more  or  less  pain 
of  a  colicky  character  and  of  varying  duration,  masses  of 
a  grayish  white,  somewhat  translucent,  substance  are 
evacuated.  These  masses  vary  in  quantity  and  in  form : 
at  times  they  appear  as  shreds,  single  or  netted  together: 
sometimes  as  balls  and  lumps:  again  as  membranes  or 
as  longer  or  shorter  apparently  solid  ropes,  or  again  in 
tubular  configuration  representing  complete  casts  of  seg- 
ments of  the  gut.  In  some  cases  only  a  comparatively 
small  quantity  is  pijssed:  frequently,  however,  the  mu- 
cous masses  are  very  abundant  and  sometimes  appear  in 
really  enormous  quantities.  Fsces  are  as  a  rule  rarely 
passed  with  these  masses,  which  form  practically  the  sole 
constituent  of  the  stools.  When  floated  and  disentangled 
in  water  it  becomes  apparent  that  in  every  instance  these 
masses  are  rather  membranous,  and  are  rolled  up  or  balled 
together  to  resemble  lumps,  tubes,  ropes,  etc.  Chemically 
this  substance  presents  all  the  characteristic  reactions  (if 
mucin:  though  sometimes  and  inaccurately  called  filiri- 
nous.  no  fibrin  has  as  yet  been  found  whenever  careful 
chemical  examination  was  made. 

Microscopical  examination  shows,  besides  mere  traces 
of  fa>cal  matter,  the  characteristic  striated  thready  mucoid 
substances  intermingled  with  innumerable  epithelial  cells 
either  discrete  or  else  in  connected  layers.  It  is  of  im- 
portance to  note  that  leucocytes  are  never  found  in  great 
numbers,  but  occur  rather  singly  here  and  there,  thus 
offering  no  suggestion  of  inflammation  or  suppuration. 

With  the  discharge  of  these  mucous  masses  the  colic  is 
usually  relieved.  In  rare  cases  one  single  attack  end.s 
the  affection.  As  a  rule  the  seizures  occur  again  and 
again.  There  may  be  intervals  of  weeks  or  months  be- 
tween the  attacks,  during  all  of  which  time  the  patient 
may  feel  entirely  well.  The  attack  itself  may  last  for 
days  or  weeks  or  even  months.  A  single  attack  of  colic 
may  occur  each  day.  or  there  may  be  several  if  not  numer- 
ous ones,  so  that  the  patients  are  often  convinced  that 
they  have  dianho'a  or  dysentery. 

The  pain  is  variously  described  as  griping,  burning, 
cutting,  pressure,  etc.  Not  infrequently  there  is  con- 
siderable tenesmus.  The  jiain  is  located  in  some  portion 
of  the  colon,  most  frecjuently  in  the  sigmoid  flexure  or 
in  the  cnecum.  If  in  the  latter  place,  it  frequently  gives 
rise  to  a  suspicion  of  appendicitis  in  the  mind  of  the  pa- 
tient as  well  as  of  the  physician.  From  these  points  of 
origin  the  pain  radiates  toward  various  parts  of  the  ab- 
domen, most  often  toward  the  umbilicus  and  epigastrium : 
quite  frequently  also  down  one  or  the  other  thigh,  espe- 
cially down  the  left.  The  abdomen  may  be  more  or  less 
distended,  but  is  mostly  quite  normal  and  soft.  Fever 
is  never  present  in  uncomplicated  cases.  Nausea  is  often 
complained  of  during  the  attacks,  but  vomiting  is  rare. 

Enteroptosis  is  often  associated  with  this  disea.se,  and 
gastric  hyperacidity  is  not  an  infrequent  concomitant. 
Characteristic  of  uncomplicated  cases  is  the  fact  that  in 
the  intervals  between  the  attacks  there  are  no  intestinal 
disturbances,  and  the  patient,  aside  from  possible  neurotic 
complaints,  seems  i|uite  normal.  A  great  number  of  this 
class  of  patients  attribute  their  pains  and  discomforts  to 
gastric  and  intestinal  indigestion.  They  endeavor  to 
establish  a  connection  between  the  attacks  of  colic  and 
indiscretions  in  diet.  As  a  consequence  Ihey  soon  come 
to  dread  almost  every  sort  of  nutritimis  food.  and.  living 
on  an  entirely  insuflicient  and  irrational  diet,  lose  rapidlv 
in  weight  and  strength.  Avithout  their  local  condition 
being  at  all  benefited.  On  the  contrary,  it  can  be  easily 
seen  that  in  all  these  cases,  witli  the  loss  of  flesh  owing 
to  insufficient  nutrition  and  the  accompanying  increase 
of  neurotic  conditions,  the  malady  becomes  steadily  worse. 

As  regards  the  pathology  of  this  disease,  there  are  still 
some  differences  of  opinion.  Some  few  still  maintain 
that  mucous  colitis  is  an  organic  lesion  of  the  colon,  a 
true  inflammation,  a  eatan-hal  or  even  an  ulcerative  proc- 
ess, and  that  besides  an  abnormally  abundant  secretion 
of  nuicus.  portions  of  the  mucous  lining  are  detached  and 
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voided  in  the  form  of  slireds  and  membranes.  There  are, 
however,  serious,  and  it  seems  lo  me,  conclusive  objections 
to  Iliis  view.  It  is  true  that  dead  house  material,  liy  means 
of  whicli  one  may  study  this  ehiss  of  cases,  is  very  scanty 
indeed,  Tliose  cases,  liowever,  whicli  while  well  observed 
durinj;  life  have  been  carefully  e.xamined  after  death  by 
competent  observers  (Rothmann),  showed  no  anatomical 
lesions  whatsoever.  The  gut  was  entirely  normal, 
The.se  observations  tally  well  with  the  results  of  the 
microscopical  examination  of  the  mucous  ilischarges. 
The  absence  of  all  evidence  of  pus.  the  scanty  occurrence 
of  leucocytes,  the  absence  of  blood  or  of  any  constituents 
of  the  intestinal  lining  with  the  exception  of  epithelial 
•cells,  all  point  in  the  .same  direction.  The  multitude  of 
epithelial  cells  that  can  l)e  seen  in  every  mucous  discharge, 
and  the  fact  that  they  are  often  present  in  extensive  lay- 
ers, do  not  of  them.selves  speak  for  any  anatomical  lesion. 
It  is  well  known  that  intestinal  epithelium  comes  awaj- 
very  readily  and  yields  to  slight  mechanical  influences, 
and  every  normal  stool  contains  great  numbers  of  epithe- 
lial cells. 

The  facts  that  the  majority  of  these  cases  occur  in 
■women,  and  that  in  nearly  every  instance  neurotic  or  hys- 
terical stigmata  of  various  kinds  can  be  established,  speak 
al.so  most  emphatically  for  the  merely  functional  char- 
acter of  this  disease.  It  is  therefore  safe  to  assume  that 
the  so-called  mucous  colitis  is  no  colitis  at  all,  but,  as  was 
long  ago  suggested  by  Da  Costa,  and  more  recently  clearly 
stated  by  Leiibe,  a  secretory  neurosis,  characterized  by 
the  abnormal  and  excessive  secretion  of  mucus  in  the 
■colon,  and  on  a  par  with  well-known  secretory  neuroses 
in  other  organs.  It  would  be  well,  therefore,  if  the  name 
colitis  mucosa  were  abandoned  altogether  and.  following 
the  suggestion  of  Nothnagel,  the  disease  termed  mucous 
or  membranous  colic. 

It  must  be  borne  in  mind,  however,  that  this  neurosis, 
like  any  other,  may  complicate  other  organic  lesions. 
Thus,  besides  the  mucous  colic,  genuine  intestinal  catarrh 
may  be  present.  And  it  is  the  duty  of  the  physician  in 
•every  instance  to  determine  first  of  all  whether  he  has  to 
deal  with  a  case  of  mucous  colic,  that  i,s,  a  pure  functional 
neurosis,  or  w  hether  there  are  anatomical  lesions — catarrh, 
ulceration,  neoplasm,  etc, — complicating  the  neurosis. 

In  considering  the  therapeutics  of  mucous  colic  it  ap- 
pears difficult  or  rather  impossible  to  outline  any  special 
method  of  treatment.  As  in  every  other  form  of  neurosis, 
each  individual  case  must  be  studied  and  treated  by  itself. 
It  is  above  all  necessary  to  obtain  the  jiatients' confidence, 
to  inspire  them  with  the  conviction  that  they  can  and 
will  get  well,  and  thus  become  assured  of  their  implicit 
obedience  in  the  carrying  out  of  every  order. 

The  habit  which  this  class  of  neurotics  invariably  cul- 
tivate of  anxiously  scrutinizing  each  stool  for  mucus 
must  be  stopped.  An  inestimable  advantage  is  gained  if 
the  patient  no  longer  knows  that  mucus  is  discharged. 
Strict  attention  must  be  paid  to  diet.  In  all  uncompli- 
•cated  cases  the  diet  should  be  as  little  restricted  as  possi- 
ble and  selected  with  a  view  to  counteracting  the  habitual 
tendency  to  constipation,  and  increasing  the  weight  and 
strength.  Nothing  encourages  patients  so  much  as  when 
they  find  themselves  enjoying  their  food  and  gaining 
weight.  Exercise  in  the  open  air  and  rational  hydrothera- 
peutics  are  valuable  aids  in  the  treatment  of  this  form  of 
neurosis  as  in  all  others.  General  massage  may  also  be 
employed,  but  abdominal  mas.sage  should  be  rigorously 
avoided.  Local  treatment  of  the  gut  by  means  of  injec- 
tions has  been  widely  recommended.  The  astringent  in- 
jections, especially  of  nitrate  of  silver,  copious  lavage  of 
tlie  bowel  by  means  of  high  enemata  or  injections,  etc.. 
are  still  favorite  methods  of  treatment  in  this  malady. 
It  is  our  conviction  that  all  these  methods  are  more 
harmful  than  curative.  It  is  not  wise  in  these  eases  to 
resort  to  any  remedial  measures  which  keep  the  patient's 
Jittention.  already  too  much  occupied  with  his  ailment, 
still  more  centred  upon  his  intestinal  condition.  Aside 
from  this  psychological  objection,  the  fact  is  well  estab- 
lished that  astringent  injections,  be  they  never  so  mild, 
even  enemata  of  plain  water,  or  saline,   have  a  direct 


tendency  toward  increasing  the  secretion  of  nuicus.  It 
is  indeed  possible  by  means  of  nitrate  of  silver  to  produce 
artiticial  casts  of  the  gut.  All  local  treatment,  therefore, 
injections  of  all  kinds,  suppositories,  etc,  etc,  should  be 
strictly  avoided, 

Whin  dietary  measures  alone  are  not  suflicient  to  re- 
lieve constipation,  mild  a|>erients.  such  as  ca.scara,  castor 
oil,  an  occasional  do.se  of  calomel,  etc,  may  be  given. 
The  salines  in  uncomplicated  cases  in  which  no  intestinal 
catarrh  is  present  do  not,  as  a  rule,  act  well.  The  attacks 
of  pain  and  the  tenesmus,  w  hen  present,  may  be  relieved 
by  small  doses  of  codeine  or  opium,  though  it  must  be 
borne  in  mind  that  thisclassof  drugs  should  beemployi-d 
most  grudgingly.  Besides  the  usual  roborant  and  tonic 
medication  (iron,  strychnine,  etc.)  when  indicated,  good 
effect  is  frequently  seen  from  nitrate  of  silver  given  by 
mouth  in  the  form  of  enteric-,  keratin-,  or  sjdol  coated  pills 
in  doses  of  gr,  J  to  |  three  times  a  day.  Sulphate  of  atro 
pine  in  doses  of  gr.  ^Jj  three  times  a  day  may  also  be  of 
use. 

Altogether  the  treatment  must  be  mostly  moral  and 
hygienic,  and,  while  all  local  interference  with  the  intes- 
tines should  absolutely  be  avoided,  the  use  of  drugs  should 
be  restricted  as  much  as  possible. 

In  conclusion  it  is  well  to  state  again  that  this  method 
of  treatment  applies  only  to  the  uncomplicated  cases  of 
pure  mucous  colic.  In  all  those  cases  in  which  there  is 
organic  lesion — be  it  catarrh,  ulceration,  or  neoplasm — 
and  in  which  the  mucous  discharge  and  the  neurotic  con- 
dition are  merely  complicating  incidents,  it  is  obvious 
that  the  whole  force  of  treatment  must  be  directed  against 
the  organic  process.  Isaac  Adler. 

COLLODION.    See  Cotton,  Gun. 

COLLOID. — This  term  is  applied  to  many  substancesof 
dilTcreut  origin  and  nature,  but  which  closely  resemble 
each  other  physically,  in  that  they  are  hj'aline,  colorless 
or  slightly  colored  bodies  of  a  gelatinous  consistence. 
The  colloid  of  the  thyroid  may  be  taken  as  the  type  to 
which  the  various  bodies  designated  as  colloid  more  or  less 
conform.  There  is  a  great  divergence  of  opinion  among 
writers  as  to  the  use  of  the  term  colloid,  some  applying 
it  not  only  to  epithelial  products  but  also  to  the  hyaline 
changes  occurring  in  connective  tissue,  to  hyaline  fibrin, 
blood-plate  librin.  keratin,  keratohyalin,  etc. ;  but  it  seems 
best  to  restrict  the  use  of  the  word  to  those  hyaline  bodies 
formed  by  the  activity  of  epithelial  cells  which  do  not 
give  the  staining  reactions  of  mucin  or  pseudo-mucin. 
Even  with  this  restriction  in  its  use  it  is  evident  that  the 
term  is  a  collective  one  and  that  the  substances  included 
under  it  must  differ  widely  in  chemical  nature.  It  seems 
advisable  to  the  author  to  divide  the  substances  known 
as  colloid  into  two  classes:  true  colloid,  as  found  in  the 
thyroid;  and  colloid-like  bodies,  the  latterclass  including 
all  the  hyaline  products  of  epithelial  cell  activity  with 
the  exception  of  mucin  and  pseudo-mucin.  The  corpora 
amylacea  of  the  prostate,  nervous  system,  and  lung  may 
also  be  included  in  this  class. 

In  accordance  with  this  classification,  the  terms  colloid 
and  colloid-like  have  reference  only  to  general  micro- 
scopical appearances  and  not  to  the  ultimate  chemical 
nature  of  the  substance.  They  all.  like  mucin,  are  the 
products  of  epithelial-cell  secretion,  and  may  represent 
either  normal  or  pathological  forms  of  secretion. 

True  CcUiiid. — This  occurs  normally  in  the  thyroid, 
where  it  appears  in  the  form  of  hyaline,  jelh -like  masses 
of  the  color  of  honey,  tilling  up  the  gland  spaces  and  at 
times  extending  into  the  lymph  vessels.  Any  collection 
of  the  substance  beyond  a  certain  degree  is  to  be  looked 
upon  as  a  pathological  degeneration  of  the  glandular 
epithelium  (colloid  degeneration);  and  from  this  degen- 
eration the  condition  known  as  colloid  goitre  results. 
Microscopically,  the  colloid  of  the  thyroid  is  hyaline  or 
slightly  granular ;  it  frequently  contains  blood  cells,  blood 
pigmeiitT  and  desquamated  epithelium  showing  varying 
stages  of  colloid  change.  Masses  of  calcification  not  in- 
frequently occur  in  it.     The  substance  is  very  resistant 
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and  is  not  affected  by  alcohol  or  acetic  acid.  With  Van 
Gieson's  stain  it  is  stained  yellow  or  brownish  yellow; 
with  eosin  and  ha-niatcxyliu  it  stains  slightly  with  both 
the  nuclear  and  the  diffuse  stain.  The  consistence  of  the 
thyroid  colloid  varies  greatl}';  at  times  it  is  ver}- tirm. 
more  often  gelatincnis.  while  occasionally  it  is  fluid  and 
soluble  in  water.  It  contains  the  active  substance  of  tlie 
thyroid,  iodothj-riu,  which  is  most  probably  an  albumi- 
nous body.  It  is  very  probable  that  the  chemical  nature 
of  the  thyroid  colloid  is  not  always  the  same. 

Colloid-like  Siibstiinces. — These  in  general  resemble  the 
colloid  of  the  thyroid,  and  are  found  in  the  hypophj'- 
sis  cerebri,  parotid,  renal  tubules,  prostate,  ovarian  and 
parovarian  cysts,  nianunary  gland,  pancreas,  etc.  The 
corpora  amylacea  of  the  nervous  .system  and  lung  are 
also  to  be  included  here.  In  all  cases  the  colloid-like 
substance  appears  in  the  form  of  a  smooth,  homogeneous 
mass  filling  up  the  gland  lumen  or  duet,  or  it  may  ajipear 
in  the  form  of  hyaline  or  laminated  concretions.  The 
colloid-like  bodies  of  the  kidney  tubules  are  known  as 
casts,  and  are  of  great  clinical  im]iortance  from  their  oc- 
currence in  the  urine  in  pathological  conditions  of  the 
kidne3'S  (various  forms  of  nephritis). 

Though  all  of  these  bodies  bear  such  a  close  general 
resemblance  to  each  other,  exhibiting  similar  reactions 
with  ordinary  stains,  they  cannot  be  Identical  in  their 
chemical  nature  either  with  the  true  colloid  of  the  thyroid 
or  with  eacli  other.  Some  of  tlieni  give  a  characteristic 
reaction  wilh  iodine,  others  do  not,  but  this  varies  so 
much  tliat  it  cannot  be  used  as  a  means  of  classification. 
We  are  therefore  compelled  at  the  present  to  apply  the 
term  colloid  to  substances  derived  from  gland  cells,  which 
are  hj-aline,  possess  a  certain  degree  of  firmness,  and  do 
not  give  the  reaction  for  mucin  orpseudo-mucln.  Beyond 
this  uncertain  classification  our  termiuologv  does  not 
take  us.  Ahlnd  .S-"tYW,n-tliiii. 

COLLOID  DEGENERATION  OF  THE  SKIN.-This  is 

a  very  rare  atfection  of  the  skin,  first  descrlbeil  by  Wagner 
as  colloid  milium.  Hardly  more  than  half  a  dozen  cases 
of  this  rare  disorder  have  been  reported.  It  occurs  chiefly 
upon  the  ujiper  two-thirds  of  the  face,  especially  upon 
the  cheeks,  forehead,  and  around  the  orbits;  it  has  also 
been  observed  on  the  cornea  and  the  septum  nasi.  The 
lesions  form  slowly — singly  or  In  groups,  never  becoming 
confluent.  They  consist  of  pinhead-  to  millet-seed-  or 
split-pea-sized,  flatti.sh,  or  irregularly  roimded  lemon-yel- 
low colored  papules,  having  a  peculiar  glistening,  trans- 
lucent appearance,  that  suggests  their  being  vesicles,  but 
when  pricked  only  a  small  amount  of  a  gelatinous  sub- 
stance accomiianlcd  by  a  dri>]>let  of  blood  can  be  expressed. 
Occasionally  slightly  dilated  vessels  surround  the  papules. 
Frequently  a  depression  api>ears  in  the  centre  of  the  pap- 
ule and  increases  in  depth  until  the  surrounding  elevation 
disappears  altogether ;  all  that  remains  being  a  slight  de- 
pression in  the  skin.  Or,  the  part  becoming  inflamed,  a 
scab  forms  over  it  and  eventually  drops  oft,  leaving  a 
mark,  but  no  true  cicatrix.  The  cause  of  the  disease  Is 
unknown.  It  occurs  In  both  men  and  women  from  the 
age  of  sixteeu  upward,  no  deviation  from  the  normal 
health  accompanying  Ihe  disease  to  account  for  it.  Jlost 
of  the  cases  reported  were  in  individuals  living  an  out-of- 
door  life  much  exposed  to  the  weather. 

Wa.gner  at  fir.st  thought  that  the  cause  began  in  the 
sebaceous  glands,  but  this  view  has  lieen  praclicallv  dis- 
carded. Caizer  considers  that  the  colloid  degeneration 
commences  as  an  infiltration  in  and  around  the  connective- 
tissue  fibres  and  cells  of  the  upper  part  of  the  corlum. 
This  change  occurs  especiall}-  in  the  neighborhood  of  the 
sebaceous  glands  and  about  the  vessels  and  nerves.  The 
glands  themselves  and  all  epithelial  structures — except 
the  endothelium  of  the  vessels — escape.  Baclzer  could 
not  detei'mine  the  point  clearly,  but  he  thought  it  prob- 
able that  the  affection  was  due  to  primary  vascular 
changes.  The  disease  is  not  identical  witli  hydradenoma, 
as  Phllippson  endeavored  to  prove,  thougli  the  differen- 
tial diagnosis  is  often  very  ditficult  or  even  impossible 
without  the  aid  of  histological  examination.    From  xanth- 


oma, with  which  it  most  often  is  confounded,  it  may  be 
distinguished  by  the  glistening,  translucent  appearance 
of  the  lemon-yellow-colored  elevations. 

Treatment  is  unsatisfactory,  no  external  application 
having  any  effect.  Erosion  with  a  sharp  spoon  has  cured 
some  cases,  and  electrolysis  has  been  recommended  and 
would  seem  best  fitted  to  cope  with  the  trouble  without 
leaving  very  marked  scars. 

C/iiirles  Toionsheiid  Dade. 

OOLOGY  NTH— CoLOCYNTniN.  "The  fruit  of  Citrtd- 
lus  ('oloci/iithis  Schad.  (fam.  Ciiciirbitacea'),  deprived  of 
its  rind  "  (U.  S.  P.).  The  colocynth  plant  bears  a  general 
resemblance  to  the  water  and  citron  melons — near  connec- 
tions— but  is  smaller,  slenderer,  and  besides  rough-hairy. 


Fiii.  14B7.— Colocyntb  Fruit  and  Seed. 

while  the  others  are  more  nearly  snK)oth.  The  fruit  is 
globular,  from  two  to  four  inches  (10  to  20  cm.)  in  di- 
ameter, with  a  tliln,  leathery,  multled-green  rind,  and  a 
fleshy,  very  bitter  pulp.  The  latter  consists  of  the  nieso- 
carp  and  three  thick  parietal  placentie  which  entirely  till 
Ihe  cavity  and  make  a  spuriously  three-  or  six-celled,  out 
of  a  normally  one  celled,  ovary. 

The  plant  is  widely  distributed  over  waste  and  desert 
places  in  India,  Arabia.  Syria,  the  "Levant,"  the  Medi- 
terranean islands.  Northern  and  Western  Africa,  the 
Cape  of  Good  Hope,  .lava,  etc.  In  the  Arabian  desert,  a 
resinous  extract  from  Ihe  fruit  is  jiaiuled  upon  the  water 
bags  to  protect  them  against  attacks  by  the  thirsty 
camels.  It  also  grows  in  Spain  and  other  portions  of  the 
extreme  South  of  Europe,  and  has,  in  addition,  been 
cultivated  in  several  countries  for  many  centuries.  Cy- 
prus, the  South  of  Spain,  and  the  African  town  Mogador, 
supply  it  for  the  market.'  It  is  collected  when  the  fruit 
is  ripe,  or  nearly  so,  ami,  in  the  European  varieties,  is 
usually  peeled  while  fresh  with  a  knife.  The  Jlogador 
colocynth  is  oftcner  "coated,"  that  is,  dried  without  re- 
moving the  exocarp.  The  .soft,  moist,  greenlsh-white 
pulp  shrivels  considerably  as  It  dries,  and  becomes  nearly 
white,  and  very  light  and  spongy.  The  composition  and 
properties  differ  with  the  |ilace  of  production.  Some 
fruits  grown  in  Texas  were  of  prodigious  size,  but  desti- 
tute of  medicinal  power. 

Desciui'tion. — As  usually  imported,  colocynth  comes 
in  very  light  and  brittle  roiuid  balls,  from  one  and  a  half 
to  three  inches  in  diameter  (0.04  to  0.08  metre),  composed  ' 
of  a  nearly  white,  very  fragile,  cellular  tissue;  evidenlly 
cut  over  the  surface  with  a  knife,  and  containing  numer- 
ous white  or  whitish  cuctmiber-like  .seeds  in  six  rows. 
These  "balls"  are  easilj-  broken  into  three  parts,  each 
including  one  of  the  placenta-,  with  a  row  of  seeds  on 
each  of  its  two  broken  faces.  The  seeds,  which,  although 
of  little  bulk  compared  with  the  rest  of  the  fruit,  weigh 
heavily,  contain  seventeen  per  cent,  of  bland  fixed  oil, 
and  have  no  medicinal  value.  They  are  thrown  away 
when  the  pulp  is  prepared  for  use.  This  consists  of  ex- 
ceedingly large  and  thin-walled  parenchyma,  enclosing 
about  two  per  cent,  of  its  weight  of  bitter  extractive 
(colocynthin).  Tlie  variety  described  above  Is  Turkish 
colocynth.  The  Spanish  variety  is  smaller,  has  a  dark 
and  much  less  spongy  pulp  and  a  larger  number  of 
heavier,  black  or  blackish  seeds.     Not  only  is  the  per- 
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centagc  of  luilp  smaller,  but  it  is  also  inferior.  Colo- 
cynth  pulp,  freed  from  seeds,  ground  or  whole,  is  an 
article  of  coniineree.  The  presence  of  slareh  is  an  in- 
dication of  adulteration,  as  this  is  wanting  in  the  genuine 
article. 

Composition. — The  active  constituents  of  eolocjiith  are 
resin  and  eoloeyiithin.  The  crystalline  resinous  bod}- 
ciAocyitthitin  is  not  active.  Gum  and  pcclin  are  also 
present.  Colocy  nthin  (Ci,oIIk,Oji  V)  is  a  yellow,  powdery, 
bitter  glucoside,  solulile  in  both  water  and  alcohol.  It 
is  purgative,  but  Merck  claims  that  his  is  not  poisonous 
or  drastic  like  colocyntli. 

Coloeynlh  itself  is  a  harsh  and  irritating  drastic,  and 
seldom  given  alone.  In  small  doses,  and  moditied  by 
other  cathartics  and  corrigenls.  it  is  an  e.xci'llent  la.\ative, 
and  in  freqiieut  use  as  a  "dinner  pill"  in  chronic  con- 
stipation. 

AD.MtNisTRATioN. — There  is  but  one  immediate  prepa- 
ration, namely,  the  Extract  of  Colocynth  (Extmctiim 
CuloeyiitliidiK.  U.  S.  P.),  made  b)'  evaporating  a  tincture. 
The  yield  is  about  sixty  per  cent,  of  the  pulp.  Pose, 
say  0.03  to  0.1)2  gm.  {gr.  ss.-ij.).  It  is  seldom  used  alone. 
but  enters  into  the  Compound  Extract  of  Colocynth  {Ex- 
tnictuin  CohicynthiiliK  Ciniipi'xitum,  U.  S.  P.),  which  is  in 
every-daj'  use.     Its  formula  is: 

Extract  of  colocynth 16 

Purified  aloes 50 

Cardamom 6 

Resin  of  scammony 14 

Soap 14 

Alcohol 10 

It  is  a  fine  powder,  easily  rolled  into  a  pill  itself,  or 
mixed  with  still  other  substances.  Dose,  as  a  laxative, 
2  or  3  dgni. :  as  a  cathartic,  five  or  six  times  as  much  (gr. 
V.  ad  XXV.).  The  Compound  Cathartic  Pills  (Pilul(P 
Cathirtic(p  Comjwuittv.  V.  S.  P.)  contain  about  one-third 
of  their  weight  of  this  extract.     Their  composition  is: 

Gm. 

Compound  extract  of  colocynth 80 

Extract  of  jalap 30 

Mild  chloride  of  mercury 60 

Gamboge 15 

Mix  and  make  one  thousand  pills.  Dose,  from  one  to 
three  pills. 

The  compound  extract  is  also  an  important  Ingredient 
of  the  official  vegetable  cathartic  pills. 

Pure  colocynthin  can  be  given  in  doses  of  gr.  \  to  f . 
A  resinous  extract  is  also  in  the  market  under  the  name 
colocynthin. 

JleVck  recommends,  as  a  purgative  rectal  injection, 
m  iv,  to  xvi.  of  a  four-percent,  .solution  of  colocj'nthin 
in  equal  parts  of  glycerin  and  alcohol. 

Hen  ry  II.  Uxisby. 

COLON.  (SURGICAL.)— The  colon  is  wounded  in  the 
same  manner  as,  though  less  frequently  than,  the  small  in- 
testines. These  wounds  may  occur  from  penetration  of 
the  abdomen  by  a  knife,  bullet,  or  blunt-pointed  object, 
or  rupture  may  occur  from  a  contusion.  Perforation 
from  the  effort" to  use  the  sigmoidoscope  has  also  been 
reported.  Wounds  of  the  colon  often  occur  in  the  sepa- 
ration of  adhesions  during  intra-abdominal  operations. 
The  symptoms  of  a  wound  of  the  large  intestine  do  not 
differ  materially  from  those  which  ]iresent  themselves 
when  the  small  intestine  is  injured.  Those  wounds 
which  are  inflicted  during  operative  procedures  or  in  the 
course  of  au  examination  are  readily  observed.  But  ac- 
cidental injuries  can  often  only  be  surmised,  the  diag- 
nosis of  the  part  injured  being  determined  only  after 
an  exploratory  incision.  While  shock  is  to  be  expected 
in  such  wounds,  it  is  frequently  absent  or  present  in 
only  slight  degree.  Pain  and  tenderness  are  as  a  rule 
valuable  symptoms,   but   their  absence  does  not   pre- 


clude the  possibility  of  a  wound.  Paresis  of  the  intes- 
tine and  the  resulting  constipation  usually  occur  early 
as  the  result  of  the  violence  producing  the  injury  and 
hiter  from  the  develoiiment  of  peritonitis.  Vomiting  is 
fre(|Ucntly  an  important  symptom,  especially  as  .sepsis 
from  extravasatiiiii  dcvclcips.  'I'lie  jiresence  of  free  gas 
in  the  peiitoneal  cavity  is.  if  detected,  a  i)Ositive  sign  of 
ru]iture  of  the  bowel.  Tympanites  over  the  area  of  nor- 
mal liver  dulness  is  a  further  evideiiee  of  this  condition. 
Senn  has  ad  vised  the  rectal  insulllation  of  hydrogen  gas  to 
determiiu'  the  presence  or  absence  of  an  intestinal  wound, 
especially  in  coimcction  with  jierforating  gimshol  wound 
of  the  abdomen  :  the  diagnosis  is  made  when  the  hydrogen 
escapes  from  the  wo\md.  When  this  lest  is  successfully 
made,  it  proves  positively  the  |in'.seiice  of  a  wound,  but 
failure  of  the  gas  to  escape  does  not  exclude  injury. 
This  procedure  is  not  devoid  of  danger,  for  the  increase  of 
intra-intestitial  iiressure  and  the  escape  of  the  gas  into  the 
peritoneal  cavity  certainly  favor  fa'cal  extra vassition  and 
seriously  interfere  with  any  operative  procedure  which 
may  be  necessary.  This,  coupled  with  the  fact  that  only 
in  from  three  to  five  per  cent,  of  perforating  wounds  of 
the  abdomen  do  the  viscera  escape  injury,  makes  it  more 
aihisable  to  perform  an  exploratory  operation,  especially 
as  the  latter  increases  the  mortality  very  slightly,  if  at 
all.  when  done  with  projier  aseptic  precautious. 

The  records  of  wounds  of  the  colon  show  a  larger  per- 
centage of  recoveries  without  operatiou  than  do  similar  in- 
juries of  the  small  gvit,  owing  peihaps  to  the  consistence 
of  its  contents  and  to  less  active  peiistalsis.  These  in- 
juries are  always  serious  and  require  prompt  attention, 
as  every  hour  of  dela.y  lessens  the  chance  for  recovery. 
Notwithstanding  the  number  of  reported  recoveries 
without  operation,  the  surgeon  is  certainly  not  justified 
in  treating  these  cases  expectantly.  The  method  of  deal- 
ing with  intestinal  wounds  will  be  fully  covered  in  an- 
other portion  of  this  work.  It  issufficient  to  .state  in  this 
connection  that  the  technique  must  be  thorough  and  the 
closure  perfect,  sufficient  lumen  for  the  ready  passage 
of  fipces  being  allowed. 

Ui.CEK.\TioN. — Ulceration  of  the  colon  as.sumes  surgical 
importance  when  a  tendency'  to  perforation  or  to  the  de- 
velopment of  stricture  results.  The  causation  and  clinical 
historj-  of  many  of  these  ulcerations  are  somewhat  ob- 
scure. However,  we  meet  with  certain  ulcers  which  pre- 
sent characteristics  sufficiently  distinct  to  be  properly 
classified  as  dysenteric,  typhoid,  tuberctdous,  etc.  The 
colon  maj'  be  the  seat  of  simple  chronic  idcers  similar  in 
all  respects  to  those  seen  in  the  stomach  and  duodenum. 
They  occur  very  rarely,  but  are  .sometimes  seen  in  pa- 
tients suffering  from  Bright's  disease.  Vascidar  changes 
and  emboli  probably  have  much  to  do  with  their  develop- 
ment. Sometimes  a  simple  large  ulcer  is  present,  but  as 
often  several  smaller  ones  are  found.  The  edges  of  the 
ulcer  are  raised  and  slightly  indurated,  the  base  is  some- 
what regular.  Healing  may  occur  at  one  margin  while 
the  ulcerative  process  extends  at  the  other.  The  ulcer 
may  terminate  by  repair,  and  if,  as  is  sometimes  the  case, 
it  has  extended  around  the  intestine,  narrowing  may  re- 
sult. Perforation  of  the  intestine  is  not  infrequent  and 
may  be  followed  by  fa?cal  ab.scess  and  fistula  or  perito- 
nitis and  death.'  Parker  reports  two  cases  that  termi- 
nated in  fiEcal  abscess.  Collections  of  fares  retained 
for  a  long  time  in  the  intestine  excite  an  increased  secre- 
tion of  mucus,  produce  softening  of  the  epithelium  and 
necrosis  of  the  mucous  membrane,  and  result  in  the  for- 
mation of  one  or  more  stercoral  ulcers.  These  ulcers 
may  excite  a  localized  plastic  peritonitis  or  they  may 
perforate  and  cause  acute  general  inflammation  of  the 
peritoneum.  The  shock  itself  may  prove  fatal.  Tlie 
sudden  onset  of  pain  and  prostration  in  a  case  of  pro- 
longed constipation,  especially  with  the  presence  of  a 
doughy,  irregular,  and  variable  tumor,  will  point  to  per- 
foration from  stercoral  ulcer.  Ulceration  at  the  seat  of 
the  solitary  glands  occurs  in  typhoid  fever,  and  a  few- 
cases  of  perforation  from  such  ulcers  have  been  reported. 
These  ulcers  present  the  same  changes  which  take  place 
in  the  small  intestine.     Those  ulcers  which  result  from 
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dj'sentery  or  which  follow  catarrhal  colitis  show  little  or 
no  tendency  to  the  formation  of  stricture.  According  to 
Woodward-  no  case  of  stenosis  was  reported  as  the  result 
of  chronic  diarrhoea  or  dysentery  among  the  United  States 
troops  from  1861  to  186.5.  although  a  vast  number  of  sol- 
diers siiflfered  from  these  diseases.  Syphilitic  ulcenttions 
of  the  large  intestine  are  usually  limited  to  the  rectum. 
Tliey  result  from  the  breaking  down  of  gummatous  de- 
posits in  the  submucous  tissue.  Malignant  disease  pro- 
duces ulceration,  and  stenosis  results  from  cicatricial  con- 
traction as  well  as  from  the  encroachment  of  the  neoplasm. 
Tuberculous  ulceration  occurs  with  great  frequency. 
About  one-half  of  the  cases  of  tuberculosis  show  lesions 
in  the  intestine.  The  lung  is  the  only  organ  more  often 
attacked.  These  lesions  are  situated  most  often  at  the 
lower  part  of  the  ileum  and  in  the  beginning  of  the  colon. 
They  may  be  primary,  or  secondary  to  a  focus  situated 
elsewhere.  In  children  primary  involvement  is  the  rule 
and  the  intestinal  lesion  may  be  so  slight  as  to  escape 
notice,  while  the  mesenteric  glands  will  be  greatly  in- 
volved. In  adults  the  lesions  are  more  often  secondary. 
and  the  solitary  glands  of  the  caecum  are  often  involved 
and  show  thccharacteristic  deposit  of  tubercle.  This 
deposit  undergoes  softening  and  the  cheesy  material  is 
emptied  into  the  intestine.  An  tdcer  results  which  tends  to 
spread  around  the  circumference  of  the  intestine,  in  the 
course  of  the  vessels,  as  well  as  deeply  through  the  wall. 
The  peritoneum  over  the  ulcer  often  shows  yellowish, 
opaque  tubercles  in  its  structure,  the  surrounding  tissues 
become  adherent,  and  contraction  of  the  inflammatory 
jiroduct  may  cause  constriction  of  the  intestine.  The 
girdling  ulcers  tend  in  their  repair  to  produce  stenosis  and 
frequently  e.xcite  symptoms  of  obstruction.  Perforation 
of  the  intestine  is  by  no  means  infrequent  and  may  give 
rise  to  faecal  abscess  and  subsequent  fistula  or  maj'  excite 
general  peritonitis  as  in  simple  ulcer.  Ulceration  of  the 
colon  presents  few  characteristic  symptoms:  there  may, 
in  fact,  be  nothing  to  indicate  the  condition  even  when 
marked  and  extensive  lesions  are  present.  DiaiTho-a  more 
or  less  persistent,  with  periodical  constipation,  is  usually 
present.  Mucus,  shreds  of  tissue,  some  blood  and  pus 
may  at  times  be  found  in  the  discharges.  In  tuberculous 
ulceration,  the  patient  will  lose  in  flesh  and  strength  and 
will  complain  of  pain,  especially  in  the  lower  part  of  the 
abdomen.  This  pain  is  increased  upon  slight  exertion. 
Localized  tenderness  on  pressure  without  rigidity  may 
be  noted  in  these  cases,  and.  as  in  other  tuberculous  proc- 
esses, a  slight  evening  elevation  of  temperature  may  be  ob- 
served. As  stricture  develops,  after  the  symptoms  named 
above  have  lasted  for  months,  constipation  becomes  more 
and  more  marked  until  the  stools  are  completely  arrested. 
In  rare  cases  this  condition  may  occur  suddenly  and  may 
present  the  usual  symptoms  of  intestinal  obstruction,  as 
nausea,  vomiting,  pain,  distention,  and  obstinate  consti- 
pation. Perforation  will  be  known  by  the  shock,  disten- 
tion, pain,  tympanites,  etc. 

Diaritiosix' — The  diagnosis  is  at  all  times  difficult,  and 
it  is  extremely  probable  that  cases  of  ulceration  will  be  de- 
termined only  after  stenosis  occurs,  or  after  explora- 
tion. 

Treatment. — This  is  operative,  and  colectomy  shoidd 
be  performed  for  tuberculous  and  malignant  ulceration 
when  extirpation  can  thus  be  effected.  The  operation 
is  also  indicated  in  other  forms  of  ulceration  where  per- 
foration is  imminent  and  the  process  is  not  too  exten- 
sive. Tuberculous  and  malignant  cases  in  which  the 
<lisease  cannot  be  extripated  are  best  treated  by  anasto- 
mosis. Extensive  ulcerative  colitis  has  been  successfully 
treated  by  colostomy  and  flushing  the  colon  from  the  arti- 
ficial opening  to  the  anus.  Mayo  Robson,^  Golding 
Bird.^  and  others  have  reported  cases  of  recovery  after 
this  plan  of  treatment. 

Stenosis. — Non-malignant  stenosis  may  follow  almost 
any  form  of  ulceration,  but  the  most  frequent  process  is 
one  of  a  tuberculous  nature.  The  constriction  may  take 
place  a  long  time  after  the  ulceration.  Owing  to  this 
fact  strictures  are  noted  more  frequently'  in  adults  than 
in  children.     Manv  cases  of  stenosis  are  unrecognized 


during  the  life  of  the  patient.  Two  or  more  points  of 
stricture  may  be  present  in  the  same  case.  No  portion 
of  the  colon  is  exempt  from  this  lesion. 

Symptoms. — The  chief  symptom  of  stenosis  is  consti- 
pation, which  may  gradually  become  more  and  more 
persistent  or  may  occur  suddenly  and  become  com- 
plete. If  relieved  temporarily,  a  return  of  the  constipa- 
tion is  to  be  expected  in  a  short  time.  The  jiatient  will 
perhaps  give  a  history  of  troublesome  diarrluea.  the  pass- 
age of  some  mucus  and  blood  having  occurred  at  some 
previous  time.  Obstructivesymiitoms  sooner  or  later  set 
in,  and,  while  not  so  marked  as  in  some  other  forms  of 
obstruction,  are  very  persistent.  Uneasiness  in  the  ab- 
domen soon  becomes  pain  which  is  paroxysmal  and  is 
increased  by  purgatives.  The  abdomen  may  become  dis- 
tended, but  as  a  rule  it  is  flaccid  unless  peritonitis  is 
present.  After  a  time  vomiting  begins,  first  of  gastric 
contents,  later  of  fieces  tmless  the  obstruction  is  re- 
lieved. The  patient  loses  flesh  and  strength  and,  after 
some  days  of  suffering,  death  follows  from  sepsis  and 
exhaustion. 

Viagiiogig. — The  symptoms  of  recurring  and  more  or 
less  obstinate  constipation,  when  associated  with  emacia- 
tion and  in  the  absence  of  stenosis  of  the  rectum,  will 
usually  mean  stricture  of  the  colon.  Obstruction  of  the 
small  intestine  will  usually  present  a  more  acute  train  of 
symptoms.  In  stenosis  of  the  colon  vomiting  is  not  so 
prominent  a  symptom  and  becomes  f;t?cal  at  a  much  later 
date  than  it  does  in  occlusion  of  the  small  gut.  The  ab- 
sence of  a  neoplasm  will  exclude  malignant  stenosis. 

Treatment. — Avoidance  of  purgatives  will  save  the  pa- 
tient much  discomfort.  Copious  enemata  will  give  relief 
during  the  early  stages.  When  obstruction  occurs  or 
attacks  of  constipation  are  often  repeated,  operation  is 
indicated. 

F.EC.VL  FlSTrL.\. — Sinuses  leading  from  the  colon  to 
the  surface  and  discharging  fjeces  and  gas  result  from 
wounds  which  have  not  been  treated  or  which  have  been 
improperly  closed;  from  contu.sions  without  immediate 
rupture  but  followed  by  sloughing;  and,  finally,  from 
slipping  of  the  ligature  or  sloughing  of  the  stump  after 
operative  interference  for  the  relief  of  appendicitis.  The 
pressure  of  a  drainage  tube  is  not  infrequently  a  cause 
of  this  condition.  The  same  is  true  of  gauze  drainage, 
the  removal  of  which  sometimes  produces  a  tear  of  the 
intestine.  Tuberculosis  of  the  colon  may  cause  perfora- 
tion and  thus  lead  to  the  formation  of  faecal  fistula.  In 
dealing  with  strangulated  hernia  associated  with  gan 
grene  of  the  gut.  the  surgeon  may  deem  it  best,  if  the 
patient's  condition  precludes  the  completion  of  colectomy, 
to  temporize  liy  the  establishment  of  a  fsecal  fistula  to  lie 
cured  by  a  subsequent  operation  (colotomy).  In  malig- 
nant disease  the  formation  of  a  permanent  fistula  (arti 
ficial  anus,  colostomy)  has  become  a  recognized  surgical 
procedure. 

Patlwhtgy. — When  from  any  cause  the  continuity  of 
the  intestinal  wall  is  disturbed,  gas  and  faeces  in  a  short 
time  escape,  and  under  the  most  favorable  conditions  ex- 
cite a  localized  plastic  inflammation  in  the  surrounding 
peritoneal  surfaces,  with  the  tendency  to  the  formation 
of  adhesions  and  isolation  of  the  focus  of  irritation.  lu 
time  the  surface  is  reached  through  an  abscess — where  the 
abdominal  wall  is  intact — or  through  the  wound  if  one 
exists,  and  the  faeces  then  escape  externally.  When  a 
wound  of  the  abdomen  is  present,  the  communication  is 
usually  established  within  a  week  after  the  injury. 
When  the  abdominal  wall  is  intact,  a  longer  time  will 
elapse  before  the  fistula  develops.  The  general  perito- 
neum is  protected  by  a  fibrinous  lymph,  and  the  fistula  is 
lined  with  granulation  tissue.  When  the  damage  to  the 
colon  is  slight  and  when  surrounding  parts  lie  in  close 
relation  to  the  wound  of  the  gut.  the  tract  will  grad- 
ually contract  and  eventually  heal.  This  is  the  most 
frequent  termination  of  such  cases.  A  fistula  may  per- 
sist when  the  intestine  is  fixed  directly  to  the  skin  with- 
out intervening  sinus,  when  the  wound  in  the  bowel 
is  very  large,  or  when  more  than  one  opening  exists; 
also  when  there  is  obstruction  to  the  passage  of  faeces 
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througli  tlic  l)owel  below  tlic  fistula,  owinstn  a  stricture, 
tumor,  or  bend  of  tlie  intestine.  Tvibereulous  fistulic  are 
very  persistent,  and  repair  will  be  uiilikely  wlien  an 
abscess  cavity  is  formed  in  close  proximity  to  the  intes- 
tinal opening,  due  perhaps  to  a  failure  of  the  walls  of  the 
abscess  to  collaiise.  The  symjitoms  indicating  the  de- 
velopment of  fa'cal  fistula  are  the  presence  of  a  peculiar 
<iark,  blackish,  lirowii  stain  upon  the  dressings  and  the 
detection  of  a  distinct  and  jiersisteiit  fa'cid  odor.  A  mis- 
take is  scarcely  possible.  Some  difficulty  may  be  expcri- 
enci'd  in  determining  the  location  of  the  intestinal  opening, 
but  this  will  prove  of  little  moment.  In  .some  instances 
progressive  ema<'iation  accompanies  the  condition,  but 
usually  the  patient  is  well  nourislied.  The  prognosis  of 
this  condition  is  as  a  rule  good,  and  special  attention  will 
be  demanded  only  after  it  persists  for  some  months.  The 
affection  is  always  disagreeable,  but  its  seriousness  is 
certainly  less  than  in  the  case  of  a  fistula  leading  to  the 
small  intestine. 

Trentintnt. — Upon  first  impulse  it  would  appear  rea.son- 
able  to  insert  drainage  in  some  form  to  remove  the  fteces 
and  to  keep  the  skin  wound  patulous.  Considerable  ex- 
perience in  such  cases  teaches  us  that  such  a  procedure 
is  unneees.sary  and  frequently  productive  of  harm,  owing 
to  the  fact  that  no  drain  will  carry  off  the  fsrces  as  well 
as  the  pressure  within  the  intestine.  Moreover,  when  the 
fiecal  matter  remains  pent  up  in  the  tract,  symjitoms  of 
sepsis  shortly  apiiear.  The  condition  is  best  treated  by 
placing  over  the  external  opening  a  large  loose  pad  of 
sterilized  absorbent  material,  and  retaining  it  in  iilace  by 
a  bandage.  These  dressings  should  be  changed  when- 
ever they  become  soiled;  sometimes  this  is  necessary  as 
often  as  four  or  five  times  a  day.  When  the  dressings 
are  changed,  gentle  pressure  near  the  fistula  will  force  out 
the  contents  and  cleanse  the  tract.  The  skin  should  be 
washed  with  cold  water  and  alcohol,  and  when  any  ex- 
coriation occurs  the  jiarts  should  be  anointed  with  vase- 
line at  each  dressing.  The  bowel  below  the  fistula  should 
be  kept  patulous  by  enemata  to  make  the  passage  easier 
in  that  direction  than  through  the  abnormal  tract.  Laxa- 
tives should  be  used  only  to  prevent  constipation  and  too 
great  solidity  of  excreta. 

The  patient's  health  should  be  kept  up  by  tonics  and 
nutritious,  easily  digestible  food.  If,  after  several  months 
of  this  treatment,  the  fistula  persists  or  if  emaciation  is 
rapid,  an  operation  for  the  cure  of  the  affection  should 
be  undertaken.  This  operation  is  often  very  difficult, 
but,  with  proper  care  to  protect  the  general  peritoneum. 
it  can  usually  be  safely  accoiuplished.  Cleansing  of  the 
field  of  operation  must  be  absolute.  The  tract  should 
be  well  scraped  and  thoroughly  flushed  with  1  to  l.OtX) 
bichloride  solution.  In  curetting  the  fistida  care  must  be 
exercised  to  avoid  injury  of  an  adjacent  fold  of  intestine. 
The  application  of  pure  carbolic  acid  to  the  tract  is  ad- 
visable, and  this  should  immediately  be  followed  by  the 
application  of  about  eighty  percent,  alcohol  to  prevent 
too  extensive  action.  In  order  that  the  canal  may  easily 
be  traced  it  should  be  packed  with  gauze.  The  incision 
shoidd  be  made  with  the  greatest  care  to  avoid  injury 
of  the  bowel,  which  is  almost  always  adherent  to  the 
abdoiuinal  wall  around  the  fistula.  Therefore  Ijegin  the 
cut  some  distance  away  from  the  fistula,  and  after  the 
peritoneum  is  opened,  with  the  linger  inside  the  abdo- 
men, separate  the  adhesions  until  the  incision  can  he 
safely  continued.  Protect  the  general  peritoneum  with 
flat  gauze  sponges.  'When  the  tract  is  short  the  intes- 
tine can  he  readily  loosened,  lifted  into  the  wound,  and 
sutured  or  resected.  When  the  bowel  lies  six  or  eight 
inches  from  the  outlet  of  the  fistula,  considerable  dissec- 
tion will  be  ncees.sary  to  free  the  adhesions  and  this 
requires  the  greatest  care.  The  edges  of  intestinal  open- 
ings are  pared  if  neces,sary  and  coapted  by  Lembert  su- 
tures of  fine  silk.  Usually  a  second  suppleiuentary  series 
of  sutures  will  be  necessary.  When  the  intestinal  wound 
is  .so  large  that  the  luiuen  of  the  gut  will  be  constricted. 
a  colectomy  will  be  neces.sary.  The  toilet  of  the  perito- 
neum must  be  made  in  the  most  thorough  fashion,  and 
aft<T  the  tract  of  the  fistula  in  the  abdominal   wall  has 


been  excised,  the  wound  may  be  closed  completely — pro- 
vided the  o|)enitor  is  convinced  that  the  peritoneum  has 
not  been  soiled — or  it  may  be  left  sulficiently  open  to 
provide  the  necessary  drainage  outlet.  The  old  method 
of  closing  an  artificial  anus  by  the  prcsstire  of  a  clam]i. 
as  advised  by  Dupuytren  in  1815,  cerlaiidy  has  no  ad 
vantages  over  the  operation  just  described  "and  is  not  to 
be  recommended. 

IxTissiscKi'TioN;  I  NT  AGINATION. — The  abnormal  re- 
ception of  a  portion  of  the  intestine  within  an  adjoining 
and  continuous  segment  constitutes  an  intussusception. 
This  condition  may  develop  in  any  part  of  the  canal,  but 
is  m<ist  likely  to  occur  at  tiie  ilco-ca'cal  valve.  It  forms 
about  forty  percent,  of  all  fatal  cases  of  intestinal  obstruc- 
tion. According  to  Treves,  fifty  per  cent,  of  such  cases 
occur  under  two  years  of  age.  At  the  point  of  invagina- 
tion three  thicknesses  of  the  intestinal  wall  lie  in  close 
proximity  to  each  other.  The  outside  fold  is  Icnown  as 
the  receiving  layer  or  intussuscipiens,  the  internal  as  the 
entering  layer,  and  the  middle  is  called  the  returning 
layer.  The  last  two  are  alsfi  known  as  the  intussusceplum. 
Tlie  perit(incal  coverings  of  the  entering  (internal)  ;ind 
the  returning  (middle)  layers  lie  in  contact  and  in  a  short 
time  become  firmly  luiited,  while  the  mucous  surfaces 
of  the  receiving  and  returning  tokls  .show  no  such  ten- 
dency. 

The  descent  of  the  gutexerts  traction  upon  the  ni(  sen- 
tery  and  coiu])res.sion  of  its  vessels  at  the  point  of  in- 
vagination, thus  producing  venous  obstruction  with 
swelling  and  u-dema  of  the  intussusceptmu.  Softening 
and  gangrene  may  produce  perforation,  or  bacteiia  may 
multiply  rapidly  in  the  congested  wall  and  excite  a 
rapidly  fatal  form  of  peritonitis.  In  rare  cases  nature 
effects  a  cure  through  sloughing  of  the  invaginated  seg- 
ment, after  adhesifins  have  formed,  at  the  line  of  entrance, 
sufficientlj-  strong  to  prevent  rupture.  Usually  intussus- 
ception is  acute  and  rajiidly  fatal,  but  in  adults  one  may 
encounter  the  chronic  form  which  after  two  or  three  weeks 
of  suffering  may  terminate  in  recovery,  or  which  may 
prove  fatal  through  chronic  diarrhcea.  septic  emboli, 
perforation,  peritonitis,  etc.  As  a  rule,  in  children  it  is 
quickly  fatal.  Its  causation  is  not  well  understood. 
Spasmodic  peristalsis,  which  forces  the  contracted  por- 
tion into  a  relaxed  segment,  or  a  paralyzed  segment  into 
a  normal  one.  has  been  advanced  to  account  for  its  de- 
velopment. The  experiments  of  Nothnagcl  seem  to  show 
that  contraction  of  the  longitudinal  nuiscular  fibres  will 
draw  a  relaxed  portion  over  a  contracted  one.  The  pres- 
ence of  polypi  is  supposed  to  favor  the  development  of 
invagination.  The  anatomical  relation  of  the  ileum  to 
the  csecum  must  also  be  considered  as  a  predisposing 
factor. 

Si/riiptom.i. — The  attack  begins  suddenly  with  severe 
griping  and  colicky  pains,  accompanied  by  marked 
anxiety  and  shock.  Vomiting  is  usually  present,  as  is 
constipation  after  the  bowel  below  the  obstruction  is 
emptied  of  its  contents.  Some  mucus  and  blood  may 
pass  and  the  tenesmus  is  marked.  Upon  examination 
a  sausage-like  abdominal  tumor  can  often  be  detected. 
especiaUy  when  the  end  of  the  ileum  has  entered  the 
colon. 

The  Dinr/riosh  is  based  upon  the  sudden  onset,  peculiar 
pain,  sausage-shaped  tumor,  and  the  passage  of  blood- 
stained mucus  without  faeces.  At  times  the  exact  cause 
of  the  obstruction  will  be  determined  only  after  the  abdo- 
men is  opened.  The  prognosis,  as  incidentally  mentioned 
before,  is  always  grave,  and  in  most  cases  a  fatal  termina- 
tion occurs  in  less  than  one  week. 

Treatment. — Avoid  purgatives,  and  during  the  first 
twenty-four  hours  endeavor  to  set  free  the  invaginated 
segment  by  distention  of  the  colon  with  gas,  air,  or  water 
while  the  patient  is  in  the  knee-chest  position.  Bella- 
donna and  opiuiu  may  be  cautiously  administered  to  allay 
spasm  and  limit  peristalsis.  Do  not  give  enough  opium 
to  mask  the  symptoms.  If  this  treatment  fails  to  relieve, 
a  laparotomy  should  be  performed — preferably  the  me- 
dian o])eration.  unless  a  well  defineil  tumor  is  present,  in 
which  case  the  incision  shoidd  be  made  directly  over  the 
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swelling.  Stimulants  will  frequently  be  needed  to  coun- 
teract shock. 

Technique. — Under  the  strictest  asepsis  the  aVidomcn  is 
opened  and  search  made  for  the  seat  of  obstruction,  first 
in  the  right  iliac  fossa  and  with  as  little  exposure  of 
the  intestines  as  is  practicable.  A  needless  exposure  of 
the  intestines  will  greatly  increase  shock  and  lessen  the 
cliauces  of  recovery.  The  mass  shoiild  be  brought  into 
the  wound  and  protected  by  hot  pads  of  gauze,  while 
gentle  efforts  are  made  to  relieve  the  invagination.  If 
continuity  is  restored  without  damage  to  the  bowel,  re- 
currence can  be  prevented  by  suturing  the  mesentery 
to  the  abdominal  wall.  If  reduction  is  impossible,  if 
malignant  disease  is  present,  or  if  the  intestine  is  gan- 
grenous, colectomy  should  at  once  be  performed,  and  re- 
soit  to  colostomy  should  be  had  only  when  the  patient's 
condition  prevents  the  operator  from  making  the  com- 
plete operation.  The  wall  of  the  abdomen  is  to  be  closed 
as  in  other  cases  of  abdominal  section. 

Voi.vuiA'S. — VolviUus  constitutes  one  of  the  most  fatal 
forms  of  intestinal  obstruction.  The  term  is  applied  to 
a  twisting  of  a  segmcutof  the  iutestineaud  its  me.sentery 
so  that  the  circidation  of  the  blood  and  also  the  passage 
of  f;pces  are  interrupted.  Such  a  twist  can  occur  only 
in  cases  in  which  the  peritoneal  attachment  is  sufficiently 
long  to  allow  considerable  mobility  of  the  gut.  The 
sigmoid  flexure,  therefore,  is  the  part  of  the  colon  which 
is  most  subject  to  tliis  accident.  Sudden  distention  of 
the  intestine  with  gas,  or  the  presence  of  a  fa>eal  mass, 
with  or  without  an  accompanying  strain,  may  cause  vol- 
vulus. When  the  torsion  occurs,  swelling  of  the  twisted 
portion  follows  immediately,  owing  to  interference  with 
the  return  of  venous  blood.  This  swelling  tends  to  ac- 
centuate the  twist  and  to  increase  the  obstruction  to  the 
blood  supply.  The  adjacent  portions  of  the  intestine  are 
distended  with  gas,  w  hich  tends  to  prevent  spontaneous 
restoration.  Gangrene  follows  in  a  short  time,  and  peri- 
tonitis is  present  if  the  patient  lives  long  enough  for  its 
development.  The  prognosis  is  essentially  grave.  Spon- 
taneous restoration  rareh',  if  ever,  occ-urs  and  no  meas- 
ures save  operation  offer  any  hope  to  the  patient. 

Syiiiptomx. — The  patient  is  suddenly  seized  with  vomit- 
ing, which  is  not  so  severe  in  volvulus  of  the  colon  as 
it  is  in  volviUus  of  the  ileum.  Severe  paroxj-smal  pain 
radiating  over  the  abdomen,  witli  extreme  tenderness,  is 
always  present.  Sudden  cessation  of  pain  announces 
the  development  of  gangrene.  Pain  returns  with  the 
development  of  peritonitis.  Obstruction  is  complete. 
Early  and  circumscribeil  tympanites  may  jirecede  general 
distention  and  rigidity.  Rectal  examination  may  reveal 
a  mass  in  the  pelvis  in  case  a  twist  Hes  in  that  region. 
Marked  restlessness  and  jirostration  are  always  present 
and  the  patient  shows  great  anxiety.  Tlie  surface  shortly 
becomes  cold  and  clammy  and  covered  with  perspiration. 
Hiccough  soon  appears  and  the  circulatory  and  muscular 
systems  become  rapidly  depressed. 

Diiigwmn. — Sudden  onset  of  obstinate  constipation 
(bowels  regidar  before),  vomiting,  pain,  tenderness,  and 
localized  tympanites  without  a  tumor  or  a  hernia  will 
pciint  strongly  to  volvulus.  It  is  not  always  possible  to 
make  out  the  exact  seat  of  the  obstruction,  but  the  symp- 
toms described  will  call  for  exploration. 

Trciitinent. — Palliative  measures,  purgatives,  rec'al  in- 
fections, etc.,  are  worse  than  useless.  An  early  lajia- 
rotomy  offers  the  only  hope  for  the  sufferer.  When  tliis 
is  performed  early  the  result  is  very  gratifying,  but  delay 
is  dangerous.  The  mesentery  should  be  sutured  to  the 
abdominal  wall  to  jirevent  recurrence.  AVhen  the  bowel 
is  gangrenous  (wliich  is  shown  by  its  dark  color  and  the 
ease  with  which  the  peritoneum  is  .separated  from  tlie 
muscularis),  immediate  resection  with  end-to  end  or  lat- 
eral anastomosis,  or  the  formation  of  a  fiecal  fistula,  is  the 
liropcr  surgical  procedure  to  be  adopted  in  a  case  of  this 
nature. 

Imp.\ction. — Fa'cal  imjiactions  are  more  likely  to  occur 
in  tlie  colon  than  in  the  small  intestine,  but  less  frequently 
perhaps  than  in  the  rectum.  The  right  and  left  iliac  fossae 
are  the  most  frequent  sites.     This  condition  develops  in 


patients  who  have  a  tendency  to  constipation,  and  the 
accumulation  occurs  more  or  less  slowly  with  intermittent 
attacks  of  diarrhcea  until  ulceration  or  complete  obstruc- 
tion occurs, 

Si/i»ptiiiits. — Sometimes  the  first  .symptoms  are  diar- 
rho'a  with  tenesmus,  night  sweats,  loss  of  appetite,  flesh, 
and  strength,  following  a  more  or  less  constipated  con- 
dition. In  time  constipation  will  take  the  place  of  the 
diarrlia\a  and  there  will  be  evidence  of  obstruction  asso- 
ciated with  pain,  slight  tenderness,  and  distention.  Ex- 
amination will  reveal  a  tumor  which  is  doughy  to  the 
feel,  which  can  be  indented,  and  which  varies  in  "size  and 
shape. 

Treatment. — ^Large  enemata  of  salines,  oil,  soapsuds, 
etc..  in  Hegar's  knee-chest  position,  with  gentle  kneading 
of  the  abdomen,  will  usually  afford  relief.  If  these  means 
fail,  the  surgeon  shoidd  resort  to  a  laparotomy,  which  will 
render  it  possible  to  break  up  the  mass  by  gentle  manipu- 
lation of  the  intestine.  Recurrence  can  be  prevented  by 
the  administration  of  s\ich  remedies  as  belladonna,  nux 
vomica,  aloes,  and  cascara  sagrada  to  tone  up  the  intestine. 
Daily  massiigc  of  the  abdomen  and  proper  diet  are  of 
marked  benefit.  When  the  mass  is  very  large  and  dan- 
ger of  rupture  of  an  ulcerated  colon  is  present,  a  colotomy 
is  justifiable. 

TiMoHs. — Benigu  tumors  rarely  develop  in  the  colon. 
Papillomata.  adenomata,  and  fibromata  sometimes  form 
])eduncu]ated  tumors  tliat  jiroject  into  the  intestine  and 
thus  may  give  lise  to  intussusception  by  exciting  efforts 
of  expulsion.  They  may  also  grow  to  sufficient  size  to 
produce  obstruction.  As  a  nde  these  growthsare  single, 
but  occasionally  they  are  multiple.  Lipomata  sometimes 
appear  as  pedunculated  growths  upon  the  peritoneal 
surface  of  the  intestine,  where  they  have  as  a  rule  little 
patliological  imi)ortance.  These  tumors  also  develo])  in 
the  submucous  tissue,  extend  into  the  intestine,  and  may 
even  completely  occlude  the  canal.  Hofmokl  '  reports  a 
case  of  this  kind  in  which  the  tumor  obstructed  the  lumen 
of  the  intestine  for  a  distance  of  .several  inches  and  caused 
invagination  of  the  colon.  Annidar  lienign  growthsare 
sonietimes  seen  springing  from  the  middle  coat  of  tlie  in- 
testine: these  are,  as  a  rule,  fibromyoniata  Benign 
growths  inily  demand  attention  when  they  cause  intus- 
susceiition  or  ol)struetion.  Sarcoma  attacks  the  colon 
very  rarely  indeed,  even  less  fieiiueiitly  than  it  does  the 
small  intestine.  Sarcomatous  growths  springing  from 
adjacent  organs  may  involve  the  colon  and  in  the  course 
of  their  growth  produce  obstruction.  Clinically  it  is 
impossible  to  differentiate  between  sjircoma  and  carci- 
noma of  this  structure.  Sarcoma  possesses  no  tendency 
to  spread  through  the  lymphatic-sand  maybe  expected 
to  occur  earlier  in  life  than  carcinoma.  The  final  results 
are  very  similar  in  either  instance.  Owing  to  the  amount 
of  involvement  wliich  takes  place  before  these  tumors 
are  recognized,  removal  rarely  proves  of  benefit  and  an 
early  recurrence  is  to  be  expecteil.  Therefore  entero- 
colostomy,  or  as  it  is  sometimes  called,  short-circuiting 
of  the  intestine,  will  be  the  operation  that  offers  the  most 
to  these  patients.  By  this  procedure  the  irritation  of  the 
faeces  anil  the  tendency  to  obstruction  can  be  relieved. 
Seun  has  proven  that  a  segment  of  intestine  Isolated  in 
this  way  is  able  to  rid  itself  of  its  secretions  and  of  fieces 
which  may  enter  it  accidentally. 

C.MtcixoM.v. — The  large  intestine  is  somewhat  fre- 
quently attacked  by  this  variety  of  neophism ;  about 
seven  per  cent,  of  all  cancers  have  their  origin  in  this 
organ.  According  to  Sutton,  ninety-eight  out  of  every 
one  hundred  intestinal  cancers  have  their  origin  in  the 
large  bowel  and  about  seventy-five  of  these  involve  the 
rectum,  ten  the  sigmoid  flexure,  and  thirteen  the  ca'cum 
and  remainder  of  the  colon.  According  to  Lcube.  four- 
fifths  of  all  cancers  of  the  large  intestine  occur  in  the 
rectum  and  one-fifth  in  the  colon  and  sigmoid.  These 
growths  spring  from  the  mucous  surface  and  from  the 
glands  of  that  structure  and  infiltrate,  as  they  grow, 
into  the  deeper  tissues  of  the  intestinal  wall.  The  his- 
tological structure  resembles  more  or  less  closely  that  of 
the  benign  adenomata,  yet  this  variety  of  new  growth, 


201: 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Colon. 
Colon. 


shows  a  srrcat  tendciify  to  infiltrate  surrouixlin;;  tissue. 
These  tiiinurs  may  imijeel  into  ihe  liiiiirii  of  the  iiitisliiic 
or  spread  ihiounii  the  suhinueiiii.s  tissue  uutil  the  entire 
circumference  of  llie  bowel  is  involved.  In  time  ulcera- 
tion occurs,  aud  with  it  the  contraction  of  the  newly 
formed  tissue  until  the  canal  is  partially  or  completely 
occluded.  Secondary  involvement  of  the  intestine  by 
extension  from  carcinomata  of  neighboring  organs  not 
infrequently  occvirs,  and  as  a  rule  such  cases  are  inoper- 
able owing  to  tlie  w  ide  dissemination  of  the  di.sease.  Can- 
cer of  the  large  intestine  may  exist  for  sonu'  time  witli- 
out  giving  ri.se  to  any  distinct  symptoms  indicative  of 
its  presence.  During  this  time  some  irregularity  of  the 
bowels  may  be  present,  but  as  a  rule  not  of  suHicient 
moment  to  demand  attention.  After  a  time  there  may 
be  noted  a  sense  of  uneasiness  or  discomfort  in  the  abdo- 
men, and  this  is  soon  followed  liy  more  or  le.ss  constant 
pain  and  tenderness.  This  pain  is  at  times  colicky  in  cliar- 
aclor.  Loss  of  llesh  aud  strength  greatly  out  of  propor- 
tion to  the  discomfort  of  the  patient  aecom]ianies  the 
foregoing  symptoms.  The  appetite  and  digestion  are  at 
lirsl  unimpaired,  but  cachexia  soon  develops.  When 
ulceration  begins  blood-stained  uuuus,  shreds  of  broken- 
down  tissue,  and  some  pus  are  passed  with  the  fieces. 
As  the  ulceration  progresses  diarrhaw  and  jiain  become 
constant  and  severe,  and  the  slight  septic  intoxication 
which  results  causes  loss  of  appetite  and  ana'mia.  Con- 
stipation becomes  more  and  more  maiked  until  coni]>lete 
obstruction  develops  as  the  result  of  stricture.  Intestinal 
obstruction  may  be  the  first  symptom  to  appear.  Ulcera 
tion  often  occurs  above  the  stricture,  and  a  number  of 
fistula;  may  form  between  the  two  porti<ins  of  the  intes- 
tine or  between  the  proximal  portion  and  the  surface. 
Tlie  sunountling  parts  liecome  involved  finally  and  a 
peritonitis  with  ascites  develo|is.  Examination  at  this 
tinu'  will  re\eal  the  presence  of  a  nodular  tumor  unless 
it  is  masked  liv  the  ascites.  The  positive  (/('/'.'//i'W/.s  of 
carcinoma  of  that  portion  of  the  intestine  whicli  is  beyond 
reach  of  the  finger  and  rectal  examination  can  usually  be 
made  only  l)y  an  exploratory  incision  through  the  ab- 
dominal wall.  Rapid  emaciation  and  the  history  of  ir- 
regularity of  the  bowels,  uneasiness  and  pain  in  the  ab- 
domen, with  a  gradually  increasing  costiveuess,  will  point 
strongly  to  cancer  of  the  intestine. 

Priifjiiiixix. — This  is.  as  a  rule,  a  fatal  affection.  The 
only  chance  offered  for  the  patient  is  by  an  early  and 
complete  extirpation  of  the  disease.  In  cases  in  which 
this  is  impossible  and  in  which  symptoms  of  obstruction  or 
marked  ulceration  arc  present,  either  colostomy  or  lateral 
anastomosis  will  give  temporary  relief  and  perhaps  ex- 
tend the  life  of  the  patient.  Colostomy  is  to  be  per- 
formed when  the  growth  is  in  the  lower  portion  of  the 
intestine.  Lateral  anastomosis  is  indicated  when  tlie 
growth  is  situated  high  in  the  colon  and  extirpation  is  not 
feasible. 

Oper.\tioxs  upon  the  Colon. 

Colotomi/. — This  term  has  for  centuries  been  used  to 
designate  the  formation  of  an  artificial  anus,  but  recent 
writers  have  limited  its  meaning  to  incision  of  the  colon 
forthepurpo.se  of  making  a  temporary  opening;  wliile 
the  term  colostomy  is  applied  to  the  establishment,  by 
operative  measures,  of  a  permanent  opening  into  the 
colon.  Therefore  we  shall  in  this  connection  make  a 
distinction  in  accordance  with  the  literal  meaning  of  the 
terms.  Colotomy  is  indicated  for  the  removal  of  forei,gn 
bodies  lodged  in  tliis  part  of  the  intestine,  for  the  relief 
of  f;ecal  impactions  which  cannot  be  otherwi.se  removed, 
for  the  establishment  of  a  temporary  opening  in  a  case  of 
imperforate  anus,  or  in  one  of  \dceralion  of  the  rectuiu 
or  lower  part  of  the  colon.  The  incision  should  lie  made 
over  the  swelling  in  the  first  two  instances,  or  in  the  me- 
dian line  if  the  diagnosis  is  not  made.  When  theoperati(m 
is  made  for  imperforate  anus,  the  left  inguinal  region  is 
best,  as  it  also  is  for  colostomy.  When  I  lie  intestine,  which 
may  be  recognized  by  the  longitudinal  bands  and  fatly 
apiiemlages,  has  been  pulled  into  the  wound,  the  diagnosis 


should  lie  confirmed  before  proceeding  with  the  operation. 
The  periliMieum  slidiild  be  pmlecled  with  gauze  and  an  in- 
cision made  Icingiludinally  through  Ihe  wall  nf  Ihe  intes- 
tine. The  foreign  bcjily  or  f.ecal  concretion  shoulil  then 
be  extracted  and  the  pari  thoroughly  Hushed  with  saline 
solution.  Closure  of  the  intestinal  wound  is  then  accom- 
plished by  interrupted  Lembert  sutures  of  fine  silk  or  of 
strong  catgut.  The  needle  should  penetrate  the  sub- 
muco.sa  which  holds  the  slilih  in  ]ilace.  It  will  usually 
be  advisable  losupiilc-ment  with  a  second  row  of  sutures. 
When  one  is  satisfied  I  hat  approximation  is  ]ierfeel,  the 
colon  should  again  be  (lushed  and  dropped  into  the  ab- 
dominal cavity.  The  abdominal  wall  is  closed  in  the  usual 
manner  without  drainage.  When  the  operation  is  per- 
formed fnr  imperforate  anus  and  for  painful  ulceration 
and  inllammalion  of  the  rectum,  tlie  intestine  should  be 
brought  (iidy  ]iartially  out  of  the  wound  and  fixed  with 
angulation  so  thai  excision  will  not  be  necessary  when  a 
cure  of  the  fistula  is  indicated. 

Arlificidl  Aitini  or  ('o/nstiwii/ in  the  operation  of  form- 
ing a  more  or  less  permanent  opening  fnim  the  colon  to 
the  surface.     The  indications  for  colostomy  are: 

1.  Obstruction  of  the  intestine  below,  (a)  From  inop- 
erable tumor;  (/<)  from  stricture  of  the  rectum  or  colon. 

2.  Congenital  malformalion  of  the  rectum  and  anus. 

3.  To  relieve  the  pain  and  irritation  of  intraciable 
ulceration  of  the  rectum,  either  simiile,  syphilitic,  tuber- 
culous, or  cancerous,  aud  to  prevent  the  fa'ces  pas,sing 
over  the  diseased  area. 

4.  To  relieve  incurable  rectovesical  fistula. 

Iliac  C(/?'/.v^;/«// was  first  proposed  by  Littre  in  1710  and 
frequently  is  known  as  Liltre's  operation,  although  it 
was  not  )ierfornied  until  ITTfi  by  Pillore.  It  was  em- 
ployed at  intervals  after  this  time,  but  with  a  mortalityso 
high  that  it  was  abandoned  in  favor  of  lumbar  colostomy, 
proposed  by  Callisen  in  1T96  aud  successfully  performed 
by  Amus.s;it  in  1S39.  According  to  tlie  statistics  of  Dr. 
Batt,  the  mortality  of  the  lunitiar  method  was  31  per 
cent,  and  of  the  iliac  .53  per  cent.  .Mr.  Cripps  performed 
14  lumbar  and  27  inguinal  colostomies  with  one  death. 
With  the  perfection  of  surgical  teclinique.  the  objections 
to  the  inguinal  method  have  disappeared,  so  that  at  the 
present  time  lumbar  colostomy  is  rarely  performed.  In- 
guinal colostomy  places  the  artificial  anus  in  a  positron 
where  the  patient  can  iiroperly  care  for  it  with  ease. 
The  colon  is  more  readily  accessible  by  this  route  than 
through  the  loin,  aud  the  operation  is  equally  safe.  The 
fa'cal  How  can  scarcely  be  entirely  cut  off  from  the  lower 
part  of  the  iutestine  in  the  lumbar  ojieration,  thus  failing 
to  meet  an  important  indication,  and  when  a  long  meso- 
colon is  ))resent  tlie  lumbar  route  is  useless.  Objections 
have  been  urged  to  the  establishment  of  aficcal  fistula  in 
an)'  case,  but  patients  can  pass  a  very  comfortable  exist- 
ence for  a  number  of  years  after  its  formation.  Those 
patients  are  most  comfortable  who  havemeansand  leisure 
to  take  care  of  themselves,  bet  even  the  working  class 
can  follow  their  usual  vocations  witli  couijiarative  com- 
fort. Some  operators  recommend  excision  of  the  rectum, 
as  the  operation  of  choice,  but  the  majorit.y  of  the  pro- 
fession prefer  colostomy.  When  the  obstruction  lies 
higher  in  tlie  colon,  the  opening  can  be  made  in  the 
transverse  portion  or  in  the  caecum,  but  the  usual  site  is 
in  the  left  iliac  fossa.  An  incision  about  three  inches  in 
length  should  be  made  parallel  to  Poupart's  ligament  and 
about  one  inch  and  a  half  internal  to  the  anterior  superior 
spine  of  the  ilium.  This  incision  at  its  middle  should 
cross  an  imaginary  line  drawn  from  the  anterior  superior 
spine  to  the  umbilicus.  If  each  layer  of  muscular  fibres 
is  separated  by  blunt  dissection  and  the  retractor  used  to 
keep  the  wound  open,  considerable  control  over  the  orifice 
can  be  obtained  for  the  patient  after  repair  has  occurred. 
The  finger  introduced  into  the  wound  and  carried  deeply 
outward  toward  the  anterior  spine  will  catch  aud  bring 
the  colon  into  the  wound  where  it  can  readily  be  recog- 
nized. The  intestine  should  be  pulled  down  until  the 
mesocolon  is  on  the  stretch  to  prevent  [irolapse  through 
the  artificial  opening.  The  whole  thickness  of  tlie  gill 
should  be  brought  out  of  the  wound  to  make  a  strong 


205 


Colon. 
Colopliony. 


REFERENCE  HAJfDBOOK  OP  THE  >IEDICAL  SCIENCES. 


flexure,  and  it  should  be  held  there  by  a  glass  rod.  through 
the  meso-colon  as  advised  by  Maydl,  or  by  a  silkworm- 
gut  suture  as  advised  by  Kelsey. 

The  skin,  the  peritoneum  of  the  parietes,  and  the  wall 
of  the  intestine  should  be  united  by  eight  or  ten  sutures 
of  catgut  or  silk,  thus  closing  the  peritoneal  cavity  from 
chance  of  infection  when  the  intestine  is  opened.  Before 
these  sutures  are  inserted,  one  or  two  silkworm-gut 
stitches  should  be  passed  through  skin,  muscles,  and  fas- 
cia at  the  upper  and  lower  angles  of  the  incision  to  bring 
the  tissues  snugl_v  about  the  bowel.  The  wound  can  be 
hermetically  sealed  by  a  thin  layer  of  sterilized  cotton 
and  collodion,  leaving  the  intestine  exposed  for  immediate 
opening  if  desired.  When  the  wall  of  the  intestine  is 
pared  away  some  hemorrhage  may  require  attention.  In 
cases  in  which  the  symptoms  of  obstruction  are  not  urgent 
it  is  quite  proper  to  wait  three  or  four  days  before  incis- 
ing the  intestine,  as  the  mortality  heretofore  has  been 
greatly  decreased  by  such  delay.  General  anaesthesia  is 
usually  unnecessary  for  opening  the  intestine  after  such 
postponement. 

Lumbar  Coloshimi/. — This,  often  known  as  Amussat's 
operation,  can  be  more  readily  performed  if  the  colon  is 
distended  as  in  stricture  with  obstruction.  Under  anses- 
thesia  the  patient  should  be  placed  on  his  right  side  upon 
a  tirm  pillow  to  arch  the  left  loin  as  much  as  possible. 
A  perpendicular  line  drawn  from  the  middle  of  the  crest 
of  the  ilium,  or,  according  to  Allinghara,  from  a  point  a 
half  inch  behind  the  middle,  will  mark  the  situation  of 
the  colon.  An  incision  four  inches  long  should  be  made 
parallel  to  the  last  rib  and  half-w.iy  between  it  and  the 
crest  of  the  ilium  wit  hits  centre  in  the  line  just  mentioned. 
The  muscular  tissue  and  fascia  for  the  whole  length  of 
I  lie  wound  must  be  carefully  divided  until  the  transversa 
lis  fascia  and  the  edge  of  the  quadratus  lumborum  are  ex- 
posed. When  this  fascia  is  cut  througli,  the  colon  will 
present  itself.  Unless  it  is  collapsed  it  can  easily  be  recog- 
nized by  its  color,  by  the  thickness  of  its  walls,  and  by 
the  scybalous  masses  which  it  usually  contains.  Care 
should  be  exercised  to  avoid  opening  the  peritoneum. 
The  colon  should  be  drawn  into  the  wound  and  sut- 
ured to  each  margin.  The  wound  should  be  closed 
with  silkworm  gut,  an  opening  being  left  at  one  point 
for  drainage;  and  when  obstructive  symptoms  are  not 
lugeut  several  days  may  elapse  before  the  intestine  is 
opened. 

Colectomy. — Excision  of  part  of  the  colon  has  been 
performed  with  considerable  freciuency  during  the  past 
ten  years.  The  ileo-ca>cal  coil  appears  from  the  reported 
cases  to  be  the  part  most  often  removed  (ileo-colectomj'). 
Magill  in  1894'  collected  one  hundred  and  four  cases  of 
resection  of  this  portion  of  the  bowel,  with  a  mortality 
of  thirty  per  cent.  The  first  resection  of  the  ileo-caecal 
fold  was  perfonned  by  Krausshold,  1879,  with  a  fatal  re- 
sult, JIaydl,  in  1882,  operated  successfully.  Since  that 
time  the  operation  has  become  a  recognized  surgical  pro- 
cedure. The  following  conditions  may  demand  resection 
of  the  colon:  1.  malignant  disease  (carcinoma  and  sar- 
coma>;  2.  tuberculosis;  3,  invagination,  acute  and  chronic; 
4,  fa?cal  fistula;  5,  gangrene  from  volvulus  or  bands;  6, 
gangrene  from  hernia;  7.  wounds  with  considerable  loss 
of  substance;  8,  inflammatory  strictures;  9,  irreducible 
caecum  in  hernia,' 

The  feasibility  of  resection  can  be  determined  only 
after  exploration  and  inspection  of  the  diseased  intestine. 
The  most  frequent  indication  for  the  operation  will  be  a 
removable  malignant  growth;  the  other  conditions  men- 
tioned are  also  frequently  best  treated  by  colectomy. 
The  larger  number  of  fatalities  appear  to  be  due  to  faulty 
technique,  and  improvement  along  this  line  will  materially 
lessen  the  death  rate.  The  mortality  differs  materialh'  in 
the  different  conditions  that  call  for  the  operation,  being 
16,6  per  cent,  in  tuberculous  disease  and  as  high  as  40  per 
cent,  in  invagination.  Cancerous  cases  show  a  mortality 
of  33|-  per  cent.  This  appears  to  show  that  the  peritoneum 
will  prove  more  resistant  to  infection  in  tuberculous  cases 
than  in  any  others,  and  can  then  be  handled  with  a  greater 
degree  of  safety. 


The  preparation  of  the  patient  should  be  the  same  as 
that  carried  out  for  any  abdominal  operation  and  should 
receive  the  most  careful  attention.  In  cases  of  obstruc- 
tion purgatives  cannot  be  used,  but  in  other  instances  the 
canal  should  be  thoroughU*  emptied  of  its  contents.  The 
line  of  incision  will  depend  upon  the  part  of  the  colon 
involved.  Any  portion  can  be  reached  by  a  median  in- 
cision, but  the  operations  upon  the  c;i?cum  or  sigmoid 
flexure  will  prove  very  difficult  through  such  an  inci- 
sion. One  case  is  recorded  in  which  an  incision  from  the 
ensiform  to  the  pubes  was  found  necessary  in  order 
to  complete  the  operation.  For  the  two  regions  men- 
tioned an  incision  in  the  respective  iliac  region  four 
inches  long,  parallel  with  and  about  one  inch  and  a  half 
internal  to  Poupart's  ligament,  with  its  centre  on  a  leval 
with  the  iliac  spine,  will  prove  satisfactory.  This  can  be 
extended  directly  upward  if  desired  after  digital  explora- 
tion of  the  region.  All  bleeding  from  the  wound  should  be 
arrested  before  the  peritoneum  is  opened.  The  diseased 
portion  of  the  intestine  should  be  well  isolated  by  gauze 
pads  to  prevent  contamination  of  the  peritoneal  cavity. 
The  mcscntcrj'  of  the  segment  to  be  removed  should  be 
tied  off  in  sections  or  clamjied  and  ligatured  after  the 
bowel  is  removed.  The  first  is  perhaps  the  better  method. 
These  ligatures  should  be  of  strong  catgut  and  the  in- 
cluded mesentery  shovikl  not  extend  beyon<l  the  point  at 
which  the  intestine  is  to  be  divided.  The  bowel  above 
and  below  the  portion  to  be  removed  is  emptied  as  nearly 
as  possible  of  its  contents  and  held  firmly  closed  by  tlie 
fingers  of  an  assistant,  l)y  rubber-covered  clamps,  or  by 
gauze  tapes.  In  conipete'nt  bauds  the  first  plan  is  the 
best,  as  there  is  less  danger  from  pressure  exerted  in  this 
manner.  The  intestine  is  then  divided  by  sharp  scissors 
and  dissected  carefvdly  away  from  the  surroimding  parts. 
Watch  must  be  kept  for  the  ureter,  which  may  be 
wounded  in  resection  of  either  end  of  the  colon.  The 
continuity  of  the  intestine  can  then  be  restored  (1)  by 
end-to-end  sutures,  (2)  by  lateral  anastomosis  accom- 
plished by  means  of  absorbable  plates,  (3)  by  lateral  or 
endto-end  anastomosis  with  the  aid  of  ilurphy's  but- 
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tons.  (4)  by  lateral  implantation  in  ileo  colectomy,  or 
(■5)  by  lateral  anastomosis  with  the  aid  of  clamps  of  H. 
H.  Grant  or  La  Place,  In  cases  in  which  the  patient's 
condition  will  not  permit  the  completion  of  any  of  these 
steps  a  fa'cal  fistula  can  be  formed.  It  should  be  remem- 
bered, however,  that  this  entjiils  the  danger  of  a  later 
operation  and  therefore  should  be  avoided  if  possible. 
The  end  to-end  suture  may  be  accomplished  by  the 
method  of  Czerny-Lembert  (modified  by  WoelfflerV  which 
calls  for  two  rows  of  sutures,  the  first  penetrating  the 
mucous  and  muscular  coats,  but  not  the  serous.  Avoid 
infection  of  the  peritoneum,  which  is  inverted  by  the 
second  row  of  sutures  inserted  after  the  method  of  Lem- 
bert.  The  following  method  is  more  often  employed; 
The  cut  ends  of  the  intestine  are  held  together  by  an  as- 
sistant while  four  or  six  interr\ipted  Lembert  sutures  are 
inserted  at  intervals  around  the  bowel  to  approximate  the 
segments.  These  sutures  should  insert  less  than  one- 
eighth  of  an  inch  of  the  open  wall  of  the  intestine,  thus 
bringing  the  serous  surfaces  into  apposition.  Another 
row  of  Lembert  sutures,  interrupted  or  continued,  should 
be  applied  over  the  approximation  sutures  to  render  tlie 
closure  efficient.  The  greatest  difficulty  in  preventing 
leakage  will  be  experienced  at  the  mesenteric  border; 
therefore  especial  care  must  be  given  to  suturing  at  that 
point.    Too  great  inversion  of  the  cut  edges  may  jiroduce 


206 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Colon. 
Colophony. 


obstruction  when  repair  is  accomplished.  Tlie  operator 
should  be  perfectly  sure  that  the  walls  of  tlie  iutestine 
are  impervious  and"  that  its  lumen  has  been  restored  be- 
fore he  completes  the  other  steps  of  the  operation.  This 
can  be  determined  by  forcing  the  contents  from  above 
through  the  |ioint  of  anastomosis,  while  the  inlestine  is 
occluded  below  by  pressure  of  the  hand.  The  exposed 
parts  should  be  tliorouj^hly  Hushed,  the  redundant  mesen- 
tery folded  and  sutured  in  such  a  manner  that  it  cannot 
possibly  produce  stranjridation,  and  the  intestine  dropped 
into  the  abdomen.  When  the  suturing  is  perfect  there 
need  be  no  fear  of  extravasation,  and  gau/c  wicks  are 
therefore  unneeesstiry  and  often  productive  of  harm. 
The  omentum  is  drawn  down  in  front  of  the  intestines 
and  the  abdomen  closed  without  any  provision  being 
made  for  drainage.  It  lias  been  claimed  that  anastomo- 
sis by  suturingreither  end-to-en<i  or  laterally,  requires 
considerably  more  time  than  when  absorbable  plates  or 
buttons  are  employed,  that  leakage  is  more  likely,  and 
therefore  that  it  is  not  as  useful  as  one  of  the  latter  meth- 
ods. The  same  amount  of  preparation  for  this  operation 
in  the  deail-house  or  upon  animals  will  make  an  operator 
about  equally  expert  in  the  use  of  either  plan.  Leakage 
is  no  more  likely  from  direct  suturing  than  when  some 
appliance  is  used,  and  perhaps  less  so,  owing  to  the  slough- 
ing which  sometimes  follows  the  use  of  either  the  but- 
ton or  the  absorbable  plate.  The  Murphy  button  will 
undoubtedly  prove  the  most  rapid  method  for  anasto- 
mosis, and  "in  the  colon  will  cause  little  inconvenience 
from  its  presence  as  a  foreign  body.  The  different  forms 
of  clamps  jiroposed  for  anastomosis  reijuire  more  skill  in 
manipulation  than  the  other  methods,  Siive  nothing  in 
time,  and  will  .scarcely  be  generally  adopted.  The 
Murphy  button  is  the  best  of  the  mechanical  aids  to  in- 
testinal suturing,  and  is  equally  suitable  for  end-to-end 
or  lateral  anastomosis.  One  section  of  the  button  is  held 
in  the  open  intestine  by  a  running  stitch,  known  as  a 
ptirse-string  suture,  which  is  piilled  tightly  around  the 
button  as  it  is  tied.  The  sections  of  the  button  are  then 
pushed  together  and  locked.  A  few  stitches  can  be  in- 
serted to  reinforce  the  line  of  coaptation.  The  mesentery 
should  be  cared  for  as  in  the  direct  suture  and  the  opera- 
tion completed  in  the  Siime  way. 

Later.\l  Ax.\stomosis  by  Pl.\tes. — The  open  ends 
of  the  intestine  should  be  closed  by  two  layers  of  tine 
silk  sutures  passing  deeply  enough  to  catch  the  sub- 
mucos;\.  then  an  incision  is  made  in  each  bowel  opposite 
its  mesentery  about  one  inch  and  a  half  from  the  closed 
end  and  long  enough  to  admit  the  narrow  diameter 
of  the  absorbable  plate.  The  plates  proposed  by  Senn 
are  made  of  compact  tissue  of  a  large  beef  bone  which 
has  been  decalcified  by  immersion  in  ten-percent,  solu- 
tion of  hydrochloiicacid.  Oval  plates,  7  cm.  long,  3  cm. 
wide,  anil  .5  mm.  thick,  are  then  cut  out  of  the  bone.  An 
elliptical  opening  is  made  in  the  centre  of  the  plate  3  cm. 
long  and  T..5  mm.  wide.  At  each  end  and  at  the  middle 
of  each  side  a  hole  is  ]iunched  in  the  bone  near  the  mar- 
gin of  the  opening.  Through  these  holes  double  threads 
are  carried,  leaving  a  needle  at  each  lateral  hole  and  a 
knotted  thread  at  each  end.  When  the  plates  are  placed 
longitudinally  in  the  intestine  the  needles  penetrate  its 
wall  and  the  corresponding  threads  are  tied  snugly  to 
those  of  the  opposite  plate.  In  this  way  the  two  intes- 
tines are  approximated.  A  continuous  Lembert  suture 
completes  the  anastomosis.  The  only  objection  to  this 
method  is  the  danger  of  infection  through  the  stitch 
wounds  in  the  intestinal  wall.  Von  Baracz"  vegetable 
plates  are  cut  of  the  same  size  and  shape  as  Senn's  bone 
plates  and  the  operation  is  performed  in  the  same  manner. 
Many  other  mechanical  appliances  have  been  proposed, 
but  the  ones  mentioned  are  the  best. 

L.\TER-\L  Impi..\nt.\tion"  is  the  method  of  suturing  the 
cut  end  of  the  small  bowel  into  an  inci-sion  in  the  colon. 
The  incision  in  the  colon  is  made  longitudinally  and  is 
not  quite  so  long  as  the  diameter  of  the  ileum.  The  end 
of  the  ileum  is  fastened  into  the  side  of  the  colon  by  four 
sutures,  one  at  each  end  of  the  longitudinal  incision  and 
one  at  either  side.     As  each  knot  is  tied  the  suture  is  car- 


ried inside  the  colon  and  is  left  long  enough  to  draw  the 
line  of  suture  out  at  the  open  extremity.  The  suturing 
is  then  completed  inside  the  gut.  After  replacement, 
the  serous  surfaces  are  sutured  together  outside  thi-  in- 
testine for  reinforcement.  The  end  of  the  coh)n  is  then 
closed  by  interrupted  licmbcrt  sutures. 

After  excision  of  the  intestine  the  patient  should  have 
no  .solid  food  for  about  four  days.  The  diet  should  con- 
sist of  liquid  easily  a.ssinulable  food.  On  the  third  day  a 
laxative  can  be  administered,  and,  after  the  bowels  move, 
feeding  can  be  commenced.  /.  Oaiiand  Sherrill. 
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COLONIAL  SPRINGS.— Suffolk  County,  New  York. 

Post-Okkice. — West  Deer  Park.  Hotel  (Colonial 
House!  new. 

Access. — ViS  Long  Island  Railroad,  34  miles  east  of 
New  York. 

The.se  springs  are  situated  near  the  base  of  a  bluff  that 
stands  about  one  hundred  feet  al)ove  the  great  plain  of 
Long  Island,  the  water  rising  up  through  a  large  deposit 
of  clay  in  which  are  found  considerable  quantities  of  iron 
and  other  minerals.  The  location  is  about  two  hundred 
feet  above  the  sea  level  and  near  the  middle  of  the  i^land, 
being  .5  miles  from  Babjlon,  on  the  (jreal  South  Bay, 
and  7  miles  from  Huntington,  on  the  Sound.  It  is 
said  that  the  atmospheric  temperature  during  the  winter 
months  will  average  four  degrees  warmer  than  at  Lake- 
wood,  N.  .J.  There  are  two  springs  in  use,  known  as  the 
"Colonial"  and  the  "Mo-Mo-ne"  Spring.  The  former 
has  been  known  and  used  for  many  j'cars  by  people  in 
the  vicinity  suffering  from  kidney  troubles.  While  ex- 
cavating to  make  a  reservoir  for  the  "  JIo-Mo-ne"  several 
years  since,  four  Indian  wells  were  discovered  two  or 
"three  feet  below  the  present  surface.  These  were  made 
from  the  trunks  of  the  swamp  aspen,  or  poplar — a  tree 
of  the  Southern  States.  The  trunks  had  been  burnt  out 
in  the  centre  with  hot  stones,  in  the  same  way  that  the 
Indians  employed  in  constructing  their  canoes.  The 
smallest  of  the  wells  was  left  in  position,  while  the  others 
are  on  exhibition  at  the  Colonial  House.  This  discovery 
seems  to  prove  beyond  a  doubt  that  the  waters  here  were 
known  to  and  used  by  the  aborigines  before  the  advent 
of  Europeans. 

The  waters  of  the  two  springs  were  analj'zed  in  189-t 
by  Profes.sors  Chandler  and  Pellew,  of  Columbia  College, 
New  York: 

O.NE  L'.MTED  States  Gallo.n  Co.ntai.vs  : 

Colonial      Mo-Mo-ne 
Solids.  Sprine,         Spring, 

Grains.         Grains. 

Potassium  sulphate 0.19  0.12 

Potassium  chloride 43  .06 

Sodium  chloride 80  .48 

Sodium  carl)onate .06 

Calcium  carlmnate 36  .09 

Magnesium  carbonate 17  .13 

Oxide  of  iron  and  aluminum 02  Xti 

Silica 44  .47 

Organic  and  volatile  matter 09  .19 

Total 2..T0  1.63 

These  waters  are  very  pure,  the  analysis  showing  hut 
a  minute  proportion  of  organic  matter.  They  are  well 
qualified  for  domestic  use.  "  The  Colonial  Spring  is  similar 
to  the  Poland  Spring  of  Maine.  The  water  has  a  mild 
diuretic  and  tonic  action.  It  has  been  found  u.seful  in 
kidnev  and  bladder  troubles,  and  may  be  taken  in  large 
quantities.  James  K.  Crook. 

COLOPHONY      Seei?o«X 
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COLOR  PERCEPTION,  NORMAL  AND  SUBNOR- 
MAL.*— Normal  Coluk  Perception. — Wlion  tlie  most 
exteuded  nomenclature  for  color  and  the  richest  liuman 
color  sense  are  compared  with  the  almost  incalculable 
numbers  of  ethereal  vibrations  that  are  representative  of 
separate  and  special  color  impulses,  it  will  be  realized 
that  every  human  subject  has  a  limited  power  of  receiv- 
ing and  interpreting  color  impressions. 

The  vast  extent  of  color  power  possessed  by  some  na- 
tions, the  wide  range  of  the  so  called  Radde's  color  scale, 
so  much  used 'at  the  present  time  for  commercial  pur- 
poses, and  the  wonderful  ability  of  the  world -renowned 
Chevrcul,  all  sink  into  insignificance  when  they  are 
thought  of  in  connection  with  what  might  be  visible 
were  the  human  organs  of  vision  better  developed  and 
able  to  function  to  greater  degrees. 

Tlie  merest  difference  of  number  of  vibratory  move- 
ments— a  single  difference — makes  a  change  in  color,  and 
each  color  change  gives  a  different  degree  of  sensory  im- 
pulse. It  is  not  the  artificial  mental  division  of  the  solar 
color  spectrum,  for  example,  into  the  well-known  seven 
integral  parts  (violet,  indigo,  blue,  green,  yellow,  orange, 
red)  that  should  be  considered.  It  is  not  the  unscientific 
and  oftentimes  nonsensical  anatomical  construction  of  a 
color-perceiving  apparatus  into  adapted  component  por- 
tions that  is  obligatory.  Coarse  specialization  of  receiv- 
ing tip.  transmitting  fibre,  and  discharging  molecule  is 
unnecessary.  Supposed  peculiarities  of  phj'siological 
action,  brought  forward  in  order  to  explain  well-known 
visual  phenomena,  arc  useless.  For  example,  chemical 
chromatic  anil  achromatic  actions  (Wundt) ;  differences 
of  excitation  of  the  retinal  rods  and  cones  (Lederer); 
localized  vibratory  actions  in  the  macular  region  (Salom) ; 
vibration  movements  of  the  retinal  sheet  (Delbouef); 
movable  color  moleciiUs  in  the  cerebral  color  centres 
(Krenchel):  paired  anachromatic  and  katachromatic  cones 
(Preyer);  and  the  better  known  three-fibre  and  triple- 
molecule  theories  claimed  to  be  outgrowths  of  Wiinsch's 
hypothesis  (Young-Helmholtz.  Maxwell.  Raehlmann.  and 
ifelmholtz).  as  well  as  the  most  remarkable  supposed 
dissimilative  and  assimilative  powers  of  paired  sensa- 
tions, said  to  have  found  birth  in  Schopenhauer's  theory 
of  color  vision  (Hcring),  constituting  the  most  important 
hypotheses  that  have  been  offered — are  all  fallacious  and 
unscientific.  These  and  their  many  thoughtlessly  ac- 
cepted modifications  are  in  the  main  so  ridiculous  when 
they  are  made  correlatively  to  apply  to  the  other  special 
senses,  that  it  seems  remarkalile,  considering  the  present 
state  of  minute  research,  that  they  arc  allowed  to  remain 
so  frequently  unchallenged  and  unattacked. 

The  fact  is,  that  every  difference  of  color  wave  gives  a 
<lifferent  degree  of  physical  impact,  as  it  were,  upon  the 
one  and  the  same  receiving  tip.  Each  such  tip  receives 
such  an  impression,  and  in  strict  conformance  with  its 
individual  ability  transforms  the  impress  into  an  equiva- 
lent active  energy.  Each  transmitting  fibre  carries  this 
transformed  energy  to  its  anatomical  representative  in  the 
cerebral  cortex,  in  which  situation  it  is  ready  to  be  re- 
ceived and  interjjreted  by  a  series  of  complicated  sen- 
sorial acts. 

The  most  highly  specialized  receiving,  transmitting, 
and  discharging  portions  of  the  color  apparatus  are  those 
that  have  their  peri|ilieral  terminations  situated  in  the 
macular  regions  of  the  eyeball,  at  the  internal  ending  of 
what  is  known  as  the  direct  axis  of  vision.  These,  as 
well  as  the  other  receiving  tips  or  peripheral  terminations 
of  the  sensory  neurones,  arc  bathed  or  dipped,  as  it  were, 
to  different  degrees  in  a  number  of  photo-chemical  sub- 
stances which  during  their  activity  are  being  both  con- 
stantly used  and  renewed.  The  newly  made  energies 
rush  centripetally  along  the  transmitting  portions  of 
their  related  neuronic  tissues  to  their  connected  internal 
prolongations  in  the  occipital  cortex,  and  thus  produce 

*  This  brief  article  Is  a  practical  expression  of  much  individual  ex- 
perimental work  on  the  subje<.-t.  as  well  as  a  compilation  of  the  many 
minor  communications  that  I  have  from  time  to  time  published  in  the 
medical  press.  .V  more  detailed  account  Is  reserved  for  an  extended 
monograph  that  I  am  preparing  tor  early  publication. 


corresponding  changes  in  the  cortical  structures  by  which 
momentary  molecular  mosaics  that  are  the  exact  repi'e 
sentativcs  of  the  component  parts  of  the  peripherally 
placed  retinal  pictures,  are  obtained. 

Each  element  of  the  neuronic  system  has  its  individual 
duty  to  perform,  and  each  portion  of  every  particular 
neurone  does  its  specific  work  ;  so  that,  as  a  finite  result. 
a  composite  expression  of  that  part  of  the  external  world 
which  is  visible  is  placed  in  a  position  for  perception  and 
recognition. 

As  each  particular  sensorj-  neurone  lias  its  relative 
power,  and  as  the  most  highly  developed  ones  are  situated 
directly  in  the  visual  axis,  color  perception  is  found  to 
be  the  best  along  the  line  of  fixation;  red.  for  example, 
being  the  farthest  seen,  followed  by  yellow,  blue,  and 
green.  Sloreover,  as  might  be  expected,  each  sensory 
neurone  accomplishes  its  work  with  a  certain  degree  of 
celerity:  for  instance,  yellow  is  said  to  be  the  most 
quick!}'  seen,  followed  by  blue,  red,  and  green. 

From  this  central  area  of  highest  grade  of  perception 
of  color  difference  and  amount  of  color  saturation,  a  more 
extensive  area  in  which  the  less  and  less  difficult  of  color 
changes  are  successively  lost,  extends  in  all  directions. 
This  field  of  color  vision,  as  it  is  called,  extends  normally 
to  its  greatest  breadth  down  and  out.  The  order  of  the 
field  widths,  as  seen  clinically  for  a  few  of  the  colors  that 
are  the  most  commonly  employed,  are  green,  red,  blue, 
yellow,  and  white. 

As  with  the  individual  sensory  neurones,  so  with  the 
various  composite  series.  There  is  the  greatest  difference 
in  the  color-perception  value  of  different  individuals.  Vis- 
ual apparatuses  are  just  as  unlike  as  are  any  of  the  otlier 
physical  structures.  The  working  power  and  the  result- 
ant physiological  expression  of  the  sensory  acts  are  pe- 
culiar and  idiocratic  fcu"  similar  dc,erees  and  amounts  of 
external  stimuli.  Each  apparatus  holds  its  own  grade  of 
physical  material  and  hence  possesses  its  independent 
value  of  working  force.  This  constitutes  a  true  ex- 
pression of  the  entire  worth  of  the  color  apparatus.  It 
is  the  sum  total  of  its  powers.  It  represents  the  greatest 
capability  of  the  color- perceiving  elements  to  be  acted 
upon. 

Totally  different  fioni  this  is  the  limitation  of  color 
perception  that  is  dependent  upon  deficient  functional 
activity  as  the  result  of  want  of  education  in  color  and 
lack  of  color  training.  Racial  dift'crcnccs.  sexual  pecu- 
liarities, and  constant  association  with  color  differentia- 
tion, all  play  their  effective  roles  in  this  type  of  defect. 
Many  nations  will  possess  finer  color  differentiation  just 
as  long  as  their  inhabitants  continue  to  employ  the  recog- 
nition of  color  as  one  of  their  most  important  means  of 
existence.  'Women,  who  as  a  rule  live  among  color 
changes  more  continuously  than  men.  must  perforce  al- 
most constantly  exceed  the  male  sex  in  their  color  powers; 
while  workers  in  color,  no  matter  of  what  sex  or  nation, 
must  necessarily  acquire  a  much  better  color  sense  than 
those  whose  occupations  do  not  require  the  determina- 
tion of  color  differences.  This  can  be  well  understood 
when  it  is  considered  that  an  educated  musician  is  able 
to  enjoy  musical  sounds  that  are  ignored  and  in  fact  un- 
heard l)y  those  who  have  less  trained  auditory  ap])a- 
ratuses.  In  other  words,  education  and  training  bring 
into  recognized  activity  neuronic  elementsof  color  seeing 
and  sound  hearing  that  usually  remain  dormant  and  un- 
employed. 

Color  perception  may  be  produced  in  several  ways; 
that  is.  the  neuronic  elements  may  be  excited  into  action 
by  stimuli  of  various  types  and  from  different  places. 
The  visual  sensory  neurones,  composed  of  physical  ele- 
ments that  are  adapted  for  the  production  of  visible 
color,  will,  no  matter  in  what  way  excited,  give  visual 
perception  results.  They  are  made  for  this  purpose 
alone.  In  every  such  response  there  is  a  dual  act;  first, 
the  employment  of  sufficient  material  to  produce  the 
visibility  of  the  impinging  color  impulse  or  otherwise 
provoked  stimulus;  and  second,  the  reformation  of  an 
adequate  amount  of  substance  to  allow  the  immediate 
perception  of  a  fresh  impression. 
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Oniinarily,  the  imimlse  is  received  directly  through 
the  iicriphcral  tips  of  the  neurones  in  tlic  nuuuliir  regions 
of  tlie  ocular  retina,  giving  what  is  known  as  direct 
vision.  At  tiie  same  time,  a  whole  .scries  of  surrounding 
impulses  are  acting  upon  the  circununacular  regions  of 
the  same  retinit,  producing  indirect  vision;  tlie  two  com- 
posing what  is  clinically  tcrmeil  fields  of  vision  and  con- 
stit\:ting  the  entire  amount  of  physiological  action  of 
the  commonly  emjiloyed  visual  apparatus, 

Sj'mptomatic  color  expressions  of  inadequacy  in  this 
process,  resulting  from  the  response  of  remaining  neuronic 
energies  after  perception  of  a  primary  impulse  has  taken 
place  and  liefore  any  fresh  material  in  the  sensory  neu- 
rones has  been  obtained,  are  known  as  subjective  after- 
color  perception  (so-called  comjilemcntary  colors,  because 
the  energy  left  is  always  equal  to  the  subjective  com- 
plement of  the  primarily  seen  color).*  These  are  many 
and  most  varied.  For  example,  if  a  small  red  wafer  be 
suiieriniposed  upon  a  sheet  of  white  paper,  and  the  eye 
made  to  gaze  intently  upon  it  for  a  few  seconds'  time, 
the  underlying  white  areas  will,  when  the  wafer  is  sud- 
denly removed,  appear  green  in  tint.  Here  the  sensory 
neurones,  having  been  excited  and  employed  so  as  to  allow 
the  perception  of  a  red  area  in  a  white  field,  have  sud- 
denly exposed  to  them  an  area  (previously  occujiied  b}' 
the  red)  necessitating  a  greater  degree  of  energy  than 
that  which  was  recjuisite  for  the  perception  of  the  red. 
The  neurones  used  for  this  area,  thus  lowered  in  their 
powers  by  i lie  red,  give  answer  to  their  utmost  ability, 
which,  in  this  example,  is  merely  suflicient  to  produce  the 
perception  of  green. 

Again,  among  what  is  known  as  simultaneous  contrast 
colors,  the  answer  is  similar.  Here  the  contiguous  por- 
tions of  the  peripheral  parts  of  the  sensory  neurones  are 
unequally  excited  at  the  same  moment,  giving  rise,  as  the 
conditions  vary,  to  all  manner  of  combinations  of  adjacent 
objective  and  subjective  colorations.  So.  too.  with  tlie 
alternating  subjective  after-colors,  or  "multiple  comple- 
ments" as  they  are  termed,  in  which  alternating  subjec- 
tive perceptions  of  red  and  green,  for  instance,  are  set 
into  activity.  These  are  most  probably  dependent  upon 
momentary  regains  and  discharges  of  neuronic  energies 
that  are  equal  at  the  moment  for  the  perception  of  the 
colors  recognized. 

If  color  perception  be  produced  by  an  irritant  other 
than  color  stimulus,  no  matter  in  what  portion  of  the 
sensory  neurones  it  may  be  situated,  the  result  is  known 
as  subjective  color.  Blows  upon  the  eyeball,  irritjition 
of  the  peripheral  tips  in  the  retina  through  inflammation 
in  the  contiguous  tissues,  vascular  changes,  neural  dis- 
order— all  these,  for  example,  serve  as  etiological  factors 
in  the  production  of  this  form  of  neuronic  activity. 

SiiiNORM-\L  CoLOit  Pkhception.  —  As  previously 
stated,  every  human  visual  organ  is  adequate  for  the 
perception  of  but  few  of  the  color  differences  that  are 
resident  in  the  spectrum  of  the  sun  or  other  illuminant ; 
but  although  each  color-perceiving  apparatus  has  its 
limitations,  yet,  as  can  be  well  understood,  there  is  an 
average  perception  below  which,  should  any  individual 
set  of  organs  fall,  it  must  be  considered  as  having  reached 
a  subnormal  stage  and  should  be  placed  among  the 
defective. 

Forming  but  a  part  of  so-called  abnormal  color  vision 
(which  is  not  infrequently  abnormally  increa.sed  in  cer- 
tain types  and  stages  of  organic  disorder  and  disease),  it 
expresses  itself  by  a  diminution  of  the  color  fields,  a  les- 
sening of  saturation  or  intensity  of  the  colors  themselves, 
and  a  loss  of  ditTerential  coloration. 

Known  and  recognized  for  many  years  past,  it  at  first 
offered  itself  as  a  mere  literary  curiosity.  Later,  better 
understood,  it  became  a  well-appreciated  fact. 

Among  the  earliest  reported  cases  mention  maj'  be 
made  of  that  seen  by  Tuberville,  referred  to  in  a  letter 
written  to  the  Royal  Society  in  London  in  1684.     In  this 

*  This  is  well  rnrrciborated  by  the  experiments  of  Hersrhel,  Wart- 
man,  and  Kflhinil.  in  wliioh  it  was  shown  "  thai  the  eoniplenienis  no 
more  than  the  primaries  showed  to  color-blind  as  Ihey  do  to  normal 
eyes." 
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communication  he  says,  "a  maid  two-and-twenly  years 
old  came  to  me  from  Banbury,  who  could  see  very  well, 
but  no  color  besides  black  and  white,"  etc.* 

Nearly  one  hundreil  years  lab'r,  in  1777,  Huddart  gave 
a  detailed  account  of  an  intelligeni  shoemaker,  one  of 
three  brothers  with  congenital  color  defect,  who  at  about 
four  years  of  age  had  liis  attention  first  called  to  his  in- 
firmity by  his  being  unable  to  recognize  a  peculiarity 
which  others  attached  to  a  certain  stocking  by  calling  it 
red.  Later,  he  observed  that  he  was  unable  to  dilTereii- 
tiate  red  cherries  fiom  green  leaves,  exciqii  by  form.  It 
was  iifterward  determined  by  scientitic  investigation  that 
he  was  almost  wholly  devoid  of  color  sense. + 

Two  years  later,  possibly  attracted  by  Huddart's  de- 
scription, Scott  reported  his  own  case  in  which  yellow 
and  ileep  blue  were  alone  readily  distinguished. 

Fifteen  years  after  this,  appeared  the  report  of  the  well- 
known  historic  case  of  the  chemist  Dalton.  Occasionally 
making  a  study  of  botany  he  accidentally  discovered  that 
the  color  of  the  flower  Oeranium  zonale.  which  is  |iink. 
appeared  "sky  blue"  by  day  and  "red"  by  night,  l^ur- 
suing  a  series  of  investigations  with  the  solar  spectrum  he 
found  that  he  could  not  see  any  other  colors  than  "yel- 
low "  and  "blue"  or  "yellow,"  "blue."  and  "purple." 
The  portion  which  is  ordinarilj-  seen  as  red  ajipeared  to 
him  as  "little  more  than  a  shade  or  defect  fif  light." 

Passing  on  to  NichoU's  case  of  a  "red-green"  blind 
boy  of  eleven  years  of  age.  and  a  forty-nine-year-old 
man  in  whom  "  the  different  .shades  of  red  and  green,  I 
know  not  to  w  liicli  they  belong :  but  when  they  are  before 
me,  I  see  a  difference  in  the  shade,"  reported  in  181(i  and 
1818,  we  are  brought  to  Hays'  Wills'  Hospital  case  seen 
in  1840,  Earle's  faniilj'  history  in  18413,  and  Wilson's 
Inglis  case  noted  in  IS.?.?. 

It  is  useless,  however,  to  argue  that  the  cultivation  of 
the  color  sense  was  carried  as  far  among  the  ancients  iis 
it  is  at  the  present  time.  Pliny,  in  speaking  of  the  paint- 
ings of  Apellcs,  who  flourished  about  three  hundred  years 
before  Christ,  says  "  that  all  these  wonderful  paintings, 
which  were  the  admiration  of  all  mankind,  were  painted 
only  with  the  four  primitive  colors":  and  Cicero,  in  one 
of  his  books  "De  Oratore."  makes  Crassus,  in  a  conversa- 
tion upon  the  comparative  beauty  of  ancient  and  modern 
painting,  say,  "Let  us,  for  instance,  consider  our  iiKidern 
paintings.  Can  anything  be  more  splendid  and  lively":' 
What  beauty,  what  variety  of  colors  I  How  superior  are 
they  in  this  point  to  those  of  the  ancients!  "  And  Diony- 
sius  Halicarnassensis,  who  flourished  about  the  time  of 
Augustus,  remarked  that  "  the  ancients  were  great  de- 
signers, and  understood  perfectly  all  the  grace  and  fervor 
of  expression,  though  their  coloring  was  simple  and  little 
various.  But  the  modern  painters,  who  excel  in  color- 
ing and  shades,  are  vastly  tar  from  designing  so  well," 
etc. 

At  i^resent,  all  subnormal  color  perception  is  subdi- 
vided into  two  great  groupings.  The  first  is  the  con- 
genital, consisting  in  a  want  of  properly  formed  physical 
material:  a  true  structural  incapability  as  it  were.  The 
second  is  the  acciuireil.  in  which  either  a  properly  made 
material  or  even  a  badly  formed  structure  is  lowered  in 
its  vitality  by  injury  or  disease  occurring  during  its 
functional  existence;  a  traumatic  or  pathological  change 
taking  place  in  the  working  lifetime  of  the  color  ap- 
paratus. The  former  is  fixed  and  irremediable.  The 
latter's  betterment  is  always  in  direct  relation  with 
the  nature,  the  seat,  and  the  progress  of  the  causative 
condition. 

At  the  present  time,  the  congenital  form  is  found  in 
about  one  out  of  every  thirty  males,  and  in  about  one  in 
every  thousand  or  more  females.  Heredity  plays  an  im- 
portant part  in  its  production.  Horner's  law,  based  upon 
his  remarkable  series  of  ancestral  cases,  is  quite  frequently 
noticed, 

*  Dawbeney's  case  of  a  thirtv-two-  or  thirty-three-year-old  woman  Is 
probably  the  same  one.  Spurzheim  describes  a  series  of  similar  cases 
in  one  family,  ^,    . 

+  In  1779  Rozier  makes  mention  of  Calarean's  inability  to  distin- 
fruish  between  red  and  green. 
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Wilson,  Wartmanu.  and  Jeffries  have  all  noted  a  pecul- 
iar facial  expression,  principally  ocular,  in  these  cases. 

The  current  naming  of  the  vaiious  types  of  subnormal 
color  perception  depends  upon  whether  the  affected  sub- 
ject is  desiirnated  by  the  coar-se  color  differentiation  he 
fails  in  or  by  those  colors  \vhich  he  is  able  to  recognize 
similarly  with  the  average  normally  sighted.  AVilson, 
Rose,  Holmgren,  and  others  obtain  their  sj'stems  of  nam- 
ing from  the  unrecognized  color  or  colors,  while  Mauth- 
ner  and  Szokalski,  for  example,  base  their  nomenclature 
divisions  upon  the  colors  which  remain  visible. 

The  naming  of  the  condition  in  general  has  been  just 
as  varied.  The  many  euphonious  pure  and  mongrel 
coinages  should  all  be  discontinued,  as  they  are.  as  a 
rule,  both  useless  and  inexpressive.  Resource  should 
be  had  to  the  compreheusive  term  "subnormal  color  per- 
ception," reserving  the  naming  of  the  degree  of  the  defect 
to  a  numerical  value  based  upon  the  average  relative  ease 
of  color  differentiation,  which  could  be  easily  obtained 
and  would  give  an  absolute  answer  to  the  grade  of  the 
defect,  just  as  is  done  at  present  in  expressing  the  valua- 
tion of  direct  vision  for  form. 

In  the  congenital  type,  the  preponderance  of  the  num- 
ber of  cases  begins  with  green  and  red.  Blue  and  yel- 
low" blindness  is  exceptionally  seen ;  while  the  so  called 
total  variety — in  which  nothing  remains  but  a  i)hoto- 
graphic  world,  as  in  Magnus'  well-known  case  of  a 
.school  teacher  who  compared  her  color  spectnun  with  a 
very  finely  executed  lead-pencil  shading  growing  darker 
from  the  natrium  line  (a  very  sharply  defined  yellow  line 
in  yellow)  toward  the  imshortened  end — in  such  delicate 
graduations  that  the  different  gray  wools  were  not  suffi- 
cient to  represent  them — is  excessively  rare. 

Should  green  and  red  be  the  two  gross  color  differen- 
tiations that  have  disajipeared,  the  position  of  the  green 
in  the  solar  spectrum  will  be,  as  a  rule,  occupied  by  a 
gray  zone. 

In  the  acquired  form,  green  followed  by  red,  blue,  and 
yellow  is  the  order  of  color  loss  that  is  visually  found. 
If,  in  cases  of  gross  inflanmiatory  changes  in  the  optic 
nerve  and  surrounding  retina,  a  subsidence  of  the  gross 
pathological  changes  takes  place,  there  is  frequently  a 
temporarj'  or  a  permanent  regain  of  the  colors — com- 
mencing with  yellow,  blue,  red.  and  green;  but  the 
color  .sense  is  never  brought  back  to  the  same  degree  as 
it  originally  exi.sted.  This,  however,  in  the  majority  of 
cases,  is  sooner  or  later  followed  by  a  permanent  though 
oftentimes  extremely  gradual  secf>ud  loss  of  color  changes 
which  take  place  in  their  original  order  of  progression. 

The  association  of  congenital  defects  in  other  sensory 
organs  with  subnormal  color  perception  is  very  rare. 
Jeffries'  most  interesting  instance  of  a  celebrated  poet 
who,  besides  being  unable  to  distinguish  many  colors, 
was  almost  entirely  incapable  of  ditferentiating  musical 
sounds,  is  an  excellent  example.  As  Jeffries  says:  "The 
kaleidoscope  of  nature  and  the  harmonicon  of  art  are  the 
Utopias  of  his  mind.  The  magic  hues  developed  by  the 
prism,  the  iridescence  of  shells  and  minerals,  the  inimi- 
table colors  of  the  beasts  and  birds  of  tropical  climates, 
the  verdure  of  the  fields  of  spring,  the  splendor  of  the 
autumnal  foliage  of  the  forests,  the  myriad  hues  of 
flowers — all  these,  it  would  appear,  are  comparatively 
'as  a  sealed  book'  to  him.  Yet  from  his  writings  no 
evidence  of  this  can  be  detected." 

We  are  now  brought  to  the  question.  What  does  a 
sidiject  with  subnormal  color  perception  see'/  If  we 
should  ask  a  red-blind  person  to  look  at  a  piece  of  red 
worsted  or  a  stick  of  red  sealing  wax.  what  will  he  tell 
US'?  He  says  he  notices  a  peculiar  difference  in  its  shade 
which  characterizes  it  from  all  other  sensiitions.  and  his 
description  of  it  will  depend  entirely  upon  the  extent  and 
position  of  his  visible  color  spectrum.  It  must  be  re- 
membered that  he  has  no  language  for  red  as  we  see  it ; 
although  he  may  learn  by  association  to  call  a  red  object 
by  its  proper  color  name,  yet  he  is  unable  to  recognize 
that  peculiarity  which  to  a  normal  eye  so  strongly  con- 
trasts it  with  the  other  colors ;  the  same  being  true  of  all 
the  other  forms  of  color  blindness.     Geissler  savs,  for  the 


red-blind  the  landscape  has  the  character  of  autunm.  A 
sunset  or  the  beauty  of  oiu'  red  flowers,  with  their  vari- 
ous tones  of  blue  and  violet,  he  is  perfectly  indifferent 
to:  but  his  fine  sense  for  gray-white-blue  shadows  gives 
to  glacial  views  a  greater  charm  than  to  the  normal 
eye. 

Why  should  he  be  pitied?  He  has  never  known  the 
color.  It  is  to  him  what  an  unknown  sense  might  be  to 
us:  we  are  contented,  not  knowing  better,  and  he  the 
,same.  Again,  his  bichromatic  world,  for  example,  with 
its  innumerable  shades,  may  be  a  greater  source  of  de- 
light than  our  recognition  of  another  color  sensation. 

There  are  many  occupations  open  to  the  "color-blind." 
and  even  a  few  in  which  his  infirmity  serves  as  an  actual 
advantage, — in  photography  and  lithographv,  wood-cut, 
steel-  and  copper-plate  engraving,  and  printing:  in  all 
of  these,  in  which  there  is  the  want  of  an  organ  able  ac- 
curately to  differentiate  between  the  many  shades,  he  be- 
comes an  adept.  Why  could  not  an  artist  with  sub- 
normal color  perception  limit  his  productions  to  winter 
landscapes,  lofty  mountain  scenery,  studies  in  grays — 
thus  obtaining  wonderful  and  almost  Hfe-like  facsinules 
of  nature?  Why  need  he  despair  and  complain  when 
such  a  field  of  study  and  such  a  source  of  pleasure  is 
thrown  open  to  him — a  character  of  work  in  which,  by 
necessity,  he  must  sur]iass  all  others  who  do  not  possess 
this  now  properly  termed,  to  him.  an  advantage? 

From  this,  however,  it  will  be  understood  that  not 
only  is  the  recognition  of  the  condition  of  importance  to 
the  individual,  but  it  is  quite  frequently  of  value  to  the 
public  at  large.  Placed  in  a  jiosition  so  as  to  misinterpret 
color  signs,  such  subjects  oftentimes  become  a  menace 
to  the  safety  of  l)Oth  human  life  and  iiroperty. 

For  the  practical  recognition  of  the  condition  there 
have  been  many  devices.  These  plans  have  been  based 
upon  three  well-known  methods:  First,  direct  compari- 
son of  pigment  colors;  second,  direct  comparison  of  spec- 
tral colors;  and  third,  the  study  of  subjective  after-color 
(complementary  color). 

The  first,  which  is  the  most  important  and  the  one  that 
is  in  common  use  for  ordinary  clinical  purpcses  to-day, 
is  best  known  by  the  wools  of  Holmgren  that  were  bor 
rowed  from  the  papei-s  of  Seebeck  and  the  worsteds  of 
Wilson.  Modified  in  all  manner  of  ways  by  assortments 
of  fixed  coloi-s  that  have  been  arbitrarily  and  even  fool- 
ishly arranged  upon  cards,  sticks,  spools,  cones,  discs,  and 
other  articles,  it  has  suffered  the  most  varied  of  vicissi- 
tudes only  to  come  back  to  the  original  plan  of  loo.se- 
wool  selection  that  was  strenously  sought  for  by  botii 
Wilson  and  Holmgren. 

Maxwells  and  Woinow's  revolving  discs,  Hierlinger's 
and  Magnus'  tables;  Lip's  color  triangles;  the  optoty|)i 
of  Snellen:  the  color  tables  of  von  Reuss,  Daae,  and 
Roberts;  the  yarn  covered  spools  of  Schenke:  Kolbe's 
truncated  cone,  the  pseudo-isochromatic  wools  of  Pon- 
ders, the  embroidery  patterns  of  Cohn.  and  the  stick  of 
Thomson,  constitute  the  majority  of  the  devices  that 
have  been  successively  championed  and  upheld  by  their 
individual  contrivers. 

The  more  or  less  fixity  of  the  tests,  thus  limiting  the 
number  of  colors  from  which  a  choice  might  be  taken; 
the  arbitrary  relationship  of  the  component  parts  with- 
out any  scientific  reason,  thus  allowing  them  to  fail  to 
express  the  many  percentages  of  lowered  color-vision 
presented  by  the  different  candidates  for  examination,  and 
permitting  numbers  of  pereons  affected  with  subnormal 
color  perception  to  escape  by  reason  of  the  confusion, 
colors  not  being  equal  to  the  exact  amount  of  the  resident 
color  error:  as  well  as  the  liability  of  the  methods  to 
become  known  and  understood,  and  thus  rendered  prac- 
tically worthless  when  pursued  among  a  great  number 
of  similarly  placed  individuals,  are  some  of  the  main 
reasons  why  these  latter  plans  cannot  be  satisfactorily 
employed. 

Another  plan  by  the  same  method  is  the  placing  of 
colored  powders  in  homceopathic  vials  as  pursued  by 
JIauthner  and  Cohn.  This  has  been  done  in  order  that 
the  candidate  shall   not  be  able   to  differentiate  color 
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cliau.si's  in  yams,  worsteds,  and  wnols  liy  tlie  supple- 
mental use  of  the  senses  of  touch  and  smill.  That  the 
objections  these  authors  olTer  to  the  free  handliuj;  of 
colored  wools  is  in  measure  true  there  eau  he  no  doubt  ; 
a  fact  that  a.s  lonjr  ago  as  1849  was  jioinled  out  by  Wart- 
man,  who  made  mention  of  a  man  with  well  marked  sub- 
normal color  perception,  who  "corrected  by  the  hel]i  of 
touch  a  part  of  theerroneousjudu^ments  which  lie  formed 
regardinjr  colors. "  This  power  of  tlie  possessor  of  sub- 
normal color-perception  wa.s  reproven  only  six  years  later 
by  Wilson,  wiio  justly  attributed  it  to  a  delicacy  of  the 
tactile  sense  in  discriiuiuatiui;  between  thf^  harshness  and 
the  smoothness  of  variously  colored  dyes,  and  s;iid  "a 
wool  dyeil  with  a  mineral  jrieen  might  thus  be  distin- 
jriusheii  Ijy  the  touch  from  one  dyed  with  a  vegetable, 
although  the  color-blind  eye  could  detect  no  difference 
between  their  tints." 

These  observations  lia  ve  in  a  measure  been  confirmed  by 
personal  research  Ijy  myself  among  the  absolutely  blind. 
I  have  determined  without  a  doubt  that  a  few  of  the 
most  intelligent  and  dexterous  of  such  subjects  possess 
the  power  of  differentiating  the  dark-colored  wools  from 
the  light  ones  by  a  feeling  of  liarshes.s  of  the  dark  skeins ; 
although  to  obtain  anything  like  a  majority  of  proper 
resiUts  necessitated  quite  a  long  and  frequent  association 
among  such  objects.  In  further  contiiniation.  I  have 
found  that  some  of  the  wools  were  detected  by  the  sense 
of  smell,  the  wliite  ones  having  "a  woolly  odor." 

The  second  method  (direct  compaiison  of  spectral  color) 
unfortunately  cannot  be  brought  into  everyday  employ- 
ment as  an  ordinary  test  for  tlie  quick  detection  of  low- 
ered color  sense,  although  it  can  be  made  to  serve  a 
useful  purpose  in  ca.ses  requiring  more  than  ordinary 
observation,  as  among  persons  under  judicial  action. 
The  apparatus  is  expensive:  its  mechanism  is  compli- 
cated and  liable  to  become  disarranged :  both  the  ex- 
aminer and  the  candidate  must  possess  the  necessary  in- 
telligence to  handle  the  instrument ;  and  the  dealing  witli 
spectral  colors  which  are  not  the  ones  that  the  examiner 
is  brought  in  daily  touch  witli  are  some  of  the  reasons 
wliy  this  plan  must  be  relegated  to  the  determination  of 
a  few  selected  cases. 

The  double  spectroscope  of  Hirschberg,  the  polariscope 
of  Rose,  and  the  not  very  euphoniously  named  chromato- 
photoptometer  of  Chibret  are  among  the  principal  and 
most  ingenious  contrivances  employed  in  the  method. 

The  fliird  method  is  practically  useless.  Much  time 
and  energy  have  l>een  expended  upon  it.  Contrivances  of 
all  kinds  to  show  simultaneous  and  successive  contrast 
colors  liave  been  devised.  Prominent  among  them  are 
the  Heidelberg  and  Pflilger  color  books.  Scina's  mirror- 
contrast  apparatus.  Stilling's  so-called  chromatoskia- 
nieter,  and  C'nhn's  chromaskiopticon.  Unfortunately, 
in  this  series  of  experiments,  vague  subjective  colors  are 
dealt  with;  uncertain  color  intensities  and,  in  fact,  abso- 
lute changes  of  color  vibration  are  used;  and  the  adjust- 
ments of  the  instrumental  technique  are  frequently  un- 
certiiin  and  misleading. 

In  addition,  the  examinate  is  required  to  compare  the 
subjective  color  with  some  known  series  of  colors  such 
as  wools  and  papers,  which  might  as  well  liave  been 
done  primarily  by  the  ordinary  method  of  loose-wool 
selection. 

For  general  clinical  ptirposes.  some  scientifically  ar- 
ranged collection  of  loose  wools  is  by  far  the  best,  the 
cheapest,  and  the  most  easily  handled  material  that  can 
be  used  for  testing  the  value  of  the  color  sense. 

The  series  brought  forward  by  myself  are  composed 
of  a  numlier  of  loose  test  and  match  skeins  that  have 
been  carefully  graded  to  equal  relative  intensities.  Each 
color  has  its  tint  expressed  in  such  a  way  that  while  its 
value  is  unintelligible  to  those  who  are  being  examined, 
an  exact  index  of  the  character  and  the  amount  of  color 
perception  of  the  subject  is  given.  The  wools  theiu- 
selves  have  been  made  of  one  grade  of  manufacture  and 
are  dyed  with  vegetable  materials.  They  can  be  em- 
ployed by  any  educated  layman  (even  thotigh  he  himself 
have  subnormal  color  perception),  and  with  them  records 


of  all  passing  color  changes  may  be  kept  for  future 
comparison. 

Broad  diffuse  daylight  is  necessary.  A  black  surface 
upon  which  the  wools  are  to  be  promiscuously  thrown 
should  be  employed.  One  eye  of  the  examinatV  is  to  be 
tried  at  a  time.  The  candidate  is  reiiuestcd  to  match  the 
live  (green,  rose,  red,  blue,  and  yellow)  test  skeins  in  any 
order  that  may  be  desired.  The  letterings  upon  the  lags 
of  the  chosen  wools  are  to  be  registered  upon  appropri- 
ately arranged  blanks. 

For  the  study  of  the  color  sense  in  railway  and  marine 
services  resource  must  be  had  to  another  "plan.  This. 
which  I  have  pointeil  out.  consists  in  jdacing  the  candi- 
date in  the  actual  position  in  which  he  is  afterw;ird 
expected  to  discern  jtroperly  the  colors  employed 
for  signalling  purposes.  Miniature  lanterns  containing 
ungauged  arbitrary  color  differences,  such  as  those  of 
Thomson  and  Williams,  held  fifteen  or  twenty  feet  away 
from  the  subject,  are  most  uncertain.  The  candidate 
must  be  tested  with  adaptations  of  apparatus  that  arc  as 
nearly  as  possible  like  those  which  are  used  under  ordi- 
nary circumstances — i.e..  when  he  is  employed  at  his 
work.  The  testing  must  he  done  under  the  actual  con- 
ditions which  are  sujiposed  to  exist  while  the  candidate's 
color  sen,se  is  protecting  life  and  property. 

As  early  as  185.i.  Wilson  determined,  as  the  result  of 
numerous  examples  and  experiments,  that  not  only  could 
color  be  recognized  correctly  at  short  distances  and  not 
distinguished  at  longer  ones  where  such  colors  were 
plainly  discernible  to  the  normal-sighted,  but  he  also 
found  that  the  sensitiveness  to  the  colors,  while  being 
gazed  at,  became  more  quickly  lost  as  they  were  removed 
from  the  eye  of  the  "color-blind  "  than  when  they  were 
removed  from  the  unimpaired  visual  organ.  This,  which 
he  aptly  termed  "  chromic  myopia  "  or  "  short-sightedness 
to  color."  expresses  in  a  word  or  two  why  candidates  for 
positions  neces.sitating  color  recognition  at  comparatively 
long  distances,  or  what  I  have  designated  as  "  safety  dis- 
tances," cannot  be  considered  as  adequately  determined 
when  they  have  been  tested  by  the  ordinary  methods  of 
loose-wool  selection  or  other  near-at-hand  tests. 

Examination  of  such  candidates  at  safe  distances  be- 
comes a  necessity.  The  determination  of  the  color  sense 
along  the  visual  line,  or  what  is  generally  known  as  foveal 
vision,  is  the  main  requisite,  this  being  particularly  so 
when  it  is  considered  that  in  the  acquired  types  of  color 
defects  produced  liy  the  introduction  of  toxic  agents,  such 
as  tobacco  and  alcohol,  into  the  .system,  it  is  in  the  cen- 
tral area  of  the  visual  field  that  the  color  becomes  dimin- 
ished in  saturation  or  is  lost.*  The  findings  at  one  or 
even  two  metres'  distance  are  in  this  character  of  cases 
worse  than  useless;  they  are  dangerous.  As  just  .said, 
the  degree  and  the  amount  of  color  sense  must  be  known 
when  the  organs  of  vision  are  placed  under  the  same  cir- 
cumstances as  they  would  be  when  it  becomes  necessary 
that  they  should  be  the  .sole  means  for  the  avoidance  of 
threatened  accident  or  the  prevention  of  imminent  danger. 

Laden  engines,  for  example,  moving  with  the  rapidity 
of  twenty  to  thirty -five  metres  each  second,  or  so-called 
traction  trolleys  which  run  at  such  high  rates  of  speed, 
would  be  propelled  into  destruction  long  before  any  en- 
gineer with  "chromic  myopia"  could  check  their  .speed. 
The  lesson  for  the  recognition  of  the  customarily  used 
signal  must  be  made  at  a  distance  which  is  sufficient  for 
a  proper  control  of  the  moving  mass.  It  must  be  known 
that  the  candidate  for  such  work  is  able  to  recognize  color 
at  long  distances.  To  accomplish  this  purpose,  the  can- 
didate must  be  made  to  select  definite  kinds  and  inten- 
sities of  both  reflected  color  by  daylight  and  transmitted 
color  by  artificial  li.irht  stimulus  placed  at  distances  that 
are  requisite  for  safety  in  after-work. 

The  test  that  I  have  applied  for  this  purpose  among 
railway  employees  consists  in  a  fixed  apparatus  which 
can  be  jilaced  anywhere  vipon  .the  company's  property. 
Wooden  frames  containing  properly  and  proportionately 

•  For  the  determination  of  this  oondltton  at  close  range.  Abney's 
pellet  test  is  most  useful. 
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sized  match  and  confusion  colors  of  bunting  for  dayliglit 
work,  or  illuminated  plates  and  lanterns  of  transmitted 
color  for  bad  weather  or  night,  are  to  be  lined  iu  a  row 
in  anj-  order  whatsoever,  just  as  the  wools  are  promiscu- 
ously thrown  upon  a  table.  The  five  test  colors  similar 
to  the  ones  I  have  employed  for  the  near  tests  arc  placed 
in  an  upper  tier.  Just  as  with  the  near-work  tests  the 
candidate  employs  one  eye  at  a  time.  This  done,  he  is 
then  made  successively  to  designate  by  the  actual  posi- 
tion of  the  color  in  the  lower  line  the  nearest  numerical 
match  to  each  of  the  upper  test  colors.  This  selection 
by  number  is  to  be  handed  to  the  examiner,  who  after 
having  obtained  the  true  color  names  of  the  numbers 
chosen  lor  the  occasion  by  the  attendant,  places  the 
choosings  upon  suiiable  blanks  for  permanent  registry. 

To  obtain  the  different  jiercentages  of  light  stimulus 
and  to  simulate  as  nearly  as  possible  changes  in  character 
of  weather  (fog,  rain,  etc.),  variously  tinted  glasses  can 
be  used,  although  preferably  the  candidate  can  by  this 
plan  be  tested  during  the  actual  states  of  weather. 

An  experimental  track  with  a  number  of  open  switches 
so  arranged  that  the  sidings  pass  directly  beneath  certain 
colors  would  be  useful  for  practically  testing  the  color 
vision  that  is  necessary  to  emjiloy  while  ruiming  locomo- 
tives, trolley  cars,  etc.,  at  full  and  even  high  rates  of 
speed. 

In  marine  service  the  danger  is  increased.  All  vessels 
carry  a  green  light  on  the  starboard  side,  and  a  red  light 
on  the  port,  each  being  so  boxed  as  to  be  seen  forward 
and  amidships.  These  are  accompanied  by  a  low  white 
forelight,  and  sometimes  b}'  a  high  white  aftlight. 
Hence,  by  comparison,  a  vessel's  course  can  be  easily 
distinguished.  If,  under  such  conditions,  however,  a 
heav)'  fog,  or  snow,  or  a  rainstorm  were  to  exist,  it  can 
be  understood  how  an  offlcial  with  subnormal  color  per- 
ception, judging  these  important  color  distinctions  by 
their  intensities  alone  during  the  best  of  weather,  is  placed 
in  a  position  that  practically  amounts  to  the  ab.senee  of 
signals. 

For  the  detection  of  the  defect  iu  marine  and  uaval 
work,  quite  simple  modifications  and  adaptations  of 
color  testing  by  which  adequate  data  may  be  obtained 
can  be  made. 

In  all  railway  or  marine  testing,  care  must  be  taken 
that  both  the  test  and  the  later  woiking  colors  *  should 
be  graded  in  proportionate  sizes  and  relative  intensities 
of  tone,  thus  giving  similar  distance  values  to  every  color 
used  in  the  tests.  That  this  should  be  done  will  be  at 
once  appreciated  when  it  is  remembered  that  different 
degrees  of  vividity  of  color  areas  of  ecpial  size  jiroduce 
such  alterations  in  impressions  that  the  colors  give  rise 
to  false  perceptions  regarding  their  relative  distances 
from  (lue  another. 

Again,  the  dominant  colors  of  the  retleeting  surface 
near  which  the  test  is  made  (as,  for  instance,  the  green  of 
a  hillside,  the  gray  and  white  of  a  mountain  top,  and  the 
blue  of  an  ocean  surface)  all  play  important  roles  as  to 
tlie  value  of  the  tests. 

The  character  of  the  illuminant  itself  is  of  the  greatest 
importance.  The  blue  of  diffuse  daylight,  the  greenish 
or  nearlv  white  tint  of  incandescent  zirconia  or  metallic 
oxide  mantles,  the  varying  degrees  of  yellow  rays  from 
oils,  illuminating  gas  and  carbon  loops,  and  the  purples 
of  free  arcs  of  electricity,  show  how  variable  in  tint  color 
areas  must  become  when  exposed  to  these  ditTerent 
agents. 

Endeavors  should  be  made  to  try  to  overcome  the  totally 
different  values  that  are  empirically  placed  upon  the  hues 
of  the  test  colors  themselves.  This  might  be  done  by 
assuming  pigment  hues  which  are  equivalent,  with  the 
nndway  bands  in  the  corresponding  portions  of  tlie  solar 
spectrum.  Such  selections  could  be  determined  mathe- 
matically and  analytically  by  an  international  commis- 
sion, and  reproiluceil  in  pigments  from  a  consensus  of 
examination  by  national  or  sectional  sub-conunittees  of 

*  Unfortunately,  it  has  been  fcmnd  by  repeated  experiment  tbat  the 
very  colors  whicli  are  the.  earliest  and  the  easiest  lost  are  the  ones  that 
must  be  used  for  practical  purposes. 


competent  observers  possessing  normal  color  vision.* 
These  pigments  could  then  be  used  for  signal  boards, 
signal  lights,  and  test  colors  in  anj-  given  locality. 

There  should  not  be  any  degree  of  standard  in  regard 
to  the  color  capacity  of  any  railway  or  marine  official 
whose  routine  duty  consists  in  the  differentiation  of  color. 
Such  positions  are  relatively  so  few  when  compared  with 
the  great  supply  of  available  candidates,  and  the  respon- 
sibilities are  so  grave,  that  no  exception  should  be  made. 
Such  candidates  should  be  rejected  without  a  particle  of 
sentiment. 

The  lack  of  systematic  and  periodic  re-examination  of 
the  color  sense  is  another  great  evil.  This  inetiiciency  in 
color  testing  is  most  reprehensible.  After  every  case  of 
severe  injury  or  attack  of  illness  that  might  inany  way 
be  likely  to  produce  visual  disturbance,  an  examination 
should  be  made;  and,  moreover,  among  those  who  are 
known  by  strict,  and  yet  silent  surveillance,  to  use  any 
toxic  agents,  such  as  tobacco  and  alcohol,  the  tests  should 
be  both  painstakingly  and  frequently  tried. 

The  increased  responsibility  acquired  by  civil  service, 
in  which  older  subjects  who  are  more  prone  to  exhibit 
acquired  color  defects  than  younger  ones,  and  who  are  at 
times  given  positions  that  usually  necessitate  the  greater 
employment  of  normal  color  organs  than  before,  should 
be  especially  subjected  to  careful  periodic  repetitions  of 
some  of  themoreimportant  measures  which  are  employed 
for  the  determination  of  the  amount  and  degree  of  "the 
color  sense. 

Losses  of  color  in  the  so-called  visual  fields  are  quite 
common.  They  assume  many  forms,  and  quite  fre- 
quently are  expressive  of  definite  types  of  both  local  and 
general  disease. 

Symptomatic  in  character,  they  oftentiiues  help  demon- 
strate the  exact  position  of  intracranial  disturbance, 
prove  the  actual  functioning  condition  of  infiamed  and 
degenerating  local  tissues,  give  answer  to  situations  of 
gross  orbital  change,  and  serve  to  distinguish  functional 
complaint  from  organic  disorder. 

They  are  t)btaincd  in  various  ways:  first,  by  ruled 
blackboards  upon  which  small  colored  objects  are  carried 
toward  central  fixing  points;  second,  liy  peiimelers. 
which  are  mere  medianical  contrivances  for  carrying 
small  areas  of  color  inward  upon  graduated  metallic  arcs 
toward  fixed  cential  points:  and  third,  by  similar  move- 
ments of  the  outstretched  fingers,  lighted  tapers,  and 
focussing  mirrors. 

To  be  strictly  .accurate  they  should  be  repeated  under 
varying  conditions  of  time,  liimiuosity,  distjince,  and 
position.  ('IiiivUk  A.  Olirir. 

COLOR  PERCEPTION,  SUBNORMAL;  RAILWAY 
AND  MARINE  EXAMINATIONS— Tlie  examinalions 
made  tci  detect  cases  of  defective  color  perception  were 
so  unsatisfactorv  in  the  railwax'  and  marine  service  that 
in  1890  the  British  Board  of  Ti'adc  asked  the  Royal  So- 
ciet}-,  "  What  is  the  best  test  for  color  blindness?  " 

A  committee  was  appointed,  including  .some  of  the 
most  distinguished  members  of  the  Society,  and  aftertwo 
years'  work  they  unanimously  reported  as  follows: 

"1,  That  the  Board  of  Trade,  or  ,some  other  central 
authority,  should  schedule  certain  employments  in  the 
mercantile  marine  an<l  on  railways,  the  filling  of  which 
by  ])ersons  whose  vision  is  defective  either  for  color  or 
form,  ov  who  are  ignorant  of  the  names  of  colors,  would 
involve  danger  to  life  anil  property. 

"2.  That  the  proper  testing,  both  for  color  and  form, 
of  all  candidates  for  such  employments  should  be  com- 
pulsory. 

"3.  That  the  testing  should  be  entrusted  to  examiners 
certificated  by  the  central  authority. 

"4.  That  the  test  for  color  vision  should  be  that  of 
Holmgren,  the  sets  of  wools  being  approved  by  the  cen- 
tral authority  before  use.  especially  as  to  the  correctness 
of  the  three  test  colors,  and  also  of  the  confusion  colors. 


•  Lovibond's  tintometer.    Rood's   flicker  photometer,  or   Abney's 
color-patch  apparatus  might  l)e  of  value  in  this  direction. 
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If  the  test  l)e  satisfiicloiily  passed,  it  slicnild  lie  followed 
by  tlie  eandidute  beinjr  required  to  name  without  liesita- 
tion  tlie  eolors  w  liich  are  employed  as  signals  or  lights, 
and  also  white  liirlit. 

■■  "),  That  the  tests  for  form  should  be  those  of  Snellen, 
and  that  they  should  be  earned  out  as  laid  down  in  Aji- 
pendix  li.  It  would  probably  in  most  eases  suflice  if 
half  normal  vision  in  each  eye  were  rei|uired. 

"6.  That  a  candidate  rejeeted  for  any  of  the  spocitied 
employments  should  have  a  right  of  appeal  to  an  exjierl 
approved  by  the  central  authority,  whosedeeision  should 
be  tinal. 

"  7,  That  a  candidate  who  is  rejeeted  for  naming  eolors 
wrongly,  but  who  has  been  proved  to  possess  normal 
color  vision,  should  lie  allowed  to  be  re-examiucd  after 
a  proper  interval  of  time. 

"S.  That  a  certitieate  of  the  candidate's  color  vision 
and  form  vision  according  to  the  appointed  tests,  and  his 
capacity  for  naming  the  signal  colors,  should  be  given 
by  the  examiner;  anil  that  a  schedule  of  persons  ex- 
amined, showing  the  restdts,  together  with  the  nature  of 
the  employments  for  which  the  examinations  were  held, 
should  be  sent  annually  to  the  central  a\ithority. 

"•',1.  That  every  third  year,  or  oflener,  persons  tilling 
the  scheduled  employments  should  be  examined  for 
form  vision. 

■•  10.  That  the  tests  in  use,  and  the  mode  of  conducting 
examinations  at  the  ditTereut  testing  stations,  shotdd  be 
inspected  iieriodically  by  a  scieutitic  expert,  appointed 
for  that  purpose  by  the  central  authority. 

•■  11.  That  the  colors  used  for  lights  on  board  ship,  and 
for  lamp  signals  on  railways,  shotdd,  so  far  as  possible, 
be  uniform,  and  that  glasses  of  the  same  color  as  the 
green  and  red  sealed  pattern  glasses  of  the  Royal  Navy, 
should  be  generally  ailo])ted. 

•■  Vi.  That  in  case  of  judicial  inquiries  as  to  collisions 
or  accidents,  witnesses  giving  evidence  as  to  the  nature 
or  position  of  colored  signals  or  lights  should  be  them- 
selves tested  for  color  and  form  vision." 

In  a  further  disctission  of  the  subject  the  committee 
make  a  number  of  statemi'Uts  w  hich  it  is  well  to  keep  in 
mind.  "The  variations  in  the  amount  of  this  deticiency 
in  color  perception  are  numerous,  and  when  small  are 
often  exceedingly  difficult  to  classify.  We  have  to  re- 
gard these  deviations  from  normal  vision  more  from  a 
practical  than  from  a  theoretical  standpoint,  and  in  test- 
ing for  them  we  have  to  take  the  broad  view  that  the 
color  blindness  which  has  to  be  detected  is  that  w  liicli 
may  be  dangerous  to  the  public  in  the  industries  already 
mentioned."  "In  a  testing  room,  when  signal  lights  are 
used  as  tests,  color-blind  persons  may  possibly  be  able, 
with  practice,  to  name  the  ditTerent  colored  signals  cor- 
rectly, recognizing  tlii'in  by  their  relative  brightness,  and 
by  their  dilution  with  neutral  color.  The  practical  tests 
the  committee  have  carrieil  out  confirm  this  view;  men 
who  are  absolutely  color-blind  having  jiassed  such  a  test 
withoiit  being  detected.  It  nught  be  supposed  that  if 
the  colors  of  signals  could  be  rightly  recognized  in  the 
testing  room  they  would  be  equally  well  recognized  else- 
where. It  must,  however,  be  recollected  that  the  atmos- 
pheric conditions  of  the  testing  room  are  often  very 
different  from  those  which  are  found  outside.  As  a  rule 
any  judgment  of  the  color  of  a  signal  w  Inch  depended 
on  its  brightness  would  be  fallacious.  A  dirty  glass  or 
a  misty  atmosphere  would  introduce  a  liability  to  error. 
The  red  signal  of  danger  might  then  be  mistaken  for  the 
green  or  white  signal  of  sitfety.  and  vice  versa.  It  must 
also  be  remembered  that  a  signal  light,  as  a  rule,  has  no 
white  light  adjacent  to  it  with  which  to  compare  it, 
and  thus  a  decision  as  to  whether  a  light  is  neutral  or 
slightly  colored  has  to  be  arrived  at  under  great  disad- 
vantages." "In  the  color  blindness  induced  by  disease 
or  injury,  although  the  loss  of  color  sense  is  usually  con- 
fined to  a  small  area  of  the  retina,  yet  as  it  is  the  central 
area  and  therefore  the  part  on  which  the  ima.ire  of  small 
objects  naturally  falls,  the  danger  of  mistaking  a  color  is 
as  great,  and  even  more  so  than  in  congenital  color 
blindness."     "The  standard  test  colors  which  have  been 


approved  by  Professor  Holmgren  have  been  referred  to 
the  spectrum.  The  first  standard  is  a  light  green  color, 
which  can  he  matched  with  a  green  in  the  spectrum  (/. 
.5(i(i())  when  forty  percent,  of  white  is  added.  The  second 
standard  skein  is  light  purjjle  or  pink,  and  its  com- 
plementary color  is  a  green  in  the  spectnun  (a  5100). 
The  color  is  diluted  with  about  forty  jjer  cent,  of  white." 

"All  tests  in  w  hiili  the  wools  are  suspended  from  a 
bar,  even  though  the  test  skeins  may  be  of  |)roper  color 
and  tone,  should  be  avoidiil,  since  tlie  order  of  arrange- 
ment might  be  ascertained  by  some  means  or  another  by 
those  who  are  tested.  It  is  quite  true  that  the  order 
might  be  changed;  but  in  an  examination  of  this  char- 
acter, where  large  nundiers  may  be  under  trial,  any  fre- 
quent changing  of  the  order  would  be  nniiracticable,  and 
hence  there  would  lie  no  security  that  the  lest  was  elli- 
cient.  The  same  objection  applies  lo  all  diagrams  of 
color  which  the  examined  are  re(|uired  to  match  with 
standard  eolors."  "The  C'onunittee  would  not  insist 
upon  the  examiner  being  a  medical  practitioner,  but  it  is 
probalile  that  a  medical  training  would  be  of  advantage. 
They  are  further  of  opinion  that  there  shoidd  be  a 
periodic  inspection  of  the  ditTerent  testing  stations  by 
(hdy  (|ualified  o]dithalniic  surgeons,  who  should  report 
upon  the  condition  of  the  testing  appliances  and  iqion 
the  mode  in  which  the  tests  are  carried  out:  and  who 
might  be  the  authorities  to  whom  an  appeal  from  a  re- 
jected candidate  should  be  referred.  In  no  case  should 
anytest  beallowed  in  substitution  of  those  recommended, 
though  supplementary  tests  nught  be  tried  if  desired. 
The  passing  or  rejection  of  the  candidate  should  alwaj-s 
be  based  on  the  tests  which  have  been  laid  down."  In 
1893  a  Committee  of  the  British  Medical  Association 
made  a  report  on  "The  Eflicient  Control  of  Railway  ISer- 
vants'  Eyesight,"  in  which  they  recommended :  "  'i.  That 
the  test  for  color  sense  should  be  that  of  Holmgren  can  ied 
out  in  strict  accordance  with  his  direction.  After  this 
test  has  been  passed  the  candidate  .should  he  required  to 
recognize  and  name  promjitly  the  colors  used  in  signal- 
ling. We  wish  to  emphasize  the  importance  of  employ- 
ing glass  of  standard  color  in  railwa_y  .signal  lamps:  as 
recommended  by  the  Committee  of  the  Royal  Society." 

In  Holland  the  rules  governing  the  examination  of  the 
eyes  of  the  employees  of  the  Dutch  state  railways  are 
more  complete  than  in  an}'  other  country.  They  were 
arranged  by  Prof.  H.  Snellen,  who  is  also  the  con.sulting 
oiihthalniic  surgeon,  to  whom  all  cases  of  doubt  are  re- 
ferred, Imt  the  ordinary  examinations  are  made  by 
oi>hthalniic  surgeons  at  various  convenient  places  on  the 
lines.  Article  111  provides  that  "The  color  sen.se  is  lo 
be  estimated — (n)  qualitatively,  by  pseudo-isochromatic 
tallies  of  Stilling,  and  with  wools,  according  to  Holm- 
gren's method;  {//)  quantitatively,  by  Donders'  method, 
which  must  he  applied  in  everv  instance  without  cxceji- 
tion." 

In  a  small  and  compact  country  like  Holland,  it  is  pos- 
sible to  carry  out  methods  of  examination  which  would 
not  be  jiractieable  in  the  United  .States,  where  one  railroad 
company  in  several  instances  operates  more  than  .seven 
thonsjunl  miles  of  track,  and  has  an  anny  of  employees 
widely  scattered  along  its  lines.  My  experience  with 
two  large  railways  in  the  United  States,  the  Burlington 
and  the  Xew  Haven  systems,  has  shown  that  wvy  good 
results  can  be  obtained  by  having  the  examinations  for 
color  perception  made  in  accordance  with  carefully  pre- 
pared instructions,  drawn  up  by  an  ophthalmic  surgeon 
who  has  had  some  experience  in  these  matters,  the  routine 
examinations  being  made,  in  one  case  bv  the  medical 
examiners  of  the  road,  and  in  the  other  case  by  employees 
selected  for  this  work  onaccoimt  of  their  good  judgment 
and  intelligence;  in  each  case  the  examiners  were  first 
carefully  tested  to  make  sure  that  their  color  perception 
was  normal,  they  were  then  instruited  in  the  methods  to 
be  followed  in  making  the  examinations,  and  were  pro- 
vided with  printed  instructions  and  blanks  on  which  the 
records  of  the  examinations  were  to  he  made,  and  with 
the  neces.sary  materials  for  making  the  tests,  these  ma- 
terials liaviiig  been  previously  approved  by  the  ophthal- 
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mic  surgeon.  Cases  of  doubt  were  referred  to  him,  and 
on  one  road  the  reports  of  all  e.xaminations  were  sent  to 
him  for  final  approval.  In  this  way  a  check  could  be 
kept  on  the  work  of  all  the  e.vamincrs.  and  imiformity 
of  standards  and  tests  secured. 

In  order  to  liare  the  approval  of  the  operating  officers 
of  the  great  transjjortation  lines,  and  to  obtain  their  con- 
sent to  the  adoption  of  these  examinations,  the  tests  used 
must  be  simple  and  efficient,  and  in  some  portion  of  the 
examination  they  shotdd  corrcsjiond  as  closely  as  possi- 
ble to  the  actual  conditions  of  service.  The  record  of 
the  examination  should  be  in  such  shape  that,  if  neces- 
sary, the  actual  results  of  the  test  can  be  reproduced  at  a 
future  time;  in  this  way  both  the  company  and  the  men 
have  better  proteftion,  for  if  a  man  is  rejected  he  does 
not  have  to  rely  only 
on  the  word  of  the 
examiner  that  his 
color  sense  is  defect- 
ive, but  his  record 
will  show  wherein 
he  has  failed;  and  in 
case  of  accident  the 
company  can  show 
from  the  record  that 
the  accident  did  not 
result  from  any  de- 
fect in  the  color  per 
ception  of  the  men 
concerned. 

For  tlie  last  ten 
years  I  have  lieen 
using  sets  of  Holm 
gren's  worsteds  in 
which  all  the  reds 
anil  greens  have  odd 
numbers,  and  the 
confusion  colors  even 
numbers;  there  are. 
however,  onl_y  reds 
and  greens  enough  in 
the  Holmgren  sets 
of  one  hundred  and 
twenty  -  live  colors 
to  carry  this  number 
ing  to"  100,  and  the 
n-maining  twenty - 
live  colors,  including 
most  of  the  yellows, 
arc  designated  by  let 
ters.  The  first  "forty 
colors  in  the  set  have 
hcen  given  the  same 

numbers  as  the  correspondin.ir  colors  on  llji'  Tliomson 
stick,  which  was  used  on  thesi;  two  roads  before  the 
Holmgren  test  was  adopted:  in  this  way  the  records 
of  the  first  forty  nmnbers,  both  before  and  after  the 
change,  refer  to  the  same  culors.  Small  nmnbers  are 
stiimpedon  aluminum  tags  which  are  wired  to  the  colored 
skeins  and  lie  concealed  in  the  worsted,  so  that  the  n\im- 
bcrs  are  not  seen  by  the  person  being  examined;  but 
after  he  has  made  his  selection  of  the  colors  wliich  look 
to  him  like  the  test  skein,  the  examiner  looks  up  the 
tag  on  each  skein  and  makes  a  record  of  the  nmnbers 
chosen.  At  the  central  office,  where  the  reports  of  all 
the  examinations  are  received,  a  standard  set  of  worsteds 
is  ke])t,  sewed  in  numerical  order  on  a  large  piece  of 
^\liite  cloth,  and  in  case  it  is  desired  to  show  frfim  the 
recorded  numbers  all  the  colors  that  liave  been  selected 
in  any  case,  it  can  be  readily  done  by  reference  to  this 
set.  When  not  in  use  this  standard  set  is  to  be  kept  pro- 
tected from  the  liglit,  dust,  and  moisture.  In  most  cases, 
however,  it  can  lie  seen  at  a  glance  from  the  recorded 
number  whether  the  Holmgren  test  has  been  jiassed  suc- 
cessfully or  not.  Only  two  test  skeins  are  useti.  the  green 
for  the  general  determination  of  the  fact  of  defective 
color  sense,  and  the  rose,  or  light  purple,  to  show  whether 
the  defect  is  more  for  red  or  for  green.     In  Holmgren's 


original  set  a  bright  red  test  skein  was  also  supplied;  of 
this  Holmgren  himself  ,says,  "  it  is  not  necessary  for  diag- 
nosis, and  onl}-  serves  as  a  confirmation,"  but  in  m_v  ex- 
perience it  has  often  confused  the  lesults  of  the  former 
test,  rather  than  confirmed  them.  A  man  who  has  shown 
by  the  former  tests  that  he  was  defective  in  his  color  per- 
ception would  often  make  no  mistake  with  the  bright  red 
test  skein,  and  would  think  he  was  unfairly  treated  be- 
cause, in  spite  of  his  making  no  error  in  the  last  selec- 
tion, he  was  still  classed  as  defective  in  color  sense. 
Therefore,  as  the  bright  red  test  skein  gives  no  additional 
information  it  has  been  omitted. 

In  addition  to  the  Holmgren  test  with  colored  worsteds 
some  form  of  test  with  colored  lights  should  be  used. 
Arrangements  should  be  made  to  vary  the  area  of  the' 

color  shown,  to  have 
red  and  green  glasses 
of  diiferent  shades, 
to  have  smoke  and 
ground  glasses  com 
bined  with  the  color- 
ed glasses,  to  show 
either  one  light  at  a 
time  or  two  together, 
and  to  have  some 
simjile  means  of  re- 
cording the  glass 
shown  and  the  name 
given  to  it. 

Some  ten  years  ago 
I  used  a  Donders  lan- 
tern, but  did  not  find 
it  satisfactory  fur 
making  ordinary  rail 
Iliad  cxaim'nations;  I 
therefore  arranged  a 
new  form  of  lantern, 
which  has  been  mod- 
ified from  time  to 
time,  and  in  its  pres- 
ent shape  is  now  used 
on  the  state  railway's 
of  Belgium,  on  the 
New  York,  New 
Haven  and  Hartford 
system,  and  on  some 
other  American  rail- 
roads. 

It  is  a  square  tin 
lantern  twelve  inches 
high  and  six  inches 
on  eaeli  face.  On  the 
front  are  t  wo  movable 
discs;  the  lower  carries  the  following  glasses;  five  red  and 
four  green,  of  different  shades,  one  yellow,  one  cobalt,  one 
smoke  and  one  colorless  glass.  The  upper  disc  has  Lon- 
don smoke  glasses  of  three  different  shades,  and  .some 
clear  ojienings,  and  by  revolving  the  discs  any  of  these 
colors,  alone  or  combined  with  the  smoke  glasses,  can 
be  shown.  Between  the  discs  is  a  mnvable  diajihragm 
with  openings  of  2  mm..  G  mm.,  and  :30mm,  in  diameter, 
by  which  the  area  of  the  colored  lights  can  be  changed, 
and  inside  the  lantern  are  ground  glasses  which  can  be 
used  in  connection  with  the  colors,  or  can  be  drawn  aside. 
The  lamp  of  the  lantern  has  two  burners,  screened  from 
each  other,  and  in  front  of  each  burner  is  a  hole  in  the 
front  of  the  lantern  so  that  two  colors  can  be  shown  at 
one  time;  or.  by  moving  the  upper  disc,  one  of  the  open- 
ings can  be  closed,  and  only  one  color  seen.  In  this  way 
two  reds,  or  two  greens,  of  different  intensity,  or  a  red 
and  green,  red  and  white,  etc.,  can  be  shown  together, 
or  any  of  them  singly.  Below  each  colored  glass  in  the 
lower  disc  is  a  transparent  number,  illuminated  by  the 
lamp,  so  that  the  examiner  can  see  it  and  make  his  record 
of  the  glass  shown,  but  screened  from  the  person  being 
examined ;  and  on  the  upper  disc  the  smoke  glasses  are 
similarly  designated  by  letters.  An  electric  lamp  has 
been  recentiv  made  for  use  in  this  lantern.     It  has  two 


i.  Itii'.i.  Liiiiti-rn  iisrd  on  [lie  State  Railwa.vs  ut  lifl^'iimi.  uu  ilie  NVw  Vurk.  New 
Haven  and  Harifuiii  system,  and  on  soniu  utlier  .\nieriran  rjillmads,  for  making  or- 
dinary niilniad  examinations. 
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iiicaiulescput  liirlits,  and  in  tlio  hasc  a  series  of  resistance 
toils  encased  in  enamel  and  so  arninired  lliat  the  intensity 
of  tlie  liglit  can  lie  varied  hy  senilint;  the  current  thmugli 
more  or  less  of  the  resistance,  by  means  of  a  switch  which 
projects  behind  tlie  lantern.  The  electric  lamp  gives  a 
much  steadier  liirlit  than  the  oil  lamp,  does  not  smoke, 
and  can  have  its  intensity  v.-iried  by  lixed  amounts;  with 
such  a  lami>  those  easesare  more  easily  recotrnized  in  which 
the  tiriirhtnessof  iheliirht  is  depended  on  to  recognize  its 
color.  With  sui  h  a  lantern  the  examinations  can  be  made 
by  day  in  a  darkened  rooniorat  night:  the  colors  do  not 
fade.  A  large  number  of  combinations  of  color  and  in- 
tensity can  be  made  by  means  of  the  two  discs;  the  size 
of  the  colored  area  can  be  varied.  The  ground  and  smoke 
glasses  with  the  colors  give  something  of  the  effect  of  fog 
and  smoke  in  theair.  and  the  illuminated  numbers  enable 
the  record  of  the  examination  to  be  quickly  and  easily 
made.  In  the  Donders  lantern  the  smallest  opening 
through  which  the  colors  are  seen  is  1  mm.  in  diameter, 
but  in  practice  it  is  a  tedious  process  to  make  a  fair  ex- 
amination of  railroad  employees  with  this  small  opening 
at  the  given  distance  of  H  metres,  or  sixteen  feet;  and  for 
the  practical  purpose  of  testing  the  color  perception  of 
the  central  portion  of  the  retina  it  is  sufficient  to  liave  the 
opening  '2  mm.  in  diameter,  and  place  the  lantern  at  a  dis 
tance  of  twenty  feet  from  the  person  examined,  which  is 
the  distance  used  in  the  tests  ffir  form  vision.  With  col- 
ored lights  the  recognition  of  the  signal  does  not  depend 
on  the  visual  angle  to  the  same  degree  that  it  does  with 
form  signals,  or  letters,  and  luider  favorable  conditions 
the  color  of  a  switch  or  semaphore  signal  can  be  seen  at  a 
distance  of  more  than  a  mile. 

In  the  ordinary  tests  with  my  lantern  the  candidate 
is  tirst  asked  to  name  all  the  colors,  as  seen  in  pairs 
through  the  largest  opening,  as  "right  red,  left  green," 
etc. ;  then  the  upper  disc  is  turned  to  close  one  of  the 
openings,  and  the  diaphragm  is  placed  to  bring  its  small- 
est hole  opposite  the  other  opening.  The  candidate  is 
then  asked  to  name  the  colors  as  seen  singly,  through 
this  2-nim.  hole.  In  this  way,  even  when  no  smoke 
glasses  are  used,  the  name  is  given  to  a  color  thirty-nine 
times  in  each  test,  and  it  is  very  rare  to  find  a  man  who 
passes  the  lantern  test  and  fails  with  the  worsteds,  but 
this  will  occasionally  occur.  On  the  other  hand,  I  have 
had  four  men.  in  r.bout  a  year  and  a  half,  who  passed 
the  worsted  test,  both  Holmgren's  and  Thomson's,  with- 
out difficidty,  but  who  failed  badly  with  the  lantern. 
They  were  excessive  users  of  tobacco,  possibly  with  some 
addition  of  alcohol,  and  had  a  small  central  defect  in  the 
retina,  which  was  so  small  that  the  retinal  ima,!re  from  a 
skein  of  woreted  held  in  the  hand  extended  beyond  the 
affected  area,  and  the  color  could  then  be  recognized  at 
once;  but  with  the  signal  light  the  image  was  formed 
wholly  within  the  affected  part,  where  its  color  could  not 
be  recognized. 

It  is  not  easy  to  fix  a  standard  for  color  vision  which 
shall  exclude  all  the  dangerous  cjises.  and  shall  not  ex- 
clude some  men  in  less  important  positions,  who  may 
have  a  .somewhat  feeble  color  perception  and  yet  not 
enough  to  make  them  dangerous.  The  rule  of  the  New 
Haven  road  is  as  follows:  "  No  person  can  be  considered 
to  ha%-e  satisfactory  color  perception  who  calls  a  red  light 
green,  or  a  green  light  red,  under  any  of  the  varying  con- 
ditions of  the  lantern  test:  or  who  selects  the  grays, 
browns,  or  reds  with  the  greens,  as  looking  like  the  green 
test  skein,  and  selects  any  of  the  grays,  blues,  violets  or 
greens,  with  the  rose  or  red  colors,  as  looking  like  the  rose 
test  skein  of  the  worsted  test."'  A  mistake  of  one  or  two 
confusion  coloi-s,  with  the  green  test  skein,  would  not  be 
sufficient  to  reject  the  applicant,  but  mistakes  with  both 
green  and  rose  tests,  or  the  confusion  of  red  and  green 
in  the  lantern  test,  would  reject  him. 

The  New  York,  New  Haven,  and  Hartford  Railroad, 
which  operates  2,060  miles  of  track  and  has  29.000  em- 
ployees, has  recently  put  in  elfect  a  very  complete  set  of 
niles  to  ,sovern  the  examinations  for  vision,  color  sense, 
and  hearing.  These  rules  were  drawn  up  by  me  about  a 
year  and  a  half  ago  for  use  on  a  part  of  their  lines,  and 


have  worked  so  well  that  they  have  now  been  improved 
and  extended  overall  the  lines  controlled  by  this  com  pan  v  : 
anil  as  they  may  serve  as  an  example  of  what  is  intended 
to  be  a  thorough  and  fair  examination,  they  will  l)e  quoted 
in  full.*  The  rule  in  regard  to  "test  glasses"  is  intended 
to  detect  cases  in  which  there  is  such  an  amount  of  hyper- 
melroiiia  as  would,  in  the  course  of  years  with  increasing 
presbyopia,  bring  the  vision  without  glasses  below  the 
standard  required.  It  is  not  so  complete  a  test  for  this  con- 
dition as  could  be  desired,  but  it  [ireventsa  nuniberof  men 
from  entering  the  engine  .service  who.  with  ailvancing 
years,  would  find  it  difficult  to  pass  the  vision  test.  The 
other  rules  are  self-explanatory.     Charles  II.  Williams. 

INSTRUCTIONS  FOR  EXAMINATION  OF  VISION,  COLOR  SF.NSE, 

AND  UKAIilNfi.* 

(The  New  York,  New  Haven  and  Hartlord  Railroad  Company.) 

Eait)  F..\aniiner  appointed  by  the  Division  Superintendent,  subject 
to  the  approval  of  the  General  Superintendent,  will  llrst  be  himself 
e.xaiuined  iis  In  his  vision,  color  sense,  and  hearinsr.  and  it  this  test  Is 
salisfaet'try  will  lie  instnieted  in  the  use  of  the  following  material, 
which  will  be  furnished  Division  headriiiarters. 

1.  A  set  of  standard  test  letters  on  eards,  includinp  earfls  on  which 
semaphore  signals  are  printed  :  fur  tesliiip  the  aeuteness  of  vision, 

2.  A  set  of  cards  with  reading  iriattiT  in  print  of  various  standanl 
sizes,  and  sfime  train  orders  writt^'n  on  the  manifold  copying  sheets : 
for  the  reading  test. 

3.  A  set  of  approved  Holmgren  worsteds  fl2.i  colors,  each  with 
numliereil  tai.'si,  and  a  standartl  testing  lantern,  with  i:i  (glasses  of 
dilTeivnt  C11I..1-S.  and  smoke  glas.ses,  and  arranged  to  show  either  oni* 
or  tWK  cdhtrs  at  a  time ;  for  testing  the  color  sense. 

4.  A  rali'het  acoumeter:  for  the  hea'ing  test. 

.5.  Two  pairs  of  spectacles,  one  with  plane  glasses,  the  other  with  a 
convex  lens  ot  two  diopters,  for  each  eye. 

6.  Blank  forms  and  certihcates,  for  liotlng  the  result  of  tue  exami- 
nations. 

The  tests  should  be  made  in  a  well-lighted  room  in  which  a  distance 
of  2(1  feet  can  be  measured  fnun  the  test  t.vpe  to  (tie  pei-son  to  l)e  ex- 
amined. [>ark  shades  or  shutters  should  i)e  pfviilcd  so  that  the  rr.Mjm 
can  l>e  darkened  for  the  lantern  test.  The  colored  worsteds  must  IJe 
protected  fnim  liijht  and  dust  when  not  in  u.se. 

In  ca.se  "tf  persons  desiring  to  enter  the  service  insert  "App."  before 
the  propost-d  occupation. 

Each  Examiner,  after  filling  in  the  results  of  the  tests  on  the  fonn 
T  .t33,  will  note  under  the  head  of  Remarks,  in  each  ca.se.  "  satisfac- 
tory," or  "  not  satisfactory."  according  as  the  person  examined  comes 
up  to  the  retjuired  standard  or  not,  and  will  then  sign  the  forui  and 
forward  it  to  the  office  of  the  (ieneral  superintendent  after  an  impr^'s- 
sion  copy  has  been  taken  in  the  l)ivisi<)n  Sui»erintendent's  office. 

The  examinations  should  not  be  hurried.  Some  men  are  ner\-ous 
when  undergoing  the.se  tests,  and  need  to  l>e  given  plenty  of  time, 
and  to  be  shown  that  no  unfair  advantage  is  to  lie  taken  of  them.  I:o 
not  allow  frequent  interruptions  nor  the  presence  of  those  not  con- 
cerned in  the  test. 

Each  pers»»n  should  be  examined  separately,  so  that  no  assistaiu^ 
can  be  given  by  sign  or  &;'und  to  those  who  are  defective.  Much 
time  will  lie  saved  by  having  a  clerk  to  All  in  the  record  on  form  T 
523,  the  Examiner  giving  him  the  data  as  the  examination  proceeds. 

All  cases  of  doubt  should  be  referred  to  a  Board  consisting  of  the 
General  Superintendents  of  the  Eastern  and  Western  Districts  and 
Dr.  Charles  H.  Williams. 

AcrTE.siiSS  OF  Vision.— Place  the  person  to  be  examined  so  that 
he  will  not  face  a  strong  light,  have  him  completely  cover  one  eye  by 
holding  a  card  over  it.  pressing  it  firmly  against  the  nose,  taking  care 
not  to  press  on  the  covered  eye  ;  hang  one  of  the  2<;i-fcK't  cards  at  a 
distance  of  twenty  feet  from  him  in  a  good  clear  Ught.  but  not  in 
direct  sunlight,  and  ask  him  to  read  the  letters  on  the  card.  If  he  can 
read  them  >-orre<;-tly.  or  with  a  mistake  of  n<:.t  more  than  one  letter, 
hold  up  another  of  the  2t>fcKft  cards,  and.  if  this  is  also  read  correctly, 
note  on  the  fonn  the  distance  at  which  the  test  letters  are  read,  and 
underneath  it  the  number  over  the  smallest  line  of  test  type  i^ad  cor- 
rectly; in  this  ca.se  20  2i»,(.ir  normal  vision.  If  he  cannot  read  the  let- 
ters on  the  2(i-f(^>t  card  at  twenty  feet,  hold  up  a  ;j(t-foot  card,  then  a 
4ti-fool  card.  etc.  until  letters  are  found  that  he  can  read  ;  if  he  can- 
not read  the  .*ii»-foot  letters  at  twenty  feet  let  him  approach  the  card 
until  he  can  see  them,  it  the  fact  is  shown  that  he  cannot  see  them  at 
any  distance.  If  the  letters  on  the  4<t-foot  line  are  the  smallest  that 
can  he  seen  with  this  eye  at  2ti  feet,  its  vision  will  be  noted  as 
2n,'40  of  nonnal.  the  numerator  of  the  fraction  ijeing  the  distance  at 
which  the  letters  are  read  corTe<-tly.  and  the  denoniinaior  lieing  the 
numlier  of  feet  printed  above  the  smallest  line  that  ran  be  read.— that 
is,  the  distance  at  which  they  ought  to  Ite  read  correctly  by  the  normal 
eye. 

Repeat  this  test  with  the  second  eye,  the  Drst  being  covered  in  its 
turn.  If  the  visit»n  is  less  than  normal,  repeat  the  test  with  Ijoth  eyes 
uncoven^l  and  open,  but  if  the  vision  is  normal  in  each  eye  ondt  the 
test  with  both  eyes  open. 

These  tests  are  to  be  made  without  glasses,  ext^pt  as  otherwise 
specified.  In  case  glasses  are  worn,  test  first  without  the  glasses  and 
llien  repeat  the  test  with  the  gla.s.ses.  noting  on  the  form  T  .52:1,  under 
the  head  of  Remarks,  the  vision  with  the  glasses. 

*The  test  letters  and  cards,  the  tagged  Holmgren  worsteds,  the 
spectacles  and  the  ratchet  acoumeter  can  be  obtained  from  Millar  4 
Weltch.  :is  West  Street.  Boston,  Mass.  The  lantern  can  be  bad  from 
the  maker,  Peter  liray.  12  Marshall  Street,  Boston,  or  from  E.  B. 
Meyrowiiz.  KM  liist  23d  Street,  New  York. 
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Position  Signal  Test.— Place  one  of  the  cards  with  the  semaphore 
signals  at  a  distaoce  of  20  feet,  as  in  the  Orst  vision  test,  and  with 
each  eye  separaieiv  have  thi*  pi-i-snn  beini:  examined  read  the  signals, 
as  stop  nr  priicHPd.  beiriniiint:  :ii  cup  imkI  of  the  card  with  one  eye, 
and  at  thH  uther  end  uf  the  card  with  the  other  eye.  Repeat  the  test 
with  another  of  the  semaphore  cards,  with  both  eyrs  open,  and  note 
the  distance  in  feet  at  which  the  signals  can  be  reaii  <orn-rtly  wltliout 
glasses.  The  position  signal  test  need  not  be  useil  for  tiiose  desiring 
to  enter  the  service,  nor  unless  the  vision  is  less  than  2u/'^}. 

Reading  Test.— Note  the  smallest  size  of  print  read  correctly  at 
the  ordinary  distance  of  about  18  inches,  either  with  or  without 
glasses,  also  whether  manifold  train  orders  can  be  read  correctly  at 
that  distance. 

Test  Glasses.— In  the  case  of  men  making  application  to  enter  the 
engine  ser\-ice,  either  as  a  new  employee,  or  by  transfer  from  some 
other  department,  the  following  ;idiliiional  test  will  be  made.  Place 
one  pair  of  the  test  glasses  in  spe'-Tnrle  fr.iines  befo?i-  the  eyes  of  the 
applicant,  and  have  him  read  another  of  the  :ir.-fnnt  canis.  at  20  feet, 
then  try  the  other  I'liir  of  trljisses.  If  he  can  read  the  letters  llirouL'h 
the  i)]ane  trhisses.  but  rannoi  read  them  through  the  convex.  '.:r  mag- 
nifying. LMa>vcs.  note  oil  the  form,  under  the  liead  of  Remarks,  "test 
with  te^t  irl;i>s.'s  satisfiirtory  ";  but  if  tiie  letter>  can  be  read  through 
both  paii-s  of  ulasses,  note  "test  with  test  gla.^ses  not  satisfactory." 
Engineers  and  llieiiieu  in  the  service  will  be  tested  with  the  test 
glasses,  and  if  they  have  20  20  or  20  .io  vision  with  both  pairs  of  glasses 
they  will  be  re-examined  yearly  for  vision. 

Color  Sense.- 1.  Hohngren  Test.  Place  the  whole  number  of 
colored  worsteds  on  a  table  in  gooti  cinar  dayliglit.  jmii  the  liirht  green 
test  skein  A  at  a  little  distance  from  the  other  colors  and  a^k  tlie  per* 
son  being  examined  io  select  fn.tm  the  heap  of  colors  all  that  look  to 
him  like  the  test  skein,  and  place  them  beside  it.  Have  him  under- 
stand that  lie  is  not  exp.Tied  to  tlnd  an  exact  match  for  the  test  skein, 
but  that  he  is  to  choose  all  the  colors  that  appear  to  him  of  the  same 
general  color  as  the  test  skein,  botli  those  tliat  are  lighter  and  those 
that  are  darker  in  shade.  If  he  does  not  easily  understand  what  is 
wanted.  let  the  Kxaminer  himself  select  the  colors,  then  having  re- 
turned them  to  the  freneral  heap  and  mixed  them  thoroughly  with  the 
rest  of  the  colors,  let  Imu  call  i-n  llie  person  beini:  examined  to  repeat 
the  selection.  This  demonstration  will  not  enable  a  ]ierson  who  is 
defective  in  his  color  iierce]>tion  to  select  the  colors  correctly,  and  he 
will  pick  out  as  lookint:  to  him  like  the  irreen  test  skein  A.  some 
greens,  and  also  some  of  the  gray  or  brown  confusion  colors,  which 
will  appear  to  him  of  the  same  general  color  as  the  test  skein,  only 
varying  from  it  in  shade.  Note  on  the  form,  the  numbers  on  the  tag:s 
of  the  colors  selected  as  sindlar  to  the  test  skein  A,  and  also  note 
whether  the  seieetion  is  prompt  or  hesitating.  Return  all  the  colors 
to  the  liea[i  and  mix  ibeiii  loireiher.  then  place  the  rose  test  skein  11 
apart  from  tlie  rest,  and  have  the  person  being  examined  select  as  be- 
fore all  the  colors  that  look  to  him  like  this  skein,  and  note  the 
numbers  on  the  colors  so  chosen. 

No  names  should  be  mentioned  in  connection  with  any  color  in  the 
above  worsted  tests  ;  the  tests  should  be  based  only  on  a  comparison 
of  colors. 

2.  Lantern  Test  The  room  being  darkened,  light  the  test  lantern 
and  place  it  20  feet  from  the  person  heiuir  examineil  al)out  on  a  level 
with  his  head.  Set  the  upper  disc  so  that  empty  spaces  come  In  front 
of  the  lights,  the  letters  A  and  C  being  illuminated  on  the  upper  part 
of  this  disc.  Push  the  brass  buttons  on  the  front  of  the  lanteni  so 
that  the  irround  irlasses  on  the  inside  of  the  lantern  are  brought  in 
front  of  the  hghts.  Set  the  handle  of  the  diaphragm  at  the  lowest 
notch  so  that  the  colors  are  seen  through  the  full-sized  openintrs  of 
the  discs.  Then  turn  the  lower  disc,  earning  the  colored  glasses, 
which  will  show  two  cokirs  at  a  time,  and  have  the  p''i>'"i  being  ex- 
amined call  the  names  of  the  colors  as  shown;  for  instance,  "left, 
green  ;  right,  red,"  etc.  Note  i.>n  form  T  'C'^i  the  name  given  to  each 
color  as  shown,  corresponding  to  the  number  on  the  lower  disc  under 
the  color. 

Repeat  the  test,  placing  the  handle  of  the  diaphragm  in  the  highest 
nott'h  so  as  to  have  the  color  seen  through  the  smallest  otH'ning.  and 
turn  the  upper  disc  so  that  only  the  letter  C  is  illuminated:  in  this 
way.  only  one  color  will  be  seen  at  a  time.  Turn  the  lower  disc  and 
note  as  before  the  names  giv<-n  to  the  colors  as  shown.  In  ease  there 
is  any  question  as  to  the  color  perception  of  the  |»ersou  being  exam- 
ined, further  tests  may  be  made  by  combining  the  smoke  glas.ses  of 
the  upjier  disc  ^\ith  the  colored  glasses  of  the  lower  disc  and  using 
either  thi*  largest  or  the  nn*diuiii-sized  opt-niriL's  of  the  diaphragm; 
but  the  smallest  <i|ieiiings  of  the  diajthraL'm  should  not  be  used  with 
thesnu.ke  u"la.-<ses  of  the  upi'er  disc  Also,  the  Lnound  glasses  inside 
the  lantern  may  lie  pnsherl  a^itie  to  vary  the  test, 

3.  No  person  can  be  eotisidered  to  have  satisfacb'ry  color  perception 
who  calls  a  red  light  triecn.  or  a  green  light  red,  under  any  of  the 
varying  conditions  of  the  lanteni  test;  or.  who  selects  the  grays, 
browns,  or  reds  with  the  greens,  as  looking  like  the  green  test  skein, 
ami  selects  any  of  the  grays,  blues,  violets,  or  greens  with  the  rose  or 
red  coloj-s,  as  looking  like  the  rose  test  skein  of  the  worsted  test. 

Hearing  Test.— Place  the  person  u>  be  examined  at  a  distance  of 
20  feet,  with  one  side  toward  the  Examiner;  have  him  stop  the  ear 
furthest  from  the  Examiner  by  placing  the  flntrer  over  it.  then  let 
him  repeat  aloud  the  words  or  numliers  spoken  by  the  Examiner  in  a 
conversational  tone,  and  note  the  distance  in  feet  at  which  they  can 
be  repeated  con-ectly.  Have  him  turn  the  other  ear  toward  the 
Examiner,  and  repeat  the  test. 

With  one  ear  clased  as  before,  note  the  greatest  distance  in  feet  at 
which  the  ticks  of  the  ratchet  aconmeter  can  be  counted  correctly, 
with  each  ear.  Hold  the  aconmeier  b\  its  narrow  edge  between  the 
forefinger  and  thundt.  not  shielded  by  the  tlnu'ei-s.  and  with  one  flat 
face  directed  toward  the  pei-son  beintr  examined. 

Remarks.— rnder  the  liead  of  Remarks  note  any  incident  which 
might  impair  the  accuracy  of  thp  tests,  as  es<-aping  steam,  etc  .  or 
anything  which  gives  anv  additional  information  in  regard  to  the 
tests. 

Re-examinations.— AH  employees  who  are  required  to  pass  an  ex- 
amination for  vision,  color  sense,  or  hearing,  will  be  re-examined  as 
follows ;  1.  At  the  end  of  three  years  from  the  date  of  the  last  exami- 


nation ;  or,  yearly  ("for  vision)  in  Class  A  if  one  eye  is  found  to  have 
less  than  20/40  of  normal  vision.  2.  After  any  accident  which  might 
be  caused  by  defective  vision.  <-olor  sense,  or"  hearing,  '.i.  After  any 
serious  accident,  or  after  re{'o\ery  from  any  severe  illness,  or  after 
severe  inflammation  of  the  eyes  or  eyelids,  -t.  Before  promotion.  5 
Yearly,  for  vision,  in  case  of  enginemen  aud  firemen  who  have  20/20 
or  20  ;ni  vision  with  both  pairs  of  test  glasses. 

STANDARDS  OF  ACCTENESS  OF  VISION.— The  foUowiug  Standards 
of  acuteness  of  vision  will  be  considered  as  satisfactory  for  the  differ- 
ent classes  mentioned.  These  standards  must  be  strictly  observed, 
but  if  in  the  opinion  of  the  Division  Superintendent  any  exception 
should  be  made,  the  matter  must  be  referred  to  the  lieneral  Superin- 
tendent for  final  decision,  with  full  report  containing  the  reasons 
therefor. 

CLASS   A. 


Enginemen. 
Firemen. 


On  Entering  the  Ser- 
vice, or  Promotion. 


20/20  in  each  eye. 
tested  separately, 
without  glasses. 


Re-examination       o  f 
those  in  the  Service. 


Not  less  than  20/30 
with  both  eyes  open, 
without  glasses;  each 
eye  should  also  be 
tested  separately  and 
the  visiou  of  each 
noted. 


Passenger  Conductors. 
Baggage- 
masters. 
**  Brakemen 

Ticket  Collectors. 
Assl.  Conductors. 
Freight  Conductors. 
Brakemen. 
Yard  Masters. 
"     Conductors. 
"     Brakemen. 
"     Enginemen      f  re- 
tired from  road 
service). 
Switchmen. 
Draw  Tenders. 


20  20  in  oneev 
not  less  than  2o 
the  ot'ier.  tested  sep' 
arately,      without 
glasses. 


Towermen. 
Telegraph  Operators. 
Station  Agents. 
Section  Foremen. 


CrossinK  Flagmen. 


On  Entering  the  Ser- 
vice, or  Promotion. 


Re-examination      of 
those  in  the  Service. 


Not  less  than  20/40 

with  both  eyes  open, 

JO  ju  uliliiiut  glasses;  each 


20/20  in  one  eye  and 
not  less  than  20/40  in 
the  other,  tested  sep- 
arately, with  or  with- 
out glasses. 


Not  less  than  20/40 
with  both  eyes  open, 
with  or  without 
glasses. 


houltl  also  be 
tested  separately  and 
the  vision  of  each 
noted. 


Not  less  than  20/40 
with  bi.'lti  eyes  open, 
with  orwiilnuit  gla.ss- 
es;  each  eye  should 
also  be  tested  sepa- 
rately and  the  vision 
of  each  noted. 


Not  less  than  20/50 
with  both  eyes  open, 
with  or  without 
glasses. 


Certificates.— In  case  glasses  are  necessary  to  bring  the  acuteness 
of  vision  up  to  the  above  standards,  the  Examiner  will  report  the 
facts  to  his  General  Su|»-riniendi-nt,  throui:h  the  Division  Superin- 
tendent, on  form  T  52:(.  with  the  full  record  of  the  examination,  and 
the  certificate  will  be  withheld  until  he  receives  the  approval  of  the 
General  Superintendent.  This  will  not  apply  ti'Ti>wermen.  Telegraph 
Oper.itois.  >talion  Agents,  Section  Foremen,  rir  Crossing  Flagmen. 

The  Examiner  will  give  a  ceriiflcate,  form  l.'>2;i.  ui  each  person  pass- 
ing a  satisfactory  examination.  This  certificate  will  be  dated  and 
signed  by  the  Examiner,  and  will  also  be  signed  in  his  presence  by 
the  person  examined 

The  aliove  instructions  will  apply  to  all  tests  of  vision,  color  percep- 
tion and  hearing,  made  after  May  1st,  1901. 

As  soon  as  practicable  all  employees  who  are  required  to  pass  such 
tests,  and  who  have  not  been  examined  by  one  of  the  Company's  Ex- 
aminers since  April  1st,  1899,  must  bee.\amined  in  ac<-ordance  with  the 
above  instructions.  W.  E.  Chamberlain. 

BosTOxN,  May  1st,  1901.  General  Manager. 

FORM  1523. 
The  New  York.  New  Haven  and  Hartford  Railroad  Company. 


This  certifies  that  I  have  this  day  carefully  tested  the  Acuteness  oT 

Vision  and  Color  Perception  of 

whose  siunature  is  attached  hereto,  and  find  that  he  is  not  disqualified 
by  cfilor  blindness  or  other  defective  sight  from  employment  where  he 
is  required  to  distinguish  form  and  color  of  signals. 

Examiner. 

1 

Signature  of  party  examined. 
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<'<»lor  Percpptiou. 
<'olor  Perception. 


THE  NEW  YORK,  NEW  HAVEN  AND  HARTFORD  RAILROAD  CoMI'AN'i. 

- DIVISION. 

Record  of  Examination  of  Sight,  Color  Sense,  and  Bearing. 


OCCI'PATION. 


.\cuteness  of  Vision,  without  (ilasse^. 

Right 
Eye. 

Left 
Eye. 

Both 
Eyes 
Open. 

Reading  Test,  both  Eyes  Open, 

Without 
Glasses. 

With 
Glasses. 

Distance  in  feet,  at  which  standard  tesMype 
are  i^ad. 

Size  of  reading  test-type  read  correctly. 

Smallest  line  of  standard  test-type  read  cor- 
rectly. 

1 

Written    ti^in    orders   read    correctly    (Vcs 

or  Xo). 

Position  Signal  Test,  without  glasses. 

Right  Eye. 

Left  Eye. 

Both  Eyes  Open, 

Distance  In  feet  at  which  card  with  semaphore  arms  can  be  read  correctly. 

COLOU   SEXSE. 


Test-Skein 
Submitted. 


Numbers  on  the  Skeins  in  Standard  Holmgren  Color  Set,  selected  as  similar  to  Test-Skeins. 


A  Green. 


Size  of 
Opening. 

Number 
shown. 

1 

3 

2 

4 

3 

o 

4   ,    6 

5 

7 

6 

8 

7 

9 

Testing 
Lantern, 

Name 

given. 

two 

Number 
shown. 

8 

10 

9 

11 

10 

12 

11  j  13 

12 

1 

13 

2 

1       3 

lights. 

Name 
given. 

« 

1 

Size  of 
Opening. 

Number 
shown. 

1 

•? 

3 

1        4 

1        5 

6 

1 

Testing 
Lantern, 

Name 
given. 

one 

Number 
shown. 

8 

9 

10 

11 

12 

13 

1 

light. 

Name 
giyen. 

Number  of  feet  at  which  numbers  or  words  can  be  repeated  correctly  when  spoken  in  a  conyersational  tone. 


Right  Ear, 


Number  of  feet  at  which  ratchet  acoumeter  can  be  heard. 


Right  Ear, 


Left  Ear, 


remarks: 


Examiner, 
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COLORADO.— The  State  of  Colorado  embraces  about 
twice  as  much  territory  as  the  whole  of  New  England. 
The  western  two-thirds  of  the  State  is  covered  by  a  por- 
tion of  the  Rocky  Jlountain  system,  while  the  eastern 
one  third  consists  of  the  western  margin  of  the  Great 
Plains  which  gradually  ascends  in  height  from  4,000  feet 
on  the  eastern  liordcr  of  the  State  to  6,000  feet  where 
the  foothills  of  the  Rockies  begin.  The  foothills  with 
their  adjoining  valle3-s  vary  from  6,000  to  7,000  feet  in 
elevation. 

Westward  of  the  foothills  are  the  natural  parks,  stand- 
ing at  altitudes  between  7,000  and  10,000  feet,  interspersed 
among  the  mountains  of  whieli  in  Colorado  there  are  130 
peaks  ranging  from  13,.500  to  14,-500  feet. 

The  eastern  or  plain  portion  of  the  State  consists  of 
elevated  plateaux  which  are  for  the  most  part  barren  of 
trees  and  vegetation  save  for  the  native  buffalo  grass, 
and  the  streams  are  few  and  small.  This  region  is  unin- 
habited except  in  the  few  widely  scattered  ranches  and 
small  towns. 

A  few  miles  eastward  from  the  foothills,  along  the 
margin  of  the  plains  where  they  approach  the  mountains, 
are  situated  the  most  prosperous  and  ]iopulous  towns  in 
Colorado,  and  it  is  on  this  strip  of  land  that  most  of  the 
invalids  locate.  In  the  northern  portion  of  this  area, 
on  the  plains  some  fifteen  miles  from  the  foothills,  stands 
the  city  of  Denver,  the  capital  of  the  State,  while  seventy- 
five  miles  to  the  south  of  it.  and  only  live  miles  from  the 
mountains,  is  Colorado  Springs  with  its  suburbs.  Forty' 
miles  to  the  south  is  the  manufacturing  city  of  Pueblo, 
and  still  farther,  on  the  borders  of  New  Mexico,  is  the 
city  of  Trinidad  with  its  important  coal  mines. 

To  the  westward,  in  the  valleys  among  the  foothills,  are 
I'ound  the  smaller  towns  of  Boukler.  Golden,  Manitou, 
and  Canon  City. 

The  mountain  parks  are  used  in  the  summer  by  in- 
valids, some  of  them  (especially  Estes  Park  and  JIanitou 
Park)  being  well  supplied  w  ilh  accommodations  for  visit- 
ore.  On  the  western  side  of  the  Rockies  are  many  pros- 
perous towns,  which  are  not  as  nuich  used  by  invalids  as 
those  of  the  eastern  slopes  because  of  tlie  climate  being 
less  dry.  Glenwood  Springs,  however,  is  a  place  much 
frequented  by  the  sick,  thotigh  not  usually  by  those  who 
are  tubercidous.  The  varied  topogrjiphy  of  the  State 
naturally  gives  rise  to  variations  in  climate,  though  all 
share  in  the  conmion  attributes  of  sunniness,  dryness, 
and  diminished  barometric  pressure.  In  the  eastern  or 
plain  jiortion  is  to  be  fotuid  the  most  sunshine  and  least 
himiidity.  hut  with  more  dust  and  wind  than  in  the  shel- 
tered valleys  and  parks  of  the  mountain  regions.  The 
average  annual  rainfall  is  fifteen  inches.  The  range  of  the 
greatest  annual  extremes  is  not  more  than  ten  inches, 
while  on  the  coast  of  California  it  extends  to  thirty-nine 
inches.  The  rain  is  naturally  more  copious  on  and  near 
the  mountain  peaks,  and  at  this  great  height  it  usually 
though  not  invariably  increases  with  the  altitude.  (Jn 
ihe  eastern  side  of  the  main  range  the  bulk  of  the  pre- 
cipitation occurs  during  the  summer  half  of  the  year, 
there  being  no  rain  through  the  winter  and  very  little 
snow.  On  the  western,  or  Pacific  slope,  on  the  other 
hand,  the  precipitation  during  the  winter  six  months  is 
somewhat  greater  than  in  the  summer.  The  mean  rela- 
tive humidity  of  Colorado  is  .50  per  cent.,  and  the  actual 
humidity  2.04  grains  per  cubic  foot  of  air.  the  average 
annual  temperature  being  .50'  F.  This  dryness  of  the  air 
causes  both  the  heat  and  the  cold  to  be  better  borne  for 
reasons  which  are  so  well  explained  by  Professor  Har- 
rington in  his  paper  upon  sensible  temperatures  to  be 
found  in  the  transactions  of  the  American  Climatological 
Association  (vol.  x.). 

"The  sun  iu  Colorado,  in  that  great  tract  along  and 
among  the  eastern  foothills,  in  which  are  located  Denver, 
Colorado  Springs,  JIanitou,  Pueblo,  Trinidad.  Golden. 
Boulder,  Fort  Collins,  and  Greely;  in  that  region  to  which 
the  tourist  and  the  invalid  are  most  likely  to  come,  and 
in  which  they  are  likely  to  stay  longest — the  sim  here 
shines  for  about  sixty-two  hours  out  of  every  hundred  in 
which  it  is  above  the  horizon.     In  Philadelphia  the  ratio 


is  forty-nine.  During  the  winter  months,  the  trying 
time  for  the  invalid,  the  difference  is  more  striking  still. 
In  Colorado  we  have  from  December  to  ^larch,  .56  per 
cent,  of  all  pos.sible  sunshine.  In  Philadelphia  they  get 
but  37  per  cent. ;  a  difference  in  Colorado's  favor  of  over 
one-half.  In  ten  years  there  were  in  Denver,  on  the 
average  in  each  year,  314  clear  or  partly  clear  days.  In 
Chicago,  in  the  sjime  period,  there  were  only  '2.51 ;  in  New 
York,  2&i.  During  the  three  winter  months  the  sun 
shines  foiu'  out  of  every  five  days.  Nor  do  these  figures 
tell  the  whole  story.  One  of  the  greatest  advantages  of 
this  eastern  belt  along  the  front  of  the  range  is  the  early 
morning  sunshine.  There  are  no  high  mountain  ranges 
for  the  sun  to  climb,  as  in  so  many  high  altitude  resorts 
in  other  lands,  luit  its  first  rays  above  the  low  eastern 
horizon  are  at  once  warming  and  cheering.  The  sun  is 
up  before  the  invalid  is  awake,  and  the  air  is  warmed  for 
his  outdoor  life  without  a  long  wait  till  mid-morning. 
In  Davos,  Switzerland,  the  sun  on  January  1st  does  not 
rise  till  10  -\.M..  and  sets  at  three  in  the  afternoon,  a 
possible  sunshine  of  only  five  hours.  In  Denver  on 
January  1st  the  sun  ri,ses  at  7:30  a.m.  and  does  not  set 
till  after  4:30  p.m.  :  more  than  nine  h<iurs  of  sunshine. 

"Neither  do  the  few  cloudy  days  preclude  an  outdoor 
life,  as  might  be  inferred.  They  do  not  bring  the  damp 
and  rawness  of  the  Eastern  or  Mi<ldle  States.  To  many 
there  is  a  restfulness  in  a  clouded  day  from  the  constant 
intensity  of  clear  blue  sky."  * 

The  temperature  of  the  air  in  the  sunlight  and  in  the 
shade  vaiies  from  40  to  60  F.  There  is  a  large  amount 
of  electricity  and  marked  diathermancy  of  the  air. 

The  wind  movement  of  Colorado  is  high,  especially  on 
the  plains,  though  it  is  not  as  high  as  that  of  the  most 
important  cities  of  the  Union. 

Through  the  country,  where  the  plains  and  mountains 
meet,  the  seasons  may  be  thus  brietiy  described :  March 
is  usually  dry  and  a  pleasjtnt  month  with  but  few  storms. 
April  is,  perhaps,  the  most  disagreeable  month  of  the 
year,  as  iu  the  first  half  wet  snow  storms  or  heavy  rains 
are  usvial.  In  .May  the  weather  improves,  and  in  the  last 
half  of  the  month  it  is  generally  good.  June  is  dry  and 
warm.  Through  July  and  August  the  sunmier  heat  is 
not  excessive,  the  mornings  and  evenings  being  bright 
and  beautifid,  while  in  the  afternoons  heavy  thunder 
showers  lasting  some  twenty  minutes  are  usual.  By  the 
middle  of  September  the  rains  have  ceased,  and  beautiful, 
dry,  siumy  autunni  weather  is  experienced  usually  until 
the  turn  of  the  year.  In  January  and  February  the  cold- 
est weather  occurs,  but  as  it  is  dry,  clear,  and  sunny  it 
is  bracing  and  plea.sant.  except  to  those  who  are  too 
feeble  to  react  to  its  tonic  effects. 

Dr.  C.  T.  SVillianis,  in  describing  the  quality  and  effect 
of  the  various  factors  of  the  Colorado  climate,  writes  as 
follows :  "  Thus  the  climate  of  Colorado  is  thy  and  sunny, 
with  bracing  and  energizing  qualities,  permitting  out- 
door exercise  every  tlay  all  the  year  round,  the  favorable 
results  of  which  may  be  seen  in  the  large  number  of 
former  consumptives  whom  it  has  rescue<l  fiom  the  life 
of  invalidism  and  converted  into  healthy,  active  work- 
ers. "  + 

Boulder — elevation  .5.300  feet,  population  .5.000.  lati- 
tude 40\  This  little  town  is  situated  at  the  mouth  of 
Boulder  eaiion.  some  thirty  miles  northwest  from  Denver. 
The  State  University  of  Colorado  is  here,  and  there  is  also 
a  Siinitarium  which  is  a  branch  of  the  Battle  Creek  sani- 
tarium. Comfortable  accommodations  can  he  obtained  at 
the  hotel  and  boarding-houses.  The  mean  temperatures 
(Fahr. )as  recorded  are:  spring,  49":  summer,  65°:  au- 
tumn, 49" :  winter.  '24'.  Total  rainfall,  19.21  in. :  spring,. 
8  in. ;  summer.  7.7  in.:  autumn,  2  in.:  winter.  1.51  in. 
The  humidity  and  wind  movement  observations  are  not 
to  be  obtained.  The  soil  is  sand}'.  The  water  supply  is 
good,  but  there  is  no  system  of  sewerage. 

Canon  City — elevation  5,300,  latitude  38'  30  :  popula- 
tion 4..500.       Cation  City  lies  in  a  vallej'  close  to  the  en- 

♦Colnrailn:   "  About  its  Climate."    ByJ.  C.  Dana,  Librarian,  and 
Carroll  E.  Edson,  M.D.,  Denver,  Col. 
+  "  Aerotherapeutics,"  by  Charles  Theodore  Williams,  M.D.,  London. 
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trance  to  tlic  Grand  Canon  of  tlie  Arkansas.  It  is  forty- 
live  miles  northwest  of  Puel)lii.  It  is  well  sheltered  from 
winds,  e.xcept  where  an  occasional  westerly  wind  Mows 
throujjli  llie  canon.  It  has  a  mild  winter  climate.  The 
soil  is  mostly  ailohe.  so  it  is  sUiw  in  dryinjc  up  after  rain 
and  snow.  The  water  supply  is  good.  There  are  fair 
hotels  and  lioarding-houses.  and  the  prices  are  moderate. 
The  streets  are  ]deasjintly  shaded  with  trees.  Fruit 
growing  is  successfully  carried  on  by  irrigation  through- 
out the  valli'y.  There  arc  hot  and  cold  soda  springs. 
The  seasonal  temperatures  (Falir.)  and  rainfall  are  as 
follows:  Sprini;' tempiMalure  r)2  .  rainfall  4.2  in.:  summer 
tcmp<'rature  7-'  .  r;iiMrall  4.2  in.:  autumn  temperature 
53  ,  rainfall  l.(i  in.:  winter  temperature  34",  rainfall  l.S 
iu. 

Colorado  Springs— elevation  0.000  feet:  latitude  38°  51' ; 
population  3(i.(ii«i.     Colorado  Springs  is  situated  seventy 


the  curve  lies,  as  it  were,  in  a  bay  opening  southward  to 
the  ocean  plain."  * 

In  looking  landward  fiom  the  town  it  will  be  noticed 
how  it  is  encircled  by  ramparts  formed  by  the  ground 
rising  from  ()..")(J0  feet  on  the  cast  up  to  T.UIHJ  feet  on  the 
north,  and  sloping  upward  along  the  western  line  to  over 
14.0(10  feet  upon  the  sununit  of  the  Peak  and  southward 
again  to  the  ^..^iUO  foot  level.  The  ramparts  formed  by 
tlie  mountains  afford  shelter  from  the  sweep  of  the  con- 
tinental storms  and  by  their  attraction  keep  back  much 
of  the  rain  and  snow  that  gather  around  the  Peak.  The 
lofty  enunence  of  this  grand  mountain,  piercing  the  upper 
cooler  strata  of  the  atmosplii're,  draws  toward  it  the 
clouds  which,  as  they  break.  |iass  southward  over  Chey- 
enne -Mountain  and  northwanl  over  the  Front  Range,  and 
thus  eastward  along  the  ridge  of  the  Divide. 

The  heavy  trans-continental  storms  coming  from  the 


Fi<;.  H70.— Manitou,  Colorailo.  on  the  Denvir  ami  Hi  ,•  (iraniie  Railroail. 


five  miles  south  of  Denver  on  the  mountain  shore  fring- 
ing the  ocean  of  the  Great  Plains.  "These  )>lains.  which 
begin  to  rise  eight  himdred  miles  away  to  the  eastward 
3ind  stretch  an  e(|u,d  distance  north  and  south,  have  been 
called  the  Great  American  Desert.  This  great  plateau  is 
almost  completely  barren  of  trees  and  crops,  and  is  trav- 
<'rsed  by  a  few  slender  streams.  The  arid  soil  yields  but 
little  water  from  infreipient  wells  and  springs,  and  the 
<iry  air  blowing  over  this  plateau  gives  but  scant  moist- 
ure: so  that  there  are  only  a  few  scattered  oases  of  cul- 
tivation in  this  vast  expanse  of  grassy  plain.  To  the  eye 
the  rolling  ]uairie  conveys  the  impression  of  the  sea,  and. 
no  doubt,  it  was  this  thought  that  prompted  the  early 
pioneers  to  call  their  wagons  as  they  slowly  limibered 
over  the  jilain  'prairie  schooners,'  the  wagon  covers  in 
the  distance  resembling  sails. 

■'The  town  has  in  the  west,  towering  eight  thousand 
feet  above  it.  that  great  sentinel  of  the  Rockies.  Pike's 
Peak,  with  its  shoulders  sloping  to  the  lower  heights  of 
<'heyenne  Mountain  in  the  south  and  melting  into  the 
Front  Range  in  the  north,  with  a  spur,  the  Divide.  This 
Divide  projects  from  the  front  range  to  the  eastward, 
with  it«  crest  being  twenty-live  ndles  north  of  the  town, 
and  curving  southwani:  it  therefore  shelters  the  cit.v  on 
the  north  and  east.  These  mountains  and  their  spurs 
form  a  semicircle.     The  town  situated  in  the  depth  of 


West  over  the  mountains,  for  the  most  part,  do  not  stiike 
the  plains  short  of  fifteen  miles  to  the  eastward,  because 
of  the  great  width  of  the  angle  at  which  they  descend  by 
rea.sonof  their  great  velocity  and  the  height  of  the  moun- 
tains they  have  to  cross,  thus  leaving  the  town  in  the 
wind-shed  below.  This  sheltered  position  does  not, 
however,  prevent  the  town  from  experiencing  on  these 
occasions  much  movement  of  the  air  from  the  eddying 
currents  set  iu  motion  by  the  storms  that  pass  over  and 
around  it. 

Perhajis  one  of  the  strongest  features  in  the  lesemblance 
to  a  seashore  is  in  the  customary  daily  variations  of  the 
local  winils.  Wherever  the  land  and  ocean  meet  there 
is  a  dailv  breeze  blowing  from  the  sea  to  the  land  and  a 
nightly  one  from  the  land  to  the  sea.  Here  we  have  in  the 
diurnal  winds  an  exact  counterpart  of  the  sea  and  land 
breezes.  In  ordinary  weather,  throughout  the  night,  a 
gentle  breeze  blows  from  the  north  and  northwest,  and  as 
the  sun  begins  to  rise  the  wind  shifts  east  ward  and,  passing 
.south,  blows  from  the  southwest  during  the  early  aflcr- 
noon :  then  turning  backward  through  the  eastern  (jtiarter 
it  reaches  the  north  once  more  as  the  sun  goes  down, 
where  it  lingers  through  the  night.     The  velocity  of  the 


*"  An  Inland  Seashore."  by  S.  E.  Solly.  M.D.,  Mountain  Sunshine. 
Fall  Number,  vol.  1.,  1891),  p.  2,  Colorado  Springs. 
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wind  is  very  slight  duriog  llic  hours  of  clarliness.  but  iu- 
crcuses  after  daybreak  up  to  two  or  three  o'clock  in 
the  afleruoon  when  it  lilous  with  its  maximum  force, 
gradually  dying  down  again  as  simset  approaches  and 
it  returns  to  the  northern  quarter.  Thus  we  liave  by 
day  a  sea  or  plain  breeze,  by  night  a  shore  or  mountain 
breeze. 

The  customary  winds  are,  however,  very  different  in 
their  quality  from  those  on  the  seashore,  because  thej'are 
dry  instead  of  moist.  This  is  particularly  the  case  in 
contrasting  the  sea  and  plain  winds.  The  winds  passing 
over  the  ocean  toward  the  shore  must,  from  the  very  na- 
ture of  things,  bring  with  them  much  humidity,  so  that 
in  whatever  climate  a  sea  breeze  blows  it  is  always  damp 
and  there  can  be  only  relative  dryness  in  sea  breezes,  but 
owing  to  the  varying  temperatures  its  effects  may  be 
ver}'  different.  For  instance,  on  a  seashore  where  there 
are  brilliant  sunlight  and  genial  warmth,  as  on  the  coast 
of  Southern  California,  through  the  warmer  hours  of  the 
da3'  the  sea  breeze  blows  and  does  not  part  with  its  hu- 
midity as  rain  or  fog.  During  the  early  morning  and 
evening  liours  the  change  of  temperature  is  usuall.v  too 
slight  to  cause  a  fall  of  rain,  but  the  moisture  in  the  air 
condenses  to  a  light  fog.  This  condition  is  practically 
the  same  both  sunimer  and  winter  in  California,  but  on 
the  North  Atlantii-  coast  the  conditions  are  only  similar 
during  the  summer,  while  in  winter  the  greater  cold 
brings  harsh  weather  with  increased  precipitation.  The 
great  and  important  difference  between  this  fancied  sea- 
shore and  a  real  one  is  that  it  is  drj'  instead  of  moist, 
though  they  are  alike  in  this,  that  breezes  bring  an 
abundance  of  pure  air  which  has  blown  over  surfaces 
untainted  by  malaria  or  the  habitations  of  man.  It  is 
the  proximity  of  the  great  plains  with  their  dr}-,  tree- 
less, and  sparsely  populated  soil  that  gives  to  Colorado 
Springs  such  a  magnificent  reservoir  of  pure,  sun-dried 
air  for  it  to  draw  upon. 

The  open  aspect  to  the  south  and  east  with  the  sloping 
southern  shoulder  of  the  Peak,  allows  longer  hours  of 


In  the  Alpine  valley  resorts  the  daily  breeze  blows 
more  gently  over  chilly  mountain  tops  oi  ice  fields,  bring- 
ing a  mucli  cooler  and  slightly  damper  atmosjiliere  than 
that  which  reaches  Colorado  Springs  from  the  plains. 
While  the  qualities  of  the  Colorado  Springs  diurnal  winds 
are  suited  and  agreeable  to  many,  yet  for  others  the 
greater  coolness  and  lesser  velocity  of  the  daily  breeze  ex- 
perienced in  Davos  are  more  to  be  preferred. 

The  plateau  upon  which  the  town  stands  is  composed 
of  sand  and  gravel,  rising  some  seventy  feet  above  the 
clay  bed  of  the  streams.  In  this  soil  no  water  is  to  be 
found  and  the  city  is  dependent  upon  water  brought 
from  the  mountains.  The  surface  of  the  plateau  thus 
lifted  above  the  river  valiej-s  is  level  and  has  a  gentle 
slope  from  north  to  south,  which  allows  good  natural 
drainage  and  easy  sewerage.  When  one  is  standing  on 
the  town  site,  the  elevation  of  this  plateau  above  its  im- 
mediate surroundings  conveys  the  impression  of  height; 
but  (ra  looking  down  upon  the  town  from  the  encircling 
benches  or  hills,  we  then  see  that  it  really  rests  in  the 
hollow  of  a  bay  with  two  .sheltering  arms  stretching  out 
from  Pike's  Peak  around  it  to  the  north  and  east,  and 
to  the  south  and  west,  leaving  the  southeastern  aspect 
open  to  the  plains. 

Occasicraally  during  the  winter  half  of  the  j'ear  the 
wind  will  remain  throughout  the  day  in  the  northern 
quarter,  bringing  cold,  stormy  weather  from  across  the 
moimtains;  though  when  the  thermometer  drops  near  or 
below  zero,  as  it  occasionally  does,  the  wind  iisually  also 
abates,  so  that  the  intense  cold  is  quite  enduralile  and 
even  pleasjint  if  the  bodj'  is  well  protected  by  warm 
clothing.  It  is  also  a  rare  day  when  the  sun  does  not 
shine.  During  the  nights,  which  are  usually  the  coldest 
portion  of  the  twenty-four  hoius,  there  is  rarely  much 
wind  blowing.  After  a  cold  snap,  when  snow  has  fallen, 
often  the  chinook — a  warm,  dry  wind  which  rapidly  melts 
the  snow  and  dries  the  ground — will  blow  from  the  west. 
It  is  similar  to  the  fijhn  wind  of  Switzerland,  which  is 
sometimes  called   "the  snow   eater."     The   velocity  of 


■  iiiu  oraude  Railroad,  with  Pike's  Peak  in  the  Distance. 


sun.sliine  and  intenser  light  than  are  found  in  the  Swiss 
mountain  valley  resorts.  For  instance,  on  the  fii'st  day 
of  January  the  possible  hours  of  sunlight  in  Davos  are 
four  hours,  wliercas  in  Colorado  Springs  they  are  nine. 


the  Chinook  is  very  great,  but  it  rarely  blows  more  than 
a  few  hours  at  a  time.  Winds  from  tlie  west  and  south- 
west are  infrequent,  but  in  addition  to  those  which  have 
been  mentioned  occasional  local  breezes  will  spring  up, 
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Ashevillc,  48  at  Aiken.  r,\  at  Tlioinasvillc.  8(1.5  at  San 
Antonio,  and  lis  at  Santa  IJarliara.     Inuulinnn  the  pre- 


The  mean  total  monlhly  wind  movement  is  atColorado  eijiilation  is  ni>t  more  than  two  inc  Ik 

S|irin!js.   (J.GGiJ  miles;   Xew  YorU.   Ci.SS:!:  Boston,  7.997;  t        The    annual    averaije    relalive    humidity    of   Colorado 

i'hieago,   7,007;  St.  I.ouis,   7,ini:  San  Francisco,  ti,»6y.  1  Sj)rings  is  50  per  cent.,  heing  19  per  cent,  less  than  A-shf- 

These  places  all  show  a  greater  anioimt  of  wind  move-  |  ville,  15  per  cent-  less  tliun  Tlioniasville,  18  per  cent,  less 


Flu.  lti~.—iiIen\vo«Kl  Springs,  Colorado,  on  the  Western  Slope  of  the  Itoeky  Muunt4iins.    EN- 
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ment  than  Colorado  Springs,  while,  on  the  other  hand. 
in  the  following  places  the  wind  movement  is  somewhat 
less:  At  St.  Paul  it  is  5,156  miles;  San  Antonio.  5.301; 
San  Diego,  4,105 ;  Thomasville,  4.225 ;  Denver,  4.9S0,  and 
Pueblo,  5,438.  This  average  annual  monthly  movement 
of  the  wind  at  Colorado  Springs  is  largely  aiigmenteil  by 
the  spring  gales,  the  autumn  and  early  winter  being 
much  less  windy. 

The  hourly  wind  velocity  at  Colorado  Springs  during 
the  autumn  is  nine  miles  per  hour,  being  only  slightly 
greater  than  that  of  the  summer  season,  and  quite  a  little 
less  than  lliat  of  the  winter  and  spring. 

The  number  of  cloudy  days  of  the  entire  year  is  very 
small,  averaging  but  57  asagainst  li9  in  the  Adirondacks, 
lOG  at  Asheville,  97  at  Thomasville,  92  at  San  Antonio. 
and  73  at  Santa  Barbara.  In  the  principal  cities  of  the 
Union — Boston,  New  York,  Chicago,  St.  Louis,  and  San 
Francisco — the  niunber  of  cloudy  days  range  from  88  at 
San  Francisco  to  117  at  Chicago.  (.)f  the  57  cloudy  days 
which  occur  through  the  year  at  Colorado  Si)rings  tlie 
fewest  are  seen  during  the  autumn,  averaging  less  than 
half  the  number  in  the  summer  and  winter  and  one-third 
of  the  number  during  the  spring,  which  is  the  cloudiest 
season. 

The  annual  average  rain  and  melted  snow  fall  is  14.5 
inches,  as  contrasted  with  39  in  the  Adirondacks.  45  at 


than  San  Antonio,  and  23  three  per  cent,  less  than  Santa 
Barbara.  In  the  autumn  it  is  abotit  4  per  cent,  higher 
than  in  the  winter  and  summer,  and  8  per  cent,  higher 
than  during  the  spring.  This  is  because  of  the  dimin- 
ished precipitation;  a  little  more  moisture  being  retained 
in  the  air. 

The  annual  avera,ge  absolute  humidity  of  Colorado 
Springs  is  1.48  grains  as  against  3.24  grains  for  Asheville, 
pr  4. 86  for  Thomasville.  or  5.26  for  San  Antonio  and  4.30 
'for  Santa  Barbara.  In  the  autumn  the  absolute  humidity 
in  Colorado  Springs  is  2.05.  which  is  very  low,  though 
slightly  in  excess  of  the  annual  average. 

The  average  temperature  (Fahr. )  for  autumn  of  Coh)- 
rado  Springs  is  48  ,  contrasted  with  43'  in  the  Adiron- 
dacks, 53°  at  Asheville,  and  61'  at  Aiken,  62°  at  Santa 
Barbara,  and  34'  at  Davos-Platz. 

The  average  night  temperature  of  Colorado  Springs  for 
the  autumn  is  34  ,  being  about  the  same  as  that  of  the 
spring;  while  in  summer  it  rises  to  51°  and  in  winter 
drops  to  17°  F.,  owing  to  the  cold  but  still  night. 

Colorado  Springs  has  a  complete  system  of  sewerage, 
electric  lights,  and  electric  street  cars.  The  water  supply 
is  brought  in  pipes  from  the  mountains  and  is  abundant 
and  pure.  The  wide,  level  streets  are  shaded  by  trees. 
There  are  excellent  .stores,  four  banks,  two  theatres,  and 
several  first-class  hotels.     The  Antlers,  recently  rebuilt. 
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is  the  most  complete  hotel  in  the  West :  it  is  fireproof 
anri  stiinds  in  a  beautiful  park.  A  fine  social  club  house 
and  two  oountr}-  clubs  are  adjacent.  The  churches  are 
numerous  and  well  served.  The  residences  are  detached, 
■with  gardens  and  trees  around  them,  and  ai'e  for  the 
most  part  pleasing  in  their  architecture.  The  general 
air  and  resources  of  the  cit_v  suggest  the  best  type  of  the 
Eastern  rather  than  that  of  the  Western  States. 

Glenwood  Springs — elevation  5,200.  population  1.500 
— lies  ou  the  western  slope  of  the  great  continental 
Divide,  and  is  situated  in  a  valley  at  the  junction  of 
the  Grand  and  Roaring  Fork  rivers.  The  Denver  and 
Rio  Grande  and  the  Colorado  Midland  railways  pass 
through  the  town  on  their  way  from  Denver  to  Salt 
Lake  and  the  Pacific  coast.  Here  is  the  far-famed  Yampa 
hot  spring,  fnmi  which  flows  each  minute  2,000  gal- 
lons of  water  at  a  temperature  of  1^4°  F.  This  water 
is  rich  in  salts,  and  suli)hureted  hydrogen  gas  is  freely 
given  off  from  its  surface.  The  arrangements  for  bath- 
ing are  of  the  most  complete  and  modern  desciiption. 
There  is  an  open  swimming  pool  700  feet  in  length  and 
100  feet  in  width,  in  which  a  hot  salt  bath  can  be  thor- 
oughly enjoyed.  On  one  side  of  this  pool  is  a  beautiful 
bathhouse  containing  baths  of  all  kinds;  on  the  other 
are  sidphuroiis  vapor  caves  which  are  most  comfortalily 
fitted  up,  Tlie  baths  of  Glenwood  are  justly  celebrated 
for  their  efficacy  in  the  treatment  of  various  diseases, 
es]iecially  gout,  rheumatism,  syphilis,  and  certain  renal 
and  hepatic  affections.  Its  climate  is  soothing  and  rest- 
ful and  of  great  service  in  irritable  nervous  disorders. 

"Glenwood  Springs  has  one  of  the  finest  hotels  in  the 
West.  It  is  a  large  building  in  the  Italian  style  of 
architecture,  constructed  of  Colorado  peachblow-colored 
stone  and  Roman  brick.  It  surrounds  an  open  court 
which  is  terraced,  and  has  grass  plats,  fountains,  and 
beds  of  flowers.  The  hotel  has  200  guest  rooms ;  it  is 
well  heated,  liberally  supplied  with  open  fireplaces,  and 
is  lighted  by  electric"ity,"* 

Climatic  Conditions  at  Glenwood  Springs, 

Monthlv  mean  temperature  (Fahr.)— 

Wintfir 27° 

Spring 50 

Summer 69 

Autumn 47 

Year 48 

Rainfall  (total.  Inches)  — 

Winter 4,90 

Spring 3.(M 

Summer 3,80 

Autumn 4,22 

Year 1,5.96 

Monlhl.v  mean  temperature  for  Januar>'  (two  years) , . .  22" 

Monthl.v  mean  temperature  for  July  (two  yeai^) 72° 

Mean  yearly  minimum  (three  years)  5" 

Mean  yearly  maximum  (three  years) 100° 

Therapeutic  Use  of  Colorado. — What  has  been  written 
about  the  use  of  high  stations  in  the  Alps  applies  to 
Colorado  with  certain  modifications.  The  latitude  of 
Colorado  is  much  lower  than  that  of  the  Alps,  that 
of  Colorado  Springs  being  about  the  same  as  that  of 
Naples,  It  is  therefore  much  warmer,  and  also,  because 
of  its  situation  in  the  interior  of  the  continent,  much 
dryer ;  moreover,  it  enjoys  the  climate  of  the  high  plateau' 
as  well  as  that  of  the  mountain.  This  increases  the  dry- 
ness, the  length  of  sunshine,  and  also  the  windiness  of 
the  climate.  If  the  reader  will  turn  to  the  description  of 
Colorado  Springs,  he  will  understand  how  this  health 
station  combines  the  features  of  a  plateau  and  a  moun- 
tain station  in  a  remarkable  degree.  The  other  places 
mentioned  in  this  article,  except  Denver  and  Pueblo, 
lie  more  in  the  mountains,  and  receive  more  shelter  but 
less  sunshine,  and  are  less  under  the  influence  of  the 
air  of  the  plains.  When  Colorado  was  first  visited  as 
a  health  resort,  the  idea  was  that  it  was  better  to  place 
stations,  particularly  for  consumptives,  in  the  more 
sheltered  resorts.  For  instance,  Manitou  and  Canon 
City  were  greatly  used,  and  Colorado  Spiings  very  lit- 

*  Solly's  Handbook  on  "Climatolog.y,"  p.  2,51. 


tie ;  but  the  experience  of  the  patients  and  of  the  doc- 
tors brought  about  a  change  in  this  respect,  and,  in 
spite  of  the  accommodations  being  inferior  at  that  time, 
patients  frequented  Colorado  Springs  in  large  numbers 
to  the  neglect  of  the  sheltered  resorts.  At  the  present 
time,  and  indeed  for  some  years  past,  the  accommoda- 
tions and  resources  for  invalids  have  been  excellent  at 
Colorado  Springs,  and  far  better  than  in  any  other  re- 
sort in  the  Rocky  Mountain  region.  The  wisdom  of  this 
change  of  liase  has  been  proved  by  the  local  experience, 
and  is  further  corroborated  by  the  successful  use  of  open- 
air  treatment  in  England  and  ehsewhere.  where  the  ex- 
posure to  wind  and  stormy  weather  is  much  greater  than 
in  Colorado  Spiings.  At  the  same  time,  the  more  shel- 
tered spots  are  of  greater  service  to  a  few  of  the  cases. 
While,  in  comparing  Colorado  Springs  with  the  Alpine 
resorts,  we  find  that  it  excels  them  in  the  amount  of 
sunshine  and  diyness,  and  because  the  climate  is  less 
harsh,  we  must  at  the  same  time  admit  tliat  it  falls  be- 
hind them  in  that  there  is  more  wind  and  dust.  One  of 
the  most  prominent  advantages  that  Colorado  Springs 
enjoys — an  advantage  which  is  also  shared  in  a  lesser 
degree  by  the  other  Colorado  resorts — is  that  the  con- 
sumptive patient  can  conlinue  under  the  influence  of 
the  climate  all  the  year  round,  there  being  no  falling 
and  melting  snow  periods  as  in  the  Alps.  To  this  the 
writer  attaches  great  importance,  because  he  does  not 
believe  that  in  seriously  atfected  cases  a  residence  of  a 
few  months  is  sufficient  to  insure  permanent  restdts. 
Further,  when  the  consumptive  is  able  to  move  about 
and  take  exercise,  he  has  a  wide  area  over  which  he 
can  pass;  he  can  ride  and  drive,  play  golf,  and  vary 
his  amusements.  Also,  at  Colorado  Springs,  at  least,  he 
can  have  the  advantage  of  literary  and  musical  circles, 
and  all  kinds  of  educational  and  religious  institutions, 
and  tind  reasonable  social  distractiuus.  Those  also  in 
whom  the  di.sea.se  is  arrested,  but  for  whom  it  is  inex- 
pedient that  they  should  return  to  their  former  home,  or 
who  do  not  desire  to  do  so,  can  find  opportunities  for 
work  or  investment  of  money.  The  recent  discoveiies 
of  gold  at  Cripple  Creek  have  added  to  the  wealth  and 
prosperity  of  the  city,  and  to  the  business  opportunities 
of  all  kinds,  but  have  not  brought  any  of  tUe  objectionable 
features  of  the  mining  camp.  Besides  the  resources  of 
the  town,  there  are  beautiful  environs  in  which  patients 
can  live  or  to  which  they  can  resort  by  day. 

It  is  often  urged  that  for  a  consumptive  who,  of  neces- 
sity or  by  choice,  returns  to  his  home,  it  is  far  better  that 
he  be  treated  in  the  same  climate.  There  are  undoubt- 
edly many  cases,  particularly  those  in  an  early  stage,  in 
which  this  can  be  done,  or  must  be  tried  ;  but  the  objec- 
tion which  is  often  made,  viz.,  that  the  patient  in  whom 
the  disease  is  arrested  in  a  different  climate,  especially 
that  of  an  altitude,  is  unable  to  return  with  .safety  to  his 
home  climate,  does  not  hold.  The  writer  in  his  visits  to 
England  and  the  Atlantic  seaboard  of  America  frctiuently 
has  the  pleasure  of  meeting  old  patients  who  have  recov- 
ered in  Colorado,  and  who  are  continuing  in  good  health 
in  their  former  homes.  It  is  chiefl\'  a  ijuestion  of  care,  espe- 
cially in  the  first  months  of  their  return,  during  the  period 
of  re-acclimatization.  As  Sir  Herman  Weber  and  other 
wiiters  of  eminence  have  said,  a  patient  cured  in  a  high 
altitude  is  just  as  much  cured  as  one  cured  elsewhere, 
and  if  a  patient'scoudition  is  such  as  to  justify  his  return 
home,  provided  he  has  accjuired  the  hy.sienic  education 
that  he  should  receive  from  his  ijhysieian,  he  can  do  so 
without  fear.  Of  course,  in  senfiing  a  patient  far  from 
home,  his  pecuniary,  domestic,  and  social  circumstances 
have  to  be  ver_v  carefully  investigated  and  considered 
before  such  a  step  is  taken.  Nostalgia  is  the  cur.se  of 
many  patients,  though  it  is  surprisingly  less  under  the 
sunny  and  stimulating  influence  of  a  high  altitude  than 
in  resorts  where  clou(ly  weather  and  sedative  influences 
dominate. 

The  journey  to  Colorado,  owing  to  the  distance,  is 
asually  expensive,  and  the  cost  of  living  ranges  about 
twenty -five  per  cent,  higher  than  in  most  of  the  cities 
at  sea  level,  but  is  very  little  if  any  greater  than  in  the 
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generality  of  health  resorts.  Fair  aeeoiiimodations  can 
be  secured  at  a  dollar  a  day.  b\it  for  the  well-to-do  they 
would  rauge  from  one  and  one-half  to  two  and  one-half 
per  day.  This  apjilies  to  boarding-houses,  which  are 
both  numerous  and  of  all  i]ualilies.  The  best  hotels 
eliarge  from  three  to  live  dollars  a  day,  somewhat  lowc'r 
rates  being  secured  by  the  week. 

The  writer  believes,  and  statistics  confirm  the  belief, 
that  in  properly  selected  cases  the  arrest  which  is  brought 
about  in  an  altitude  is  more  rapid  and  more  lasting  than 
that  which  has  been  procured  in  low  places,  this  being 
probably  mainly  due  to  the  fact  tliat  tlie  changes  in 
the  blood  ipiickly  remove  the  ana-mia.  Open-air  life  is 
possible  and  agreeable  for  the  whole  twenty-four  hours 
throughout  the  year,  except  during  occasioually  stonny 
spells,  many  patients  sleejjing  out  upon  balconies  through 
all  the  seasons.  The  statement  is  undoubtedly  true  that 
for  most  consumptives  cold  is  better  than  heat;  therefore 
the  majority  of  consumptives  improve  more  in  the  cool 
air  of  Colorado  than  in  the  warm  air  of  New  Mexico 
an<l  Arizcnia.  However,  tibroid  patients,  in  whom  the 
circulation  is  feeble,  ami  catarrhal  individuals,  to  whom 
the  variations  of  weather  are  dangerous.  ini]n'ove  more 
surely  duiing  the  winter  in  the  warmer  <limates  of  New 
Mexico  and  Arizona,  although  in  the  svnnmer  time  the 
cool,  temperate  weather  of  Colorado  suits  them  better 
than  the  extreme  heat  of  Arizona  and  New  Mexico.  If 
the  reader  has  studied  the  meteorology  of  this  region,  and 
lias  read  the  article  upon  Altitude,  he  will  appreciate  the 
indications  for  selecting  Colorado  Spiings  or  the  other 
resorts  which  have  been  descrilxni,  and  also  will  appre- 
ciate the  principles  upon  which  the  choice  of  an  altitude 
should  be  made.  &  Edicin  Solly. 

COLORING  MATTERS,  ANIMAL.— Many  of  the  ani- 
mal coloring  matters  are  substances  of  considerable  func- 
tional con.sequence.  Some,  for  example,  are  of  special 
service  in  respiration:  others  appear  to  be  important 
factors  in  vision;  a  large  number  afford  protective  ef- 
fects; several,  also,  are  attractive  in  their  influence.  A 
majority,  however,  seem  to  be  without  any  apparent 
physiological  relations  and  not  a  few  are  purely  excre- 
tory products. 

I.  Classification. 

The  multitude  of  animal  pigments  may  be  arranged 
conveniently  in  the  following  general  groups: 

1.  Respiu.^touy  Pigments. — These  coloring  matters 
are  very  important  functionally.  Most  of  them  are  car- 
riers of  o.xygen.  with  which  they  unite  loosely,  receiving 
it  in  the  organs  of  respiration,  conveying  it  to  the  body 
parts,  and  there  giving  it  up  to  the  tissues.  The  leading 
ones  are  compound  ("chromo")  proteids.  Among  them 
are  ha'inoglobin,  hicraocyanin,  h;Bmer_vthrin,  and  chloro- 
cruorin. 

3.  Deriv,\tives  of  REspiu.iTORv  Pigments. — Some 
of  the  best-known  animal  coloring  matters  are  derivatives 
of  hieraoglobin.  and  many  of  the  colored  substances  in  the 
lower  animals  are  undoubtedly  formed  from  their  blood 
pigments.  Prominent  derivatives  of  hsemoglobin  are 
bilirubin  (h.'ematoidin),  stercobilin  (urobilin),  urochrom, 
and  hsematoporphyrin. 

3.  LiPocuROMES. — These  substances,  yellow  or  yel- 
lowish red  for  the  most  part,  are  very  numerous.  They 
are  found  particularly  in  adipose  tissue,  yolk  of  egg, 
butter,  and  in  the  tissues  and  epidermal  structures  of 
the  lower  animals.  In  solubilities  they  are  much  like 
the  fats,  and  they  show  absorption  band;,  toward  the  violet 
end  of  the  spectrum.  Little  is  known  of  their  chemical 
composition.  They  appear  to  consist  of  only  carbon, 
hydrogen,  and  oxygen.  Among  them  are  serum  lutein, 
tetron  erythiin.  and  the  "chromophanes. " 

4.  Mel.\nixs. — These  are  brownish-black  pigments  oc- 
curring especially  in  epidermal  structures.  They  con- 
sist of  carbon,  hydrogen,  nitrogen,  and  oxygen.  Nearly 
all  contain  sulphur;  a  few,  iron.  It  is  thought  by  some 
that  they  are  derivatives  of  ha>moglobin;  by  others, 
modified  lipochromes.     They  have  been  produced  out- 


side of  the  body  from  simple  proteids  by  i)roIongeil 
hydration  ("mi'ianoidins").  which  fact  suggests,  of 
course,  that  they  may  be  so  derived  within  tlie  system. 
Among  the  typical  mendjcrs  of  the  group  are  fuscin, 
phymalorhusin,  and  sepic  acid. 

.').  ('iiho.mo(;ens. — These  are  the  colorless,  or  Icsa 
colored,  precursors  of  actual  pigments  occurring  in  na- 
ture. The  leading  ones  are  indoxyl  compounds,  which 
give  rise  to  red  and  blue  indigo;  melanogen ;  urorosein- 
ogen;  the  ehromogen  of  the  suprarenal  medulla,  related 
probably  to  the  pigment  of  the  skin  in  Addison's  disease; 
and  urobilinogen.  The  so  callecl  "humous  substances," 
obtained  by  destructive  chemical  methods,  and  such 
bodies  as  proteinochromogen  (trv])to])han),  wliich  merely 
form  colored  combinations  with  various  reagents,  are,  of 
course,  purposely  excluded  here. 

6.  Miscellaneous  Pigments. — This  residual  grotip 
includes  a  very  large  number  of  protective,  attractive, 
and  other  coloring  matters,  characteristic  esi)ecially  of 
the  lower  animals,  studied  only  spectroscopically  for  the 
most  part.  Among  those  whose  chemical  individuality 
is  not  disputed  are  tmaciu.  carminic  acid,  punicin, 
chlorophyll,  and  lepidotic  acid. 

II.  Distribution. 

Lower  Ani.mals. — Coloring  matters  are  widely  dis- 
tiibuted  throughout  the  whole  of  the  animal  kingdom. 
In  some  animals  they  occur  only  in  the  body  fluids,  in 
others  they  are  also  diffused  throughout  various  tissues. 
In  many  they  occur  in  the  form  of  granules  in  certain 
cells  or  cellular  layers.  xMany  of  the  lowest  types,  such 
as  infusoria,  sponges,  and  hydroids,  contain  chlorophyll 
(green)  in  granular  form  and  some  ciliated  animalcules 
are  colored  by  stentorin  (blue).  Chlorophyll  is  found  in 
several  mollusks,  Crustacea,  and  insects,  and  also  in  the 
so-called  livers  of  many  invertebrates  (enterocMorophyll). 
The  latter  organs  also  contain  a  ferruginous  pigment, 
ferrin  (brown)  and  cholechrom  or  Jitpatochrotn  (reddish 
yellow),  a  lipochrom ;  also  Itelicornhin  (orange  red). 
Hcematojiorphyrin  (purplish  red),  a  derivative  of  hmno- 
globin  (red),  occurs  in  the  integument  of  star  fishes, 
slugs,  the  common  earthworm,  and  various  sponges.  A. 
number  of  corals  and  hj'droids,  and  some  sea  anemones, 
are  colored  hy  actiniochrom  (red);  also  hy  jwlyperythrin 
(red),  probably  identical  with  haMnatoporphyrin.  Some 
actinice  contain  a  coloring  matter  very  similar  to  another 
derivative  of  haemoglobin,  hdmochromogen  (red),  and  con- 
vertible into  hoematoporphyrin.  Many  echinoderms  con- 
tain pentficrinit)  (red  and  purple)  and  the  following  pig- 
ments give  special  coloration  to  the  lower  species  from 
which  the  terms  are  derived;  op/ysiopurpyiin  (purple), 
bom'Uein  (green),  echiiinslriii  (red),  nutroiilin  (j'ellow). 
rhuoftomin  (violet),  ophiiiriii  (yellowish  brown),  asteru- 
cyardn  (bluish  violet)  and  coiiintuhn  (red).  Punicin  (pur- 
ple) is  derived  from  the  coltjrless  secretions  of  various 
mollusks  on  exposure  to  light,  and  cartuinic  acid  (red)  is 
the  pigment  characteristic  of  the  cochineal. 

The  shells  of  some  mollusks.  and  also  some  corals,  con- 
tain "lipochromoids"  and  "melanoids."  The  brownish- 
black  ink  of  Sepia  officinalis,  used  to  color  the  sea  water 
and  cover  the  flight  of  the  animal,  contains  a  melanin, 
sepic  acid  (black).  The  green  {chlorophan),  yellow  (.r««- 
thophan).  and  red  {rhodophan)  pigments,  "chromophanes," 
of  the  oil  drojilets  in  the  retinal  cones  of  birds,  reptiles, 
and  fishes,  as  well  as  the  j'ellow  substance  in  the  yolk  of 
egg  (ontochrin).  are  lipochromes.  The  egg  of  the  water 
spider  is  colored  by  the  two  lipochromes,  ritellorubin  (red) 
and  I'itelln/iifein  (yellow).  Some  of  the  characteristic 
coloring  matters  in  decapod  Crustacea  are  lipochromes. 
The  red  coiKtiicrornhiii  is  closely  related  to  hcpatochroni 
(cholechrom)  in  the  livers  of  these  animals.  The  eggs  of 
the  river  crab  and  the  k)bster  contain  the  sjime  bluish 
pigment  as  that  in  the  carapace  of  the  animals.  This 
pigment,  called  cyanocrystiillin.  becomes  red  witli  acid 
and  on  boiling  in  water.  Crustaceorubin  apiiears  to  be 
derived  from'it.  The  shells  of  various  birds'  eggs  are 
pigmented  by  ha;moglobin  derivatives,  among  which  are 
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bilimrdin  (green);  oocynnin  (blue),  closely  related  to  bili- 
verdin;  oorfiodei n  (reddish  brown),  probablj'  identical 
with  baematoporphyrin ;  ooc/(ton'H  (yellow)  and  ooxaiit/iiti 
(red). 

In  certain  butterflies  the  white  pigment  of  the  wings 
consists  of  uric  acid ;  the  yellow  pigment,  of  lepidotic 
acid,  which  ^Melds  uric  acid  on  hydration.  The  red  pig- 
ment of  the  body  scales  is  closely  related  to  lepidotic  acid. 
The  wing  cover.s  of  beetles  contain  coleopteriti  (red).  The 
showy  colors  in  the  plumage  of  birds  are  due  in  part  to 
the  influence  on  light  which  the  feathers  themselves  exert, 
causing  the  so-called  "interference  colors";  in  great 
part,  however,  to  pigments.  Ttiriicin  (red)  is  one  of  the 
best  known  of  these.  Among  the  many  otlier  feather 
pigments  are  turiicocerdin  (green),  2ovnerythrin  (red),  zno- 
Tubiit-  (brown),  zoofulrin  (yellow),  picnfidviii  (yellow), 
turacobrunin  (brown),  &niX psittacofulri n  (yellow).  Nearly 
all  of  these,  "'  lipochromoids  "  and  "  melanoids,  "  seem  to 
be  very  closely  related  to  the  nuinernus  skin  pigments  in 
birds,  and  scale  and  flesh  pigments  in  fishes,  such  as 
tetroiierythrin  (red)  and  coriosidfuriii  (yellow);  and  to 
iacerUtfiilriii  (yellow),  lijKichrin  (yellowish  green)  and 
others,  in  the  skin  of  re]itiles  and  various  amphibia.  The 
red  pigment,  dieiiii/cti/!ui.  of  Diemyctylus  viridescens, 
like  lepidotic  acid,  yields  uric  acid  on  hydration.  Many 
invertebrates  contain  "histohamatins,"  ha'moglobin  de- 
rivatives, chief  of  which  is  ini/n/KTmotin  (myoehrom)  of 
the  red  muscles;  found  in  the  muscles  of  insects  and 
mollusks,  also,  whose  ha?niolymph  does  not  contain 
hitmoglobin.  The  characteristic  color  of  the  muscles  of 
the  siUmon  and  other  related  fishes  seems  to  be  due  to  a 
Tcd  lipochrom  identical  with  tetronerythrin.  The  nerves, 
particularly  the  ganglia,  of  some  worms  are  colored 
ijright  red  by  luemoglobin. 

Hjemoglobin  is  present  in  the  circulating  fluid  of  many 
species  of  the  invertebrate  sub  kingdoms.  It  has  been 
found  in  several  species  of  the  star  tish  family;  in  no 
lower  invertebrate  forms,  however,  but  in  most  species 
of  all  genera  higher  up  the  scale.  Tlie  corpuscles  in  the 
hydrolymiih  of  sea  ureliins  contain  cchtinirhnnn  (yellow), 
a  "  lipochromoid,"  with  possibly  respiratory  function. 
The  luemolymph  of  various  invertebrates  Is  colored  yel- 
lowish to  yellowish  green  by  lipochromes;  violet  to  pur- 
plish red  by  "Horidins,"  of  which  hmnerythrin  (red)  is 
the  best  known,  Ilicmerylhrin,  and  also  c/dorocniorin 
(green),  replace  haemoglobin  in  the  luemolymph  of  worms ; 
hmiHicydiiiti.  (blue)  in  that  of  most  mollusks.  Crustacea,  and 
some  members  of  the  spider  family.  In  the  ha'raolym]ih 
of  Crustacea  the  lipochrom.  tetronerythrin  (crustaceo- 
rubin,  zoonerjthrin),  is  also  frequently  found  along  with 
the  hiemocyanin.  The  blood  of  the  common  house  fly, 
and  other  like  species,  contains  luemoglobin,  but  that  of 
butterflies  and  many  related  insects  is  green,  and  con- 
tains chlorophyll  derived  from  the  food;  although 
chlorophyll  occurs  in  other  parts  as  well.  The  blood 
of  many  insects  turns  brown  to  black  when  it  is  shed, 
to  which  proce.ss  the  term  "melanosis"  has  been  ap- 
plied. 

HiGiiER  AsniALS. — The  various  tissues  and  fluids  of 
the  higher  animals  owe  their  color,  very  often,  to  mix- 
tures of  .several  pigments.  Colored  granules  are  fre- 
<iuently  derived  directly  from  external  sources;  into  the 
limgs  (pneumonokoniosis),  such  as  coal  dust  (anthraco- 
sis),  iron  particles  (siderosis),  etc.,  whence  they  are  some- 
times distributed  to  the  liver,  lymphatic  glands,  kidneys, 
and  other  organs.  They  residt,  also,  from  medicinal 
introduction,  as  reduced  silver  in  the  alimentary  tract, 
skin,  liver,  kidneys,  etc.  (argyria.)  Through  the  skin,  also 
(tattoo).  The  following  concise  arrangement  gives  prac- 
tically all  the  more  important  pigments  found  in  man 
and  mammalia  generally,  and  will  aid  to  reference  to 
more  extended  accoimts  than  can  be  given  hero.  The 
terms  in  italics  indicate  the  pigments  occurring  only 
under  unusual  or  abnormal  conditions: 

Adipose  tissue — lipochrom.  Bii.e — bilirubin,  bili- 
verdin;  also  biliprasin  and  urobilin  in  some;  bilifusein, 
chohihamatin  (from  chromogen),  hydrobilirubin,  hmno- 
globin,    methamoglobin,    hcematin.      Bili.vry    c.\i,crLi — 


bilirubin,  biliverdin,  bilicyanin,  bilifuscin,  bilihumin  (?), 
biliprasin,  choletelin  (hydrobilirubin?).  Blood — (a)  cor- 
puscles :  oxyha?moglobin,  ha>moglobin;  (6)  plasma:  se- 
rum lutein,  bilirubin  (in  some);  hcemoglobin  and  direct 
derivatives,  hemoglobin  compounds  tcitli  poisonous  sub- 
stances, hepatogenous  pigments,  melanin.  Blood  clots 
(OLD) — hsmatoidin  (bilirubin),  rubigin  or  ha;mosiderin 
(ferric  hydroxide).  Boxe — lipochrom  in  ossein  and  yel- 
low marrow;  red  marrow:  haemoglobin.  Conmunc- 
TiVA — bile  pigments.  Connective  tissutes — lipochrom, 
melanin ;  bile  pigments.  Costusion — bile  pigments, 
hsmatoidin.  Corpus  luteum — lutein,  hiTmatoidin  (?) 
Cysts — lipochrom;  haemoglobin  derivatives,  including 
bile  pigments.  Ete — (a)  choroid  and  iris,  fuscin;  (4) 
RETINA,  1.  )•()(/.'! — visual  purple  (rhodopsin),  visual  yel- 
low (xanthopsiu);  2.  Pigment  layer — fuscin,  lipochrin. 
F.ECES — stercobilin  (urobilin),  indigo  chromogens,  >iro- 
bilinogen;  pigments  from  food,  such  as  carrotin,  chlo- 
rophyll, hwmatin ;  hemoglobin  and  siderous  hmnatogenous 
pigments,  bile  and  drug  pigments.  Freckles — hsematog- 
enous  pigment.  Ganglion-cells — lipochrom.  Gastro- 
intestinal MUCOSA — heemoglobin  and  its  direct  derivatives 
(hajmatochromatosis).  Glands  in  general — hemoglo- 
bin in  capillaries,  chromogens,  hematogenous  pigments. 
Haik — lipochrom,  melanin.  Intestine  —  (<;)  concre- 
tions; hepatogenous  pigment;  (J)  contents:  essentially 
same  as  faeces,  including  bile  pigment  and  hydrobilirubin 
normally.  Leucocytes  (phagocytic  cells) — any  jngment 
found  elsewhere  in  the  body.  Liver — ferrin,  chole- 
clirom,  rubigin,  non-siderous  hematogenous  and  also  bile 
pigments.  Lungs — Inhaled  particles,  lurmosiderin,  mela- 
nin (t).  Lymphatic  {a)  fluids— serum  lutein,  hematog- 
enous and  hepatogenous  pigments;  (b)  glands:  hemoglo- 
bin derivatives.  Meconium — bile  pigments,  hemoglobin 
and  its  derivatives.  JIenstrual  fluid — haemoglobin 
and  direct  derivatives.  Milk  (cream,  butter,  cheese) — 
lipochrom:  "blue  milk,"  triphenylrosanilin  (B.  cyanoge- 
nous);  "red  milk,"  jngment  by  M.  prodigiosus.  Mole 
(na;vus) — ha'inatogenous  pigment.  JIuscle — myoehrom 
(diffused  li:einoglobur/),  myoh;ematin  (luemochronio- 
genV).  Pancreas — ha-niatogeuous  pigment.  Placent.\ 
— ha'moglobin,  htematoidin.  haematochlorin  (biliverdin?). 
Pus — lipochrom,  pyocyanin  (D.  pyocyaneus).  pyoxan- 
those,  bilirubin,  indigo  blue  (?),  hsnioglobin  and  decom- 
position proihicts.  Sebaceous  secretions — lipochrom. 
Skin — melanin,  bile  pigments  (ha^raochromatosis),  histo- 
he>natins{'!).  Spleen — haemoglobin,  rubigin,  non-siderous 
hematogenous  pigment.  Sputum — blood,  bile,  and  pus  pig- 
ments ;  also  inhaled  particles.  Sto.macii  contents — food 
pigments ;  Mood  and  bile  coloring  matters.  Suprarenals — 
liiemochromogen  and  chromogen  yielding  red  pigment 
on  exposure  to  light.  Sweat — jiyocyanin,  indigo  blue  {'!), 
bile  /yigments  ;  hemoglobin  and  derivatives  ('^  red  sweat"); 
hippopotamus  and  kangaroo,  reddish-brown  pigment; 
dwarf  antelope,  blue.  Tissues  generally" — coloration 
effects  due  to  blood  in  capillaries;  bile  pigments,  hemo- 
globin and  hivmatogenous  pigments.  Tumors — phyma- 
torhusin,  sarcomelanin,  lipochrom,  hajinoglobin  and  de- 
rivatives; horse:  hippomelanin.  Urine — (a)  pigments: 
urochrom,  urobilin,  uroerythrin,  Iiaematoporphryrin  (uro- 
speetrin),  skatoxyl  red,  melanin,  indigo  (blue  and  red), 
bile  pigments,  hemoglobin  and  direct  derivatives,  drug 
coloring  matters ;  (A)  chromogens:  indoxyl  and  skatoxyl 
compoimds;  precursors  of  haematoporphyrin  and  uro- 
rosein  (urorhodin,  urorubin,  etc.);  urobilinogen,  hydroxy- 
benzene  derivatives  ("alkaptonuria"),  melanogen.  Uri- 
nary CALCULI  AND  SEDi.MENTS — Uroerythrin,  urochrom 
haematoidin,  indigo  blue,  bile  pigments,  haemoglobin 
products.     Vomit — blood,  bile,  food  and  drug  pigments. 

III.  Chemical  and  Physical  Qualities. 

The  animal  pigments  have  been  the  subjects  of  many 
laborious  researches,  but,  owing  to  the  great  difficulties 
thej-  present  to  the  investigator,  our  knowledge  of  the 
chemical  cliaracters  of  most  of  them  is  very  slight  and 
uncertain.  The  primary  obstacle  in  the  way  of  their 
proper  chemical  study  is  the  strikingly  minute  amount 
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in  which  they  commouly  occur,  anii,  as  nearly  all  of  them 
Jiave  very  great  tiucturial  iiower,  their  coloration  effects, 
therefore,  are  usually  out  of  all  proportion  to  the  actual 
quantity  in  which  they  are  present  iu  any  medium. 
Further,  isolation  of  the  pigments  liy  chemical  means  is 
apt  to  induce  radical  changes  iu  them,  fnr  many  are  very 
unstiible,  and  much  confusion  has  resulted  from  failure 
to  recognize  this  important  fact.  Nearly  all  of  tlie  ani- 
mal coloring  matters  seem  to  have  detiuite  and  character- 
istic effects  on  the  spectrum,  and  may  be  differentiated. 
to  a  certain  extent,  by  the  number  and  position  of  their 
absorption  bands.  But  even  the  extremely  delicate  in- 
dications of  the  spectrosco]ie  have  undoulitedly  led  to 
error  in  some  cases,  since  very  wide  spectroscopic  differ- 
ences may  be  bnmght  about  by  very  slight  changes  of 
molecular  structure  or  physical  conditiim.  such  as  often 
result  from  ordinary  chemical  treatment.  Consequently, 
there  is  good  reason  for  believing  that  not  a  few  of  the 
coloring  matters  which  have  been  dignified  with  special 
names  are  merely,  closely  related  artificial  derivatives 
(oxides,  reduction  products,  etc.)  of  several  antecedent 
pigments  or  chromogens.  It  would  carry  >is  far  lieyond 
the  scope  of  this  particular  article  to  present  detailed 
reference  to  each  of  the  pigments  already  mentioned. 
All  of  the  most  important  are  given  due  notice  iu  more 
extended  accounts  of  blood,  urine,  fteces,  bile,  etc.,  in 
these  volumes,  so  that  it  will  be  siSfticient  here  to  de- 
scribe, in  conclusion,  a  few  of  the  best  known  of  those 
fonnd  in  the  lower  animals. 

H.KMOCYANrx  (blue),  chlorockuorin  (green). — Each 
■of  these  pigments  is  analogous  to  luemoglobin  in  chemi- 
cal structure  and  in  function,  the  tirst  replacing  it  in  the 
laemolvmph  of  mollusksand  related  forms,  the  second  iu 
that  of  worms.  Both,  like  haemoglobin,  unite  loosely 
■with  oxygen;  oxyhsemocyanin  is  blue,  hsemocyaniu  itself 
is  colorless.  Ha-mocyanin  contains  copper  in  place  of 
iron  and  has  no  special  influence  on  the  spectrum.  Chloro- 
•cruorin.  on  the  other  hand,  yields  htematiu  and  shows 
characteristic  absorption  bands. 

Tru.^ciN  is  a  red,  feather  pigment.  It  possesses  a 
spectrum  which  is  almost  identical  with  that  of  oxyhe- 
moglobin. It  contains  seven  per  cent,  of  copper,  besides 
■carbon,  hydrogen,  nitrogen,  and  oxygen.  The  quantity 
of  turacin  in  the  feathers  of  a  single  bird  does  not  exceed 
two  or  three  grains.  It  may  be  extracted  from  the 
feathers  with  0.1  per  cent,  alkali  and  precipitated  from 
its  solution  with  dilute  acid.  It  is  insoluble  in  water, 
.alcohol,  and  ether. 

Carmisic  Acid  (Carmin). — The  female  cochineal 
(Coccus  cacti)  contains  from  twenty-live  to  Hfty  per  cent, 
of  this  coloring  matter.  The  pigment  is  also  found  in 
the  blossoms  of  certain  plants.  Its  composition  is  shown 
by  its  formula:  d^HifOio.  Some  of  its  compounds  pro- 
■duce  effects  on  the  spectrum  analogous  to  those  of  oxy- 
hsmoglobin.  Carminic  acid  is  a  glucoside;  when  it  is 
boiled  with  dilute  acids,  and  thereby  hydrated,  it  yields 
an  optically  inactive,  non-fermentable  sugar  and  also 
"carmin  red"  (CHisO^): 

C„H,.O,0  +  2H,O  =  CnH„O,-|-C6H,oO5. 
Carminic  acid  may  be  extracted  from  the  cochineal  with 
warm  water.     The   pigment  is  soluble  in  alcohol  and 
dilute  acids,  and  forms  salts  with  alkalies  and  metallic 
compotmds. 

Pcxicix. — The  colorless  secretion  of  a  glandular  organ, 
situated  at  the  lower  part  of  the  mantle,  between  the  gill 
.and  the  rectum  of  various  species  of  Murex  and  Purpura, 
assumes,  on  exposure  to  light,  a  bluish-green  color  at 
first,  then  red,  and  lastly  a  purple-violet.  This  coloring 
matter,  "Tyrian  purple."  is  the  "purple of  the  ancients" 
-and  for  centuries  was  the  dye  of  greatest  beauty  and 
value.  Punicin  is  the  name  of  the  pigment :  the  chro- 
mogen  has  not  been  isolated.  Punicin  is  insoluble  in 
water,  alcohol,  and  ether;  soluble  in  boiling  glacial  acetic 
acid.  It  dissolves  readily  in  boiling  aniline,  from  which 
it  .separates,  on  cooling,  in  crystalline  form. 

Cbtlorophyi^i,. — This    important     plant    pigment    is 
found  in  Hydra  riiidts,  SpongiUa  flunatilus.  in  the  elytra 
of  cantharides  beetles,  in  the  blood  of  many  insects,  in 
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the  so-called  livers  of  manj*  invertebrates,  etc.  It  is  in- 
soluble in  water,  but  dissolves  in  alcohol  and  ether,  and 
consists  of  carbon,  hydrogen,  nitrogen,  and  oxygen,  and 
possibly  iron.  Chlorophyll,  treated  with  concentrated 
acid,  yields  phyllocyauin.  The  latter,  im  fusion  with 
caustic  soda,  is  transformed  into  phylloporphyrin 
(CisHirNjO).  a  close  relative  of  hiematoporphyrin 
(CieHioNjOs),  which  may  be  produced  from  ha-mo- 
globin,  on  treatment  with  acids,  and  is  isomeric  with 
bilirubin  (CoIIisN-jOa)  Phylloporphyrin  and  hamato- 
porphyrin  are  proliably  oxiiles  of  one  and  the  same 
radicle.  This  kinship  corresponds  to  analogous  physio- 
logical relations  of  the  pigments  from  which  each  can  be 
derived. 

TeTUOXERTTHRIX  (CRCSTACEORUBrX,  ZoOXERYTnRIX). 

— The  red  pigment  in  the  warty  integument  round  the 
eyes,  and  also  in  the  feathers,  of  various  birds,  and  in  the 
hypoderm  and  luemolym]ih  of  many  invertebrates,  is  one 
of  the  most  widely  distributed  of  all  the  pigments.  It  is 
soluble  in  ether,  alcohol,  and  chloroform,  and  shows  the 
absorption  bauds  and  gives  the  reactions  of  a  typical 
lipochrom. 

LEriDOTic  Acn). — The  yellow  pigment  in  the  wings 
and  excrements  of  butterflies  (pieridinoe).  It  may  be 
extracted  with  hot  water  or  dilute  alkalies,  and  is  pre- 
cipitated from  such  extracts  on  acidification.  Its  solutions 
show  a  greenish  fluorescence  and.  on  warming  with  dilute 
nitric  acid,  it  yields  uric  acid.  Warmed  with  dilute  sul- 
phuric acid  a  purple  product,  Icpidoporphyriu,  is  ob- 
tained, which  shows  two  characteristic  ahsorption  bands; 
this  substance  may  also  be  derived  directly  from  uric 
acid.  The  close  relation  of  lepidotic  acid  to  xanthin  and 
uric  acid  is  shown  by  the  figures  for  their  percentage 
composition: 
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3.H           36.8 
3.5           37.1 
3.4          33.3 
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21.3 

Uric  acid  (triowpurin } 

28.6 

William  J.  Gies. 

COLTSFOOT.  —  Timilago.  Fnrfara.  The  plant 
Tiii'xihiiii,  Fiirfiint  L.  (fam.  Compontta).  This  is  a  peren- 
nial herb  with  a  branched  and  creeping  root  stock  which 
sends  up  in  the  early  spring  numerous  simple  scalv  flower 
stems,  and  later  in  the  season  large,  angular,  heart-shaped 
leaves.  It  is  common  iu  rich,  moist  places  in  Europe  and 
Asia,  and  occasional  in  the  United  States. 

The  ihizome,  leaves,  and  flower  heads  have  been  sepa- 
rately employed.  The  leaves,  which  have  been  most 
used,  contain  gum,  tannin,  and  a  bitter  glucoside,  besides 
a  slight  amount  of  an  unknown  odorous  principle.  The 
drug  possesses  no  very  active  properties.  It  has  been 
used  chieflj-  as  an  expectorant  and  mild  tonic.  Its  use  is 
now  mostly  confined  to  patent  medicine  and  domestic 
practice. 

Coltsfoot  is  the  only  species  of  its  genus,  but  the  next 
genus,  PitKtiitex.  resembles  it  very  closely,  and  has  sev- 
eral species  which  have  enjoyed  about  the  same  reputa- 
tion as  coltsfoot. 

This  name  is  also  applied,  in  some  sections  of  the 
United  States,  to  Snakeroot,  Canada,  which  see. 

Henry  H.  Busby. 

COLTSTAIL.    See  Erigeron. 

COLUMBIA  SPRINGS.— Columbia  County,  New  York. 

Post  Office. — Hudson.     Hotel. 

Access. — Via  New  York  Central  and  Hudson  River 
Railroad,  or  by  steamer  on  the  Hudson  River  to  Hud- 
son. 115  miles  north  of  New  York  and  27  miles  south 
of  Albany;  thence  4  miles  northeast  b}-  carriage  to 
springs. 

This  is  a  very  pleasant,  quiet  resort,  where  salubrious 
air  and  charming  rural  scenery  may  be  enjoyed.     The 
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springs  are  four  in  number.     An  analysis  by  Professor 
Atwood  shows  the  following  contents; 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  carlnmat*  —  ; 21.79 

Sofliiiiii  ti v|u isiilphite 8.I0 

Calijiiin  Miliihate 64.94 

Soiiiniii  |il]ns|.liale 3.14 

Sddiniii  ■lili 'ride 84.72 

Potiissiutii  chloride 1.19 

Ma^'nt'siuiii  t-hloride 31.43 

Iron  sesquicliloride 3.42 

Loss 82 

Total 218.60 

Sulphureted  hydrogen  gas,  4.49  cubic  inches. 

This  analysis  shows  a  very  valuable  sjiline-sulphur 
water,  with"  a  considerable  proportion  of  iron.  A  new 
e.xaniination  is  desirable,  as  we  are  informed  that  this 
analysis  was  made  many  years  ago. 

James  K.  Crook. 

COLUMBO— Calumb.\.  "The  root  of  Jntem-hiza  pal- 
■niatii  (Lam.)  Miers  (fam.  Meniupcrmacca-)'"  (U.  S.  P.) 

The  cuhiinbo  plant  is  a  large,  perennial  climber,  often 
ascending  to  the  tops  of  the  loftiest  trees,  with  a  rounded, 
thick,  yellow  rhizome,  from  whicli  numerous  fleshy  roots 
are  given  off.  These  roots  are  fusiform,  resembling  long 
dahlia  or  sweet-potato  roots,  attached  to  the  also  tuber- 
ous root  stock.  They  are  dug  up,  sliced  transversely, 
and  dried  in  the  shade. 

Columbo  is  a  native  of  Mozambique,  Zanzibar,  and  the 
adjacent  lands  of  tropical  Africa,  and  is  said  to  be  culti- 
vated. 

The  dried  sliced  root  has  a  very  characteristic  appear- 
ance. It  is  in  circular  discs  from  1  to  5  or  6  cm.  in 
diameter  (A  to  3  in.),  and  from 
one  fifth  to  one-half  inch  in 
thickness;  tlie  edge  (surface 
of  the  root)  is  brown  and 
rough;  the  flat  surface  (sec- 
tions of  tlie  root)  lemon-yel- 
low, and  depressed  in  the 
middle  from  collapse  of  the 
soft,  thin-walled  cells  of  tlie 
pith  in  drying.  A  dark  cir- 
cle marks  the  cambium,  and  one  or  two  indistinct  cir- 
cles of  woody  bundles  can  be  seen  within  it.  The  tissue 
is  chiefly  parenchyma,  loaded  with  starch. 

Columbo  contains  several  bitter  ]irinci|)les.  One  of 
them,  herheriue.  is  found  in  several  other  jilants  (see  Bar- 
berry). Cohimbin  is  a  colorless  crystalline  substance  of 
excessively  bitter  taste  and  neutral  reaction.  Cohimhic 
aeid  is  a  yellow  amorphous  powder,  also  bitter.  The 
medicine  owes  its  value  to  all  these  constituents.  Besides 
these,  it  contains  starch  and  mucilaginous  substances. 

None  of  the  active  principles  of  columbo  are  in  any 
degree  poisonous.  They  unite  in  making  it  a  simple  bit- 
ter tonic. 

The  dose  of  the  powdered  root  is  from  0.5  to  1  gm. 
(gr.  viij.  ad  xvi.),  but  it  is  seldom  emploved  so.  A  fluid 
extract  and  a  ten-percent,  tincture  are  official. 

W.  P.  Bolles. 

COLUMN/E  ADIPOS/E.     See  Skin. 

COMANJILLA. — Guanajuato,  Mexico.  There  are  about 
eiglitceu  (if  these  springs.  On  account  of  their  heat  they 
are  called  "Crtlderas."  The  waters  have  a  temperature 
of  96  C,  and  are  therefore  considered  the  hottest  springs 
in  the  world.  Amongst  other  substances  they  contain 
carbonate  of  lime  and  sulphate  and  oxide  of  alumina. 

Thev  are  very  useful  in  rheumatism,  syphilis,  and  dis- 
eases of  the  skin.  A".  ./.  Ponce  <le  Leon. 

COMEDO.— (Synonyms:   Blackheads,  acne   punctata; 
Ger.,  Milttsmr;  Fr.,  Verrea  bleues.) 
Definition. — A  comedo  has  most  usually  been  defined 


Fio.  1473.— Sectlan  of  raluiiiba. 
About  Natural  Size.  (.Biiil- 
lon.) 


as  a  collection  of  sebaceous  matter  in  the  excretory  duct 
of  a  sebaceous  gland.  More  correctly,  the  blackhead  is 
a  parakeratosis  of  the  epidermic  lining  of  the  duct  and 
encloses  between  its  conceutric  layers  and  in  its  central 
portion  a  variable  amount  of  sebaceous  matter. 

Symptomatology. — Comedones  or  blackheads  are  rep- 
resented by  slightly  prominent  and  elevated,  but  in  some 


Fig.  1474.— Section  of  a  Comedo  from  the  Back.     (Original.) 

instances  depressed  and  discolored,  points  occupying  and 
corresponding  to  the  external  follicular  orifices  of  the 
sebaceous  glands.  They  occur  especially  on  the  face, 
forehead,  and  cheeks,  but  also  on  the  temples,  around  and 
in  the  ears,  on  the  neck,  the  back,  and  the  chest.  They 
have  also  been  seen  fretiuently  on  the  penis,  scrotum, 
mons  veneris,  and  on  other  parts  of  the  body  supplied 
with  fat  glands.  Coinedfines  may  occur  singly  and  may 
be  distributed  in  a  discrete  manner,  or  they  may  be  closely 
aggregated  and  packed  together.  In  some  cases  only  a 
few  may  be  present,  while  in  others  they  may  be  so 
numerous  thai  the  skin  has  a  discolored,  dirty  and  rough 
appearance.  In  their  color  and  in  their  size  great  varia- 
tions n;ay  be  seen.  In  color,  they  may  be  light  yellow, 
or  brown,  bluish,  and  even  black,  while  in  size  they  may 
occur  as  minute  dark  jioints — on  the  chin  piodiicing  a 
dusky  appearance;  or,  as  on  the  nose,  cheeks,  or  back, 
the  individual  lesion  may  lie  as  large  as  a  pinhead  or 
even  larger. 

Usually  single,  it  is  not  unusual  to  meet  with  a  double 
comedo, "  that"  is,  one  which,  while  consisting  of  one 
body,  yet  occupies  two  or  more  ducts  of  seiiarate  glands. 
Whenthis  is  the  case,  the  dark  points  are  grouped  to- 
gether, separated  by  narrow  bridges  of  normal  skin. 
Pressure  does  not  cause  extrusion  of  one  blackhead,  but 
of  all  at  the  Siime  time.  Another  type  of  comedo,  which 
has  been  described,  is  constituted  of  "grouped  come- 
dones "  (Crocker).  They  occur  occasionally  on  the  trunk, 
but  particularly  on  the  cheeks,  forming  symmetrical 
grotips  of  densely  crowded  black  points.  They  show  no 
tendency  to  inflainmatory  reaction  and  snpiuiration.  On 
the  temples,  on  the  lobes  of  the  cars,  and  on  the  chest, 
small,  papular,  whitish  elevations  are  often  seen,  which 
on  iiressure  yield  a  soft,  white,  filiform  body  resembling 
vermicelli  sticks.  They  are  usually  classed"  with  come- 
dones, but  are  in  reality  small  retention  cysts,  the  seba- 
ceous matter  being  accumulated  in  the  gland  body  and 
not  implicating  the  duct  in  any  way.  (They  should  not 
be  confounded  with  milia,  ho"wever,  as  the  contents  of 
these  latter  cannot  be  S(|Ueezed  out.) 

When  pressure  is  applied  to  a  comedo,  a  somewhat 
dense,  resistant,  more  or  less  globular  or  ovoid  body 
emerges  from  the  follicular  canal.  Its  outer  end  is  yel- 
low to  black,  its  body  is  yellowish,  while  the  lower  end 
is  soft  and  white,  consisting  of  .sebaceous  matter  from 
the  gland  body  itself.  The"  life  history  of  a  comedo  is 
of  variable  duration.  It  may  be  removed  by  washing 
or  rubbing,  or  it  may  persist  unchanged  for  a  long  time. 
Inflammation  of  the  cutaneous  tissues  suiTounding  it 
may  and  most  frequently  does  occur,  and  results  in  the 
formation  of  a  pustular  lesion— an  acne  pustule. 
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Etiology. — Puberty  is  accused  of  being  the  most  fre- 
quent and  constant  cause  of  the  comedo  formation.  It 
certainly  occurs  most  usually  at  or  about  that  age,  but  it 
is  al.so  not  imcommon  in  younger  children  and  even  in 
infants.  That  the  comedo  may  also  develop  much  later 
and  in  adult  life  is  a  matter  of  too  frequent  observation 
to  constitute  a  rarity.  The  active  hair  growth  which 
takes  place  at  puberty  lias  been  regarded  as  an  important 
etiological  factor,  as  well  as  a  want  of  tonicity  of  the 
walls  of  the  follicular  canal;  but  in  all  probability  the 
physiological  rather  than  the  anatoniieal  conditions  in  the 
evolution  of  tlie  seba<'eous  glands  at  the  age  of  develo])- 
ment  slinuUl  be  considered.  At  any  rate,  it  can  be  said 
that  coincident  with  the  origin  of  the  blackheads,  there 
are  also  found  one  or  more  of  those  defects  of  nutrition, 
or  those  systemic  disturbances  so  usually  present  at  the 
time  of  pul]erty.  such  as  auamiia,  constipation,  gastric 
and  intestinal  disturbances,  errors  of  diet.  etc.  The 
comedo  formation  has  also  been  ascribed  to  unclcanliness, 
but,  except  under  exceptional  circumstances,  this  condi- 
tion can  scarcely  act  as  a  factor.  Comedones  are  not 
uncommonly,  however,  of  artificial  origin.  That  is  to 
say,  the  external  appearances  characteristic  of  a  comedo 
may  be  due  V^  some  foreign  substances  blocking  up  the 
orifice  of  a  sebaceous  gland.  Among  such,  tar  may  be 
mentioned  especially,  and  similar  conditions  may  be  seen 
in  workers  in  brass  and  iron  factories  and  workshops,  or 
in  tiremen.  oilers,  or  stokers.  In  other  words,  any  sub- 
stance blocking  up  the  orilice  of  a  sebaceous  gland  may 
simulate  a  comedo. 

P.^Tnoi.oGY  .\XD  Morbid  An.\tomv. — A  comedo  has 
usually  been  considered  as  an  accumulation  of  sebum  in 
the  duct  of  a  sebaceous  gland.  The  causes  of  the  ac- 
cumulation have  been  ascribed  to  a  loss  in  tonicity  and 
contractility  of  the  walls  of  the  ducts,  and  the  improper 
fatty  degeneration  of  the  glandular  cells  has  also  been 
brought'into  the  question.  More  lately  (Uuna),  the  de- 
velopment of  the  comedo  has  been  attributed  to  a  para- 
keratosis of  the  external  stratum  corneum  and  that  portion 
of  it  lining  the  duct  of  the  gland.  The  cause  of  this 
hyperplasia  of  the  horny  layer  is  claimed  by  Unna  to  be 
a  minute  bacillus,  but  corroboration  of  his  claim  is  still 
wanting.  Kaposi,  in  view  of  Biesiadecki's  investiga- 
tions, had  also  long  before  claimed  that  the  corneous  and 
outer  layer  of  a  comedo  was  due  to  a  hyperplasia  of  the 
epidermic  lining  of  the  duct,  but  he  had  considered  the 
irritation  from  the  impinging  of  lanugo  hairs  on  the  walls 
as  the  cause  of  the  thickening.  At  any  rate,  a  comedo 
cannot  be  regarded  as  simply  a  sebum  plug,  since  his- 
tologically it  will  be  found  to  be  made  up  for  the  most 
part  of  concentric  layers  of  horny  epidermis  surrounding 
a  central  cone  of  sebum,  lanugo  hairs,  and  epidermic 
scales.  At  times  the  aearus  or  demodex  f<illiculorum 
may  be  present,  but  it  is  not  of  any  particular  conse- 
quence in  human  beings. 

The  color  of  the  outer  end  of  a  comedo  is  generally 
ascribed  to  dust,  particles  of  dirt,  etc.  Unna  has  claimed 
that  it  was  due  to  ultramarine  normally  ]iresent  in  the 
secretions  and  to  a  darkening  of  the  horny  plug  conse- 
quent upon  exposure  to  the  air.  Owing  to  the  incon- 
sequence of  the  subject,  definite  or  corroborative  investi- 
gations have  not  been  made. 

The  double  comedo  does  not  differ  in  origin  from  the 
ordinary  or  single  lesion.  The  fact,  however,  that  it 
communicates  with  a  single  cavity  has  been  shown  to  be 
due  to  pressure  atrophy.  Two  contiguous  sebaceous 
glands,  becoming  each  plugged  up  with  a  comedo,  does 
not  cause  cessation  of  glandular  secretion.  The  resulting 
accumulation  leads  to  mutual  distention,  pressure,  ab- 
sorption of  intervening  tissue,  and  ultimately  to  forma- 
tion of  a  single  cavity. 

The  pathological  importance  of  a  comedo  resides  in 
its  intimate  relationship  to  acne.  It  very  usually  con- 
stitutes the  point  of  origin  of  a  perifolliculitis  and  a  fol- 
liculitis, or,  in  other  words,  of  an  acne  pustule. 

Di.\GXOSis. — There  should  be  no  difficulty  in  recog- 
nizing comedones.  Their  localization,  their  situation  in 
the  follicular  orifices,  their  color,  and  the  fact  that  thev  so 


commonly  are  a  focus  for  |ierif'ollieidar  intlaiumation  and 
supi)uration  should  readily  <ibligate  their  recognition. 

I'ltoGXosis. — The  outlook  in  the  case  of  comedones  is 
always  favorable,  except  that  their  jiresence  usually  leads 
to  the  development  of  an  acne.  The  process  is  ono 
amenable  to  treatment,  though  complete  ees.sation  in 
their  developiuent  is  difiieult  of  attainment.  In  some 
individuals,  the  period  during  which  they  appear  is 
of  short  duration,  in  others  the  predisposition  may  exist 
during  life. 

TnK.\T.MENT. — Particular  importance  in  all  cases  of 
comedones  shoidd  be  given  to  the  systemic  health.  In- 
vestigation should  be  made  for  any  and  all  etiological 
factors  which  may  be  in  existence,  and  these,  whatever 
they  may  be,  should  be  removed.  Ana>mia,  gastric  or 
iutestinalorother derangements,  should  be  corrected,  and 
the  same  attention  to  the  general  and  functional  health 
should  be  given  as  would  be  done  in  a  full-fiedged  case 
of  acne.  The  diet  should  be  regulated.  Sweets,  candies, 
oatmeal,  cheese,  nuts,  rich  entrees,  etc.,  .should  be  ex- 
pressly forbidden,  and  the  regimen  be  made  a  plain  but 
nutritious  one.  Moderate  outdoor  exercise  and  attention 
to  general  hygiene  is  called  for,  as  well  as  all  other  mat- 
ters which  may  conduce  to  improvement  of  the  patient's 
bodily  conditions.  The  local  treatment  is  also  of  great 
importance.  The  comedones  may  be  removed  mechani- 
cally by  means  of  a  comedo  extractor,  such  as  are  found  at 
any  instrument  maker's.  This,  however,  should  be  done 
by  the  phvsician  and  not  entrusted  to  the  patient,  and 
should  be  followed  hy  the  application  of  that  one  or  other 
local  application  ordered  in  the  case.  Scraping  the  sur- 
face witli  a  sharp  curette  has  also  been  recommended ;  but 
it  does  not  remove  more  than  the  outer  portion  of  the 
comedo,  which  then  quickly  reforms.  The  operation  is 
likewise  painful  and  disfiguring,  and  in  the  writer's  ex- 
perience demands  a  very  submissive  patient.  Face  mas- 
sage is  a  means  of  removal  advocated  by  advertising 
so-called  complexion  specialists.  The  comedones  are 
removed,  but  the  ultimate  results  are  usually  disastrous. 
The  same  statements  may  be  made  in  regard  to  face 
steaming,  as  the  process  is  not  disposed  of  simply  by  re- 
moving the  coiuedo.  It  is  the  patient  and  his  skin  who 
require  such  care  and  such  appropriate  treatment  as  will 
prevent  the  reformation  of  the  comedo  after  its  removal 
that  is  neces.saiy.  In  view  of  what  has  just  been  stated, 
it  may  be  understood  that  all  purely  local  remedies  are 
therefore  only  such  as  are  aids  to  the  general  systemic 
treatment.  An  efficacious  and  simple  remedy,  which 
softens  and  removes  the  blackhead,  is  an  ointment:  IJ 
Sod.  borat.,  3ij.:  Ungt.  aq.  ross,  3  i.  M.  Sig. :  Ap- 
ply freely,  and  after  a  half  to  one  hour  wash  off  with 
soap  and  cold  water.  Then  ajiply  one  or  the  other  of 
these  lotions:  R  Zinci  sulphat..  Kali  sulphurct.  Sulph. 
laet.,  aii  gr.  xv. ;  Aq.  rosa^  3  i.  M.  and  S.  :  or  B,  IlgClj, 
gr.  ij.;  Acid,  acetic,  dil.,  3  vi. :  Aq.  ros«,  Spts.  vini, 
aa  1  ss.  M.  and  S.  ;  or  a  saturated  solution  of  salicylic 
acid  in  alcohol  may  be  used.  The  latter  causes  a  free 
exfoliation  of  the  horny  epidermis,  and  the  comedones  are 
frequently  removed  entirely  by  its  means.  Among  oint- 
ments, there  may  also  be  mentioned  the  Ungt.  hydrarg. 
ammoniat.,  5  to  10  percent. ;  Ungt.  resorcin.,  3  to  10  per 
cent. :  Ungt.  sulphur.,  5  to  10  per  cent.  ;  etc.  Soap  and 
cold-water  washings  twice  a  day  are  of  great  value.  The 
kind  of  soap  is  not  of  importance,  so  long  as  it  is  a  neu- 
tral one  and  does  not  contain  an  excess  of  lye.  How- 
ever, soaps  with  sand  or  with  marble  dust  have  been 
recommended,  as  well  as  the  tincture  of  green  soaji.  and 
also  a  host  of  medicated  soaps  with  which  the  market 
is  to-da_v  inundated ;  but  when  it  is  borne  in  mind  that 
the  cause  of  the  coiuedo  formation  is  the  important  factor 
requiring  treatment,  it  can  be  judged  that  all  of  these 
are  only  subsidiary  and  not  agents  of  anv  special  value. 

George  T.  Elliot. 

COMFREY. — Symphytim.  The  root  of  Symphytum 
officiiKiIi  L.  (fam.  Boraffiiiocete).  This  is  a  coarse,  rough, 
perennial  herb  of  Europe,  sparingly  naturalized  in  the 
United  States.     For  medicinal  use  the  root  is  gathered  in 
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autumn,  split  longitudinally,  and  rapidly  dried.  It  is 
then  furrowed  and  wrinkled,  with  a  black  surface  and 
bluish-gray  section.  It  occurs  mostly  in  pieces  from 
one  to  four  inches  in  length  and  of  the  thickuess  of  a 
lead-pencil  or  less.  Its  te.xture  is  hard  and  horny ;  frac- 
ture, cellular;  taste,  mucilaginous,  slightly  bitter,  and 
astringent. 

Conifrey  has  been  long  in  use,  first  as  a  vulnerary,  and 
afterward  as  a  demulcent  and  "  pectoral  " ;  its  constituents 
are  similar  to  most  others  of  its  class:  mticilnge.  gvgar, 
aspnnif/iii.  tannic  and  (/tillic  riruU.  and  starch.  Dose — a 
decoction  may  be  taken  ail  libitvm. 

The  lenres  have  a  similar  composition  and  use. 

ILtirji  II.  Iliishy. 

COMMONWEALTH  MINERAL  SPRINGS.— Middle- 
sex' County.  Massacliusetts. 

Post-Office. — AValtham. 

This  spring-  is  located  in  the  extreme  northern  ]iart  of 
the  town  of  Waltham.  It  yields  ten  gallons  of  water  per 
minute,  having  a  tempei'ature  of  48'  F.  the  year  round. 
An  analysis  by  Prof.  S.  Dana  Hayes,  the  State  assayer, 
in  1879,  resulted  as  follows: 

O.vE  U.MTED  States  Gallon  Co.ntai.ns: 

Solids.  Grains. 

Sodium  bicarbonate O.iiO 

Magnesium  bicarbonate 18 

Lime  bicarlwnate 4.5 

Pot.assium  sulphate 61 

Sodium  fhl'iride 34 

Sili'-ir  a<i(l  'ui  solution) 37 

Irua  aud  alumina Merest  traces. 

Total 3.45 

The  water  is  naturally  charged  with  oxygen,  nitrogen, 
and  carbonic-acid  gases.  It  is  clear  aud  sparkling  and 
quite  free  from  any  ajipreciable  organic  matter.  The 
water  is  bottled  and  sold  extensively  in  Ma.ssiichusetts, 
It  is  also  used  in  making  a  nuinber  of  pleasant  beverages. 
The  water  is  said  to  have  a  satisfactory  inlluence  in  some 
of  the  functional  disturbances  of  the  liver,  kidneys, 
stomach,  and  blood.  James  K.  Crook. 

COMPOSIT/E.— (T/if  Daisy  Family.)  TaUen  in  its 
broad  sense,  as  generally  regarded,  this  is  our  laigest 
family  of  plants,  comprising  more  than  eight  hundred 
genera  and  more  than  ten  thousjind  species,  though  .some 
authorities  reduce  the  number  by  separating,  as  distinct 
families,  a  number  of  our  sub-orders.  Theie  is  scarcely 
any  flora  of  the  earth  where  these  plants  are  not  found, 
or  even  where  they  are  not  abundant.  Their  economic 
importance  is  great,  as  ornamental  plants  and  to  some 
extent  as  foods.  Among  the  latter  are  the  artichokes, 
salsify,  burdock,  sevei'al  plants  of  the  thistle  group,  let- 
tuce, and  chicoiy.  Starch  is  largely  wanting  in  the  fam- 
ily, its  place  being  filled  by  the  closely  related  innliii.  and 
this  is  the  important  nutrient  constituent.  Medicinally, 
the  family  represents  three  classes  of  agents,  dependent 
upon  distinct  clas.ses  of  constituents.  We  have  first, 
stomachics  and  tonics,  dependent  upon  volatile  oils  and 
bitter  substances.  In  some  cases,  as  in  the  iron  weeds 
(Vcrnoiiia).  the  bitter  element  is  almost  alone;  in  others, 
like  Erigeron,  the  volatile  oil  is  nearly  devoid  of  bitter 
association.  In  some  cases,  inodeiate  quantities  of  tan- 
nin are  also  present.  Occasionally,  these  substances  are 
antheliuintic,  as  in  santonica,  or  insecticidal,  as  in  the 
insect  flowers. 

The  second  class  of  remedies  depend  upon  resins  or 
powerful  volatile  oils  for  theircouuter-irritaut  properties. 
Internally  they  are  powerfully  irritant,  tn  the  extent  of 
being  poisonous,  like  arnica,  pyrethrum.  or  tansy. 

Thirdly  we  have  a  few  milky  juiced  plants  of  the  sub- 
order Cichnriacdv,  with  laxative  and  alterative  pioperties, 
like  dandelion  and  chicory,  or  even  narcotic  like  lactu- 
carium.  A  few,  like  absinthium,  possess  peculiar  prop- 
erties, due  to  special  constituents.  An  enumeiation  of 
all  the  drugs  of  this  familv  in  domestic  and  aboriiriual 


use  would  carry  us  far  into  the  hundreds,  yet  the  total 
medicinal  importance  of  the  family  cannot  be  regarded 
as  other  than  minor.  Henry  U.  Eusby. 

CONCA. — Queretaro,  Mexico.  These  waters,  besides 
being  einiiloyed  in  rheumatism  and  leprosy,  are  supposed 
to  be  of  l)enetit  in  menstrual  derangements. 

y.  J.  Ponce  de  Leon. 

CONCRETIONS    AND    CALCULI.— Concretions   and 

calculi  arc  Icrms  applied  in  iiudiciTie  to  aggregations  of 
solid,  more  or  less  haril  substances,  whicli  form  in  the 
body  tissues  or  fluids  and  act  as  foreign  bodies.  The 
substances  composing  the  aggregations  are  usually  such 
as  are  formed  in  the  tissues  and  fluids  normally  or  patho- 
logically, and  may  be  either  organic  or  inorganic  sub- 
stances, or  a  mixture  of  both;  occasionally,  however, 
foreign  matter  finds  its  way  into  some  part  of  the  body 
and  acts  as  a  nucleus  for  a  calculus.  Crystalline,  granu- 
lar, or  amorphous  masses  may  be  deposited  in  a  tissue 
and  thus  cause  it  to  assume  a  hardened  state;  or  the  lat- 
ter condition  may  result  from  the  absorption  of  fluid. 
The  terms  petrifaction  and  calcification  arc  applied  to 
such  hardenings  so  long  as  the  tissue  in  w  hi^h  the  change 
occurs  bears  its  normal  relation  to  the  sunoumling  parts; 
but  when  tliis  I'elationship  ceases  and  the  hardened  area 
acts  as  a  foreign  body,  then  it  is  proper  to  employ  the 
terms  concretion  or  calculus,  whether  the  mass  is  em- 
bedded in  the  tissues  or  lies  free  in  stmie  cavitv. 

Chemically,  the  change  most  frecpiently  results  from 
a  deposit  of  calcium  carbonate  or  phosphate  with  perhaps 
in  addition  a  small  amount  of  magnesitim  salts.  The 
process  is  iipt  to  accompany  or  follow  degeneration  or 
death  of  tissue;  in  fact,  it  seems  as  though  tissue  under- 
going necrobiosis  has  a  special  attraction  for  calcium 
salts.  Connective  tissue  undergoing  hyaline  degenera- 
tion with  accompanying  calcification  is  often  encountered 
in  the  walls  of  the  blood-vesgels.  in  the  endocardium,  in  the 
thyroid,  and  in  the  thickened  pleura,  and  may  be  found 
in  other  portions  of  the  body.  Calcification  of  tubercu- 
lous areas,  uterine  fibroids,  and  ovaiian  and  other  cysts  is 
also  frequent.  L'nder  exceptional  conditions,  and  more 
particularly  in  advanced  age,  the  process  occurs  in  tissue 
in  which  degenerative  changes  are  not  recognizable.  In 
rare  instances  calcareous  infiltration  is  believed  to  be  due 
to  an  absolute  increase  of  calcium  salts  in  the  blood,  such 
as  perhaps  occurs  in  extensive  caries  and  in  osteomalacia. 
This  is  certainly  unusual,  but  some  observations  seem  to 
support  the  view. 

Amyloid  concretions,  or  corpora  amylacea,  are  small, 
oval,  homogeneous  or  laminated  bodies  that  frecjuently 
occur  in  the  tissues  of  the  nervous  system  and  in  the 
prostate.  In  the  nervous  system  they  are  especially  apt 
to  occur  in  conditions  of  atrophy  or  softening.  The 
ependyma  of  the  ventricles,  the  white  substance  of  the 
brain,  the  choroid  plexus,  the  optic  nerve,  and  the  spinal 
cord  are  their  favoiite  seats.  They  are  occasionally  met 
with  in  the  lungs,  in  mucous  and  seious  membranes,  and 
in  extravasations  of  blood.  Amyloid  bodies  were  for- 
merly believed  to  consist  of  amyloid  substance.  While  it 
is  true  that  they  may  assume  a  bluish  color  on  treatment 
with  solution  of  iodine  or  iodine  and  sulphuric  acid,  and 
resemble  somewhat  in  structure  the  pi-oduct  of  progressive 
amyloid  change,  it  is  now  recognized  that  their  formation 
is  dependent  on  local  changes,  and  it  is  not  believed  that 
they  are  similar  to  the  product  of  amyloid  degeneration. 
Redlich  considers  the  corpora  amylacea  of  the  nervous 
system,  which  stain  similarly  to  nuclei  with  htviuatoxylin, 
to  be  made  up  of  the  nuclei  of  neuroglia  cells  and  to  be 
a  senile  retrograde  development  of  tlie  tissue.  Stroebe 
believes  them  to  be  composed  of  fragments  of  swollen 
axis  cylinders,  while  Sicgert  believes  them  to  have  origi- 
nated from  cells.  In  the  choroid  plexus  and  lateral  ven- 
tricles they  frequently  become  calcified  and  then  consti- 
tute one  form  of  "I/rain  sand." 

Biliary  concretionnare  both  freciuent  and  of  clinical  im- 
portance. Europeans  have  found  gall  stones  in  from  five 
to  ten  per  cent,  of  all  autopsies ;  iu  the  East,  on  the  con- 
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trary.  they  are  extremel}-  rare,  only  one  or  two  cases  be- 
inir  recoriicti. 

Till'  stones  are  usually  fount!  within  the  crall  bladder, 
less  frequently  in  the  cystic  or  coninuin  duet  and  in 
the  alimentary  tract,  having  passed  down  from  the  gall 
bladder,  and  in  rare  instances  they  occur  in  the  inlra- 
he]>atic  ducts.  Biliary  tistuliV  are  not  uncommon,  and 
through  these  abnormal  communications  gall  stones  have 
been  known  to  pass  to  the  outside  of  the  body,  into  the 
abdominal  cavity,  into  the  stomach  or  intestines,  into  a 
liver  aliscess.  into  the  portal  vein,  or  into  the  urinary 
passiigi's.  and  records  are  not  rare  in  which  they  have 
entered  the  lungs.  A  single  calculus  may  be  present  in 
the  gall  liladdei'.  in  which  case  it  is  usually  ovoid  and 
may  be  quite  large;  or  the  number  may  be  very  great, 
7,802  having  been  reported  in  one  case.  The  usual  num- 
ber is  between  four  and  fifty,  and  the  average  size  is  apt 
to  vary  inversely  with  the  number,  from  that  of  a  pin- 
head  to  a  cherry.  When  numerous  they  may  be  the  size 
of  small  grains,  while,  on  the  other  hand,  Meckel  has  de- 
scribed a  single  biliary  calculus  1.5  cm.  long  and  6  broad. 
When  more  than  a  few  are  present  they  commonly  lose 
their  ovoid  shape  and  show  signs  of  mutual  pressure, 
having  a  polygonal  form  with  smooth  facets.  All  those 
present  in  the  Siime  individual  commonly  have  the  same 
chemical  composition  and  present  the  same  physical 
characters,  but  may  vary  considerably  in  size. 

Chemical  analysis  has  shown  that  the  vast  majority  of 
biliary  calculi  are  composed  chielly  of  either  or  both  of 
two  substances,  viz.,  cliolesterin  and  the  calcium  Siilt  of 
bile  pigment,  known  as  bilirubiu-calcium.  Either  of  the 
two  substances  may  lie  the  sole  constituent  or  they  may 
together  form  the  mi.xed  varieties,  with  the  two  substances 
in  almost  any  proportion.  Certain  materials  only  occa- 
sionally enter  into  the  composition  of  gall  stones  or  do  so 
commonly  only  in  very  small  amount:  such  are  inorganic 
calcium  salts,  notably  the  carbonate,  sulphate,  and  phos- 
phate, small  quantities  of  copper,  traces  of  iron,  zinc  and 
manganese,  globules  of  mercury,  fats,  silica,  uric  acid, 
and  foreign  bodies.  Of  these  latter  the  round  worm,  a 
portion  of  distoma  hepaticum.  a  needle  and  a  plum 
stone  have  each  been  recorded  as  being  the  nucleus  of  a 
calculus.  The  presence  of  calcium  salts  in  mixed  calculi, 
particularly  the  carbonate,  contributes  hardness:  in  rare 
instances  the  concretion  may  be  chiefly  or  entirely  cal- 
careous. The  bile  acids  and  other  constituents  of  bile 
are  found  in  calculi  only  in  such  traces  as  are  explained 
by  the  absorption  of  this  fluid  in  the  interstices.  Again, 
the  bile  pigment  in  combination  with  calcium  is  not  al- 
ways bilirubin,  but  frequently  in  part  biliverdin  or  bili- 
fuscin. 

It  may  be  said  that  in  general  cholesterin  predominates 
in  the  larger  stones,  while  the  smaller  are  more  apt  to 
contain  considerable  bilirubin-calcium.  Xaunyn,  in  his 
admirable  treatise  on  cholelithiasis,  recognizes  six  classes 
of  gall  stones: 

1.  Pure  Cholesterin. — Usually  pure  white  or  yellowish, 
translucent :  in  rare  instances  dark  colored.  Ordinarily 
oval  or  roughly  spherical  in  form,  hard,  seldom  exhibit 
facets,  not  stratified  or  only  feebly  so  and  vary  in  size 
from  a  cheny  to  a  pigeon  e.gg. 

2.  Laminated  ChiiliMerin. — Contain  ninety  per  cent, 
or  more  of  cholesterin,  the  other  constituents  being  cal- 
cium compounds  of  the  bile  colors  and  calcium  carbonate. 
Are  usually  hard,  but  occasionally  when  dry,  brittle, 
and  friable,  more  frequently  facetted  than  the  first  va- 
riety, more  or  less  distinctly  laminated,  with  the  layers 
perhaps  differing  in  color,  often  with  those  nearer  the 
centre  more  crystalline  in  structure  and  those  nearer  the 
surface  hardened  by  the  presence  of  calcium  carbonate. 
They  resemble  pure  cholesterin  stones  in  form  and  size, 
but  "are  apt  to  be  somewhat  darker  in  color. 

3.  Common  Gall  Stones. —  These  comprise  the  great 
bulk  of  gall  stones,  varying  in  size  (pinhead  to  cherry), 
in  composition,  and  in  form  and  tint.  Usually  facetted 
and  laminated.  The  soft  nucleus  may  consist  of  bili- 
rubin-calcium,  or  the  centre  may  consist  of  a  cavity  hold- 
ing a  yellowish  alkaline  liquid.     If  soft  when  removed 


they  liardcn  and  shrink  on  drying,  without  developing 
fissures. 

4.  .Mi.refl  Biliriifiinrnleiiim. — Usually  the  size  of  a 
cherry,  occur  in  grou|>s  of  three  or  four,  and  are  facetted. 
They  are  twenty-rtve  per  cent,  or  less  cholesterin,  the  re- 
mainder being  chiefly  bilirubin-calcium.  They  have  a 
brown  color,  are  seldom  hard,  and  develop  fissures  when 
they  dry. 

5.  Pure  Bilirubin-calcium. — Common  in  cattle,  rare  in 
man.  Vary  in  size  from  a  grain  of  sand  to  a  pea,  being 
the  stones  that  are  sometimes  observed  in  the  intrahepatic 
bile  ducts.  The  smaller  ones  may  have  a  wax-like  con- 
sistence, with  brownish-black,  rough,  irregular  surface, 
while  the  larger  ones  usually  are  brittle,  have  a  smooth 
surface,  and  a  gray  to  black  color  with  a  metallic  lustre. 
In  calculi  of  this  class  bilifuscin  is  practically  always 
present, 

6.  Barer  Forms. — (a)  Amorphous  and  incompletely 
crystalline  cholesterin  gravel:  small,  often  resembling 
jiearls,  and  always  with  a  nucleus  of  ditlerent  structure. 
Ill)  Calcareous,  consisting  almost  entirely  of  calcium  car- 
bonate, (c)  Concretions  which  include  foreign  bodies 
and  conglomerate  stones,     (d)  Casts  of  bile  ducts. 

As  to  the  source  of  cholesterin  in  bile.  Austin  Flint  more 
than  a  third  of  a  century  a,20  presented  the  view  that  the 
separation  of  this  constituent  from  the  blood  by  the  liver 
is  a  regular  and  important  fimction  of  this  organ.  Since, 
however,  it  is  not  increased  in  bile  by  the  character  of 
the  diet  or  the  administration  or  subcutaneous  injection 
of  cholesterin,  recent  observers  have  come  to  believe  that 
it  is  independent  of  the  amount  in  the  blood.  It  may  be 
that  small  amounts  are  regularly  separated,  as  Flint  held, 
by  this  organ,  but  the  observations  of  Xaunyn,  confirmed 
by  Hunter,  present  considerable  evidence  that  at  least 
most  of  the  cholesterin  of  calculi  is  formed  in  situ,  being 
a  product  of  the  diseased  mucous  membrane  of  t  he  biliary 
passages.  This  conclusion  accords  with  its  frequent 
formation  as  a  product  of  degenerative  conditions  in  other 
locations,  e.(/.,  in  cysts  and  in  the  secretions  of  other  dis- 
eased mucous  membranes,  as,  for  example,  its  occurrence 
in  the  sputum  of  bronchitis,  Xaunyn  observed  myelin 
globules  within  the  degenerating  epithelial  cells  of  the 
biliary  passages,  and  especially  of  the  gall  bladder,  which 
escape  in  a  viscous  condition  and  are  to  be  seen  floating 
about  in  the  bile.  On  the  addition  of  acetic  acid  these 
masses  solidify  into  a  mass  of  cholesterin  crystals.  Ac- 
cording to  this  view,  then,  the  cholesterin  of  concretions 
has  never  been  in  solution  in  bile  at  all.  In  further  sup- 
port of  the  local  origin  is  the  fact  that  although  the  small 
amount  normally  present  in  bile  is  held  in  solution  by 
the  bile  salts,  soaps  and  fats,  the  formation  of  cholesterin- 
containing  calculi  does  not  appear  to  be  associated  with 
their  diminution. 

Bilirubin-calcium  is  not  a  normal  biliary  constituent, 
and  its  occurrence  in  concretions,  therefore,  demands  a 
further  explanation  than  the  mere  presence  of  bile  color. 
The  exact  origin  has  not  yet  been  conclusively  demon- 
strated. If  lime  be  added  to  bile  the  formation  of  this 
compound,  being  hindered  by  the  presence  of  bile  salts,  is 
not  accomplished  until  large  quantities  have  been  added ; 
the  mere  secretion  of  calcium  in  excess  does  not  therefore 
adequately  explain  the  formation.  Moreover,  calcium  is 
not  secreted  in  excess  when  it  is  present  in  increased 
amount  in  the  food  and  drinking  water,  as  has  been  held. 
What  has  been  observed  is  that  the  presence  of  albumin 
overcomes  the  retarding  influence  of  bile  salts  on  bili- 
rubin-calcium formation ;  and  it  seems  in  all  probability 
that  this  condition,  viz..  the  presence  of  albumin  in  bile, 
is  the  deciding  factor.  Whether  its  presence  is  dependent 
on  the  disintegration  of  epithelium  resulting  from  catarrh 
of  the  mucous  stirfaces,  ivs  was  suggested  by  Xaunyn,  is 
not  known,  but  it  is  not  unreasonable  to  believe  that  at 
times  all)umin  may  pass  from  the  blood  through  the 
hepatic  cells  into  the  bile  in  much  the  same  way  as  in 
nephritis  it  passes  into  the  urine  in  the  kidney.  If  the 
explanations  advanced  are  correct,  it  will  be  seen  that 
the  conditions  leading  to  the  separation  of  the  two  chief 
constituents  of  gall  stones  are  essentially  local,  namely. 
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epithelial  degeneration  and  the  catarrhal  and  inflamma- 
tory conditions  of  the  bile  ducts  and  passages  that  lead 
to  the  presence  of  albuminous  substances. 

Naunyns  views  lind  support  in  clinical  experience  and 
are  interesting,  though  not  universjiUy  accepted.  Thudi- 
chum  holds  tbat  gall  stones  contain  ingredients  found  in 


Fig.  1473.— Biliary  Calculi,  Facetteil,  of  Impure  Cbolesterin,  Removed  from  a  Gall 
Bladder.    (Natural  size.) 


bile  only  after  its  decomposition  and  that  the  mucous 
glands  of  the  gall-bladder  do  not  participate  in  their 
production  (Fig.  1475). 

According  to  the  older  view  of  Frerichs  and  others  the 
etiological  factors  in  cholelithiasis  are  advanced  age, 
female  sex,  pregnane}',  tight  lacing,  and  sedentary  habits, 
— conditions  favoring  retention  of  bile.  From  what  has 
been  said,  it  follows  that  this  is  so  only  to  the  extent  that 
stagnation  is  a  factor  in  the  production  and  continuance 
of  infection  of  the  biliary  passages,  wliicli  in  late  years 
has  been  recognized  as  the  immediate  cause  of  stone 
formation,  certainly  in  the  great  majority  of  instances. 
The  infecting  agents  that  have  chiefly  attracted  atten- 
tion are  the  colon  bacillus  and  the  typhoid  bacillus,  but 
it  is  known  that  in  individual  cases  the  pyogenic  organ- 
isms as  well  are  intruders. 

Particular  interest  is  attached  to  the  occurrence  of  gall 
stones  following  typhoid  fever;  it  is  probable  that  in 
some  cases  the  infection  of  the  bile  with  the  typhoid 
bacillus  persists  for  mouths  and  even  years,  and  that  in 
many  instances  it  determines  inflammatory  conditions  of 
the  biliary  pas.sages  that  directly  lead  to  the  formation 
of  biliarj-  calculi.  It  has  been  suggested  that  groups  of 
typhoid  bacilli  become  the  nucfei  of  concretions,  and 
observations  seem  to  support  this  view.  If  so,  it  is  not 
improbable  that  in  some  instances  the  bile,  which  is 
known  to  acquire  the  property  of  causing  the  bacilli  to 
clump,  actually  leads  to  the  formation  of  nuclei  by 
agglutinating  the  typhoid  bacilli  contained  in  it. 

The  invasion  of  the  various  organs  by  the  colon  bacil- 
lus is  now  too  well  recognized  to  require  argument  of 
the  possibility  of  such  an  occurrence  in  the  case  of  the 
bile  passages.  Instances  are  not  uncommon  in  which  for 
some  reason  the  bacillus  is  particularly  virulent  and  the 
tissues  less  resistant  than  normal,  and  in  which,  conse- 
quently, the  bacteria  invade  the  liver  and  bile  passages. 
Under  these  circumstances,  especially  if  associated  with 
stagnation  of  bile,  the  conditions  are  ripe  that  favor  the 
formation  of  biliary  calculi. 

Calculus  formation  commonly  originates  from  (1)  epi- 
thelium in  bile,  (2)  sedimentary  masses,  or  (3)  aggluti- 
nated bacilli:  less  commonly  from  the  adhering  together 
of  small  nodular  masses  of  pure  bilirubincalcium  or 
cholesterin.     The  growth  is  both  bv  the  addition  of  fresh 


laj-ers  and  transformation  within  the  calculus;  this  is 
rendered  possible  by  the  existence  of  minute  infiltration 
channels  through  which  there  is  continuous  progressive 
infiltration  with  cholesterin  and  its  deposit  in  crystalline 
form.  Even  pure  cholesterin  calculi  do  not  crystallize 
directly  from  solution,  but  are  secondary  formations. 
The  layers  deposited  on  the  surface  of  cal- 
culi are  as  a  rule,  hardly  more  than  1  mm. 
thick,  but  if  rich  in  bilirubin-calcium  they 
may  be  5  mm.  thick  or  more.  Early  in  the 
formation  of  some  calculi,  even  while  they 
are  acquiring  a  firm  crust,  changes  may 
occur  in  the  soft  interior;  either  the  con- 
tents may  deposit  on  the  firm  crust,  leaving 
a  hollow  interior,  or  such  a  deposit  may 
leave  the  contents  fluid.  The  growth  of 
the  concretion  by  deposit  of  bilirubin-cal- 
cium ceases  when  bile  ceases  to  enter  the 
bladder,  but  the  acquisition  of  cholesterin 
from  the  mucous  membrane  may  continue. 
On-diac  cdlcidi,  so  called,  are  found  in 
rare  instances,  at  the  necropsy,  lying  free 
in  the  pericardial  sac.  Some  are  soft  and 
smooth,  varying  in  size  from  a  pea  to  a  bean : 
tithers  firm,  fibrous,  occasionally  stratified 
or  calcified,  either  in  a  central  nucleus  or 
throughout.  They  are  regarded  either  as 
poly]ii  detached  from  the  inner  surface  of 
the  pericardium,  or  as  results  of  fibrinous  or 
calcareous  deposits  about  some  foreign  sub- 
stance. 

Cutaneous  concretions  are  nodular  calcare- 
ous deposits  in  the  cutis  or  still  oftener  in 
the  hvpoderm.  They  are  usually  surround- 
ed by  capsules  of  firm  connective  tissue  from  which 
septa  extend  into  the  contents  of  the  tumor,  dividing  it 
into  segments  which  are  made  up  of  calcified  cells. 
True  ossification  of  these  septa  has  been  observed, 
though  this  is  exceptional,  they  being  usually  fibrinous  or 
calcareous. 

Views  regarding  the  nature  of  the  cellular  masses 
differ  according  to  the  explanation  of  the  development  of 
the  tumor  which  the  observer  accepts.  Malherbe  believes 
that  the  majoritj-  of  cutaneous  stones  develop  from  pro- 
liferated and  cystic  sebaceous  glands.  Von  Noorden 
reports  a  stony,  hard,  pear-shaped  tumor,  which  himg 
behind  the  ear  by  a  peduncle  and  in  which  the  ejuthelial 
collections  looked  like  concentric,  horny  pearls  and  which 
in  spite  of  its  beniguancy  he  classed  with  carcinoma. 
Four  small  tumors  of  the  skin  of  the  scrotum,  in  a  boy 
of  twelve,  were  regarded  by  Lewinski  to  be  calcified 
lymph  thrombi.  While 
all  sorts  of  degenerated 
tissue  and  inspissated 
secretion  may  take  u]i 
calcium  salts  and  lead 
to  the  formation  of 
stone.  Unna  believes 
that  fat  and  fat  prod- 
ucts have  a  special 
tendency  to  this,  ow- 
ing to  the  fonnation  of 
insoluble  calcium  soaps 
by  the  reaction  with 
calcium  bicarbonate  of 
the  lymph.  He  differs 
from  Malherbe  in  lie- 
lieving  that  calcifica- 
tion involves  srlands  Fig.  1476.— Biliary  Calrulus  from  Cystic 
onlv  in  so  far  as  tliev  ^uct :  case  of  empyema  of  (rail 
umj  lu  so  lar  as  ine^  bladder.  iSllgbtlv  enlarged.  Tbe 
are  enclosed  in  fat  lob-  actual  specimen  measured  one  inch 
ules.  and   one-quarter   in    its   Ions   diam- 

Skin  concretions  are      '^'*''-' 
of     rare     occurrence. 
They  have  been  more  frequently  found  in  the  aged. 

In  the  course  of  gout  a  deposit  of  tophi  composed  of 
biurates  is  common,  most  often  in  the  kidneys,  skin,  and 
subcutaneous  tissue,  but  also  frequently  in  the  tendon 
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sheaths,  the  tendons,  ligaments,  synovial  membranes  and 
articular  cartilaiies,  and  iiltiniiitely  perhaps  in  nearly 
every  tissue  and  organ  in  the  buily,  excepting  tissues  of 


Fig.  14T7.— Gouty  Nodes  of  the  Hand.    (After  Lancereaux.) 

the  nervous  system.  The  composition  is  indicated  in  the 
following  analysis  of  such  a  concretion  by  Ebsteiu  and 
Sprague. 

One  HrxDKED  PiRts  of  Scuds  Contained: 

Trie  acid 59.70 

Tissue  organic  matter 27.88 

NasO 9.30 

KjO 2.95 

CaO 17 

MgO,  Fe,  PjOs,  S Traces. 

The  views  of  various  observers  differ  as  to  the  cause 
of  the  foriuatiou  of  gouty  concretions.  The  earlier  view 
of  GarrtHl  and  others  was  to  the  effect  that  uric  acid  is 
present  in  undue  amount  in  the  blood  and  separates  as 
tophi  owing  to  the  sluggish  circulation  in  the  various 
locations.  Ebstein  advanced  the  opinion  that  the  deposit 
is  determined  by  tissue  necrosis  preceding  the  formation 
of  concretions.  "Others  (Bouchard,  E.  Pfetffer)  held  that 
diminished  alkalinity  of  the  blood  is  the  prevailing  etio- 
logical factor.  Von  Noorden  believes  that  tissue  necrosis 
in  gouty  conditions  is  of  such  a  kind  as  to  lead  to  urate 
formation  from  cell  products  at  the  site  of  the  concretion 
and  that  the  material  of  tophi  is  not  directly  brought  to 
the  area  by  the  blood.  It  is  at  least  certain  that  although 
in  leuka'mia  and  some  other  conditions  uric  acid  is  formed 
in  the  body  in  large  excess,  it  does  not  lead  to  the  deposit 
of  the  tophi  so  characteristic  of  gout  (Fig.  14TT). 

Intestinal  cahnli,  or  enteroUthx,  occur  more  frequently 
in  herbivorous  animals  than  in  man.     In  certain  animals. 


which  have  the  habit  of  licking  their  own  coats  or  those 
of  tlieir  associates,  the  formation  in  the  stomach  and  in- 
testines of  balls  of  felted  hair  is  not  infrei|Uent;  these 
hair  balls  perhaps  attaining  considerable  size.  Com- 
monly, intestinal  concretions  are  found  in  the  colon  and 
are  very  small,  rarely  as  large  as  a  hazelnut,  so  that  it 
is  very  infrequent  for  them  to  cause  obstruction.  We 
have  already  mentioned  that  gall  stones  may  enter  the 
alimentary  tract.  Various  foreign  substances  are  intro- 
duced through  the  mouth  and  (esophagus,  a  very  small 
percentage  of  which  become  nuclei  of  concretions.  In 
most  instances  the  central  mass  consists  of  undigested 
food  residue  or  inspissjited  mucus,  while  the  material 
composing  the  bulk  of  the  calculus  is  commonly  am- 
monium magnesium  phospliatc,  perhaps  with  magnesium 
phosphate,  but  may  include  calcium  phosphate  and  car- 
bonate and  occasionally  calcium  and  magnesium  soaps 
and  albuminous  matter.  I  have  seen  one  small  concre- 
tion, which  the  patient  said  passed  iier  rectum,  which 
appealed  to  be  identical  with  urostealith.  presenting  the 
characteristic  appearance  and  giving  the  chemical  reac- 
tions of  this  sub.stance.  In  countries  where  oatmeal  is 
largely  eaten,  often  as  a  substitute  for  bread,  intestinal 
concretions  resembling  hair  balls  are  not  infrequent; 
they  contain  calcium  and  magnesium  phosphate,  about 
70  per  cent. :  oatmeal  bran,  15-18  per  cent. ;  soaps  and 
fats,  about  10  per  cent. 

Oriental  "  bezoare "  are  intestinal  concretions  which 
probably  were  formed  in  Ctij/rn  aynrus  and  Antelope 
don'eig.  They  are  usually  spherical  or  oval  and  have  a 
dark  olive-green  color  due  to  biliverdin,  with  a  smooth, 
shining  exterior,  and  are  composed  almost  entirely  of 
lithofellic  acid,  CjjHaeO,,  soluble  in  boiling  alcohol  from 
which  the  acid  separates  on  evaporation  as  small  pointed 
rhombohedra  or  three-sided  prisms.  This  acid  is  insolu- 
ble in  water  and  ether,  but  dissolves  in  glacial  acetic  acid. 
It  is  closely  related  to  cholalic  acid,  AVheu  heated,  true 
bezoars  evolve  aromatic  fumes. 

False  bezoars.  which  come  from  Eastern  countries, 
have  a  lu'owuish-black  color,  do  not  melt  or  evolve  aro- 
matic fumes  when  heated,  and  are  composed  chiefly  of 
ellagic  acid,  CnH, eO.  +  SH^O,  probably  derived  from"  the 
tannins  contained  in  the  food  consumed  by  the  animals 
which  yield  them. 

Panereiitir  enlrnli  are  usually  small,  varying  in  size 
from  a  grain  of  sand  to  a  walnut ;  multiple,  numbering 
from  one  to  more  than  a  hundred,  and  of  light  gray  or 
white  color.  They  are  usually  round  or  oblong,  some- 
times elongated  and  branched.  The  surface  maj-  be 
smooth,  rough,  or  spinous.  They  are  composed  chiefly 
of  calcium  carbonate,  but  contain  some  calcium  phosphate 
and  occasionally  cholesterin.  They  may  be  the  cause  of 
pancreatic  cysts  and  chronic  pancreatitis. 

Pnpntiiil  eohcretions  sometimes  form  in  those  cases  in 
which  the  prepuce  cannot  be  drawn  over  the  glans.  and 
they  usually  have  for  their  nucleus  dried  smegma,  around 
which  may  be  deposited  the  ordinarv"  constituents  of 
urinary  calculi,  especially  the  phosphates.  Some  of  these 
concretions  have  been  found  to  consist  of  dried  smegma 
and  epithelial  scales:  one,  analyzed  by  Zahn,  was  made 
up  of  epithelium,  calcium  salts,  and  cholesterin,  and 
another  examined  by  E.  Salkowski  gave  fat,  free  fatty 
acids,  and  calcium  salts. 

Prostatic  concretions,  which  are  of  frequent  occurrence, 
may  originate  in  the  substance  of  the  gland,  may  come 
from  the  l)ladder  or  the  urethra,  or  niay  be  deposited 
from  the  urine  in  suppurating  prostatic  pouches.  Those 
that  are  present  in  the  substance  of  the  gland  usually 
originate  as  the  amyloid  bodies  already  desciibed.  which 
indeed  are  so  constantly  present  in  this  organ  that  they 
can  hardly  be  considered  abnormal.  As  they  increase  in 
size,  in  most  instances  in  later  adult  life,  they  excite  in- 
flammation and  become  hardened  by  the  deposition  of 
calcium  sjilts,  particularly  the  phosphate  and  carbonate. 
These  calculi  may  lie  separately  in  pouches  or  several 
may  be  together  in  a  common  pouch,  in  which  instance 
they  are  often  adherent  or  exhibit  facets.  Their  color  is 
brown  or  black,  and  the  surface  smooth  and  polished. 
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Fio.    1478.— Salivary 
Wharton's  Duct. 


Concretioti    from 
(Natural  size.) 


Tliose  coming  from  the  bladder  and  those  forming  from 
urine  present  the  characters  of  vesical  calculi  formed 
under  similar  conditions;  they  consist  most  frequently 
of  a  mi.xture  of  calcium  and  amraonio-magnesium  phos- 
phates. Dr.  Herbert  Barker  lias  described  a  large  pros- 
tatic calculus  which  was  pear-shaped,  measured  four 
and  seven-eighths  inches  in  length  and  four  and  five- 

oighths  inches  in  cir- 
c  u  m  f  e  r  e  n  c  e.  and 
weighed  1,681  grains. 

Pulmonary  calcvli 
are  most  frequently 
found  in  the  lumen  of 
bronchi,  but  may  oc- 
cur in  air  vesicles  and 
even  on  the  walls  of 
pulmonary  cavities. 
Those  formed  in  the 
bronchi  are  composed 
of  inspissated  an<l  cal- 
cified mucus  or  blood, 
calcified  broken-down 
bronchial  glands,  or 
incrustated  foreign 
bodies.  In  pulmonary 
cavities  or  air  vesicles 
a  portion  of  the  wall 
becomes  incrusted  or  impregnated  with  dust  of  various 
kinds  and  is  subsequently  thrown  off  by  necrosis,  A 
case  of  lenticular  necrosis"  in  a  stonecutter's  lung,  re- 
cently reported,  had  progressed  to  the  formation  of 
pneumoliths  in  an  apex  cavity  and  their  subsequent 
expectoration.  Seventy  small,  hard,  black 
angular  stones  were  fovuid  at  autopsy. 
They  varied  in  shape  and  in  size  up  to  7 
mm,  in  diameter, 

Rhinoliths  are  found  in  the  nostrils  after 
chronic  inflammation  of  the  mucous  mem- 
brane; they  are  usually  formed  by  the 
deposition  of  the  nasal  secretion  about 
foreign  bodies  as  a  nucleus  and  contain 
a  large  proportion  of  organic  matter, 

Salimry  mncretions  form  in  the  sali- 
vary ducts,  especially  in  Wharton's  duct, 
and  are  usually  oblong  in  shajie.  They 
are  formed  by  the  deposition  of  the  sali- 
vary salts  and  may  reach  a  large  size;  one 
■weighing  7,5  gm,  is  recorded.  They  are 
composed  chiefly  of  calcium  carbonate 
and  phosphate,  mixed  with  epithelium 
and  organic  matter  (Fig.  1478). 

Tonmllar  calculi,  amygdaloliths,  are 
sometimes  formed  in  chronic  enlargement 
of  this  organ  in  which  the  inspissated  se- 
cretion of  the  crypts  has  accumulated 
deep  within  the  gland  and  remained  for 
a  prolonged  period  of  time,  undergoing 
calcification.  Fragments  of  the  calculus 
may  be  discharged;  in  some  instances  the 
mass  has  been  visible.  The  formation  of 
a  true  tonsillar  calculus  is  rare  (Fig.  1479). 
Vrirutry  calculi  are  of  frequent  occur- 
rence. They  may  be  found  in  any  part 
of  the  urinary  tract,  but  usually  occur  in 
the  pelvis  of  the  kidney  or  in  the  bladder, 
and  according  to  their  location  are  desig- 
nated renal  or  vesical.  They  occasionally 
occur  in  the  kidney  substance,  in  the 
ureters,  or  in  the  male  urethra,  and  have 
been  found  in  sinuses  between  the  cavities 
of  other  organs  and  the  urinary  passages. 
Most  varieties  are  formed  by  the  deposit 
of  normal  or  pathological  urinary  solids, 
and  are  usually  named  from  the  substances 
of  which  they  are  chiefly  composed.  Thus 
we  designate  the  following:  Uric  acid, 
calcium  oxalate,  phosphate,  urate,  cystin, 
urostealith,  calcium  carbonate,  and  xan- 


thin 
tabli 


The  formation  of  concretions  is  not  alone  attribu- 
to  the  mere  separation  of  these  substances  from. 
the  urine,  since  in- 
stances are  not  uncom- 
mon in  which  copious- 
deposits  occur,  partic- 
ularly of  urates,  uric 
acid,  oxalates,  or  phos- 
phates, even  for  long 
periods  of  time,  with- 
out the  tendency  to 
form  calculi.  Another 
accompanying  condi- 
tion is  essential,  name- 
ly, the  presence  of  an 
alliuminous  substance 
which  leads  to  an  ag- 
glutination of  the  sep- 
a  r  a  t  i  n  g  material  ia 
crystallization,  Masses- 
thus  formed  increase 
in  size  and  become  the  various  concretions  with  which  we 
arc  familiar.  Further  evidence  of  the  importance  of  this- 
condition  is  obtained  by  dissolving  out  the  Siilts  of  the 
calculus  without  macenitiiig  the  mass,  when  an  albumi- 
nous or  colUiid  framework  will  remain.  Hence  we  recog- 
nize two  primary  factors  as  being  essential  to  calculus- 
formation,  namely:  a  tendency  to  the  separation  of  cer- 
tain urinary  solids,  and  the  presence  of  an  albuminous, 
substance  in  the  urine  which  becomes  the  framework  of 
the  concretion  (Figs,  1480-1485), 
The  former  factor,  that  is,  the  tendency  to  crystallize. 


FIG.  1479,- 


-Todsillar  Concretion, 
ural size,) 


Fig.  1480.— Calculi  m  Kidney. 


Conforming  In  Shape  to  the  Infundibular  and  Pelvic 
Cavities.    (Natural  size.) 
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is  furnished  by  a  consi(leral)lo  variety  nf  \irinary  condi- 
tions, which  will  he  iiuntioni'd  in  (lescriliiniilhe  constitu- 
ents of  calculi.  The  latteris  dependent  on  a  con<lition  of 
renal  or  vesical  irritation  by  means  of 
which  blood  and  serum,  and  jH-rhaps 
undue  amounts  of  mucus,  are  permilted 
to  enter  the  urine.  It  reminds  us.  in  a 
measure,  of  the  condition  essential  to 
tlie  formation  of  bilirubin-calcium.  dis- 
cu.sscd  in  describing  biliary  calculi. 

It  is  not  to  be  understood  that  cal- 
culus formation  is  always  accompanied 
by  albiuniniu-ia.  Such  is  not  the  ease. 
jiauy  instances  arc  clearly  recalled  in 
which  albuminuria  was  certainly  not 
detected  and  probably  did  not  e.\ist. 
Vesical  irritation,  for  example,  intro- 
duces not  necessarily  scrum  albumin 
but  always  consicU'rablc  mucus,  the  al- 
buminoid basis  of  which  is  not  known  to 
us  chemically,  but  which  is  probably  a 
nucleo-proteid  of  some  kind,  not  mucin 
as  has  been  so  generall.v  stateil.  That 
urine  contains  mucus  is  a  wcll-recog- 
nized.  fact  and  is  proved  b}'  the  forma- 
tion of  froth  when  the  urine  is  shaken. 
This  ajtpears  greater  in  concentrated 
specimens  and  in  those  which  have  re- 
mained long  in  the  bladder.  Under  con- 
ditions of  vesical  irritittion  the  mucus  in 
urine  is  materially  increased,  and  doubt-  i 

less  in  some  instances  affords  the  factor  which,  as  has 
been  stated,  is  essential  for  conglomeration  of  crystal- 
lizing urinary  solids. 

Uric  acid  occurs  in  the  bodv  fluids  and  in  urine  in 


states  that,  if  an  aijueous  solution  of  this  salt  be  allowed 
to  stand  for  somcr  time,  one-half  the  uric  acid  scparales 
from  the  solution  as  crystals  and  the  other  half  remain.s 


Fig.  1181.— a  Stone  (rom  the  Urinary  Bladder.    (Natural  size.) 

combination  with  sodium,  potassium,  or  ammonium,  the 
salt  being,  according   to  Roberts,  a   quadriurate.*    He 

*  Tunnicliffe  and  Rosenheim  have  ver.v  recently  attacked  the  con- 
clu.sion  of  Roberts  as  to  the  existence  of  quadriurate.  and  slate  that  it 
is  a  mtsture  of  biurate  and  uric  acid  in  varying  proportions. 


Fig.  1482.— Transverse  Section  of  Fie.  1481.    Showing  the  laminated  body  composed  of 
magnesium  phosphate  and  a  nucleus  of  calcium  o.xalate. 


in  solution  in  combination  with  the  base  as  biuratc.  The 
quadriurate  has  split  into  uric  acid  and  biurate.  The 
reaction  in  urine  differs  somewhat  from  this.  Acid  phos- 
phates are  present  and  they  react  with  any  biurate  formed 
and  remove  some  of  the  base,  at  once  converting  the 
biurate  again  into  quadriurate.  Consequently  biurate  is- 
never  present  in  such  quantity  that  it  can  be  detected  in 
the  urine.  The  separation  of  uric  acid  from  the  remain- 
ing quadriurate  and  the  conversion  of  the  biurate  into 
quadriurate  again  go  on  till  ultimately  no  more  quadri- 
urate remains,  when  all  of  the  uric  acid  will  be  deposited 
as  crystals,  excepting  the  small  amount  that  is  soluble 
as  such  in  the  urinary  fluid.  In  urine  the  separation  dif- 
fers not  only  in  the  particular  just  mentioned,  but  also 
in  that  it  is  normallj-  inhibited  or  greatly  retarded.  The 
water  of  the  urine  does  not  so  readily  break  up  the  quadri- 
urates  as  when  in  aqueous  solution,  the  inhibition  being 
chiefly  due  to  the  presence  of  the  mineral  salts  or  the 
pigment  of  the  specimen.  The  separation  of  uric  acid 
docs  go  on,  nevertheless,  under  certain  pathological  con- 
ditions in  the  manner  that  has  been  described.  Just  what 
the  conditions  are  and  just  why  the\-  operate  to  effect  the 
result  it  is  dilticult  always  to  say,  but  we  believe  that  at 
least  four  conditions  tend  to  accelerate  the  precipitation — 
namely:  (1)  high  acidity,  (2)  povert}-  in  mineral  salts,  (3> 
low  pigmentation,  and  (4)  high  percentage  of  uric  acid, 
while  the  opposite  conditions  tend  to  retard  precipitation. 
The  acidity  of  urine  is  due  to  acid  phosphate,  which 
in  turn  is  derived  from  the  basic  phosphate  of  the  blood. 
It  may  be  increased  by  internal  conditions,  as,  for  ex- 
ample, the  internal  administration  or  production  of  acids- 
or  by  a  diminished  secretion  of  acid  in  the  gastric  juice, 
under  which  conditions  the  increase  is  absolute:  or  it 
may  be  relatively  increased  by  a  diminution  in  the  vol- 
ume of  water  secreted.  Acid  is  produced  in  prolonged 
muscular  exertion,  in  diabetes  mellitus.  and  by  some  of 
the  putrefactive  and  fermentative  changes  that  foo<l  may 
undergo  in  alimentation.  A  diminution  in  the  volume 
of  urine  is  noted  in  those  wlio  drink  little  water,  in  in- 
dividuals leading  a  sedentary  life,  and  in  those  who  ex- 
perience an  increased  lossof  water  from  the  body  tlirongh 
other  channels,  e.g. .  the  sweat  and  bowels.  Under  these 
various  conditions,  then,  urinary  acidity  and  the  conse- 
quent tendency  to  uric-acid  separation  are  increased,  and 
in  the  presence  of  the  conditions  of  vesical  or  renal  irri- 
tation already  mentioned  tend  to  the  production  of  uric- 
acid  concretions. 
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Under  what  conditious  urine  is  poor  in  mineral  salts 
T\'e  are  not  in  every  instance  prepared  to  saj'.  It  is 
known  that  chlorides  are  diminished  in  various  gastric 
disorders,  and  that  in  chronic  interstitial  nephritis  the 
amount  of  phosphate  iu  urine  is  below  normal.  Again, 
the  increase  of  acidity  by  internal  administration  or  pro- 
duction of  acids  may  change  the  character,  although  it 
does  not  decrease  the  quantity,  of  the  urinary  salts. 

The  pigmentation  of  the  urine  is  dependent  on  pro- 
found and  at  present  not  well-understood  metabolic  proc- 
esses, and  is  derived  more  or  less  directly  froiu  the  pig- 
ment of  the  blood,  bile,  and  perhaps  from  the  suprarenals. 
It  is  relativel.v  low  in  dilute  urine  and  in  diabetes,  and 
appears  to  suffer  absolute  reduction  in  other  conditions 
which  have  not  been  carefully  studied. 

A  high  percentage  of  uric  acid  may  be  (a)  relative,  from 
the  concentrated  ciiaracter  of  the  urine,  or  {b)  absolute, 
from  its  increased  production  in  the  body.  The  older 
view  that  uric  acid  originates  from  subo.xidation  of  al- 
buminous constituents  of  tissues  is  not  supported  by 
experimental  or  clinical  evidence.  It  is  now  generally 
admitted  that  it  is  an  end  product  of  the  destruction  in  the 
body  of  nucleins,  either  of  body  cells  or  perhaps  of  the 
food  as  well.  Increase  of  uric  acid,  then,  results  (1)  from 
the  administration  in  undue  amounts  of  nuclein  in  food, 
(2)  from  an  increase  of  those  phy.siological  catabolic  proc- 
esses that  result  iu  nuclein  decompositions,  and  (3)  from 
pathological  catabolic  processes  that  accomplish  this  re- 
sult. Uric  acid  in  health  appears  to  come  chiefly  from 
foods  and  from  leucoc_vte  destruction  incident  to  the 
function  of  these  migratory  body  cells,  or  at  least  it  seems 
to  be  variation  in  tliese  twosoiu'ces  in  the  great  majority 
of  instances  that  detenuincs  the  usual  variations  in  uric- 
acid  excretion.  This  physiological  process  is  augmented 
by  those  pathological  states  which  bring  about  undue 
leucocyte  activity,  as,  for  example,  many  acute  diseased 
conditions,  leukttmia  and  certain  other  blood  diseases, 
malignant  growths,  and  auto-intoxications  such  as  the 
digestive  auto-intoxications  that  are  freciuently  seen  in 
neurasthenia.  Pathological  processes  In  which  uric  acid 
is  formed  from  local  cell  necrosis  ajipear  to  be  the  cause  of 
the  biurate  production  in  various  localities  in  gout.  The 
urate  passes  into  the  blood  and  ultimately  to  the  urine. 

Of  these  four  conditions  leading  to  uric-acid  separation, 
the  acidity  of  urine  is  probably  the  most  important 
factor.  Uric  acid  is  only  slightly  soluble  in  urine.  With 
its  continuous  jiroduction  iu  tlie  body  and  with  so  many 
factors  interacting  to  produce  its  separation  from  tjje 
urine,  it  is  not  surprising  that  the  formation  of  concre- 
tions of  this  substance  is  more  frequent  than  that  of  other 
forms  of  urinary  stone.  Uric-acid  crystals  have  sharp 
edges  and  points,  and  thus  tend  to  be  more  or  less  irritat- 
ing, for  which  reason  it  appears  that  they  are  especially 
capable  of  giving  rise  to  those  conditions  of  irritation  of 
the  urinary  tract  by  which  the  albuminous  substances 
are  introduced  tliat  we  have  seen  to  be  essential  to  the 
aggregation  of  the  crystallizing  material. 

Uric-acid  calculi  vary  iu  size  from  a  grain  of  sand  to  a 
goose  egg.  The  surface  is  usuallj'  smooth,  sometimes 
granular,  while  the  color  is  yellow  or  red.  They  are 
moderately  hard  and  may  be  quite  irregular  in  shape, 
owing  both  to  the  shape  of  the  cavitj'  wherein  they  are 
contained  and  to  the  restricted  attrition  from  motion. 
They  originate  in  the  pelvis  of  the  kidney,  but  may  pass 
to  the  bladder,  usually  causing  the  violent  and  paroxys- 
mal pain  of  renal  colic.  Iu  the  latter  cavity  they  may 
increase  in  size  by  the  further  accretion  of  uric  acid,  or 
they  may  enter  into  the  formation  of  mixed  calculi,  men- 
tion of  which  will  be  made  below.  The  formation  of 
uric-acid  calculi  is  most  frequent  in  children  and  in  the 
aged. 

Urates  are  rarely  the  principal  ingredients  of  urinary 
stone,  such  calculi  being  observed  almost  exclusively 
in  children.  The  lu'ate  infarcts  of  the  newlj-  born  ma}' 
form  true  stones  in  the  substance  of  the  kidne}',  but  most 
urate  calculi  are  fotmd  in  the  pelvis  or  the  lower  part  of 
the  urinary  tract.  They  are  moderately  soft,  rarely  large, 
and  are  grayish  yellow  iu  color. 


Urates  ordinarily  separate  from  urine  as  a  copious  de- 
posit, usually  amorphous  but  occasionally  crystalline, 
and  are  tinted  a  brick-red  color  by  uroerythrin,  their 
separation  being  dependent  solely  on  their  solubility  and 
not  on  such  a  varietj'  of  conditions  as  we  have  seen  to 
determine  uric-acid  precipitation.  Consequently  urate 
deposits  are  nearly  always  observed  in  concentrated 
urines.  If  the  urates  are  increased  by  systemic  condi- 
tions wliich  have  already  been  considered  iu  connection 
with  uric  acid,  the  tendency  to  precipitation  is  thereby 
increased.  Usually  sodium  is  the  base  present,  perhaps 
together  with  small  amounts  of  potassium  and  am- 
monium, and  even  traces  of  calcium  and  magnesium. 
The  ammonium  salt  is  luuch  more  apt  to  deposit  in  urines 
which  have  undergone  ammoniacal  fermentation,  separat- 
ing as  spheroidal  clumps  with  projecting  spines.     The 


Fig.    Wl  —  Calculus   of   Cak-ium    uxiilate.      Exterual    view   aud 
sectiou.    (Natural  size.) 

aggregation  of  the  precipitating  urates  into  calctili  is 
apparently  subject  to  the  same  conditious  as  determine 
the  formation  from  other  constituents. 

Cidciinii  n.vithite  forms  tlie  hardest  of  all  urinary  stones. 
They  are  rarelj-  large,  are  more  or  less  spheroidal  in 
shape  if  single,  facetted  if  multiple,  and  have  either  a 
rough,  tuberculated  surface,  giving  rise  to  the  name  of 
"  mulberry  "  calculi,  or  less  often  they  are  small,  rounded, 
smooth  bodies  known  as  "  hempseed  "  calculi.  They  are 
usually  dark  brown  or  black,  but  may  be  light  in  color 
and  maj-  form  in  acid  urine  about  a  nucleus  of  epitlielium 
or  more  commonly  uric  aciil.  Amorphous  mates  and 
phosphates  may  be  dei)Osited  between  the  tuberculations. 
The}'  have  been  found  in  the  secreting  substance  of  the 
kidney,  but  are  usually  formed  in  tiie  pelvis,  from  which 
locality  they  may  pass  to  the  lower  urinary  tract.  They 
probably  never  occur  excepting  in  patients  with  oxaluria, 
a  diathetic  condition  existing  in  certain  neurotic  states, 
particularly  those  associated  with  indigestion,  and  which, 
I  believe,  is  always  dependent  on  digestive  disturbance. 
With  the  exception  of  the  physiological  oxaluria  follow- 
ing the  administratiou  of  oxalate  in  the  food,  it  is  prob- 
able that  oxalic  acid  is  formed  in  part  or  wholly  from 
food  in  alimentation,  chiefly  from  carbohydrates,  by 
bacterial  activity.  Thus  the  administration  of  undue 
amounts  of  cane  sugar  is  in  certain  individuals  followed 
by  the  appearance  of  a  copious  deposit  iu  the  urine  of 
crystals  of  calcium  oxalate.  It  is  further  noticeable  that 
such  individuals  are  apt  to  suffer  fromhyperchlorhydria, 
an  important  connection  when  it  is  reiuembered  that  cer- 
tain bacteria,  including  the  colon  bacillus,  which  tend  to 
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Fig.  14.'<4.—  ('(>ral-slmped  Stone  from 
tlie  Hladder.  (.'inniMised  of  O.xalate 
and  riiospbate  of  Calcium.  (Natu- 
ral size.) 


produce  putrefaction  of  jiroteul  matter  in  neutral  or 
sliglitly  aciil  media,  direct  tlieir  activities  cliierty  or  wholly 
to  the  fernientatiou  of  carbohydrates  in  more  strongly 
acid  solutions. 

I'/wKji/iiitic  conereiio/is  occur  next  in  frequency  to  tiric- 
acid  calculi.     They  are  composed  of  calcium  iiiiosphale, 

ammonio  -magnesium 
phcsphate,  or  both;  are 
nearly  always  vesical  in 
origin,  and  are  usually 
formed  in  anunoniacal 
urine.  For  this  reason 
they,  together  with  other 
calculi  dependent  upon 
this  urinary  change  for 
tlieir  formation,  are 
spoken  of  as  secondaty 
concretions,  in  contra- 
distinction to  the  pri- 
mary calculi  that  .sepa- 
rate in  urine  which  has 
not  undergone  alkaline 
fermentation. 

Phosphates  are  normal 
constituents  of  urine,  in 
which  they  e.xist  as  sol- 
uble SJilts  of  the  alkalies 
(about  seventy-five  per  cent.)  and  .salts  of  the  alkali 
earths,  calcium  and  magnesium:  they  are  soluble  only  in 
acid  urine.  It  is  this  latter  jiortion  that  tends  to  sep- 
arate, not,  however,  from  tlie  presence  of  an  excess  of 
phosphate  or  of  calcium  and  magnesium,  or  from  a  con- 
centrated condition  of  the  urine,  but  owing  to  the  ab- 
sence of  acidity  of  this  tluid.  In  cystitis,  for  example, 
in  which  the  urine  is  ammoniacal  from  decomposition, 
phosphates  of  the  alkali  earths  are  precipitated;  and 
since  this  pathological  state  is  so  generally  associated 
■with  vesical  irritation,  tlie  condition  is  favoralile  to  Uie 
agglutination  of  the  separating  phosphate  into  calculi. 
From  what  has  been  said  it  is  apparent  that  the  intro- 
duction of  calcium  into  the  body,  as  in  the  use  of  hard 
drinking-waters,  can  have  no  influence  on  the  formation 
of  these  urinary  concretions,  as  was  at  one  time  sup- 
posed to  be  the  case. 

The  ammonio-magnesium  salt,  the  so-called  triple 
phosphate,  is  commoner  in  calculus  formation  than  cal- 
cium plios]iliate,  although  calculi  composed  exclusiveh' 
of  the  former  are  uncommon.  Those  occurring  are  not 
as  a  rule  of  marked  size.  Being  formed  in  ammoniacal 
urine  only,  they  are  vesical  in  origin  and  frequently  com- 
plicate cvstitis. 

Calcium  phosiihate  only  occasionally  forms  unmixed 
concretions.  The  structure  of  the  latter  may  be  compact 
or  spongy.  Two  forms  occur:  1.  Round  or  oval,  varying 
in  size  from  a  small  bean  to  a  hens  egg.  They  have  a 
white,  chalky  appearance  and  break  with  an  amorphous 
fracture.  They  are  of  vesical  origin,  and  are  more  fre- 
quent in  elderly  people,  especially  dyspeptics.  2.  Ir- 
regular, sometimes  branched,  usually  of  a  grayish-white 
color,  compact  in  texture,  brittle,  and  with  a  porcelain- 
like fracture.  They  are  usualh'  found  in  cysts  and 
pockets  of  the  urinarj-  tract  and  seem  to  be  of  local 
origin. 

By  far  the  most  common  phosphatic  calculi  are  those 
of  the  mixed  variety  containing  both  calcium  |)hosphate 
and  triple  phosphate;  these  calculi  often  attain  a  large 
size.  Cnder  the  blowpipe  thev  fuse  to  a  black,  enamel- 
like mass,  and  hence  have  been  termed  "fusible  calculi." 
They  have  a  grayish-white  color,  are  friable  and  some- 
what spongy,  and  are  often  composed  of  concentric 
laminif.  The  outside  and  fracture  surfaces  may  jiresent 
bright,  glistening  points,  triple  iihosjihatc  crystals.  They 
usually  form  about  a  nucleus  of  ditTcreiit  composition. 

Phosphatic  calculi  are  exceptionally  formed  within  the 
urethra,  in  which  locality  they  are  most  frequently  ob- 
served in  infancy  and  after  middle  age.  Their  common 
seat  is  in  the  bulbo-membranousand  prostatic  regions  and 
in  the  navicular  fossji ;  they  rarely  form  behind  a  stricture. 


but  rather  in  urethral  pouches  and  diverticula.  The 
growth  from  incrustation  is  backward.  As  they  increase 
in  length  they  may  be  segmented  by  fracture,  eventu- 
ally forming  a  row  of  calculi  that  articulate  with  one 
another.  There  is  usually  a  constriction  at  the  vesical 
neck  back  of  which  the  growth  may  extend  in  the  blad- 
der in  any  direction,  the  calculus  eventually  becoming 
mushroom-shaped  or  taking  on  the  appearance  of  two 
nodules  connected  by  a  bar. 

In  iiyonephrosis,  in  which  ammoniacal  fermentation 
of  urine  occurs  in  the  pelvis,  there  is  the  same  tendency 
to  the  formation  of  |ihosphatic  calculi  as  when  this 
change  occurs,  as  it  more  commonly  <loes,  in  the  bladder. 

Ciilciinii  carbdiiiite  cdh'iili.  which  are  so  often  found  in 
other  parts,  are  rarely  found  in  the  urine  of  man,  but 
occur  more  frequently  in  herbivora.  When  found  they 
have  been  multiple,  small,  weighing  hardly  more  that  2 
or  3  gm.  each,  with  a  smooth  surface  and  resembling 
somewhat  calcium  oxalate  stones,  being  hard  and  lamellar 
in  structure.  They  are  usually  round,  often  translucent, 
and  on  section  present  numerous  concentric  lines  and  a 
multiple  nucleus.  On  crushing  they  break  into  sharp 
fragments. 

Vi/stiH  cnkuli  occur  but  seldom.  They  are  of  primary 
formation,  have  a  smooth  or  rough  surface,  are  white  or 
pale  yellow,  have  a  crystalline  structure,  and  vary  in 
size  up  to  that  of  an  egg.  They  are  not  very  hard,  but 
break  with  a  crystalline  fracture.  On  section  they  pre- 
sent a  radiated  surface  of  yellow  color  which  turns  gray 
on  exposure  to  light.  The  occurrence  of  cystin  is  jiatho- 
logical.  There  appears  to  be  a  peculiar  putrefaction 
within  the  intestine  in  cystinuria,  leading  to  the  forma- 
tion of  cadaverin  and  putrescin.  Whether  this  is  con- 
nected with  the  formation  of  cystin  is  uncertain  lint 
probable.  During  the  formation  of  a  cystin  calculus, 
the  characteristic  hexagonal  crystals  of  cystin  are  usually 
found  in  the  urinary  sediment.  There  appears  to  be  a 
tendency  to  the  formation  of  cystin  calculi  in  members 
of  the  Siime  family. 

Indigo  concretions  have  been  met  with  in  the  urinary 
passage  in  one  or  two  instances.  The  material  for  such 
a  stone  is  derived,  presumably,  from  the  indican  of  the 
urine.  This  substance,  whicli  is  indoxyl  potassium  sul- 
phate, originates  from  indol,  a  product  of  the  jiutrefac- 
tion  of  albuminous  matter,  usually  in  the  intestines,  and 
on  oxidation  readily  yields  indigo.  In  certain  chronic 
diseased  conditions  within  this  organ  it  is  continuously 
increased  in  the  urine  many  times  the  usual  amount. 

Urustealith  ciilcu/i  consist  of  fatty  matter  in  an  amor- 
phous or  crystalline.£ondition.  Their  occurrence  is  so 
exceedingly  infrequent  that  their  existence  has  been 
questioned :  thus,  Krukenburg  found  that  what  appeared 
to  be  a  fatty  concretion  consisted  in  fact  of  jiarattinc  de- 
rived from  a  paraffine  bougie.  That  they  do  exist  the 
writer  is  prepared  to  alfirm  from  the  fact  that  in  a  case 
in  which  one  was  passed  he  afterward  found  another  at 
necropsy  embedded  in  the  tissue  of  the  cystic  kidney. 
Horbaczewski  has  recently  analyzed  one  as  follows: 

Water 3..5  per  cent. 

Inorganic  solids I).s 

Orjfanio  solids  insoluble  in  ether 11." 

Organic  solids  soluble  in  ether 85.0  •   " 

*  51..5  per  cent,  fat  acids  (stearic,  palmitic),  33.3  percent,  neutral  tat 

(myristic),  trace  of  choleslerin. 

At  the  temperature  of  the  body  these  calculi  are  soft 
and  elastic,  for  whicli  reason  they  do  not  produce  colicky 
pains  when  passing  through  the  ureters.  At  ordinary 
temperature  they  are  brittle,  soft,  have  an  amorphous  or 
glassy  fracture,  and  are  translucent. 

Xdnthin  ciilcuU  are  exceedingly  rare,  less  than  a  dozen 
being  recorded  in  the  literature."  Their  occurrence  has 
beencontined  to  young  subjects.  The  calculi  observed 
have  been  either  "pure,  or  mixed  with  uric  acid,  which 
xanthin  so  closely  resembles.  The  size  has  varied  from 
a  pea  to  that  of  a  iien's  <'gg.  and  the  color  from  whitish  to 
dark  brown.  They  have  a  medium  hardness,  amorphous 
fracture,  anil  on  nibbing  take  on  a  waxy  appearance. 


235 


Condnrango. 
Condyloma, 


REFERENCE  HANDBOOK  OF  THE  HEEDICAL  SCIENCES. 


Fig.  14.S5.— Pin  Forming 
the  Nucleus  of  a  Calcu- 
lus Composed  of  Cal- 
cium Phosphate,  Uric 
Acid,  and  Oiied  Blood, 
(Natural  size.) 


Calculi  composed  of  ./f6)'i'« ,  blood,  or  inspissated  alhxmiii 
are  meutioned  as  having  been  met  with  in  urine.  They 
have  a  glassy  fracture.  Their  occurrence  must  be  re- 
garded not  only  as  unusual,  but  as  anomalous. 

In  the  description  of  the  various  urinary  concretions 
very  little  has  been  said  of  the  formation  of  mixed  cal- 
culi. As  a  matter  of  fact,  calculi  are  not  commonly  com- 
posed of  a  single  constituent.  The  location  of  their 
formation  and  growth  and  the  attending  conditions  upon 
which  their  formation  depends  so  change  from  time  to 
time  that  ditferent  substances  enter  into  their  structure, 
and  the  result  is  the  formation  of  mixed  calculi.  Uric 
acid  and  calcium  o.xalate  most  frequently  form  calculi 
consisting  exclusively  of  one  ingredient;  on  the  other 
hand,  calculi  composed  of  separate  and  alternating  layers 
of  these  two  substances  are  the  most  common  example 
of  the  so-called  "alternating  "  calculus. 

The  different  deposits  may  be  primary,  primary  and 
secondary,  or  secondary.  They  almost  invariably  have  a 
central  nucleus,  while  the  substance  of  the  calculus,  the 
body,  may  be  surrounded  by  an 
external  layer  or  crust  which  is 
nearly  always  phosphatic.  The 
nucleus  varies  in  composition  and 
in  size.  It  may  not  differ  from 
the  body,  especially  in  primary 
calculi,  and  on  the  other  hand  may 
even  consist  of  bits  of  tissue,  as 
blood  clots,  epithelium,  or  inspis- 
sated mucus.  Exceptionally,  for- 
eign bodies  which  have  found  their  way  into  the  bladder 
become  nuclei  (Fig.  148.5).  A  calculus  was  recently  ob- 
served in  wliicli  the  nucleus  was  a  snake's  tail  which  a 
patient  had  been  advised  to  pass  into  his  urethra  for  the 
cure  of  a  stiffened  right  arm.  A  form  of  mixed  calculus 
that  is  very  common  is  the  phosphatic  concretion  that 
residts  from  ammoniacal  urine.  A  primarj-  calculus,  en- 
tering the  bladder,  or  exceptionally  forming  within  this 
organ,  there  produces  such  vesical  irritation  as  eventu- 
ally to  give  rise  to  cystitis  with  ammoniacal  fermenta- 
tion of  the  urine  leading  to  the  deposit  of  phosphate  upon 
the  primary  formation. 

Examination  of  Urinart  CALcrLi. — Before  proceed- 
ing to  the  analysis  it  is  alwaj'S  well  to  record  the  color, 
hardness,  appearance  on  section  or  fracture,  and  perhaps 
the  specific  gravity  of  the  specimen.  The  appearance  of  a 
powdered  or  fractured  portion  under  the  microscope  may 
also  be  of  value.  In  the  case  of  mixed  calculi,  each  layer 
should  be  examined  independently.  The  chemical  an- 
alysis may  be  conducted  as  follows: 

Heat  a  small  portion  of  the  powder  on  porcelain  or 
platinum. 

A.   The  material  btirns  airay,  lenriiig  little  or  no  residue. 

1.  It  melts,  burns  with  a  smoky  Hame,  emitting  an 
aromatic  odor.  It  is  soluble  in  ether,  the  ether  leaving  a 
fatty  residue  on  evaporation.  It  is  soluble  in  potassium 
hydroxide.      Vrostealith. 

2.  It  gives  otf  purple-red  vapor.  The  material  is  solu- 
ble in  sulphuric  acid  with  the  formation  of  a  blue  color, 
the  solution  showing  a  band  before  D  in  the  spectro- 
scope.    Indigo. 

3.  It  gives  the  odor  of  burning  feathers.  The  ma- 
terial responds  to  tests  for  proteids:  e.g.,  Millon's, 
xantho-protein.     Albumin,  fibrin,  blood. 

4.  aA.  fresh  portion,  when  treated  with  hydrochloric 
acid,  dissolves  completely. 

(n)  Also  soluble  in  ammonia.  Filtration  and  evapora- 
tion to  remove  ammonia  produce  a  separation  of  hexag- 
onal crystals.  These  may  also  be  obtained  by  acidify- 
ing the  ammoniacal  solution  with  acetic  acid.     Cystin. 

(A)  Dissolve  a  fresh  portion  in  nitric  acid,  evaporate  to 
dryness  In  a  porcelain  dish  over  a  water  bath,  moisten  yel- 
low residue  when  cool  with  potassium  hydroxide,  and  an 
orange-red  color  is  produced  which  becomes  reddish 
violet  when  heated.     Xanthin. 

5.  A  fresh  portion,  when  treated  with  hydrochloric 
acid,  does  not  dissolve  completely.  Filter  and  test  the 
filtrate  as  described  under  4. 


(f)  After  washing  the  residue  on  the  filter,  dissolve  in 
nitric  acid  and  evaporate  to  dryness.  The  yellow  residue 
turns  red  when  exposed  to  the  vapor  of  ammonia,  and  the 
addition  of  potassium  hydroxide  produces  a  bluish-violet 
color  which  disappears  on  standing.      Uric  acid. 

(d)  In  addition  to  tlie  test  for  uric  acid,  the  fresh  ma- 
terial gives  reactions  for  ammonia,  e.g.,  when  heated  in 
solution  with  potassium  hydroxide,  ammonia  fumes  are 
given  off  as  recognized  by  the  smell,  bluing  of  red  litmus, 
and  production  of  white  fumes  with  a  rod  moistened  with 
hydrochloric  acid.     Ammonium  urate. 

B.  The  material  iruiy  or  may  not  blacken  and  leaves  a 
considerable  residue. 

6.  The  original  material  dissolves  completely  in  hydro- 
chloric acid. 

(<■)  With  effervescence.  The  solution  made  alkaline 
with  ammonia  yields  a  white  precipitate  ou  the  addition 
of  ammonium  oxalate.      Calcium  carbonate. 

(/)  Without  effervescence. 

(1)  The  ignition  residue,  treated  with  water,  dissolves 
in  part  to  a  strongh-  alkaline  solution  and  dissolves 
wholly  in  acetic  acid  with  effervescence.  Addition  of 
ammonium  oxalate  to  this  acetic-acid  solution  produces 
a  white  precipitate.     Calcium  o.ralate. 

(2)  The  ignition  residue,  treated  with  water,  does  not 
dissolve  in  part  to  a  strongly  alkaline  solution.  It  dis- 
solves in  acetic  acid  without  effervescence.  If  the  nitric 
acid  solution  of  the  original  material  is  added  to  an  ex- 
cess of  ammonium  molybdate  solution  in  nitric  acid  a 
yellow  precipitate  is  formed  when  the  mixture  is  warmed. 
Phosphate. 

The  solution  in  acetic  acid  obtained  above  or  of  the 
original  material  yields  a  white  precipitate  on  the  addi- 
tion of  ammonium  oxalate.     Calcium  phosphate. 

The  filtrate  from  the  calcium  oxalate  yields  a  precipi- 
tate when  rendered  alkaline  with  aiumonia.  The  original 
material,  when  moistened  with  potassium  hydroxide, 
does  not  give  reactions  for  ammonia.  Calcium  and 
magnesium  phosphate. 

The  above  reaction  for  ammonia  is  strongly  positive 
and  magnesium  is  present.  Ammonio-magnesium  phos- 
phate (triple  phosphate).  If  calcium  is  present  as  well 
there  is  an  admixture  of  calcium  phosphate. 

7.  The  original  material  does  not  dissolve  completely 
in  hydrochloric  acid. 

Uric  acid  is  present  and  may  be  tested  for  in  the  residue 
by  the  murexide  test  described  in  5  (c).  When  a  platinum 
wire  is  moistened  with  the  hydrochloric  acid  solution  and 
then  introduced  into  a  Bunsen  flame,  a  yellow  coloration 
of  the  flame  is  produced  owing  to  the  presence  of  sodium. 
Sodium  urate.  Traces  of  potassium  urate  and  even 
the  ammonium,  calcium,  or  magnesium  salt  may  be 
present. 

(Note. — The  application  of  the  foregoing  scheme  to  the 
analysis  of  mixed  calculi  may  call  for  such  slight  modifl- 
cations  of  the  procedure  as  will  be  apparent.) 

E.  E.  Smith. 

CONDURANGO. — The  bark  of  Marsdenia  Condnrango 
Nicholson,  syn.,  Gonolnbus  Condurango  Triana  (fam.  As- 
cUpiadacetf).  This  plant  is  a  medium-sized,  milky-juiced, 
woody  twiner  of  Ecuador  and  neighboring  parts  of  South 
America.  The  bark  was  introduced  as  a  specific  for 
cancer,  due  apparently  to  the  loose  application  of  this 
term,  in  South  America,  to  various  minor  ailments.  Its 
trial  resulted  in  disappointment,  notwithstanding  that 
it  produces  some  favorable  results  as  an  alterative,  in 
cancerous  as  in  other  diseases.  Besides  containing  a  con- 
siderable amount  of  resin,  condurangin  has  been  de- 
scribed as  an  amorphous,  yellowish  glucoside.  This  is 
now  believed  to  consist  of  a  mixture  of  two  or  more 
glucosides.  which  are  similar  in  action,  producing  inco- 
ordination and  loss  of  movement.  Their  therapeutical 
application  has  not  been  demonstrated.  They  are  soluble 
in  both  water  and  alcohol.  Condurango  is  an  excellent 
stomachic,  though  only  mildly  bitter.  Weak  alcohol  is  the 
best  menstruum.     The  average  dose  is  2  gm.  (gr.  xxx.). 

Henry  E.  Busby. 
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CONDYLOMA.— Condyloma    is   defined    by    Tnna  us 
"a  pure  aeantlionia.  appearin:;  isolated  around  the  mu- 
cous openings  anil  on  inoisi  and  seborrlueie  areas  of  skin, 
ami   tendins  to  extend  su- 
liertieially.  "     The   word    is 
iiere    used   in    this   limited 
sense,   and    indicates    only 
those    growths    known    as 
condyloma actiniinatum.    It 
thus  becomes  the   name  of 
a  di-;tinet   pathological  for- 
mation.    The   employment 
of  the  same  word  to  desig- 
nate   certain    syphilitic   le- 
sions (conilyloma  latum)  is 
to   be   discouraged,   exceiit 
when  it  is  properly  cjuali- 
tied.     The  careful  study  of 
the  histogenesis  and  hislol- 
ogv    of    condvlomata    has 
FIG.  14Hi.-l-,.mte.l  .  ..ndyloraata    demonstrated  the  incorrect- 
upon   the  I'lvpuce   and   Glans    tifSS    of    employing    papU- 
Penis.    (After  Urunfeld.)  loma  as  a  Synonym  for  con- 

dyloma. The  formation  is 
not  a  papilloma  proper,  the  jiapilla?  being  secondarily  al- 
tered by  the  proliferating  epithelium.  In  the  following 
description  we  have  ailhered  ((uite  closely  to  that  given  by 
Unna  as  rejiresenting  the  residts  of  the  most  recent  and 
reliable  study.  The  giowth  begins  as  a  small  elevation, 
which  later  may  become  divided  by  furrows  and  depres- 
sions, giving  when  extreme  a  cauliflower  appearance. 
They  are  usually  located  upon  the  external  genitalia  in 
either  sex,  or  about  the  anus,  and  most  often  follow  a 


pos.sibility  of  transferring  portions  of  the  lesion  or  its 
secretion  with  a  subseipient  development  of  condylomata 
at  the  site  of  introduction.  This  has  been  denied  by 
Fetters  and  GUntz.  and  they  have  been  sustained  by  the 
experimental  results  of  E.  Bunim.  Hiunm  found"  that 
long-continued  chemical  or  mechanical  irritation  may 
cause  the  lesions,  but  insists  upon  the  neces.sily  of  a  pre- 
disposition being  present  also.  If  a  specific  agent  is  pres- 
ent, its  nature  is  still  unknown.  The  growth  tends  to 
extend  locally  by  direct  extension,  especially  in  a  ser- 
piginous manner,  following  the  folds  where  surfaces 
come  in  contact.  In  this  way  large  tumor  masses  are 
produced,  which  show  no  tendency  to  become  limited  or 
to  disappear  spontaneously.  The  skin  upon  which  they 
develop  is  usually  previously  altered  by  suppuration, 
eczema,  seboniura,  etc.  The  color  depemts  upon  the 
tissue  where  they  are  found  during  the  early  stage.  Upon 
the  skin  they  are  yellowi.sh-white.  upon  mucous  mem- 
branes red.  Later  the  degree  of  cornificatiou  determines 
the  color,  the  red  condyloma  upon  a  mucous  membrane 
becoming  yellow. 

Unna  distinguishes  two  histological  stages.  In  the 
first  there  is  a  patchy  Ihickening  of  the  epithelium,  with 
a  depression  and  flattening  of  the  underlying  iiapilla". 
There  then  becomes  apparent,  as  a  very  fine  point  macro- 
scopically.  a  button-like  projection  of  epitheliinn.  The 
growing  epithelial  ridges  do  not  penetrate  deeply  nor 
depress  the  base  of  the  papillary  body,  but  they  are  rather 
elevated  by  the  papillary  body  which  becomes  more  and 
more  swollen.  The  surface  elevation  is  at  first  mostly 
dependent  upon  swelling  of  the  cutis,  but  later  the  epi- 
thelium is  greatly  in  excess.  While  the  elevation  and 
growth  iu  size  are  due  in  part  to  changes  in  the  connective 


LiiS^:v-V-.^«-     i.'.-e.'-    <■■■■■•    ii-j: 


Fig.  1487.— Longitudinal  Section  of  a  Non-Speoiflo  Condvloma,  Consisting  of  a  Pi  imai  v  and  Several  Secondary  PapUlse.  The  three  layere-the 
homr.  the  epithelial,  and  the  fibrous  with  its  lilood-vessels  and  lymph  channi-ls  an-  also  represented.  At  the  centre  of  the  middle  papilla 
ami  at  th>'  upper  e.xtreuiity  of  that  to  its  ri(rht  are  seen  transverse  sections  of  the  fibrous  layer  of  tertiary  papiite  arising  from  them.  (From 
an  original  drawing  by  Dr.  James  M.  French.    Magnified  about  four  hundred  diameters  and  reduced. ) 


chronic  irritation  from  an  inflammation  of  the  urethra, 
ulcers,  decomposition  of  the  preputial  secretion,  etc. 
Bumm  demonstrated  that  the  previous  idea  that  the 
gonococcus  was  the  essential  etiological  agent  was  incor- 
rect. He  showed  that  they  occur  without  gonococci 
being  present.     Kranz  had  apparently  demonstrated  the 


tissue,  the  epithelium  alone  is  active  in  the  formation  of 
the  lesion.  Differences  in  resistance  at  various  points  in 
the  cutis  are  factors  in  determining  the  form  of  the 
growth,  but  this  is  only  in  a  passive  way.  Many  minute 
elevations  occurring  at  the  same  time  cause  the  surface 
to  appear  finely  granular. 
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In  the  second  stage  the  growth  is  either  a  cauli- 
flower or  fingerand-toe  shape,  or  in  the  form  of  simple 
buttons.  At  this  time  the  epithelium  proliferates  very 
luxuriantly,  mitosis  is  found  not  only  in  the  basal  layer 
of  the  prickle  cells,  but  even  in  the  fourth,  fifth,  or  sixth 
epithelial  row.  The  prickle  cells  are  much  enlarged, 
some  being  four  or  even  eight  times  the  size  of  those 
in  the  neighborhood.  There  is  great  dilatation  of  the 
lymph  spaces  between  the  prickle  cells,  and  the  connect- 
ing bridges  of  the  cells  are  unusually  well  developed. 
When  the  lymph  spaces  of  the  epithelium  are  very  wide, 
tlie  prickles  connecting  the  epithelial  cells  may  be  drawn 
out  to  long  threads,  which  may  connect  cells  lying  some 
distance  apart  and  otherwise  disconnected. 

Everything  indicates  an  exceptionally  luxuriant  nutri- 
tion of  epithelium  and  a  growth  of  the  prickle  layer  in  all 
directions  from  abnormally  numerous  points.  The  gran- 
ular layer  is  broad,  associated  with  delayed  cornitication. 
The  hornj- layer  is  of  normal  thickness  or  only  moderately 
thickened.  There  is  no  hyperkeratosis.  The  connective 
tissue  is  rich  in  blood  and  lymph,  and  penetrated  by  wide 
ves.sels  and  lymph  spaces.  The  capillaries  of  the  papillse 
are  sometimes  as  large  as  cutaneous  veins  and  pass  to  the 
free  ends  of  the  papillfe.  Nets  of  fibrin  and  fibrinous 
lumps  with  much  granular  fibrin  are  found  in  the  wide 
lymph  spaces,  and  the  connective  tissue  is  sometimes 
penetrated  by  fine  fibrin  threads.  In  the  connective  tis- 
sue there  are  foimd  an  excess  of  spindle  cells,  and  an 
abnormal  number  of  leucocytes,  which  wander  into  the 
epithelium.  The  action  of  caustics,  etc.,  may  be  followed 
by  a  more  extensive  accumulation  of  leucocytes.  Mast 
cells  are  always  found  in  the  newly  formed  connective 
tissue  in  considerable  numbers,  rather  round  in  form  than 
elongated,  but  large  and  multiform. 

With  the  growth  of  the  condyloma,  the  number  of 
papilla'  is  always  increasing.  The  original  main  papillae, 
being  abundantly  supplied  with  blood  and  lymph,  be- 
come consideral)iy  increased  in  size  by  the  formation  of 
young  cells  and  the  emigration  of  leucocjtes.  They  also 
are  divided  by  the  ingrowing  folds  of  epithelium,  and 
thus  the  number  of  papilliB  becomes  increased.  There 
is  never,  however,  an  independent  growth  of  papillse  into 
the  epithelium,  as  the  name  "  papilloma  "  suggests.  The 
irregular  formation  of  condyloma  is  finally  due  to  the 
succulence  and  marked  swelling  of  the  connective  tissue 
and  of  the  imcornified  epithelium.  The  direction  of 
growth  is  not  limited,  but  is  imlimited  in  all  directions. 
The  external  form  varies  as  widely  as  its  internal  struc- 
ture. Rarely  the  horny  layer  is  firm  enough  to  form  a 
continuous  covering  for  the  swelling,  and  a  mushroom 
or  pear- form  results.  More  often  the  horny  layer  gives 
way,  and  after  penetrating  into  the  divisions  between  the 
larger  main  papilla\  it  falls  off,  leaving  the  finger-and- 
toe  form.  If  the  hornj'  covering  of  tiiese  again  gives 
way,  and  the  horay  layer  penetrates  into  the  younger 
epithelial  buds  and  between  some  of  the  newly  furrowed 
papilke.  a  cauliflower  surface  is  the  result. 

Unna  gives  as  the  characteristics  by  which  the  condylo- 
ma maj'  always  be  distinguished  from  verruca  vulgaris  as 
follows:  "The  thin  horny  covering  and  absence  of  hyper- 
keratosis; the  remarkable  size  of  The  prickle  cells  and  the 
interspinal  spaces:  the  numerous  and  ever-present  mito- 
ses, even  in  the  upper  prickle  layers;  the  complicated  fur- 
rowing of  the  surface;  the  constant  active  dilatation  of  the 
vessels,  which  later  gives  place  to  a  regular  chronic  inflam- 
mation, with  cell  formation,  leucocytic  emigration,  and 
abundant  serofibrinous  exudation;  and  finally,  the  per- 
sistent papillary  furrowing  by  the  growing  epithelium." 

Tre.^tmext. — If  the  irritant  acting  upon  the  involved 
surface  is  removed,  and  the  parts  kept  dr^-,  or  an  astrin- 
gent is  applied,  the  smaller  lesions  may  disappear 
without  further  treatment.  The  further  means  to  employ 
for  their  removal  are  excision,  erosion,  or  caustics  (nitrate 
of  silver,  alkalies,  acids,  etc.).  For  larger  growths,  liga- 
ture of  the  pedicle  may  be  required.  Removal  by  the 
Paquelin  cauterj'  is  followed  bj'  an  eschar,  which  pro- 
tects the  surface  and  prevents  hemorrhage.  The  electric 
needle  is  also  useful  at  times.  George  H.  Weaver. 


CONIFER/€.— r;(C  Cone  Fainily.  (Pine  Fumily,  in  the 
broad  sense.  According  to  some  authors,  and  probably 
correctly,  it  is  subdivided  into  the  Pinacea  and  I'axa- 
cea,  but,  for  convenience,  we  here  follow  Engler  and 
Prantl,  in  considering  both  under  the  title  Coniferce.) 
The  family  contains  between  thirty  and  forty  living  gen- 
era, and  ten  times  as  many  species,  besides  a  number  of 
fossils.  They  grow  mostly  in  temperate  climes,  espe- 
cially the  northern.  Probably  no  other  family  is  of 
greater  interest.  These  trees  represent  a  flora  for  the 
most  part  extinct,  and  are  closely  related  to  those  which 
produced  our  coal.  They  are  not  so  well  adapted  to 
present  conditions  as  most  pilants,  and  their  tenure  of 
life  may  be  regarded  as  on  the  whole  weak,  and  them- 
selves destined,  for  the  most  part,  to  early  extinction. 
The  largest  known  trees  are  members  of  this  family. 
They  yield  almost  all  of  our  soft  building  lumber.  They 
yield  our  vegetable  tars,  pitches,  and  turpentines,  though 
apparently  some  of  the  trees  yielding  these  will  be  prac- 
tically extinct  within  a  few  years.  Through  extinct  rela- 
tives, their  relations  to  coal  tar  explain  the  close  sim- 
ilarity between  the  two  classes  of  products.  The  seeds 
of  a  nmnber  constitute  important  foods.  Medicinally 
the  family  is  of  great  importance.  Vicing  very  rich  in  vola- 
tile oils,  of  which  those  of  juniper,  cedar,  turpentine, 
savin,  cypress,  and  others,  are  important  drugs.  Empy- 
reumatic  oils  similarly  \ised  are  represented  by  those  of 
tar  and  cade.  Amaroids,  glucosides.  and  at  least  one 
alkaloid,  with  an  abundance  of  tannin,  also  occur.  Be- 
cause of  the  close  similarity  in  nature  and  properties 
between  these  products,  only  the  most  important  are 
treated  in  this  work.  The  number  of  pines,  spruces, 
firs,  larches,  cedars,  and  related  plants  in  use  is  very 
great.  He/irj/  H.  Bushy. 

CONIUM.— C0SI1-.M  Frlit  (incorrectly  "&erf").  Hem- 
lock.    Puimn  Hemlock. 

"The  full-grown  fruit  of  Conium  macnlaUim  L.  (fam. 
rmbellifera)  gathered  while  yet  green  "  (U.  S.  P.).  The 
leaves,  formerly  official,  are  no  longer  so.  This  plant  is 
a  stout,  erect,  biennial  herb  a  metre  or  more  (three  to  six 
feet)  in  height,  with  a  long,  simple  or  forked,  rather 
fleshy,  yellowish-white  root  3  cm.  or  so  in  diameter, 
and  a  smooth,  branching,  striated  or  furrowed,  purple- 
spotted,  dark-green,  hollow,  slightly  glaucous  stem.  The 
spots  are  small  and  rather  numerous;  the  pith  cavity  is 
closed  at  the  joints  of  the  stem.  The  characters  of  the 
leaves  and  white  flowers  are  well  displayed  in  the  accom- 
panying cut. 

Hemkick  is  a  common  Old-World  plant,  occurring  in 
the  temperate  portions  of  Europe,  Asia,  and  even  Africa. 
It  is  also  rather  common  in  many  places,  as  an  introduced 
weed,  in  the  United  States.  It  affects  rich  and  moist 
waste  places,  especially  swamps  and  brook-sides  and 
damp  and  shady  gardens.  It  is  easily  distinguished  from 
most  harmless  Umbellifer(r  by  its  spotted  stem,  short. 
thick,  disagreeable-smelling  fruits,  and  the  absence  of  oil- 
bearing  vittfe  in  the  latter.  Cicuta(see  Poimnmis  Plants) 
is  very  easilj-  mistaken  for  it,  but  both  are  similarly  poi- 
sonous. 

Conium  is  notorious  as  an  ingredient  of  the  state  poison 
of  the  ancient  Greeks,  by  which  the  philosopher  Socrates 
met  his  death.  It  is  mentioned  l)y  several  Greek  writers 
of  about  the  same  time,  and  by  numerous  Litlin  ones 
since — by  these  often  under  the  name  Cic/ta.  If  was 
used  as  a  medicine  by  English  and  Scotch  physicians 
several  hundred  years  ago,  but  its  em]iloyincnt  under 
modern  ideas  of  medicine  dates  from  the  time  of  Stoercke, 
about  seventy-five  years  since.  The  use  of  the  term 
Cicritn  as  the  name  of  the  hemlock  by  Latin  authors  has 
created  some  confusion,  which  was  not  diminished  by 
Linnai'Us  when  he  gave  the  latter  name  to  the  related 
genus. 

All  parts  of  hemlock  are  active,  and  have  been  em- 
ployed in  medicine.  The  drug  should  be  carefully  and 
quickly  dried,  without  heat.  As  the  active  principles 
are  volatile,  conium  deteriorates  rapidly,  and  should  be 
considered  inferior  if  more  than  one  season  old.     The  in- 
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tensity  of  odor  developed  by  moisteninjj  it,  and  especially 
by  treating  with  potasli,  is  a  rouirli  way  of  estiniatinir  its 
value.  The  leaves  are  especially  unstable;  their  odor, 
when  fresh  and  green,  is  strong  and  disagreeable,  and 
developed  still  more  so  by  the  potash;  when  dry  they 
often  have  no  strength  or  value.     The  fruits  are  alone 


Fig.  148B.— Coniuin  maculatum  L. 

official  in  the  United  States,  the  dried  leaves  having 
proved  to  be  generally  worthless  in  this  country.  The}' 
are  thus  described  in  the  Pharmacopa-ia :  "About  one- 
eighth  of  an  inch  (3  mm.)  long;  broadly  ovate;  later- 
ally compressed ;  grayish  green ;  often  divided  into  the 
two  mcricarps,  each  with  five  crenate  ribs,  without  oil 
tubes,  and  containing  a  seed  which  is  grooved  on  the 
face;  odor  and  taste  slight."  They  hold  their  strength 
comparatively  well,  and  yield,  on  the  whole,  more  uni- 
form preparations  than  even  the  fresh  leaves. 

Composition. — Conium  contains  but  very  little  es-ieu- 
tiiil  oil  compared  with  the  aromatic  members  of  the  order, 
and  that  little  is  neither  pleasant  nor  useful.  Its  most 
important  constituents  are  two  or  three  closely  related 
alkaloids. 

The  most  important  of  these  in  quantity  and  activity 
is  coniinc.  also  called  conicine  and  cicutine,  which  in  the 
plant  exists  combined  with  one  of  the  common  vegetable 
acids,  probably  malic,  to  the  extent  of  about  one-fifth  to 
one-half  per  cent,  in  the  fruit.  The  leaves  contain  much 
less.  It  is  a  strongly  basic,  colorless,  oily  liquid,  of 
penetniting  odor,  closely  resembling  that  of  urine  or  the 
nests  of  mice,  and  a  sharp,  burning,  tobacco-like  taste. 
It  is  volatile  at  ordinary  temperatures,  and  boils  at  166' 
to  166..5'  C.  I»  Tacno  it  can  be  redistilled  without 
change,  but  in  the  air  a  portion  is  decomposed.  It  be- 
comes thicker  and  yellow  upon  prolonged  exposure,  and, 
finally,  resinous  looking,     Specitic  gravity,  0.88.     Chem- 


ical composition,  C5H.,NH,CH,,CHa,CH3.  It  is  freely 
soluble  in  alcohol,  chloroform,  the  essential  oils,  etc., 
but  only  to  the  extent  of  one  percent,  in  water.  It,  on  the 
other  hand,  dis.solves  in  from  twenty  to  thirty  percent, 
of  cold  water,  wliieh  may  be  separated  by  heating.  It 
unites  with  acids,  forming  neutral  sjUts,  which  are  often 
crystallizable.  That  most  used  is  the  hydrobromate,  in 
white  needles,  soluble  in  two  parts  of  water  or  of  alcohol. 
Complete  purification  of  coniine  is  diflicult  to  accomplish. 

The  second  alkaloid,  roijii/iln'm  or  oxyconiinc.  is  solid 
and  concretes  in  the  head  anil  tubeof  the  retort  in  pearly, 
iridescent,  white,  foliaceous  crystals.  It  has  a  faint,  co- 
nium-like  odor,  melts  at  118  to  121  ('.,  and  boils  at  220' 
to  22.5'  C.  It  is  soluble  in  alcohol  and  slightly  so  in  water. 
Conhydrine  can  be  converted  into  coniine  by  abstracting 
the  elements  of  water  with  phosphoric  anhydride.  The 
proportion  of  conhydrine  in  conium  is  much  less  than  that 
of  coniinc.  Methyl  coniine  is  usually  present  in  commer- 
cial coniine  and  is  probably  a  constituent  of  the  drug 
itself.  The  coniine  of  the  market  is  also  apt  to  contain 
some  pseudo-conhydrine  dissolved  in  it,  which  can  be 
separated  by  freezing.  This  is  white,  crystalline,  soluble 
in  alcohol  and  water. 

The  physical  properties  of  coniine  and  conhydrine  are 
very  nearly  those  of  an  essential  oil  and  its  camjihor. 

Action  and  Use. — The  action  of  conium  may  be  re- 
garded as  entirely  that  of  coniine ;  conhydrine  and  methyl 
Conine,  besides  their  smaller  proportion,  are  physiolog- 
ically only  coniine  reduced  ;  the  oil  and  other  constituents 
(vegetable  acids,  etc.)  amount  to  nothing. 

It  is  very  difficult  to  interpret  and  harmonize  the  phe- 
nomena attending  the  action  of  coniine.  Pharmacologists 
are  not  agreed  as  to  the  mode  of  their  production,  and 
they  will  be  considered  here  only  in  their  practical  bear- 
ing. The  drug  is  promptly  absorbed  from  the  stomach, 
very  slightly  if  at  all  locally,  circulates  as  coniine,  and  is 
rapidly  excreted  through  the  kidney.  It  is  a  nauseating 
depressant,  the  effect  varying  in  degree  from  slight  lan- 
guor and  weakness,  through  nausea,  salivation,  weak 
perspiration,  vomiting,  great  muscular  weakness,  results 
in  general  similar  to  sea-sickness,  up  to  complete  collapse 
and  death  by  respiratory  failure,  after  preliminary  stim- 
ulation. There  is  dilatation  of  the  pupil,  perhaps  after 
temporary  contraction,  especially  upon  local  application. 
There  are  evidences  of  vasomotor  depression.  There 
is  slight  depression  of  the  cardiac  ganglia.  There  may 
be  temporary  and  slight  tremors  and  muscular  twitchings, 
though  the  later,  and  strictly  speaking  ph3-siological 
effect  is  opposed  to  these,  destroying  them  when  they 
already  exist.  There  is  little  disturbance  of  sensation 
proper,  and  intelligence  is  little  or  not  at  all  affected. 
The  one  important  element  is  depression,  or  parahsis  of 
the  motor  nerve  endings.  There  is  apparently,  at  first, 
central  stimulation,  followed  by  depression,  beginning 
below  and  passing  upward.  The  peripheral  paralysis 
refened  to  also  apparently  proceeds  gradually  along  the 
nerve  trunks.  The  best  authorities  agree  that  conium 
has  failed  in  nearly  all  the  therapeutic  uses  to  which  it 
has  been  put.  Most  of  these  uses  have  centred  about 
the  theory  that  it  relieves  pain,  in  spite  of  its  failure  to 
affect  sensory  nerves.  The  fact  is  that  when  pain  is 
kept  up  through  muscular  twitchings.  commonly  them- 
selves induced  by  existing  pain,  conium  prevents  this 
aggravation  by  cutting  these  movements  short.  In  any 
case,  this  appears  the  only  use  for  which  it  can  be  recom- 
mended. 

In  administering  conium,  it  is  most  important  that  the 
nature  of  its  constituents  be  remembered.  Coniinc,  the 
most  important,  is  volatile,  so  that  careless  manufacture 
is  destructive  to  activity.  Long  exposure  to  the  air  also 
induces  destructive  changes.  The  greatest  care  should 
thus  be  taken  in  selecting  preparations,  and  only  those 
which  are  assayed  should  be  accepted.  Conium  and  its 
fluid  extract  should  contain  0.5  percent,  of  total  alka- 
loid, the  extract  2.5  per  cent.  The  Pharmacopa'ia  sup- 
plies an  extract,  the  do.se  of  which  is  0.02-0.06  gm. 
(gr.i-i.),  and  a  fluid  extract,  the  dose  m.  i.-v. 

Henry  II.  Riisby. 
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CONIUM,  POISONING  BY.     See  Hemloek. 

CONJUNCTIVA,    AFFECTIONS    OF   THE.— Hyper- 

uEMiA  OF  THE  CoN.irxcTivA. — Hvpeiwmia  of  the  con- 
junctiva, when  at  all  pronounced,  is  apt  to  be  accom- 
panied by  more  or  less  discomfort  of  the  eves — usually  a 
sensation  of  burning  or  itching — and  by  undue  lachry- 
mation.  It  is  met  with  as  a  transient  condition  and  also 
as  a  chronic  and  persistent  one. 

Transient  or  acute  conjunctival  hypera>mia  may  arise 
from  a  great  variety  of  causes  and,  as  a  rule,  is  a  matter 
of  but  little  moment.  The  presence  of  a  foreign  body 
upon  the  cornea  or  conjimctiva.  e.\posure  of  the  eyes  to 
a  strong  wind,  to  undue  heat  or  intense  light,  prolonged 
use  of  the  eyes,  especially  with  imperfect  illumination, 
crying,  irritant  gases,  etc.,  are  some  of  the  causes  which 
may  give  rise  to  it.  It  also  marks  the  onset  of  most 
superficial  inflammations  of  the  eyes,  and  is  a  frequent 
accompaniment  of  acute  rhinitis  and  of  facial  neuralgia. 

Chronic  conjunctival  hyperaniia.  a  condition  of  greater 
significance,  is  probably  more  frequently  due  to  eye 
strain,  the  result  of  enors  of  refracliim  or  anomalies  of 
the  ocular  muscles,  than  to  any  other  one  cause.  It  may 
also  be  dependent  upon  chronic  rhinitis,  inflammation  of 
the  lachrymal  passages,  trichiasis,  alcoholism,  and  gout. 

In  the  treatment  of  this  condition  the  most  important 
consideration  is  the  removal  of  the  cause.  In  chronic 
hyperemia  the  refraction  and  muscular  balance  of  the 
eyes  should  be  looked  into,  and.  if  they  are  found  to  be 
indicated,  glasses  should  be  carefully  adjusted.  Nasiil 
or  lachrymal  disease,  if  present,  should  be  treated,  and 
measures  taken  to  combat  any  disorder  of  the  system, 
such  as  a  goutv  diathesis,  which  might  be  a  factor  in  the 
causation  of  the  local  aflfection.  As  supplementary 
measures,  a  collyrium  of  boric  acid  (2  to  100),  or  of  boric 
acid  (2  to  100)  and  sulphate  of  zinc  (jVrff  to  100)  and, 
especially  in  acute  cases,  the  application  to  the  lids  of 
cold  water  or  ice  cloths,  are  useful. 

Conjunctivitis. 

Although  authors  given  to  multiplying  titles  de- 
scribe nianj'  kinds  of  conjunctivitis,  there  seems  to 
be  no  good  reason  for  making  more  than  eight  dis- 
tinct varieties,  namely:  (1)  Catarrhal  or  simple  con- 
junctivitis; (2)  purulent  conjunctivitis;  (3)  croupous  or 
membranous  conjunctivitis:  (4)  diphtheritic  conjuncti- 
vitis; (5)  follicular  conjunctivitis:  ((i)  trachomatous  or 
granular  conjunctivitis;  (7)  vernal  conjunctivitis  or 
spring  catarrh;  and  (S)  phlyctenular  or  scrofulous  con- 
junctivitis. Whether  regarded  fri>m  a  clinical  or  a  path- 
ological point  of  view,  all  of  the  usually  described  forms 
of  conjunctival  inflammation  may  verj'  properly,  and 
with  practical  advantage,  be  divided  into  these  eight 
varieties,  which,  though  they  possess  certain  features  in 
common,  exhibit  other  well  marked  and  distinctive  char- 
acteristics. As  a  rule  it  is  not  difhcult  in  practice  to 
diilerentiate  these  several  varieties;  but  occasionally  the 
most  experienced  observer  may  find  himself  at  fault  in 
this  respect,  being  unable  to  determine,  simply  from  in- 
spection, to  which  class  a  jiarticular  case  shoidd  be  as- 
signed. The  history  of  the  case,  and  especially  its  be- 
havior under  treatment,  will,  however,  dispel  the  doubt. 
With  the  exception  of  diphtheritic  and  phlvctenular 
conjunctivitis,  all  of  these  different  varieties  of  conjunc- 
tival inflaminatiou  are  essentially  local  disorders.  As 
regards  their  etiology  much  has  yet  to  be  learned,  though 
considerable  progress  has  been  made  in  this  direction 
within  the  past  few  years.  Catarrhal  conjunctivitis  un- 
doubtedly arises  from  a  variety  of  causes.  It  may,  like 
catarrh  of  the  nasal  or  lironchial  mucous  membrane,  be 
produced  by  exposure  of  the  surface  of  the  body  to  cold, 
and  is  then  doubtless  dependent  directly  upon  vaso- 
motor disturbance;  or  it  may  be  excited  by  irritant 
vapors  or  other  substances  coming  in  contact  with,  and 
acting  immediately  upon,  the  conjunctiva.  There  is  also 
a  variety  which  is  decidedly  contagious,  and  which  under 
favorable  conditions  spreads  from  individual  to  individ- 


ual, direct  contact  or  transference  of  secretion  from  one 
ej'e  to  another  not  being  necessary  to  its  propagation. 
Here,  doubtless,  there  is  a  volatile  specific  germ  which 
finds  in  the  conjunctival  sac  conditions  especially  favor- 
able to  its  development,  and  which  during  its  sojourn 
there  excites  in  this  membrane,  in  much  the  same  fashion 
that  the  irritant  vapor  does,  first  a  hypersmic,  and  then 
an  inflammatory  condition.  According  to  AYeeks,  the 
micro-organism  which  gives  rise  to  this  variety  of  con- 
junctivitis is  a  small  bacillus,  resembling  that  of  mouse 
septicemia,  which  stains  readily  with  methylene  blue 
and  loses  its  color  by  the  Gram  method.  Other  investi- 
gators, however,  have  been  led  to  regard  the  pneumo- 
coccus  as  the  active  agent.  Purulent  conjimctivitis.  on 
the  other  hand,  which  rarely  occurs,  in  this  cotmtry  at 
least,  except  in  the  new-born  from  infecting  vaginal  dis- 
charges, and  in  adults  from  gonorrhceal  inoculation,  is 
(in  these  forms  at  any  rate)  essentially  a  specific  germ 
disease;  and.  fortunately  for  the  human  race,  the  micro- 
organism— the  gonococcus — which  gives  rise  to  it,  is 
non-volatile,  and,  therefore,  communicable  only  by  gross 
transplantation  and  not  through  the  medium  of  the 
atmosphere. 

^4  priori,  there  is  no  reason  why  a  purulent  conjunc- 
tivitis should  not  be  produced  otherwise  than  through 
the  agency  of  the  gonococcus,  and  probably  under  cer- 
tain conditions  of  climate,  etc.  (as  in  Egypt),  this  may 
happen;  but,  under  the  relatively  favorable  hygienic 
conditions  which  prevail  in  this  country,  it  may  be  safeh' 
asserted  that  a  conjunctival  inflammation  of  such  intensity 
as  to  warrant  its  being  classed  as  purulent,  scarcely  ever 
occurs  except  as  the  result  of  gonorrha?al  inoculation.* 

Trachomatous  or  granular  conjunctivitis  is  also  doubt- 
less the  product  of  a  specific  germ.  It  is  decidedly  con- 
tagious, but,  like  purulent  conjimctivitis,  is  communi- 
cated only  by  direct  transference  of  discharge  from  eye 
to  eye.  A  small  diplococcus.  isolated  by  Sattler,  is  sup- 
posed to  be  the  contagium  which  gives  rise  to  it,  but 
this  has  not  been  definitely  proven. 

Diphtheritic  conjunctivitis  is,  of  course,  due  to  the 
presence  in  the  conjvmetival  sac  of  the  Klebs-Lofller  ba- 
cillus; but,  as  the  ocular  mucous  membrane  does  not  seem 
to  be  a  favorite  habitat  for  this  organism,  it  is  a  disease 
of  rare  occurrence. 

As  to  the  etiology  of  croupous  conjunctivitis  and  of  ver- 
nal catarrh,  we  are  yet  without  definite  knowledge;  that 
of  phlyctenidar  conjunctivitis  will  be  considered  later. 

Having  said  this  much  regarding  the  specific  charac- 
teristics of  the  several  varieties  of  conjunctival  inflamma- 
tion, we  shall  take  up  separately  each  variety  for  more 
particular  consideration,  and,  having  in  mind  the  prac- 
tical purpose  of  this  article,  shall  deal  with  them  from  a 
therapeutical  nithtr  than  from  a  pathological  standpoint. 

C-\T-\nRH.\i.  CoN.JixcTiviTis. — In  a  well-marked  at- 
tack of  this  disease,  decided  evidences  of  ciliary  iriitation 
are  present.  Pain  is  rarely  felt.  but.  especially  at  the 
commencement  of  the  attack,  there  are  photophobia  and 
more  or  less  profuse  lachrymation.  A  sensation  as  though 
a  foreign  body  were  in  the  eye  is  almost  always  com- 
plained of;  and,  as  at  this  stage  of  the  disease  the  symp- 
toms, including  the  commencing  conjunctival  injection 
and  the  slight  mucous  discharge,  are  precisely  such  as 
are  produced  by  the  presence  of  a  foreign  body,  it  is  al- 
ways best,  by  careful  inspection,  to  make  certain  that 
they  are  not  due  to  this  cause.  The  cornea,  therefore, 
should  be  carefully  scanned,  and  the  lids  everted  and 
their  conjunctival  surface  scrutinized,  so  that  the  pres- 
ence of  a  foreign  body  may  not  be  overlooked.  Although 
catarrhal  conjunctivitis  almost  invariably  affects  both, 
eyes  (differing  in  this  respect  from  phlyctenular,  and  to  a 
still  more  pronounced  degree  from  purulent  conjunctivi- 
tis), it  sometimes  begins  twenty-four  or  thirty -six  hours 
sooner  in  one  than  in  the  other.     When,  already,  both  are 

*  The  writer  does  not  recall  a  sfnfrle  case  of  well-marked  purulent 
conjunctivitis  met  with,  in  either  hospital  or  private  practice,  during 
an  experience  of  nearly  thirty  years,  which  could  not  be  traced 
either  to  some  similar  case  or  to  inoculution  with  a  vaginal  or  urethral 
discharge. 
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affected  there  is,  of  course,  small  reason  to  suspect  the 
j)resence  of  a  foreign  body.  In  mild  eases  the  intlamma- 
tiou  is  limited  to  the  iialpehnd  eonjunetiva  and  the  dis- 
charge is  sliirlit  and  mucoid  in  character,  gumming  the 
liils  together  during  .sleep,  but  during  tlie  day  showing 
itself  only  about  tlie  inner  cauthus  and  in  the  I'etrotarsid 
folds  of  the  coiijimctiva:  in  severe  cases  there  is  marked 
injecticm  of  the  bulbar  conjunctiva,  and  the  ilischarge  is 
more  juofuse  and  is  muco-piuulent  in  character.  The 
injected  ves.se!s  are  com]iarativc>ly  coarse,  are  tortuotis 
and  movable,  and  cause  tlie  bulbar  conjunctiva  to  have 
ai  uniform  brick-red  color,  in  marked  contrast  lo  the  pink- 
ish, pericorneal  injection,  due  to  hypera'inia  of  the  tiner 
anil  immovable  subconjunctival  vessels,  which  is  charac- 
teristic of  corneal  and  iritic  inllamniation. 

Epidemics  of  catarrhal  conjunctivitis  not  infrequently 
M-cur  in  orphan  asylums  and  in  other  institutions  where 
large  numbers  of  children  are  brought  together.  Under 
such  circumstances  it  is  apt  to  be  more  severe  in  tyiie 
(closely  resembling,  in  some  instances,  trachomatous  con- 
junctivitis) and  less  amenable  to  treatment.  Especially 
in  strumousehildren,  a  conjunctivitis  purely  catarrhal  at 
the  outset,  and  due,  perhaps,  to  cold  or  ccmtagion,  maj' 
a.-isume  a  phlyctenular  type,  and,  secondarily,  the  cornea 
may  become  involved.  Tlie  use  of  unduly  strong  astiing- 
eut  collyria  tends  to  bring  about  this  unfavorable  change. 

Catarrhal  conjunctivitis  rarely  assumes  a  chronic  form, 
except  through  the  operation  of  special  causes.  In  ob- 
stinate cases,  therefore,  comi)licating  conditions  must  be 
sought  for,  and,  if  possible,  eliminated.  Sometimes  it 
will  be  found  that  the  conjunctival  intlammation  is  only 
a  secondary  manifestation  of  a  chronic  nasopharyngeal 
catarrh,  or  there  may  be  stricture  of  the  nasiil  duct  pres- 
ent, with  blennorrha>a  of  the  lachrymal  sac.  In  other 
iuslauces  the  strain  due  to  optical  errors  may  prolong  the 
attack,  or  even  e.xciteamild  form  of  conjunctivitis.  E.\- 
traneous  causes,  such  as  the  i)resence  of  irritant  gases  in 
the  atmosphere  (as  in  the  neighborhood  of  certain  manu- 
facturing establishments),  also  have  their  effect,  render- 
ing of  no  avail  remedial  measures  which  otherwise  would 
prove  effectual. 

The  (rottmeiii  of  this  variety  of  conjunctivitis  can  be 
tlesciibed  in  a  few  words.  The  most  important  point  to 
bear  in  mind  is,  that  harsh  remedies  are  to  be  avoided,  as 
they  are  likely  to  do  harm  by  pnxluciug  corneal  compli- 
cations, and  so  converting  a  very  simple  into  a  possibly 
serious  condition.  When  there  is  considerable  ciliary 
irritation  at  the  commencement  of  the  attack,  decided 
relief  may  be  obtained  by  applying  to  the  closed  lids, 
more  or  less  constantly,  linen  or  absorbent  gauze  pads 
wet  with  a  lotion  of  boric  acid  and  o|iium  (ext.  opii,  0.00 
gm. ;  boric  acid,  3gm. :  aq.  destill..  ViS  gm. ;  or  ext.  opii, 
gr.  X. :  boric  acid,  gr,  xl. ;  aq.  destill.,  3  iv.) — a  most  use- 
ful preparation  in  many  conditions  of  the  eyes  attended 
by  ciliary  irritation.  As  a  collyrium  the  writer  has 
found  nothing  so  generally  cflicacious  as  a  3  to  100  solu- 
tion of  boric  acid,  with  the  addition  of  a  small  quantity 
of  sulphate  of  zinc,  the  proportion  of  the  latter  being 
varied,  according  to  the  amount  and  character  of  the  dis- 
charge and  the  sensibility  of  the  eye,  from  ^  to  100  to  1 
to  1(10  (zinci  sulphat.,  gr.  i-i.  :  acid,  boric,  gr.  x. :  a:], 
destill.,  Ji.).  By  means  of  an  eye-drop|)er  this  should 
be  applied  to  the  eyes  freely  three  times  a  day,  the  head 
being  held  back,  and  the  solution  kept  in  contact  with 
the  eye  for  some  moments.  In  addition,  a  simjile  oint- 
ment such  as  cold  cream  or  vaselin  cerate,*  should  be  ap- 
plied to  the  edges  of  tlie  eyelids  at  bedtime,  to  prevent 
their  being  gummed  together  by  the  drying  of  the  dis- 
charge during  the  night. 

Under  this  treatment  the  inflammation  usually  begins 
to  subside  within  a  day  or  two.  and  at  the  end  of  a  week 
or  ten  days  will  have  entirely  dis;ippeared.  AVhen  a  sat- 
isfactory improvement  does  not  manifest  itself,  some 
other  astringent  should  be  stibstituted  for  the  sulphate  of 
zinc.     Alum  and  nitrate  of  silver  are  both  useful,  the  for- 

•  Yellow  wax,  one  part :  rajieline,  four  parts :  melted  together  and 
stirred  while  cooling. — Tide  Trans.  Am.  Oplitlialmological  Soc.,  vol. 
iil..  p.  S72. 
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mer  in  the  proportion  of  gr.  ij.-v  to  3  i.,  the  latter  in  much 
weaker  solution— gr.  i-A  to  3  i.  Tannin  (gr.  iv.-viij. 
to  3  i.)  is  a  favorite  leinedy  with  some,  while  protarirol, 
in  from  .5  to  100  to  10  to  100  solution,  has  recently  been 
highly  commended.  When  there  is  (bmbt  as  to  the  char- 
acter of  the  iidiammation— whether  it  be  simply  catarrhal 
or  phlyctenular — boric  acid  in  a  fairly  strong'solutiou  is 
the  safest  thing  to  prescribe,  as  it  is  likely  to  do  goml  in 
either  case  and  certainly  can  do  ikj  harm.  lu  obstinate 
cases  the  [uobable  existence  of  complicating  conditions 
is  to  be  borne  in  mind,  an<l  if  found  Id  be  l>resent.  these, 
of  course,  should  receive  the  attention  they  may  require. 
Should  the  inllammaiion  assume  a  ])lilyctenularcliaracler 
the  use  of  astiingents  ought  to  be  discontinued  at  once, 
and  in  their  stead  the  remedies  employed  which  are  suited 
to  this  form  of  conjunctivitis. 

After  a  severe  attack  of  catarrhal  conjunctivitis,  espe- 
cially if  its  treatment  has  been  neglected,  the  eyes  some- 
times remain  asthenn|)ic  and  irritable  for  a  conslderalile 
time.  When  this  occurs  they  should  be  given  as  jieifect 
rest  as  practicable,  the  slate  of  the  patient's  health,  which 
commonly  needs  building  up,  should  be  lor)ked  after, 
and  soothing  local  remedies,  such  as  the  boric  acid  and 
opium  lotion  referred  to  above,  or  a  collyrium  of  boric 
acid  {'i  to  100)  should  be  employed. 

Prnri.EXT  Coxjixctivitis. — Although  it  is  pos.sible, 
as  has  been  s;iid,  for  a  conjunctival  intlammation  of  such 
intensity  as  to  deserve  the  name  luirulent  to  be  excited 
in  a  variety  of  ways,  practically,  a  pronounced  purulent 
conjunctivitis  hardly  ever  occurs,  at  least  in  this  country, 
except  as  the  result  of  gonorrhieal  inoculation. 

In  the  severer  typesof  catarrhal  conjunctivitis  the  dis- 
charge, as  has  been  stated,  freiiuently  assumes  a  muco- 
purulent character,  and  also  in  some  eases  of  scrofulous 
conjunctivitis  this  may  happen;  but  these  are  not  cases 
of  true  purulent  conjunctivitis,  and  should  not  be  de- 
scribed, as  they  sometimes  are,  as  such.  In  purulent 
conjunctivitis  the  intlammation,  though  similar  in  char- 
acter, is  far  more  intense  than  in  the  catarrhal  form.  The 
discharge,  which  is  very  jirofuse,  is  thick  and  creamy, 
and,  .since  the  inflammation  is  not  coutined  to  the  con- 
junctiva but  involves  the  submucous  tissue,  the  lids  he- 
come  greatly  swollen  and  tense,  so  that  it  is  commonly 
impos.siblc  to  evert  them,  and  the  loose  texture  coveiing 
the  anterior  segment  of  the  ball  so  O'dematous  and  che- 
motictliatit  overlapsand  nearly  hides  from  view  the  cor- 
nea. In  consequence  of  this  the  nourishment  of  the 
cornea  is  seriously  interfered  with,  and  ulceration  and 
necrosis  frequently  occur,  and  may  lead  to  its  complete 
destruction.  The  prognosis  is  more  grave,  and  the  in- 
flammation usually  runs  a  more  violent  course,  in  the 
gonorrho'al  conjunctivitis  of  adults  than  in  the  infantile 
form  of  the  disease.  Why  this  should  be  is  not  jilain, 
since  both  are  due  to  specific  inoculation,  and  in  the  dis- 
charge from  each  the  gonococcus  of  Neisser  is  present. 
Probably,  as  has  been  suggested,  the  explanation  is  to 
be  found  in  the  fact  that  the  discharge  which  infects  the 
eyes  of  infants  is  seUlom  the  product  of  a  recently  ac- 
quired gonorrha'a.  whereas  in  adults  the  inoculation  is 
more  apt  to  occur  during  the  height  of  the  urethritis  or 
vaginitis,  when  the  infecting  power  of  the  discharge  is 
greatest.  It  would  seem,  however,  apart  from  this,  that 
the  e}-es  of  the  new-born  are  capable  of  resisting  the 
disease  better  than  are  those  of  adults.  From  twelve  to 
forty-eight  hours  is  given  as  the  interval  which  usually 
elapses  between  the  inoculation  of  the  eye  and  the  out- 
break of  the  disea.se  (Nettlesliip):  but  in  infants  the  in- 
terval is  not  so  brief,  since  the  inflammation  of  the  eyes 
does  not  manifest  itself,  as  a  rule,  until  the  third  or 
fourth  day  after  birth.  In  ophthalmia  neonatorum  both 
eyes  are  usually  affected,  because  each  is  almost  sure  to 
be  inoculated  with  the  vaginal  secretion;  in  adults  the 
disease  begins  in  one  eye,  and  only  spreads  to  Uie  other 
if  there  isan  actual  transference  of  the  discharge.  In 
the  beginning  of  the  attack  there  are  considerable  photo- 
phobia and  lachrymation.  with  a  sensjition  as  though 
sand  were  in  the  eye.  Later  on,  the  irritation  of  the 
ciliary  nerves  is  so  great  as  to  cause  severe  pain,  which 
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may  become  intense  if  perforation  of  tlie  cornea  occurs 
■with  prola]3se  of  the  iris  and  secondary  iritic  inflamma- 
tion. At  tirst  the  discharge  is  not  purulent,  but  mucoid 
or  thin  and  watery  in  character.  This  usually  gives 
place  very  soon  to  a  true  purulent  discharge,  which  is 
thick,  3-ellnwish,  and  very  abundant.  In  some  cases  this 
change  is  slow  in  manifesting  itself,  and  under  such  cir- 
cumstances the  inflammation  is  apt  to  be  more  intense, 
and  the  appearance  of  the  purulent  secretion  ma}'  be 
preceded  by  a  plastic  infiltration  of  the  subconjunctival 
tissue,  and  a  membranous  exudation  upon  the  surface  of 
the  conjunctiva.  After  this  severe  type  of  the  disease 
cicatricial  bands,  like  those  which  occur  in  the  submucous 
tissue  of  the  urethra  and  give  rise  to  stricture,  may  form 
in  the  conjunctiva  and  in  the  cellular  tissue  beneath  it, 
and  by  their  contraction  may  cause  distortion  or  incurva- 
tion of  the  lids.  Opacities  of  the  cornea,  varying  in 
extent  and  density,  due  to  ulceration,  with  in  many 
instances  anterior  adhesions  of  the  iris,  are  among  the 
frequent  con.sequences  of  purulent  conjunctivitis. 

Besides  the  true  purulent  form  of  ophthalmia  neona- 
torum, which  outside  of  lying-in  asylums  is  compara- 
tively a  rare  disease,  there  is  a  mild  variety  of  conjunc- 
tivitis, very  amenable  to  treatment,  which  is  frequentlj- 
met  with  in  the  new-born.  It  is  characterized  by  slight 
swelling  of  the  lids,  considerable  conjunctival  injection, 
afld  a  mucoid  discharge  sufficient  in  amount  to  gum  to- 
gether the  lashes.  It  yields  very  promptly  to  the  instilla- 
tion, three  or  four  times  a  day,  of  a  2  to  100  solution  of 
boric  acitl.  and  as  we  can  never  be  certain  when  we  en- 
counter this  mild  form  of  conjunctivitis  that  it  is  not  the 
incipient  stage  of  the  more  severe  ophthalmia,  its  treat- 
ment should  in  no  case  be  neglected. 

Exceptionally,  this  mild  type  of  conjunctivitis  in  the 
new-born  does  not  respond  so  satisfactorily  to  treatment, 
and  then  it  will  usually  be  found  that  it  is  associated  with 
and  dependent  upon  a  blennorrhcea  of  the  lachrymal  sac, 
A  eoUyrimn  of  bichloride  of  mercury  (1  to  12,000),  to  be 
dropped  into  the  inner  corner  of  the  eye.  after  the  lachry- 
mal sac  has  been  emptied  of  its  contents  by  gentle  press- 
ure with  the  tip  of  the  finger,  is  the  remedj'  the  writer 
has  found  most  useful  in  controlling  this  condition, 
which,  iu  his  experience,  rarely  requires  operative  treat- 
ment. Alum  and  boric  acid,  and  nitrate  of  silver  (1  to 
2,000)  are  also  useful. 

In  gonorrhtval  ojihthalmia  the  i)rognosis  is  extremely 
grave,  destruction  of  the  cornea  being  of  frequent  occur- 
rence. When  this  destruction  is  not  complete,  however, 
the  ultimate  result  as  regards  vision  is  far  better  than 
would  seenr  possible  during  the  height  of  the  inflamma- 
tion, the  p(U'tions  of  the  cornea  not  destroyed  clearing  up 
in  a  surprising  manner.  The  disease  runs  a  tedious 
course,  and,  even  when  the  cornea  escapes,  the  conjvmc- 
tival  inflammation  may  not  disappear  entirely  for  two  or 
three  months.  After  the  more  acute  S3"mptoms  have 
subsided,  a  "granular"  condition  of  the  palpebral  con- 
junctiva, which  closely  resembles  true  trachoma,  but 
should  not  be  confounded  with  it,  as  it  is  less  obstinate 
and  more  amenable  to  treatment,  frequently  makes  its 
appearance. 

In  the  Irentment  of  purulent  conjunctivitis  time  is  a 
most  important  element.  If  seen  at  its  very  commence- 
ment, it  is  possible,  by  active  measures,  to  cut  short  even 
a  case  of  genuine  gonorrheal  ophthalmia.  The  .vriter's 
experience  furnishes  at  least  one  unquestionable  example 
of  this.  The  success  which  has  attended  the  prophylac- 
tic measures  recommended  by  Crede.  for  the  jirevention 
of  ophthalmia  neonatorum,  shows  what  may  be  accom- 
plished in  this  disease  by  treating  the  eye  immediately 
after  the  inoculation  has  occurred,  and  before  inflannna- 
tion  has  had  time  to  develop.  Crede's  plan  is  to  drop 
into  the  eyes  of  all  children,  directly  after  birth,  when 
there  is  reason  to  fear  inoculation,  a  2  to  100  solution  of 
nitrate  of  silver.  In  the  large  lying-in  hospitals  of 
Europe,  where  this  plan  has  been  extensively  adopted, 
every  child  being  treated  in  this  way,  the  results  have 
been  extremelj-  satisfactory,  the  percentage  of  ophthal- 
mia neonatorum,  heretofore  so  large  as  to  be  a  matter  of 


serious  moment,  having  Ijeen  reduced  to  a  small  fraction 
of  what  it  formerly  was;  and,  as  the  instillation  of  such 
a  solution  into  the  eyes  of  the  new-born  seems  to  be  at- 
tended bj-  no  unpleasant  consequences,  this  prophylactic 
measure  should  never  be  neglected  when  there  is  the 
slightest  reason  to  fear  tliat  inoculation  has  occurred. 

The  abortive  treatment  of  gonorrhieal  conjunctivitis, 
which  has  been  practised  for  many  years,  is  jjractically 
the  same  as  that  suggested  by  Crede  for  ophthalmia  neo- 
natorum. It  consists  iu  the  daily  application  to  the 
everted  lids,  at  the  earliest  possible  moment  after  the  dis- 
ease has  begun  to  manifest  it.self,  of  a  strong  solution  of 
nitrate  of  silver  (from  2  to  100  to  4  to  100).  When  there  is 
reason  to  suspect  that  there  has  been  a  transference  of 
specific  matter  to  the  eye,  the  risk  involved  is  so  great  as 
to  justify  resort  to  this  treatment  without  waiting  for  the 
supervention  of  conjunctivitis,  especially  as  the  pain 
which  the  application  of  the  silver  solution  produces 
may  be  obviated  entirely  by  instilling  into  the  eye.  be- 
forehand, a  few  drops  of  a  4  to  100  solution  of  nuiriate 
of  cocaine,  or  better  still,  perhaps,  of  a  1  to  100  solution 
of  muriate  of  liolocaine.  When,  howevei',  the  disease 
has  once  become  fairly  established,  we  can  no  longer  ex- 
pect to  cut  it  short.  Our  efforts,  then,  tnust  be  directed 
to  controlling,  as  far  as  possible,  the  intensity  of  the  con- 
junctival inflammation,  and  preserving  the  integrity  of 
the  cornea. 

Although  various  remedies  have  from  time  to  time 
been  recommended  as  especially  efficacious  in  the  treat- 
ment of  purulent  conjunctivitis,  there  is  not  one  which 
has  proven  so  generally  useful  as  nitrate  of  silver.  The 
daily  application  (to  the  everted  lids,  if  the  swelling  is  not 
too  great  to  prevent  their  being  turned  out)  of  a  strong 
solution  of  nitrate  of  silver  (from  2  to  100  to  4  to  100,  ac- 
cording to  the  condition  of  the  cornea  and  the  sensitive- 
ness of  the  eye),  anissthesia  having  been  induced  before- 
hand by  a  1  to  100  solution  of  liolocaine;  the  instillation 
two  or  three  times  a  day  of  a  I  to  100  to  f  to  100  .solution 
(gr.  i.-iij.  to  3  i.)  of  nitrate  of  silver;  the  application,  iu  a 
similar  manner,  of  a  1  to  100  solution  of  sulphate  of 
atiopine,  to  diminish  pain  and  to  obviate,  or  favorably 
influence,  corneal  complications,  together  with  the  more 
or  less  constant  application  of  ice-cloths  to  the  lids,  if 
grateful  to  the  patient,  or,  if  more  acceptable  to  him.  of 
cloths  wet  with  a  loticjn  of  opium  or  belladonna  (ext.  opii 
vel  ext.  belladonn;!?.  2  gm.  igr.  xxx.);  aqua>.  2.')(i  gni.  (fl. 
5  viij,),  and  the  careful  cleansing  of  the  eye  every  hour, 
or  even  every  half  hour,  while  the  discharge  is  profuse  and 
creamy,  with  a  saturated  (4  to  100)  .solution  of  boric  acid, 
constitute  a  plan  of  treatment  wliich.  in  Ihe  gonorrhoeal 
ophthalmia  of  adults  (the  most  virulent  form  of  purulent 
conjunctivitis),  offers  the  best  prospect  of  success,  and 
which,  with  slight  modification,  generally  is  successful  in 
the  infantile  form  of  the  disease.  When  ulecrati(Ui  of  the 
corue.-i  is  present,  the  stronger  solutions  of  nitrate  of  sil- 
ver are  not  so  well  borne,  and  nuist  be  used  with  more 
cavition,  being  applied,  if  practicable,  onlv  to  the  palpe- 
bral conjunctiva,  and  not  allowed  to  come  in  contact  with 
the  cornea;  or  the  .silver  solution  may  be  neutralized  by 
applying  directly  after  it  a  warm  solution  of  table  salt. 
AVhen  there  is  pronounced  chemosis,  scarification  of  the 
conjunctiva  does  good  by  depleting  somewhat  the  dis- 
tended vessels;  and  when  the  swollen  lids  appear  to  be 
exerting  dangerous  pressure  upon  the  eye,  free  division 
of  the  outer  canthus  (a  single  cut  with  strong,  straight 
scissors,  in  a  hoiizontal  direction,  will  suffice)  is  recom- 
mended, and  is  doubtlessa  judicious  procedure,  although 
the  writer's  experience  has  not  presented  a  case  in  which 
resort  to  it  seemed  to  be  called  for. 

Protargol.  in  from  20  to  100  to  40  to  100  solution,  has 
of  late  been  recommended  as  a  useful  substitute  for  ni- 
trate  of  silver,  its  chief  advantage  being  that  its  applica- 
tion causes  but  little  discomfort.  Several  cases  of  oph- 
thalmia neonatorum,  recently  under  the  writer's  care, 
have  yielded  in  an  exceptionally  favorable  manner  to  pro- 
targol, supplemented  by  hourlj-  cleansing  of  the  eyes  with 
a  saturated  solution  of  boric  acid.  A  10  to  100  to  20  to 
100  solution  of  protargol  was  dropped  into  the  eyes  thre& 
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times  a  day.  and  a  40  to  100  solution  (wliith  seemingly 
caused  but  little  iliseomfort)  was  applied  to  the  everted 
lids  every  other  day. 

As  the  tiansfen'uce  of  jnis  from  the  inflamed  eye  to 
the  sound  one  will  almost  inevitably  cause  the  disease 
to  develop  in  it.  every  preciiutiou  should  lie  taken  to 
prevent  this  happeninj:.  The  patient  anil  atteuilants 
should  he  constantly  warned  of  the  danger  of  handling 
the  sound  eye  when  there  is  a  possibility  of  the  discharge 
being  on  tlieir  lingers,  and  of  the  risk  of  inoculating  this 
eye  while  cleansing  and  applying  remedies  to  the  diseased 
one.  To  les.sen  this  latter  risk,  as  well  as  to  diminish 
the  danger  of  the  attendant's  eyes  being  inocidated,  the 
writer  wouUl  suggest  that  the  discharge  be  removed  by 
means  of  absorbent  cotton,  and  not.  as  is  usually  recom- 
mended, with  a  syringe.  While  the  discharge  is  abun- 
dant the  patient  should  not  be  allowed  to  lie  with  the 
diseased  eye  uppermost,  as  in  this  position  the  pus  may 
flow  across  the  bridge  of  the  nose,  antl  so  reach  the  oppo- 
site eye.  The  frequent  washing  away  <if  the  discharge 
with  the  boric-acid  solution,  as  already  suggested,  will 
furilier  lessen  the  likelihood  of  this  accident  occurring. 
Most  authorities  reconunend  that  the  sound  eye  be  her- 
metically sealed  up  with  rubber  adhesive  plaster  and  col- 
lodion: and.  to  render  this  more  endurable  to  the  patient. 
Dr.  BuUcr,  of  Montreal,  inserts  a  watch  glass  between 
two  layers  of  the  rubber  plaster,  so  that  the  eye  may 
still  be  used,  and  leaves  the  outer  anil  lower  angle  of  the 
covering  open  for  ventilation. 

As  the  intensity  of  the  intlanimation  subsides,  and  es- 
pecially !is  the  discharge  diminishes  and  loses  its  creamy 
consistence,  becoming  mucopurulent  in  character,  the 
treatment  shoidd  be  less  active,  the  astringent  and  anti- 
septic applications  being  made  at  longer  intervals,  and 
the  strong  silver  solution  diminished  in  strength  or  ten- 
tatively omitted.  It  is  in  this  way  only — by  carefully 
watching  the  effect  of  the  remedies  employed,  and  by 
modifying  the  treatment  from  time  to  time  as  may  seem 
necess;iry — that  the  inflammation  can  be  kept  in  some 
measure  under  control,  and  the  great  danger  which  con- 
stantly impends,  destruction  of  the  cornea,  be  obviated. 
Besides  the  remedies  which  have  been  mentioned,  others, 
such  as  corrosive  sublimate  in  weak  solution  (^'5  to  100), 
carbolic  acid  (.5  to  100),  finely  powdered  iodoform,  to  be 
applied  freely  to  the  conjunctiva,  peroxide  of  hydrogen. 
and  weak  solutions  of  permanganate  of  potassium,  tri- 
kresol,  and  formaldehyde,  liave  been  recommended  as 
useful  in  this  disease. 

In  the  so-called  diphtheritic  form  of  purulent  conjunc- 
tivitis, in  which  the  discharge  is  thin  and  ichorous,  and 
there  is  a  tendency  to  plastic  exudation  and  infiltration, 
strong  astringent  solutions  are  contraindicated.  Boric 
acid  and  atropine  should  here  be  chiefly  relied  upon,  until 
by  the  application  of  warm  fomentations  the  type  of  in- 
flammation shall  have  been  changed,  and  the  discharge 
shall  have  assumed  a  purulent  character,  when  the  use  of 
protargol  or  nitrate  of  silver  shoidd  be  begun  with  cau- 
tion and  the  effect  carefully  noted. 

Constitutional  treatment  may  not  be  called  for  in  all 
casi'S.  but  when  the  patient  is  in  robust  health  and  of 
plethoric  habit,  the  good  old  plan  of  moving  the  bowels 
freely  by  a  mercurial  purgative  will  do  good;  while,  on 
the  other  hand,  quinine  should  be  given  freely,  supple- 
mented by  iron  and  a  generous  diet,  when  there  is  anae- 
mia and  an  impoverished  state  of  the  system.  After  the 
acute  symptoms  have  subsided,  alum  and  tannin  are 
especially  useful  in  overcoming  the  persistent  hyperoemia 
of  the  ocular,  and  the  so-called  "granular"  condition  of 
the  palpebral,  conjunctiva. 

The  treatment  of  purulent  conjunctivitis  in  the  infant 
is  essentially  the  same  as  in  the  adult,  except  that,  as  the 
inflammation  is  generally  less  intense,  the  caustic  and 
astringent  solutions  should  be  somewhat  milder,  ice- 
cloths  are  not  indicated,  and  the  opium  and  belladonna 
fomentations  are,  of  course,  out  of  place.  The  instilla- 
tion of  atropine,  however,  should  not  be  omitted,  espe- 
cially if  ulceration  of  the  cornea  be  present  or  threaten- 
ing.    CUefly  from  maltreatment  orneglect,  this  affection 


probatdy  causes  a  greater  amount  of  irremediable  blind- 
ness than  any  other  one  disease  of  the  eyes.  When  the 
destruction  of  the  cornea  has  not  been  complete,  how- 
ever, it  frequently  happens  that  great  improvement  ia 
vision  maybe  obtained  by  a  well  placed  artificial  pupil. 

Cuon-ofS    OK    MKMIillANorS    CoNJIXCTIVITIS. — It    is 

with  some  hesitation  that  I  describe  this  variety  of  con- 
junctival inrtanunation  as  a  separate  disease,  siiice  there 
are  excellent  reasons  for  regarding  it  rather  as  simply  a 
type  of  inflammation  iirone  to  occur,  uniler  favoring  con- 
ditions, in  several  <lifferent  kindsof  conjunctivitis.  Ref- 
erence has  already  been  made  to  the  fact  that  certain 
cases  of  purulent  conjunctivitis,  of  unfavorable  type  and 
accompanied  by  a  thin,  watery  discharge,  are  character- 
ized by  the  formation  of  a  "croupous"  membrane,  iisu- 
ally  upon  the  palpel)ral.  but  occasionally  upon  the  bulbar 
conjunctiva:  and  it  may  be  added  that  a  similar  disposi- 
tion occa.sionally  manifests  itself  in  catarrhal  conjuncti- 
vitis. A  typical  form  of  membranous  conjunctivitis  is 
that  which  is  induced  by  the  application  of  the  jequirity 
bean  in  the  treatment  of  trachoma.  In  rare  instances  a 
chronic  form  of  croupous  conjunctivitis  is  met  with,  and 
the  membrane  forms  and  re-forms  repeatedly  for  weeks 
or  even  months. 

In  true  diphtheria  of  the  conjunctiva  the  membrane 
forms  upon  the  bulbar  as  well  as  upon  the  jialpebral 
conjunctiva:  but  in  the  milder  affection  which  we  are 
considering  the  exudate,  which  does  not  invade  the  sub- 
conjunctival tissue,  as  in  true  diphtheria,  and  can.  as  a 
rule,  be  easily  detached,  is  commonly  confined  to  the 
conjunctiva  of  the  lids.  The  danger  of  corneal  implica- 
tion is  comjiaratively  slight:  but  there  isai)t  to  be  marked 
ciliary  irritation  and"  more  decided  a>dema  of  the  lids  than 
is  found  in  catarrhal  conjunctivitis.  The  discharge  is 
scant  and  watery.  After  a  few  days  the  membrane — 
which  consists  of  a  ineshwork  of  clotted  fibrin,  pus  cor- 
puscles, and  epithelial  cells — ceases  to  be  formed,  and  the 
case  assumes  the  features  of  a  seveie  catarrhal,  or,  per- 
haps, of  a  purulent,  conjunctivitis. 

The  general  condition  of  the  .system  seems  to  have 
much  to  do  in  determining  this  type  of  conjunctival  in- 
flammation. Unhealthy,  ill-nourished  children — the  sub- 
jects of  inherited  s^'philis,  for  example — are  especially 
prone  to  it.  It  may  also  be  induced  by  the  injudicious 
employment  of  too  severe  remedies  in  catarrhal  and  inir- 
uleut  conjunctivitis,  as,  for  example,  unduly  strong  solu- 
tions of  nitrate  of  silver. 

The  Treiitment  should  be  constitutional  as  well  as  local. 
Iron  and  quinine  are  indicated,  and  mild  applications  to 
the  eyes.  Boric  acid,  in  ten-  to  fifteen-grain  solution,  is 
useful,  as  is  also  a  1  to  8,000  solution  of  corrosive  subli- 
mate. Atropine  (gr.  i.-;i.)  may  be  emploj-ed  with 
advantage  when  there  is  marked  ciliary  irritation.  After 
the  formation  of  the  membrane  has  ceased,  and  the  dis- 
charge, previously  watery,  has  become  purulent  or  muco- 
purulent, astringents — sulphate  of  zinc,  alum  or  protar- 
gol. in  mild  solution — are  called  for,  but  should  be  used 
with  circumspection. 

DiPiiTnERiTic  CoxjrxcTr\"iTis. — True  diphtheria  of  the 
conjunctiva,  characterized  by  the  presence  of  the  Klebs- 
LofJler  bacillus — to  which  condition  the  term  diphtheritic 
conjunctivitis  should  be  restricted — is,  as  has  been  said, 
a  disease  of  extreme  rarity.  It  occurs  more  frequently 
in  children  than  in  adults,  and  is  one  of  the  most  danger- 
ous affections  to  which  the  eye  is  subject.  Destruction 
of  the  cornea,  in  consequence  of  the  rapid  and  extensive 
infiltration  of  the  ocular  conjunctiva  interfering  with  its 
nourishment,  is  the  result  which  is  most  to  be  dreaded. 
Speaking  of  its  mode  of  origin,  Nettleship  says:  "Very 
rarely  the  process  creeps  up  to  the  conjunctiva  from  the 
nose  in  cases  of  primary  diphtheria,  or  is  caused  by  in- 
oculation of  the  conjunctiva  with  membrane:  while  in  a 
few  the  ophthalmia  forms  the  first  symptom  of  a,eeneral 
diphtheria,"  Diphtheritic  infection  of  the  eye  has  also 
been  known  to  occur  after  operative  procedures.  The 
onset  of  the  disease  is  sudden,  and  its  development  rapid. 
The  lids  are  not  only  greatly  swollen,  but,  owing  to  the 
solid  infiltration  into  their  texture,  are  tense  and  brawny. 
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Tlie  membrane  may  form  upon  the  bulbar  as  well  as  the 
palpebral  conjunctiva,  is  thick  and  coherent,  and  extends 
so  deeply  into  the  suhcoD.iunctival  tissue  that  it  is  usu- 
all}'  not  "possible  to  detach  it.  The  discharge  is  at  first 
thin,  ichorous,  and  scanty,  but  at  a  later  stage  may  be- 
come purulent.  As  in  faucial  diphtheria,  necrotic  changes 
not  infrequently  occur,  and  extensive  .sloughs,  involving 
the  subconjunctival,  as  well  as  the  conjunctival  tissue, 
result.  This  leads  to  the  formation  of  scar  tissue,  the 
contraction  of  •nhich  mav  eventuall_y  produce  incurva- 
tion of  the  lids  with  its  attendant  ill  consequences. 

In  the  Treatnunt  of  dijihthcria  of  the  conjunctiva,  as 
in  that  of  the  faucial  variety  of  the  disease,  injections  of 
the  diphtheria  antitoxin  should  be  resorted  to  as  soon  as 
possible  after  the  diagnosis  is  established.  The  results  of 
this  plan  of  treatment  have  been  most  satisfactory,  and, 
according  to  Jackson,  "  its  Importance  overshadows  that 
of  all  local  remedies"  ("Diseases  of  the  Eye,"  p.  2.52). 
Quinine,  iron,  stimulants,  and  a  nutritious  diet  are  also  in- 
dicated. The  local  treatment  consists  in  the  applica- 
tion of  cold  or  heat  (ice-cloths  or  warm  fomentations),  as 
may  be  more  grateful  to  the  patient,  unless  the  cornea 
Ijc  involved,  when  the  formei  is  contraindicated :  and  for 
direct  application  to  the  conjunctival  sac,  in  addition  to 
atropine  or  holocaiue,  antiseptic,  rather  than  caustic  or 
astringent,  remedies  should  be  emplo_ved.  Among  these 
Ijoric  acid  in  saturated  solution,  and  weak  solutions  of 
bichloride  of  mercury,  of  carbolic  acid,  and  of  perman- 
ganate of  potassium  (2  to  100)  are  the  most  useful. 
When  the  disease  is  confined  to  one  eye,  the  same  pre- 
cautious should  be  taken  to  prevent  inoculation  of  the 
other  as  in  purulent  conjunctivitis,  and  those  in  attend- 
ance should  be  warned  of  the  need  of  caution  lest  they 
should  infect  their  own  ocular  or  faucial  mucous  mem- 
lirane.  During  the  declining  stage  of  the  disease,  after 
tlie  membrane  has  been  thrown  off,  the  inflammation  not 
infrequently  assumes  a  purulent  type.  When  this  occurs, 
jirotargol  or  nitrate  of  silver,  in  not  too  strong  solution, 
may  be  employed  with  advantage. 

FoLLicuT.AR  CoNJiKCTiviTis. — The  Seat  of  this  affec- 
tion is  chiefly  in  the  palpebral  conjunctiva.  Its  charac- 
teristic feature  is  the  presence  of  enlarged  follicles — hy- 
jiertrophied  lymphoid  tissue — in  the  superior  and  inferior 
retrotarsal  folds.  In  well-marked  cases  it  bears  a  rather 
close  resemblance  to  the  follicular  type  of  trachomatous 
conjunctivitis;  but  there  are  no  so-called  "granulations" 
(hypertrophied  papilla')  present,  and  it  does  not  lead  to 
jiannus  or  deformity  of  the  lids.  Nevertheless,  it  is  an 
obstinate  affection,  and  at  times  is  but  little  influenced  by 
treatment.  It  is  an  interesting  fact  that  the  negro  race, 
which  is  almost  immune  to  trachomatous  conjunctivitis, 
is  especially  prone  to  this  variety  of  conjunctival  inflam- 
mation. It  is  probably  ofmicrobic  origin,  but  this  has 
not  been  proved.  A  collvrium  of  corrosive  sublimate 
(from  1  to  13,000  to  1  to  8,000),  dropped  into  the  eyes  three 
times  a  day,  has  seemed  to  accomplish  more  than  any  other 
remedy  the  writer  has  employed.  Sulphate  of  zinc  and 
boric  acid,  as  recommended  in  catarrhal  conjunctivitis, 
alum,  and  protargol  are  other  remedies  which  may  be 
found  of  use. 

Ti{.^CHOM.\Tors  OR  Graj^^hlar  CoNjTNCTrviTis. — The 
distinctive  characteristics  of  this  form  of  conjunctivitis, 
which  expends  its  force  chiefly  upon  that  portion  of  the 
conjunctiva  which  lines  the  lids  and  constitutes  the  retro- 
tarsal folds,  are  its  obstinacy,  the  marked  structural 
changes  which  it  causes  in  the  subconjunctival  tissue,  as 
■well  as  in  the  conjunctiva  itself,  and  the  secondary  altera- 
tions, known  as  pannus,  which  it  induces  in  the  cornea. 

Its  pathology  is  as  yet  but  imperfectly  understood. 
Doubtless  it  is  a  contagious  disease,  the  product  of  a 
specific  micro-organism;  but  that  the  small  diplococcus, 
described  by  Sattler,  is  the  organism  which  produces  it, 
is  yet  to  be  conclusively  proven.  It  is  usual  to  describe 
two  varieties  of  the  disease — a  papillary  and  a  follicular. 
In  the  former  the  distinctive  feature  is  hypertrophy  of 
the  papilliB  of  the  conjunctiva  covering  the  tarsus;  in 
the  latter  the  presence  in  the  retrotarsal  folds  of  the  so- 
called  trachoma  granules  or  follicles.     Commonly  the  af- 


fection is  of  a  mixed  type,  and  both  of  these  features  are 
present.  The  traclioma  follicles,  which  are  made  con- 
spicuous by  everting  the  lids  and  causing  the  retrotarsal 
folds  to  protrude,  are  translu(;ent  bodies,  not  unlike  boiled 
sago  grains  or  frog's  spawn  in  appearance.  Recent  in- 
vestigation seems  to  show  that  the}'  are,  in  fact,  hyjier- 
trophied  lymphoid  and  connective-tissue  cells  enclosed  iu 
a  fibrous  envelope.  The  h^vpertrophy  of  the  papilla'  of 
the  tarsal  conjunctiva,  which  is  observable  chiefly  upon 
the  upper  lid,  and  the  development  of  the  trachoma  fulli- 
cles  are  accompanied  by  pronounced  hyperplasia  of  the 
submucous  connective  tissue;  and  idtimately  there  super- 
venesastage  of  atrophy  which  involves  all  of  these  struc- 
tures, and  in  the  worst  cases  results  in  the  condition 
known  as  xerophthalmia,  in  which  the  conjunctiva — itself 
so  atrophied  that  the  retrotarsal  folds  are  obliterated,  and 
free  movement  of  the  lids  and  ball  curtailed — loses  the 
character  of  a  nuieous  membrane,  and  becomes  dry  and 
cuticular,  and  entropion  develops  in  consequence  of  in- 
curvation of  the  tarsal  cartilage  from  contraction  of  the 
plastic  material  previously  thrown  out  in  the  subcon- 
junctival tissues.  As  Nettleshiii  has  pointed  out,  the 
palpebral  conjunctiva  does  not  undergo  ulceration,  and, 
therefore,  the  trachomatous  condition  which  it  assumes 
is  not  due  to  true  "  grauulations,"  but  to  the  hypertrophy 
of  its  papilla\  The  secondary  changes  which  occur  in 
the  cornea  are  chiefly,  if  not  entirely,  due  to  the  mechan- 
ical violence  to  which  it  is  subjected  through  constant 
friction  with  the  roughened  inner  surface  of  the  lids. 
The  first  evidence  of  corneal  iiuplicationisaslight  rough- 
ening of  the  external  epithelial  layer.  Eventually  the 
cornea  becomes  more  or  less  opaque;  numerous  blood- 
vessels develop  upon  it;  its  surface  becomes  uneven ;  and 
sluggish  ulcers  occasionally  make  their  appearance — these 
changes  being  more  marked  upon  the  iipper  half  of  the 
cornea,  because  here  the  lid  friction  is  greatest. 

Although  one  of  the  most  intractable  diseases  of  the 
eye  with  which  we  have  to  deal,  and  iu  its  ultimate  con- 
sequences as  disastrous  to  sight  as  any.  granular  conjunc- 
tivitis does  not,  like  purulentconjunctivilis,  threaten  the 
eye  with  immediate  destruction.  The  inflammation  does 
not  approach  in  intensity  that  which  characterizes  the 
latter  disease;  nevertheless,  during  the  acute  stage  which 
supervenes  upon  inoculation  (for,  without  doubt,  the  mal- 
ady always  originates  in  this  way)  there  are  frequently 
considerable  swelling  of  the  lids,  marked  conjunctival  in- 
jection, and  pronounced  photophobia,  lachrymation,  and 
Ijlepharospasm.  The  discharge,  which  is  not  abunilant, 
is  usually  mucoid  or  muco-purulent  in  character.  AVith 
the  subsidence  of  these  more  acute  symptoms,  the  chronic 
stage  of  the  disease  begins,  and  this,  if  left  to  itself,  may 
last  for  a  lifetime,  rendering  the  individual's  whole  exist- 
ence miserable,  and  reducing  him  to  a  state  of  helpless- 
ness and  dependence. 

The  Treatment  of  granular  conjunctivitis  does  not  usu- 
ally j'ield  very  satisfactory  results,  and  even  in  the  most 
favorable  cases  must  be  long-continued  to  be  effectual. 
Relapses  frequently  occur,  and  even  when  a  complete 
recovery  seems  to  have  been  secured,  it  is  wise  to  give 
a  guarded  prognosis  as  to  the  future.  In  dealing  with 
this  loathsome  malady,  prophylactic  measures  are  of  the 
first  importance.  In  this  country,  at  least,  as  the  writer 
has  had  occasion  to  remark  before,  the  disease  seems  to 
to  be  kept  alive  iu  institutions,  such  as  orphan  asylums 
and  houses  of  refuge,  in  which  the  young  are  crowded 
together.  Indeed,  in  the  writer's  experience,  it  is  an  ex- 
tremel}'  rare  occurrence  to  meet  with  a  case,  originating 
in  this  countrj-,  which  cannot  be  traced,  either  directly 
or  indirectly,  to  some  such  source.  If  the  evil  were  sys- 
tematically and  energetically  attacked  in  these  its  strong- 
holds, its  complete  eradication,  it  would  seem,  ought  to 
be  only  a  question  of  time.  Unfortunately,  however,  it 
occasionally  happens,  through  the  criminal  carelessness 
of  those  who  have  the  management  of  these  institutions, 
that  the  disease  is  allowed  to  spread  from  inmate  to  in- 
mate, being  transmitted  usuall_v  by  means  of  towels 
which  those  with  diseased  and  those  with  healthy  eyes 
are  permitted  to  use  in  common.     To  prevent  the  possi- 
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bility  of  eontajrion  in  such  institutions,  all  those  with  af- 
fected eyes  should  be  ])laeed  in  ilonnitories  ajiart  from 
the  other  iinnates,  and.  as  far  as  possible,  should  be  kept 
entirely  away  from  them.  An  intermediate  class  should 
also  be  established,  in  which  the  doubtful  cases  (for.  as 
has  been  stated,  the  recoLniitiou  of  the  different  varieties 
of  conjunctivitis  is  not  always  an  easy  matter)  should  be 
quarantined. 

To  combat  the  disease  when  it  has  become  established, 
local  remedies  are  cliiefly  to  be  relied  upon,  althoU]|rh 
tonics  should,  of  course,  be  administercil  wlieii  the  state 
of  the  system  seems  to  call  for  them.  Nitrate  of  silver, 
sulphate  of  copper,  almn.  tamiin.  boric  acid,  yellow 
oxiileof  mercury,  atropine  for  the  relief  of  marke<l  ciliary 
irritation,  and  infusion  of  jequirity  bean,  ate  the  reme- 
dies which  were  formerly  cliielly  relied  upon.  More  re- 
cently the  mechanical  treatment  of  trachoma,  especially 
the  expression  of  the  tnichoma  follicles  liy  the  roller  for- 
ceps, has  been  very  jrenerally  adopted  ami  has  been  foiuid 
to  be  of  undoubted  value.  Protarjrol  also  doubtless  has 
a  useful  field  in  this  alTectiou,  as  well  as  in  purulent  con- 
junctivitis. 

When,  durius  the  early  stasre  of  the  attack,  there  is 
pronounced  irritation  of  the  ciliary  nerves,  manifested  by 
pain,  photophobia,  and  laehrymaiion,  atropine  (1  to  IdU) 
should  be  applied  to  the  eyes  three  or  four  times  a  day, 
and  astrinjrents  should  be  used  with  caution,  a  collyrium 
of  alum  (1-1  to  llHI)  and  boric  acid  (2-4  to  UM)i,"to  be 
dropped  into  the  eyes  three  times  a  day.  being  perhaps 
the'safest  to  beiriii  with.  Protargol  (lU-'.30  to  lud)  may 
also  be  used  with  good  effect,  even  in  this  stage  of  the 
attack,  being  applied  two  or  three  times  a  day  if  well 
borne.  When  the  ciliary  irritation  has  somewhat  abated. 
a  daily  application  of  a  solution  of  nitrate  of  silver  (2-4 
to  Kill)  should  lie  nunle  with  a  lirush.  or  a  wooden  tooth- 
pick armed  with  absorbent  cotton,  to  the  inner  surface  of 
the  everted  lids,  the  excess  of  silver  being  neutralized  by 
chloride  of  sodium  if  the  application  causes  much  dis- 
comfort. The  aua'Sthetic  action  of  cocaine  may  be  em- 
ployed to  lessen  the  pain  which  the  nitrate  of  silver 
produces.  If  the  photophobia  increases  under  this  treat- 
ment, the  silver  sfilutiou  should  be  applied  less  fre- 
quently, or,  instead,  the  everted  lids  may  be  touched 
ouce  in  twenty-four  or  forty-eight  hours  with  a  smooth 
crystal  of  sidphate  of  copper.  In  the  mean  time  the 
patient  should  continue  to  apply,  three  times  a  day.  the 
alum  and  boric-aciil  solution,  or.  if  this  does  not  seem  to 
be  tloing  good,  a  weak  solution  (i-%  to  100)  of  nitrate  of 
silver,  or  of  alum  (i-1  to  100)  and  sulphate  of  zinc  (J-J 
to  100).  As  a  substitute  for  the  silver  and  copper,  when 
these  are  not  well  borne,  Dr.  Noyes  recommends  a  2-()  to 
100  solution  of  tannin  in  glycerin. 

When  the  disease  has  assumed  a  chronic  character,  the 
crystal  of  copper,  and  the  solutions  of  protargol  (20—10 
to  100).  of  nitrate  of  silver,  and  of  tannin  are  still  among 
the  most  valuable  remedies.  The  "lapis  divinus'' (sul- 
phate of  copper,  alum,  and  nitrate  of  jiotash,  each  1  part) 
is  also  a  favorite  remedy,  and  a  simple  crystal  of  alum, 
■which  maybe  applied  to  the  palpebral  conjunctiva  three 
or  four  times  a  day,  is  another  which  tiie  writer  has 
sometimes  found  extremely  useful.  Again,  there  are 
cases  which  are  benefited  by  the  diiily  application  of  yel- 
low oxide  of  mercury  ointment  (hydrarg.  ox.  flav..  1 
part:  vaseliu.,  .30-60  parts),  combined  with  the  instillation 
of  atropine.  Corrosive  sublimate,  in  stroni: solution  (i  to 
100).  to  be  applied  to  the  everted  lids  as  the  silver  solu- 
tions are  aii|ilied.  is  one  of  the  more  recently  suggested 
remedies,  which  has  hardly  justified  the  claims  made  in 
its  behalf. 

The  indication  for  the  employment  of  the  roller  forceps 
is  the  presence  of  the  trachoma  follicles,  the  squeezing 
out  or  expression  of  these  follicles  being  the  end  in  view. 
The  eye  being  under  the  inHueucc  of  cocaine  and  the 
lids  everted,  the  forceps  are  made  to  .grasp  the  everted 
cartilage,  and  the  follicles  are  expressed  by  traction  com- 
bined with  not  too  firm  compression  of  the  blades. 

Although  in  a  few  instances  disjistrous  consequences 
bave  followed  the  employment  of  jequirity  in  the  treat- 


ment of  "granular  lids"  (cases  having  been  reported  in 
which  destruction  of  the  cornea  occurred  asa  restdt  of  its 
use),  it  has,  on  t  he  other  hand  so  often  proved  of  the  great- 
est value,  in  the  very  cases,  too,  in  which  all  other  reme- 
dies had  failed,  that  "the  writer  feels  it  still  deserves  to  be 
looked  upon  as  one  of  tlie  valualile  remedies  in  thr  treat- 
ntent  of  the  later  stages  of  trachoma.  Its  thrTapeutical 
action  is  dependent  upon  the  acute  innammation  whicli 
it  excites  in  the  conjinictiva  and  cornea,  and  which  sup- 
plants, so  to  speak,  the  chronic  trachomatous  inllannna- 
tion.  A  similar  effect  was  formerly  sougiil  to  be  obtained 
by  the  more  dangerous  procedure  of  inoculating  the  eye 
with  11US  friim  a  case  of  ophthalmia  neonatorum.  Its 
use  shoidd  be  restricted  to  ea.ses  of  chronic  trachoma  in. 
which  the  cornea  is  more  or  less  opaque  and  vascular. 

Experience  has  shown  that  there  is  an  astonishing  dif- 
ference in  the  susceptibility  of  individuals  to  the  action 
of  jequirity,  a  single  application  of  a  2  or  3  to  100  infu- 
sion causing  in  .some  persons  a  higher  grade  of  conjunc- 
tival intlammation  thauadozen  applications  of  a  .5  to  100 
infusion  in  others.  For  this  reason  it  is  wise  in  all  cases 
to  exercise  caution  in  beginning  the  use  of  this  potent 
remedy. 

A  2  to  100  infusion  suffices  in  most  cases  to  excite  the 
requisite  degree  of  inflammation.  A  strong<'r  infusion, 
therefore,  need  not  be  emidoyed  (and  certaiidy  shoukl 
not  be  at  the  commencement  of  the  treatment),  unless  an 
insusceptibility  to  its  action  is  manifested,  when  it  may 
be  necessary  to  use  a  5  to  100.  or  even  a  10  to  100  in- 
fusion. After  the  first  application,  which  should  be 
made  with  a  mop  to  the  everted  lids,  an  interval  of  at 
least  twenty-four  hours  should  elapse  before  the  treat- 
ment is  repeated,  in  order  that  we  may  carefully  ob.scrve 
the  effect  produced.  Occasionally  it  will  happen,  in 
those  peculiarly  susceptible  to  the  action  of  the  jequirity, 
that  this  first  application  will  suffice  to  excite  the  reqiii- 
site  degree  of  inflammation.  More  frequently  the  treat- 
ment must  be  repeated  once  in  twenty -four  hours,  for 
three  or  four  days,  to  attain  this  end.  and  not  rarely  sev- 
eral applications  a  day.  for  as  long  a  period,  may  be  re- 
qviiretl.  The  inflammation  which  ensues,  as  has  been 
mentioned,  is  of  a  "croupous"  or  "membranous"  char- 
acter, and  the  degree  which  it  is  desirable  to  produce 
is  attended  by  decided  a>dema  of  the  lids,  considerable 
increase  in  the  previously  existing  cloudiness  and  vas- 
cularity of  the  cornea,  and  the  formation  of  a  "croup- 
ous "  membrane  upon  the  palpebral  conjunctiva.  Pain 
in  the  eyes  and  headache  are  generally  present,  and 
not  infrequently  there  is  considerable  fever,  with  rest  so 
broken  that  a  libei-al  use  of  anodynes  is  called  for.  After 
the  jequirity  applications  are  discontinued,  the  induced 
ophthalmia  usually  subsides  rapidly,  and,  unless  com- 
plications have  occurred  (such  as  ulceration  of  the  cornea), 
no  further  treatment  is  demanded.  Willi  the  subsidence 
of  the  inflammation  the  corneal  opacity  begins  to  diminish, 
and  the  trachomatous  condition  of  the  lids  to  disiiiqiear. 
and  in  favorable  cases  the  improvement  in  vision  which 
results  is  most  gratifying. 

In  consequence  of  the  croupous  character  of  the  in- 
duced conjunctivitis,  cicatrices  are  not  iufreiiuently  left 
in  the  palpebral  conjunctiva:  but  the  writer  is  not  aware 
that  any  case  has  been  reported  in  which  they  were  of 
such  a  nature  as  to  give  rise  to  inconvenience. 

Relapses  occasionally  occur  after  the  jequirity  treKt- 
ment,  as  they  do  after  every  other  plan  which  has  been 
proposed  for  the  cure  of  this  proverbially  obstinate  atTec- 
tion,  and  even  temporary  improvement  is  not  attained  in 
every  case.  When  benefit  results,  but  only  to  a  moder- 
ate ilegree,  a  reiuoductiou  of  the  jequirity  o|5hthalmia 
may  be  indicated,  and  under  such  circumstances  it  will 
generally  be  found  more  difficult  to  establish  it.  because 
of  an  acquired  tolerance  to  the  irritant  action  of  the  bean. 

It  has  been  suggested  that  the  properly  of  exciting  a 
peculiar  type  of  conjunctivitis  possessed  by  the  jequirity 
is  dependent  upon  a  specific  bacillus  which  develops  in 
the  infusion,  but  there  appears  to  be  no  substantial  basis 
for  such  a  belief.  It  has  seemed  to  the  writer  that  in 
preparinc  the  infusion  uniformity  of  strength  is  more 
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certainly  secured  by  allowing  the  maceration  to  continue 
for  twenty-four  bours.  To  preserve  the  infusion  from 
putrefactive  changes,  which  soon  take  place,  especially 
in  warm  weather,  boric  acid  (3  to  100)  should  be  added. 
By  this  means  the  infusion  may  be  kept  unchanged  for 
weeks.  The  beans  should  be  bulled,  and  then  finely 
ground  or  crushed.  Cold  water  should  be  used  in  mak- 
ing the  infu.sion.  and  a  single  filtration  through  absorb- 
ent cotton  is  better  than  a  slower  and  more  perfect  filter- 
ing through  paper. 

Vernal  CosJiscTniTis  or  Sprixg  Catarrh. — This 
is  a  very  obstinate  form  of  conjunctival  inflammation 
which  is  chiefly  met  with  in  children;  it  usually  attacks 
both  eyes,  and  is  probably  mildly  contagious.  It  de- 
rives its  name  from  the  fact  that  the  affection  remains 
comparatively  dormant  during  the  winter  and  becomes 
uiore  active  and  troublesome  with  the  oncoming  of 
warm  weather.  Though  it  is  probably  dependent  upon  a 
specific  germ,  the  efforts  to  discover  it  have  been  fruitless. 

Two  distinct  types  of  the  disease  are  met  with.  In 
one.  the  bulbar  conjunctiva  is  the  seat  of  the  character- 
istic changes:  in  the  other,  they  occur  in  the  conjunctiva 
of  the  tarsus.  Well-marked  examples  of  the  two  types 
are  rarely  met  with  in  the  same  individual;  at  least,  this 
has  been  the  experience  of  the  writer.  In  the  bulbar 
variety  one  finds  a  slightly  elevated,  nodular,  gelatinous 
growth,  of  yellowish-brown  color,  upon  the  conjunctiva 
close  to  the  limbus  corneae.  In  some  instances  it  exhibits 
a  tendency  to  encircle  the  cornea  as  a  rather  narrow 
band;  in  others  it  tends  to  spread  upon  the  conjunctiva, 
especially  in  the  direction  of  the  inner  and  outer  cantbi, 
and  to  a  less  extent  upon  the  cornea.  In  rare  cases  the 
whole  cornea  is  overrim  by  the  growth.  The  nodular 
masses,  which  are  stable  and  show  no  disposition  to  ulcer- 
ate, are  composed  of  connective  tissue  and  greatly  thick- 
ened epithelium,  the  latter  showing  a  tendency  to  extend 
into  the  underlying  tissue  in  the  form  of  solid  epithelial 
plugs  (Fuchs). 

In  the  palpebral  variety  the  papilla;  of  the  tarsal  con- 
junctiva, and  to  a  less  extent  those  of  the  retrotarsal 
folds,  undergo  a  peculiar  hypertrophy,  and  at  the  same 
time  become  flattened  (probably  from  the  pressure  to 
which  they  are  constantlj'  subjected),  so  that  the  inner 
surface  of  the  lid  presents  a  strikingly  tesi?ellated  appear- 
ance. The  papilla;  are  as  firm  almost  as  cartilage,  and 
their  edges,  which  overhang  in  mushroom-like  fashion, 
can  be  slightly  elevated.  According  to  Fuchs,  they  are 
composed  of  a  sort  of  areolar  connective  tissue,  with  con- 
nective-tissue cells  which  have  undergone  a  peculiar 
hyaline  degeneration,  and  are  covered  by  thickened  epi- 
thelium, which  latter  gives  to  the  conjunctival  surface 
of  the  lid  the  bluish-white,  skimmed-milk  appearance 
that  is  a  feature  of  the  disease.  These  characteristic 
changes  are  limited  to  the  upper  lids. 

The  most  prominent  symptom  of  vernal  catarrh  is  in- 
tense itching.  Pain  is  not  complained  of,  but  rather  a  sen- 
sation as  though  dust  or  Siind  were  in  the  eyes.  The  dis- 
charge is  slight.  In  some  instances  the  disease  lasts  for 
many  years;  it  is  never  of  brief  duration.  Not  infre- 
quently several  cases  are  met  with  in  different  members  of 
the  same  family.  The  writer  has  encountered  marked 
examples  of  the  palpebral  variety  in  a  father  and  son, 
and  also  in  sisters  who  were  twins.  Treatment  is  not  of 
much  avail.  A  collyrium  of  sulphate  of  zinc  anu  boric 
acid,  as  suggested  in  catarrhal  conjunctivitis,  or  of 
bichloride  of  mercury  ( 1  to  8,000).  yellow  oxide  of  mercury 
ointment,  combined  in  some  instances  with  instillation  of 
atropine,  dilute  acetic  acid  (1  part  of  the  dilute  acid  to  250 
of  water)  as  recommended  by  Van  ilillingen,  and  the  use 
of  the  roller  forceps,  are  some  of  the  remedies  which  the 
writer  has  employed  from  time  to  time  with  a  measure  of 
success.  The  internal  administration  of  iodide  of  iron  he 
has  thought  a  useful  supplement  to  the  local  treatment. 
An  ointment  of  salicj-lic  acid  and  lanolin  (or,  still  better, 
vaseline)  2-1.5  to  100.  as  recommended  by  Randolph,  is 
another  remedy  which  at  times  seems  to  be  sei'viceable. 
It  should  be  nibbed  into  the  conjunctiva  daily,  cocaine 
having  previoush"  been  instilled. 


Phltctexular  or  Scrofulous  Conmunctivitis. — 
The  essential  feature  of  this  form  of  conjunctivitis, 
which  is  also  known  as  conjunctivitis  lymphatica  and  as 
eczema  conjuncfivie.  is  its  dependence  upon  a  constitu- 
tional cause.  The  exact  nature  of  this  dependence  has 
not  been  xerx  clearly  set  forth.  In  decidedly  strumous 
subjects  the  resisting  power  of  the  tissues  is  so  poor,  the 
cellular  instability  so  marked,  that  the  most  trivial  irrita- 
tion, acting  locally,  may  set  up  a  conjunctivitis,  as  it 
ma}'  excite  an  inflammation  of  other  mucous  membranes, 
or  of  the  skin  or  lymphatic  glands.  Very  often,  how- 
ever, phlyctenular  conjunctivitis  occurs  in  subjects  who 
cannot  properly  be  considered  as  scrofulous.  This  hap- 
pens especially  in  young  children ;  and  here  we  fre- 
quently find  associated  with  the  ocular  disease  eczema- 
tous  inflammation  of  the  auricle,  of  the  upper  lip,  of  the 
tissues  about  the  roots  of  the  finger  nails,  and  not  un- 
commonly suppurative  inflammation  of  the  middle  ear. 
A  furred  tongue,  "feverish"  breath,  loss  of  appetite,  and 
constipation  of  the  bowels,  are  the  other  usual  accom- 
paniments of  this  condition.  Tliat  in  this  latter  class  of 
cases  we  have  a  condition  of  the  nature  of  septicaemia, 
the  writer  has  for  some  time  thought  probable,  and  that 
the  infection  of  the  system  occurs  from  the  alimentary 
canal  as  the  result  of  improper  feeding  and  its  conse- 
quences, seems  equally  probable.  This  view  is  sup- 
ported not  only  by  the  clinical  features  of  these  cases, 
which  are  exactly  such  as  we  might  expect  would  result 
from  the  presence  in  the  blood  of  a  relatively  benign 
septic  organism,  but  also  by  the  nature  of  the  treatment 
which  proves  most  effective.  For  not  only  are  the  salts 
of  mercury  the  most  valuable  of  local  applications,  but  of 
all  remedial  measures  none  produces  so  prompt  and  de- 
cided a  change  for  the  better  as  the  administration  of  a 
generous,  old-fashioned,  calomel  purge,  which  rids  the 
alimentary  canal  not  only  of  much  ffecal  matter,  but  also, 
probably,  of  myriads  of  bacteria  and  their  poisonous 
products. 

In  the  typical  form  of  phlyctenular  conjunctivitis 
the  conjunctival  injection  is  not  uniform,  but  is  ccpu- 
fined  to  the  neighborhood  of  the  phlycfenulic — yellow- 
ish-red elevations  varying  in  size  from  that  of  a  mustard 
seed  to  a  split  pea  and  comjjosed  cliiefly  of  lymphoid 
cells, — which  make  theirappearance  upon  the  ocular  con- 
junctiva, and  are  quickly  converted  into  superficial  ulcers 
through  loss  of  their  epithelial  covering.  In  many  cases, 
however,  the  conjunctival  injection  is  diffuse,  and  the 
phlyctenula;  are  absent  or  not  distinguishable,  so  that 
the  eye  presents  almost  precisely  the  s;ime  appearance 
as  in  catarrhal  conjunctivitis,  with  wliich  this  variety  of 
strumous  ophthalmia  is  very  apt  to  be  confounded,  if 
only  the  condition  of  the  conjunctiva  be  relied  upon  as 
a  diagnostic  guide.  In  genuine  catarrhal  conjunctivitis, 
however,  both  eyes  are  almost  invariably  affected,  and 
there  are  no  evidences  of  constitutional  derangement; 
whereas,  in  the  catarrhal  type  of  strumous  conjunctivitis, 
it  frequentlv  happens  that  only  one  eye  is  affected,  or 
that  the  disease  makes  its  appearance  in  one  eye  some 
days  before  it  develops  in  the  other,  while  it  is  seldom 
the  case  that  there  are  not  present  other  evidences  of  the 
constitutional  disorder  upon  which  the  ocular  inflam- 
mation depends.  In  the  latter  affection,  too,  blepharitis 
is  often  present,  and  there  are  usually  more  decided  evi- 
dences of  ciliary  irritation,  manifested  by  pronounced 
pliotophobia.  Iilepharospasm,  and  lachrvmation,  while 
the  discharge,  which  is  mucoid  in  character,  is  consider- 
ably less  in  amount.  As  the  treatment  which  is  called 
for  in  catarrhal  conjunctivitis  (tlie  use  of  astringent  col- 
lyria)  is  almost  sure  to  do  harm  in  strumous  ophthalmia, 
it  is  of  the  first  importance  that  these  two  conditions 
should  be  distingiiished  one  from  the  other.  When 
there  is  uncertainty  upon  this  point,  it  is  wise  to  treat 
the  case  as  one  of  strumous  character.  In  children 
particularly  this  rule  should  be  followed,  as  they  are 
especially  subject  to  phlyctenular  conjunctivitis,  and 
with  them  tL?  doubtful  cases  are  almost  sure  to  be 
of  this  nature.  The  staphylococcus  aureus  and  staphy- 
lococcus albus  are  often  found  in  the  conjunctival  sac 
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in  strumous  ophthalmia,  but  a  difFi-ifiitial  dia,^nosis 
could  scarcely  In-  based  upon  the  presence  or  absence 
of  these  orsranisnis. 

In  phlyctiiiular  conjunctivitis  the  cornea  is  very  fre- 
quently involved  in  the  iiitlanunatory  process.  In  fact, 
in  scrofulous  inflammation  of  the  eyes  the  rule  is  that 
both  the  cornea  and  the  conjiuutiva  are  alTected.  When 
tliis  is  the  case,  the  photophobia,  lachrymation.  etc.,  are 
usually  more  severe  than  when  the  inllammation  is  con- 
fined to  the  conjunctiva.  Extensive  ulceration  of  the 
cornea  sometimes  occurs,  liul  very  rarely,  except  in  con- 
se(|uence  of  neglect  or  injudicious  treatment.  The  use 
of  astrinirents  (nitrate  of  .silver,  sulphate  of  zinc,  sul- 
phate of  copper,  etc.)  always  aggravates  the  inllamma- 
tion of  the  cornea,  and  usually  leads  to  the  development 
of  i>hlyctenuhe  upon  it.  when  previously  they  may  have 
been  conlined  to  the  conjunctiva.  All  of  the  varieties  of 
scrofulous  ophthalmia  occur  much  more  freijuently  in 
children  than  in  adults;  indeed,  adults  very  rarely  suffer 
■with  the  disi'a^e  unless  they  have  had  similar  attacks  in 
childhood,  which  have  permanently  damaged  their  cor- 
nea-, and  so  rendered  their  eyes  susceptible  to  recurrent 
attacks  of  inflammation. 

The  Trcitiiient  of  strumous  conjunctivitis  is  very 
simple,  and  the  results  obtained  are  almost  invariably 
extremely  satisfactory,  and  yet  this  affection  is  often 
improperly  treated.  In  the  average  medical  mind  there 
seems  to  be  an  iudissoluljle  connection  between  the  idea 
of  a  conjunctival  inflammation  and  that  of  an  astringent 
collyrium.  Given  the  former,  the  mind  turns  intuitively 
to  the  latter  as  the  one  only  therapeutic  resource.  No 
exception  is  made  in  favor  of  the  variety  of  conjunctivi- 
tis under  consideration,  and,  as  may  be  supposed  from 
■what  has  been  said,  the  consequences  of  this  singular 
disposition,  always  unfortunate,  are  sometimes  most  dis- 
astrous. As  has  already  been  pointed  out.  whenever 
there  is  even  a  doubt  as  l<>  the  strumous  character  of  a 
conjimctival  inflammation  the  use  of  astringents  should 
be  scrupulously  avoided;  for  not  only  are  the  photo- 
phobia, blepharospasm,  and  lachrymation  aggravated 
thereby,  but  the  danger  of  serious  corneal  complications 
is  greatly  increased. 

The  treatment  which  rarely  fails  to  ameliorate  the 
symptoms  almost  immediately,  and.  when  supplemented 
by  proper  attention  to  the  constitutional  disorder  upon 
which  the  local  disease  depends,  in  the  large  majority  of 
cases  effects  a  prony)t  cure,  is  the  application  to  the  eye 
three  times  a  day  of  a  solution  of  sulphate  of  atropine, 
and  once  a  day  of  an  ointment  of  yellow  oxide  of  mer- 
cury and  vaseline.  It  is  better  that  the  atropine  should 
be  "dissolved  in  distilled  water,  and  the  strength  of  the 
solution  should  vary  from  ^  to  ItlO  to  1  to  100  (gr.  i.-iv. 
to  3  i.)  according  to  the  severity  of  the  symptoms  and  the 
obstinacy  of  the  attack,  the  weaker  solution  being  effec- 
tive in  most  cases.  The  proper  strength  for  the  ointment 
is  2  to  100  (hydrarg.  ox.  flav.,  gr.  i. ;  vaselini.  3  i.).  For 
the  effectual  application  of  the  atropine  solution  an  "eye 
dropper  "  is  indispensable,  and  even  with  its  aid,  owing  io 
the  spasm  of  the  lids,  this  is  not  always  easy  of  accom- 
plishment. The  patient  should  be  placed  in  a  recumbent 
posture,  and,  if  a  child,  will  probably  require  to  be  held 
firmly  while  the  application  is  being  made.  The  oint- 
ment (which  should  lie  gotten  well  into  the  conjunctival 
sac)  may  be  conveniently  applied  on  the  end  of  a  flat 
toothpick,  or,  if  the  treatment  is  to  be  carried  out  by  un- 
skilful hands,  more  sjifely  by  means  of  a  camels-hair 
brush.  It  should  be  inserted  between  the  upper  or  lower 
lid  and  the  eyeball.  An  ointment  of  this  strength,  if 
properly  prepared,  does  not  irritate  the  eye  in  the  least 
degree.  Some  care,  however,  is  necessary  in  its  prepara- 
tion, for  if  it  be  mixed  in  a  mortar  or  upon  a  tile  which 
has  the  slightest  trace  of  iodine,  iodide  of  potassium,  or 
iodoform  about  it,  the  oxide  of  mercury  is  soon  changed 
to  a  green  iodide,  which  few  eyes  can  tolerate.  For  the 
same  reason  it  frequently  happens  that  the  ointment  is 
not  well  borne  when  iodide  of  potassium  is  being  given 
internally.  The  ordinary  doses  of  iodide  of  iron  are  not 
apt  to  give  rise  to  the  same  inconvenience.     Calomel 


dusted  into  the  eye  once  a  day  acts  in  a  similar  manner 
to  the  yellow  oxide  ointment,  and  many  use  it  in  [uefer- 
ence.  In  the  catarrhal  type  of  strumous  conjunctivitis, 
a  2  to  100  solution  of  boric  acid  dropped  intolheiye  three 
times  a  day  sometimes  acts  extremely  well,  and  in  such 
cases  it  is  convenient  to  add  the  boric  acid  to  the  atropine 
solution.  An  ointment  of  yellow  oxide  of  mercury  and 
vaseline  cerate.  4to  100  (gr.ij.  to  I  i.),  should  beapplied 
to  the  lids  at  bedtime,  when  blepharitis  is  present. 

As  for  eonstilutional  treatment,  which  is,  of  course,  of 
the  first  importance,  when  there  is  a  well-marked  stru- 
mous diathesis,  the  iodide  of  iron  and  cod  liver  oil  with 
hypophosphites  are  especially  \iseful.  In  the  writers 
experience,  however,  the  jihosphatesof  iron,  (luinine.  and 
strychnine  (given  in  the  form  of  a  syrup  or  an  elixir)  is 
the  remedy  which  accomplishes  the  greatest  good,  more 
especially  in  the  less  distinctly  struino\is  eases  previously 
spoken  of  as  .so  common  among  young  children.  In  this 
form  of  the  disease  the  writer  has  also  found  the  prepa- 
rations of  "beef.  wine,  and  iron''  very  useful,  also  the 
'"elixir  of  gentian  and  tincture  of  chloride  of  iron."  both 
of  which  have  the  advantage  of  being  jialatable,  a  matter 
of  importance  when  children  are  concerned.  As  a  rule, 
however,  and  especially  in  acute  cases,  and  when  the 
ocular  inflammation  is  accompanied  by  other  evidences 
of  constitutional  derangement,  such  as  nasal  catarrh, 
otorrhtea,  eczema  of  the  face,  scalp,  auricles,  etc.,  a  pur- 
gative do.se  of  calomel  and  rhubarb,  or  of  calomel,  rhu- 
barli,  and  scammony,  repeated  once  or  twice  at  intervals 
of  two  or  three  days  if  necessiiry.  should  luecide  the 
exhibition  of  other  constitutional  remedies,  and  not  infre- 
quently it  will  happen  that  when  this  has  had  its  effect 
the  case  will  be  so  far  on  the  road  to  recovery  that  the 
tonics,  which  are  to  follow,  will  have  but  little  left  to  do. 

Theexanthematous  fevers  are  freiiuently  accompanied, 
or  followed,  by  inflammation  of  llie  conjunctiva,  and 
writers  commonly  make  of  these  cases  a  distinct  variety  of 
conjunctivitis,  which  they  denominate  "exanthematous." 
There  seems  to  be  no  good  reason  for  doing  .so,  however, 
as  they  differ  in  no  essential  respect  from  the  systemic 
conjunctivitis  we  have  just  considered,  and,  like  it,  pre- 
sent at  times  a  distinctly  phlyctenular  character,  with 
marked  tendency  to  corneal  implication,  and  at  other 
times  a  catarrhal  type.  The  treatment,  too,  which  they 
require  is  exactly  the  same. 

PiXGUECULA. — An  elevation,  yellowish  in  color,  and 
varying  in  size  and  shape,  situated  upon  the  conjunctiva 
in  the  interpalpebral  space,  usually  upon  the  nasal,  and 
less  frequently  upon  the  temporal,  margin  of  the  cornea, 
was  given  the  name  Pinguecula  (from  piiiffuis,  fat),  be- 
cause it  was  formerly  supposed  to  be  due  to  the  dejiosi- 
tion  of  fat  in  the  conjunctiva.  It  is  seldom  met  with  in 
young  persons,  and  is  oftenest  observed  in  individuals 
who  liave  passed  middle  life.  The  fact  that  it  occurs 
upon  the  most  exposed  portion  of  the  bulbar  conjunctiva 
seems  to  indicate  that  it  is.  in  some  measure  at  least,  due 
to  the  irritation  catised  by  wind.  dust.  etc.  According 
to  Fuchs.  it  is  a  thickening  of  the  conjimctiva.  chiefly 
dependent  upon  an  increase  in  the  number  and  size  of  its 
elastic  fibres,  and  its  yellow  color  is  caused,  not  by  the 
deposition  of  fat.  but  by  the  presence  of  numerous  con- 
cretions of  a  yellowish  colloid  substance.  On  accoimt  of 
its  unsightliness  its  removal  is  sometimes  called  for,  and 
in  other  cases,  when  it  is  especially  prcmiinent,  it  may 
cause  annoyance  and  should  be  gotten  rid  of.  It  may  be 
excised  with  sharp  scissors,  care  being  taken  to  siicrifice 
as  little  as  possible  of  the  surrounding  conjunctiva.  The 
edges  of  the  wound,  after  being  imdermined.  should  be 
brought  together  by  one  or  two  fine  silk  sutures. 

PxERYCiir.M  (T7fp[f,  a  wing). — A  circumscribed  hyper- 
trophy of  the  conjunctiva  and  subconjunctival  tissue, 
trianguliir  in  shape,  more  or  less  vascular,  and  exhibiting 
a  tendency  to  encroach  upon  the  cornea.  The  apex  of 
the  growth  is  always  turned  toward  the  centre  of  the 
cornea,  the  ba.se  toward  the  equator  of  the  eye.  Its 
usual  location  is  to  the  nasal  side  of  the  cornea,  over  the 
region  of  attachment  of  the  tendon  of  the  rectus  internus; 
exceptionally  it  occurs  to  the  outer  side  of  the  cornea, 
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and  still  more  rarely  above  or  below  it.  It  usuallj'  de- 
velops ver}'  slowly,  and  many  months,  or  even  j-ears, 
maj'  elajise  witliout  its  extcndinji  far  enoiigli  toward  the 
centre  of  the  cornea  to  impair  N'isiou.  It  is  rarely  met 
with  in  children,  and  is  more  pi'cvalent  in  tropical  than 
in  temperate  countries.  The  apex  of  a  pterygium  oc- 
casionally reaches,  but  rarely  passes  beyond,  the  centre 
of  the  cornea.  The  wi'iter  has  met  with  one  case^how- 
ever,  in  which  a  ptei'yiriumof  unusually  large  size,  start- 
ing from  the  nasal  siile  of  the  eye,  grew  entireh'  across 
the  cornea  to  its  external  margin.  The  other  eye  of  the 
same  individual  (a  woman  advanced  in  years)  also  ex- 
hibited a  large  pterygium,  which  had  already  passed  be- 
j'ond  the  centre  of  tlie  cornea.  So  long  as  the  growth  is 
confined  to  the  conjunctiva  and  the  periphery  of  the 
cornea  it  usually  causes  little  or  no  inccmvenience;  but 
as  soon  as  it  encroaches  upon  the  area  of  the  pupil  it 
greatly  impairs  vision,  not  only  because  it  obstructs  the 
passage  of  light  into  the  eye,  but  because  the  curvatiue 
of  the  corneal  surface  about  its  apex  is  so  altered  as  to 
produce  a  high  grade  of  irregular  astigmatism. 

In  the  text-books  of  forty  or  tifty  years  since,  four  or 
five  varieties  of  ptei-ygiuni  are  described.  There  seems 
to  be  little  reason,  liowever,  for  making  even  the  two 


FIG.  1489.— Pterygium. 

varieties  which  more  recent  authors  mention;  although, 
as  some  pterygia  are  thin  and  scantily  sup])lied  with 
blood-vessels  while  others  are  thick  and  vaseidar,  there 
is  some  warrant.  perlm])S,  for  calling  the  former  variety 
ptcyiigium  ieiive,  and  the  latter  ptcrygimn  cnmsun).  The 
]}tei>/f/ium pii/ffue  o{  the  older  authors  is  the  Pinguecula 
of  the  present  day,  which  is  no  longer  regarded  as  a 
varietj' of  ptefygium;  while  thoir  ptci-i/f/itini  malif/nnm 
was,  as  its  name  implies,  simply  a  malignant  growth  in- 
volving the  cornea,  which  at  the  present  day  one  would, 
of  course,  not  think  of  confoimding  with  true  pterygium. 
It  is  possible  for  several  pterygia  to  develoji  u|ion  the 
same  eye,  advancing  upon  the  cornea  from  dill'erent 
directions,  and  cases  of  this  character  have  been  reported, 
but  are  of  extreme  rarity. 

The  question  of  the  etiology  of  pterygium  has  from 
time  to  time  been  discussed,  and  various  theories  have 
been  suggested  to  account  for  its  develophn'iit  and 
growth.  Arlt,  some  years  ago,  suggested  that  the  start- 
ing-point of  pterygium  is  the  existence  of  a  superficial 
ulcer  or  abrasion  at  the  margin  of  the  cornea,  to  which 
the  neighboring  swollen  conjunctiva  becomes  adherent, 
and  that  the  dragging  and  irritation  which  result  from 
this  is  the  cause  of  its  subsequent  growth ;  and  this  theorj- 
at  one  time  met  with  very  general  acce]_)tance.  It  takes 
no  account  of  the  fact,  however,  that  idcersaud  abrasions 
of  the  cornea  arc  not  especially  frequent  upon  its  nasal 
margin,  while  pterygium,  as  we  have  seen,  occurs  only 
very  rarely  elsewhere ;  nor  of  the  further  fact  that  many 
cases  of  pterygium  can  be  recognized  as  such  before  the 
apex  of  the  growth  has  even  reached  the  corneal  limbus, 
and,  therefore,  before  the  process  which  is  assumed  to  be 
the  first  step  in  its  development  has  taken  place.  That 
pterygium  is  produced  in  this  manner,  in  exceptional 
cases,  there  is  no  doubt;  but  this  fact  was  recognized 
before  Arlt's  day.  notabl_v  by  W.  Lawrence,  who  refers 
to  cases  of  pterygium  following  purulent  ophthalmia,  in 


which  the  conjunctiva  of  the  upper  part  of  the  globe 
had  become  adherent  to  an  ulcer  upon  the  lower  part  of 
the  cornea.*  He  distinguishes,  however,  between  these 
cases  and  true  pterygium,  and  mentions  Ids  suspicion 
that  the  pterygia  said  to  have  been  seen  on  the  upper 
part  of  the  globe  were  cases  of  this  character,  as  ho  had 
never  seen  true  pterygium  in  this  situation. 

It  is  manifest  that  any  theory  which  would  satisfac- 
torily account  for  the  development  of  pterygium  must 
also  account  for  the  fact  that  it  occurs  in  so  large  a  pro- 
portion of  cases  to  the  nasal  side  of  the  cornea.  This 
Arlt's  theory  fails  to  do;  for  it  is  beyond  question  that 
if  pter_ygium  were,  as  a  rule,  produced  in  the  way  he 
describes,  we  should  find  it  encroaching  upon  the  cornea 
from  every  possible  direction,  and  not  much  more  fre- 
quently from  one  direction  than  from  another.  The 
theory  proposed  by  PonccI — that  ptei-ygium  is  a  jiarasi- 
tic  disease,  and  that  its  advance  over  the  cornea  is  due  to 
the  presence  of  microbia  (parasitic  "  vibriones  ")  which 
he  finds  beneath  the  head  of  the  pterygium,  and  which 
are  supposed  to  tunnel  their  way  tinder  the  corneal  e])i- 
thelium — fails  equally  in  this  respect;  and,  besides,  the 
precedent  ulcer  which  he  regards  as  the  starting-point  of 
the  process,  and  as  essential  to  it,  has  not  been  clinically 
deiuonstrated,  but.  rather,  assumed  to  be  present. 

In  endeavoring  to  reach  a  satisfactory  explanation  of 
the  origin  of  pterygium,  it  is  important  that  we  should 
bear  in  mind  the  fact  (which  .seems  usually  to  Jiave  been 
lost  sight  of)  that  in  its  incipient  stage  the  growth  does 
not,  as  a  rule,  involve  the  cornea  at  all,  but  is  confined 
to  the  sclerotic  conjunctiva.  As  Lawrence  very  aptly 
puts  it ;  "It  begins  with  the  appearance,  in  the  conjunc- 
tiva sclerotica',  of  a  few  vessels  rather  larger  than  natural, 
and  running  from  behind  forward  nearly  parallel  to  each 
other.  After  some  time  the  membrane  is  found,  on  ac- 
curate inspection,  to  be  a  little  raised,  but  the  surface  is 
smooth  and  entire.  It  gradually  a.ssumes  the  triangular 
shape,  the  basis  extending  toward  the  circumference  of 
the  eye,  while  the  apex  passes  over  the  junction  of  the 
sclerotica  and  cornea  and  ad\auces  on  the  latter."  This 
description  of  the  development  of  pteiygium  entirely 
agrees  with  the  writer's  observations,  and  it  suggests  at 
once  that  the  jtrimary  cause  of  pterygiinn  is  to  besought 
for  elsewhere  than  in  diseased  conditions  of  the  cornea. 
Fuchs  holds  that  pterygium  always  originates  from 
pinguecida.  The  writer  caimot  accept  this  view  ;  never- 
theless he  is  convinced  that  Pinguecula  does,  not  infre- 
cjuently.  ju-ecede  jiterygium,  and  he  has  occasionall_v  met 
witli  tran.sirional  types  which  resembled  as  closely  one 
as  the  other  of  lliese  conditions. 

It  has  long  been  taught  that  the  development  of  jiteryg- 
ium is  favored  by  conditions  which  bring  about  per- 
sistent hypera;mia  of  the  conjunctiva,  as,  for  cxamjile, 
when  the  e.ves  are  exposed  to  the  heat  of  a  tropical  sun, 
as  in  long  sea  voyages,  or  to  the  heat  frotn  furnaces,  as 
is  the  case  with  stokers  and  founders,  or  to  the  irritant 
action  of  dust  and  vapors,  as  in  mills  and  other  manu- 
facturing establishments;  and  the  evidence  in  favor  of 
this  view  is  much  too  strong  to  be  put  aside.  Assinn- 
ing,  then,  that  hyperemia  of  the  conjunctiva  is  an  im- 
portant factor  in  the  production  of  pterygium,  is  there 
any  reason  why  this  condition  should  occur  especially 
where  pterygium  usually  makes  its  appearance — to  the 
nasal  side  of  the  cornea?  The  writer  is  not  aware  that  it 
has  been  suggested  heretofore  that  the  recti  muscles  of 
the  globe  have  anything  to  do  with  the  production  of 
pterygium;  but  it  seems  to  him  highly  proliable  that 
such  is  the  case.  In  the  first  place,  it  is  an  extremely 
rare  occurrence  to  meet  with  a  pterygium  which  does 
not  lie  over  the  insertion  of  one  of  these  muscles,  usually 
the  rectus  internus,  less  frequently  the  rectus  externus. 
Again,  the  vascular  .system  of  the  conjunctiva  in  the 
neighborhood  of  the  corneal  border  (anterior  conjunctival 
vessels  of  Van  Woerden)  is  so  intimately  connected  with 

*  The  writer  also  has  met  with  a  case  of  this  character  as  a  result  of 
gonorrhceal  coujunctlvltls.  Only  the  ape.x  of  the  pteryfriiim,  however, 
was  adherent  to  the  cornea,  and  a  probe  could  he  passed  between  the 
corneal  surface  and  the  body  of  the  pterygium. 
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that  of  tlic  iceli  nuisi-k's,  tlmnish  Iiranclus  dorivr-d  from 
the  anteiiiir  ciliary  arteries,  tlial  llic  pcissiliilily  of  tlic 
blood  .supply  of  llie  foriiu'r  Ijciii,!;  iiitluciicvd  by  that  of 
thf  latter  cau  scarcely  be  doubted.  There  is  iiothius 
iniproliable.  therefore,  in  the  assumplioii  that  au  luidue 
deteriniuatiou  of  blood  to  the  recti  muscles  may  brin.g 
about  a  hypera^mic  condiliou  of  the  overlyiuir  conjunc- 
tiva, and  that  this  condition,  as  we  have  seen,  may  in 
time  ler.d  to  the  development  of  ptcrysriuni.  ^Moreover. 
it  is  manifest  that  the  recti  interni  nuiselcs  would  be 
likely  to  exert  a  more  decided  inlluence  in  tliis  respect 
than  any  of  the  others:  for  they  are  not  only  tlie  largest 
of  the  straight  mu.scles.  and  the  ones  which  perform  by 
far  the  greatest  amount  of  work,  but  their  attachment  to 
the  scleiotic  is  eousidenibly  nearer  the  corneal  liorder. 
ami  they  are.  therefore,  more  intimately  connected  with 
the  con.junctiva.  Thus,  in  accordance  wilh  the  theory 
suggested,  the  location  of  pterygium  to  the  nasal  side  of 
the  cornea  is  explained. 

What  condition  is  there,  then,  likely  to  produce  an 
■undue  determination  of  blood  to  the  lateral  mu.scles? 
The  answer  is.  an  insutlieieucy  of  these  muscles — an 
exophoria  or  an  esophoiia.  In  a  word,  the  writer  believes 
that  insufticiency  of  the  internal  recti  muscles  is  an  im- 
portant factor  in  the  causation  of  pterygium.  His  belief 
is  based  not  only  upon  the  theoretical  grounds  ."just  set 
forth,  but  upon  the  clinical  observation  that  exophoria 
is  very  frequently  fovmd  in  association  with  pterygium 
situated  upon  the  nasal  side  of  the  cornea.  In  support 
of  this  view  of  the  origin  of  pterygium  (which  to  the 
writer  seems  at  least  to  be  more  satisfactory  than  those 
■whicli  have  as  yet  been  offered),  it  mav  lie  mentioned,  as 
a  mat  ter  of  observat ion .  that  persons  who  have  pterygium 
not  iufrecpieutly  complain  that  the  pterygium  itself"  and 
the  conjunctiva  in  its  neighborhood,  become  bloodshot 
when  the  eyes  are  nuieh  used  in  near  work.  It  renntins 
to  be  added  that  pterygium  sometimes  has  its  origin  in 
traumatic  lesions  of  the  conjunctiva,  as,  for  example,  to 
cite  from  the  writer's  experience,  a  burn  from  a  scale  of 
hot  iron  or  from  partially  slaked  lime  splashing  into  the 
eye. 

In  regard  to  the  Treatment  of  pterygium,  little  is  to  be 
expected  except  from  operative  interference.  In  its  in- 
cipient stage,  however,  its  growth  may  possibly  be  ar- 
rested liy  correcting  any  error  of  refraction  or  any  mus- 
cular defect  which  may  exist;  and,  even  when  it  has 
reached  a  more  advanced  stage,  its  development  may. 
perhaps,  be  favorably  influenced  in  this  way.  So,  too. 
after  any  operation  w  Inch  may  be  resorted  to  for  its  cure, 
the  good  which  glasses  may  do  b_v  lessening  the  tendency 
to  a  reciureuce  should  not  be  lost  sight  of.  It  should  be 
borne  in  mind  that  the  asthenopic  symptoms,  of  which 
jiersons  having  pterygium  often  complain,  are  much 
more  likely  to  be  due  to  an  error  of  refraction  or  a  mus- 
cular defect  than  to  the  mere  presence  of  the  growth. 
The  propriety  of  resorting  to  operative  treatment"  will  be 
determined  by  several  considerations:  If  the  pterygium 
is  confined  to  the  conjtnictiva.  it  may  be  advisable  to 
operate  upon  it,  provided  it  is  narrow  and  well  defined. 
If,  on  the  contrary,  it  is  broad  and  ill  defined,  it  will  be 
wiser  not  to  interfere  with  it.  as  the  condition  and  ap- 
pearance of  the  eye  after  the  operation  will  probably  not 
be  better  than  before.  If.  however,  it  has  encroached 
upon  the  cornea,  it  is  better,  as  a  rule,  to  operate,  be- 
cause, as  has  been  sai<l,  it  usually  advances  farther  and 
farther  upon  this  membrane,  and.  as  it  does  so.  it  pro- 
duces such  changes  in  its  structure  as  leave  behind  a 
permanent  opacity,  even  when  the  growth  is  most  care- 
fully removed.  Patients  will  frequently  assure  the  sur- 
geon that  the  pterygiiun  is  not  growing,  and  that  for 
mouths  or  years  it  has  made  no  progress ;"but  their  testi- 
mony upon  this  point  is  not  always  to  be  relied  iijion. 
and  to  prevent  the  possibility  of  "the  sight  eventually 
becoming  impaired,  uimecessary  delay  in  resorting  to 
operation  should  be  avoided. 

The  operative  procedures  which  have  been  suggested 
for  the  cure  of  pterygium  are  numerous.  Until  V  com- 
paratively recent  period,  excision  was  the  only  operation 


which  was  in  vogue.  The  results  obtained  by  this  method 
were,  however,  by  no  means  luiiformly  successful,  the 
removal  of  the  growth,  as  it  was  coinmoidv  practised, 
being  not  infreciuently  followed  by  its  recilncnce.  la 
conse(iuenee  of  this,  various  sidistitutes  for  this  opera- 
tion were  jiroposed.  For  example,  De.s  Jlarres  sug- 
gested transi)lantation  of  the  pterygium;  Szokalski  its 
destruction  by  strangulation,  while  Knapj)  introduced 
a  moditication  of  the  former,  and  Galezowski  of  the 
latter  procedure.  Pagenstecher  recommended  that  the 
growth  should  be  dissected  from  its  corneal,  and  in  jiart 
from  its  sclerotic,  attachments,  and  then  be  allowed  to 
atrophy,  the  ed,ges  of  the  conjunctival  wound  being 
united  beneath  the  partially  detached  ptervgiutn  by 
means  of  sutures.  Arlt  also"  preferred  a  method  essen- 
tially the  same  as  that  of  Pagenstecher.  In  Des  JIarres's 
opeiation  the  pterygium  is  detached  from  the  cornea  and 
sclerotic  ([Uite  up  to  its  base,  and  is  then  in.serted  in  an 
incision  made  in  the  couj\inctiva  near  the  lower  edge  of 
the  cornea,  where  it  is' retained  by  sutures.  Knapp's 
modification  of  this  method,  aiiplicable  to  cases  in  which 
the  pterygium  is  of  large  size,  consists  in  sjilitting  the 
pterygium  lon.gitudinally,  after  having  removed  its  cor- 
neal portion,  and  inserting  the  upper  half  in  an  incision 
made  in  the  conjunctiva  above  its  base,  and  the  lower 
half  in  one  made  below.  He  also  unites  the  edges  of  the 
conjunctival  wound  by  sutures,  and,  to  facilitate  this, 
separati-s  the  conjunctiva  from  the  subjacent  tissue  above 
and  below  the  wound.  In  S/okalski's  operation  the 
strangulation  is  accomplished  by  passing  two  needles, 
which  have  been  threaded  with  "the  opposite  ends  of  a 
tine  silk  ligature,  beneath  the  pterygium,  one  near  its 
apex,  the  other  near  its  base,  and  then,  after  cutting  out 
the  needles,  by  tying  together  the  ends  of  the  ^hree 
threads  which  are  thus  left  in  position,  so  as  to  cut  off  its 
vascular  supply  near  its  base,  near  its  apex,  and  from  its 
sclerotic  surface.  Galezowski.  after  dissecting  up  the 
pterygium,  "takes  a  thread,  armed  at  each  end  with  a 
curved  needle,  and  pierces  the  apex  with  both  needles, 
so  as  to  include  it  in  a  small  loop.  Then  turning  the 
needles  inward,  he  brings  them  out  at  the  base  of  the 
growth,  one  near  the  upper  and  the  other  near  the  lower 
margin.  The  two  ends  are  then  tied  in  a  tight  knot,  and 
thus  the  apex  of  the  pterygium  is  turned  inward  toward 
the  base,  and  the  latter  is"  .strangulated  by  the  knot."  It 
is  claimed  for  each  of  these  procedures  that  a  recurrence 
of  the  growth  is  less  apt  to  happen  than  when  simple 
excision  is  practised. 

The  operation  of  excision  has,  in  the  writer's  experi- 
ence, yielded  such  satisfactory  results  that  he  has  not 
been  tempted  to  make  trial  of  any  of  these  proposed  sub- 
stitutes. The  end  which  they  all  aim  to  accomplish 
seems  to  him  to  be  the  same — to  minimize  the  loss  of 
conjunctival  tissue,  and  this  is.  tmdoubtedly.  a  most  im- 
portant thing;  but,  if  the  exci.sion  be  jierfonned  as  it 
should  be,  the  loss  of  tis.sue  is  insignificant.  Although 
the  ill  effects  of  a  too  free  excision  of  the  growth  were 
long  ago  pointed  out,  especially  by  Scarpa,  the  writer 
is  inclined  to  think  that  the  poor  results  which  many 
have  obtained  from  this  operation  are  due  to  unneces- 
sa:y  loss  of  conjunctival  tissue.  Even  when  but  little 
more  than  the  apex  of  the  growth  is  removed  the  gap 
which  is  left  in  the  conjunctiva  is  of  cfmsiderable  size, 
and  when  the  whole  pterygium  is  cut  off.  the  size  of  the 
gap  which  restilts.  owing  to  the  retraction  of  the  con- 
junctiva, is  surprising.  Under  such  circumstances  the 
healing  process  is  slow  and  difficult,  and  not  infre- 
cjuenlly  a  conspicuous  vascular  cicatrix  is  left,  which  is 
as  unsightly  and  as  likely  to  cause  trouble  as  the  ptery- 
gium it.self. 

Since  the  employment  of  cocaine  in  ophthalmic  surcery 
the  removal  of  pterygium  has  been  rendcicd  much  easier, 
as  the  operation  is  entirely  painless.  The  method  of 
operating  which  the  writer  has  adopted,  and  which,  as 
has  been  said,  has  yielded  satisfactory  results,  being  very 
rarely  followed  by  a  return  of  the  pterygium,  is  as  fol- 
lows: The  eye  having  been  brought  under  the  influence 
of  cocaine,  and  the  patient  being  seated  in  a  chair,  a 


249 


Coiijiiucllra. 
Connective  Tissue. 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


speculum  is  introduced  and  the  operator,  standing  behind 
the  patient,  seizes  tlie  growth  near  tlie  apex  with  suit- 
able forceps,  and  with  an  iridectomj-  knife,  which  is  but 
slightly  bent,  cleanly  dissects  it  from  the  cornea,  taking 
especial  care  to  detach  its  margins  from  the  corneal 
limbus.  Its  more  loose  attacliments  to  tlie  sclerotic  are 
also  separated  for  a  short  distance  (3  or  8  mm.)  from  the 
corneal  margin.  Then,  with  a  pair  of  slender  scissors, 
curved  on  the  flat,  the  whole  of  the  corneal  and  a  vcry 
small  part  of  the  conjunctival  portion  of  the  growth  is 
removi'd  by  two  converging  cuts.  If  decided  traction  is 
made  with  the  forceps  upon  the  detached  portion  of  the 
growth  while  the  scissors  are  being  used,  and  if  the  latter 
are  pressed  against  the  sclerotic,  a  very  much  larger  piece 
of  the  pterj'gium  will  be  removed  than  is  desirable.  Only 
very  slight  traction,  therefore,  should  be  e.xerted.  and  in 
using  the  scissors  it  should  be  borne  in  mind  that  we  are 
more  apt  to  remove  too  much  than  too  little  tissue.  If 
the  edges  of  the  conjunctival  wound  are  now  slightly 
undermined,  so  as  to  detach  them  in  a  measure  from  the 
underlying  fascia,  one  or  two  stitches  of  line  black  silk 
will  suffice  to  close  the  wound,  and,  unless  more  tissue 
has  been  sacrificed  than  is  necessary,  will  bring  its  edges 
together  without  undue  traction. "  The  closure  of  the 
wound  in  this  way  hastens  the  healing  process,  and  the 
removal  of  the  stitches  on  the  second  or  third  daj-.  as 
may  seem  more  desirable,  can  be  accomplished  without 
pain  by  the  instillation  of  a  drop  or  two  of  cocaine.  A 
light  liandage  should  be  applied,  and  may  be  worn  until 
the  stitches  are  removed.  A  collyrium  of  boric  acid  (gr. 
X.  to  acj.  destill.,  5  i.),  used  three  or  four  times  a  day, 
.soothes  the  eye,  and  helps  to  subdue  the  inflammation. 
Should  there  be  much  ciliary  irritation  from  inflamma- 
tion of  the  corneal  tissue,  atropine  is  indicated,  while, 
on  the  other  hand,  if  there  is  considerable  conjunctival 
secretion,  without  ciliary  irritation,  a  very  little  sulphate 
of  zinc  (gr.  ^—i  to  3  i.)  or  alum  (gr.  ss.-i.  to  3  i.)  may 
be  added,  with  benefit,  to  the  boric  acid  solution.  The 
patient  should  be  warned  that  the  improvement  in  the 
appearance  of  the  eye  will  be  slow,  else  he  may  suji- 
pose  the  ojieration  has  not  been  successful,  and  may 
mistake  the  vascularity  which  remains  for  some  time 
about  the  former  site  of  the  pterygium  for  a  return 
of  the  growth.  When  the  pterygium  has  encroached 
upon  the  cornea,  he  should  also  be  made  to  under- 
stand that  after  its  removal  a  more  or  less  perceptible 
opacity  will  remain.  Should  this  opacity  involve  the 
central  portion  of  the  cornea,  which  in  exceptional  in- 
stances is  the  case,  an  iridectomy  may  be  necessary  in 
order  to  obtain  a  pupil  behind  a  part  of  the  cornea  which 
is  clear. 

Tr.\umatic  Lesions  of  the  CoNjuNCTrvA. — The  con- 
junctiva is  occasionally  torn  or  cut  without  injury  to 
the  deeper  coats  of  the  eye.  Considerable  extravasation 
of  blood  into  the  loose  underlying  connective  tissue  and 
pronounced  anlema  arc  apt  to  supervene,  and  the  appear- 
ance of  the  eye  suggests  that  the  injury  is  much  more 
serious  than  is  actually  the  case.  The  edges  of  the 
wound,  if  they  show  a  disposition  to  gape,  should  be 
brought  into  apposition  with  fine,  black  silk  sutures,  and 
a  light  bandage  should  be  applied.  A  collyrium  of  boric 
acid  is  often  uscftd. 

Foreign  bodies  entering  the  eye  frequently  lodge  upon 
the  cornea,  but  rarely  attach  themselves  to  the  conjunc- 
tiva of  the  bulb  or  to  that  of  the  lower  lid.  Their  favor- 
ite resting  place,  however,  is  the  tarsal  conjunctiva  of 
the  upper  lid;  and  here  they  give  rise  to  an  especial 
amount  of  discomfort,  because  through  the  movements 
of  the  eyeball  and  the  lids  they  constantl_y  scrape  the 
surface  of  the  sensitive  cornea.  When  the  eyelid  is 
everted  they  are  brought  into  view  and  can  be  easily  re- 
moved— most  conveniently  by  means  of  a  wooden  tooth- 
pick, about  the  sharp  end  of  which  a  very  little  absorb- 
ent cotton  has  been  wound.  The  writer  recalls  but  one 
instance  in  many  years'  experience  in  which  a  foreign 
body — a  small  fragment  of  coal — was  found  in  tlie 
superior  retrotarsal  fold.  Probably,  when  foreign  sub- 
stances enter  this  region  thev  are  carried  bv  the  move- 


ments of  the  lid  toward  the  inner  cauthus  and  are  then 
easily  removed. 

Caustic  substances,  such  as  lime,  lye,  and  the  stronger 
acids,  and  molten  metal,  when  they  find  their  way  into 
the  conjunctival  sac,  are  likely  to  do  serious  damage. 
An  obstinate  inflammation  of  the  conjunctiva  is  almost 
sure  to  ensue;  but  when  the  caustic  action  has  involved 
neighboring  parts  of  the  bulbar  and  palpebral  conjunc- 
tiva, a  much  more  formidable  condition  is  apt  to  result 
— an  adhesion  may  occur  between  the  lid  and  the  eyeball, 
and  the  condition  known  as  si/iiMeji/ini-on  be  established. 
The  treatment  of  these  cases,  if  they  can  be  seen  at  once, 
is  the  application  of  an  agent  which  will  tend  to  neu- 
tralize the  caustic  substance  that  has  entered  the  eye. 
In  the  case  of  an  alkaline  caustic  the  conjunctival  sac 
sliould  be  washed  out  with  vinegar  or  acetic  acid  diluted 
with  water,  and  if  the  caustic  be  an  acid  a  solution  of 
bicarbonate  of  soda  should  be  similarly  employed.  The 
application  of  castor  oil  affords  relief  and  does  good  by 
protecting  the  bm-ned  surfaces.  Still  greater  relief  may 
be  obtained  by  using  a  solution  of  atropine  (the  alkaloid) 
in  castor  oil.     Holocaine  is  another  useful  remedy. 

If  a  disposition  to  union  between  the  bulbar  and  the 
palpebral  conjunctiva  manifests  itself,  every  ett'ort  should 
be  made  to  prevent  this.  The  lid  should  be  frequently 
drawn  away  from  the  eyeball  and  the  apposed  surfaces 
should  be  kept  coated  with  castor  oil  or  vaseline.  Suc- 
cess will  probably  be  attained  if  the  retrotarsal  fornix 
has  escaped  the  action  of  the  caustic ;  but  if  this  has  been 
seriously  involved  a  symblcpharon  will  almost  certainly 
develop  in  spite  of  all  we  may  do.  And.  under  such  cir- 
cumstances, any  subsequent  efforts  which  we  may  make 
to  undo  the  mischief  by  operative  procedure  is  likely  to 
be  e([uall}'  barren  of  results.  On  the  other  hand,  if  the 
symblcpharon  is  band-like  and  does  not  extend  to  the 
fornix,  a  good  result  :nay  be  almost  always  obtained  by 
operation. 

Athopinism,  etc. — An  inflammation  of  the  conjunc- 
tiva <if  follicular  type,  accompanied  usually  by  consider- 
able itching,  is  occasionally  excited  by  the  long-continued 
u,se  of  collyrla  containing  atropine,  eserine.  and  other 
drugs  of  similar  character.  Indeed,  there  are  individuals 
in  whom  a  single  application  to  the  eye  of  a  solution  of 
atropine  will  produce  a  marked  conjunctivitis,  and  not 
infreiiuently  such  individuals  are  equally  susceptible  to 
all  of  the  commonly  employed  mydriatics,  though  this  is 
not  always  the  case.  For  example,  the  writer  has  under 
observation  at  the  present  time  a  case  in  which  neither 
atropine  nor  hyoscyamine  was  tolerated,  and  another  in 
which  atrojiine  excited  after  a  few  days'  use  a  marked 
conjunctivitis,  in  each  of  which  he  is  now  using  sulphate 
of  duboisine  without  ill  effect.  The  withholding  of  the 
drug  to  which  the  susceptibility  is  shown  and  the  use  of 
a  collyrium  of  boric  aciil  will  soon  restore  the  eye  to  its 
normal  condition. 

Sriicox.irxcTivAL  nEMORRH.\GE. — This  condition, 
which  usually  manifests  itself  suddenly,  may  occur 
spontaneously  or  be  of  traumatic  origin.  Spells  of  vio- 
lent coughing,  vomiting,  or  sneezing  may  produce  it, 
while  in  some  instances  it  occurs,  perhaps  during  sleep, 
without  assignable  cause.  The  existence  of  angio- 
sclerosis  predisposes  to  it  as  to  hemon'hages  in  other  parts. 
It  not  infrequently  encircles  the  cornea  and  spreads  over 
the  whole  eyeball,  giving  to  it  a  bright-red  appearance, 
which  often  leads  to  the  belief  that  something  very  seri- 
ous has  happened.  It  is  usually  mistaken  for  "inflam- 
mation " ;  but  an  inspection  of  the  eye  shows  at  (mce  that 
the  redness  is  not  due  to  injection  of  the  conjunctival 
vessels.  It  may  give  rise  to  a  slight  soreness  of  the  eye- 
ball; but  bej'ond  this  it  causes  no  inconvenience  apart 
from  its  unsightliness.  During  the  process  of  absorption, 
which  may  occupy  two  or  three  weeks,  the  lu-ight  red 
color  of  the  extravasatcd  blood  changes  to  a  greenish- 
yellow.  Treatment  is  scarcely  called  for;  but  if  it  is  a 
matter  of  moment  to  hasten  the  restoration  of  the  nor- 
mal appearance  of  the  eye,  a  compress  bandage  and  the 
internal  administration  of  potassium  iodide  may  be  of 
some  avail. 
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Ahuyuia  Cox.rtxcTiv.i5. — From  tlu'  loiiKfoutiniipd 
aiilili<ati(iu  to  the  eyi'  of  iiitnitu  of  silver  a  iHTiiiuiii'iit 
stain,  usually  of  the  lower  tarsal  and  retrotar.sal  con- 
junctiva, but  occasionally  of  the  bull)ar  conjiuictiva  as 
"well,  may  result.  The  "white  of  the  eye"  assumes  an 
olive  Color,  while  the  retrolarsal  conjinictiva  anil  the 
inner  surface  of  the  liils  are  stained  a  bluish  <jray  or  slate 
color.  A  similar  discolonition  of  the  conjiuictiva  is  .said 
to  occur  in  persons  who.  owinc  to  the  nature  of  their 
cniployinent.  are  constantly  exposed  to  the  action  of 
silver  ilust  (Fuchs).  Cases  of  ariiyria  from  pnitai\!:ol 
have  been  re])orted.  and  as  tliis  priiiarati'in  of  silver  is 
more  jieiietrating  in  its  action  and  is  vised  more  lilierally 
than  the  nitrate,  it  is  probable  that  in  the  future  this 
condition  will  be  met  with  more  frequently  than  has 
been  the  case  hitherto.  The  stains  are  indelible.  DilTcr- 
ent  affcuts  have  been  employed  to  remove  them,  but 
without  success.  Simud  Tlieobald. 

CONNECTIVE  TISSUE.— Connective  tissue,  as  its 
name  siii;;;ests,  connects  and  binds  toirether  other  struct- 
ures. If  we  attempt  to  remove  the  sUin  from  the  under- 
lying; tissues  we  find  it  bound  to  them  by  delicate,  librous 
bands.  On  further  dissection  of  the  body  we  liud  the 
muscles  liound  tog'ether  by  tissue  whicli.  even  to  the 
naked  eye.  is  like  that  under  the  skin.  Sheaths  of  the 
same  sort  are  found  aliout  the  vessels  and  nerves,  beneath 
the  mucous  and  serous  membranes  and  in  many  other 
places.  This  is  connective  tissue.  Under  the  microscope 
it  is  characterized  by  an  extensive  develo]inient  of  tlie 
intercellular  substance,  and  it  is  the  intercellular  struct- 
ures and  not  the  cells  which  arc  of  functional  importance. 
Not  only  does  it  comprise  the  fascia\  the  subcutaneous 
and  subepithelial  areolar  tissue,  and  the  packing  sub- 
stance about  the  great  ves.scls  and  ner\t'S,  but.  in  modified 
forms,  it  makes  up  the  groundwork  of  the  spleen,  lymiili 
glauiis  and  marrow,  the  tendons,  aponeuroses  and  liga- 
ments, the  periosteum  and  perichondrium,  tlie  sclera  of 
the  ej-e,  and  the  membranes  of  the  central  nervous  system. 
The  supporting  tissues — bone  and  cartilage — are  closely 
related  to  it  lioth  histologically  and  embryologicalh'. 
Indeed,  no  tissue  occurs  so  universally  in  the  body,  and 
it  would  be  useless  to  try  to  give  a  list  of  places  where 
it  is  found.  All  the  blood-vessels  lie  in  tracks  of  it. 
'With  them  it  jienetrates  every  solid  organ,  and  binds  to- 
gether its  most  delicate  jiarts — the  fibres  of  the  muscle  or 
the  tubules  of  the  gland.  Though  inconspicuous,  it  is 
as  indispensable  in  the  make-up  of  any  organ  as  are  the 
rivets  in  the  building  of  a  ship. 

In  order  properly  to  understand  the  histologj'  of  con- 
nective tissue  and  to  appreciate  the  relationship  of  one  of 
its  forms  to  another  we  must  aiijiroach  the  subject  from 
the  embryological  standpoint.  Wc  will  therefore  con- 
sider first  embryonic  connective  tissue,  then  the  typical 
adult  fotm.  and  afterwanl  take  up  successively  the  vari- 
ous modifications. 

If  we  look  at  a  section  of  a  young  chick  embryo  we  see 
nothing  but  cells.  We  see,  moreover,  that  tliese  cells  are 
of  two  sorts — differing  markedly  in  shape  and  still  more 
markedly  in  their  relations  to  one  another.  The  covering 
of  the  body,  and  the  intestinal  canal,  the  rudiments  of 
the  central  nervous  system,  anil  any  viscera  that  may  be 
present  will  be  seen  to  consist  of  cells  tightly  packed  to- 
gether, forming  layers  or  membranes.  Such  a  layer  of 
closely  compacted  cells  is  called  an  epithelium.  Lying 
between  these  organs,  in  a  p<isition  comparable  to  the 
straw  in  a  barrel  of  crockery,  is  the  other  kind  of  cells. 
These  are  not  united  to  one  another  in  continuous  lavers, 
but  are  far  apart  and  loosely  packed,  the  interstices  ap- 
pearing empty  in  the  section.  This  is  the  "mesen- 
chyma."  It  gives  lise  in  the  further  development  of  the 
animal  to  many  other  things  than  connective  tissue. 
Still,  in  the  embryo  it  corresponds  so  closely,  in  structure 
and  relations  to  other  parts,  to  our  conception  of  connec- 
tive tissue  in  the  adult  that  it  is  justifiable  to  call  it 
"embryonic  connective  tissue." 

If  we  trace  the  development  of  the  mcscnchyma  back 
we  find  that  it  arises  from  the  mesoderm  or  middle  germ 


layer.  A  discussion  of  the  develo)iment  of  the  m<soderm 
would  be  out  of  place  here;  but  it  is  enough  to  say  that 
at  one  period  it  forms  a  fairly  compact  layer  in  w  hieh 
subsequently  a  cavity  arises.  The  epithelium-like  lining 
of  this  cavity  makes  up  the  nu'sothelium.  The  rest  of 
the  cells  of  the  mesoderm  form  the  mesenehynia. 

Emiiuvoxic  Coxxf.ctive  Tissiio  or  .Mksk'xciivm.v  con- 
sists histologicallv  of  (n)  cells  and  (b)  an  intercellular 
matrix  (see  Fig.  1400). 

The  Cells  have  large  and  round  or  oval  nuclei  with  one 
or  more  granules  of  chromatin.  In  stained  sections  the 
nucleus  apjiears  to  be  distinctly  vesicular,  and  does  not 
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Fig.  1490.— Embryonic  Coniieetivp  Tissue  (Mesenehyuiai  from  Em- 
bryo Cliii'k.     >.  7(1(1. 

color  deeply.  It  often  shows  karyokinetic  figures.  In 
early  embryos  the  nucleus  is  siiiToiinded  liy  but  little 
protoplasm.  Later  the  amount  is  greater.  "  The  |iroto- 
plasin  is  finely  granular  and  no  cell  wall  is  recognizable. 
The  shape  of  the  individual  cell  is  stellate,  with  irregular 
tapering  and  branching  processes  projecting  in  all  direc- 
tions. The  branches  of  each  anastomose  freely  with 
those  of  its  neighbors,  so  that  the  protoplasm  is  continu- 
ous from  cell  to  cell.  Indeed,  the  anastomosis  is  often  .so 
free  and  the  cell  bodies  ,so  inconspicuous  that  the  mesen- 
ehynia may  be  described  as  a  network  or  spongework  of 
protoplasm,  with  the  nuclei  at  the  thick  places  where 
the  strands  meet. 

The  matrix  is  an  albuminous  fluid  of  slight  consistence. 
It  is  the  intercellular  juice  of  the  embryo. 

The  further  development  of  the  mesenehynia  into  adult 
structures  takes  place  by  virtue  of  (1)  changes  mainly  in 
the  intercellular  substance,  (2)  changes  mainfy  in  the  cells, 
or  (3)  more  complicated  changes  involving  both  the 
matrix  and  the  cells  and  giving  rise  to  special  structures. 
Thus,  for  instance,  we  have  fat  cells  and  smooth  mu.scle 
fibresarising  b.y  differentiation  of  the  mesenchymal  cells. 
In  such  tissues,  to  be  sure,  the  intercellular"  substance 
undergoes  modification,  but  the  function  of  adijiose  or 
muscular  tissue  depends  rather  upon  the  cells.  The 
walls  of  tlie  blood-ves.sels  are  examples  of  the  third  class 
of  mesenchymal  tissues:  they  show  complicated  changes 
both  in  the  cells  and  in  the  matrix.  But  it  is  with  the 
first  class  that  this  article  has  chiefly  to  deal — with  tissues 
differentiated  from  the  mesenchyina  mainly  b\'  changes 
in  the  intercellular  substance. 

This  class  includes  the  supporting  tissues  and  the 
connecting  tissues.  The  supporting  tis.sues  are  bone  and 
cartilage.  Their  cells  differ  from  those  of  the  mesen- 
ehynia in  shape  and  arrangement,  but  bone  is  bone  and 
cartilage  is  cartilage  because  the  fluid  matrix  has  been 
replaced  by  lime  salts  or  chondrin.  The  same  is  true  of 
connective  tissue.  Its  distinguishing  features  and  the 
physical  characters  to  which  it  owes  its  function  are  due 
to  the  intercellular  structures. 

OuDix.\RY  Adii.t  Coxxkctive  TissrE  consists  of  the 
following  elements:  (n)  Matrix:  (A)  fibres;  (c)  elastic  net- 
work: ((/)  cells.  The  cells  and  the  matrix  arc  present  in 
the  embryonic  form.  All  the  cells  of  the  adult  form  of 
connective  tissue  are  developed  from  cells  of  the  me.sen- 
chvma.     The  elastic  network  and  the  fibres  arc  not  found 
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in  embryonic  connective  tissue.  These  various  elements 
may  best  be  studied  by  excising  small  bits  of  tlie  subcu- 
taneous connective  tissue  of  a  rabbit  and  examining  them 
fresh  in  normal  salt  solution  (see  Fig.  1491). 

(ii)  The  matrix  of  adult  connective  tissue  is  not  much 
different  from  that  of  the  embr3"onic  form.  It  is  still  a 
soft,  homogeneous,  albuminous  substance. 

(b)  The  fibres  are  perhaps  the  most  important,  from  a 
physiological  point  of  view,  of  the  constituents  of  con- 
nective tissue.     They  are  long,  wavy  bundles,  running 
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Fig.  1491.  -Subcutaneous    Connective    Tissue    o!    Rabbit.      Fresh, 
"  teased  "  specimen.    X  3.50. 

through  the  matrix  amongst  the  cells.  Each  fibre  is 
composed  of  a  large  number  of  fine  fibiilla'.  The  latter 
are  filaments  of  the  most  extreme  delicacy.  They  do  not 
vary  much  in  diameter,  the  size  of  the  fibre  depending 
upon  the  number  of  tibrilla;,  and  not  upon  the  calibre  of 
the  individual  elements.  Large  fibres  may  split  into 
smaller  ones,  V)Ut  the  individual  fibrillae  do  not  branch. 
The  ari'angenieut  and  relative  number  of  fibres  vary  in 
different  forms  of  connective  tissue,  as  will  be  ]>resently 
described.  They  are  best  stained  with  Mallory's  con- 
nective-tissue stain.  In  large  masses  they  are  white  in 
appearance.     They  are  not  elastic. 

On  boiling  the  fibrilke  are  converted  into  gelatin. 
They  swell  up  and  become  transparent  when  treated  with 
acetic  acid,  and  are  destroyed  by  alkalies. 

The  origin  of  the  fibres  Is  not  thoroughly  tmderstood. 
They  were  formerly  thought  to  arise  from  the  trans- 
formation of  elongated  cells.  At  present,  however,  that 
they  arise  in  the  matrix,  entirely  apart  from  the  cells 
themselves,  b_v  a  process  more  comparable  to  the  forma- 
tion of  fibrin  in  clotting,  seems  more  piobable. 

((•)  The  elastic  nctirork  is  also  iutercellidar.  It  differs 
from  the  fibres  already  described  in  appearance  and 
structure,  iij  chemical  and  physical  properties,  and  in 
physiological  function.  It  consists  of  solid  strands  of 
a  higlily  retractile  substance.  Unlike  the  white  fibres 
these  strands  are  homogeneous — not  composed  of  fibriila>. 
They  anastomose  freely  so  as  to  make  a  network.  In 
fact,  this  characteristic  is  so  well  marked  that  it  is  better 
not  to  use  the  tena  "fibres"  at  all  in  speaking  of  them, 

but  to  speak  of  the  "  net- 
work," reserving  the  word 
"fibres"  for  the  white, 
non-elastic,  flbrillated 
structures  described  in  a 
preceding  jiaragra  ph 
(Minot).  The  strands  dif- 
fer greatly  in  calibre. 
The}-  may  be  extremely 
fine,  so  tliat  the  network 
is  delicate  and  open- 
meshed,  as  in  Fig.  1491, 
or  they  may  be  so  thick. 
especially  at  the  anastomosing  points,  that  the  network 
presents  the  appearance  of  a  solid  plate  perforated  by 
sieve-like  openings.  Such  a  dense  mass  of  elastic  material 
is  represented  in  Fig.  1492.  Where  one  of  the  delicate 
strands  is  broken  it  tisually  curls  up,  as  is  shown  in 


Fig.  1492. —Elastic  Network  from 
Wall  ot  Artery.  X  vai  and  re- 
duced. 


the 


Fig.  1491.     But,  throughout  all  of  its  vaiiations, 
elastic  material  is  always  a  continuous  network. 

Chemically  the  network  is  composed  of  clastin.  This 
is  not  converted  into  gelatin  by  boiling.  It  resists  the 
action  of  acids,  so  that  when  tissues  containing  both 
fibres  and  network  are  treated  with  acetic  acid  the  fibres 
swell  up  and  become  inconspicuous  and  the  elastic  net- 
work is  brought  out  very  clearly  and  sharply.  It  differs 
from  the  fibres  also  in  staining  reactions  and  is  evidently 
not  at  all  of  the  same  chemical  nature.  It  is  best  differ- 
entiated by  staining  with  Weigert's  resorciu  fuchsine. 
According  to  Mall  the  strands  of  elastin  are  enclosed  in 
delicate  sheaths  of  a  different  chemical  nature. 

In  mass  the  elastic  material  is  yellow,  and.  as  its  name 
implies,  possesses  elasticity.  These  properties  are  the 
distinguishing  features  of  connective  tissue  in  which  it 
predominates,  as  contrasted  with  the  white,  inelastic 
tissue  in  which  the  flbrillated  flbres  are  in  the  ascendant. 

Concerning  the  embryological  origin  of  the  elastic  net- 
work there  is  still  some  doubt.  According  to  certain  ob- 
servers the  network  arises 
from  the  protoplasm  of 
anastomosing  cells,  and 
special  relations  of  the 
network  to  the  nuclei  of 
the  connective-tissue  cells 
have  been  demonstrated. 
But  the  signiflcance  of 
this  connection  is  not 
clearly  shown.  This  view, 
like  the  similar  one  in  re- 
gard to  the  white  fibres, 
is  warmly  supported  by 
those  who.  from  theoreti- 
cal considerations,"  believe 
that  all  parts  of  the  or- 
ganism are  composed  of 
cells  or  their  derivatives. 
A  much  more  plausible 
view  is  that  the  elastic 
network,  like  the  fibres,  is 
deposited  in  the  matrix 
and  is  not  formed  l)y  di- 
rect transformation  of 
cells.  Indeed.  Ranvier 
has  shown  conclusivelj- 
that  elastin  is  deposited  first  in  the  form  of  little  glo- 
bules arranged  in  rows  which  subseciucntly  fuse  into 
plates  or  anastomosing  strands. 

('/)  The  cells  of  adult  connective  tissue  are  often  much 
modified  from  those  of  the  mesenchyma  which  are  their 
ancestors.  The  greater  i)art  of  them  are  still  stellate  in 
outline — and  still  retain  the  protoplasmic  processes  con- 
necting them  with  each  other.  But  the  great  develop- 
ment of  the  intercellular  structures  has  resulted  in  marked 
changes  in  form  and  appearance.  They  are  flattened  and 
grouped  in  various  ways.  They  are  comparatively  few 
in  number.  Xot  only  do  they  tend  to  be  flattened  be- 
tween the  fibres,  but  they  form  more  or  less  definite 
sheaths  about  some  of  the  larger  bundles.  Such  sheaths 
are  at  times  so  complete  that  the  cells  are  united  by  their 
edges  as  in  an  epithelium.  Perhaps  close  to  these  will 
be  found  other  cells,  farther  apart  and  united  to  one 
another  and  to  the  cells  in  the  sheaths  only  by  their  long 
protoplasmic  processes.  They  may  be  wavy  or  elon- 
gated.    Thus  they  differ  much  in  ajipearance. 

In  addition  to  these  ordinary  connective-tissue  cells, 
two  sjiecial  varieties  have  been  described — plasma  cells 
and  granular  or  mast  cells.  JIucli  confusion  exists  in 
the  use  of  these  terms,  as  the  original  cells  described  by 
AValdeyer  as  plasma  cells  were  afterward  described  by 
Ehrlich  as  mast  cells;  while  Unna  applied  the  term 
plasma  cells  to  the  granular  cells  of  Waldeyer.  In  this 
article  the  terms  will  be  used  as  applied  by  Unna  and 
Ehriich. 

Plasma  cells  are  distinguished  b}'  the  absence  of 
prominent  granules  in  the  protoplasm.  The  latter  stains 
with  basic  aniline  dyes  and  is  often  irregularly  colored 


Fifi.  1493.  — Elastic  Network  from 
Ligamenta  Subflava.  (From 
Quaiu's  '•  Anatomy.") 
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or  vaciiohitctl.  The  fells  may  be  elongated  or  branched. 
Althouirh  observed  in  normal  tissues  they  are  more  char- 
acteristic of  palhohigical  conditions.  Their  derivation, 
signiticancc,  and  tiinetion  are  unknown. 

Granular  or  mast  cells  are  connective-tissue  cells  hav- 
ing prominent  gninides  in  their  protoplasm.  These 
granules  stain  intensely  with  certain  aniline  dyes  and 
iiave  also  given  the  name  "eosiuophile "  to  the  cells. 
The  latter  are  more  apt  to  lie  spherical  than  the  jilasma 
cells.  They  occur  in  normal  as  well  as  in  diseased  tissues. 
As  in  plasina  cells  we  do  not  know  their  signiticauce  or 
function. 

Leucocytes  are  often  found  wandering  about  in  the  in- 
tercellular lluid.  But  they  are  to  be  regarded  as  invaders 
and  not  as  elements  of  connective  tis.sue  at  all. 

Besides  the  protoidasmic  granules  mentioned  as  occur- 
ring in  certain  connective-tissue  cells  the  latter  luay  con- 
tain two  other  important  visible  substances — pigment  and 
fat.  Pigment  is  deposited  in  the  form  of  dark-brown 
granules  of  a  substance  called  melanin.  It  is  found  in 
the  irregular,  branching  cells.  The  amount  varies  from 
a  few  giTinules  to  such  a  large  number  that  the  nucleus  is 
completely  hidden.  Tlie  coloring  of  many  portions  of 
the  body,"  both  in  man  and  in  animals,  is  dtie  to  cells  of 
this  sort.  Moreover,  the  pigment  of  the  epithelium  is 
probably  originally  of  this  nature,  being  formed  in  con- 
nective-tissue cells  which  wander  into  the  epithelium  and 
deposit  their  ])igment  there.  Fat  is  deposited  in  the  cells 
of  connective  tissue  in  much  the  same  way  as  pigment  is 
laid  down  in  them.  Little  droplets  of  fat  appear  in  the 
protoplasm — maiidy  in  the  granular  cells.  These  drop- 
lets, at  first  small,  become  larger  and  more  numerous  till 
finally  they  fuse  into  one  large  drop.  This  fills  the  cell 
and  ilisteiids  it  to  many  times  its  original  size.  The 
protoplasm  remains  about  the  globule  of  fat  as  a  thin 
envelope  C(mtaining  at  one  point  the  flattened  nucleus. 
Accumulations  of  such  cells  bound  together  by  the  ordi- 
nary elements  of  connective  tissue,  and  abundantly  sup- 
plied with  blood-vessels,  constitute  adipose  tissue. 

To  recapitulate:  adult  connective  tissue  consists  of 
cells  and  a  fluid  matrix,  in  the  latter  of  which  are  present 
two  structures,  dilfering  from  each  other  histologically, 
chemically,  and  physiologically — viz. :  white,  non-elastic, 
fibrillated"  fibres,  and  a  homogeneous,  yellow,  elastic  net- 
work. The  cells  are  of  four  kinds:  common  flattened  or 
lamellar  cells,  plasma  cells  and  granule  cells,  all  of  which 
are  true  connective-tissue  elements,  and  wandering  leuco- 
cytes which  are  not  to  be  regarded  as  connective-tissue 
cells  at  all.  Connective-tissue  cells  may  contain  fat  or 
pigment. 

Adidt  connective  tissue  may  be  classified  according  to 
the  predominance  of  one  or  the  other  of  its  intercellular 
elements,  as  fibrous,  elastic,  and  fibro-elastic. 

In  fbroiis  couiieetire  tiifsue,  which  is  perhaps  the  most 
typical  and  widespread  form,  the  fibres  predominate  over 
the  elastic  network.     Examples  are  seen  in  the  aponeu- 
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Fio.  U^4.-Seotion  of  ConnecUve  Tissue  from  Wall  of  Vapina.    Only 
tLe  nuclei  of  the  cells— not  the  protoplasm— can  be  seen.    X  700. 

roses,  the  tendons  and  ligaments,  the  periosteum  and  the 
dura.  All  these  structules  are  white  when  seen  in  mass 
and  will  not  stretch. 

In  ehutic  connective  tixx'ie  the  network  predominates 
over  the  white  fibres.     The  resulting  tissue  is  yellow  in 


macroscopic  amoimts  and  is  capable  of  stretching  much 
and  then  returning  to  its  original  condition.  Tlje  class- 
ical example  is  the  litjdiiiuidiiii  nnfhii;  of  large  i|ua(lru- 
peds.  like  the  horse.  In  these  animals  the  ligament  ex- 
tends from  the  vertebral  spines  to  the  occii>ut  and  supjiorts 
the  head.  When  the  head  is  depres.sed  the  ligament  is 
stretched,  anil  it  acts  as  a  sort  of  spring  when  the  head 
is  elevated  again.     In  man.  according  to  Shafer  (tjiniin's 
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Fig.  Ui)5.— Mucous   Connective   Tissue   from   the   Cmbilical   Cord. 
X  332. 

"Anatomy,"  vol.  i.),  it  occurs  as  follows:  (1)  In  the  liga- 
menta  mibpim.  between  the  vertebral  arches,  where  its 
elasticity  permits  the  sjiine  to  be  flexed,  (i)  In  the 
stylo-hyoid  and  crico-thyroid  ligaments  and  in  the  vocal 
cords  and  trachea.     (3)  In  the  coats  of  the  blood-vessels. 

In  fibro-elaitic  connective  tisaue  both  fil.ires  and  elastic 
network  are  present  in  considerable  quantities.  Stretch- 
ing is  hence  allowed,  but  the  elasticity  is  limited.  It 
will  of  course  approach  fibrous  tissue  on  the  one  hand 
and  elastic  tissue  on  the  other.  The  classification  here 
given  is  merely  one  of  degree,  and  no  sharp  Ijoundaiy 
lines  can  be  drawn.  The  best  example  of  fibro-elastic 
connective  tissue  is  perhaps  the  adventitia  of  the  larger 
arteiies.  Here  we  can  readily  recognize  both  the  fibres 
and  the  elastic  material.  Other  good  examples  are  seen 
in  the  submucous  laj-ers  of  the  oesophagus  and  of  the 
vagina  (see  Fig.  1-194). 

In  stained  microscopical  sections  of  ordinary  connec- 
tive tissue  we  recognize  all  the  elements  described.  The 
fibres  usually  make  up  the  greater  part  of  the  section. 
Their  direction  and  compactness  will  be  evident  at  a 
glance  and  will  of  course  depend  on  the  source  of  the 
specimen  examined.  The  elastic  elements  are  white 
(yellow  only  in  macroscopical  amotmts).  glistening,  and 
highly  retractile.  They  usually  form  thick,  wavy  bauds 
lying  amongst  the  fibres.  Though  not  ditlieult  to  recog- 
nize in  stained  sections,  it  is  impossible  in  a  drawing  like 
Fig.  149-t  to  even  approximate  their  actual  appearance. 
They  are  best  studied  by  the  beginner  in  the  walls  of  the 
arteries. 

The  cells,  in  dense  fonns  of  connective  tissue,  are  flat- 
tened between  the  wavy  bundles  of  fibrilUe.  This  makes 
it  difficult  to  recognize  the  protoplasm,  so  that  about  all 
we  see  of  them  in  sections  is  the  nuclei.  As  the  latter 
also  conform  to  the  pressure  of  the  surrounding  fibres 
they  are  elongated  and  wavy  and  often  have  character- 
istically pointed  tips.  This  pointed  shape,  together 
with  their  deeper  staining,  is  in  sharp  contrast  to  the 
nuclei  of  smooth  muscle  fibres  with  which  students  arc 
disposed  to  confuse  them.  They  stain  very  deeply  and 
homogeneously,  so  that  in  ordinary  siieciinens  little  or 
no  intranuclear  structure  can  be  made  out. 

In  the  foregoing  description.  I  have  dealt  with  the 
typical  form  of  connective  tissue,  such,  for  example,  as 
occurs  beneath  the  skin  or  mucous  membranes.  There 
remains  to  be  described  the  various  special  modifications, 
all  of  which  are  best  understood  by  remembering  their 
embryological  evolution.  We  have  also  to  define  certain 
more  or  less  appropriate  terms  in  common  use. 

Mucous  connective  tinxue  or  "  Wharton's  jelly  "  (Fig.  149.5) 
is  only  slightly  modified  fiom  the  mesenchyma.  The 
cells   "remain    almost   unchanged.     Their  small,    proto- 
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plasmic  bodies  surrounding  the  rather  large,  vesicular 
nuclei  send  off  tapering  processes.  The  latter  branch 
and  anastomose  freely  with  those  of  neighboring  cells. 
The  large  intercellular  spaces  are  tilled  with  mucin,  and 


fl.xed  cell. 


lymphoid  cell. 


Fig.  1496.— Rpticular  Connective  Tissue  from  Lymph  Gland  of  Dog. 
Tlie  upper  Ifft-har.d  portion  of  the  flgiire  consists  of  adenoid  or 
lymphoid  tissue.    X  6U0. 

there  are  also  a  few  poorly  developed  fibres.  The  mucin 
gives  the  whole  the  peculiar  jelly-like,  translucent  look 
in  gross  amounts,  which  is  familiarly  seen  in  the  umbilical 
cord.  The  umbilical  cord  represents  its  only  normal  oc- 
currence in  man.  It  is  more  abundant  in  lower  forms  of 
life.  In  the  human  adult  it  is  not  normally  present  at  all. 
Pathologically  it  is  seen  in  myxomata.  the  commonest 
example  of  which  is  the  ordinary  nasal  polyp. 

Reticular  contieelire  tissue  is  a  highly  specialized  form 
of  connective  tissue  found  in  the  spleen,  lymph  glands, 
tonsils,  the  solitary  and  agminated  follicles  of  the  intes- 
tine, the  submucosa  of  the  digestive  tittct.  and  in  other 
places.  Its  structure  has  always  been  obscure.  Ordinary 
microscopical  sections  show  little  more  than  a  mass  of 
nuclei.  These  are  easily  seen,  however,  to  be  of  two 
sorts  (see  Fig.  1496).  Some  are  small,  deeply  stained,  and 
round.  Others  are  often  oval,  larger,  vesicular  in  cliar- 
acter  with  a  well-marked  nuclear  menibnine  and  with 
nuclear  contents  staining  but  faintly  Siivc  for  one  or  more 
granules  of  chromatin — in  other  words,  nuclei  like  those 
of  the  mesenchyma.  Careful  study  of  favorable  sections 
will  show  some  of  the  protoplasmic  bodies  of  the  cells  to 
which  these  nuclei  belong.  The  outlines  of  tlie  cells  to 
which  belong  the  small  dark  nuclei  are  simply  circles — 
in  other  words  the  cells  are  like  the  young  mononuclear 
leucocytes  and  are  hence  called  "lytuphoid  "  cells.  The 
other  nuclei  are  sometimes  surrounded  by  irregular 
masses  of  protoplasm  with  obscure  branches.  They  are 
the  fixed  connective-tissue  cells  of  the  part.  The  lym- 
phoid cells  are  not  fixed,  but  may  be  regarded  as  simply 
floating  in  the  matrix.  The  differences  between  the  two 
tvpes  of  cells  are  well  shown  in  the  accompauving  illus- 
tration (Fig.  1496). 

If  we  treat  a  section  in  appropriate  reagents  and  shake 
it  vigorously  before  mounting,  most  of  the  lymphoid 
cells  may  be  removed  and  the  other  parts  show  more 
clearly.  Such  a  section  shows  a  network  of  rather  large 
anastomosing  strands  containing  the  nuclei  of  the  fixed 
cells.  Its  appearance  resembles  very  closely  that  of  the 
omentum  of  certain  aniiuals.  such  as  the  dog.  Here  in- 
stead of  being  two  layers  of  flattened  epithelial  cells  with 
a  little  connective  tissue  between,  as  in  man.  the  omentum 
consists  of  an  opcn-meshed  network  of  delicate  fibres,  the 
latter  being  surrounded  by  tube-like  sheaths  of  cells,  so 
that  the  whole  is  like  a  sieve  full  of  holes.  Ordinary 
specimens  show  neither  fibres  nor  cell  outlines,  but  only 
the  nuclei  lying  upon  the  strands  of  the  network.  Now 
shaken  sections  of  reticular  tissue  look  like  this,  except 
that  the  fibres  are  not  all  in  one  plane,  but  run  in  many 
directions. 

This  appearance  has  given  rise  to  a  controversy  in 
■which  the  last  word  has  not  yet  been  spoken.  Does  the 
reticulum  consist  of  a  network  of  cells  alone,  or  of  fibres 
alone,  or  of  fibres  with  cells  in  close  relation  to  them?  It 
seems  to  the  winter  that  this  question  is  answered  by 
specimens  in  which  all  of  the  cells  have  been  removed 


by  digestion,  or  in  which  only  the  fibres  are  stained.  In 
such  sections  we  still  see  a  network  of  tibrillated  fibres 
interlacing  and  crossing  one  another  in  all  directions  so 
as  to  make  a  framework.  These  fibres,  in  organs  like 
lymph  glands,  are  continued  directly  into  the  more 
dense'.}"  packed  fibres  of  the  capsule.  In  the  fresh  state 
the  fibres  are  surrounded  b\'  the  flattened  connective- 
tissue  cells  which  make  sheaths,  more  or  less  definite, 
about  them,  in  much  the  same  way  as  do  the  endothelial 
cells  in  the  dog's  omentum.  That  this  is  the  case  is  also 
proven  by  staining  in  such  a  way  as  to  show  the  outlines 
of  the  individual  cells.  This  flattening  out  of  mesen- 
chymal cells  to  form  membranes  is  seen  in  many  other 
regions, — notably  in  the  endothelia  of  the  blood-vessels. 
The  intercellular,  anastomosing  processes  are  doubtless 
preserved,  and  if  we  a.ssume  that  these  fixed  cells  are  also 
connected  by  their  protoplasmic  processes  with  the  con- 
nective-tissue cells  in  the  capsule  the  relations  become 
clear.  Each  of  the  fibres  of  reticular  connective  tissue, 
then,  consists  of  a  central  core  of  fibiilUv  surrounded  by 
a  more  or  less  definite  tube  of  flattened  mesenchymal 
(endothelial)  cells.  According  to  3IaU  the  fibres  in  reticu- 
lar connective  tissue  differ  both  from  the  white  fibres 
and  from  the  yellow  elastic  network,  and  consist  of  a 
third  substance  called  reticulum. 

The  tenns  adenoid  tissue  and  lymphoid  tissue  refer  to  a 
form  of  reticular  tissue  whose  spaces  are  filled  full  of 
floating  lymphoid  cells,  so  that  the  fixed  cells  are  vastly 
outnumbered.  Such  tissue  is  found  in  the  tonsils,  the 
secondary  nodules  of  the  lymph  glands,  the  ilalpighian 
corpuscles  of  the  spleeu.  the  solitary  follicles,  and  Peyer's 
patches  of  the  Intestine.  This  tissue  is  represented  in 
a  portion  of  Fig.  1496. 

Areohir  or  interstitiitl  tissue  is  a  loose  form  of  connec- 
tive tissue  where  the  fibres  and  strands  of  the  clastic  net- 
work run  in  all  directions,  not  being  disposed  in  layers. 
Such  is  the  ti.ssue  shown  in  the  teased  specimen  repre- 
sented in  Fig.  14U1.  It  is  perhaps  the  most  typical  form 
of  connective  tissue.  It  occurs  underneath  the  skin  and 
mucous  membranes,  about  the  vessels  and  nerves,  and  in 
the  various  places  where  its  function  is  to  connect  loosely 
parts  between  which  a  considerable  degree  of  motility  is 
required. 

Fibrous  membranes,  like  the  )ieriosteum  and  perichon- 
drium, the  fascist;  and  the  dura  are  made  up  of  connec- 
tive tissue  of  the  adult  type.  The  fibres  are  especially 
well  developed  and  make  up  the  greater  bulk  of  the 
tissue.  They  are  densely  packed  together  so  that  there 
is  little  fluid  matrix.  A  small  amount  of  elastic  network 
is  present  even  in  places  where  elasticity  is  hardly  a 
feature  of  the  gross  membrane,  as  in  the  periosteum. 

Ligaments  and  tendons  (Figs.  1497  and  1498)  are  also 
made  up  of  dense  connective  tissue,  the  most  marked 
histological  peculiarity  being  that  the  fibres  all  run  in 
the  same  direction  and  are  gathered  into  parallel  bundles. 
The  cells  occur  between  these  bundles,  their  form  and 


tendon 

cells. 


Fig.  U97.— Cross  Section  of  Tendo  Achillis.    X  332. 

arrangement  being  determined  by  the  positions  in  which 
they  lie.  Thus  they  form  characteristic  chains,  as  is  well 
shown  in  Fig.  1498.  It  will  be  noticed  in  such  longitudi- 
nal sections  that  the  nuclei  are  generallv  near  the  ends  of 
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the  cells.  Often  the  cells  appear  to  be  in  groups  of  two, 
for  the  reaso'i  that  the  uuclci  of  a  pair  of  cells  arc  in  the 
adjacent  ends  of  their  respective  cell  bodies.  The  nuclei 
may  be  Hat  or  they  may  be  round  or  oval.  In  such 
lonjrituilinal  scctmns  we  see  little  trace  of  the  stellate 
form  that  the  cells  once  had  when  they  formed  part  of  the 
embryonic  mesencliyma.  In  cross  sections  (Fijr.  14!i7), 
however,  we  see  a  strikingly  ilillerent  picture.  We  now 
have  stellate  cells  whose  long  proces-sesanastomose  freely 
— those  of  one  cell  with  those  of  another.  In  fact,  each 
tendon  corpuscle  sends  out  latend  lamellar  jirocesses, 
lying  in  planes  parallel  to  the  general' direction  of  the 


Fig.  ]4ys.— i/)n0tudinal  View  of  Tendon  of  Rat's  Tall.    X  450. 

tendon,  and  these  lamella;  break  up  into  the  anastomosing 
branches.  Hence  the  striking  difference  in  appearance 
between  cross  and  longitudinal  sections. 

There  are  many  other  special  modifications  of  connec- 
tive tissue,  such  as  the  submucosa  of  the  uterus  and  the 
cornea  and  sclera  of  the  eye,  but  these  are  best  treated 
in  connection  with  the  organ  to  which  they  belong. 
There  are  also  tissues  belonging  to  the  third  group  in  the 
classilicatiou  of  mesenchymal  tissues — structures  de- 
veloped from  the  mesencliyma  by  changes  both  in  the 
cells  and  in  the  intercellular  niatri.\.  These  are  not  com- 
monly classed  as  connective  tissue  at  all,  but  they  are 
closely  allied  to  it.  Take,  for  example,  the  walls  of  the 
arteries.  Nothing  enters  into  their  composition  but  mes- 
enchymal cells  and  the  various  intercellular  structures  of 
connective  tissue.  The  flattened  endothelial  cells  of  the 
intima  are  modified  mesenchymal  cells,  as  are  also  the 
smooth  muscle-tibres  of  the  media.  The  elastic  plate  of 
the  intima  and  the  fibres  and  elastic  tissue  of  the  adven- 
titia  are  the  same  intercellular  structures  found  in  con- 
nective tissue. 

Such  structures  as  these  are  not  classed  ordinarily  as 
connective  tissue  at  all.  In  concluding  this  article,  how- 
ever, the  writer  wishes  to  emphasize  the  importance  of 
the  embryological  aspect  in  understanding  not  only  the 
bistologj'  of  tlie  various  forms  of  connective  tissue,  but 
also  their  essential  unit.v.  Salph  C.  Larrabee. 

For  bibliography,  consult :  QuBln's  Anatomy,  vol,  1„  1891.  p.  343.  C. 
S.  Minot :  H  uman  Embryology.  1811:^.  J .  Disse ;  Das  retikiilare 
Blndegewel>e,  in  Ergebo.  d.  Anat.  u.  Eutwickelungsgesch..  Anat. 
Hefte,  vii.,  isit;.  p.  9. 

CONSANGUINITY.— This  term  denotes  blood  relation- 
ship, and  is  to  be  distinguished  from  affinity,  which 
signifies  relationship  by  marriage.  The  husband  bears 
the  same  relation  to  certain  individuals  by  afiinity  that 
the  wife  bears  by  consanguinity.  But  two  persons,  each 
related  to  a  third  person  by  affinity,  have  thereby  no 
affinit}- for  each  other. 

The  prinei|)al  importance,  from  a  medical  point  of 
view,  of  the  subject  of  consjinguinity  is  in  the  effect  pro- 
duced ujion  offspring  by  the  fact  of  such  a  relation  ex- 
isting between  the  parents.  In  part  from  a  belief  iu  the 
injurious  effects  upon  offspring  of  marriages  between 
near  kin.  in  part  from  the  influence  of  authority,  and  in 
part  from  a  natural  repugnance  to  such  unions,  legal 
prohibitions  liave  been  placed  in  many  countries  lipon 
marriages  between  persons  who  are  within  certain 
specified  degrees  of  consanguinity.     In  some  instances 


these  restrictions  have  been  extended  from  the  field  of 
consiinguinity  to  that  of  afiinity.  In  England,  for  ex- 
ample, for  the  past  two  hundred" years  it  has  been  illegal 
for  a  man  to  marry  his  deceased  wife's  sister,  a  relation 
obviously  not  within  the  bounds  of  consanguinity  at  all. 

Consangm'nity  may  be  either  lineal  or  collateral.  The 
former  is  reckon<Ml  between  jiersons  in  the  direct  line  of 
descent,  either  downward  from  progenitor  to  descendant, 
or  upward  from  descendant  to  progenitor.  Collateral 
consanguinity  exists  between  two  [lersous  descended,  not 
the  one  from  the  other,  but  both  from  some  common  an- 
cestor. The  degree  of  consjuiguinity  is  measured  in  the 
first  instance  by  the  number  of  generations  separating 
the  two  individuals.  Thus  grandfatlier  and  grandchild 
are  in  the  seeonil  degree  of  lineal  or  direct  consiinguinity. 
In  deliningthe  degree  of  collateral  or  indirect  consanguin- 
ity two  dilTerenl  methods  have  been  used,  which  have 
given  ri.se  to  some  confusion.  By  the  civil  law  the  degree 
is  measured  by  counting  the  ntnnber  of  generations  up- 
ward from  one  individiuil  to  the  common  ancestor,  and 
thence  downward  to  the  other.  By  the  canon  law  the 
number  of  degrees  are  counted  only  in  one  line  (that 
which  isthe  longerof  the  two)  from  thecommon  ancestor. 

Thus,  supposing  F  and  G  to  be  great-grand- 
children of  A,  and  hence  second  cousins,  as  by       -^ 
the  accompanying   diagram,   according   to   the     ^^' — 
civil  law  they"  would  be  in  the  sixth  degree  of     ^     C 
consiinguinity,  while   by   the   canon   law   they     {•)     jj 
would  lie  in  the  third.     The  imperfectnessof  the      i        i 
latter  mode  of  reckoning  is  shown  by  the  fact     F      G 
that  G  would  also  be  in  Uie  .siune  degree  of  con-     j£     j 
sanguinity,  viz.,  the  third,  to  A,  B,  and  D  ;  but 
in  the  fourth  degree  to  H,  the  count  then  l)eing  made  in 
the  other,  or  longer  line.      Evidently,  a  prohibition  of 
marriages  within  the  third  degree,  niiide  by  the  civil  law, 
would  become  much  more  onerous  if  interpreted  in  ac- 
cordance with  the  canon  law.     This  was  actually  done 
by  Pope  Gregory  I.  (a.d.  .59(1-604). 

iluch  diversity  has  prevailed  among  different  nations 
in  their  views  concerning  the  marriage  of  kin.  The 
traditions  of  the  ancient  mythologies,  in  their  account, 
for  instance,  of  the  relations  between  Jupiter  and  .Juno, 
and  between  Osiris  and  Isis,  show  that  unions  in  the 
closest  collateral  degrees  of  consanguinity  were  not  con- 
sidered abhorrent.  On  the  othef  hand,  the  story  of 
Oedipus  and  Jocasta  indicates  thatmaniages  in  the  direct 
line  of  descent  were  looked  upon  as  impious.  The  an- 
cient Egyptians  intermarried  very  closely,  and  in  the 
history  which  we  possess  of  the  dy  lutsty  of  the  Ptolemies, 
a  large  proportion  of  the  marriages  are  seen  to  be  be- 
tween brother  and  sister.  In  other  nations  of  the  East, 
notably  among  the  Persians,  marriage  in  the  nearest  de- 
grees, even  of  direct  consanguinity,  prevailed.  There  is 
evidence  that  prior  at  least  to  the  time  of  Moses  this 
custom  prevailed  among  the  children  of  Israel.  This 
very  nation  was  descended  from  con.siinguineous  unions. 
Abraham  married  his  half-sister.  Sarah.  Isiiac  manned 
Rebecca,  his  first  cousin  once  removed,  and  .Jacob  his 
two  first  cousins,  Rachel  and  Leah.  Yet  no  one  has  ever 
questioned  the  vigor  of  the  Israelites,  who,  in  the  first 
fourteen  generations  from  their  origin,  became  six  hun- 
dred thousand  fighting  men.  Indeed,  a  literal  interpre- 
tation of  the  record  in  the  Book  of  Genesis  would  indicate 
that  the  sons  of  Adam  must  have  married  their  sisters, 
and  that  the  whole  human  race  is  the  product  of  a  con- 
sanguineous marriage  in  the  closest  degree.  The  restric- 
tions placed  upon  the  marriage  of  relatives  by  the  Mosaic 
law  are  worthy  of  special  attention,  because  tliev  have 
remained,  to  a  great  degree,  in  the  usiige  of  Christian  na- 
tions in  modern  times.  The  following  marriages  were 
prohibited  on  the  score  of  kinship  by  the  Levitical  law 
(Leviticus  .xviii.):  That  with  a  parent,  or  with  a  step- 
mother; with  a  sister,  or  half-sister;  with  a  grand- 
daughter; with  an  aunt,  or  an  uncle's  wife;  with  a  son's 
wife;  with  a  brother's  wife;  with  a  .step-daughter,  or  a 
step-granddaughter;  with  a  wife's  sister,  diiriufi  the  life- 
time of  the  former.  The  Greeks,  while  forbidding  mar- 
riages in  the  direct  line  of  descent,  permitted  them  bc- 
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tween  lialf-brotliei'S  aud  half-sisters ;  the  Athenians  allow- 
ing the  marriages  of  brothers  and  sisters  by  the  same 
father,  but  not  of  those  by  the  same  mother;  and  the 
Lacedaemonians,  on  the  other  hand,  allowing  uterine 
brothers  and  sisters  to  many,  but  not  those  having  a 
common  father — an  obviously  arbitrary  distinction. 

The  Romans  held  still  stricter  vie\vs.  Not  only  the 
direct  line  of  consanguinity,  as  well  as  brothers  and 
sisters,  either  in  whole  or  in  half,  were  excluded  from 
intermarriage,  but  any  union  within  the  degree  of  first 
cousin  was  practically  illegal,  the  occasional  marriage  of 
uncles  with  nieces  in  the  times  of  the  Tarquius  and  of 
the  emperors  being  held  to  be  a  stretch  of  despotic  au- 
thority. The  Institutes  of  Justinian,  the  basis  of  the 
modern  civil  law.  forbade  marriages  in  the  direct  line, 
and  in  the  collateral. line  within  the  fourth  degree.  First 
cousins  and  all  remoter  kin  might  marry.  The  Roman 
Catholic  Church  extended  the  restrictions,  discouraging, 
aud  then  forbidding  unions  between  first  cousins.  Vari- 
ous councils  in  the  early  centuries  altered  the  niles,  usu- 
ally in  the  direction  of  greater  exclusiveness.  The  pres- 
ent canon  law,  that  of  the  fourth  Laterau  (twelfth  general) 
Council,  A.D.  1215,  in  force  in  most  Roman  Catholic 
countries,  permits  marriages  only  outside  the  fourth  de- 
gree, i.e.,  third  cousins  are  forbidden  to  marry.  The 
Church,  however,  reserves  aud  exercises  the  power  of 
allowing  dispensation  from  this  prohibition.  The  civil 
law  permits  marriage  in  the  fourth  (civil)  degree,  that  is, 
allows  first  cousins  to  marry.  The  Greek  Church  allows 
third  cousins  to  marry,  but  prohibits  all  nearer  relations. 
In  England  the  ecclesiastical  prohibitions  on  this  subject 
were  at  firet  even  more  stringent  than  those  of  the  pres- 
ent canon  law,  but  under  Magna  Charta  they  were 
modified  so  far  as  to  admit  marriage  outside  the  fourth 
canonical  degree. 

The  restrictions  of  the  canon  law  were  set  aside  in 
England  by  the  Marriage  Act  of  1540,  in  the  reign  of 
Henry  VIIL,  and  the  prohibitions  of  the  civil  law,  prac- 
ticall}-  the  .same  as  those  of  Leviticus,  were  substituted. 
Marriages  may  be  made  in  the  fourth  and  all  remoter  de- 
grees, computed  according  to  the  civil  law.  Hence  first 
cousins  may  marry,  as  may  also  nephew  aud  great-aunt, 
or  niece  and  great-uncle.  Indeed,  by  the  letter  of  the 
law,  as  has  been  pointed  out,  while  a  man  may  not  marry 
his  grandmother,  he  may  marry  her  sister.  This  law- 
affects  England,  Scotland,  Ireland,  and  all  the  British 
colonies.  It  is  worthy  of  remark  in  this  connection  that 
the  prohibition  of  marriage  with  a  deceased  wife's  sister, 
which  is  not  Levitical,  and  which,  in  spite  of  an  annual 
effort  to  remove  it,  is  still  maintained  in  the  home  country, 
has  been  removed  in  most  of  tlie  British  provinces. 

In  the  various  States  of  this  country  the  degrees  of 
consanguinity  in  which  marriage  is  prohibited  are  prac- 
tically those  of  the  Levitical  code.  A  few  of  the  States, 
however,  forbid  by  law  the  marriage  of  first  cousins,  and, 
on  the  other  hand,  in  one  or  two,  a  man  is  allowed  to 
■wed  his  aunt  or  his  niece. 

The  difficulties  in  the  way  of  obtaining  accurate  knowl- 
edge as  to  the  production  of  evil  effects  in  offspiiug  by 
consanguineous  marriages  are  very  great.  In  the  first 
place,  in  the  absence  of  State  registration  covering  this 
point,  people  are  apt  to  resent  inquiries  as  impertinent. 
Especially  is  reluctance  manifested  if  the  children  have 
any  physical  or  mental  defect.  Secondly,  upon  persons 
who  collect  and  record  such  cases  among  their  own  ac- 
cpiaintances,  iustancesof  evil  results  are  liable  to  produce 
more  effect  than  negative  cases,  which,  presenting  noth- 
ing of  importance,  drop  out  of  notice,  and  the  fact  of 
cousanguiuit}'  on  the  part  of  the  parents  is  quite  forgotten. 
Thirdly,  in  some  of  the  unfavorable  cases  collected,  too 
little  attention  is  paid  to  the  moral  elements  of  the  case. 
For  instance,  in  the  family  of  the  Ptolemies,  where  the 
intermarriages  were  very  close,  whatever  ma}'  be  claimed 
as  to  the  physical  degeneracy  of  the  stock  (and  there 
seems  to  be  very  little  ground  for  Mr.  Francis  Galton's 
remark  as  to  its  sterility)  may  be  in  considerable  degree 
ascribed  to  the  enervating  physical  and  moral  effects  of 
unlimited  despotic  power.     Other  tabulated  lists  prepared 


to  show  the  evil  effects  on  offspring  of  marriages  between 
relatives  include  unious  nearer  than  the  fourth  degree. 
But  close  incestuous  imious  presuppose  moral  degrada- 
tion, and  this  cannot  fail  to  have  its  effect  on  the  phy- 
sique both  of  parents  and  of  children.  Some  of  the  figures 
collected  upon  this  subject  have  been  obtainable  only  from 
records  of  public  institutions,  and  are  based,  for  the  most 
part,  only  on  the  lowest  classes  of  society.  But  where, 
as  in  the  individuals  included  in  Dr.  Howe's  statistics, 
"most  of  the  parents  were  intemperate,"  it  would  evi- 
dently be  unfair  to  conclude  that  the  large  percentage  of 
idiots  among  the  children  was"  due  enlireh-  to  the  con- 
sanguinity of  the  parents,  and  not  in  large  part  to  their 
intemperance.  Again,  accounts  have  been  published  of 
certain  European  communities,  geographically  isolated, 
where  niuuerousconsanguineous  marriages  have  occurred. 
Granting  that  there  is  no  moral  obliquity  in  these  individ- 
uals, there  is  certainly  very  little  amliition  or  enterpiise 
in  men  who  are  content  to  stagnate  in  the  same  spot  where 
their  ancestors  have  lived  for  generations,  with  no  curios- 
ity to  learn  what  lies  outside  the  borders  of  their  hamlets. 
Fourthly,  confusion  exists  between  the  effects  of  con- 
sanguinity and  those  of  hereditary  morbific  transmission. 
Where  two  relatives  wed,  both  of  whom  possess  a  similar 
disease  or  tendency  to  tlisease,  the  offspring  are  very 
likely  to  inherit  the  disease,  the  latent  tendency  even  be- 
coming a  patent  actuality.  But  this  is  the  fault  of  the 
morbific  strain  multiplied  into  itself,  and  thus  raised,  as 
it  were,  to  its  second  power,  and  not  of  the  mere  fact  of 
consiinguinity  in  the  parents.  For  the  same  result  would 
follow  the  union  of  two  persons  not  related  if  they  pos- 
sesseil  some  defect  in  common ;  and,  on  the  other  hand, 
in  the  breeding  of  animals,  while  the  parents  are  blood 
relations,  yet  such  care  is  taken  to  select  perfect  speci- 
mens that  no  chance  is  allowed  for  the  propagation  of  a 
fault.  This  point,  which  is  of  great  importance,  will  be 
again  alluded  to  later  on.  Fifthly,  and  finally,  it  shoidd 
be  remembered  that  positive  cases  in  which  the  marriage 
of  relatives  has  been  found  to  give  numerous  and  per- 
fectl3'  healthy  children  are  more  significant  and  impor- 
tant than  negative  instances,  where  perfect  children  did 
not  follow  such  unions.  Because  in  the  latter  case  the 
imperfection  may  have  been  due  to  other  elements  than 
the  consanguinity,  whereas,  if  the  fact  of  consanguinity 
in  the  parents  constitutes  per  se  an  obstacle  to  the  propa- 
gation of  healthy  children,  defective  offspring  should 
follow  in  all  or  nearly  all  cases  wherever  that  bar  to  per- 
fect offspring,  to  wit,  consanguinity,  existed  in  the  par- 
ents. 

With  the  above  provisos  as  to  the  interpretation  of 
statistics  bearing  upon  this  point,  we  will  now  examine 
some  of  these  reported  facts. 

Dr.  Bemiss  (•'  Report  on  Influence  of  Marriages  of  Con- 
sanguinity upon  Offspring,"  Transactions  of  the  Ameri- 
can Medical  Association,  1858,  vol.  xi.,  p.  334)  collected  a 
large  number  of  cases  of  marriage  between  relatives, 
which  tell  strongly  against  the_  safety  of  such  unions. 
Eight  hiuidred  and  thirty-three'  such  marriages  are  re- 
ported, including  cases  of  incest  between  parent  aud 
child,  and  brother  and  sister.  The  average  number  of 
births  was  4.6.  An  extract  from  his  table  is  given  on  the 
next  page.  This  table  presents  the  case  against  consan- 
guineous marriages  with  its  full  strength.  Yet,  as  tlie 
author  himself  says:  ""It  is  natural  for  contributors  to 
overlook  many  of  the  more  fortunate  results  of  family  in- 
termaniage,  and  furnish  those  followed  by  defective  off- 
spring or  sterility. "  One  other  vulnerable  point  in  these 
figures  presents  itself.  Jlarriages  between  third  cousins 
are  much  more  productive  of  evil  results  in  the  offspring 
than  maiTiages  between  second  or  even  first  cousins  1  In 
other  words,  the  eighth  degree  of  consanguinitj',  which 
is  so  remote  that  persons  occupying  it  must  often  be 
ignorant  that  any  kinship  at  all  exists,  really  constitutes 
a  greater  danger  to  marriage  than  relationship  in  the 
fourth  degree. 

Dr.   Mitchell's  statistics    ("Memorandum  before  the 

Anthropological  Society  of  London,"  vol.   ii.,  1866,  p. 

1  403),  also  classical  upon  this  point,  are  based  upon  45 
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<"ases  of  consiinguineous  marriage.  Eight  couples  were 
barren.  an«l  tlio  remainder  produced  146  diildrcn:  an 
average  of  about  4  for  eacli  fertile  marriage,  or  of  3  for 
all  inarriage.«.  barren  and  fertile.  Eight  children  were 
idiots.  .5  imbecile.  11  insjine.  '2  epileptic,  4  paralylic,  3 
deaf-mutes,  3  blind.  2  defective  in  vision.  3  deformed.  6 
lame,  1  rachitic,  22  consumptive,  scrofulous,  or  manifestly 
of  weak  constitution. 

Dr.  S.  G.  Howe"s  tables,  computed  from  ^fassachu setts 
statistics  (<7b"rn(/?  of  Psyrhnloginil  Mcdiehie  iiml  ihntal 
PiitUiihyy,  July,  1858),  Iiave  been  alreadv  referred  to. 
The.se  marriages  produced  95  children,  an  average  of  5.5 
each.  Forty-four  were  idiots,  12  scrofulous,  1  deaf,  and 
1  a  dwarf. 

Huth,  in  the  appendix  of  his  work  ("The  ^Marriage  of 
Xear  Kin  ").  from  which  some  of  the  above  observations 
have  been  taken,  has  gathered  a  series  of  299  cases  from 
many  sources,  a  considerable  portion  being  from  writers 
who  disapprove  of  consanguineous  marriages.  The  cata- 
logue of  diseases  referred  to  this  cause  is  long,  numbering 
nearly  forty.  The  total  children  boru  were  at  least  1,155 
(3.8  per  marriage),  and  in  83  of  the  families  there  were 
no  unhealthy  children. 

It  w  ill  thus  be  seen  that  those  who  condemn  consan- 
guineous marriages  (;/»«  fiictu  have  jiresented  a  very  ex- 
tensive catalogue  of  charges.  Those  most  generall.v 
dwelt  upon  have  had  relation  to  what  may  be  called  the 
social  functions  of  the  individual.  As  Guipon,  repre- 
senting this  opinion,  puts  W^Compie*  Ueniim,  vol.  Ivii., 
11.  513).  "consanguinity  e.\erts  a  depressing  effect  on  the 
vital  forces,  notably  upon  reproduction,  so  that  if  steril- 
ity is  not  observed  in  consanguineous  marriages  them- 
selves, it  at  least  shows  itself  in  their  children.  It  affects 
the  functions  of  relation  and  the  organs  of  sense,  hearing, 
speech,  and  sight.  The  genital  sense  is  exalted,  but  i^s 
natural  end  and  aim  is  thwarted." 

On  the  other  hand,  numerous  and  reputable  observers 
have  reported  many  cases  where  consanguineous  mar- 
riages were  unattended  by  any  degenerative  conditions 
in  ^he  ofFsprinir.  For  example,  we  have  an  instance  re- 
jiorted  l)y  M.  Dally  (Ai,/lir'>jt.  Recieir.  5Iay.  1884,  p.  95), 
where  two  families  continually  intermarried  for  five  ,ffen- 
(■rations.  no  marriage  being  in  a  more  distant  degree  than 
tirst  cousins,  except  two  of  second  cousins.  The  total 
number  of  branches  direct  and  collateral  was  120  to  140. 
There  was  not  a  single  case  of  deaf-mutism  or  idiocy, 
but  there  were  2  cases  of  cgnsimiption.  1  "caused  by  a 
cold."  and  1  case  of  senile  insanity  in  a  woman  of  sixty- 
eight.  It  should  be  remarked  that  there  was  no  predis- 
position to  disease  in  the  family. 

Perhaps  the  most  striking  instance  on  record  of  con- 
sanguineous marria.ses  without  ill  effect  upon  offspring 
is  furnished  by  ^I.  Bourgeois  {OniipU/s  Renilus,  vol,  Ivi,. 
]).  178).  The  family  in  question  is  his  own.  A  genea- 
logical table  is  given  covering  seven  generations.  In  one 
branch  of  the  family,  of  five  successive  generations  four 
married  their  cousins,  and  the  offspring  of  the  fo>u-th 
successive  consjiuguineous  marria.se  consisted  of  six  chil- 
dren all  perfectly  healthy  sjive  one,  who  is  defective 
mentally — a  defect,  however,  ascribable  to  an  accidental 
traumatic  injury.     The  founder  of  the  race  himself  mar- 
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ried  a  kinswoman,  and  among  the  descendants  seven 
others  have  married  cousins.  Indeed,  of  the  sixty-eight 
unions  that  have  occurred,  all  feeling  more  or  less  the 
influence  of  consanguinity,  but  one  has  been  infertile, 
and  that  infertility  was  due  to  disease  of  the  mother,  who 
was  an  alien;  on  the  husband's  side,  moreover,  it  was 
necessary  to  ascend  three  generations  to  reach  the  first 
union  of  cousins  Among  the  two  hundrcfl  individuals 
of  this  remarkably  iulired  family,  all  are  very  healthy, 
except  the  children  of  one  of  the  latest  marriages,  in 
some  of  whom  a  tuberculous  taint  has  apjieared. 

M.  Voisin  collected  some  observations  bearing  strongly 
on  the  favorable  side  of  consiinguineous  marria.ses.  In 
the  conunime  of  Batz.  in  Brittaiiy,  was  a  population  of 
3,300  soids,  (juite  isolated  from  the  rest  of  the  depart- 
ment. In  1864.  M.  Voisin  found  in  that  community  5 
marriages  between  cousins-german,  31  between  cousins 
of  the  next  degree  below,  and  10  between  cousins  of  the 
degree  after  that.  The  first  class  i^roduced  23  children 
free  from  all  constitutional  disease,  2  only  having  died 
of  casual  disorders.  The  31  marriages  of  second  cousins 
produced  120  children,  all  free  of  constitutional  taint,  24 
dying  of  acute  disorders.  The  10  marriages  of  third 
cousins  gave  29  healthy  children,  of  whom  3  died  of  ac- 
cidental diseases.  Sterility  occvirred  in  only  two  families, 
the  parents  being  related  to  each  other  in  the  third  de- 
gree (canonical).  Mental  disorders,  idiocy,  deaf-mutism, 
and  hemeralopia  were  all  unknown.  The  general  health 
of  the  population  was  .sood. 

The  same  author  states,  as  the  result  of  a  careful  ex- 
amination of  1.077  of  his  patients  at  the  Bicetre  and 
Salpetriere  hospitals,  that  in  no  one  instance  of  his  idiotic, 
epileptic,  or  insiine  patients  could  healthy  consanguinity 
be  legitimately  regarded  as  the  cause  of  the  affection. 

51.  Seguin  gives  the  result  {Comptes  lioxitis.  vol.  Ivii., 
1863.  p.  253)  of  ten  cons;inguineous  marriages  occurring 
in  his  own  family.  One  marriage  was  barren,  but  the 
average  children  in  each  of  the  ten  nianiages  was  over 
six.  There  was  not  a  single  case  of  deaf-mutism,  hydro- 
cephalus, impediment  of  speech,  or  supernumerary  digits 
among  all  the  children. 

One  great  difficulty  has  been,  in  considering  the  returns 
of  defective  children  born  from  consjtnguiuefms  mar- 
riages, that  we  have  no  means  of  knowing  what  the  pro- 
portion of  consanguineous  marriages  themselves  is.  Un- 
til this  latter  element  is  learned  we  cannot  tell  whether 
the  defective  children  of  relatives  are  or  are  not  numerous 
out  of  proportion  to  the  children  of  the  non-related.  It 
is  very  desirable,  therefoie,  that  by  some  authority,  like 
that  of  the  census,  the  number  of  consjinguineous  mar- 
riages be  ascertained.  This,  unfortunately,  has  never 
been  done,  A  formal  request  to  this  effect  was  made 
liy  a  scientific  body  of  the  director  of  the  Eleventh 
United  States  Census,  but  was  denied. 

>Ir.  George  H.  Darwin,  however,  lias  collected  some 
valuable  and  novel  observations  upon  this  point  (Juiimnl 
iif  the  StiitiKtinil  Siifuty  of  l^mlon.  3n\\,  1875;  also,  Fort- 
)(i{llitlii  Reritir,  .]\\\y.  187.5). 

This  writer,  by  means  of  ingenious  computations 
which  space  is  insufficient  to  allow  of  giving  in  detail, 
concludes  that  in  London,  comprising  all  classes,  the 
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first-cousin  marriages  are  about  li  per  cent,  of  all  mar- 
riages: in  the  urban  districts,  2  per  cent.:  in  the  rural 
districts,  2:J-  per  cent. ;  in  tlie  middle  and  upper  middle 
class,  or  in  the  lauded  gentry,  3+  per  cent. :  'Snd  in  the 
aristocracy,  probably  44  per  cent. 

Mt.  Darwin  then  collected  returns  from  a  number  of 
lunatic  and  idiotic  asylums  regarding  tlie  proportion  of 
die  inmates  who  were  the  offspring  of  consanguineous 
marriages,  and  found  that  where  the  figures  obtained 
were  most  reliable,  the  proiiortion  exceeded  but  slightly, 
if  at  all,  the  ratio  of  first-cousin  marriages  in  the  country 
at  large,  being  from  three  to  four  per  cent.  Among  deaf- 
mutes,  also,  "the  offspring  of  first-cousin  marriages  was 
almost  exactly  the  same  as  the  proportion  of  such  mar- 
riages for  the  town  and  country. 

Regarding  the  fertility  of  first-cousin  marriages  and  of 
the  desceudants  of  .^uch  marriages,  against  which  Pro- 
fessor Mantegazza,  31.  Boudin.  and  others  hare  pro- 
nounced, 3Ir.  Darwin  finds,  from  figures  obtained  from 
"Burke's  Landed  Gentry  "  and  the"  Peerage,"  that  the 
fertility,  as  shown  by  the  number  of  sons  surviving  in- 
"incy,"is  somewhat  greater  in  marriages  of  first  cousins, 
«md  "where  one  of  the  parents  was  the  child  of  a  first- 
eoiisin  mariiage.  than  when  the  parents  were  not  con- 
sanguineous, the  average  number  of  sons  in  each  of  these 
three  classes  being  respectively  1.92  to  2.07,  1.93,  and 
1.91.  As  to  the  youthful  death  rate,  the  evidence,  from 
the  small  number  of  families  (37)  for  wliieh  these  data 
existed  (all  from  the  peerage),  gave  a  slightly  increased 
death  rate  in  early  years  for  the  children  of  consanguine- 
ous parents. 

While  admitting  a  certain  amount  of  truth  in  the 
popular  sentiment  in  regard  to  the  evil  effects  upon  off- 
spring of  marriages  of  kin,  Mr.  Darwin  holds  that  the 
evil  has  been  much  exaggerated. 

The  writer  of  the  present  article  collected  a  series  of 
cases  of  consanguineous  maniages,  whose  results  were 
embodied  in  a  paper  read  before  the  Massachusetts  Medi- 
cal Society,  June.  1885,  and  published  in  its  "Proceed- 
ings "  for  that  year.  In  108  such  tmions  103  were  fertile, 
producing  413  children.  Excluding  from  the  category 
of  the  "healthy"  all  who  liad  any  physical  defect,  in- 
cluding even  polydactylismand  strabismus,  all  who  were 
below  the  average  in  mental  or  bodily  vigor,  all  who  de- 
veloped phthisis  or  any  other  constitutional  taint,  even 
though  it  did  not  appear  till  late  in  life,  and  all  who  died 
in  infancy,  except  when  the  death  was  known  to  be  from 
some  acute  malady,  312  of  the  children,  being  75i  per 
cent,  of  the  whole  number,  were  classed  as  healthy.  The 
principal  diseases  and  defects  comprised  12  cases  of  deaf- 
mutism  (all  occurring  in  a  small  isolated  community  on 
the  island  of  Martha's  Vineyard),  7  of  insanity,  13  of 
idiocy,  and  1.5  of  consumption.  The  fertility  of  all  of 
the  unions  which  were  known  to  have  lasted  twenty -five 
3'ears  or  over,  57  in  number,  was  on  an  average  5  children 
to  each  couple. 

There  were  17  consecutive  consanguineous  marriages, 
i.e.,  those  in  which  one  or  both  the  parties  marrying  in 
kinship  were  themselves  descended  from  a  similar  union. 
Of  these  marriages  only  9  had  lasted  the  whole  child- 
bearing  period,  and  these  produced  50  children.  In  all, 
from  the  17  marriages,  15  being  fertile,  68  children  were 
born,  of  whom  48  were  "healthy." 

There  were  also  128  marriages  not  consanguineous,  but 
to  which  one  or  both  of  the  parties  were  descended  from 
persons  related.  Some  of  the  marriages  had  lasted  but 
a  short  time:  but  110.  or 86  per  cent.,  had  already  proved 
fertile,  with  at  least  372  children,  and  probably  many 
more.  Only  47  of  the  unions  were  known  to  have  lasted 
twenty-five  years  or  over,  and  these  produced  240  children. 

An  analogy  of  considerable  significance  to  the  question 
of  consanguineous  unions  in  the  human  subject  is  to  be 
drawn  from  the  so-called  in-and-in  breeding  of  animals. 
Bakewell,  the  brothers  Collings,  and  Bates,  in  England, 
were  the  first  to  advocate  and  practise  incestuous  breed- 
ing among  cattle.  The  Leicester  breed  of  sheep  and  a 
breed  of  long-horned  cattle  were  created  by  Bakewell  on 
this  plan,  and  with  a  good  measure  of  success.     The 


"  Duchess  "  short-homed  cattle,  produced  by  Bates  in  the 
same  manner,  were  also  famous  for  a  time,  but  have  now 
become  nearly  extinct.  Cattle  breeders  at  the  present 
time  are  divided  in  opinion  as  to  the  advantages  of 
thorough  in-and-in  breeding,  some  claiming  that  this 
method  in  time  will  impair  the  fertility  of  the  stock,  and 
pointing  for  proof  of  this  to  the  numerical  deterioration 
of  some  of  the  breeds  first  formed  on  this  jilan.  Their 
opponents  say,  on  the  other  hand,  that  as  long  as  Bake- 
well  him.self  lived  to  give  the  benefit  of  his  judgment  to 
the  selection  of  the  individuals  to  be  bred  from,  the  stock 
retained  its  excellence.  Moreover,  there  are  numerous 
examples  to  be  adduced  in  which  incestuous  breeding 
has  succeeded  in  not  only  developing,  but  perpetuating 
a  breed  for  long  periods.  31.  Beaudouiu  tells  {C'imptcx 
Rendua.  August  5th,  1862)  of  having  inbred  merino  sheep 
very  closely  for  twenty -two  years  without  in  any  degree 
diminishing  their  fertility.  The  "Jersey"  cattle  have 
for  one  hundred  and  fifty  years  been  bred  on  a  small 
island  only  six  miles  by  eleven  (no  larger  than  a  western 
ranch),  with  no  intermixture  of  foreign  blood;  yet,  when 
first  known  to  the  outside  world  they  were  already  an 
established  lireed,  noted  not  only  for  their  excellence  as 
butter-makers,  but  for  their  beauty,  docility,  and  intelli- 
gence. The  early  importations  of  these  cattle  to  this 
country  were,  of  necessity,  very  closely  inbred.  Indeed, 
some  of  the  most  striking  instances  of  in-and-in  breeding 
on  record  are  among  Jersey  cattle.  Take,  for  instauce, 
the  St.  Helier  strain.  This  bull  was  put  successively  to 
his  daughter  and  granddaughter,  and  by  the  latter  begot 
a  son  (Oxoli\  which  was  also  a  great-grandson,  and  a 
daughter  (Chromatella),  which  was  also  his  great-grand- 
daughter. Each  of  these  animals  had  87i  per  cent,  of 
the  blood  of  their  great-grandsire  (seventy-five  per  cent, 
more  than  has  a  child  by  a  non-consanguineous  union). 
Chromatella  was  bred  to  the  son  of  her  brother  Oxoli, 
and  dropped  two  daughters,  both  healthy  and  good 
breeder.  Oxoli  also  bred  to  three  daughters  of  St. 
Helier  (having  fifty  per  cent,  of  the  lafter's  blood),  one 
of  them  being  his  own  (Oxoli's)  granddam.  He  also 
bred  to  several  cows  having  seventy-five  per  cent,  of  the 
blood  of  St.  Helier,  of  which  he  himself  had  87|  percent. 
In  fact,  the  history  of  this  strain  shows  a  large  number 
of  unions  of  the  very  closest  possible  nature,  a  great  ma- 
jority of  the  descendants  having  more  than  fifty  per 
cent,  of  the  blood  of  their  progenitor.  Yet  for  excellence 
not  only  of  the  butter  record,  but  of  general  health,  and 
for  fertility,  the  strain  is  most  remarkable.  Again,  tlie 
bull  Favorite,  himself  highly  inbred,  was  put  successively 
to  his  daughter,  daughter's  daiighter,  and  daughter's 
daughter's  daughter,  he  being  the  sire  in  each  case.  The 
result  of  this  last  union  was  a  cow  having  93f  per  cent. 
of  the  blood  of  Favorite,  and  the  mother  of  some  of  the 
most  remarkable  animals  known. 

Among  racing  horses  "Rysdyk's  Hambletonian  "  may 
be  mentioned  as  an  example  of  a  closely  inbred  horse. 
Yet  it  is  stated  on  good  authority  that  during  the  year 
1883,  among  190  new  performers  that  entereti  the  list  of 
2.30  trotters,  41  per  cent,  were  by  Rysdyk's  Hamble- 
tonian, his  sons  and  grandsons:  while  20  jier  cent,  of  the 
residue  were  more  or  less  closely  related  to  Hamble- 
tonian. 

It  is  important  to  bear  in  mind  that  what  is  called  "  in- 
and-in  breeding  "  among  cattle  breeders,  means  a  close- 
ness of  mating  which  is  not  only  out  of  the  question  in 
the  human  subject  on  ethical  considerations,  but  is  far 
beyond  the  bounds  of  physical  possibility.  In  mankind, 
a  marriage  between  fii-st  cousins  would  give  the  offspring 
but  twenty-five  per  cent,  of  the  blood  of  the  conmion 
ancestor  of  the  parents.  The  child  of  parents  who  are 
tmcle  and  niece  will  have  thirty-seven  per  cent,  of  the 
blood  of  the  common  ancestor:  and  even  the  product  of 
the  union  of  brother  and  sister  will  have  but  fifty  per 
cent,  of  the  blood  of  one  of  its  grandparents.  In  other 
words,  unions  equivalent  in  closeness  to  the  nearest  con- 
sanguineous marriages  made  among  men  are  not  con- 
sidered by  cattle-breeders  worthy  the  name  "in-and-in" 
at  all,     Mr,  Campbell  Brown,  speaking  (as  a  disbeliever 
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in  incestuous  breodinj:)  of  a  horse  tliat  had  been  ohiimed 
as  closely  inhivd.  sjivs  "that  he  liad  only  twenty-live  per 
cent,  of  tlie  Ijlood  of  a  certain  other  stallion,"  an<l  adds 
"that  that  is  a  defrree  of  inbreediiij;  to  which  there  can 
hardly  be  rational  objection."  Yet  this  is  just  the  per 
cent.  Whicli  the  child  of  first  cousins  has  in  the  blood  of 
their  conunon  ancestor. 

In  comparisons  between  the  results  of  iu-breedinir  in 
animals  and  in  man.  we  are  to  remember  of  course  that 
in  the  former  case  there  is  a  studied  selection  of  the 
qualities  in  the  individuals  to  be  mated,  while  in  tlie 
union  of  human  beings  alTecl ion  is  usually  the  only  iruide. 

In  estiniatinsr.  iiowever,  the  ellect  of  cons;inguinity 
pure  and  simple  as  an  element  in  the  determination  of 
olTspriug,  it  is  proper  to  take  it  where  it  is  free  from  all 
possible  computation  by  inherited  morbid  influences.  If 
cattle  breeders,  in  their  endeavors  to  perpetuate  a  tine 
breed  liy  the  principles  of  natural  selection,  can  w  in  suc- 
cess out  of  in-breeding,  it  follows  that  there  is  nothing 
in  the  fact  of  consanguinity  itself  in  parents  which  of 
necessity  deteriorates  the  offspring.  Wlieu,  therefore,  it 
is  objected  that  human  consanguineous  marriages  should 
not  be  compared  to  in-and-in  breeding  among  animals, 
for  the  rea.son  that  in  the  former  the  principles  of  natural 
selection  juv  not  observed  as  they  are  in  the  latter,  it  may 
be  answered  that  what  is  the  same  in  the  two  classes  of 
animal  is  unions  of  kindred,  and  that  it  is  those  similar 
conditious  only  which  it  is  sought  to  compare.  It  is  nor 
denii'd  that  "like  produces  like."  whether  of  bad  or  of 
good,  and  if  a  union  of  two  imperfect  individuals  of  allied 
blood  produces  diseased  or  defective  offspring,  it  is  in 
obedience  to  a  law  of  nature  too  universjil  to  be  affected 
in  any  way  b_v  the  accident  of  consanguinity. 

The  objection  has  also  been  maile  that  the  product  of 
in-and-in  breeding  is  not  a  perfect  animal,  but  is.  as  Dr. 
Mitchell  has  expressed  it,  "'a  saleable  defect."  a  "perfect 
pathological  specimen."  less  useful  to  himself  if  he  were 
to  be  left  to  himself  and  deprived  of  artificial  care  and 
keeping  than  the  natural  animal  would  be  under  like  cir- 
cumstances. Here  again  the  influence  of  consanguinity 
has  been  confounded  with  that  of  natural  selection.  In 
accordance  with  the  latter  principle,  any  quality  may  be 
selected  as  the  aim  of  breeding — as  speed  or  strength  in 
the  horse;  milk,  draught,  or  flesh  in  cattle:  wool  or  fat 
in  sheep,  etc.  According  to  the  point  of  view  of  the  ob- 
server will  the  product  of  such  breeding  be  intrinsically 
beautiful  and  valuable,  or  the  reverse.  A  breed  of  pigs 
may  be  produced  so  fat  that  they  cannot  stand,  and  cer- 
tainly "less  useful  to  themselves"  than  in  a  natural  state. 
Yet  we  have  it  on  the  best  authority  that  no  horse  bears 
fatigue  s<i  well,  or  recovers  from  its  effects  so  soon,  as 
the  thoroughbred.  "Indeed,"  says  an  eminent  hunting 
authority,  "there  is  scarcely  a  limit  to  the  work  of  full- 
bred  hunters  of  good  form,  constitution,  and  temper." 
The  argument  that  the  thoroughbred  animal  is  less  "use- 
ful to  himself,"  because  he  has  become  dependent  on 
artificial  conditions  of  food  and  shelter,  would  prove 
equally  well  that  civilized  man  is  inferior  to  the  aborigines. 

Deaf-mutism  is  a  defect  which  has  been  said  to  bear  a 
special  relation  to  marriages  of  near  kin.  This  general 
impression  is  doubtless  due  to  the  uudeniable  frequency 
of  deafness  among  the  children  of  unions  where  one  and 
especially  where  both  of  the  parties  are  deaf.  This  lia- 
bility is  greatly  enhanced  if  the  deafness  of  the  parents  is 
congenital,  or  if  either  of  them  has  deaf  relatives.  On 
this  ground  Professor  Bell  has  urgently  advised  that 
deaf-mutes,  if  they  marry,  should  select  hearing  persons 
and  those  too.  only,  who  have  no  deaf  relatives.  He 
says  that  a  deaf  person  (not  born  deaf)  who  has  no  deaf 
relatives  will  not  increase  the  liability  to  deaf  offspring 
by  marrying  a  blood  relation :  but  a  congenital  deaf-mute 
under  the  same  conditions  he  thinks  will.  While  a  deaf 
person,  so  born  or  not.  who  has  deaf  relations  will  espe- 
cially increase  this  liability  in  the  offspring  if  he  marries  a 
relative  on  the  Siime  side  of  his  family  in  which  other 
cases  of  deafness  have  occurred. 

Boiidin  asserted  that  deaf-mutism  was  specially  selected 
by  Providence  as  the  punishment  for  the  violation  of 


"nature's  law  "involved  in  consjinguineous  marriages, 
in  order  that  man,  as  the  "talking  animal."  mav  bear  the 
brunt  of  the  jienalty:  But  Dr,  Child  has  shown  that 
deaf  mutism  is  simjdy  a  congenital  deafness  to  which 
mutism  has  succeeded  because  the  individual  camiot  hear 
himself  speak,  and  that  the  same  defect,  congenital  deaf- 
ness, may  and  does  exist  in  the  lower  animals.  Indeed, 
the  whnle  drift  of  modern  science  is  against  such  at- 
tempted distinctions.  Man  is  physiologically  an  animal, 
and  in  the  manner  of  his  jiropagation  is  subject  to  the 
same  laws  as  any  other  aninud.  If,  then,  as  seems  to  be 
the  case,  analogies  drawn  from  the  lower  animals  show 
that  even  "in-and-in  breeding,"  in  the  hands  of  practical 
men  working  for  jieeuuiary  returns,  gives  good  results 
in  the  form,  usefulness,  and  fertility  of  their  stock,  it  is 
a  fair  inference  that  at  least  the  occasional  admixture  of 
a  comparatively  small  amount  of  kindred  lilood,  involved 
for  instance  in  a  marriage  of  cousins,  is  innocuous  in  the 
human  species. 

How,  then,  shall  we  reconcile  the  above  conchisions 
with  figures  such  as  those  published  by  Bcmiss.  Howe. 
Mitchell,  and  Boudin?  Have  no  imfortunate  results  been 
found  from  c<insiinguineous  unions?  Undoubtedly:  but 
such  results  have  followed  for  the  most  part,  and"  prob- 
ably exclusively,  where  cousjinguineous  mariiages  have 
iuteusitied  morbid  characteristics  of  both  parents.  Such 
unions  may  transmit  and  intensify  admirable  attributes 
as  well  as  undesiialile  ones.  Children  have  a  tendency 
to  revert  to  a  common  ancestor.  If  the  common  ancestor 
of  both  parents  is  not  a  remote  one  (by  reason  of  their 
consanguinity),  the  type  to  which  the  child  reverts  is  not 
the  common  type  of  the  race,  but  is  that  of  this  compara- 
tively recent  ancestor,  say.  a  gtandfather.  Should  that 
ancestor  possess  exceptionall.v  desirable  qualities,  the 
child  stands  a  chance  to  be  above  the  average  of  its  fel- 
lows. But  if  this  common  progenitor  has  a  depraved  or 
diseased  quality  of  mind  or  body,  it  is  more  likely  to  llud 
expression  in  the  child  inheriting  from  him  in  two  lines, 
than  in  that  inheriting  from  him  only  in  one.  Because 
any  newly  acquired  taint  in  an  individual  is  much  less 
likely  to  lose  itself  in  his  descendants  if  diluted  in  an 
extraneous  strain  than  if  intensified  by  being  multiplied 
into  itself,  and  so  going  on  in  a  sort  of  geometrical  in- 
crease. 

It  must  be  admitted  that  many  families  do  possess 
physical  and  mental  traits  whose  perpetuation  would  be 
undesirable.  And  it  is  this  fact  which  lends  whatever 
danger  there  is  to  consanguineous  marriages.  It  is  per- 
fecth'  true  that  what  has  been  called  "social  consan- 
guinity "  in  marriage  is  open  to  much  the  same  objec- 
tions as  true  consanguinity.  If  marriages  are  constantly 
contracted  within  the  same  locality  and  social  environ- 
ment, the  restiltant  offspring  may  become  as  eccentric 
mentally  and  feelile  physically.  Certain  royal  families 
have  suffered  perhaps  as  much  from  the  lack  of  this  so- 
cial dilution  as  from  anything  else  short  of  the  actual 
in-breeding  of  disease. 

To  conclude,  a  danger  exists  to  the  offspring  of  related 
parents  if  these  parents  are  sharers  in  any  family  disease 
or  tendency  thereto,  and  not  otherwise. 

Charles  F.  Withington. 

CONSCIOUSNESS.  DISORDERS    OF   THE.— In  any 

discussion,  having  for  its  oljject  the  setting  forth  of  some 
aspects  of  the  subject  of  "Disorders  of  Consciousness," 
it  is  desirable  that  certain  features  of  noniial  conscious- 
ness should  be  presented,  and  yet  from  the  very  com- 
plexity of  this  latter  subject  such  a  preliminary  for  the 
present  purposes  might  seem  fruitless. 

In  the  present  exposition  it  is  assumed  that  it  is  not 
known  what  consciousness  is:  one  is  cognizant  only  of 
what  one  feels  at  any  particular  moment.  Reasoning 
along  such  lines  many  modern  psychologists  assume  the 
"stream-like  character  of  consciousness."  with  its  con- 
tinuous flow :  the  moment  s  consciousness  being  in  fociis 
as  the  stream  goes  by.  This  moment's  consciousness  is 
made  up  dimly  of  the  apperceptions  of  things  about  to 
come  into  consciousness  and  faintly  fringed  about  with 
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perceptions  wliich  liave  come  and  gone  or  are  out  on  the 
edge  of  the  conscious  field.  Thus  in  every  moment's 
consciousness  tliere  are  parts  wliicli  are  vivid  and  shai-plj- 
outlined,  and  parts,  probably  by  far  the  greatest  number, 
which  are  faintly  foresliado^ved  and  dimly  outlined,  and 
still  others  which  make  an  Impress  somewhere  on  the 
cerebral  mechanism,  which  ne\-er  under  ordinary  cir- 
cumstances ai'e  laiown,  and  are  thus  truly  called  sub-con- 
scious. Thus,  restricting  Uie  consideration  of  a  moment's 
consciousness,  there  exists  an  immense  gamut  of  con- 
scious perceptions  which  ma}"  be  traced  through  the 
various  grades  of  detiniteness  to  the  vast  mass  of  stib- 
conscious  contacts.  This  gamut  even  with  the  most 
primitive  intelligence  is  of  immense  scope,  and  its  com- 
plexity, for  man,  in  time  and  in  space,  and  as  registered 
on  the  organs  of  sight,  hearing,  touch,  taste,  smell,  and 
the  various  illy  defined  sense  organs,  with  their  sensory 
elements,  is  of  the  complexity  of  human  life  and  human 
experience. 

Digressing  for  a  moment,  it  is  a  corollary  that  anything 
•which  interferes  with  any  incoming  tract,  by  cutting  out 
a  certain  path  of  incoming  sensations,  interferes  with  the 
character  of  the  moment's  consciousness  and  with  tlie 
interpretation  of  it  by  the  subjective  ego  and  society  at 
large.  Such  a  corollary  has  its  obvious  relationship  to 
many  of  the  insanities,  especiall.y  liearing  on  the  de- 
velopment of  hallucinatory  and  delusional  states,  .since 
many  of  these  have  been  shown  to  be  based  on  organi- 
cally defective  sense  organs  conveying  defective  sense 
perceptions. 

Lloyd  Morgan's  categoiies  of  the  various  conscious 
states  is  here  partly  followed.  Certain  molecular  dis- 
turbances bring  about  psyclucal  states.  Those  ilistui'b- 
ances  which  are  dominant  become  focal  in  consciousness, 
or  the  mind  is  fully  conscious  of  such.  Those  that  are 
sub-dominant  bring  about  marginal  or  sub-conscious 
psychical  states,  and  finally  those  impidses  or  irritations 
which  are  infra-dominant  act,  in  the  psychical  sphei-e, 
below  the  threshold  of  consciousness  and  bring  about 
infra-conscious  or  extra-marginal  psychical  activities. 
All  of  these  have  their  determining  influence  on  conduct; 
and  conduct  is  the  chief  if  not  the  only  objective  sign  by 
■which  we  can  judge  of  conscious  states  in  others  than 
ourselves. 

Ceuebral  Localization. — The  general  biological 
principle  of  the  concentration  of  energy  as  a  feature  of 
advanced  evolutionaiy  development  finds  its  expres.sion 
for  the  psychical  sphere  in  the  more  or  less  distinct  local- 
ization of  definite  functions  to  certain  portions  of  the 
brain. 

For  the  ])urely  vegetative  activities  such  localization 
is  fairly  definite,  and  w-e  know  that  the  areas  governing 
the  various  members  are  accurately  located.  The  m\- 
portant  sense  organs  also  show  a  like  integration,  and 
the  localization  of  the  centres  for  sight,  hearing,  smell, 
and  mot<ir  speech  now-  admits  of  little  question. 

It  is.  by  more  or  less  common  consent,  based  on  general 
groimds,  as  well  as  on  the  data  afforded  by  physiological 
experiment  and  pathological  observation,  as  well  as  by 
the  study  of  the  comparative  psychology  of  the  lowerani- 
mals  (Romanes,  Darwin,  ilorgan.  Mills,  and  Thorndike), 
that  the  higher  mental  processes  (i.e.,  those  that  are  more 
complex  and  those  which  have  developed  late  in  the 
evolution  of  the  race)  are  located  in  the  frontal  lobes  of 
the  brain:  but  it  is  certain  that  as  far  as  the  ego,  taken 
in  its  totality,  is  concerned,  no  such  localization  can  exist. 
The  whole  brain  is  the  psychical  organ,  and  the  sense 
of  the  ego  depends  on  such  a  multitude  of  sensory 
impressions  that  its  location  is  coexistent  with  the  ner- 
vous system  in  its  totality.  It  is  to  be  borne  in  mind  that 
the  complex  nexus  of  associational  fibres  should  be  con- 
sidered constant  factors  in  the  idea  of  a  consciousness. 
The  great  modifications  that  occur  in  consciousness — due 
to  the  cutting  out  of  action  of  certain  of  such  associated 
fibres — is  a  constant  feature  in  certain  hemiplegic  states. 
and  probably  some  similar  pathological  entities  lie  at 
the  fomidation  of  some  of  the  modifications  of  conscious- 
ness in  some  of  the  insanities,  notably  general  paresis. 


Within  recent  years  the  labore  of  the  histopathologists 
have  brought  into  prominence  the  importance  of  minute 
structural  changes  of  the  connections  of  the  various  nerve 
processes;  collaterals,  axis  cjlinders,  and  dendrites, 
forming  plexuses  of  communication  between  various 
systems  of  nerve-cell  gmups.  Such  changes  are  closely 
correlated  and  arc  the  probable  direct  causative  agents  of 
many  of  the  symptoms  of  mental  disease,  such  as  loss  of 
attention,  diminished  initiative,  amnesia,  blunting  of  the 
higher  ethical  ideas,  insonuiia,  and  many  of  those  psy- 
chical activities  which  modify  conduct  so  largely,  and 
hence  are  representative  of  the  empirical  ego.  As  put 
by  Mills,  from  Andriezen :  "  The  earliest  changes  in  many 
if  not  most  of  tlie  insanities  are  in  the  cortical  fields  of 
conjunction,  the  regions  in  which  anatomical  units  or 
groups  of  them  are  brought  together.  These  fiehis  of 
conjunction  become  less  anil  less  permeable  to  all  forms  of 
excitation,  and  one  of  the  first  results  is  '  delay  in  reac- 
tion time.'  The  association  system,  which  gives  way 
first  in  these  cases,  is  probably  I'ejiresenteil  most  in  the 
polymorphic  layer  of  the  cortex;  it  is  the  last  and  the 
least  organized,  although  stdiserving  the  highest  func- 
tions, especially  volition,  and  in  chronic  processes  of  dis- 
integration it  is  the  lirst  to  go." 

From  such  a  purely  preliminary  sketch  it  can  be  seen 
that  it  is  futile  to  attempt  to  sjieak  of  a  localization  of 
consciousness  as  if  such  a  facidty  were  a  thing  per  se 
rather  than  an  attribute  of  psychical  nerve  activities. 

Connected,  however,  with  this  question  there  are  to  be 
considered  certain  localizations  of  some  of  the  more 
clearly  defined  psychical  activities. 

Evidence  derived  from  the  lower  animals  points  to  the 
fact  that  following  the  ablation  of  the  prefrontal  lobes 
there  is  more  or  less  mental  degradation.  Close  attention 
is  lost,  and  observation  which  looks  for  the  safety  of  the 
animal  is  often  notably  alTecled.  Attention,  judgment, 
memory,  and  notably  inhibition  are  factors  of  the  ego 
which  are  notably  modified  by  disease  or  injury  to  the 
frontal  lobes,  and  with  such  are  associated  hesitation, 
fear,  uncertainty,  and  motor  restlessness  due  to  impaired 
inhibition. 

Much  discussion  has  been  indulged  in  with  reference 
to  the  fimctions  of  the  basal  ganglia  and  the  relations  of 
such  to  the  phenomena  of  automatism,  double  conscious- 
ness, and  the  like.  While  much  is  known  from  the  in- 
vestigations of  Ferrier.  Ziehen.  March.  Danilewsky,  Hale, 
White,  Bourneville,  and  others  relative  to  lesions  in  the. 
caudate  and  striate  nuclei,  little  of  definite  value  for  gen- 
eralization has  been  thus  far  adduced.  Cortical  connec- 
tions are  definite  though  slight. 

Much  the  same  uncertainty  exists  for  the  functions  of 
the  thalamus;  its  connections,  however,  with  the  cortex 
are  more  direct,  and  it  is  widely  believed  that  it  serves  as 
a  special  centre  intermediate  between  special  sensory 
centres  and  the  cerebral  cortex.  The  sym]itomatology 
of  pure  thalamic  involvement  is  still  uncertain. 

AViiAT  ARE  Disorders  op  CoxsciorsxEss"? — From 
the  unconsciousness  of  death  and  that  of  accident,  and 
the  profound  intoxications,  to  sleep;  through  the  simple 
.stages  of  consciousness  in  many  of  the  sleep  phenomena, 
somnambulism,  the  hypnotic  state  and  its  allies;  through 
normal  waking  consciousness;  through  the  active  exalted 
states  of  dramatic  abandon,  ecstasy,  the  minor  intoxica- 
tions, to  the  distinctly  diseased  emotional  states  of  hys- 
teria and  epilepsy  and  (he  insanities,  finally  to  the  living 
death  of  dementia,  there  is  the  gamut  of  the  human  psy- 
chical activities  divided  into  a  few  cardinal  categories 
which  admit  of  general  classification. 

Just  what  shall  constitute  a  normal  stale  and  what  an 
abnormal  state  must  be  left  largely  to  the  study  of  ma- 
jorities. Conduct  is  the  great  criteiion  of  consciousness, 
and  for  most  practical  purposes  it  may  be  assimied  that 
disordered  consciousness  is  correlative  with  disordered 
conduct. 

In  discussing  the  subject  of  disordered  consciousness  it 
has  been  the  custom  to  describe  three  types:  exalted, 
diminished,  and  perverted  states.  "While  this  classifica- 
tion is  extremely  convenient  for  many  purposes,  it  fails 
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to  giv(!  tin  iik'u  of  tho  clinical  siiinilicaucc  of  any  ])articu- 
larpliasc.  It  is  only  too  fiviiucnlly  the  case  that  I  lie  simi' 
clinical  entity,  hysteria  or  ejiilepsy,  for  example,  will 
(lemonstrate  all  these  se]iarnle  states,  which  at  times 
mert^e  within  each  other  or  follow  ouc  another  with  be- 
wilderini;  rapidity. 

The  more  inipc-'ant  question  seems  to  be:  Given  a 
fleliiiile  mental  st<ite,  which,  jiidscd  from  conduct,  de- 
parts so  far  I'nmi  what  a  broad  experience  teaches  to  be 
a  fairly  normal  slate,  to  what  factor  or  factors  is  sucli  an 
abnormal  state  due.  into  wliai  calcirory  does  it  tit.  ai\d 
how  can  it  best  be  rei;uhited  or  <-outrolle<l  to  insure  the 
best  results  to  the  individual  and  to  society? 

Tlie  subject  of  cateji'ories  of  the  clinical  grcmpings  of 
stich  disordered  consciousstates  will  be  here  only  touched 
upon.  Such  a  problem  in  classilication  is  manifestly  ex- 
tremi'ly  dillicnlt  because  of  the  extreme  richness  of  the 
eiuoiional  content  of  consciousness,  and  the  few  rather 
broad  cateL.'oiies  here  proiiosed  arc  to  be  regarded  purely 
in  the  light  of  general  convenience  rather  than  as  at- 
tempts to  cover  the  entire  ground. 

Tlie  tlisordersof  consciousness  for  I  lie  present  purposes 
are  broadly  divided  into  a  few  general  groups.  These 
are:  (1)  Disorders  of  sleep  and  the  allied  phenomena; 
(2)  disorders  of  the  neuroses,  hysteria  and  epilejisy.  in- 
cluding the  i>lienomena  of  automatism,  double  conscious- 
ness. anuK'sia.  etc.:  (3)  the  intoxications;  and  (4)  the  iu- 
Siinities.  Such  a  classitieati<m  is  manifestly  incomplete 
and  imperfect.  Thus  many  of  the  phenomena  of  groups 
(1)  anil  (2)  are  interchangeable.  It  is  moreover  popular 
at  the  present  time  to  attribute  most  of  the  psychical 
ills  to  various  toxxmias,  either  autogenous  or  heterog- 
enous, and  it  is  certain  that  no  hard-and-fast  line  can 
be  dniwn  clinically  between  certain  maniacal  states  due  to 
intoxication  and  those  of  primary  etiology.  In  the  present 
uns<-ttlid  conditions  of  neural  ])atliology.  to  Siiy  nothing 
of  psycliologic:d  classilication.  the  cjuestiou  of  categories 
may  be  an  academic  one  after  all. 

l".  Dixonhn  of  S/ct-p  oral  Allied  Phenomena  :  Dreams. 
Soniniiiiihu/inm.  Trance,  Lethargy.  Ottnlepfiy,  Jlypnotism, 
etc. — Under  this  category  there  are  included  a  large  num- 
ber of  closely  allied  jihenoniena.  the  most  striking  feature 
of  which  is  what  it  is  at  present  popular  to  call  a  disso- 
ciation of  consciousness.  In  most  of  these  phenomena 
the  ordinary  waking  conscious  .state,  with  its  refinements 
of  Judgment,  inhiliition.  etc..  is  in  teiuporary  abeyance, 
natnraily  or  artilicially  induced,  while  the  more  primi- 
tive stalesof  consciousness,  the  ordinary  motor  functions, 
are  active. 

SiimndiiibiiUsni. — ^Tlie  simplest  type  of  such  is  found 
in  some  somnambulistic  states.  In  these  the  individual 
may  perform,  while  still  asleep,  many  of  the  simpler 
acts  of  the  waking  state,  and  indeed  even  many  ex- 
tremely coni])lex  acts  are  canied  to  completion.  The 
patient  awakes  without  any  knowledge  whatever  of  the 
acts  iierformed,  and  often  such  actions  have  been  harm- 
ful to  self  aiul  society. 

The  clinical  phenomena  are  not  constant.  The  eyes 
are  freipiently  closed  or  seiuiclosed.  or  even  wide  open 
and  staring.  The  pupils  are  apt  to  be  sluggish  in  their 
reactions,  but  may  Vie  nonnal  in  diameter,  dilated  or 
contracted.  The  data  collected  by  Gould  and  Pyle* 
may  be  referred  to  by  tho.se  who  would  learn  more  of 
the  complicated  luotor  acts  that  many  notable  cases 
have  been  known  to  perform.  Suicide  and  hoiuicide 
have  been  committed  by  persons  in  the  somnambulistic 
state. 

The  most  important  etiological  factor  seems  to  be 
heredity.  This  is  usually  associated  with  a  highly  neu- 
rotic or  emotional  tempenimeut. 

yif//itiiiiire. — These  represent  some  of  the  simplest 
forms  of  the  pathological  condition.  In  many  instances. 
where  such  are  extremely  distressing,  they  have  been 
known  to  precede  grave  cerebral  disturbance.  Cerebral 
congestion,  hemorrhage,  paresis  are  often  associated  with 
markedly  disagreeable  nightmares.     As  they  intiuence 

*  "  Anomalws  and  Curiosities  of  Medicine.'" 


conduct  but  little,  they  are  to  lie  regarded  as  disordered 
states  only  in  ciTtain  severe  cases. 

/Ath'oyi/,  Ciitiitfjm/,  T^uiiirc. — These  are  terms  used  to 
describe  abnormal  subconscious  states  which  areas  yet 
imperfectly  classified,  partly  on  account  of  the  fugitive 
character  of  the  alterations  and  partly  because  of  the 
complications  of  the  jiicture  with  other" symptoms  of  tlie 
hysterical  and  epileptic  conditions.  The  phenomenon  of 
hypnotic  sli'cp  is  best  put  in  this  category. 

In  catalepsy  the  prevailing  pheiioiuenon  consists  of 
the  wax-like  rigidity  which  the  limbs  can  be  made  to 
assume,  at  times  unconsciously ;  again,  especially  in  the 
hypiKitic  condition,  by  the  suggestion  of  the  operator. 
In  trance  conditions  there  may  be  manifest  a  great  varia- 
tion of  ]>bases,  most  of  which  are  accompaniments  of  the 
hysterical  state. 

lljipnotic  SIdte.i. — llyiinotic  subconscious  states  are  too 
involved  and  complex  to  be  more  than  touched  upon. 
Jledical  an<l  iisychologieal  literature  is  full  of  interesting 
instanc<'S.  Many  false  phenonii'iia  aie  uniloubtedly  col- 
lected and  made  to  pass  as  true  hypnotic  phenomena; 
bttt,  notwithstanding  such,  there  seems  to  exist  a  certain 
type  of  consciousness  which  may  be  placed  in  such  a 
condition  as  to  be  jieciiliarl}'  capable  of  luauifesting  the 
conditions  of  dissociation,  so  that  two  different  states  of 
mental  activity  may  be  made  to  apiiear,  on  suggestion, 
following  jiroper  methods  of  induction.  Such  mentiil 
states  may  be  totally  dilTerent  and  the  patient  may  ex- 
hibit many  grades  of  amnesia  with  reference  to  the  other 
state.  S]iace  does  not  permit  a  fuller  discussion  of  this 
peculiarly  ituluced  condition,  which  is  often  reproduced 
in  certain  ])athologieal  conditions,  notably  in  hysteria 
and  epilepsy  (see  Jii/pnotism). 

2.  The  Disordered  Omhcious  Statcn  of  Hysteria  and  Epi- 
lepsi/. — These  two  neuroses,  so  closely  allied  at  some 
points,  are  often  associated  with  such  marked  modifica- 
tions of  consciousness,  which  ]iresent  so  many  jioints  in 
coinmou,  that  they  are  discussed  as  part  of  the  hysterical 
or  epileptic  iihenomena.  These  have  been  termed  by 
various  names,  but  more  particular!}'  are  classed  as  ])er- 
versions  of  consciousness,  amnesic  states,  automatism, 
double  consciousness,  etc.  There  are  observers  who 
claim  that  all  stieh  states,  when  noted  in  nature  and  not 
artiticially  produced  by  the  intluences  which  bring  about 
the  hypnotic  state,  are  due  to  the  hysterical  or  epileptic 
intiuence.  This  is  warmlj-  disputed,  but  the  study  is  too 
much  in  its  infancy  to  admit  of  positive  dicta,  and  we 
prefer  here  to  class  these  conditions  as  epi-phenomeua  of 
these  neuro.ses. 

The  celebrated  case  of  Dr.  Jekyll  and  Mr.  Hyde  illus- 
trates the  central  type  of  the  phenomenon.  The  per- 
sonality may  suffer  but  a  very  short  and  transitory 
change,  or  it  may  undergo  .serious  modification,  as  it  un- 
doubtedly does  in  many  epileptics,  and  for  a  consiilerable 
length  of  time.  Craig  Colon}-  for  epileptics  is  filled 
with  patients  who  show  double  personalities,  covering  a 
space  of  weeks  or  even  months,  during  which  their  ordi- 
nary personality  has  been  considerably  modified.  There 
are  cases  recorded  in  literature  which  seem  to  be  bona 
fide  where  such  an  alteration  has  persisted  for  years. 

Automatism. — Someof  the  minor  gradesof  automatism 
are  well  illustrated  in  epilepsy.  The  patient  may  or 
may  not  suffer  from  a  pronounced  epileptic  attack,  but 
following  one  he  may  be  noted  to  go  about,  sometimes  in 
a  dazed  condition:  then  asrain,  he  may  even  resume  play- 
ing a  game  of  baseball  profoundly  oblivious  of  what  he 
is  doing,  and  yet  be  able  to  catch  and  toss  the  ball  as 
though  iu  his  normal  state.  Altered  emotional  tone  is 
especiallv  common  in  the  hysterical  or  epileptic  auto- 
matic. Crying,  weeping,  intense  anger,  culminating  in 
the  homicidal  iiupnlsi',  may  be  the  prevaiUng  note  of  the 
altered  personal  state. 

Amnesic  Conditions. — Cases  too  numerous  to  mention 
have  been  reported  in  literature  of  the  gradual  or  sud- 
den loss  of  memor}-  of  a  former  state  of  existence.  The 
person  lives  in  new  stirrountlings.  under  new  impulses, 
and  there  occurs  just  as  sudden  a  reversion  to  the  mem- 
on-  of  the  former  condition  and  a  total  loss  of  memory 
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respecting  the  second  state  of  consciousness.  Some  of 
the  most  interesting  of  these  are  collected  in  Dana's  article 
in  the  flrst  edition  of  this  Handbook  (Vol.  II.,  pp.  377 
et  seq.) 

Many  of  these  cases  show  psychical  states  which  are 
in  the  borderland  between  the  sane  and  the  insane  and  as 
such  are  worthy  of  the  most  careful  analysis,  and  these 
are  capable  of  the  most  interesting  experimentation. 
Their  relationship  to  the  hysterical  and  epilejitic  symp- 
tom-complex should  be  kept  in  mind.  It  is  impossible 
to  enter  into  all  of  the  details  of  such  anmesic  and  au- 
tomatic states.  The  countless  varieties  of  the  hundreds 
of  cases  that  have  been  reported  now  make  uj)  an  im- 
posing mass  of  literature.  It  seems  clear,  however,  that 
they  occur  for  the  most  part  in  the  higlilv  strung  neu- 
rotic individual,  the  artistic  and  emotional  desequilibree. 

3.  The  Jnto.viaitions. — It  is  onlj'  necessary  to  call  to 
mind  the  altered  mental  states  brought  about,  in  man.  by 
the  toxiemias  of  the  microbian  diseases.  The  maniacal 
states  of  scarlet  fever,  diphtheria,  typhoid,  pneumonia, 
and  other  diseases  are  too  well  known  to  require  further 
details.  The  muttering  delirium  of  renal  insufficiencies 
is  also  of  this  type. 

The  altered  mentality  induced  by  alcohol  is  also  too 
well  known  to  need  further  description  ;  and  the  same  is 
true,  although  to  a  less  extent,  of  the  mental  states  of 
the  habitue  to  morphine  or  cocaine. 

Cannabis  indica.  as  is  well  known,  brings  about  a  con- 
dition of  altered  subjective  personality  which  is  interest- 
ing, but  the  reader  is  referred  to  that  drug  f(jr  its  con- 
sideration. Like  the  following  category,  this  subject  is 
taken  up  only  that  the  mosaic  may  show  some  pattern. 

4.  T/ie  Inminities. — The  tinal  stage  in  the  gamut  of 
disordered  conscious  states  falls  into  the  loose  category 
of  the  insanities.  Here  the  prevailing  note  is  markedly 
anti-social  conduct,  and  the  individual  and  society  are  at 
loggerheads.  It  is  not  the  purpose  of  the  present  article 
to  discuss  the  insanities,  anil  they  are  here  included  more 
for  the  purpose  of  rounding  out  the  general  conception 
of  what  is  in  the  present  article  regarded  as  the  "  Dis- 
orders of  Consciousness."  Even  in  the  insanities  there 
can  he  traced  the  final  stages  of  many  of  the  milder 
forms  of  disordered  conscious  states.  The  analogies  of 
a  milanelwlia  tittoniUi,  for  example,  to  hysterical  ])araly- 
ses  are  suggestive,  even  if  a))parenlly  far  t'etcbed,  and 
certainly  the  vagaries  of  a  major  attack  of  hysteria,  so 
far  as  the  emotional  content  is  concerned,  pass  by  insen- 
sible stages  into  many  maniacal  states.  The  present 
writer  would  not  push  the  analogy  too  far,  however,  but 
would  employ  it  merely  as  suggestive  of  the  continuity 
of  the  mental  activities  which  both  in  their  normal  anil 
abnormal  manifestations  present  such  a  I'ichuess  of  varia- 
tion as  to  defy  all  categorical  classifications. 

Smith  Ely  JelUffe. 

CONSTIPATION.— This  term  is  applied  toan  abnormal 
sluggishness  in  the  movement  of  the  intestinal  contents 
through  their  canal.  In  extreme  cases,  when  the  bowel 
becomes  entirely  closed  up,  one  speaks  of  the  condition 
as  obstipation.  When  there  is  a  movement  daily,  but 
the  amount  is  small,  so  that  an  accumulation  takes" place 
within  the  intestine,  it  is  called  costiveness.  It  is  obvious 
that  there  is  no  sharp  line  separating  constipation  from 
health.  But  in  general  it  may  be  said  that  most  persons 
to  be  in  health  require  to  have  a  stool  daily.  Exceptions 
do  occur;  some  people  habitually  have  an  operation  only 
once  in  two  days,  and  show  no  signs  of  suffering  for  the 
lack  of  a  dail,v  evacuation ;  others  habitually  have  more 
than  one  discharge  a  day.  The  dejection  sliould  be 
moderately  soft  in  consistence,  and  cylindrical,  not 
spherical,  in  form. 

Among  the  symptoms,  other  than  infrequency  and 
incompleteness  of  defecation,  ma}'  be  mentioned  head- 
ache, furred  tongue,  foul  breath,  muddy  complexion  and 
conjunctiva;,  a  sense  of  weight  in  the  abdomen.  The 
constipated  condition  may  even  be  masked  by  a  diarrhoea 
affecting  only  the  lower  bowel,  while  an  actual  impaction 
exists  above.     At  times,   moreover,   in  the  ca;cum  and 


colon  hard  masses  may  accumulate  in  sacculi  in  the  pe- 
riphery, while  a  moderate  amount  of  liquid  fneces  flows 
along  the  centre  of  the  gut.  Many  of  the  symptoms  of 
constipation  are  those  of  d_vspepsia.  the  two  conditions 
often  co-existing,  and  mutually  aggravating  one  another. 

The  causes  of  diminished  b6wel  action  are  numerous. 
First  may  be  mentioned  mechanical  or  structural  causes, 
including  adhesions,  bands  resulting  from  inflammatory 
deposits,  new  growths  within  and  without  the  intestine, 
constrictions,  invaginations,  twists,  for  whose  discussiim 
the  reader  is  I'eferred  to  their  appropriate  heads.  The 
non-strnctural  cau.ses  only  will  be  considered  in  this 
article.  Dilatation  of  the  intestine  with  atony  is.  per- 
haps, the  Commonest  cause  of  constipation.  The  fault 
lies  especially  in  the  large  intestine,  which  is  intended 
especially  as  a  receptacle  for  the  faeces.  Normally,  they 
rest,  in  the  intervals  of  defecation,  in  great  part  upon  the 
sigmoid  flexure,  and  the  rectum  is  for  tlie  most  iiart 
empty.  The  passage  of  a  portion  of  the  dejecta  into  the 
rectum  and  the  vicinity  of  the  sjihincter  sets  up  that 
irritiition  which  by  reflex  action  produces  the  ]ihenome- 
non  of  defecation.  If  this  call  is  habitually  neglected, 
the  sensibility  of  this  portion  of  the  bowel  is  blunted,  so 
that  a  great  accmnvdation  of  fa'cal  matter  may  take  ]ilace. 
This  dilates  the  bowel  and  still  further  obtvuids  seusil)ility, 
so  tliat  a  vicious  circle  is  established  and  the  evil  is  in- 
creased. Another  cause  of  this  condition  of  things  is  the 
lack  of  a  regular  haliit  of  defecating  at  a  fixed  time  daily. 
It  seems  possible  to  train  the  intestine,  as  it  were,  to  send 
its  contents  into  the  rectum  at  a  stated  time  daily  ;  and  if 
this  periodicity  can  be  secured,  one  has  a  powerful  aid 
toward  regular  and  complete  evacuation.  From  the 
atony  above  described  one  finds  various  degrees  up  to 
paralysis  of  the  iieripheral  nerve  endings  in  the  intestine, 
and  of  the  centres  in  the  cord  presiding  over  peristalsis 
and  defecation.  Again,  the  atony  may  not  be  confined 
to  the  unstriped  mu.scles  of  the  intestine,  but  may  atfect 
the  voluntary  muscles  as  well.  This  is  especially  the 
case  in  obese  persous,  and  those  having  lax,  pendulous 
bellies,  as  after  numerous  pregnancies.  Deficiency  of 
secretion  of  the  intestinal  glands  contributes  to  constipa- 
tion by  lessening  the  fluidity  of  the  chyle.  Over-active 
absorption  of  the  fluids  of  the  chyle  may  act  in  the  same 
way:  this  occurs  in  febrile  states,  and  when  the  perspira- 
tion is  abundant.  Anaemia  is  usual'y  given  as  one  of  tlie 
causes  of  constijiation:  perhaps  it  would  be  truer  to  say 
that  the  two  conditions  have  some  causes  in  common; 
among  them  an  indoor  life  and  sedentary  occupations. 
Probably  a  large  proportion  of  individuals  engaged  in 
.sedentary  callings  suffer  at  some  time  from  constipation. 
This  is  especially  the  case  in  those  who  have  changed 
their  mode  of  life  from  a  more  active  one,  as  in  the  case  of 
students  who  have  formerly  been  active  bodily  workers. 
Any  change  in  surroundings,  even  though  it  do  not  involve 
a  lack  of  exercise,  may  cause  constipation,  as  wlien  a  iwr- 
son  removes  from  one  climate  and  soil  to  another.  The 
change  of  water  very  possibly  adds  to  this  effect.  Jlost 
landsmen  taking  a  sea  voyage  suffer  more  or  less  fi'om 
constipation.  Congestion  of  the  mucous  membrane  of 
the  bowel  lias  sometimes  a  constipating  effect,  especially 
when  it  is  due  to  chronic  venous  obstruction.  For  this 
rea.son  diseases  of  the  liver  involving  passive  congestion 
of  the  portal  system  are  often  attended  with  constipation. 
The  explanation  seems  to  be  that  long-continued  passive 
congestion  leads  to  thickening  of  the  mucous  and  sub- 
mucous coats,  which  impairs  peristalsis. 

Some  forms  of  cerebral  disease,  notably  tuberculous 
meningitis,  are  attended  with  constipation  to  a  greater 
degree  than  other  maladies  of  like  febrile  intensity. 
An  important  aggravating,  if  not  primary,  cause  of  con- 
stipation is  the  use  of  cathartics.  These  are  seldom  if 
ever  required  in  the  treatment  of  constipation,  laxatives 
always  being  preferable  to  purgatives.  But,  through  a 
mistaken  notion  of  what  is  needed,  the  laity  are  nuich 
addicted  to  the  use  of  powerful  cathartics,  which,  though 
they  relieve  temporarily,  in  the  end  aggravate  the  diffi- 
culty. Enormous  quantities  of  cathartic  pills,  chiefly  of 
the  proprietary  order,  are  consumed  by  the  jHiblic,  and 
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no  small  jiroportion  of  their  users  arrive  at  that  tinfortu- 
iiate  cotiditioii  when  notliinji  but  a  repetition  of  these 
tlrastic  purjres  will  )ii'ocin-e  them  an  evaeuation.  Im- 
proper foods  are  another  cause  of  constipation;  anionj;' 
-sneli  we  may  mention  those  \vlii<'li  are  specially  concen- 
trated, so  that  they  leave  little  residuum;  a  cerlain  bulk 
cof  nnassimilalile  residue  is  neees.saiT  for  the  intestine  to 
act  upon.  Foods  thai  are  too  bland,  as  milk,  act  in  the 
same  way.  not  affording  an  irritation  sulhcleiit  to  stimu- 
late peristalsis.  This  effect  of  faulty  foods  is  specially 
observable  in  younjr  children.  Finally,  chronic  lead- 
poisouinjr  has  amonj;  its  symptoms  marked  constipation; 
iiere  of  e<iurse,  ordinarily,  one  can  obtain  the  collateral 
evidence  of  cnlic,  blue  line  on  the  jituus,  etc. 

^Ineli  of  the  iniportance  attaching' to  constipation  de- 
:iiends  upon  the  ellecis  which  it  ]iroduces.  Amonj!;  these 
that  uiionthe  digestive  function  has  been  referred  to.  It 
is  perhaps  to  the  latter  that  the  mental  depression  .so  often 
observed  in  con.stipated  persons  is  more  directlv  due;  but 
liowever  this  may  be.  the  coexistence  of  constipation  with 
mental  irritability  and  melancholy  is  often  marked.  In- 
testinal catarrh  may  be  induceil  by  constipation,  and 
may,  asalready  hinted,  show  itself  by  a  diarrlKcaactually 
coincident  with  constipation  in  other  parts  of  the  bowel. 
The  catarrhal  process oeea.sionally  localizes  itself,  notably 
about  the  ileo-e;rcal  valve;  inllanimation  here  (typhlitis) 
may  go  on  to  ulceration,  and  even  perforation,  or  may 
liy  extension  cause  perityphlitis,  with  or  without  ulcers. 
Other  neighboring  viscera  may  suffer  from  overloaded 
l)owels;  a  distended  and  dilated  rectum  may  cause  tUcrine 
congestion,  thence  proliferation  of  tissue  aiids  weight  and 
iinally  causes  displacement.  .More  frequently  is  its  ag- 
gravation of  symptoms  due  to  uterine  disease  that  had  an 
Jndependeut  caustition.  Neuralgias,  ovarian,  and  espe- 
cially of  the  sciatic  nerve,  may  be  deterniiui'd  by  consti- 
pation. In  the  male,  seminal  emissions  are  sometimes  so 
caused.  Hemorrhoids  constitute  one  of  the  most  annoy- 
ing and  serious  consequences  of  constipation,  the  disten- 
tion of  the  hemorrhoidal  plexus  being  evidently  aggra- 
•vated  by  a  loaded  rectum.  The  general  effects  of  the 
irritation  of  the  blood  by  the  absorption  into  it  of  the 
contents  of  the  lower  bowel,  through  the  prolonged  ex- 
posure of  the  latter  to  an  absorbing  surface,  are  shown 
iy  the  fact  that  repair  of  traumatic  injuries  and  opera- 
live  wounds  is  observed  to  be  delayed  when  the  bowels 
Temain  for  a  long  time  constipated.  From  this  it  seems 
Teasonable  to  suppo.se  that  other  vital  processes,  depend- 
ing vipon  a  healthy  state  of  the  blood,  are  similarly  hin- 
dered by  habitual  inaction  of  the  bowels. 

Auto-intoxication  has  lately  come  to  be  recognized  as 
31  cause  of  many  diseases,  especially  of  a  mental  or  nervous 
•character. 

TiiE.vT.MEXT. — This  is  often  a  matter  requiring  great 
judgment  and  patience.  Some  of  the  essentials  of  treat- 
ment have  been  hinted  at  in  what  was  said  of  the  causes 
of  constijiation.  Special  attention  should  be  paid  to  the 
prevention  of  this  troidjle  in  young  children,  by  training 
them  from  their  earliest  years  to  regular  habits  in  this 
regartl.  The  person  who  is  suffering  from  constipation 
must  be  enjoined  to  select  a  detlnite  hour  (if  pos.sible, 
directly  after  breakfast  i,  when  he  will  be  able  daily  to 
devote  at  least  fifteen  minutes  to  securing  a  pro]ier  evac- 
uation. This  attempt  should  be  made  daily,  whether  the 
desire  is  felt  or  not,  and  in  time  the  endeavors  will  grad- 
ually become  more  and  more  successful.  The  water-closet 
shoidd  be  made  comfortable  enough,  so  far  as  tempera- 
ture and  accessil)ility  are  concerned,  so  that  the  individual 
^an  spend  that  amount  of  time  in  it  without  (hinger  of 
taking  cold.  Unsheltered  and  exposed  privies  are  a  fer- 
tile source  of  constipation  in  delicate  females.  After  a 
stool  occurs,  a  few  minutes  shoukl  be  given  to  see  if  a 
further  amcuint  of  f;ecal  matter  finds  its  way  into  the 
rectum,  a  thing  which  often  happens.  It  .shoulil  never 
be  allowed  to  remain  in  the  rectum,  for  that  will  bliuit 
the  sensibility  of  the  mucous  niendjrane.  and  so  delay 
the  cine.  A  call  to  defecate,  no  matter  when  it  occurs, 
should  never  be  neglected  for  a  moment.  The  "  post- 
airal"  treatment  has  been  reeommeuiled,  wherein  the  pa- 


tient assumes  a  squatting  rather  than  a  sitting  attitude, 
thereby  securing  a  mechanical  advantage  in  the  act  of 
defecation.  The  diet  is  of  great  importance  to  a  consti- 
pated subject.  Fruit  is  u.smdly  of  benelit.  pailicularly 
tigs,  berries,  stewed  prunes,  aml'baki'd  apples.  Oatmeal 
has  a  popular  reputation  in  this  regar<l,  though  occasion- 
ally pciMins  are  found  upon  whom  it  seems  to  have  a 
binding  effect.  Brown  bread  and  molas.scs  are  anti-con- 
stipative.  An  orange,  or  a  jiear,  taken  inuncdintely  on 
rising,  will  sometimes  act  as  a  laxative.  In  infants,  after 
the  fifth  or  sixth  nuaith,  costiveiu'ss  is  usually  an  indica- 
tion for  introducing  starchy  substances  into  the  diet. 
Among  hygieiHc  measures,  we  mention  out-of-door  exer- 
ci.se — in  particular  horseback  riding;  massage  or  knead- 
ing of  the  abdomen,  which  should  be  practised  daily  on 
rising,  the  maniiuilation  being  over  the  ascending,  ti"ans- 
verse,  and  descending  colon,  in  that  order.  Electrieitv 
similarly  aiiplied  has '])roved  effective.  It  may  be  nu-ii- 
tioned  that  tol)aceo-smoking  acts  with  .some  persons  as  a 
laxative.  The  ingestion  of  a  considerable  amount  of 
water  is  to  be  recommended,  and  a  glass  taken  on  an  empty 
stomach  in  the  morning  is  particularly  effective.  Mineral 
waters  are,  many  of  them,  of  value  chietly  by  attracting 
patients  to  ingest  large  iiuanlities  of  Huid,  which  other- 
wise they  would  neglect  to  do.  Some  mineral  waters, 
of  course,  have  a  distinct  laxative  character  by  virtue  of 
their  dissolved  ingredients.  Such  are  Ilimyadi  Janos, 
Fiicdriehshall,  Congress,  Carlsbad,  Kubiiiat  C'imdal. 
Apeuta,  etc.  Laxative  waters  that  can  be  druid<  on 
the  spot,  i.e.,  among  diverting  and  pleasant  scenes  and 
society,  are  particularly  u.seful.  One  to  live  gl.-isses  daily, 
according  to  the  strength  fif  the  water,  may  be  re(|uired. 
The  drug  treatment  of  constipation  always  re(juires  cau- 
tion. Purgatives  are  almost  never  indicated,  except,  per- 
haps, once  at  the  begiiuiing  of  a  course  of  treatment. 
Laxatives  in  the  form  of  mineral  waters,  just  alluded  to, 
or  as  salines,  magnesia,  potassii  et  sodii  tartras,  etc.,  may 
be  given  in  small  repeated  doses  if  necessary.  Probably 
no  better  drug  exists  for  the  treatment  of  chronic  consti- 
pation than  aloes,  which  acts  specially  on  the  lower 
bowel,  and  but  little  upon  the  secretions.  This  should 
be  given  in  small  do.ses  (say  0.01  to  0.03  gm.,  gr.  J  to  ^ 
in  pill ;  two  pills  to  be  taken  two  or  three  times  a  day). 
Unlike  other  cathartics,  this  does  not  require  to  be  In- 
creased in  dose  to  maintain  its  effect,  but  one  pill  can  be 
dropped  at  a  time  till  the  motions  are  natural.  Bella- 
donna in  the  form  of  the  extract.  0.01  to  0.1.5  gm.  (gr.  J- 
to  i),  once  or  twice  a  day,  is  highly  recomniended  by 
Trousseau.  Nux  vomica  and  strychnine  have  given  good 
results,  but  are  most  reliable  when  combined  with  other 
remedies.  The_y  act  not  as  cathartics,  hut  probably  by 
increasing  the  reflex  irritability  of  the  spinal  centres  which 
preside  over  peristalsis.  The  buckthorn  (Tiliiniiiiusfrnn- 
giila,  li.  piii:ihiiinti,  etc.)  has  been  advocated,  and  thecas- 
cara  sagrada,  in  the  form  of  the  fluid  extract,  in  doses  of 
3  gm.  and  over  (  3  ss.),  seems  to  be  a  valuable  addition 
to  the  therapeutics  of  constipation.  The  latter  drug  is 
also  used  in  the  more  palatable  form  of  compresseil  tab- 
lets, with  or  without  aloin  and  nux  vomica.  Cold-  or 
hot-water  injections  may  be  practised  dail_v  as  an  adju- 
vant to  other  treatment;  suppositories  of  glycerin  or  of 
soap  immersed  in  oil  are  sometimes  effective,  especially 
in  children.  Finally,  in  cases  of  obstinate  rectal  impac- 
tion, mechanical  removal  of  the  f;i?ces  by  the  finger  or  by 
a  scoop  may  lie  neccssjiry.  Churhn  F.    M'll/iiiiffluii. 

CONSUMPTION,  CLIMATIC  RELATIONS  OF— From 

the  period  when  De  nenhiix,  ai/iiis  et  locis  was  written  to 
the  present  time,  when  each  j'car  sees  a  number  of  new 
publicaticms  devoted  to  the  special  virtues  of  particular 
heidth  resiirtK,  it  has  been  generally  accotmted  true  that 
Hippocrates  was  right  when  he  wrote,  "'Whoever  desires 
to  understand  medicine  thoroughly  can  by  no  means 
neglect  the  study  of  the  sea.sons  with  their  variations,  of 
the  winds,  both  as  to  heat  and  cold,  and  tliose  pecidiar 
to  certain  regions,  and  of  the  properties  of  different 
waters."  The  bearing  of  these  words  has.  l)y  writers  of 
every  age,  both  historical  and  scientific,  been  noticed  in 
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connection  with  diseases  in  general,  but  especiallj-  with 
ri'garil  to  phthisis,  which  lias  prevailed  among  everj-  race 
of  uieu  of  whose  history  "we  have  authentic  records.  At 
the  present  day,  so  frequently  do  we  read  and  hear  of  one 
region  after  another  being  free  from  consumption,  and 
of  this  and  that  health  resort  being  veritable  air  cures  for 
tuberculosis,  that,  could  we  accept  the  .statements  of  their 
advocates.  ""  the  conclusiou  would  follow  that  wellnigh 
all  of  tliem  are  detached  fragments  of  the  original  Para- 
dise, replete  with  all  that  can  make  life  enjoyable,  and 
walled  roimd  from  the  incursions  of  death."  Dr.  W.  H. 
Walsh  says:  ■'  Probably  the  earth  oflfers  few  known  spots 
more  favorable  to  the  tuberculized  British  patient  than 
Nubia :  yet  the  native  Nubians  on  their  own  .soil  are  oc- 
ca.sionally  destroyed  by  phthisis. "  New  Zealand  is  popu- 
larlj-  believed  to  give  perfect  immunity  from  phthisis. 
and  yet  rheumatism  and  pneumonia  prevail  there,  and 
partial  mortality'  returns  give  more  than  ten  per  cent,  of 
deaths  as  being  caused  by  consumption.  Dr.  E.  M. 
Wight  writes  of  the  inhabitants  of  the  Cumberland  table- 
land in  Eastern  Tennessee,  asa  "  people  without  consump- 
tion"; while  local  physicians  sing  the  praises  of  the 
Laurentide  forest  and  lake  region  of  Northern  Ontario, 
as  liaving  a  Canadian  population  free  from  phthisis.  So 
the  records  read,  but  actual  facts  cruelly  banish  the  illu- 
sion, and,  concerning  them  all.  we  have  finally  to  admit 
the  truth  of  the  statement  of  Dr.  Bennett,  who,  while 
praising  the  towns  of  the  Riviera,  is  yet  forced  to  say: 
"Tlie  perpetual  spring,  the  eternal  summer,  the  warm, 
southern,  balmy  atmosphere  described  to  tlie  reader  in 
such  glowing  terms,  only  exist  in  the  imagination  of  the 
writers. " 

While,  however,  it  is  well  to  admit  at  the  out.set  that 
perfection  of  climate,  asregardsimmunity  from  consump- 
tion, is  not  to  be  expected,  there  has,  nevertheless,  been 
too  much  taught  us  by  the  hcalthfulncss  of  the  inhabitants 
of,  and  by  the  experience  of  invalids  in,  regions  having 
certain  climatic  characteristics,  to  prevent  us  perceiving 
that  there  are  certain  meteorological  conditions  more  con- 
ducive to  freedom  from  plithisis  tlian  are  otliers;  and  it 
will  he  our  aim  to  point  out  what  these  are,  and  where 
they  exist  in  highest  perfection.  The  opinion  of  Hip- 
pocrates, thousiinds  of  jears  old,  regarding  diseases  in 
general,  was  but  rei)eated  and  added  to  by  Mr.  John 
Simon,  C.B.,  Cliief  Medical  Otticer  of  the  Local  Govern- 
ment Board  of  Great  Britain,  when,  in  1807.  he  wrote: 
"That  vastly  fatal  disease  [phtliisis],  if  we  are  to  luive 
proper  knowledge  of  its  causes,  must  be  studied  from 
many  different  points  of  view,"  His  investigations  show 
it  to  be  a  disease  "  which  undergoes  development  in  pro- 
jjortion  as  men  are  vmrholesomely  geithereel  together  in  in- 
ilfHir  industries  "  ;  and  again  he  says,  "  it  is  shown  to  be 
a  disease  which  develops  itself  in  proportion  as  men  are 
dircUing  upon  a  humid  soil."  Dr.  H.  I.  Bowditch,  of 
Boston,  arrived  at  a  similar  conclusion  as  long  ago  as 
1863,  regarding  tlie  intimate  connection  between  damp- 
ness of  soil  and  the  prevalence  of  consumption ;  and  the 
Secretary  of  the  Provincial  Board  of  Health,  Ontario, 
Canada,  has  pointed  out  that  in  two  contiguous  health 
districts  of  the  province,  one  of  which  is  a  plateau,  and 
notably  free  from  malaria,  and  the  other,  a  flat,  malarious 
district,  the  deaths  from  consumption  in  1881  were,  in 
the  first,  8..5  per  cent,  of  all  deaths,  or  1.03  per  1,000; 
and  in  the  other.  13.7  per  cent.,  or  1.6-1  per  1,000. 

From  these  various  statements,  based  upon  statistics, 
it  must  be  plain  that  meteorological  conditions  per  se 
form  but  a  part,  and  apparently  a  small  part,  of  the 
factors  entering  into  the  question  of  the  causation  of 
consumption.  Assuming  the  truth  of  these  statements, 
it  will  be  necessary  to  adopt  some  comprehensive  method 
of  treating  the  subject,  from  the  e^"ident  fact  that  there 
are  many  elements  of  a  heterogeneous  character  entering 
into  it, 

Simon  asserts  that  in  discussing  the  prevalence  of 
phthisis,  its  herediten-y  relations,  and  the  nature  of  the 
morbid  process  vhich  accompanies  it,  cannot  be  overlooked. 
Within  more  recent  years,  however,  as  the  study  of  the 
causation  of  tuberciilosis  has  become  more  exact,  most 


authorities  arc  agreed  that  while  the  hereditary  element 
in  the  disease  cannot  be  neglected,  a  clear  distinction 
must  be  made  between  cause  and  tendency.  The  gen- 
eral dissemination  of  tuberculosis,  its  chronic  character 
and  the  great  vitality  of  its  germ,  make  infection  more 
widely  distributed  than  that  of  any  other  disease;  and 
hence  it  is  that  persons  inlieritiug  a  taint  or  vicious  qual- 
ity of  tissue  as  the  scrofulous  habit,  or  living  under  con- 
ditions affecting  the  vital  resistance  of  tissues,  are  espe- 
cially liable  to  contract  tliis  as  any  other  communicable 
disease,  when  exposed  to  infection. 

This  being  the  case,  it  is  apparent  that  there  are  briefly 
to  be  considered : 

1.  The  nature  of  the  cause. 

2.  How  its  development  is  aided  by  {n)  heredity,  (V) 
vitiated  air,  (<•)  moisture  of  soil,  and  {(f)  atmospheric  con- 
ditions. 

3.  The  climatic  conditions  counteracting  its  develop- 
ment, and  favoring  a  return  to  health  of  the  phthisical. 

1.  The  Natcke  of  the  C.\use. — Assuming  that  until 
experiments,  greatly  more  extended  than  have  yet  been 
instituted,  shall  have  proved  the  incorrectness  of  the 
zj'motic  theory  of  tuberculosis,  it  may  be  taken  as  estab- 
lished, and  hence  the  qualities  of  the  Bacillus  tuberculosis 
in  relation  to  external  influences  affecting  its  development 
may  be  noticed.  Koch  observes  that,  while  the  spu- 
tum of  tuberculized  patients  almost  invariably  contains 
bacilli,  and  that  very  frequently  these  bear  S]i07-es,  the 
former  existing  external  to  the  body  for  many  days,  and 
the  latter  for  many  months,  yet  they  are  not  likel.v  to  be 
borne  on  the  air  until  they  have  become  desiccated.  This 
tends  to  the  destruction  of  such  vegetable  cells,  but  their 
destruction  is  especially  favored  by  the  action  of  sunlight. 
experiments  such  as  those  of  Marshall  Wartl  and  Bi'iehner 
going  to  show  that  this  destructive  action  depeuds  espe- 
cially upon  the  ultra-violet  rays  of  sunlight,  causing  a 
destructive  oxidizing  action  to  take  place  on  the  cells. 
Owing  to  this  sensibility  to  light  and  temperature,  their 
growth  requiring  a  temperature  between  39'  and  42'  C. 
(8.5'  and  108'  F.).  and  their  fastidiousness  as  to  the  compo- 
sition of  the  soil,  the  important  conclusion  as  regards  infec- 
tion is  arrived  at,  that  the  bacilli  of  tuberculosi»are  limited  ta 
a  parasitic  mode  of  life  in  animals,  and  eeinnot  grow  outside 
of  the  body  under  the  conditions  found  in  nature.  It  has 
further  beeH  established  that  the  inhalation  of  a  spray, 
containing  bacilli  in  suspension,  by  guinea-pigs,  rats,  and 
mice,  inoculates  these  various  animals  with  the  disease. 
and  that  the  extent  of  the  tuberculization  depends  on  the 
length  of  time  between  their  inoculation  and  death. 
From  the  peculiarities  of  the  Bacillus  tulierculosis  as  re- 
gards its  development,  it  becomes  evident  how  little  in- 
fectious the  disease  is,  compared  with  some  other  zymot- 
ics.  and  how  the  spread  of  the  disease  is  made  possible, 
almost  wholly,  b}'  the  inhalation  of  the  atmosphere  of 
apartments  which  the  phthisical  have  inhabitcfi. 

2.  How  THE  De^t.lopjiext  of  the  C.vrsE  IS  Aided. 
— That  there  are  conditions  favoring  the  develoi^ment  of 
tubercle  there  can  be  little  doubt,  and  among  these  in 
this  connection  may  be  mentioned — 

(a)  Heredity. — Koch  tells  us  that  the  character  of  the 
pathological  legions  depends  on  the  number  and  localiza- 
tion of  the  bacilli,  and  on  the  power  of  resistance  of  the 
tissues  of  the  patient.  Dr.  H.  F.  Formad  illustrates  this 
difference  in  power  to  resist  by  asserting  that  the  scrofu- 
lous habit,  or  a  tending  to  take  on  a  tuberculous  inflam- 
mation, exists  in  certain  animals,  as  rabbits,  etc.,  through 
a  structural  narrowness  of  the  lymph  spaces  of  the  con- 
nective tissue,  and  that  similar  tissue  exists  in  scrofulous 
individuals.  Dr.  .lonathan  Hutchinson,  of  London,  main- 
tained for  years  the  position  that  the  bacillus  of  tubercu- 
losis is  directly  transmitted  to  the  infant  in  utero,  and 
that  it  may  under  certain  conditions  lie  dormant  in  the 
tissues.  Professor  Bang,  of  Copenhagen,  estimates  this 
transmission  at  one  per  cent,  in  calves  from  tuberculous 
mothers;  but  perhaps  as  much  as  can  be  said  with  such 
isolated  facts  before  us  is  that  clinical  evidence  in  this,  as 
in  many  other  diseases,  as  well  as  inoculation  experiments, 
has  placed  the  fact  beyond  doubt  of  there  being  a  rela- 
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live  susceptibility  or  insusceptibility  to  infection,  or. 
in  other  words,  lureditary  and  intliieed  tendency  to  dis- 
ease. 

(h)  Viliuted  Air. — It  is  hardly  necessary  to  draw  the 
conclusion,  justified  by  the  (nudities  of  Hacillus  tuber- 
culosis, that  the  impure  atniosj)here  of  crowded  apart- 
ments where  consiunptives  are  present  must  receive  and 
retain  trreater  numbers  of  l)a<ilU  than  if  it  were  fre- 
<iueiilly  renewed,  and  that  those  exposed  will  be  more 
likely  to  inhale  them.  There  are  other  elements,  how- 
ever, which  jrreatly  promote  the  inoeidation  of  the  in- 
mates of  such  apartments.  The  insulticiency  of  oxyjren, 
the  excess  of  carbonic  a<id,  and  the  volatile  enianations 
from  those  inhabiting  the  place,  and  the  freijiiently 
vitiatiiiir  actiim  oit  the  linigs  of  air  containing  much  dust 
and  iiisulHcient  nioistur<'.  all  tend  to  induce  anaemia, 
catarrh,  and  other  dei-angenients,  which  not  only  lessen 
tlie  resisting  power  of  the  system  to  disease,  but  also,  by 
colds  and  catarrh  causing  congestion  of  the  mucous  tract, 
produce  just  such  conditions  as  form  a  «((/»/«  favorable 
fur  the  rceeption  and  subsequent  growth  of  Bacillus 
tuberculosis.  The  antithesis  of  this  condition  is  the  ex- 
ternal air  of  even  cities,  which  is  purity  itself  when  com- 
pared with  indoor  air:  while  the  recou.structive  effects  of 
free  country  air  and  sunlight  are  the  elements  to  which 
we  now  chiefly  look  for  resistance  to  the  disease. 

(r)  Mointure  of  SnI. — Of  all  the  climatic  conditions 
which  promote  phthisis  Dr.  Buchanan's  investigations 
show  this  to  be  tlie  greatest.  Thus  he  found  that  after 
the  completion  of  improved  systems  of  land  draiuage, 
the  percentage  of  deaths  from  phthisis  in  every  town 
whose  statistics  are  given  decreased ;  this  decrease 
aniiiunting  in  some,  as  Ely  and  Rugby,  to  forty-seven 
and  forty -three  per  cent.  This  remarkable  decrea.se  be- 
ing the  result  of  draiuage,  it  becomes  of  interest  to  con- 
sider its  iiiniiua  operandi.  Dr.  Th.  J.  Turner,  formerly 
Medical  Inspector,  V.  S.  N.,  has  abundantly  shown  the 
inttneiiee  of  damp  air  on  the  health  by  comparing  the 
sickness  and  death  rates,  especially  from  consumption, 
on  vosels  in  the  United  States  and  British  navies,  in 
some  of  which  the  old  custom  of  daily  washing  down 
the  deeks  was  practised,  while  in  others  this  was  pcr- 
fornie(lmuch  less  freijuently.  He  a.sserts  that  breathing 
th<'  impure  damp  air  has  been  the  chief  cause  of  phthi- 
sis; and  that  it  is  the  damj)  air,  rather  than  the  liiuited 
amount  of  air,  is  shown  from  the  fact  that  the  air  space 
per  man  in  both  classes  of  vessels  was  much  the  same. 
Sir  Alexander  Armstrong,  of  the  British  navj-,  says: 
"There  can  be  no  more  fertile  source  of  disease  among 
seamen  or,  indeed,  other  lersons,  than  the  constant  in- 
halation of  a  moist  atmosphere,  whether  sleeping  or 
w:ikiiig:  but  particularly  is  this  influence  injurious 
when  the  moisture  exists  between  the  ship's  decks, 
wheie  it  may  be  at  the  Siime  time  more  or  less  impure, 
and  hot  or  cold,  according  to  circumstances."  While 
doubtless  the  truth  of  the  statistics  of  Buchanan  and 
Turner  illustrates  a  fact  of  extreme  importance,  yet  the 
experimental  work  of  recent  years  woidd  seem  to  supply 
the  exi>laiiation  of  the  fact  in  a  manner  somewhat  differ- 
ent from  that  understood  at  the  time  by  these  writers. 
In  both  cases  we  see  dam|)  atmospheres  conlined  in  spaces 
where  the  influence  of  sunlight  is  impos-sible,  and  where 
while  the  bacilli  of  tuberculosis  may  not  develop,  yet 
when  introduced  the  conditions  favorable  to  their  vitalitj' 
are  present,  whether  in  the  cellar  or  spaces  under  floors 
and  in  the  holds  of  ships,  iloreover,  in  both  cases  de- 
c.imiiosition  of  orgainc  matters  goes  on,  and  morbific 
germs  and  the  gases  produced  by  them  are  ever  presetit 
to  lower  vital  resistance  to  the  specific  germs  of  this  dis- 
ease when  once  introduced. 

Inasmuch,  however,  as  the  bulk  of  population  live  on 
the  land,  it  is  necessitty  to  inquire  into  the  influences 
alTecting  them  in  this  regard.  ( Jrdinarily  it  may  be  con- 
sidered that  the  relative  humidity  of  the  air  for  health 
should  lie  between  70  and  7."),  at  the  ordinaiy  tem]iera- 
ture  of  06' F.  When  it  is  greater  than  this,  as  with  a 
damp  soil  and  low  tem]ierature,  the  heat  is  very  rapidly 
abstracted,  the  action  of  the  skin  in  its  secretion  of  urea 


and  carbonic  acid  is  checked,  and  the  internal  organs, 
and  notably  the  lungs  and  air  ]ia.ssages,  are  congested, 
having  increased  work  thrown  upon  them,  and  are. 
moreover,  subjected  to  the  siunc  chilling  influences  as 
the  skin.  Hence  colds  and  catarrhs  are  geneniled,  and 
conditions  favorable,  as  we  have  seen,  to  the  develop- 
ment of  the  specific  bacillus  are  produced. 

That  damp  soil  serves  to  keip  thesuperambient  atmos- 
phere damp  is  seen  in  the  fact  th;it  drainage  raises  the 
temperature  of  the  .soil,  and,  therefore,  of  the  contigu- 
ous air.  This  has  been  proved  by  Parkes,  who  found 
that  the  mean  average  teinpersilure  of  thirtv-seven  ex- 
periments gave,  at  seven  inches  below  the'surface,  an 
increase  of  10  F.  in  a  drained  and  cultivated  soil  over 
that  at  the  .siune  depth  in  an  a<ljacent  bog.  The  wet 
land  remains  cold  on  account  of  evaiioration  from  it  i)ro- 
ducing  cold,  as  water  has  a  high  radiating  jiower  and  a 
high  specific  heat,  and  Ihrougii  the  eoiidnction  of  heal 
downward  in  a  soil,  deprived  of  a  circulation  of  air, 
taking  place  slowly. 

Inasmuch  as  everj'  increase  of  about  20°  F.  of  tem- 
perature doubles  the  capacity  of  air  for  moisture,  it  is 
not  diflicult  to  see  how  the  soil,  by  keeping  the  contigu- 
ous air  at  a  low  temperature,  must  to  the  same  extent 
keep  it  dam]i  l)y  lessening  its  capacity  for  moisture,  and 
thereby  produce  the  evils  already  referred  to.* 

When  it  is  remembered  that  the  inhabitants  of  wet 
lands  habitualh-  breathe  an  atmosphere  .saturated  with 
moisture,  that  their  sleeping-rooms  are  cold  and  damp, 
that  such  dampness  renders  the  air  of  their  unventilated 
living  apartments  more  likely  to  retain  suspended  in  it 
any  volatile  and  organic  matters  that  may  be  iireseut,  and 
finally  that  all  these  factors  tend  to  dimiidsh  their  resist- 
ing powers,  it  must  be  confessed  that  such  a  cond)ination 
of  conditions  must  favor  in  a  high  degree  the  successful 
implantation  and  development  of  the  germs  of  tubercu- 
losis in  the  people  who  are  thus  undidy  exposed. 

Other  atmospheric  conditions  dependent  upon  the 
moisture  of  the  atmosphere  may  be  mentioned  here.  One 
of  these  is  that  the  diathenuancy  of  the  air  is  increased 
or  diminished  according  as  the  air  has  little  or  much 
moisture  in  it;  and  that  proportionately  to  the  diather- 
mancy the  day  tempcratiue  rises  rapidly,  and  the  night 
temperature,  through  radiation,  falls  just  as  rapicllv. 
Thus  Denver,  at  .'i.SdO  feet  of  altitude,  shows  an  average 
dailv  range  of  30  F.,  and  even  with  this  difference  dew 
but  seldom  forms.  Though  this  latter  fact  will  indicate 
the  low  relative  humidity  of  the  air,  there  can  be  but 
little  doubt  that  such  extreme  and  sudden  changes  must 
injuriously  affect  persons  other  than  the  mo.st  robust. 
At  these  high-altitude  health  r<mrt.<i  it  is  carefully  ordered 
that  consumptives  either  wrap  themselves  well  before 
remaining  out  in  the  night  air,  or  renvain  within  doors  or 
under  shelter  during  the  evening.  Xotwithstanding 
these,  the  greatest  drawbacks  to  such  dry  climates,  the 
fact  nevertheless  remains  that  a  comparatively  small 
change  of  temperature  in  a  moist  atmosphere  produces 
sidjjective  sensations  often  greater  than  do  much  greater 
changes  where  the  air  is  dry  Though  under  oi-diuary 
circumstances  it  can  hardlj-  be  said  that  hot  climates  are 
favorable  to  phthisis,  yet  it  may  well  be  that  the  en- 
deavors made  to  keep  the  body  cool  by  seeking  out  shady 
retreats  and  protecting  their  houses  bj-  trees  to  shelter 
them  from  the  sun's  rays,  create  damp  atmospheres  in 
the  latter,  which,  through  favoring  fungoid  growth,  may 
promote  phthisical  tendencies  in  the  po]3ulation. 

3.  The  Cf.f.M.vnc  C'oxditioxs  Coi->tei!.\ctixo  the 
De\t:lopment  of  Coxsumptiox.  .\xd  Favouixi;  .v  Re- 
Ti'KX  TO  HE.\LTn. — The  nature  of  the  cause  of  the 
disease  indicates,  in  great  measure,  in  which  direction 
these  favorable  conditions  must  be  looked  for.  3Iost 
writers,  in  their  remarks  on  the  failure  of  all  climates  to 
produce  a  cure  in  cases  of  consumi)tion,  have  failed  suf- 
ficiently to  disciiminate  between  hereditary  and  induced 

*Too  painliilly  aeoiiraie  is  tlie  disticli  from  "Morte  dWrthur" — 

"Till'  wliite  nii^t  litic  a  face  riotli  In  the  fare 
Clung  to  tlie  (lead  eanh,  ami  \\v  lan.l  was  still." 
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phthisis.  It  is  manifestly  unfair  to  expect  that  any  in- 
fluence, such  as  a  (lerfect  climate — were  such  to  be  found 
■ — would  be  suttieient  to  undo  what  generations  have 
produced  of  imperfect  structural  development  of  tissue; 
and,  on  the  other  hand,  before  pronouncing  against  air 
cures  for  consumption,  it  is  only  just  to  weigh  carefully 
the  influences  under  which  people,  not  affected  irith  con- 
sumption, have  lived.  When,  in  the  latter  case,  it  is  found 
that  such  people  have  lived  in  a  climate  which  made  an 
out-door  life  almost  perenniallj'  possible,  and  when  their 
occupation  has  been  either  pastoral  or  agricidtural,  it  be- 
comes apparent  that  we  have  the  plainest  rules  set  forth 
to  guide  us.  both  for  the  prevention  and  treatment  of 
consumption.  Though  experience  has  shown  that  no 
climate  can  be  called  perfect  in  regard  to  every  condition, 
yet  a  careful  anal,vsisof  the  reports  of  the  many  "('''  cures 
and  other  health  resorts  indicate  very  clcarlv  the  special 
qualities  we  are  to  look  for  in  those  climates  which  are 
favoralile  to  the  prevention  or  treatment  of  consumptive 
diseases. 

Of  these  cjualities  the  following,  viz..  purity,  liryness, 
tempera teness.  and  hriglitmss,  may  be  considered  the  most 
impoi'tant.  It  is  unnecessary  to  point  out  that  these  four 
qualities  of  the  atmosphere  of  a  healthy  climate  are  in- 
timately related  in  their  causes,  one  to  the  other,  since 
no  one  quality  of  climate  can  be  discussed  in  other  than 
a  relative  sense. 

(a)  Purity  of  the  Atmnspliere.—'X\\\^  not  only  means 
that  the  air  ought  to  contain  the  normal  amounts  of  its 
two  principal  constituents,  but  also  that  there  shall  not 
be  an  undue  amount  of  carbonic  acid  in  it,  since  this 
serves  but  to  indicate  the  presence  of  large  amounts  of 
organic  matters  undergoing  combustion.  [An  exception 
to  this  ride  may  be  jjointed  out  in  the  case  where  the 
air,  at  considerable  mountain  heights,  according  to  Prof, 
R.  Angus  Smith,  contains  more  than  the  usual  amount  of 
carbonic  acid.  In  this  case  it  ma\'  fairly  be  assumed  that 
the  excess  is  due  rather  to  a  rapid  o.xidation  of  existing 
organic  matter  than  to  its  amount  being  greater  than  that 
on  lower  levels.]  From  this  gauge  of  purity  it  follows 
that  the  air  of  badly  ventilated  rooms,  of  the  cabins,  and 
especially  the  berths  of  ordinary  vessels,  of  all  except 
the  openest  and  cleanest  of  towns,  and  of  that  in  proxim- 
ity to  marshes  and  other  large  .deposits  of  decaying 
vegetable  matter,  must  be  equally  avoided,  since  each 
instance  indicates  the  progress  of  organic  combustion, 
due  to  either  chemical,  physiological,  or  zymotic  agency. 
The  latter  form  of  combustion  is  of  great  impoi'tance  in 
this  connection,  since  it  is  indicative  of  conditions  favor- 
able to  the  development  of  the  Bacillus  tuberculosis. 
From  these  considerations  open  spaces,  as  in  the  open  fields 
of  most  cultivated  districts,  in  inland  localities  with  dry 
soil  and  good  sanitary  surroundings,  and  esjjecially  those 
situated  at  a  relativel_v  low  elevation — e.  {/..  areas' which 
Lave  a  light  rainfall  and  possess  a  mountain  climate — are 
the  places  to  be  sought  out  by  the  phthisical. 

(h)  Dryness  of  the  Atmosphere. — If  it  be  true  that  purity 
of  air  is  one  of  the  essential  conditions  if  consumption  is 
not  to  be  produced,  it  is  just  as  true  that  dryness  of  the 
atmosphere  is  one  of  the  conditions  upon  which  we  have 
to  depend  for  retarding  the  progress,  and,  much  moi'e, 
for  effecting  the  cure  of  the  disease  in  its  early  stages. 
These  curative  conditions  are  not  only  freedomfiora  the 
dampness  of  the  soil,  but  also  the  direct  effects  of  dry  air 
upon  the  tuberculizing  process  in  the  lungs.  These 
latter  are  seen  in  the  experience  of  the  phthisical  in  high 
altitude  climates,  as  that  of  Davos  and  Colorado,  from 
which  it  would  appear  that — owing  either  to  the  dimin- 
ished irritation  produced  by  such  dry  air  or  to  the  de- 
creased activity  of  the  tubercle  bacilli — there  is  less  se- 
cretion from  the  respiratory  mucous  membranes.  As 
stated  by  a  gentleman  recently  living  in  Colorado:  "Ex- 
pectoration is  usually  less  here  than  in  the  East ;  I  sup- 
pose first  on  accoimt  of  dryness,  and  second  on  account 
of  a  peculiar  mildness  qi-  balminess  of  the  air.  Jly  tender 
throat  seldom  feels  here  that  raw,  rasping  damjiair  that 
one  gets  in  England  and  the  East.  .  .  .  We  seldom  have 
dew  here;  had  more  in  Davos,  I  think."     It  is  also  a  mat- 


ter of  universal  experience  that  people  resist  the  cold 
better  in  dry.  even  though  at  very  low  temperatures, 
than  in  moist  atmospheres. 

((')  I'emperateness  of  the  Atmosphere. — By  this  it  is  un- 
derstood, first,  that  a  climate  ought  not  to  be  subject  to 
great  extremes  of  heat  or  cold;  and,  second,  that  the 
changes  from  heat  to  cold,  or  rice  rcrsd,  ought  ncit  to  be 
either  rapid  or  extreme.  The  experience  of  robust  per- 
sons residing  long  in  India,  or  subtropical  America,  shows 
the  debilitating  effects  of  great  heat  on  the  ph.vsical 
system;  while  the  sufferings  of  delicate  people  in  cold 
climates  indicate  the  strain  produced  by  low  tempera- 
tures. Frequent  and  extreme  changes  are,  however,  the 
special  points  of  interest  in  relation  to  temperate  climates, 
since  on  these  must  greatly  depend  the  relative  humidity 
of  an}'  locality.  From  Glaisher's  tables  it  appears  that 
the  capacity  of  a  given  volume  of  air  is  doubled  for 
about  every  20°  F.  of  increase  in  temperature:  from 
which  it  follows  that  an  atmosphere  which  at  noon,  with 
a  temperature  of  70'  F. .  shows  a  relative  humidity  of  50, 
will,  at  sundown,  with  a  temperature  of  .50"  F. .  be  satu- 
rated; or  if,  as  is  often  the  case,  the  relative  humidity  at 
noon  be  75,  saturation  point  will  be  reached  as  the  tem- 
perature approaches  60"  F.  If  we  remember  that  it  is 
radiation  of  the  earth's  heat  with  the  declining  sun  that 
lowers  the  temperature,  and  that  this  radiation,  as  well 
as  the  amount  of  heat  absorbed  by  the  earth  during  the 
day,  is  largely  regulated  bj-  the  amoimt  of  vapor  in  the 
atmosphere,  it  is  perfectly  plain  that  we  must  expect 
rapid  and  great  daily  changes  in  dry  climates,  and  much 
less  rapid  changes  in  moist  climates.  From  these  con- 
siderations it  must  be  apparent  that  tables  of  mean  an- 
nual relative  humidities,  as  ordinarily  given  in  works  ou 
special  health  resorts,  have  no  practical  value  in  ilctermin- 
ing  the  litness  of  a  locality  for  consumptives. 

The.se  facts  being  kept  in  view,  it  becomes  a  matter  for 
careful  study  to  determine  wherein  lies  (he  happy  mean 
between  dry  climates,  with  great  daily  range,  and  moist 
climates,  with  small  daily  range  of  temperature.  In  a 
general  way,  it  may  be  said,  that  between  the  two  ex- 
tremes lie  the  conditions  most  favorable  to  health.  The 
experience  of  persons  on  arid  wastes,  and  in  rooms  which, 
ill-ventilated,  are  heated  by  hot-air  furnaces,  without  any 
means  for  supplying  moist  air,  shows  that  there  is  a  limit 
at  which  dry  air  becomes  inimical  to  health  from  its  irri- 
tating qualities,  and  by  its  abstracting  moisture  from  the 
mucous  membrane.  The  injurious  effects  of  damp  air 
are  too  well  known  to  require  illustration  here. 

Before  leaving  the  question  of  the  teniperateness  of  the 
atmosphere,  some  remarks  are  required  regarding  the  in- 
fluence of  winds  on  health.  They  may  most  properly  be 
considered  here  from  their  power  to  affect  the  temjiera- 
ture  of  the  body.  That  they  play  a  most  important  ]iart 
in  purifying  the  atmosphere  cannot  be  doubted,  while 
the  fact  that  they  are  promotive  (if  health,  through  the 
pleasant  sensations  they  may  produce,  is  equally  evident. 
But  their  beneficent  influences  are  dependent  upon  their 
degree  of  temperature,  moisture,  and  their  force.  As 
regards  tenqjerature,  it  is  well  known  that  winds  of  low 
temperature  are  injurious  in  proportion  to  their  force, 
from  the  rapidity  with  wliicJi  they  abstract  heat  from 
the  body.  So  marked  is  this  fact  that  the  degree  of  re- 
duction of  temperature  compared  with  the  force  of 
wind  has  become  the  subject  of  experiment,  and  has 
been  reduced  to  a  definite  law.  Colonel  Charles  Smart, 
Assistant  Surgeon-General,  U.  S.  Army,  has  determined 
the  rate  at  which  the  mercury  of  a  thermometer  falls  in 
the  calm  froiu  a  standard  temperature,  when  subjected 
to  different  degrees  of  temperature  for  given  lengths  of 
time ;  and,  also,  the  increased  rate  oifall  when  expo.sed  to 
certain  temperatures,  plux  wind  and  moisture.  Thus,  the 
ratio  borne  by  the  fall  ichen  e.rposed  to  wind,  as  compared 
with  the  fall  in  the  c<ilm,  the  latter  being  taken  as  unity,  is: 

Wind  at  !4  mile  per  liour  increases  fall  1.43  over  l.OO. 
"       1      "  •'  "  "    1.71     "     1.00. 

"       o      "  "  "  "    2.63     "     1.00. 

"     10      "  "  "  "    3.18     "     1.00. 

••     U      "  "  ••  "    3.39     "     1.00. 

"    20    "       "  "         "  a.eo   "    i.uo. 
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Tlie  moisture  in  tliiscase  is  not  estimated  in  its  effects, 
but  it  is  a  factor  t)f  extreme  importance  in  tlie  reduction 
of  temperature.  Heat  is  abstracted  not  only  in  propor- 
tion to  tlie  force  of  the  wind,  but  also  in  proportion  to 
its  degree  of  moisture,  for  the  reasons  menlioncd  in  con- 
nection with  moisture  in  treiieral.  The  force  of  the  wind 
furl  her  becomes,  at  certain  health  resorts  in  certain  sea- 
sons, a  source  of  injury  to  consumptives,  from  its  caus- 
inj:  clouils  of  dust  and  sand  to  he  blown  alonsr.  which, 
being  iuhaleil.  become  very  irritating  to  alfcctcd  lungs. 
Such  ptTects  are  said  to  be  especially  noticeable  in  those 
reputed  resorts  of  consumptives.  Australia.  Cape  Colony, 
Arizona,  and  Southern  California,  and  have  been  men- 
tioned by  Marcct  as  being  the  cause  of  sore  throats  dur- 
ing dry  tlays  at  Ciiuncs.  p'rom  facts  such  as  the  forego- 
ing, it  is  apparent  that  the  prevalence  of  certain  winds 
must  affect  ^•ery  greatly  the  character  of  the  climate  of 
<lilTerent  localities,  as  regards  their  claim  to  being  health 
resorts. 

{tl)  Bn'g/itiuss  t>f  the  Atinnsphert'. — This  ciuality,  which 
in  large  measure  bears  a  direct  relation  to  dryness,  must 
for  sevenil  reasons  be  considered  an  imiifirtant  element 
in  its  bearings  on  the  subject.  That  the  amount  of  sun- 
shine is  not  always  the  gauge  of  the  healthfulness  of  anj- 
locality,  is  .seen  in  the  mortality  and  di.sease  statistics  of 
temperate  North  American  regions;  since  from  some  of 
these  it  appears  that  November  is  among  the  healthiest 
months  of  the  year,  although  having  the  smallest  amount 
of  sunshine.  The  absence  in  some  measure  of  winds, 
such  as  those  of  i[arch.  and  the  low  average  dail_v  range 
of  temperature,  must  be  credited  with  tJiis  favorable 
result. 

Brightness,  or  diathermancy  of  the  air.  which  is  used 
to  express  the  intensity  of  sun.shine.  may  be  said  to  be  in 
direct  projiortion  to  the  relative  humidity  of  the  air. 
From  Jourdauet's  and  Denisou's  tables  it  appears  that 
the  intensity  of  sunshine  increases  directlj-  with  the  alti- 
tude. This  intensity  is  measured  liy  the  difference  be- 
tween the  temperature  in  s»/i  and  in  shade,  and  has  been 
represented  by  the  following  rule  of  Denison.  viz.:  One 
degree  grtnter  difference  betireen  temperature  in  sun  and 
tlinde  fur  mrli  ri.v  of  C'.to  feet.  The  experiments  of  many 
others,  as  I'iazzi  Smyth  on  the  Peak  of  Teneriffe.  and  of 
Vacher  and  others  at  Davos,  abundantly  prove  the  inten- 
sity of  the  sun's  rays  in  high  altitudes.  This  intensity, 
as  is  readily  understood,  is  associated  with  the  fact  that 
there  is  sunshine  in  such  localities  on  almost  every  day 
throughout  the  year.  That  sunshine  has.  when  the  heat 
is  not  too  great,  most  beneticial  effects  upon  man,  as 
upon  most  living  animals,  is  too  commonplace  a  remark 
to  require  reasserting.  Some  of  the  wa_vs  by  which 
such  good  influences  are  exerted  are  well  known.  Dr. 
Thaon.  in  Ids  "Clinique  Climatologique,"  has  well  sum- 
marized these  influences.  He  remarks  that  solar  heat 
increases  all  the  functions  of  animal  as  well  as  vegetable 
life;  the  blood  circulates  with  greater  rapidity,  respira- 
tion is  increased,  peripheral  circulation  is  more  active  to 
the  advantage  of  internal  organs,  which  thus  free  them- 
selves from  stagnant  blood  charged  with  excrementitious 
principles.  Light,  also,  as  seen  in  vegetation,  plays  a 
most  important  part  through  its  active  rays.  "It  red- 
dens the  blood,  it  cures  chlorosis  in  the  same  manner  as 
it  restores  the  color  to  plants  bleached  in  darkness." 

Slight  consideration  must  make  it  apparent  that  the 
numberless  variations  in  the  combinations  of  these  factors 
cannot  fail  to  create  climates  with  equally  varying  char- 
acteristics; nor  can  we  fail  to  remark  that  the  same  local- 
ity throughout  the  year  is  subject  to  equally  numerous 
changes  in  the  combinations.  Further,  when  it  is  re- 
membered that  the  conditions  of  phthisical  persons,  de- 
pending upon  ?i(  reditarn  or  induced  causes,  are  infinite  in 
their  differences,  we  are  not  surprised  tliat  the  question 
of  what  climate  will  best  sint  individual  cases  becomes 
of  extreme  difficulty  as  well  as  importance. 

The  sex  of  persons,  their  ages,  their  education  and 
tastes,  their  companionships,  their  attendants,  their  pecu- 
niary abilities,  the  progress  of  the  disease,  etc.,  may  all 
be  questions  equal  in  importance  to  that  of  climate,  if  not 


even  more  important — so  susceptible  is  the  physical  well- 
being  to  a-sthi-tic  and  jisychical  iclluences. 

The  question  of  climate  as  regards  the  prevention  of 
phthisis  is  of  greater  importance  by  far  than  that  re- 
garding its  cure.  Experience  lias  shown  that  in  every 
climate  consumption  has  incrca.sed  with  the  increasing 
population,  and  therefore  the  first  stcj)  in  its  prevention. 
as  in  its  cuic.  is  to  see  that  the  ,s;initary  surroundings  of 
peoiile  in  tlieir  homes,  and  when  eniployed  in  Ihcir  daily 
vocations,  are  of  the  most  perfect  nature  possible.  But 
inasmuch  as  it  has  l)ecome  the  mvde  to  draw  distinctions 
between  climates  fitted  for  the  phthisical  at  dilTerent 
stages,  it  will  not  be  improijcr  for  us  to  give  some  direi^- 
tions  which  experience  has  i)roven  to  be  of  some  value 
in  the  treatment  of  consumption. 

In  all  early  stages  of  the  disease,  befora  ha?moptysis 
has  occurred,  bright,  dry  climates,  where  the  air  is"  in- 
vigorating, as  at  varying  heights  rising  to  five  thousand 
feet  above  the  sea.  where  the  rarefied  air  allows  of  greater 
lung  expansion,  and  where  life  with  activeexerci.se  in  the 
open  air  may  be  engaged  in.  are  those  which  seem  likely 
to  produce  most  gratifying  results.  Owing,  howe%'er, 
to  the  extreme  daily  range  of  temperature,  protection 
from  the  night  air  in  well -ventilated  dwellings  or  in 
tents  is  markedly  indicated.  That  height  is  probably 
not  the  necessary  element  in  the  cure,  except  so  far  as  it 
is  the  gauge  of  brightness  and  dryness,  is  seen  in  the  al- 
most uniformly  good  effects  of  surveying  and  ciiinjiing 
out  in  the  bracing  air  of  the  Northwestern  prairies,  as  of 
Montana  and  the" British  Territories.  Such,  too,  are  the 
experiences  of  consjuuptives  at  the  far-famed  health  re- 
sorts of  the  whole  Hiviera  in  the  winter  season.  When 
pronounced  ha?moptysis  has  taken  place  both  theory  and 
experience  contraindieate  treatment  b_v  high  altitudes, 
with  their  rarefied  air,  unless  by  the  most  gradual  ascents. 
Jaccoud  illustrates  the  first  by  jiatients  going  to  the 
mountains  direct  by  rail  from  Paris,  only  to  have  a 
hemorrhage  occur  on  their  arrival, — a  hemorrliage,  how- 
ever, which  ceases  immediately  on  their  descending  again. 
Dr.  Paul  Kegnard  has  given  statistics  greatly  qualifying 
the  tendency  as  stated  by  Jaccoud.  In  such  cases  the 
bracing  air  of  the  Northwestern  prairies  would  seem  to 
be  of  the  greatest  value.  When  the  disease  progresses 
but  slowly,  high  altitudes  with  their  tonic  influences  and 
effects  upon  digestion  and  nutrition  do  produce  good 
effects.  In  cases  with  much  cough  and  bronchitis,  the 
inland  lake  districts  on  the  Laurentides  of  Canada,  with 
tlieir  immense  evergreen  forests  of  cedar,  hemlock,  and 
pine,  supply  conditions  eminently  tonic  and  soothing. 
The  temperature  is  equalized  by  the  evaporation  from 
the  lakes,  and  the  trees  diminish  the  violence  of  the  winds. 
Then,  besides,  the  cool  waters  which  flow  trom  the  north- 
ern watershed  into  the  innumerable  small  lake  ba.sins 
make  t  he  air  cool  and  invigorating  in  the  midst  of  summer, 
and  afford  the  opportunities  for  camp  life,  with  unlimited 
facilities  for  fishing  and  hunting,  thus  giving  variety  and 
exercise  without  the  danger  of  fatigue,  so  often  incident 
to  hill  climbing.  The  average  height  of  these  lakes  is 
about  one  thousand  feet  above  the  sea. 

Reference  has  been  made  to  purit}-,  drj'ness,  and  bright- 
ness as  being  the  chief  elements  that  give  therapeutic 
qualities  to  the  atmosphere;  and  that  these  qualities  usu- 
ally exist  in  their  highest  degree  in  mountain  climates 
has  been  indicated  by  experimental  work  made  tiuring 
the  past  ten  years  by  numerous  workers,  which  has 
added  much  to  our  knowledge  of  the  physiological 
changes  going  on  at  high  altitudes.  The  most  compre- 
hensive exposition  of  this  work  and  the  conclusions  based 
upon  it  is  that  by  Dr.  Paul  Regnard.  Paris.  Similar 
conclusions  are  set  forth  by  Dr.  Solly,  Colorado  Springs, 
in  his  recent  work.  These  with  other  competent  observ- 
ers insist  that  tuberculosis  practically  does  not  exist 
in  high  altitudes  except  when  introduced,  and  Regnard, 
summins  up  the  rea.sons  for  this.  Siiys: 

1.  That  Freudenrieh  affirms  that  the  rarity  of  the 
bacillus  is  due  to  the  degeneration  induced  in  this  organ- 
ism by  its  life  in  cold  atmospheres  for  many  months — a 
fact  proven  experimentally. 
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3.  That  persons  rich  in  blood  constituents  are  seldom 
inoculated  with  the  disease,  its  onset  depending  upon 
anfemia  and  general  depreciation  of  tlie  healtli,  and  that 
these  conditions  but  seldom  prevail  in  mountain  climates, 
owing  to  the  fact  that  the  blood,  at  these  high  altitudes, 
is  richer  in  red  corpuscles  than  it  normallj'  is  at  low-  levels. 
3.  That  while  a  cold  fresh  air  prevails  in  the  moun- 
tains even  in  the  summer,  there  is  the  additional  fact 
that  in  winter  mountain  atmosphere  is  fresh  and  dry 
with  sunshine  of  great  intensity. 

When  tlie  change  of  residence  is  first  made  from  a  low 
level  to  that  of  a  moimtain  resort  the  individual  is  likely 
to  experience  what  is  known  as  the  iiiaUiiUe  de  la  Mun- 
tii(/nt\  the  svmptonis  of  which  are  heat  sensations,  tur- 
gidity  of  lips  and  conjunctiva,  with  flushed  face,  nose- 
bleeding,  sleeplessness,  breathlessness,  headache,  and 
vertigor  This  is  rapidly  followed  by  improved  appetite, 
a  sensation  of  hien-etre,  improved  spirits,  decrease  of 
nervousness  and  dyspncea.  The  first  symptoms  were 
due,  according  to  Regnard,  to  an  anoxiemia  and  the 
physiological  needs  created  by  this  condition.  Under  the 
stiraulus'of  this  demand  for  "more  oxygen  a  condition  of 
hyperha'moglobina?mia  soou  becomes  established.  In 
other  wordsT  the  blood  of  anwmic  persons  who  transfer 
their  residence  from  a  low  to  a  high  altitude  will  soon  con- 
tain the  amount  of  oxygen  which  a  fairly  healthy  person 
would  possess  at  the  lower  level,  and  this  can  only  be  at- 
tained through  an  increase  in  the  number  of  red  blood 
corpuscles:  for  experiments  on  animals  subjected  for 
weeks  to  atmospheres  of  reduced  atmosplieric  pressure 
show  that  the  capacity  of  red  corpuscles  to  hold  oxygen 
varies  directly  with  tlie  decreased  pressure  or  with  eleva- 
tion above  sea  level.  The  corpuscles  will  rise  in  number 
from  a  normal  at  sea  level  of  4,(100.000  per  cubic  milli- 
metre of  blood  to  6.000,000  or  7,000.000,  according  to 
height,  within  a  fortnight.  Paul  Bert's  law  is  thus  ex- 
pressed:—If  at  700  mm.  (30  ins.  on  barometer)  blood  ab- 
sorbs 20  c.c.  of  o.xygeu,  at  370  mm.  it  absorbs  only  16.5 
c.c,  and  at  30  mm. "it  absorbs  only  7.4  c.c. 

Regnard.  after  a  review  of  the  experimental  evidence 
regarding  nutrition,  the  changes  in  the  composition  of 
the  atmosphere  and  the  increased  h!iematoi>oiesis  having 
an  intintate  relation  to  it,  says  that  when  the  atmos- 
pheric pressure  diminishes,  the  oxygen  supiilied  for 
organic  comliustion  diminishes.  Then  1lie  nd  corpuscles 
begin  to  increase,  and  soon  the  normal  condition  of  tissues 
is  "restored  and  even  passes  the  normal.  It  is  certain, 
then,  that  in  the  mountains  the  appetite,  stimulated  by 
the  fresh  air  and  walking,  determines  a  more  active 
nutrition  and  more  intense  combustiun.  Similarly,  there 
is  an  excess  in  the  moisture  given  off  in  the  mountaiiis 
b}'  pulmonary  respiration.  Probably,  however,  there  is 
a"  tendency  to  increase  iu  weight  by  residence  in  the 
mountains. 

JIuch  may  be  said  concerning  the  stimulating  influ- 
ences derivc'd  from  the  ozonized  air  and  the  s;dt  breezes 
blowing  from  the  ocean.  These  must,  however,  be  as- 
sociated with  a  mild  air,  otherwise  the  dampness  and  fogs 
of  the  coast  cauuot  fail  to  injure  all  except  early  cases  of 
consunijition,  iu  which  general  debility  is  chiefly  present. 
In  such  cases  the  coast  from  Boston  southward  during  the 
summer,  and  the  Gvilf  of  Jlexieo  during  the  winter,  seem 
to  best  fulfil  the  indications.  Los  Angeles,  etc.,  on  the 
Pacific  coast  may,  with  good  cause,  be  considered  in  this 
connection.  The  equable  character  given  to  the  climate 
of  the  Pacific  coast  by  the  retvni  equatorial  ciimiit 
flowing  from  the  north  "to  join  the  parent  stream  at  the 
equator,  has  of  recent  years  given  it  many  claims  to 
prominence  in  the  treatment  of  consumjition.  In  many 
respects  the  climate  of  Southern  California  supjilies 
America  with  a  resort  in  a  fair  way  of  becoming  as 
celebrated  a  winter  residence  for  invalids  as  the  far-famed 
Riviera  of  the  :Mediterranean :  and,  if  lacking  in  some  of 
the  historic  interest  attaching  to  the  latter,  it  certainly 
surpasses  it  iu  a  freedom  from  the  unsanitary  conditions 
too  often  present  in  these  old  towns. 

Any  attempt  to  euumerate  the  almost  infinite  number 
of  health  resorts   whose  special  claims  have,   even  iu 


America,  but  especialh'  in  France,  Italy,  Germany, 
Spain,  England,  Scotland,  Switzerland,  Algiers,  Au's- 
tralia,  and  Tasmania,  been  set  forth  by  special  advocates, 
would  be  as  impossible  as  it  would  be  unscientific;  and 
it  is  only  by  a  careful  review  of  the  many  conditions  iu 
connection"  with  each  case  that  satisfactory  results  are 
at  all  likelv  to  be  aiTived  at  as  regards  its  treatment. 

P.  11.  Bi-yce. 

CONTAGION.     See  Infirf/onx  Piwascs. 

CONTRACTILITY,  CONTRACTION.— Contractility  is 

one  of  the  fun<lameutal  and  inherent  properties  of  living 
matter.  Nearly  all  of  the  movements  which  arc  so  char- 
acteristic of  li\"ing  nature  are  due  to  this  proiierty :  that 
is,  they  are  due  tn  the  contraction  of  protoplasm. 

Thecontractiou  of  a  boily  or  of  a  substance  implies  an 
alternating  compensator}-  expansion  or  relaxation.  If  it 
w-ere  not  for  the  alternating  contraction  and  expansion 
(or  relaxation),  a  repetition  of  a  movement  could  not  oc- 
cur, and  the  end  for  which  contractility  seems  to  exist 
could  not  be  accomplished. 

Contraction  is  active,  while  relaxation  is  passive.  Con- 
traction can  be  accomplished  only  through  a  catabolism 
of  the  living  substance,  while  reliuxation  involves  no  catali- 
olism  and  may  take  place  at  the  same  time  with  anab- 
olism. 

I.  The  Significais-ce  op  Costkactilitt.— Contractil- 
ity in  its  most  primitive  form  is  possessed  by  the  active 
protoplasm  of  unicellular  plants  and  animals,  In  a  more 
advanced  form  it  is  the  property  of  more  or  less  sjiecial- 
ized  portionsof  the  metaphyta  and  of  themetazoa.  The 
active  protoiilasm  of  higher  plants  forms  so  small  a  jwr- 
tion  of  the  \A:iut  body,  and  the  activities  of  this  portion 
are  so  obscured  by  the  more  prominent  and  apparent  por- 
tionsof the  plant,"thatone  is  likely  altogether  to  lose  sight 
of  the  importance  of  contractility  in  the  plant  kingdom. 

On  the  other  hand,  the  extreme  prominence  of  this 
property  and  of  the  highly  specialized  muscular  tissue 
which  liianifests  it  in  the  higher  animals  leads  the  casual 
observer  to  associate  contractility  with  the  animals,  aud 
to  look  upon  it  as  one  of  the  chanicteiistics  distinguishing 
animals  from  plants. 

Being  an  inherent  property  of  living  matter,  contrac- 
tility nuist  have  a  significance  which  bears  a  fundamental 
relation  to  life. 

Only  through  the  study  of  primitive  forms  can  one 
elucid"ate  these  problems  "of  life.  Let  us  svippose  that 
one  has  before  him  under  a  microscope  an  amielia  just 
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Fig.  1499.— Showing  Various  Phases  of  Amoeboid  Movement. 

taken  from  an  aquarium  (Fig.  1499).  "When  first  seen- 
under  these  conditions  the  o'rganism  is  likely  to  be  a 
fairly  compact  subspherical  grayish  mass.  Presently  one 
sees  a  portion  of  the  mass  slowly  extending  out  from  the 
main  bodv.  Other  portions  ma"y  extend  init  in  other  di- 
rections. "  These  extensions  or  "pseudopodia  seem  to  be- 
feelers.  Through  them  the  organism  seems  to  get  infor- 
mation regarding  its  immediate  environment.  Presently 
one  of  the  pseiTdopodia  gets  rapidly  larger  through  a 
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C'onlaalon. 
Contractllltr. 


Pig.  l.VH).— Cross-Seetion  of  a  Fascicu- 
lus of  Muscle.  Note  that  each  muscle 
fiiscu'ulus  is  suiTouniled  by  a  sheath 
calleil  llie  peiiMixsiuui;  th'iil  the  llbres 
which  constilutea  fasciculus  an-  sepa- 
raled  from  oue  another  hy  einh'itiy- 
sium.anii  thai  each  llbre  issurrouniled 
by  a  cell  wall  called  the  sai'<'olemnia. 
The  <lots  just  within  the  sarc<ilemma 
rf'pix'seut  nuclei. 


flowiiii;  of  tliL'  iH'otoplasiii  into  the  growiug  pseudopo- 
diiini  from  the  cell  lioiiy  iiml  its  otlifi-  exleusioiis.  Ill 
this  way  the  oriranism  moves  across  the  tiehl. 

Should  it  by  aeeideiit  or  ollierwise  eome  in  contact,  at 
any  part  of  ils  periphery.  %vitli  a  small  solid  liody.  such 

asa  unicellular  ijlant  of 
SS2*a^   /Penmysltnn  smaller     .limeusions 

.endoiiiy.siuiu  than  itself,  it  inimedi- 
^sarcolemma  ately  tlows  ;irouiid  the 
foreign  body,  thus  eu- 
gulting  it.  A  plant 
body  thus  engulfed  or 
swallowed  is  actually 
digested  and  assimilat- 
ed by  the  ainceba. 

If  the  glass  slide 
upon  which  the  organ- 
ism is  resting  be  jar- 
r<'d.  or  if  in  any  way 
the  animal  is  suddenly 
stimulated,  it  quickly 
draws  up  in  a  spheri- 
cal mass,  and  remains 
thus  contracted  until 
everything  is  (piiet  and 
the  way  seems  clear 
for  another  lecounoit- 
ring  of  the  environment — another  foraging  tour. 

Finally,  after  a  preliminary  period  of  rest  the  old 
ani(eba  dirides  into  two  young  ones,  tlius  completely 
merging  its  individuality  into  that  of  the  succeeding  geii- 
eratii  m.  This  act  of  reproduction  is  accomplished  through 
tlie  means  of  a  certain  amount  of  contraction  and  move- 
ment . 

The  foregoing  is.  of  course,  an  interpretation  of  the 
niovemcnts  of  the  amceba  in  terras  of  the  known  activi- 
ties of  the  higher  animals,  especially  of  man.  How  far 
this  is  justitiable  is,  of  course,  a  question;  but  if  we  in- 
terpret the  actions  of  low  organisms  at  all  we  must  of 
necessity  do  so  in  terms  of  our  own  e.vperience. 

Accepting  this  as  a  basis  for  our  reasoning,  we  may 
say.  then,  that  there  are  three  fundamental  ends  served 
by  the  movements  of  the  ama'ba:  (</)  nutrition;  (i)  pro- 
tection: ((■)  reproduction. 

In  serving  these  three  great  realms  of  life  activity,  con- 
tractility stands  in  most  intimate  relation  to  the  whole 
of  life.  If  we  study  the  higher  ranks  of  living  nature, 
we  .shall  hnd  that  contractility  holds 
just  as  important  a  relation  to  nutri- 
tion, protection,  and  reproduction 
as  is  observed  in  the  protozoan. 

II.  Tile     Stkcctuke    of     Cox- 
TRACTii.E  Substance. — It  has  been 
stated    above  that   all   living   sub- 
stance   jiossesses    the    property   of 
contractility  as  one  of  its   inherent 
characteristics.      It  follows  that  the 
l[l'l;Jtill    ''  'I    .5)        discussion   of   t/ic  str>icluve  of  co/i- 
iTi  ■■/,',['JiiV'i]    '1ft        tniflite  milistance  is  really   the  dis- 
!      '  .         f  ■    ,''        cussion   of  the  structure  of  lirlny 
■  •    -    .''.        snhHtdiicc.     It  is  the  intention  of  the 

I  I   ;■  , ,       writer  to  discuss  in  detail  only  those 

features  of  protoplasmic  structure 
whieli  are  of  especial  significance 
in  contractility. 

Beginning  with  that  substance 
which  is  most  highly  specialized 
as  to  contractility,  viz..  muscle 
tissue,  one  notes  that  the  cell  is  a 
fibre  and  that  the  cell  substance  is 
tibrillated.  In  action  it  is  observed 
that  the  cell  becomes  shortened  in 
its  long  axis  while  its  lateral  di- 
mensions increase,  the  volume  re- 
maining the  Siime,  The  shortening 
(cell)  is  universiilly  conceded  to  be 
(d'  the  tibrilUe.  which  take  a 


L_ 


__j 


Flc.  1.501.  —  Portion  of 
a  Fibre  of  Human 
Muscle.  Note  the 
transverse  bands  or 
striati"ns.  The  lisht 
discs  are  di\1ded  hy  a 
dotted  line  i plane), 
first  descrilH'd  by 
Kraiise  and  supposed 
by  him  to  be  a  mem- 
brane. 


of  the  muscle  fibre 

the  result  of  the  shortening 

prominent  part  in  the  structiue  of  each  muscle  cell. 


Each  fibre  or  cell  is  sin-rounded  t)y  a  delicate  cell  wall, 
thii  Mtro/li  III  mil,  shown  in  Fig.  I'M). 

In  the  figure  the  shadcil  aieas  (areas of  Cohnheim)  into 
which  the  cro.ss-section  of  each  fibre  is  divided,  represent 
bundles  of  fibrilUe,  iiiiincle  01I1111111.1,  which  are  sepaiiited 
by  the  sarcoiMasm. 

The  proportion  of  sarcoplasm  to  fibrillar  substance 
mav  vary  enormously  in  the  muscles  of  tlilTcrent  species 
as  well  us  ill  the  diderent  muscles  of  the  same  aiiimids. 
"Those  muscle  fibres  which  serve  llie  most  persistciu  or 
most  strenuous  actions  are  richest  in  sai-coplasm."  "  TIk^ 
great  pectoral  muscle  of  the  best  filers  (among  the  biiils) 
consists  exclusively,  or  almost  e.\clusively,  of  plasmio 
(lich  in   .sarcoplasm)  fibres,   while  in  the  weak-winged 


UUJ 


FIG.  1.502.— Wine  Muscles  of  an  Insect.      (After  Shater.)    .1.  Con- 
tracted; B,  same,  relaxed;  (',  moderately  e.Kiended. 

fowls  it  consists  predominantly  of  aplasmic  (poor  in  sar- 
coplasm) fibres."  "There  can  be  no  doubt  that  energetic 
chemical  changes  go  on  in  the  sttrcoplasm.  as  is  pi'oved 
by  the  frequent  appearance  within  it  of  fat  drops." 
"All  indications  favor  the  proposition  that  Hie  aiirmpliitim 
furnishes  the  pabulum  which  nourishes  the  fibrilhe  dur- 
ing its  activity."  "If,  then,  it  really  is  the  role  of  the 
iuterfibrillar  plasma  (sarcoplasm)  to  preside  over  the 
nutrition  of  the  contractile  substance,  the  greater  abun- 
dance of  sarcoplasm  in  the  muscles  which  serve  the  most 
strenuous  and  persistent  functions  is  readily  intelligiV)le." 
(.Quotations  from  Biedermanu's  "Electro-Physiology.") 

The  structure  of  the  fibriUa  has  been  under  discus.sion 
for  many  years.     JIany  of  the  points  at  issue  are  still 


s.e. 


Fig.  1.5(13.— Diairrani  of  a  Sarcomere.  (After  Chafer.)  ^4,  Extended; 
B.  conti'acied.  The  shaded  ponion  of  each  san*<<mere  is  a  sarcos"nie. 
h.  Plane  or  Henseu;  k,  /.,  membranes  ot  Krause;  s.  t'.,  poriferous 
sareous  clement. 

unsettled.  Fig.  l.^Ol  shows  a  human  muscle  fibre  under 
high  magnification.  Note  that  the  fibre  presents  alter- 
nating light  and  dark  bands  and  that  the  light  bands  are 
subdivided  by  a  tine  dotted  line.  This  line  is  called 
Ki-fiiine's  iiieiiilimiic.  because  it  was  at  first  thonglit  to 
be  a  memlirane.  The  whole  fibre  is  composed  of  a  great 
nundier  of  parallel  fibrilhe.  Eadi  tibrilla  is  segmented 
and  presents  the  same  alternaUug  dark  and  light  Sfg- 
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Fie.  1.504. —  Expanded  End  of  a 
Foraminifer's  Pseudopod.  X 
3,000.    (Alter  Butscbll.) 


ments  shown  by  the  fibre  as  a  whole.     Furthermore,  each 
fibrilla  possesses  a  portion  of  the  "Krause  membrane." 

The  most  favorable  material  for  the  study  of  the  finer 
structure  of  the  tibrilUe  is  presented  by  tlie  wing  mus- 
cles of  insects.  Shafer's 
preparations  shown  in  Fig. 
1502  give  a  very  good  idea 
of  this  structure.  The  por- 
tion between  two  Krause 
membranes  is  called  a  scir- 
comiiv.  Note  that  in  the 
extended  condition  the  dark 
baud  has  a  light  line  divid- 
ing it  transversely:  this 
lig-ht  line  is  called  the  line 
or  plane  of  Hensen  (see 
Fig.  1503.  ,1,  Ii).  This 
plane  of  Hensen  disappears 
when  the  fibrilla  is  con- 
tracted (see  Fig.  1503,  B. 
A).  Each  sarcomere  then  is 
occupied  by  dark  and  light 
matter.  The  dark  matter 
seems  to  be  more  solid  than 
the  light  matter.  It  is  call- 
ed a  sarcous  element  or 
surcsome. 

From  the  figures  given  it 
is  evident  that  the  fibril - 
lated  structure  of  muscle 
protoplasm  must  play  an 
important  role  in  contrac- 
tion. The  attention  has 
already  been  called  to  the 
fact  that  the  muscle  cell  is 
composed  of  fibrilla'  and  sarcoplasm.  Note  from  Figs. 
1.502  and  1503  that  the  fibrilla  is,  in  turn,  composed  of  a 
darker  and  a  lighter  portion,  the  surcosmiie  and  the 
siircoli/mp/i.  The" sarcosome  seems  to  be  of  greater  con- 
sistency— that  is,  viscous;  while  the  sarcolymph seems  to 
be  limpid  in  consistency.  Not  ail  of  the  substance  of 
the  fibrilla  is  contractile.  The  sjircosome  is  actively  con- 
tractile, while  the  sarcolymph  is  passively'  adapted  to 
the  movements  of  the  sarcosome.  flowing  to  and  fro  in 
response  to  pressure  from  the  sarcosome.  Biedermann. 
cited  above,  has  called  attention  to  the  fact  that  it  is 
the  sarcoplasm  that  serves  as  passive  food  for  the  active 
fibrilla.     But  within  the  fibrilla  the  passive  sarcolymph 

'  probably  serves  as  food  for 

the  active  sarcosome. 

In    the    muscle   cell    we 

seem   to  reach  the  highest 

order  of  differentiation  in 
protoplasmic  .structure.  It  will 
lie  protitalile  to  study  less  highly 
(lilTerentiated  cells  in  the  search 
of  homologues  to  the  structures 
above  desciibed. 

Under  favorable  conditions 
and  with  sufliciently  high  mag- 
nification the  protoplasm  of  ani- 
mal cells  is  fmmd  to  be  com- 
jKised  of  a  meshwork  of  fibrillte. 
Tliat  jiortion  of  the  protoplasm 
outside  of  the  nucleus,  viz.,  the 
ceU-plaxm  or  cytoplnsiii.  is  thus 
composed  of  substances  repre- 
senting at  least  two  well-defined 
physical  conditions,  and  belong- 
ing, without  reasonable  doubt, 
totwo  categories  from  a  physio- 
logical standpoint.  The  threads 
orfibrilhe  which  form  the  reticu- 
lum are  of  more  viscous  consist- 
ency, while  the  liquid  which  fills 
the"  meshes  of  the  reticulum  is 
more     waterv    in     consistency. 


called  gpongioplaitm,  while  the  liquid  in  the  meshes  is 
called  cytolymph. 

A  study  of  Figs.  1504,  1505,  and  1506  will  reveal  all  of 
these  features  in  cells  representing  a  wide  range  of  dif- 
ferentiation in  the  animal  kingdom. 

This  reticulated  structure  of  protoplasm  with  its  dif- 
ferentiation into  spongioplasm  and  cytolymph  is  so  gen- 
eral and  constant  that  Wilson,  of  Columbia  University, 
has  made  a  diagram  of  a  typical  cell  (see  Fig.  150T)  in 
which  the  reticulum  in  the  cytoplasm  is  a  prominent  tea- 


Fig.  15ft5.— Epidermal  Cell 
of  an  Earthworm.  X 
3,000.    (After  Butschli.) 


The  denser  thread  substance  is 


Fig.  1.500.— Section  through  a  Nephridial  Cell  of  the  Leech.  Clepsine. 
(Drawn  liy  Arnold  (iraf  from  one  of  his  own  prepiirations.i    The 

centre  of  the  cell  is iipied  by  a  larjre  vacuole,  ailed  with  a  watery 

liquid.  The  cvtopUisiii  fnrms  a  very  reeularand  distinct  reticulum 
with  scattered  niicrusumes  which  become  very  laree  in  the  periph- 
eral zone.  The  larger  pale  bodies,  lying  in  the  ground  substance, 
are  excretory  granules  (i.e.,  metaplasmi.  The  nucleus,  at  the  right, 
is  sumiunilwl  by  a  thick  chromatic  membrane,  is  traversed  by  a 
very  distinct  linin  network,  contains  numerous  scattered  chromatin 
granules,  and  a  single  large  nucleolus  within  which  is  a  vacuole. 
Above  are  two  l.siilated  nuclei  showing  nucleoli  and  chromatin 
granules  suspended  on  the  linin  threads.  (Wilson:  "The  Cell,  in 
Development  and  Inheritance,"  189t).) 

ture.  The  nucleus,  centrosome,  plastids,  and  metaplasm 
are  of  importance  in  anv  discussion  of  the  cell  reproduc- 
tion and  nutrition,  but  may  be  passed  without  further 
reference  at  this  time. 

There  can  scarcely  exist  a  doubt  in  one's  mind  that 
the  fibrilhe  of  a  niuscle  cell  are  homologous  to  the 
spongioplasm,  while  the  sarcoplasm  is  homologous  to  the 
cytolymph.  The  spongioplasm  is  not  homogeneous, 
but  consists  of  substances  of  different  consistency,  nota- 
ble among  the  denser  substances  being  the  iiucrosomen  or 
protoplasmic  granules.  Though  a  homology  may  be 
trace(I  between  different  features  in  the  structure  of  the 
fibrillte  and  those  of  the  spongioplasmic  threads,  it  is 
probably  too  early  to  venture  a  judgment  on  such  a  rela- 
tion. This  thing  is  certain:  the  cells  which  have  paral- 
lel, contractile  fibrilke  are  lineal  descendants  of  cells 
which  possessed  the  spongioplasmic  reticulum.  Further- 
more, the  spongioplasm  is  active,  while  the  cytolymph 
is  a  passive  food  supply,  so  that  the  analogy  between 
fibrilloe  and  sarcoplasm  on  the  one  hand,  and  spongio- 
plasm and  cytolymph  on  the  other,  is  perfect. 


270 


REFERENCE   HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


C'onirarlillty. 
t'on(rarlllll)'. 


plasmosfime    or 
true  uucletilus 


net- 


ohromatin 

work 
Unin-network 


kan'osonie  or 
net-knot 


Let  us  turn  briefly  to  a  consideration  of  other  contrac- 
tile  stnietures.      Tlie  eiliated    cell    possesses    pennaiient 
cell  extensions — the  ivY/k— wliieh  are  iu  constant  motion. 
Fijr.    1508    shows    the    strneture 
as    it    apjifars     under     favoriible 
conditions.      The   tihrilhe   of    the 
cytoplasm  represent  the  spouirio- 
plasni  of   the  ciliated  end  of   the 
cell.     The  cilia  seem  to  be  simide 
extensions     of     the    cytoplasmic 
libiilhc.    inter- 
rupted    at    the 
cell  border  by  a 
zone    of    miero- 
soines,  which,  in 
Fiir.     loO'J.    are 
strongly     s  u  g- 
gestivc  of  sarco- 
somes. 

Biedermann's 
s  t  u  d  y  o  f  the 
property  of  con- 
tractility among  the  Ciliata  makes 
it    evident    that   in  this  class  of 
unicellular    animals    we    have    a 
tibrillated  structure  in  which  the 
lilirilhe  arc    also    homologous  to 
the  sponirioplasmic    threads   (see 
Fig.  I-jUD. 

"The  contractile  substances  thus 
far  iliscussed  are  those  which  have 
the  power  of  contracting  in  one 
particular  direction.  The  Hhizo- 
poda  among  oue-eelled  animals, 
also  the  undilTerentiated  proto- 
plasm of   jilant   cells,   possess  the 

property  of  contractility,  but  the  char-acter  of  the  move- 
ment is  quite  dilfereut  from  that  of  any  of  the  ani- 
mals above  the 
Rhizopoda  in  that 
t  h  e  contraction 
may  take  place  in 
any  direction 
whatsoever.  This 
particular  charac- 
ter of  movement 
is  called  amo?boid 
(see  Fig.  1499). 
The  amteba,  the 
monera.  the  leu- 
cocyte, and  the 
protoplasm  of 
plant  cells  do 
not  .seem  to  have 
a  protoplasm 
differentiated  in- 
to spongioplasm 
and  cytolymph. 
The  protoplasm 
of  certain,  per- 
haps all,  fora- 
m  i  n  1  f  e  r  a  is, 
however, 
thus  differ- 
entiated, and 
it  is  capable 
of  typical  amce- 
boid  movements 
and  of  no  other 
kind  of  move- 
ments. Fig.  1504 
y^a  .^^■' *  '  r  .'•  J- '"^^  •' \  shows  the  ex- 
^\    '^^^^~T-  --^t*^i^^^^^  v^^""^^  panded  end  of  the 

«.-■-        ;i^^>i  vy  ^-^   pseudopod    of    a 

FIG.  1308.— .\  Ciliated  Cell  from  the  Intestinal   foraminifer.     The 

Epilbelium  of  Cyrias.    Note  the  oytoplasmic    sponffioplasm      is 


not   lead   one   to 
Attraction  Sphere  inclosing  the  Centrosomes. 


plastlds  lying  In 
the  cytoplasm 


Fig.  I.tOT.— Diapram  of  a  Cell.  Hfter  Wilson.)  Note 
that  this  diairitiin  enniains  evcryihine  which  a  study 
v{  actual  cells,  as  shown  al>ov»*.  would  seem  to  he 
essential  aud  typical  in  cell  structure. 


.:;;vi. 


••;!:• 


:-•:;: 


// 


expansion,  but   Biitschli    has   not  shown  it   in   any   of 
the    extensions.     The    lileratiire   of   the   subject    wmild 
believe    that    the    librillar    reticulian, 
met  with  in   some  of  the  animids 
endowed    with    anueboid     move- 
ments,   has     any    causative   rela- 
tion to  those  movements. 
III.  The  Cii.Mt.vcTEK  of  Con- 
T  K  .\  CT  I  ox  s. —  As 
stated     above,     con- 
tractions   alternate 
with   rela  .xa  tions. 
This    condition    is   a 
physiological    neces- 
sity, because  contrac- 
tions are  the  result  of 
catabolism,  while  le- 
la.xatioiis  take   place 
during   aiiabolism, 
though  they  arc  not 
necessiirily    the     re- 
sult of  anabolism. 

Contractions  inva- 
riably decrease  the 
surface  of  a  body  ex- 
posed to  the  sur- 
rounding medium, 
while  relaxations  as 
invariably  increase 
the  surface  exposed. 
When  at)  aimeba  re- 
laxes it  at  the  same 
time  sends  out  one  or  more  exten- 
sions of  the  body  wall,  thus  in- 
creasing the  surface,  and  through 
the  increase  of  surface  also  in- 
creasing the  absorptive  area,  and  the  opportunity  to 
come  into  contact  with  solid  bodies  that  may  serve  as 
food.  With  these  two  advantages  there  always  comes 
the  disadvantage  that  the  expanded  animal  is  subjected 
to  greater  danger  of  attack  by  other  organisms,  or  of 
injury  by  the  environment.  Contraction  decreases  dan- 
ger', decreases  .supply  of  nutriment  and  knowledge  of 
environment.     This  seems  to  be  a  general  law  appli- 
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fltirilla?  tenninatinp  in  a  zone  of  peripheral 
microsomes  to  which  the  cilia  are  attached. 
(From  Wilson,  after  Englemann.) 


very    evident     in 
the"  body  of    the 


Fig. 


1.t09.— A  Ciliated  Cell  from  the  Gill  of  a  Fresh-Water  Mussel. 
The  cilia  are  contracted.     (From  Wilson.  aft«-r  Englemann.J 


cable  to  higher  animals  and  to  higher  orders  of  indi- 
viduals, i.e.,  to  the  municipality,  the  state,  and  the 
nation. 

A.  The  Character  of  Amceboid  Moremenla. — Amreboid 
movements,  so  called  because  first  observed  in  the 
amipba,  are  characteristic  of  the  Rhizopoda  in  general, 
of  leucocytes,  and  of  some  of  the  lower  plant  forms  as 
well  as  of  the  unmodified  protoplasm  found  in  active 
plant  cells. 
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Fig.  1510.— a  Vortioella  (Carchcsinm 
pfiljipiiaim).  Note  tbe  oonverging 
flbrillpe  developed  from  the  e.\o- 
plasm :  also  the  muscle  flbre  of  the 
pedicel. 


The  movements  usually  classified  under  this  categoiy 
differ  slightly  among  themselves,  and  may  be  subdivided 
into  X\ui  flowing  morements  wLich  in  plant  cells  become  a 

distinct  circulation  of 
streams  of  protoplasm 
in  the  form  of  threads  or 
strands  of  varying  diam- 
eter from  the  region  of 
the  nucleus  out  to  dis- 
tant iiortions  of  the  cell, 
usually  along  one  side  or 
through  the  middle,  and 
returning  along  the  op- 
posite side  or,  in  the 
latter  case,  along  both 
sides.  It  is  inconceiv- 
able that  these  move- 
ments could  take  place 
in  jirotoplasm  formed 
in  pari  by  a  reticulum, 
much  less  that  the  retic- 
ulum could  be  active  in 
causing  the  floiring  and 
circulation.  In  this  form 
of  movement  we  prob- 
ably have  to  do  with  the 
most  primitive,  spon- 
taneous movements  of 
living  matter.  That  the 
terms  contraction  and 
expansion  may  be  applied  appropriately  to  this  kind  of 
movement  is  evident  from  the  response  which  the  proto- 
plasm gives  to  an}'  sudden,  efficient  stimulus  it  contracts 
into  globular  masses  either  along  the  course  of  the  threads 
or  around  the  nucleus  (see  Fig.  1511). 

The  other  form  of  amoeboid  movement  shown  liy  the 
higher  Rhizopoda  and  by  leucocytes  is  characterized  by 
a  slow  pushing  out  of  a  pseudo])o(l  from  any  point  in 
the  surface  of  naked  animals,  but  from  the  foramina  of 
the  foramiuifera. 

The  mechanism  of  this  pushing  out  is  a  matter  of  in- 
terest. A  pseudopod  cannot  be  tlirust  out  as  a  result  of 
simple  relaxation.  Relaxation  is  passive,  and  passivity 
never  pushes.  We  must  then  have  to  do  with  some  other 
factor  than  simple  relaxation.  There  is  relaxation  in  one 
dimension  only  and  contrac- 
tion in  the  other  two.  When 
one  thrusts  his  tongue  out 
of  his  mouth  the  transverse 
muscle  libres  contract,  while 
the  longitudinal  ones  relax. 
The  result  is  a  sudden  change 
in  the  dimensions  of  the 
tongue;  the  longitudinal 
axis  elongating  at  the  ex- 
pense of  the  transverse  di- 
mensions. Something  analo- 
gous to  this  takes  place  in  the 
pseudopod  of  an  ama'ba. 

What  we  call  the  contrac- 
tion stage  is  a  contraction  in 
all  dimensions.  This  leads  to 
the  assumption  of  the  spheri- 
cal shape. 

Some,  at  least,  of  the  or- 
ganisms which  possess  the 
power  of  amoeboid  move- 
ment, possess  also  a  reticulat- 
ed s]iougioi)lasm  (see  Fig.  1504).  The  threads  of  the  re- 
ticulum lie  in  the  three  dimensions  and,  therefore,  from  a 
mechanical  standpoint  may  cause  the  movements.  Inas- 
much as  contraction  in  its  higher  differentiation  is  clearly 
the  function  of  the  fibrillated  spongioplasm  or  its  liomo- 
logue.  we  are  justified  in  searching  for  the  beginnings  of 
this  differentiation  as  soon  as  we  find  contractilitv  and 
fibrillated  spoitgioplasm  possessed  by  the  saifte  organism. 
B.  The  Character  of  Ciliary  ilwements. — In  ciliary 
contractions  we  have  for  the  first  time  an  indubitable  re- 
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Ftg.  loll.  — SbowinR  the  Pro- 
toplasm of  a  Stamen-hair  Cell 
of  Tradescantia.  expanded 
(a)  and  contracted  (7)). 


Fig.  I.il2. — .Showiii?  the  Position  and  Con- 
dition of  the  Larsre  and  Slow-niovjns  Cilia 
from  a  Rib  of  a  Tunicate.  .4.  Stage  of 
rela.\ation  ;  B,  stage  of  contraction. 


lation  between  fibrillated  spongioplasm  and  contractility. 
Note  that  the  contraction  is  transverse  to  the  axis  of  the 
fibres  (see  Figs.  1508  and  1509).  This  can  be  accounted 
for  only  on  the  grounds  of  a  contraction  upon  one  side  of 
the  fibre  or  cilium,  the  other  remaining  relaxed  (see  Fig. 
1512).     (Verworn,  Allgemeine  Physiohgie.  p.  258). 

Nobody  seems  to  have  raised  the  question  as  to  how  a 
cilium  regains  its  erect  position.  Is  it  through  a  con- 
traction of  the  opposite  side  or  through  elasticity? 

The  time  and  rhythm  of  ciliary  contraction  must  be 

governed  by  the 
cells  of  which  they 
are  extensions,  be- 
cause all  of  the  cilia 
of  one  cell  ccmtract 
in  rhythmical  uni- 
son. Upon  ciliated 
surfaces  all  of  the 
cilia  act  in  har- 
mony, sending  a 
.series  of  undula- 
tions over  the  sur- 
face similar  to  those 
which  rtui  over  a 
field  of  wheat  under  the  influence  of  the  wind. 

The  ciliary  conti-action  is  strong  and  quick  in  one  direc- 
tion, while  the  relaxation  is  slow  in  the  other:  this  results 
in  a  ti-ansportation,  over  the  ciliated  surface,  of  any 
bodies  or  matter  which  may  be  resting  upon  the  surface, 
the  transportation  always  being  in  the  direction  of  the 
contractions. 

The  ciliated  surfaces  of  tlie  body  are  the  respiratory 
tract  below  the  larynx,  the  oviducts,  and  the  vasa  defer- 
entia.  The  columnar  epithelium  of  pharynx,  cesophagus, 
and  small  intestine  in  many  of  the  lower  vertebnites  is 
ciliated;  while  in  man  there  remains  of  this  ciliated  field 
only  a  sort  of  vestigial,  non-motile,  crown  of  short  cilia 
upon  the  columnar  epithelium  of  the  small  intestine. 

The  function  of  the  cilia  is  evidently  to  carry  secretions 
along  a  duct  or  passiige.  or.  in  addition  to  that,  to  remove 
foreign  luatter,  as  in  the  case  of  the  cilia  of  the  respira- 
tory tract. 

Ciliarv  contraction  may  be  grouped  in  two  classes:  (1) 
Concerted,  rhythmical,  undulatory  movement  over  a 
ciliated  area ;  and  (2)  the  whip-like  movements  of  a  single 
large  cilium  c-dWrilflngcUuui.  A  good  example  of  flagel- 
late ciliaiy  movement  is  found  in  the  spennatozoon.  The 
zoospores  of  the  alga;  usually  possess  one  or  two  flagelli. 
The  locomotion  of  a  spermatozoon  is  a  sculling  move- 
ment. 

C.  The  Charncter  of  Muscular  Contraction. — Muscular 
contraction  is  characterized  by  the  shortening  of  fibrillar. 
We  have  already  discussed  at  some  length  the  mintite 
structure  of  a  muscle  cell  of  some  of  the  higher  orders 
of  animals.  Biedermann 
( "•  Electro- Physiology, "  vol. 
i.,  pp.  3-5)  traces  the  mus- 
cle fibrilhv  phylogenetically 
back  through  the  whole  in- 
vertebrate division  of  the 
animal  kingdom,  back  to 
the  longitudinal  contractile 
fibrilUe  of  the  stentor  and 
the  vorticellalsee  Fig.  1510). 
In  the  case  of  the  stentor  the 
fibrils  are  separate  through- 
out their  course;  but  in  the  ■ 
vortieella  note  that  the  sep- 
arate fibrils  of  the  exoplasm 
are  gathered  into  the  con- 
tractile fibre  of  the  pedicel. 
The  spiral  course  of  this 
fibre  down  the  inside  of  the 
elastic  sheath  of  the  pedicel 
causes  the  latter  to  be 
thrown  into  a  cylindrical 
spiral  when  the  fibre  con- 
tracts (see  Fis.  1513).    Bied- 


FIG.  I.il3.— A  Vonlcella  E.xipauded 
ia)  and  Contracted  IW. 
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ermann  ("Elpptro-Pliysioloiiy  ")(leni()DstratefI  that  a  cnn- 
tractfil  vorlkclla  ri'tunis  ti)  the  cxpuiiik'd  ((iiKlitinn 
through  the  I'lasticity  of  the  peilicel.  ilusrk-  tiltrils 
never  push;  they  are  capable  of  active  contraction  of 
their  longitudinal  dimeusions.  but  not  of  the  transverse 
tliniension  to  restore  the  original  U'ngth.  In  this  re- 
spect muscular  contraction  ililTers  fundamentally  from 
the  anui'lioid  movement.  .Muscle  tihre.s  may  mutrurl 
iiiitl  n/'i.r,  but  they  cannot  cuiilriirt  and  e.rpniKl.  Dur- 
ing their  condition  of  rela.xation  they  are  absolutely 
passive.  They  are,  during  this  stage  of  their  change, 
expanded:  but  the  expansion  depends  upon  the  action 
of  some  fiictor  out.side  of  the  libre  itself.  In  the  case 
of  the  vorticella  it  depends  upon  the  elasticity  of  the 
pedicel:  in  the  case  of  the  ciliary  muscles  of  the  eye  it 
<lcpen<ls  ii\mn  the  elasticity  of  the  tissues  to  which  the 
muscles  are  attached;  in  the  case  of  hollow  viscera  it 
♦lepcnds  upon  intravisceral  pressure;  while  in  the  case  of 
the  skeletal  muscles  the  return  to  the  expanded  condition 
depends  in  part  upon  the  elasticity  of  tissues  and  in  part 
upon  the  active  contraction  of  opposing  sets  of  muscles. 
Other  topics  on  the  subjectof  muscular  contraction  are 
discussed  at  length  in  Dr.  Simon  H.  Gage's  admirable 
article  on  .]r>i.ir/i  (q.  v.).  Wiiijield  IS.  Mall. 

CONTUSIONS. — -V  contusion  is  a  surgical  injury — 
other  than  a  t'nicture  or  a  wound  proper — in  which  the 
skin  remains  intact.  If  there  be  a  solution  of  continuity 
of  the  skin  also,  the  term  contused  wound  is  used. 

The  force  producing  a  contusion  is  necessarily  blunt 
in  its  nature — a  blow  or  a  fall  with  resulting  violent  com- 
pression. The  lesion  prothicetl  thereliy  is  chiefly  a  lacer- 
ation of  the  .subcutaneous  structuivs,  varying  in  amouut 
according  to  the  degree  of  force  applied  and  the  resist- 
ance or  state  of  health  of  the  part  subjected  to  injury. 

A  contusion  may,  of  course,  involve  the  skin  alone 
(withoutbreakingit).  or  any  deeper  structures,  as  muscle, 
blood-vessel,  nerve,  viscns.  or  bone.  There  is.  in  a  con- 
tusion, probably  always  vascular  rupture  of  some  degree. 
The  resulting  extrava.sation  has  received  various  names, 
according  to  its  apparent  shape,  its  amount,  etc.  For 
instance,  hemorrhagic  spots  when  small  ami  round  are 
called  petechia ;  when  elongated,  as  in  stripes  from  a 
whip,  rihiees :  when  of  irregular  shape,  though  small, 
ecfhymoiiiaiii  or  ecchymoses.  Hiniiutuimita  are  localizeil 
collections  of  blood  of  some  size.  The  term  purpura 
while  sometimes  applied  to  small  extravasations  into  the 
parenchyma  of  the  cutis,  is  more  generally  given  to  a 
systemic  disease  (WTerlhof's)  in  which  such  heinorrhages 
are  a  prominent  symptom.  Pelitm'fi  is  used  in  a  similar 
sense.  Surjeiilliitinii  is  sometimes  considered  synonymcms 
with  ecchvniosis;  some  medico-legal  w-riters.  however, 
have  employed  the  former  term  to  indicate  certain  post- 
mortem a|)pearances  produced  by  the  settling  of  the  blood 
beneath  the  skin.  Tlie  diagnosis  between  these  condi- 
tions may  be  made  by  examining  a  section  of  the  skin — 
which,  if  the  injury  was  ante  mortem,  will  be, found  in- 
liltrated  with  blood",  and  firmer  and  thicker  than  natural: 
but  if  post  mortem,  the  blood  will  be  beneath,  or  upon, 
but  not  in,  the  cutis.  3Ioreover,  the  post-mortem  mottling 
will  generally  occur  at  the  most  dependent  parts,  and  the 
effused  blood  will  be  found  fluid.' 

Of  medico  legal  interest  alsfi  is  hjiemophilia.  as  those 
subject  to  this  diathesis  are  liable  to  extensive  extravasa- 
tions resulting  from  slight  violence;  and  this  is  also  true 
of  certain  chronic  cardiac,  hepatic,  splenic,  renal,  and 
blood  disea-ses.  in  which  the  blood  is  unhealthy  and  the 
vessels  of  diminisheil  resisting  power.  It  is  a  fact  of 
common  observation  that  certain  people — perhaps  wom- 
en more  often  than  men — even  though  not  subjects  of 
serious  disease,  nevertheless  have  such  delicate  blood- 
vessels as  to  suffer  ruptnre  of  these  from  even  trivial 
cansjes.  "  Black  aiui  blue '"  spots  of  e  ven  extensive  degree 
will  in  them  conse(|uently  result  from  the  most  trifling 
blows  or  falls:  and  in  divorce  suits  where  "cruel  anil  in- 
human "  treatment  is  alleged,  also  in  suits  for  assault 
and  batter}-,  this  fact  should  be  borne  in  mind. 

The  iimmint  of  extravasation  in  any  contusion  will 
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vary  with  the  extent  of  vascular  involvement,  the  degree 
of  vascular  tone,  an<t  the  density  of  the  surroundinir  tis- 
sues. If  the  bleeding  take  place  from  an  arlerv  of  some 
size,  a  false  aneurism,  either  circumscribed  or'ditTused, 
may  result.  Or.  it  may  be  that  there  is  no  innucdiate 
escape  of  blood  from  a  large  ves.sel.  and  vet  its  walls 
Imve  been  so  injured  as  finally  to  disintegiiite,  and  per- 
mit a  violent  secondary  hemorrhage  beneath  the  skin. 
Or.  again,  an  immediate  true  aneurism  may  be  produced 
through  iiartial  rupture,  usually  involving"  the  inner  and 
nu'ddlc  coats. 

We  sometimes  see  cases  of  contusion  in  which  the  pul- 
sation eutirely  ceases  in  the  main  artery  of  a  limb  beyond 
the  point  of  injury.  Here  there  has  generally  beenfup- 
ti.ce  of,  at  least,  the  inner  coat,  with  consequent  throm- 
bosis; or.  if  pulsation  is  lost  only  after  some  time,  this 
is  due  to  obliteration  from  adhesive  inflammation.  .Such 
instances  may  well  be  folli>wed  by  dry  gangrene,  or 
moist  if  the  accompanying  vein  or  veins  be  occluded. 

Dr.vGXOSis.— It  is  impossible  to  estimate  the  gravity  of 
any  case  of  contusion  from  mere  inspection  of  I  he"  pa- 
tient. The  weight  and  velocity  of  the  missile,  or  the 
distance  fallen,  the  posture  in  which  the  injury  was  re- 
ceived, etc.,  should  be  a.scertained.  The  surface  may 
show  no  evidenceof  a  contused  ami  ruptured  vtscus  with- 
in. If  the  va,scular  lesions  have  taken  place  deep  in  the 
tissues,  several  days  may  elapse  before  the  extravasated 
blood  reaches  the  skin,  becoming  thus  of  <liagnostic 
value:  and  not  infrequently  it  makes  its  appearance  sev- 
eral inches  distant  from  the  scat  of  contusion,  commonly 
in  the  direction  of  gravity,  having  dissected  its  way  to  the 
surface  between  layers  of  dense  fascia.  A  late-appear- 
ing ecchymosis  is  thus  one  of  the  signs  whereby  in  diffi- 
cult cases  a  fracture  may  be  diagnosticated. 

Contusion  presents  a  certain  superficial  resemblance  to 
gangrene,  but  is  to  be  differentiated  by  the  following 
points:  1.  The  discoloration,  although  present  in  both, 
becomes  gradually  less  marked  and  lighter  colored  in  ec- 
chymosis, and  steadily  more  marketl  and  darker  in  gan- 
grene, 3.  There  are  often  numbness  and  diminished  ,seiisi- 
bility  over  a  contused  surface,  but  in  gangrene  the  dead 
part  is  devoid  of  sensibility,  while  the  dying  portion  ad- 
joining is  often  hyperftsthetic.  3.  The  local  temperature 
is  frequently  elevated  inacontii.sion.  whereas  in  gangrene 
it  is  lowered.  4.  In  moist  gangrene,  more  frequently 
than  in  contusion,  the  epidermis  becomes  raised  in  blebs; 
these  are  less  sharply  defined  and  more  easily  moved 
about,  in  gangrene,  .5.  Emphysematous  crackling  may 
be  felt  in  gangrene  when  decomposition  with  consi'tiuent 
liberation  of  gas  has  set  in.  G.  The  foul  odor  of  putre- 
faction, very  faint  at  first,  may  be  detected  in  gangrene. 

The  diagnosis  between  ha-matoma  and  abscess,  or  be- 
tween it  and  soft  malignant  disease,  is  not  alwavs  easy; 
but  the  history,  the  employment  of  the  aspirating  needle, 
and  microscopic  examination  of  the  fluid  withdrawn  will 
suffice. 

In  the  scalp  a  ha?matoma  with  hard,  sharply  defined 
border  and  soft  centre  is  sometimes  mistaken  for  de- 
pres.sed  fracture.  Here  deep  pressure,  if  need  be  preceded 
by  aspiration,  will  show  the  bone  to  be  at  its  proper  level. 

Stjiptoms  .\nd  CouiiSE. — The  immediate  pain  from 
a  contusion  is  commonly  not  great.  There  is  usually 
numbness  of  some  degree,  followed  by  heavy  aching,  or 
throbbing  during  the  inflammatory  stage,  and  accom- 
panied l)v  loss  of  function. 

The  inflammatory  symptoms  are  simply  tho.se  occur- 
ring after  any  traumatism,  but  with  less  tendency  to  be- 
come of  the  septic  or  the  suppurative  order  than  those 
following  similar  lesions  exposed  to  the  air. 

Shock,  in  contusion,  is  generally  proportionate  to  the 
amount  of  injury  inflicted;  but  bruising  of  certain  parts 
— as  the  breasts,  testes,  and  large  joints — induces  shock 
in  an  unusual  degree. 

Pulping  of  the  tissues,  or  injuries  of  the  large  vessels, 
will  often  be  followed  by  gangrene. 

The  discoloration  of  the  tissues  and  the  swelling  are 
due  sometimes  to  the  extravasation  of  pure  blood,  and 
sometimes  to  blootl-tinged  serum.     In  extravasation  un- 
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der  a  mucous  membrane — as  tlie  conjunctiva — a  red, 
aerated  color  is  often  maintained ;  but  in  otlier  parts  the 
well-known  "black  and  blue"  is  observed  in  varying  in- 
tensit}',  according  to  the  distance  from  the  surface  and 
amount  of  blood  in  the  eflfusiou.  Subsequently,  as  the 
blood  corpuscles  gradually  disintegrate  and  become  ab- 
sorbed, the  purplish  hues  fade,  giving  way  successively 
to  violet,  olive-brown,  greenish,  and  3'ello\v,  and  the 
abnormal  color  finally  disappears  in  from  ten  daj'S  to  a 
fortnight.  Several  of  these  colors  may  generally  Ije  seen 
at  once  in  different  parts  of  the  .same  contusion.  When, 
owing  to  the  depth  at  which  extravasation  takes  place. 
it  does  not  show  itself  for  several  days,  it  will  usually 
appear  in  the  form  of  irregular  yellow  spots,  marbled 
with  green  and  blue.^ 

The  l)lood  in  a  hiEmatoma  may  remain  fluid  for  months 
or  years,  becoming,  however,  gradually  darker  and  disin- 
tegrated, and  often  mixed  with  inflammatory  products. 
More  often  it  is  completely  absorbed  in  a  few  weeks.  If 
air  be  allowed  to  enter  a  ha^matoma,  rapid  decomposition 
of  its  contents  and  suppuration  ensue. 

The  discussion  of  the  symptoms  and  treatment  of  rup- 
tured viscera  comes  more  properly  \inder  other  heads. 

Tre.vtment.— The  indications  are:  1.  To  limit  the 
amount  of  extravasation.  2.  To  subdue  pain,  shock, 
and  inflammatory  action.  3.  In  severe  cases  to  main- 
tain vitality  in  tlie  part.  4.  To  promote  absorption  of 
effused  blood.     5.  To  treat  complications  and  sequelae. 

1.  Here  we  obtain  the  greatest  benefit  from  either  heat 
or  c<il(l,  together  with  rest,  gentle  rubbing,  «nd  such  a 
posture  as  will  aid  the  return  circulation.  In  the  more 
superficial  contusions,  heat,  as  intense  as  can  be  borne,  is 
particularly  effective,  and  is  .sometimes  more  grateful, 
quieting  pain  better  than  cold.  Either  heat  (not  mere 
warmth)  or  cold  contracts  the  calibre  of  the  smaller  ves- 
sels, and  lierce  diminishes  congestion  and  extravasation. 
If  the  cold  be  too  intense  or  applied  for  too  long  a  time, 
—  as  ice  for  several  hours  continuously — there  will, 
through  temporary  exhaustion  of  the  vascidar  muscles, 
be  paralytic  dilatation,  and  the  congestion  will  no  longer 
be  diminished  by  this  means. 

The  neatest  and  least  troublesome  way  of  applying 
locally  either  heat  or  cold  is  by  the  rubber  coil.  This  I 
prefer  to  the  metallic  coil,  because  it  is  lighter  and  more 
easily  adjusted  to  anj'  part.  In  water-supplied  rooms, 
the  simplest  method  is  to  fasten  the  inlet  end  of  the  pipe 
over  tlie  cold  or  hot-water  faucet.  If  this  cannot  be 
done,  siphonage  must  be  used. 

3.  To  subdue  pain,  either  heat  or  cold  is  of  value,  but 
some  other  analgesic  agent,  such  as  morphine,  acetanilid, 
phenacetiu,  or  antipyrine,  bj'  mouth,  or  the  first  and  last 
by  needle,  may  be  required,  or  cocaine  hypodermics  may 
be  needed. 

In  severe  cases,  systemic  shock  ma_y  require  the  use  of 
strychnine  by  hypodermic  and  hot  saline  solution  (nor- 
mal) by  the  intravascular  route,  or  the  rectal ;  in  either 
case  at  a  temperature  of  120°  F. 

The  treatment  of  the  inevitable  inflammatory  reaction 
in  the  irritated  or  partially  disorganized  tissues  still  de- 
pends mainly  u]ion  the  use  of  cold  or  heat.  Local  blood- 
letting, by  leeches  or  otherwise,  may  be  used,  but  I  pre- 
fer to  accomplish  the  same  result  by  aconite,  a  watery 
purge,  and  low  diet. 

3.  Whenever  a  case  presents  itself  of  such  sevfjrity  that 
from  disintegration  and  pulping  of  the  tissues  local 
sloughing  threatens:  or  when  coldness  and  a  lack  of 
pulstition  beyond  the  injtiiy  point  to  occlusion  of  a  large 
vessel  and  ]irol>al)le  gangrene:  or  when  local  tension  from 
extravasation  or  serous  effusion  interferes  with  circula- 
tion and  thus  indicates  danger;  we  must  not  employ 
cold,  lest  we  diminish  still  further  the  vitality  of  the  pari. 

In  the  first  two  cases  local  warmth  should  be  apjilied. 
the  limb  being  also  swathed  in  cotton  wadding,  and 
somewhat  elevated.  The  best  way  of  appl.ving  heat  to 
tissues  threatened  with  death  is  again  by  means  of  the 
coil.  Fasten  the  inlet  end  to  the  hot-water  faucet,  and 
regulate  the  temperature  of  the  application  by  varying 
the  number  of  layers  of  cloth  between  coil  and  skin. 


If  the  whole  limb  is  becoming  cold,  place  hot  bottles 

about  it. 

If  sloughing  actually  takes  place,  poultices  aid  the  sep- 
aration of  the  sphacelus;  and,  since  a  poultice  is  simply 
warmth  and  moisture,  our  simplest  way  is  to  moisten 
(preferablj-  with  an  antiseptic  solution)  the  dressings  be- 
neath the  hot  coil. 

In  the  third  contingency  mentioned  under  this  head- 
ing— viz.,  in  cases  threatening  gangrene  from  local  ten- 
sion,— this  must  be  relieved  by  free  incisions,  made  with 
aseptic  precautions;  after  which  warmth  may  be  used, 
if  needed,  to  aid  the  circulation.  It  has  been  demon- 
strated that  the  greatest  degree  of  relief  to  tension  with 
the  least  proportion  of  necessary  wounds,  is  obtained 
when  the  cuts  are  made  to  take  the  shape  of  a  quincunx, 
or  five-stroke  figure. 

The  severest  cases  of  contusion  may  call  for  immedi- 
ate amputation,  or  this  may  be  demanded  b_v  subsequent 
gangrene. 

•1.  Extravasation  having  ceased,  and  inflammatory  re- 
action subsided,  moderate  heat,  pressure  as  by  a  Jlartin's 
rubber  bandage,  or  gentle  friction  are  to  be  employed  to 
remove  the  effused  blood. 

According  to  Gross,  the  following  application  proves 
a  satisfactory  sorbefacient :  Apply  upon  fcilded  flannel  a 
strong  solution  of  hydrochlorate  of  ammiuiia,  plus  a 
small  quantity  of  vinegar.  Cover  with  oil  silk,  and  re- 
new six  or  eight  times  in  twenty-four  hours. 

To  hasten  the  disappearance  of  ha'inatoma  we  should 
use  elastic  pressure — as  by  the  rubl)er  l)andage — or  fric- 
tions. Blisters  also  aid  absorption,  as  does  the  use  of 
watery  purges  or  diuretics.  If  under  these  means  there 
still  remains  a  collection  of  fluid  blood,  we  may  as  a  final 
resource  either  aspirate,  with  a  sterile  needle,  through 
sterilized  skin,  or  freely  and  asepfically  open  and  drain 
the  cavity.  Should  suppuration  or  sejitic  change  in  the 
contents  of  the  sac  occur  at  any  period  in  the  history  of  a 
hematoma  (indicated  by  local  heat,  pain  and  fhroljbing, 
chills  or  other  constitutional  disturbance),  free  incisions 
and  irrigation  are  demanded. 

.').  For  the  treatment  of  aneurisms,  ruptured  viscera, 
paralyses,  neuralgias,  hypertrophy,  atrophy,  etc.,  some- 
times complicating  or  forming  .seiiuehe  of  contusions,  the 
reader  is  referred  to  the  sections  devoted  to  these  subjects 
respectively. 

Save  for  a  greater  degree  of  crushing  of  tissues  in  the 
former,  contusions  and  lacerations  have  close  resem- 
blances. To  contrcil  bleeding  from  the  torn  vessels  a 
treatment  successful  in  laceration  would  be  of  value  in 
contusion.  Perhaps  our  commonest  form  of  laceration 
is  a  sprain — which  is  a  tear,  of  varying  degree,  of  the 
ligaments  cjf  a  joint. 

From  time  inunemorial  it  has  been  the  custom  of  ballet 
dancers,  a  class  especially  .subject  to  sprained  ankles,  to 
immerse  the  injured  limb  at  once  in  very  hot  water, 
meanwhile  having  it  gently  rubbed.  After  an  hour  or 
so,  if  pain  permits,  dancing  is  resumed.  This  plan  is 
greatly  preferable  to  the  one  until  recently  the  custom  in 
our  profession — viz.,  that  of  simply  splinting  a  sprained 
joint  for  a  long  period.  Such  splinting  should  be  used 
only  when  a  dislocation  is  otherwise  to  be  feared,  the 
tear  of  the  ligaments  being  an  extensive  one. 

The  following  is  the  modern  treatment  of  a  sprain: 
prolonged  massage,  in  a  proximal  direction,  while  the 
member  is  subjected  to  moist  heat ;  and,  subsequently, 
the  application  of  a  moderately  firm  suiiport  by  adhesive 
plaster  strips.  Immediate  resumjition  of  use  of  the  joint 
is  there\ipon  advised.  This  is  often  surprisingly  pain- 
less, after  such  treatment;  and  the  final  results  are  not 
only  better,  but  much  more  promptly  obtained. 

To  some  extent  a  contusion  shovild  be  treated,  if  seen 
equally  early,  as  is  a  sprain  or  other  laceration  of  some 
subcutaneous  part.  In  either  case  the  prompt  massage 
prevents  the  effused  blood  from  firmly  clotting  where  it 
escaped,  and  redistributes  it.  This  is  highly  desirable, 
for  then  the  torn  flesh  can  quickly  unite  in  natural  rela- 
tionship, instead  of  being  separated  by  blood  clots,  which 
would  have  to  organize  slowly.     Again,  the  heat  has  the 
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effect  of  contractiiiff  the  lilood-vesscis — a  tiling  Tvhicli 
poulticiiijr  (Iocs,  always  anil  every  where. — thus  rendering 
the  bleedinj;  less,  both  in  amount  and  duration. 

Massage  is  also  of  e.xtreme  value  later  on,  in  jiromoting 
nutritive  activity,  absorption  of  plastic  or  iidlanunatory 
deposits,  loosening  adhesions,  soothing  irritated  nerves, 
sonietinu'S  even  restoring  their  lunelion  when  it  lias  been 
mechanically  lost  tlirougli  pressure  etl'eets, — and  in  many 
■ways  aiding  nature  to  overcome  tlie  rcsvdts  of  the  con- 
tusion or  the  laceration.  Indeed,  ma.ssage  applied  by 
sliilled  liands  is  doubtless  our  clnef  reliance:  and  in  con- 
junction witli  heat  (or  sometimes  cold)  may  be  considered 
to  fullil  in  some  measure  eacli  of  tlie  five  indications 
mentioned  under  the  heading  of  Treatment. 

liohert  U.  M.  Dmcbarn. 

*  Beck's  Medical  Jurisprurtenee. 

2  Devi-p-'ii' :  Medeeine  legale,  tome  II.,  p.  57. 

CONVOLVULACE/€.— (r//«  Mm-ninrjOlory  Family.) 
Aside  from  tlie  n.se  of  the  sweet  potato  as  a  food  and 
starcliproducer,  this  family  is  of  medicinal  interest  only 
because  of  tlie  resinous  substances  yielded  by  tlie  tubers 
and  tuberous  roots  of  a  number  of  species,  and  used  as 
purgatives.  The  most  importiint  of  these  are  discussed 
under  the  titles  Jahtp  and  Sciiiionony.  Others  deserving 
of  mention  for  the  same  properties  are  Ipomnn  pandnrata 
(L.)  Meyer Olan-in-the-Ground,  Man-Root:  Wild  Jalap), 
/.  Oriziibcihiis  (Pel.)  Ledal  (Male  .Jalap).  7.  simiildiiti 
Hanbury  (Tamjiico  .Talap),  /.  Ti/rpet/in/i  Br.  (the  Tur- 
peth  of  East  Indian  medicine)  and  7.  /nl'ibd  Forsk.,  also  of 
India,  and  wliicli  contains  an  all^aloid.  The  properties 
are  not  confined  to  the  parts  named  above,  as  the  stems 
and  seeds  of  some  species  are  used  similarly, 

Henry  H.  Busby. 

CONVULSIONS.— Convulsions  consist  of  abnormal, 
exaggerated  muscular  contractions. 

C'i..\ssiFic.\riox. — Some  modern  writers  malvc  the  term 
convulsion  synonymous  with  liyperkinesis,  and  thus  in- 
clude under  it  all  the  different  clinical  forms  of  abnormal 
e.vaggerated  muscular  contraction.  This.  is.  however, 
an  arbitrary  extension  of  tlie  common  and  accepted  use 
of  the  word.  Tlie  true  relation  of  convulsions  to  the 
other  hyperkineses  is  shown  in  the  following  table: 

'  Tremor-'  Fibrillary. 
^'^''™°'^(  General. 
Contracture. 
Cramp, 

Chorea  and  Tic. 
Myotonia. 
Myoclonus. 
Muscular  tension.    (Hypertonia.) 

Tonic  spasms  )  Convulsions. 
Clonic  spasms  f  ^  "*  liioiwuo. 

Thus  the  term  convulsions  does  not  include  those  forms 
of  liyperkinesis  known  as  tremor,  cramp,  muscular  ten- 
sion, and  contracture. 

Convulsions,  as  indicated  above,  may  be  of  a  clonic 
cliaractcT.  that  is,  the  muscles  rapidly'  and  alternately 
contract  and  relax,  or  tliey  may  be  of  a  tonic  character, 
that  is,  the  affected  muscles  remain  persistently  con- 
tracted for  minutes  or  hours.  Clinically  •ne  tind  that 
these  two  tyiies  are  often  combined,  as  in  epilepsy. 
Convulsions  may  affect  tlic  voluntary  or  the  involuntary 
muscles.  In  the  former  case  they  have  been  termed  ex- 
tfninl  convulsions,  in  the  latter  ihterntil. 

Convulsive  affections  of  the  involuntary  muscles  are, 
from  pliysiological  necessity,  of  a  tonic  character.  Some- 
tliing  almost  like  a  clonic  convulsion,  however,  occurs  in 
post-part um  uterine  contractions,  in  colicky  affections  of 
the  stomach  and  intestines,  anil  probably  in  the  move- 
ments of  the  stomach  in  vomiting.  The  spasmodic  dis- 
orders of  the  involuntary  muscles,  as  in  asthma,  vaso- 
motor spasms,  intestinal  spasms,  etc..  are  not  generally 
considered  under  the  head  of  convulsions,  and  the  reader 
is  referred  to  these  special  topics.  The  term  internal  or 
initard  convulsions  has  become   popularly   applied   to 


The  hyperkineses  or 
spasmodic  disorders. 


laryngismus  stridulus.      Convulsions,  as  regards  their 
extent,  may  be  divided  as  follows: 

I.  General  convulsions. 

II.  Partial  convulsions:  («)  unilateral;  (4)  those  affect- 
ing certjiin  muscles  or  mu.scular  groups,  known  as  local 
spasms  or  "  tics." 

The  term  spasms  has  come  to  be  used  as  a  very  general 
one,  identical  with  liyperkinesis,  and  it  is  in  this  general 
sense  that  1  shall  employ  it.  To  avoid  confusion,  how- 
ever, the  reatler  slioukf  remember  tliat  older  writers 
(Willis,  Cullen,  Linnicus)  used  the  word  spasm  to  desig- 
nate the  tonic  form  of  convulsion:  later  writers,  espe- 
cially those  of  the  French  .school  (Savary.  Georget,  Bni- 
cliet,  Ferrand,  Fauvel),  define  sjiasm  asa  convulsion  of 
tlic  muscles  of  organic  life;  while  scmie  German  and 
Engfish  writers  use  the  word  when  referring  to  localized 
convulsions. 

A  cimvtilsion  is  only  a  symptom,  and  its  presence  may 
indicate  in  different  cases  very  different  ])atliological  con- 
ditions. In  many  cases,  however,  the  fact  of  the  convul- 
sion is  about  all  that  we  know  of  the  morbid  state.  In 
accordance  with  this  we  divide  convulsions  into  the 
symptomatic,  or  those  which  are  the  expression  of  a 
tangible  morbid  change,  and  the  idiopathic  or  essential. 
Practically  we  cannot  perfectly  carry  out  such  a  divi- 
sion, since  such  diseases  as  epilepsy,  eclampsia,  and  cho- 
rea, although  usuall_v  idiopathic,  are  sometimes  caused 
by  a  morbid  structural  change  or  irritant,  which  is  not 
recognized.  It  is  customary,  however,  when  an  organic 
lesion  is  known  to  be  at  the  bottom  of  those  convulsive 
attacks,  which  are  ordinaril}-  idiopathic,  to  indicate  the 
fact  b}'  some  change  in  the  terminology.  Thus  symp- 
tomatic epileptic  convulsions  are  spoken  of  as  epilep- 
toid.  Much  confusion  exists  as  to  tlie  terminology  of 
the  different  pathological  forms  of  convulsions.  It  is 
better,  however,  to  adhere,  as  a  fundamental  distinction, 
to  the  division  of  convulsive  disorders  into  only  two  types, 
viz.,  the  idiopathic  and  the  symptomatic,  while  the  much- 
used  terms  s.ympathetic  and  reflex  should  be  made  sub- 
divisions of  these;  for  certainly  the  convulsions  that 
result  from  a  gross  intestinal  irritation  or  a  pronounced 
blood  poison  are  truly  sym])tomatic.  On  this  basis  we 
make  the  following  classification : 

I.  Essential  or  Idiopathic  Conmlsive  Disorders. — (a) 
Those  of  a  general  character:  epilepsy,  hj-sterical  and 
hystero-epileptic  or  hysteroid  convulsions. 

(b)  Those  of  a  partial  character:  Wry -neck,  writer's 
cramp,  spinal  trepidation,  salaam  spasm,  various  periph- 
eral nervous  spasms  or  "  tics." 

II.  Symptomatic  Conmhions.—(a)  Reflex,  from  wounds, 
injuries,  inflammatory  or  other  irritations  of  excito-re- 
flex  nerves,  (b)  Direct,  from  meningitis,  tumors,  hy- 
drocephalus, focal  brain  lesions,  brain  compression,  cere- 
bral an;?miaor  hypera?mia,  blood  poisons,  acute  diseases. 

There  is  such  considerable  confusion  in  the  terms  used 
by  medical  writers  on  this  subject  that  the  following 
furtherexplanationsarc  necessary.  Eclampsia  in  infants 
is  in  many  cases  only  symptomatic.  In  otlier  instances, 
however,  no  known  direct  or  reflex  cause  exists,  and 
these  form  the  genuine  " essential"  convul.sions.  In 
puerperal  eclampsia,  also,  there  is  often  a  toxic  agent  at 
work,  of  which  the  convulsion  is  the  clinical  expression; 
but  at  other  tiiues  it  is  a  true  convulsive  neurosis. 
These  true  non-symptomatic  cases  of  eclamp.sia  are 
spoken  of  as  acntc  tpilep.iy. 

It  is  very  evident  that,  as  pathological  knowledge  ad- 
vances, many  of  the  convulsive  neuroses  will  be  relegated 
to  the  category  of  symptomatic  diseases.  This  seems  to 
be  already  the  case  for  hydrophobia. 

Etiology. — In  studying  the  general  etiology  of  con- 
vulsions I  necessiirily  exclude  tetanus  and  hydrophobia, 
which  are  markedly  distinguished  from  the  other  fomis. 

Pndisposin;/  Causes. — There  is  a  certain  unstable  con- 
dition of  the  nervous  system  which  predisposes  toward 
convulsions.  The  nerve  cells  are  like  a  too  inflammable 
tissue,  which  flares  out  at  the  smallest  spark.  The  stsite 
may  be  spoken  of  as  one  of  convulsibility.  This  "con- 
vulsibility  "  is  greatest  during  the  tirst  two  years  of  life. 
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during  which  time  eclamptic  attacks  are  most  frequent. 
It  then  falls  till  the  tifthyear.  to  rise  again  as  puberty  ap- 
proaches. During  these  years,  from  six  to  sixteen,  most 
cases  of  epilepsy  develop.  Convulsibility  then  gradually 
declines,  and  few  cases  of  the  convulsive  neuroses  arise 
after  the  age  of  thirty.  Convulsibility  is  somewhat 
more  pronounced  in  girls  and  women ;  and  is  heightened 
at  the  menstrual  periods  and  climacteric.  It  is.  as  a  rule, 
lessened  during  pregnancy,  and  is  increased  by  sterility 
in  women,  and  by  sexual  excesses  or  depletions  in  both 
sexes.  The  convulsive  diathesis  may  be  inherited,  con- 
nate, or  acquired.  It  is  inherited  in  about  one-third  of 
the  cases  from  ancestors  of  a  neuropathic  or  tuberculous 
constitution.  It  is  connate  as  the  result  of  frights,  in- 
jimes,  or  nutrition  disturbances  received  by  the  pregnant 
mother;  perhaps  also  as  the  result  of  intoxication  of  the 
father  during  the  sexual  act,  Convulsibility  is  acquired, 
in  the  young,  by  infectious  fevers,  bad  food  and  air, 
chronic  diarrhoea,  hemorrhages,  and  especially  by  rickets. 
As  the  child  grows  older  convulsibility  may  occasionall_y 
be  developed  by  bad  systems  of  domestic  and  school 
training,  and  over-indulgence  in  emotion.  At  the  time 
of  pubert}'  the  abuse  of  the  sexual  function,  great  excess 
in  the  use  of  alcohol,  tobacco,  and  absinthe,  wony, 
fright,  and  mental  strain,  come  into  play.  After  man- 
hood or  womanhood  is  fully  reached,  it  is  only  bj'  the 
powerful  and  persistent  action  of  depressant  and  disturb- 
ing forces  that  a  convulsive  temperament  is  acquired. 
JjEtent  tendencies  may,  however,  be  brought  out  at  this 
period. 

Climate  and  season  have  a  slight  influence  over  con- 
vulsibility. Tetanus  occurs  oftener  in  cold  weather; 
epileptic  and  choreic  attacks  occur  oftener  in  the  spring 
and  autumn,  and  on  wet,  cloudy  days,  and  these  diseases 
are  more  frequent  in  temperate  climates. 

Race  is  undoubtedly  a  factor  in  predisposing  to  con- 
vulsions. 

Exciting  Cause*. — These  are  very  numerous,  but 
vary  in  character  chiefly  with  age.  For  details  on  this 
point  the  reader  is  refeiTed  to  the  special  articles.  Here 
it  can  only  be  said  that  in  infancy  the  most  frequent  ex- 
citing causes  are:  pressure  on  the  brain  from  meningeal, 
hydrocephalic,  or  hemorrhagic  effusions,  and  depressed 
occiput ;  blows,  acute  diseases,  fright,  and  dental  or 
gastrointestinal  irritations.  At  an  older  age  we  find 
scrofulous  tumore.  unemic  poisoning,  sunstroke,  sexual 
irritations,  intemperance,  syphilis,  the  puerperal  .state, 
as  active  factors.  Still  later,  cerebral  tumors  or  hemor- 
rhages, and  injuries  to  the  skull  are  potent.  At  all  ages 
there  is  a  large  class  of  drugs  which  can  excite  convul- 
sions; among  these  are  lead,  strjxhnine,  thebaine,  papa- 
verine, and  narcotine, 

Physiop.\thology, — For  the  special  pathology  of  the 
convulsive  neuroses,  the  reader  is  referred  to  the  special 
articles  on  these  diseases.  There  are  certain  facts  in  the 
mechanism  of  their  production,  however,  which  are  com- 
mon to  all.  In  a  convulsive  attack  there  are  brought 
into  functional  activity — 

1.  A  nerve  centre,  which  is  discharging  its  force  with 
excessive  violence. 

2.  Outgoing  or  efferent  neuraxones. 

3.  Their  peripheral  end  plates,  and  the  muscle  or  end 
organ. 

In  reflex  convulsions  we  must  add — 

4.  ^yferent  excito-reflex  neurones,  carrying  excitations 
to  the  irritable  centre. 

In  order  that  a  convulsion  may  occur,  the  nerve  centre 
(1)  must  be  unduly  irritable  or  vmdul_v  stimidated,  until 
it  is  made  unstable ;  the  other  factors  in  the  mechanism, 
(3)  and  (3),  must  be  intact,  and  the  convulsion  will  be 
favored  by  their  being  in  an  over-irritable  state. 

The  agents  which  affect  the  nerve  centre  (1),  making 
it  over-initable  and  explosive,  are: 

(n)  Some  inherent  defect  in  cell  nutrition,  as  in  essen- 
tial convulsions. 

(J)  Some  direct  chemical  or  mechanical  irritation,  as  in 
toxic  and  sympathetic  convulsions,  and  in  those  caused 
hy  organic  disease. 
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Fig.  1514. — Diairrammatic  Illus- 
tration or  Convulsions.  I, 
rontrolling  centre:  X.  motor 
nen-e  centre,  from  wbicli  neu- 
raxones run  to  M.  groups  of 
muscles,  and  8.  excito-reflex 
neuraxones.  A  convulsion 
may  be  caused  by  an  over-ir- 
ritation of  N  or  of  S.  or  by  a 
depression  or  paralysis  of  I. 

irritation  of  the  motor 


(<•)  Powerful  excito-reflex  impulses. 

Local  and  limited  convulsive  movements  may  be  cansed 
liy  irritation  or  interference  in  the  regular  conduction  of 
the  efferent  nerves  (2), 

To  the  mathinery  thus  described  modem  physiology 
adds  another  factor,  viz. :  5,  An  inhibitory  mechanism. 
Certain  parts  of  the  cerebral 
nerve  centres  have  an  inhib- 
itory action  over  the  function 
of  other  parts,  rendering  the 
motor  cells  more  stable  and 
less  liable  to  part  undiUy  with 
their  energy.  A  convulsion 
may  result  from  a  too  great 
weakening  or  entire  loss  of 
this  inhibitory  force.  lu  the 
developing  and  undeveloped 
nervous  system  of  the  child, 
the  inliibitory  powers  ai'e  im- 
perfect :  hence  a  greater  con- 
vulsibility at  tliis  age. 

The  more  localized  con- 
vulsive movements  in  chorea 
and  the  "ties,"  or  local 
spasms,  have  a  different  or- 
igin from  the  foi'egoing. 
Here  there  is  some  irregular 
cells.  Thus,  choreic  movements  are  produced  by  irrita 
tion  of  some  parts  of  the  voluntary  motor  neurones; 
facial  spasm  generally  by  some  irritation  of  the  neu- 
rones of  the  seventh  nerve.  The  part  that  the  spinal 
cord  i)lays  in  producing  convulsions  in  man  is  not  great 
and  has  been  exaggerated.  Eclampsia  infantum,  for  ex- 
ample, is  not  the  result  of  the  defective  inhibition  of  the 
brain  upon  the  spinal  cora,  but  rather  a  defective  inhibi- 
tion of  certain  higher  brain  centres  upon  lower.  We 
see  instances  of  true  spinal  convulsion  (spinal  epilepsy, 
spinal  trepidation)  in  chronic  diseases  of  the  sjiinal  cord 
implicating  the  pyramidal  tracts,  at  the  beginning  of  the 
third  stage  of  an!i;sthesia.  and  in  infants,  children,  or 
sensitive  adults  just  as  they  are  dropping  off  to  sleep. 

Symptoms. — ^The  general  convulsions  of  eclampsia, 
epilepsy,  hysteria,  and  hystero-epilepsy  have  common 
features.  There  are  often  prodromal  symptoms,  indicat- 
ing an  over-irritable  or  depressed  state  of  the  nervous 
system.  The  attacks  themselves  come  on  suddenly, 
sometimes  with  an  immediate  prodromal  symptom  or 
aura.  The  muscular  movements  are  irregular  and  inco- 
ordinated,  except  in  some  phases  of  hysterical  and 
hystero-epileptic  convulsions.  Consciousness  is  gener- 
ally abolished,  as  are  also  sensibility  and  the  reflexes. 
Very  marked  secretory  disturbances  occur.  The  vaso- 
motor system  is  greatly  involved,  especially  that  part 
which  controls  the  blood  supply  of  the  brain.  The  face 
and  probably  parts  of  the  brain  are  at  first  blanched,  but 
the  aniemia  is  soon  followed  b_v  pronounced  passive  hy- 
peraemia.  In  eclampsia  infantum,  however,  the  first 
sign  of  the  impending  attack  is  sometimes  a  cerebral 
hyperremia,  and  the  convidsion  may  be  arrested  by  press- 
ure on  the  carotids.  Respiration  is  disturbed,  and  the 
heart  beats  at  first  more  slowly,  then  more  rapidly  than 
normal, 

Di.^GNOsis. — The  diagnosis  of  a  convulsion  is  easy. 
One  has  only  to  differentiate  it  from  malingering.  The 
state  of  the  pupils,  of  the  reflexes,  and  of  the  sensibility, 
and  the  want  of  art  upon  the  part  of  the  malingerer,  are 
generally  quite  sufficient  to  clear  up  the  case.  As  to  the 
form  of  convulsion,  the  difticulty  in  diagnosis  may  lie 
first  in  determining  whether  an  attack  is  one  of  eclampsia 
or  of  epilepsj'.  Eclampsia  occurs  oftenest  before  the  age 
of  two  years ;  the  attacks  are  less  sudden,  more  irregular, 
more  piolonged,  and  less  severe  than  in  epilepsy.  Usu- 
ally there  is  no  frothing  at  the  mouth.  After  the  age  of 
two,  idiopathic  convulsions  are  most  probably  epileptic. 
It  is  important  to  distinguish  between  hysterical,  hys- 
tei'oid,  and  epileptic  convulsions.  All  that  I  can  say 
here,  however,  is  that  in  the  two  former  types  the  move- 
ments are  more  co-ordinated,  consciousness  is  not  entirely 
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lost,  sensibility  may  be  present,  antl  hallucinations  may 
develop. 

It  is  very  important  to  determine  wlietlier  the  convul- 
sion is  iiliopatiiic.  or  symptomatic  of  some  general  <lis- 
ease,  retiex  irritation,  or  organic  central  affection  (see 
Clii'rtii.  EchiiiipKiti.  Kpih'p^i/.  IIjixteriK). 

In  some  forms  of  convulsions  it  is  nccessarj'  to  make 
an  anatomical  diagnosis.  If  the  symptoms  are  in  tlio 
main  liilateral,  the  cause  is  to  be  referred  provisionally 
to  the  medulla;  if  they  are  unilateral,  or  involve  special 
nuiscular  groups,  the  convulsion  is  presumably  s\nnpto- 
matic  of  a  lesion  in  some  part  of  tlie  intracranial  pyram- 
idal tract.  l)asal  ganglia,  or  motor  cerebral  corte.\  of  the 
opposite  side. 

There  is  a  ciTtain  jirobability  that  convulsions  in  in- 
fancy are  essential ;  in  childhood  are  mcuingitic,  febrile, 
or  epileptic:  in  maturity  and  old  age  are  symptomatic 
of  syphilis  or  structural  lesions;  in  women  are  hysterical. 

Pisofixosis. — As  regards  the  attacks,  the  danger  to  life 
is  greatest  in  infantile  and  puerperal  eclampsia;  next  iu 
the  degree  of  danger  comes  a  special  form  of  convulsion. 
viz..  laryngisnuis stridulus;  then  follow  choreic  and  epi- 
leptoid  convulsions,  epilepsy,  hysteroepilepsy.  and  hys- 
terical convulsions.  As  regards  recurrence  and  final  cure 
no  general  comparisons  can  be  profitably  made. 

Trkatmest. — The  general  principles  governing  the 
therapeutics  of  convidsions  are  nearly  the  same  for  all. 
For  tiie  attacks,  removal  of  sources  of  irritation,  the  use 
of  chloroform,  ether,  morphine,  amyl.  nauseants,  bro- 
mides, and  chloral  are  indicated.  For  the  disease,  re- 
moval of  all  direct  or  reflex  iiTitants  and  a  treatment 
calculated  to  lessen  the  irritability  and  increase  the  tone 
and  mitrition  of  the  nervous  system  are  indicated. 

In  the  convulsions  of  children  the  common  and  effect- 
ive practice  is  to  place  the  child  in  a  wann  bath.  In 
convulsions  of  adults,  when  drugs  cannot  be  given  by 
the  mouth,  enemas  of  thirty  to  forty  grains  of  chloral- 
amid  are  efficacious.  In  hysterical  convulsions  hypo- 
dermic injections  of  apomofphia,  gr.  ^.  or  morphia,  gr. 
i,  may  be  given.  Charles  L.  Dana. 

COOPER'S  WELL. — Hinds  County,  Mississippi. 

LotATioN. — Twelve  miles  east  of  Jackson  (by  stage) 
and  4  miles  from  Raymond. 

This  is  one  of  the  famous  old-time  resorts  of  3Iissis- 
sippi,  and  the  waters  of  the  well  have  attracted  more  at- 
tention in  days  gone  by  than  any  others  in  the  State. 
The  well  is  one  hundred  and  seven  feet  deep  and  its  flow- 
very  abundant  (Walton).  The  following  analysis  was 
made  by  Prof.  J.  Lawrence  Smith: 

0.\E  r.MTEn  STATES   GALLON   COXTAINS  : 

Solids.  Grains. 

Potassiiuu  sulphate O.Hl 

Calcium  sulphate Si.i:* 

Sodium  sulphate 11.71 

Aluuiiuuui  sulphate 6.12 

Ma^niesiuni  sulphate 2:^.28 

Sodium  rliioriile 8.;10 

Calfium  chloride 4.;i2 

Ma*ruesium  cliloride 3.4,s 

Iron  i)en>j£lde 3.*> 

Calcium  crenate 0.:il 

Silicon  ci-enate  Cr  l 1.80 

Total 95.48 

This  is  a  verj-  valuable  mild  chalybeate  water,  contain- 
ing a  certain  proportion  of  (lurgative  sjilts  and  bearing 
considerable  resemblance  to  the  waters  of  Bocklet.  near 
Kissingcn,  in  Bavaria.  This  combination  adapts  the 
waters  to  numerous  conditions  in  which  anremia  is  asso- 
ciated with  constipation  or  abdominal  plethora.  Its 
effects  are  found  to  be  very  satisfactory  in  dropsy  and  in 
chlorosis.  In  chronic  diairhu'a  it  has  long  held  a  high 
repute.  The  water  acts  as  a  diuretic  or  aperient  accord- 
ing to  the  quantity  used  and  the  mode  of  drinking. 

James  K.  Crook. 

COPAIBA. — Balsam  of  Copaiba.  "The  oleo-resin  of 
CojHiiha  iMiv/sdorffii  (Desf. )  O.  Kuntze.  and  of  other 
species  of  Copaiba  (fam.  Leguminoixt)"  (U.  S.  P.).     Of 


the  sixteen  gigantic  trees  of  this  genus,  twelve  are  tropi- 
cal American,  and  of  these  seven  are  known  to  contribute 
to  the  copaiba  of  the  market,  as  follows: 

C.  LangschrffiC  (Dcst.)  Kuntzi-,  ('.  coitferttf era  {'BenUi.') 
Kuntze,  ('.  mrinrca  (^lart.)  Kuntze,  ('.  Mingijolia  (Mart.) 
Kuntze,  all  of  Brazil,  ('.  "Jtirinalis  ,Incq.  in  the  Orinoco 
valley,  and  C.  Oii/iiniensis  (Desf.)  Kuntze  and  C.  tunlti- 
jiiga  (Hayne)  Kuntze  of  the  Amazonian  region. 

Several  species  furnish  ornamental  woods  for  cabinet 
work,  the  so-called  "amaranth,"  or  purple  wood,  being 
one  of  them.  The  timber  is  also  highly  prized  for  boat 
and  wheel  making  in  tropical  America,  and  the  seeds  are 
used  like  vegetable  ivory,  for  small  objects. 

CoLLKCTiox. — The  stems  of  the  cojiaiba  trees  contain 
numerous  oil  canals  and  cavities,  in  which  the  liqiiid  is 
accumulated  as  turpentine  is  in  those  of  the  pine  trees. 
But  the  copaiba  canals  are  much  larger,  sometimes  even 
exceeding  an  inch  in  diameter,  and  they  traverse  the 
whole  length  of  the  stem.  Into  these  the  copaiba  is  freely 
secreted.  Indeed,  the  pressure  of  it  in  them  is  said  to  be 
sometimes  so  great  as  to  spht  the  trunk  itself  and  to  find 
spontaneous  exit,  as  is  also  true  of  one  or  two  other  (de- 
ifcrous  trees.  As  may  be  supposed,  the  process  of  collec- 
tion is  simple  enough ;  a  deep  gash  cut  into  the  trunk, 
reaching  the  heart-wood,  hollowed  and  slanting  below  so 
as  to  collect  the  flow,  provided  with  an  improvised  spout 
made  from  the  bark  itself,  or  with  a  leaf,  and  a  receptacle 
to  contain  the  oil  as  it  flows  in  a  steady  stream,  are  the 
essentials.  It  is  carried  on  mostly  by  the  Indians.  The 
yield  is  enrjrmous.  and  maj'  reach  from  ten  to  fifteen  gal- 
lons from  a  single  tree. 

The  principal  amount,  as  well  as  the  finest  quality  of 
this  drug,  is  exported  from  Para,  in  Brazil,  generally  in 
barrels.  Other  Biazilian  ports,  as  well  as  Ango.stnra, 
Cartagena,  Maracaibo,  and  Trinidad,  also  export  that 
which  is  collected  in  their  respective  neighborhoods. 
The  products  of  different  countries  vary  a  little  in  their 
sensible  (lualities.  and  are.  in  trade,  designated  by  their 
geographical  names;  that  of  Para  is  thinner  and  paler, 
and  rotates  the  polarized  raj'  to  the  left;  those  of  Vene- 
zuela and  Trinidad  are  thicker  and  brownish,  and  rotate 
to  the  light.  Some  species  are,  moreover,  opalescent, 
others  perfectly  clear.  There  is  the  greatest  difference 
in  their  medical  efficiency. 

Copaiba  has  been  known  in  Europe  something  more 
than  two  hundred  and  fifty  years.  Its  usefulness  was 
learned  from  the  aborigines  of  Brazil,  among  whom  it 
was  highl}-  esteemed. 

Descriptiox. — The  consistence  and  color  of  this  sub- 
stance, although  probably  depending  in  part  upon  its 
natural  amount  of  oil,  vary  also  with  age  and  exposure, 
becoming  thicker  and  darker  as  the  oil  evaporates.  Fine 
fresh  Para  copaiba  is  a  clear  liquid,  about  as  thick  as 
Canada  turpentine,  and  of  about  the  same  color.  It  is 
often  darker,  however,  and  may  have  a  deep  golden  yel- 
low, or  even  a  sherry  rint.  Copaiba  has  a  peculiar,  aro- 
matic, somewhat  terebinthinous  odor,  and  a  persistent, 
bitter,  biting,  disagreeable  taste.  Its  siiecific  gravity 
varies  from  0.916  to  0.993.  and  it  is  soluble  in  absolute 
alcohol  and  iu  four  times  its  bulk  of  petroleum  spirits. 
Some  varieties,  as  noted  above,  are  not  quite  clear,  and 
are  sometimes  fluorescent.  In  evaporating  a  small 
quantity,  there  should  be  no  odor  of  turpentine,  and  the 
residue,  when  cold,  should  be  hard  and  easily  rubbed  to 
powder.  It  should  not  boil  under  482°  F.  and  should 
rotate  to  the  left  28'  to  34°.  Four  drops,  carefully  added 
to  a  mixture  of  half  an  ounce  of  glacial  acetic  acid  with 
four  drops  of  nitric  acid,  should  not  afford  a  reddish  or 
purple  color. 

Composition-. — It  contains  from  forty  to  sixty,  or  even 
eighty  per  cent.,  according  to  its  fluidity,  of  an  essential 
oil  of  the  compo.sition  CuiH,«,  or  CoHs!,  of  high  boiling 
point,  tmd  the  odor  and  taste  of  the  drug  itself.  A  good 
Surinam  article  contains  seventy-eight  per  cent.  This 
isalsoolficial  {Ole'im  Cnpaib(r.  U.  S.P.).  The  crude  rf-OTi* 
left  behind  in  the  distillation  are  also  olficial,  under  the 
name  Resin  of  Copaiba  tli'exiiin  Cupailta.  U.  S.  P.).  It  is 
a  brownish-yellow,  brittle  substance,  with  the  appear- 
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ance  of  common  resin,  but  having  Tlie  odor  and  taste  of 
the  oleo-resin.  The  "resin"  of  Brazilian  (Para)  copaiba 
is  really  a  natural  mixture  of  at  least  two  substances — 
ttn  aiiiorplious  indifferent  remit,  probably  itself  compound. 
and  the  crysti'Ilizable  enp/riric  odd.  obtained  in  large, 
■white,  nearly  odorless  prisms.  The  latter  is  insoluble  in 
■water,  and  sparingly  so  in  ether,  but  strong  alcohol  and 
the  fats  dissolve  it  freely.  O-rympairic  acid  is  an  analo- 
gous substance,  sometimes  also  met  with.  "  ^laracaibo 
copaiba."  that  is,  the  product  from  the  northern  coast. 
yields  in  a  similar  ■naj',  together  ■nith  its  amorphous 
resins,  crystalline  metdcopetitie  acid  instead  of  opnicic 
acid,  which  dissolves  freely  in  ether  as  ■n-ell  as  in  alcohol. 

Copaiba  is  apt  to  be  adulterated :  one  of  the  common- 
est additions  is  castor  or  some  other  fi.xed  oil:  Gurjun 
talsam,  oil  of  turpentine,  and  other  volatile  oils  are  also 
sometimes  added. 

Action  and  Use. — Large  doses  of  copaiba  occasion 
vomiting,  purging,  and  colic,  symptoms  due  to  its  locally 
irritant  action  upon  the  alimentary  canal:  they  also  may 
cause  some  difficulty  in  micturition,  with  burning  pain 
in  the  urethra,  or  even  strangury,  but  the  latter  is  rare. 
Copaiba  is  mostly  eliminated  with  the  urine,  which  it  in- 
creases and  changes  in  odor.  According  to  Brunton.  "it 
forms  a  conjugate  glycuronic  acid  in  the  system,  and  is 
eliminated  in  the  urine,  which  with  nitric  acid  gives  a  pre- 
cipitate of  copaibic  acid,  easily  mistaken  for  albumen,  but 
disringuished  by  disappearing  on  theapplicarion  of  heat. 
The  conjugate  acid  renders  the  urine  antiseptic,  as  it  is 
secreted  by  the  kidneys,  so  that  it  does  not  readily  de- 
compose, and  bacteria  either  do  not  appear  in  it  at  all  or 
only  in  very  small  nmiibers,  even  after  the  surface  has 
become  covered  with  mould."  This,  if  true,  may  ex- 
plain at  least  a  part  of  its  usefulness  in  the  urethral  and 
vesical  catairhs,  for  which  it  is  so  much  employed.  Its 
elimination  products,  if  sufficiently  diluted,  appear  also 
to  be  soothing  to  the  lining  membrane  of  the  urinary 
tract.  A  portion  of  the  copaiba  taken  makes  its  exit 
from  the  lungs,  as  shown  by  the  breath.  The  principal 
call  for  this  medicine  is  in  catarrhs  of  the  genitourinary 
system,  especially  of  the  urethra  and  bladder.  In  gonor- 
rha?a  and  gleet,  its  employment  at  one  stage  or  another  is 
almost  univers;il.  In  chronic  vesical  catarrh  it  is  also 
sometimes  useful,  and  more  rarely  so  in  chronic  bron- 
chitis. Its  value  in  chronic  diarrhoea  and  dysentery,  and 
as  a  diuretic  in  cardiac  dropsy,  is  more  doubtful.  In  the 
acute  stage  of  the  above  affections,  it  is  not  to  be  advised. 
An  erythematous  eruption  occasionally  appears  during 
the  use  of  the  medicine;  this,  however,  departs  as  soon  as 
the  drug  is  omitted. 

ADMisisTR.iTros. — The  oleo-resin  itself  is  generally 
given.  From  iH  x  to  xx.  (a  gram  =  lU  xv.).  three 
or  four  times  a  day.  is  the  usual  dose.  Dropped  upon 
a  lump  of  sugar,  it  can  be  quickly  chewed  and  swallowed, 
or  an  emulsion  can  be  made  of  it  with  flavored  syrup 
of  acacia  or  yolk  of  egg.  In  either  case  its  taste 
is  very  disiigreeable  and  persistent.  It  may  be  solidified 
by  adding  six  per  cent,  of  magnesia  Olassa  Copaibte,  U. 
S.  P.),  and  made  into  pills,  but  the  value  of  this  prepara- 
tion is  doubtful.  A  sort  of  soap  may  be  made  by  adding 
enough  liguor  putasKre  to  cause  it  to  mix  with  water. 
More  than  by  all  these  methods,  it  is  at  present  given  in 
gelatin  capsules,  which  are  prepared  on  an  extensive 
scale  by  numerous  manufacturers;  the.v  contain  from 
five  to  ten  drops  each,  and  two  or  three  can  be  taken  at 
a  dose,  two  or  three  times  a  day.  They  are  perfectly 
free  from  its  taste,  but  the  odor  will  appear  in  the  breath, 
after  an  hour  or  so,  as  well  as  when  it  is  taken  undis- 
guised. The  oil  and  the  resin  may  be  given  in  similar 
doses  and  ways.  The  action  of  the  oil  is  not  very  differ- 
ent from  that  of  the  undivided  oleo-resin. 

Allied  Drugs. — Copaiba  differs  in  degree  more  than 
in  kind  from  the  numerous  class  of  essential  oils  and 
resins,  being  milder  than  some  (turpentine),  and  more 
stimulating  than  others  (the  carminatives).  Cubebs. 
buchu,  and  oil  of  sandalwood  have  similar  action  and 
are  employed  for  similar  condition?,  but  none  of  them  is 
equal  to  it,     Gurjun  balsam  has  also  similar  qualities, 


and  has  been  substituted  for  copaiba.  Uva  ursi,  and 
the  arbutin  and  benzoic  acid  class  of  remedies  may  be 
compared  with  it.  and  so  may  also,  in  a  certain  sense,  as 
used  for  the  same  disease  (gonorrhoea),  the  vegetable  and 
mineral  astringents,  hydrastis,  and  several  inert  powders 
used  in  injections ;  but  the  action  and  characters  of  these 
substances  are  not  at  all  like  those  of  copaiba. 

W.  P.  Bolles. 

COPAL. — (Including  Animi  and  Kmiri.) — This  name 
is  applied  to  a  number  of  resins  of  similar  nature,  but  of 
widely  different  origin,  both  botanically  and  geographi- 
cally. As  the  article  is  only  of  mechanical  interest,  and 
the  different  varieties  are  so  similar,  they  need  not  be 
discussed  here.  It  is  mostl.y  dug  from  the  ground  in  a 
fossil  condition,  though  the  trees  yielding  at  least  most 
of  the  varieties  are  still  in  existence.  Copal  is  very  hard, 
of  glassy  or  splintery  fracture,  of  various  shades,  from 
light  yellow-  through  reddish  orange  to  dark  reddish 
brown,  and  usually  translucent,  though  sometimes  milky 
or  smoky.  It  may  be  smooth  or  dusty  or  (the  best  variety 
of  animi)  very  warty.  It  occius  in  pieces  varying  from 
the  size  of  a  marble  to  that  of  a  mass  weighing  many,  in 
one  case  several  hundred,  pounds.  It  is  without  odor  and 
taste  and  the  ordinary  solvents  of  resin  dissolve  it  only 
with  difficulty.  Its  uses  are  purely  for  varnish  and  other 
mechanical  coatings.  Henry  U.  Bnsby. 

COPPER. — General  Medicln-al  Properties  of  Com- 
poi'XDS  OF  Copper. — As  usual  in  the  case  of  com- 
pounds of  the  heavy  metals,  impregnation  of  the  blood 
with  a  copper  compound  tends  to  affect  nutrition.  In 
medicinal  doses  too  small  to  iiroduce  any  olivious  de- 
rangement, the  influence  tends  to  the  abatement  of  spas- 
modic nervous  disorders,  but  not  to  a  sufficient  degree  to 
enable  copper  to  compete  with  zinc  and  other  remedies 
as  a  practical  antispasmodic.  In  excess  of  medicinal 
dosage  copper  salts  are  readily  poisonous.  Locally, 
soluble  copper  salts,  such  as  are  alone  used  in  medicine, 
are  powerful  inntant  astringents.  Ai>plied  in  concen- 
trated form  to  a  moist  surface  they  combine  with  the  al- 
buminous elements  of  the  part,  forming  a  thin,  practi- 
cally invisible  slough,  and  at  the  same  time  constringe 
and  irritate.  So  far  as  the  caustic  effect  is  concerned,  it 
is  so  superficial  as  to  be  of  little  moment,  so  that  practi- 
cally the  action  is  simply  conjoint  astringency  and  irrita- 
tion. Such  action,  however,  may  determine  absorption 
of  easily  absorbable  tissue,  such  as  granulations,  or  the 
healing  of  indolent  ulcers,  or  the  abatement  of  a  catar- 
rhal process.  Taken  internally,  in  any  beyond  quite 
small  dosage,  the  irritant  action  of  soluble  copper  salts 
declares  itself  by  producing  at  once  full  and  free  vomit- 
ing. Such  vomiting  is  attended  with  little  nausea  or 
depression,  and  the  emetic  dose  is  itself  discharged  with 
the  ejecta.  Copper  salts  thus  become  available  medici- 
nally as  emetics,  and  because  of  their  power  and  prompt- 
ness of  action  are  peculiarly  appropriate  for  the  dislodg- 
ment  of  poisons  by  vomiting.  In  considerable  single 
overdose  copper  salts  are  irritant  poisons. 

The  therapeutics  of  copper  compounds  are  comprised 
in  the  applications  set  forth  above — locally  for  an  astrin- 
gent irritant  operation,  internally  to  provoke  vomiring, 
or  in  smaller  dosage  for  an  astringent  effect  in  diarrhoeas. 
For  the  latter  purpose,  however,  other  astringents  more 
agreeable  than  copper  compounds  are  commonly  pre- 
ferred. 

A  single  compound,  only,  of  copper  is  official  in  the 
United  States  Pharmacopojia,  namely,  the  siilp/uite  (cupric 
sulphate,  CuSCoHjO).-  The  salt  "is  entitled  C'ipri  Sul- 
phas, Copper  Sulphate,  and  is  the  one  so  well  known  by 
the  common  name  of  blue  riiriol  or  hluentone.  It  occm'S 
in  "'large,  transparent,  deep  blue,  triclinic  crystals,  odor- 
less, of  a  nauseous,  metallic  taste ;  slowly  efflorescent  in 
dr}- air.  Soluble,  at  1.5'  C.  (59'  F. ).  in  about  2.6  parts 
of  water,  and  in  0.5  part  of  boiling  water;  almost  insolu- 
ble in  alcohol"  (L'.  S.  P.).  The  salt  effloresces  slowly 
on  exposure,  or  on  moderate  heating,  to  an  opaque,  pale 
blue  powder,     Cupric  sulphate  may  be  used  locally  in 
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substance,  a  smooth  crystal,  with  its  edges  rounded  by 
a  tile,  being  selected,  or  cylindrical  or  conical  pencils 
may  be  made  by  fusing  one  part  of  alum  witli  two  of 
the  copper  salt  and  .sliaping  in  suitable  moulds.  Lotions 
are  made  by  aciucous  solution,  the  strength  ranging  from 
one  half  to  two  ])er  cent.  As  an  internal  astringent  the 
dose  is  abcait  (l.(ll."i  gm.  (gr.  i):  as  an  emetic  from  0. 1'J  to 
0.30  gm.  (gr.  ij.-v.)  or  more  if  the  stomach  be  in.seiisilive 
from  narcotic  ))oisoning.  Hut  if  a  full  dose  is  given,  and 
fails  to  vomit,  it  must  be  removed  by  the  stomach  iiuni]) 
lest  undue  gastric  irritation  res\ilt.  The  sjdt  is  best  given 
in  powder,  mixed  with  powdered  sugar, 

Edward  Curtis. 

COPPER.  POISONING  BY.— Copper  is  poisonous  to 
man  ami  the  lown-  auiiiuils  in  any  of  the  forms  in  wliich 
it  nmy  be  brought  inti>  the  circulation,  and  its  to.xicology 
is  of  special  interest  because  of  its  widespread  occurrence 
in  nature  and  its  extensive  use  in  the  arts.  The  com- 
meicial  compounds  of  chief  medico-legal  interest  are  the 
sulphate  and  the  acetates.  The  cr_\  slalli/.iil  sulphate. 
CuSO(.  .")H20,  also  known  as  blue  vitiiol  or  l)hiestone.  is 
extensively  used  in  calico  jirintiug.  in  electro-metallurgy, 
as  a  fungicide  in  agriculture,  and  to  some  extent  in 
medicine.  There  are  several  acetates  used  in  dyeing  and 
calico  printing  and  as  pigments.  The  several  varieties 
of  verdigris  are  basic  acetates  of  different  chemical  com- 
position. Other  important  compounds  are  the  nitrate, 
chloride,  and  the  arsenical  pigments,  as  Scheele's  green 
and  Paris  green.  Metallic  copper  as  such,  and  in  the 
form  of  its  numerous  alloys,  is  extensively  used  in  manu- 
facturing industries,  and  "hence  many  persons  are  exposed 
to  its  inliuence. 

Notwithstanding  the  toxic  character  of  copper  com- 
pounds and  their  ready  accessibility,  poisoning  in  man  is 
not  common  in  this  country  and  fatal  poisoning  may  be 
said  to  be  rare.  Copper  salts  have  been  used  for  criminal 
poisoning,  but  more  frequently  for  suicide.  Usually  the 
poisoning  has  been  accidental. 

To  understand  the  present  state  of  the  question  of 
poisoning  by  copper,  it  is  necessary  to  distinguish  clearly 
between  the  effects  of  the  corrosive  local  action  in  the 
alimentary  canal  and  the  general  .systemic  jioisoning 
due  to  the  metal  after  its  entrance  into  the  circulation. 
■Within  a  few  years  the  jiroblems  have  been  especiall}" 
studied  from  the  experimental  side  (Harnack,  Lehmann, 
Tschirch,  Filehne,  Brandl), 

Physiological  Action, — A  soluble  salt  of  copper 
has  little  or  no  effect  on  the  sound  skin,  but  acts  as  a  mild 
caustic  to  surfaces  denuded  of  cuticle,  and  on  the  mucous 
membranes  as  an  astringent,  irritant,  or  corro,sive  accord- 
ing to  the  form  in  which  it  is  applied.  Administered 
internally  it  acts  as  a  prompt  emetic,  but  if  not  thus  ex- 
pelled it  produces  a  more  or  less  severe  gastro-enteritis 
with  the  local  and  general  s_vmptoms  which  accompany 
this  condition.  Relatively  small  amounts  are  absorbed 
from  the  stomach  and  intestines,  but  enough  may  be 
taken  into  the  circulation  to  produce  a  general  intoxica- 
tion, especially  with  animals  that  do  not  vomit,  and  in 
the  case. of  very  large  doses.  In  the  latter  case  it  is  be- 
lieved that  the  local  destruction  of  the  integrity  of  the 
epithelium  favors  the  absorption.  Systemic  poisoning 
has,  however,  been  especially  studied  by  the  subcutane- 
ous or  intravenous  injection  of  organic  Siilts  sucl;  as  the 
copjier  sodium  tartrate  (Harnack,  Filehne).  The  symp- 
toms oliserved  after  these  injections  have  been  loss  of 
appetite,  trembling,  weakness  with  loss  of  co-ordination 
of  muscular  movements  progressing  to  more  or  less  com- 
plete paralysis,  slowing  of  the  heart  action  and  respira- 
tion, with  death  due  to  cardiac  or  respiratory  failure. 
Vomiting  may  occur,  and  in  continued  ca.ses  diarrho-a 
and  other  symptoms  of  intestinal  disturbance  are  usu- 
ally present.  Later  symptoms  of  special  interest  are  ex- 
tnivasationsof  blood  in  various  places,  due  to  destruction 
of  blood  corpuscles;  jaundice,  due  to  fatty  degeneration 
in  the  liver;  h.-ematuria,  due  to  congestion  and  later  fatty 
changes  in  the  cortex  of  the  kidneys.  The  unabsorbed 
copper  is  chiefly  converted  into  the  sulphide  and  is  found 


in  tlie  fjeccs.  That  which  is  absorbed  is  eliminated  in 
part  in  the  urine,  but  chiefly  through  the  bil.-,  Kllin- 
berger  and  Hofmeister  found  from  six  to  ten  limes  as 
much  cojiper  in  the  bile  as  in  the  urine,  Tliev  delected 
it  in  the  urine  within  thirty  six  hours  after  IhetirsI  dose, 
but  Were  imable  to  tind  it  after  nine  days,  w  hile  it  was 
deiecied  in  the  bile  as  late  as  forty-one  days, 

Aeiitf  I'uimiiiiiy. — The  ingestion  by  nian  of  a  large 
dose  of  a  sidt  of  copjier  is  us\ially  pronqilly  fdllnwed  by 
the  symptoms  of  an  irritant  poison.  The  symjitrjins  may 
begin  within  a  few  miuules.  ten  to  twenty,  or  Ihey  may 
lie  delayed,  from  two  to  three  hours.  They  begiii  with 
nausea  followed  by' prompt  vomiting  of  green  or  bluish 
material,  and  by  a  metallic  taste,  thirst,  burning  in  the 
stomach,  abdominal  tenderness  incriased  on  ]iressure. 
There  is  usually  juirging,  the  pa.-^sages  being  abundant 
and   freijuently   bloody.      Owing   to  the   prompt   emetic 

acticai  the  poison  maj"  be  very  complelely  re ved  and 

the  case  tend  rapidly  to  recovery;  indeed,  this  is  the 
usual  result. 

In  some  cases  death  has  followed  a  single  hirge  dose. 
The  symptoms  in  these  cases  have  been  similar  to  those 
described,  but  more  severe,  and  accompanied  by  intense 
headache,  cramps  in  the  limbs,  great  jirostrntion,  cold 
extremities,  small  rapid  pulse,  and  other,symptonis  which 
accompany  the  collapse  caused  by  exten,sive  gasiro  intes- 
tinal intiammaliou.  Death  may  result  in  from  four  to 
twelve  hours,  hut  generally  only  after  a  longer  period; 
two,  four,  or  eight  days,  or  even  longer.  After  tlie  first 
few  hours  there  are  added  to  the  symptoms  due  to  the 
local  action  of  the  poison,  those  caused  by  the  action  of 
that  which  is  absorbed,  on  the  kidneys,  liver,  and  other 
organs.  Thus  the  urine  is  more  or  less  suppressed,  is 
albuminous,  and  contains  casts  and  blood.  .Jaumlice 
may  be  present,  but  is  usually  a  late  symptom.  If  a 
case  of  this  sort  progresses  to  recovery  "the  progress  is 
slow.     Chronic  gastro-enteritis  is  a  likely  sequel. 

Fatal  Amount. — Metallic  copper  has  been  frequently 
ingested  in  the  form  of  coins,  etc..  with  no  evil  effect, 
but  there  are  well-authenticated  cases  in  which  co]iper  in 
the  metallic  form  has  produced  the  symptoms  of  copper 
poisoning.  Experiment  has  also  shown  the  toxic  char- 
acter of  the  metal.  When  fed  to  dogs  in  their  food,  cop- 
per dust  produces  vomiting  in  even  small  doses,  but 
there  is  little  evidence  of  systemic  action  even  after  long 
periods  of  feeding  small  doses  (Filehne), 

The  lethal  quantity  of  a  copper  salt  for  man  is  stated 
very  differently  by  the  authorities:  Husemann,  25-30 
gm, ;  Lewin,  1.5-"2U  gm.  of  the  acetate,  W  gnL  of  the  sul- 
phate; Robert,  10  gm.  ;  Tardieu,  2-3  gm.  ;  Seidel,  1  gm. 
These  figures  obviously  refer  to  different  modes  of  action, 
for  a  consideration  of  the  reported  cases  makes  it  prob- 
able that  oul)'  a  large  dose,  10-20  gm,,  of  such  a  salt  as 
the  sulphate,  would  produce  death  by  its  direct  local 
action. 

That  relatively  small  doses  may  prove  fatal  wlien  ab- 
sorbed is  evident  from  the  results  of  animal  experiments. 
Rabbits  are  killed  in  twenty-four  to  thirty  hours  by  the 
subcutaneous  injection  of  doses  of  copper  sodium  tartrate, 
equivalent  to  0,01.5  gm,  of  CuO  per  kilogram  (Filehne(. 
Tliat  the  minimum  fatal  dose  fiu'  man  if  administered  in 
this  way  would  likewise  be  small  cannot  be  doulited,  and 
therefore  the  minimum  dose  by  the  stomach  would  be 
small  if  administered  under  favorable  conditions  for  ab- 
sorption, though  doubtless  modified  by  the  protective 
action  of  the  liver.  That  the  conditions  for  absorption 
from  the  stomach  are  unfavorable  is  shown  by  the  usual 
type  of  the  cases  which  occur,  and  also  by  the  residts  of 
the  administration  of  copper  compounds  for  therapeutic 
purposes.  Thus  Husemann  instances  a  case  in  which  17 
gm.  of  sulphate  were  taken  in  six  days  with  no  toxic 
effect.  The  conditions  effecting  ab.sorption  must  there- 
fore control  the  amount  which  would  be  lethal  in  any 
given  case. 

Post -Mttrti  III  Appearances. — The  marks  of  inflammation 
throughout  the  alimentary  tract  are  the  most  common 
observation.  These  may  consist  of  injeciions.  eechy- 
moses,    ulceration,   or  even  gimgajiu;  and   peiii/ration. 
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Tlie  mucous  membrane  may  liare  a  greenish  color  due  to 
tlie  presence  of  some  copper  compound,  wliicli  is  easily 
distinguished  from  bile  stains  by  the  blue  reaction  with 
ammonia.  Contrary  to  the  usual  condition,  all  signs  of 
inflanmiator)'  changes  may  be  absent.  In  late  deaths  the 
tissues  may  be  bile-stained  and  the  liver  and  kidneys 
swollen  and  fattj-.  The  heart  muscle  has  also  been  found 
fatty.  These  degeneration  changes  show  clearly  that  in 
man  copper  may  be  absorbed  from  the  alimentary  tract 
in  not  inconsiderable  amounts.  Absorbed  copper  is  foimd 
chiefly  in  the  liver,  but  also  in  the  kidneys  and  other  or- 
gans, in  the  muscles  and  in  the  blood,  where  it  is  sak\  it 
exists  in  the  corpuscle  in  combination  with  ha-moglobin 
(Pilehne).  It  maj'  be  easily  isolated  b^'  the  Fresenius 
method  commonly  used  in  toxicological  examinations  of 
tissues. 

Treatment. — As  antidotes  milk  and  egg  albumin  may 
be  used  because  of  the  difficultly  soluble  compounds 
which  copper  forms  with  proteids.  Magnesia  is  a  suit- 
able addition  as  an  antacid.  Reduced  iron  has  been 
recommended  with  the  view  of  precipitating  metallic 
copper.  Potassium  ferrocyanide  produces  an  insoluble 
copper  ferrocj-anide  and  is  the  best  chemical  antidote, 
but  is  not  without  danger  in  large  doses  because  of  its 
tendency  to  form  prussic  acid.  The  stomach  should  be 
thoroughly  washed  out  even  if  there  has  been  free 
vomiting.  The  subsequent  treatment  should  be  directed 
■with  reference  to  the  local  lesions,  the  collapse  or  prostra- 
tion, and  to  tlie  condition  of  the  kidneys. 

Chronic  Poisiming. — Contrary  to  the  earlier  teachings, 
recent  observations  tend  to  the  view  that  there  is  no 
chronic  copper  poisoning  comparable  with  that  by 
lead.  According  to  this  view  tlie  long-continued  inges- 
tion of  minute  doses  of  copper  by  the  stomach,  and  the 
exposure  to  absorption  in  handling  and  working  the 
metal,  are  not  capable  of  producing  the  sj'stemic  poison- 
ing. This  view  is  based  on  the  negative  results  obtained 
in  feeding-experiments  with  man  and  the  lower  animals, 
and  in  the  therapeutic  use  of  copper  salts.  There  can  be 
no  doubt  that  the  danger  of  jioisoning  with  copper  has 
been  exaggerated,  and  that  it  is  much  less  poisonous  than 
lead.  In  view,  however,  of  the  well-known  effect  of  the 
injection  of  copper  salts  subcutaneously  it  would  appear 
that  the  question  of  a  chronic  systemic  intoxication  is 
largely  a  question  of  absorption,  and  that  it  would  be 
unsafe  to  conclude  that  absorption  may  not  occur  from 
small  doses  to  a  sufficient  extent  to  be  toxic.  Cases  of 
■poisoning  have  been  described  among  workers  in  copper 
and  brass  that  apjiear  to  admit  of  no  other  explanation, 
but  those  that  can  be  classed  as  chronic  are  certainly  rare. 

Tlie  Use  of  Copper  Utermls  in  Cooking  Fo<id. — Cooking- 
vessels  of  copper  and  copper  alloys,  especially  of  brass, 
have  been  used  verj- extensively.  Repeated  experiments 
have  shown  that  foods  may  be  impregnated  with  copper 
on  long  standing  in  such  vessels,  and  this  is  especially  so 
of  foods  containing  vegetable  or  fatty  acids.  Thus  Mair 
found  0.034  gm.  per  cubic  liter  in  rice  soup  which  had 
stood  twenty-four  hours  in  a  brass  vessel.  A  liter  of 
vinegar  containing  an  acidity  of  three  and  a  half  per 
cent.,  on  being  boiled  in  a  brass  vessel  and  then  allowed 
to  stand  has  taken  up  0.183gm.  of  copper  in  twenty-four 
hours  and  O.Sfi.T  gm.  in  trsvo  fla.ys.  Direct  experiments 
tend  to  the  conclusion  that  food  cooked  in  the  usual  way 
in  bright  copper  or  brass  vessels,  but  not  allowed  to 
stand  in  them,  does  not  absorb  a  sufficient  amount  of 
copper  to  produce  syni])tonis  of  poisoning.  It  seems 
impossible  that  enotigh  cfuild  be  present  in  food  which 
would  be  eaten  at  one  time  to  jiroduce  serious  acute  poi- 
soning as  has  been  frequently  supposed,  especially  as  the 
presence  of  as  much  as  half  a  gram  of  dissolved  copper 
in  a  kilogram  of  liquid  food  would  produce  a  marked 
metallic  taste. 

Tlie  Use  of  Copper  in  Preserred  Foods. — Copper  salts 
are  used  in  the  preparation  of  canned  vegetables  such  as 
peas  and  beans,  and  of  pickles,  in  order  to  impart  a  de- 
sired green  color.  This  is  accomplished  by  heating  in  a 
very  dilute  solution  of  copper  sulphate.  The  vegetables 
thus  become  impregnated  with  copper,  which  probably 


exists  in  combination  with  the  proteids  in  part,  and 
partly  with  the  chloropliyll.  The  presence  of  0.02O- 
0.030  gm.  of  copper  per  kilogram  is  all  that  is  needed  to 
accomplish  the  desired  result,  but  ten  times  these  amounts 
have  been  found  in  canned  peas.  The  copjjer  fails  to 
give  its  ordinary  reactions  in  the  compounds  in  which  it 
exists  in  these  preparations,  and  it  is  extracted  only  in 
part  b}'  acid  of  the  strength  of  the  gastric  juice.  Ac- 
cording to  Tschirch  and  Braudl  the  metal  in  these  forms 
is  but  slightly  toxic.  From  experiments  with  copper 
proteid  Filelme  concluded  that  an  amount  equivalent  to 
U.500  gm.  of  copper  per  day  would  ]iroduce  no  notable 
result  in  an  adult.  Copper  sulphate  has  been  used  iu 
bread-making  to  improve  the  appearance  of  the  ])rotluct 
made  from  inferior  grades  of  flotir.  Only  small  quanti- 
ties can  be  used,  because  the  yeast  is  very  sensitive  to 
the  toxic  action  of  copper  salts ;  4-16  mgm.  per  kilogram 
have  been  found. 

Tlic  Occnrrencc  of  Copjier  in  Plants  and  Animals. — 
Plants  exhibit  great  variation  in  their  susceptibility  to 
the  toxic  action  of  copper  salts :  some,  like  the  fungi,  are 
very  readily  destroyed  by  it,  so  that  copper  salts  are 
widely  used  as  fungicides  in  agriculture.  The  higher 
plants,  however,  are  less  easil_v  affected  by  it  as  applied 
exteiTially  or  as  existing  in  the  soil  iu  which  they  grow. 
Indeed,  some  kinds  may  absorb  notable  quantities  from 
the  soil,  and  it  therefore  happens  that  many  articles  of 
vegetable  food  contain  copper.  Thus  Lehmann  found 
ve.getables  as  sold  in  the  Wurzburg  market  to  contain  the 
following  amounts  of  copper  per  kilogram  of  dry  sub- 
stance: lettuce,  O.00;i-0.01O  gm.  ;  gufkins,  0.030"  gm. ; 
beans.  O.OIS-O.OSO.  In  vegetables  grown  in  a  soil  veiy 
rich  in  copper  he  found  larger  quantities;  i.e..  0.080- 
0..'560  gm.  copper  per  kilogram  of  dried  substance.  Ani- 
mals feeding  on  vegetables  containing  copper  naturally 
absorb  some  of  the  metal  anil  it  is  found  in  variable  smail 
ainouuts  iu  the  tissues.  Thus  there  have  been  found  in 
fresh  yolks  of  eggs  O.D005-0.0(J3  gm.  of  copper ;  in  muscle 
of  the  ox  and  sheep  about  0.001  ctii.  ;  in  kidneys  0.003- 
0.008  gm.,  and  in  liver  0.000-0.030  gm.,  per  kilogram. 
Carnivorous  animals  contain  U'ss.  In  man  it  is  very  com- 
monly found  in  the  liver  to  the  extent  of  a  few  milligrams. 
So  constantly  is  copper  found  in  man  that  it  has  been 
sjioken  of  as  normal  copper  by  some  writers.  It  per- 
forms no  known  functif)n,  and  is  to  be  regarded  not  as 
normal  but  as  accidental,  though  nearly  constantly  pres- 
ent. The  amount  jiresent  depends  on  the  character  of 
food,  and  possibly  ou  the  occupation  of  the  person. 

Herbert  E.  Smith. 

'COPULATION,  or  sexual  contact,  is  essential  to  the 
process  of  i(i)riMhiction  in  all  the  more  highly  organized 
S])ecies  of  the  animal  kingdom.  An  analogous  step  in 
the  process  has  in  fact  been  traced  upward  from  a  com- 
parativel}'  early  jihase  of  plant  life,  for  sexual  reproduc- 
tion is  the  rule  among  all  but  the  lowest  orders  of  plants. 
Actual  contact  is,  however,  exceptional.  In  most  of  the 
flowering  plants  fertilization  depends  upon  an  indirect 
transfer  of  pollen  through  the  medium  of  air  or  water  or 
by  the  agency  of  insects.  Yet,  on  the  other  band,  in 
some  of  tlie  lowest  forms  of  cryptogams,  flowerless 
plants,  more  or  less  intimate  contact  or  union  of  two  in- 
di\iduals  is  necessary,  and  in  some  of  the  higher  species 
of  thallogens  the  union  closely  resembles  that  of  the  ani- 
mal kingdom. 

In  the  lower  forms  of  animal  life  much  difference  is 
observed  both  in  the  manner  and  iu  the  dui'ation  of  the 
connection,  and  in  not  a  few  instances  peculiar  changes 
occur  in  some  of  the  organs  or  parts  of  one  or  both  sexes 
for  the  purpose  of  copulation.  Earthworms,  for  ex- 
ample, become  firmly  united,  two  segments  of  each  hav- 
ing previously  undergone  necessarj'  changes.  In  some 
orders  of  the  Crustacea  the  male  organ  resembles  a  rudi- 
mentar}'  foot  which  is  thrust  into  the  vulva.  The  true 
cliaracter  of  this  appendage  is  demonstrated  by  the  pres- 
ence in  it  of  a  vas  deferens.  A  similar  transformation  of 
a  member  is  seen  among  the  cephalopods;  for  in  some 
species  of  the  cuttlefish   the  male  and  female  become 
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Ijrnily  attacla'd  tofacli  ollici'.  iiioiitli  to  mnulli,  witli  the 
suckers  I  if  the  arms  in  apixisitiuii.  Wliile  thus  cinlinic- 
ing,  Diif  (if  the  arms  is  ilctailic<l  by  llic  male  and  it  is  de- 
posited witliin  the  mantle  of  the  femalt.  The  arm  thus 
detaelied  lias  been  jirexiously  "hectoeotj'lized,"  that  is, 
a  sac  filled  with  spermatojihores  has  been  formed  upon 
it.  These  are  discharged  within  the  mantle  and  are  car- 
ried to  the  ova  through  a  tube  which  peiioiatcs  the 
terminal  lilainent. 

Among  insects  the  alteration  of  limbs  and  abdominal 
segments  is  sometimes  ijuite  remarkable.  Reproduction 
is  invariably  a  residt  of  se.xual  uiuon  except  in  a  few  in- 
stances of  iierniaphroditism.  Among  tlu'  liymenoplera 
(Viees.  ants,  flies,  etc.)  the  connedion  lasts  from  a  few 
seconds  to  several  hours.  The  male  bee  is  sometimes  so 
injured  by  prolonged  contact  tliat  his  death  immediately 
follows  tile  se]iaratiou.  Tile  fantastic  ])ositioii  of  the 
dragon-lly  during  copulation  is  due  to  the  i>eculiar  po.si- 
tion  of  tile  organs  in  the  two  sexes.  That  of  the  male  is 
situated  in  a  slit  on  the  under  surface  of  the  second  ab- 
dominal segment,  that  of  the  female  on  the  under  surface 
of  tlie  eighth  .segment.  In  spiders  we  find  conditions 
which  more  resemble  those  seen  in  some  of  the  cephalo- 
pods  llian  in  the  insects,  for  the  spermatic  fluid  is  de- 
posited in  a  receptacle  in  the  cliela.  or  claw,  and  is  then 
thrust  into  the  cloaca.  The  first  api}ear!ince  of  a  true 
penis  is  found  among  the  amphibia. 

Among  the  venebrates  also  there  is  a  gradual  traDsifion 
from  a  very  simple  to  a  more  complit^ited  method  of 
copulation  as  we  ascend  from  the  lower  to  tlie  higher 
orders,  lu  the  former  the  organs  are  rudimentary,  recall- 
ing tlie  altered  segments  of  the  earthworm.  Some 
species  of  tish  do  not  copulate;  fertilization  of  the  eggs 
occurs  after  tliey  arc  in  the  spawn.  In  some  there  is  a 
moiiieutary  contact,  while  others  are  said  to  remain  united 
until  tliey  are  accidentally  sejiarated.  Ln  some  elasmo- 
brauchs  ]ieculiar  "claspers"  at  the  posterior  extremity 
of  the  male,  supposed  to  be  rudiments  of  a  third  pair  of 
limbs  and  inteii<led  piimarily  for  maintaining  contact, 
seem  to  be  partially  introduced.  Among  birds  there 
seems  to  be  no  deviation  from  the  copulative  method  of 
fertilization,  but  the  jirocess  varies  from  a  momentary 
contact  in  the  smaller  species  to  one  as  complicated  as 
thjit  of  thi-  higher  quadrupeds  in  some  of  the  larger, 
notably  in  the  ostrich. 

Considered  merely  in  its  relation  to  procreation,  copula- 
tion, in  the  human  being,  consists  essentially  in  nothing 
more  than  the  deposit  of  seminal  fluid  within  the  vagina, 
even  in  the  vestibulum.  for  it  is  well  known  that  con- 
ception may  occur  without  actual  penetration.  This 
would  limit  the  act  in  the  male  to  the  period  of  life  be- 
tween puberty  and  an  indefinite  time  of  old  age,  and  in 
the  female  to  the  perii.id  of  ovulation.  A  man  may 
procreate  so  long  as  his  seminal  fluid  contains  living 
spermatozoa,  although  he  may  be  able  to  perform  the 
sexual  act  but  imjierfectly;  but  in  the  female  the  jiossi- 
bility  of  impregnation  ceases  with  the  completion  of  the 
menopause.  But  no  such  limit  can  lie  dr-awn.  The 
ability  of  the  male  to  copulate,  as  the  term  is  ordinarily 
understood,  deiieudiug  almost  wholly  upon  erection  of 
the  penis,  begins  in  early  childhood  and  lasts  until  the 
development  of  senility.  There  is  |)ractically  no  age 
limit  to  its  possibility  in  the  female  after  childhood. 
The  part  taken  by  the  male  and  the  female  will  be  more 
conveniently  considered  separately. 

The  Milk. — To  ])lace  a  physiological  limit  upon  the 
frequency  of  copulation  in  the  male  is  hardly  possible. 
for  in  the  liuman  being  there  is  no  such  natural  limita- 
tion as  we  see  in  most  of  the  lower  animals,  and  under 
the  many  exciting  influences  of  civilization,  sexual  de- 
sire is  exceedingly  variable.  Neither  is  desire  a  proper 
criterion  of  the  nomial  requirements,  for  in  some  tnen  it 
is  aroused  not  merely  by  the  accumulation  of  seminal 
fluid  after  prolonged  continence,  which  seems  to  be  the  \ 
normal  stimulus,  but  by  the  perception  of  an  attractive  t 
female  through  any  of  the  senses  or  even  by  the  imagina- 
tion alone.  Although  we  admit  that  the  testicular  secre- 
tion is  constant  and  that  absolute  continence  is  not  strictly 


physiological,  still  the  normal  limit  of  indulgence  may 
undoubtedly  be  exceeded.  A  man  may  indulge  so  fre- 
quently that,  although  he  cxpeiiences  "the  usual  excile- 
inent  and  an  apparently  normal  orgasm,  the  ejaciilatecl 
fluid  becomes  devoid  of  fecundating  property.  Such 
frequency  is  clearly  abnormal.  It  is  generally  fol- 
lowed by  undue  depression  if  not  by  more  lasting  evil  ef- 
fects. On  the  other  hand,  it  must"  be  admitted  that  tho 
evil  effects  of  continence  are  seldom  of  conse(|iiencejti  the 
absence  of  unnatural  excitement  and  uninfluenced  by 
previous  immoral  practices.  The  emergency  rarely  arises 
in  which  the  [ihysician  can  recommeiui  illicit  intercourse 
without  compromising  himself  professionally  as  well  as 
morally.  Within  the  bounds  of  legitimacy  there  can  be 
no  question  that  the  practice  shoulil  not  exceed  the 
gratification  of  natural  desire,  a  desire  which  vaiies, 
however,  with  the  physical  vigor  and  health  of  the  in- 
dividual, his  mode  of  lite  and  climatic  inlluenccs,  and 
usually  diminishes  to  some  extent  with  advancing  age. 

The  anatomy  of  the  male  organs  is  a]i])i-opriately  con- 
si<lered  in  another  volume  of  this  work,  and  it  will  be 
necessary  therefore  to  describe  only  briefly  the  mechanism 
of  erection.  It  has  been  shown  that  the  erection  and 
rigiility  of  the  penis  depend  upon  a  temporary  increase 
in  the  size  of  the  arterioles  -B-hicli  supply  blood  to  the 
erectile  tissue  of  the  spongy  and  caTcrnous  jiortions, 
mor<'  than  upon  constriction  of  the  veins  which  cany 
away  the  blood;  but  such  constriction  pinbably  increases 
the  turgesceuce,  especially  for  a  short  time  during  the 
period  of  greatest  excitement.  The  nervous  control  of 
these  vessels  comes  from  the  sa(Tal  plexus  and  is  jirac- 
tically  the  same  as  that  of  the  integument  and  muscles 
of  this  entire  region. 

The  sensation  experienced  in  coitus  depends  for  the 
most  part  upon  the  sensitiveness  of  the  glans.  the  acute- 
ness  of  which  increases  with  the  rigidity  :  it  is  aided  liy 
nervous  excitement  and  by  friction  within  the  vagina 
until  the  orgasm  occurs.  As  this  stage  is  reached  a  dif- 
ferent sensation  is  developed,  probably  by  increased 
jieristaltic  action  of  the  vesicuhe  seminales  and  liy  the 
rhythmical  contraction  of  the  bulbo-cavernous  muscle, 
which  culminates  in  the  forcible  discharge  of  semen. 
Following  this  the  venereal  extitement  quickly  gives 
place  to  a  variable  degree  of  lassitude  and  the  sensitire- 
nees  of  the  organ  to  a  feeling  resembling  fatigue. 

llie  Fcmah'. — The  part  of  the  female  is  passive,  at 
least  to  a  much  greater  degree  than  is  that  of  the  male. 
To  some  women  there  is  no  feeling  of  pleasure,  much 
less  an  orgasm  comparable  to  that  of  the  consort.  Others 
undoubtedly  experience  sensations  fully  equal  to  those 
of  the  male.  Conception  is  probably  more  likely  to  occur 
when  full  venereal  excitement  is  exjierienced,  yet  it  is 
by  no  means  conditioned  upon  such  enjoyment,  for  it 
may  result  from  connection  in  a  state  of  unconsciousness. 
The  mechanism  of  the  act  closely  resembles  that  of  the 
male.  The  parts  are  supplied  by  a  corresponding  set  of 
nerves  and  the  circulatoiy  changes  are  the  sjime  in  nature. 
There  is  a  certain  degree  of  erection  of  the  clitoris  which 
causes  it  to  become  more  acutely  sensitive,  and  of  the 
erectile  bulbs  at  the  sides  of  the  vulva.  The  erecrile 
rissue  of  tlie  vagina  also  i)articipates  and  there  may  be 
an  ejaculation  from  the  glands  of  Bartholin  opening  at 
the  sides  of  the  labia  minora.  To  what  extent  the  higher 
organs  are  involved  isuot  olefinitely  known.  The  uterus 
sinks  lower  in  the  vagina  and  the  cervix  is  said  to  become 
softer.  A  certain  amount  of  erection  takes  place  in  the 
uterus,  by  contraction  of  its  muscular  fibres  and  those  of 
the  round  ligaments,  and  the  cavity  is  thus  reduced  in 
size,  causing  the  expulsion  of  a  few  drops  of  mucus  from 
the  OS.  The  subsequent  relaxation  is  supposed  to  favor 
the  entrance  of  seminal  fluid  if  it  does  not  in  reality  draw 
it  in  as  by  aspiration.  No  one  lias  yet  confirmed  the  de- 
scriptions by  Litzmann.  in  1846.  and  by  Beck,  in  1872,  of 
a  gas|)ing.  opening  and  closing  of  the  os  as  a  part  of  the 
orgasm.  For  the  consideration  of  the  method  by  which 
the  spermatozoa  are  carried  through  the  ujiper  passages 
the  reader  is  referred  to  the  arlicle  on  Imprcr/rifitinn. 

The  normal  freiiuency  of  copulation  in  the  female  is 
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more  difficult  to  determine  than  in  the  male,  for  desire  is 
more  variable  and  excess  as  a  rule  is  better  borne. 
There  should  certainly  be  a  respite,  however,  during 
menstruation,  in  the  latter  period  of  utero-gestation,  and 
for  several  Tveeks  after  confinement. 

Copulation  may  be  incomplete  from  various  causes:  it 
is  not  infrequently  so  in  the  first  experience  of  either 
party  to  it.  The  undue  nervous  excitement  of  the  male 
sometimes  ends  in  a  loss  of  rigidity  or  in  premature 
ejaculation.  An  unduly  rigid  hymen,  an  undeveloped 
condition  of  the  vagina,  narrowness  of  the  orifice,  or  other 
abnormality  may  prevent  entrance. 

Various  accidents  occur.  Lacerations  and  abrasions  of 
the  penis  are  usually  of  no  importance  except  with  refer- 
ence to  the  possibi'ity  of  infection.  (Edema  or  ecchy- 
mosis  of  the  skin  occasionally  follows  tiudue  violence. 
Urethral  hemorrhage  sometimes  occurs,  frequently  from 
rupture  of  a  stricture.  Cases  are  reported  in  which  the 
root  of  the  penis  has  been  dislocated.  The  so-called  frac- 
ture consists  in  a  rupture  of  the  corpora  cavernosa  and 
may  result  in  such  deformity  as  to  render  futiu'e  coitus 
impossible.  Quite  a  number  of  cases  have  been  recorded 
in  which  the  great  contraction  of  the  vagina  aiiled  l)y 
that  of  the  levator  aui  rendered  separation  after  coitus 
difficult  or  impossible  imtil  various  remedies  had  been 
applied.  This  result  seems  to  have  followed  the  applica- 
tion of  musk  to  the  vagina  in  several  instances.  More  or 
less  complete  epileptic  seizures  sometimes  occur  during 
or  after  connection,  most  frequently  accompanying  the 
orgasm,  particularly  in  the  female.  Death  has  also  been 
reported  in  not  a  few  instances,  but  its  immediate  cause 
has  generally  been  cerebral  hemorrhage,  the  rupture  of 
an  aneurism,  or  it  was  the  termination  of  an  organic  dis- 
ease hastened  by  the  exertion. 

The  injuries  to  the  female  are  sometimes  serious  in 
character;  the}'  are  especially  liable  to  occur  as  a  result 
of  the  assumption  of  unnatural  positions.  The  rupture 
of  the  hymen  is  generally  of  no  conse([uence.  but  the 
rent  occasionally  extends  so  deeply  as  to  involve  the  mu- 
cous membrane  of  the  vagina  and  thus  give  rise  to  serious 
hemorrhage.  Laceration  of  the  perineum,  the  clitoris, 
the  urethra,  or  the  anterior  vaginal  wall  into  the  bladder 
and  similar  accidents  have  been  reported.  L'terine 
hemorrhage  is  not  seldom  induced,  especiallv  by  the  first 
connection  when  it  occurs  soon  after  menstruation,  and  is 
sometimes  of  considerable  severity. 

The  medico-legal  aspects  of  this  subject  will  be  found 
under  the  title  of  Bape,  Medico- Leyal  Aspects  of. 

James  M.  Fi-ench. 
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lication mail  a  printed  copy  of  the  title  to  the  Librarian 
of  Congress.  Washington.  D.  C.  2.  Upon  the  title  page 
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letter  of  inquiry  addressed  to  the  Librarian  will  bring  a 
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there  is  a  clear  distinction  between  a  book  as  a  literary 
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CORAL  BEAN.     See  Poisonous  Plants. 

CORIANDER. — CoRi.\NDRnir.  Coriander  Fruit ;  incor- 
rectly, "Coriander  Seed."  The  coriander  plant  is  an 
annual  European  herb,  also  eidtivated  in  Europe  and  the 
United  States.     It  has  been  so  long  cultivated  that  it  is 

scarcely  known  in 
an  induliitably  wild 
state.  The  following 
is  the  ofticial  descrip- 
tion •  of  the  drug: 
Globular;  about  4 
nun.  in  diameter; 
crowned  with  the 
calyx-teeth  and  sty- 
lopod;  brownish  yel- 
low, with  slight  lon- 
gitudinal ridges;  the 


Fig.  1.515.  —  Coriander    Plant,   one-tenth    Fig.  I.il6.— Fruit  of  Cori- 
natural  size.     (Baillon.)  antler,  natural  size. 

two  mericarps  cohering,  enclosing  a  lenticular  cavity, 
and  each  furnished  on  the  face  with  two  oil  tubes ;  odor 

and  taste  agreeably  aromatic. 

It  contains  about  one-half  per  cent,  of  essential  oil, 
eleven  of  fut  (in  the  seeds),  and  fourteen  of  nitrogenous 
matters,  etc.  The  only  constituent  of  value  is  the  oil 
{Oleum  Coriandri.  V.  S.  P.),  a  colorless  or  yellowish 
liquid,  having  the  characteristic  aromatic  odor  of  cori- 
ander, a  wann,  spicy  taste,  and  a  neutral  reaction,  sp. 
gr.  0.870  to  0.885.  Linalool,  or coriandrol.  and  pinene  are 
the  constituents. 

Coriander  is  a  very  mild  and  agreeable  carminative,  of 
the  same  properties  as  anise.  Dose  'i  to  8  gm.  (  3  ss.-ij.); 
of  the  oil.  ten  drops  or  so — on  sugar  or  suspended  in 
syrup  or  mucilage.  There  is  no  official  preparation  of 
either  the  fruit  or  the  oil.  though  the  former  enters  into 
the  Confeetio  Mmue  and  the  latter  into  the  Compound 
Spirit  of  Orange.  \V.  P.  Bolles. 


282 


REFEREXCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Capyrl-fht, 
Corui-a. 


CORIARIA. — A  jrcniis  (fani.  Cnriarincea-)  of  about  ten 
species  of  slirubs  inlialiiliiii;  warm  or  trojiical  regions. 
The  leaves  and  fruits  of  several  of  tliese  are  well-known 
poisons,  both  to  man  ami  to  grazing  animals.  In  the 
ripe  fruit,  the  poison  is  said  to  be  contined  to  the  seeds. 
Their  medicinal  use  has  ajijiarently  not  been  tried,  but 
they  are  of  interest  because  the  leaves  of  one.  ('.  iniirti- 
fiAin  L..  have  been  found  as  an  adulterant  of  senna. 
They  are  readily  distinguished  by  their  three  nerved  sur- 
face. The  active  principle  is  the  glucoside  Corinijijifliii 
(CsoIIj.Oio).  which  is cry.stalline.  tasteless,  and  soluble  in 
botli  waterand  alcohol.  Its  action  is  very  similar  to  that 
of  jucrotoxin.  Ihiii-ij  11.  liuxhy. 

CORNEA,  DISEASES  OF  THE.— In  onhr  to  recognize 
and  understand  the  various  pathological  lesions  to  which 
the  cornea  is  subject,  an  accurate  knowledge  of  its  an- 
atomy and  histology  is  essential.  The  term  Itrntitis  is 
applicalile  toall  inlianunatory  luocesses  affecting  the  cor- 
nea and  causing  certain  deviations  from  its  normal  uni- 
form transparency. — alterations  which  are.  as  a  rule,  eas- 
ily recognized  by  simjile  inspection  \vith  the  naked  eye; 
but  the  method  of  examination  known  as  focal  illumina- 
tion affords  a  ready  means  of  detecting  changes  of  slight 
degree  which  might  otherwise  easily  escape  observation. 
Structural  changes  resulting  from  iiiHainmation  are  cither 
transitory  or  permanent.  Inllammatory  processes  in  the 
cornea  give  rise  to  various  changes  in  its  physical  condi- 
tion, the  most  constant  of  which  is  a  loss  of  transparency 
■which  involves  the  compact  librillar  arnuigement  of  the 
corneal  tissue,  and  which  is  caused  by  the  imliibition  of 
fluid  material  as  well  as  of  the  more  solid  cellular  ele- 
ments that  have  migrated  into  the  cornea  from  the  sur- 
rounding vascular  system.  This  subject  has  been  vcr}' 
thoroughly  studied  by  many  observers,  and  the  free  mi- 
gration of  leucocytes  into  the  cornea  from  this  source  is 
one  of  the  pathological  questions  which  may  be  regarded 
as  delinitely  settled.  The  formation  of  blood-vessels  in 
the  cornea  is  common  to  several  varieties  of  keratitis. 
They  owe  their  oiigin  to  the  fact  that  the  terminal  vessels 
surrounding  the  cornea  send  offshoots  into  the  corneal 
tissue  and  so  give  rise  to  a  conspicuously  vascular  con- 
dition of  this  structure,  which  disappears  wholly  or  in 
part  as  the  inflammation  subsides.  The  development  of 
these  blood-vessels,  therefore,  belongs  to  the  process  of 
repair.  An  engorgement  of  the  blood-vessels  in  the  tis- 
sues around  the  cornea  is  one  of  the  most  constant  signs  of 
keratitis,  and  is  known  as  pericorneal  congestion. 

It  is  still  an  open  question  as  to  what  part  the  fixed 
corneal  corpuscles  take  in  the  inflammatory  juocess.  If 
this  has  been  of  such  a  character  as  to  cause  permanent 
alteration  in  any  part  of  the  cornea,  both  the  fixed  cor- 
puscles and  the  fibrillar  structure  involved  are  found  to 
have  undergone  more  or  less  destruction  and  elimination. 
A  transformation  of  the  normal  clear  corneal  tissue  into 
white  fibrous  or  scar  tissue,  which  often  remains  per- 
manently, is  a  common  sequel  of  corneal  inflammation; 
this  is  the  explanation  of  most  permanent  corneal 
opacities. 

The  cornea,  owing  to  its  exposed  position  and  non- 
vascularity.  is  particularly  liable  to  traumatism  and  to 
inflammatory  processes  due  to  infection  and  to  lessened 
vitality  of  the  tissues.  Three  types  of  corneal  inflam- 
mation are  generally  recognized;  they  are  irifiltrntiua, 
uhutHH.  and  'ilecjntiun. 

1.  Infiltyiitiiiii.t  are  characterized  by  the  presence  of 
leucocytes  in  such  numbers  as  to  cause  lo.ss  of  transpar- 
ency, with  more  or  less  displacement  of  the  fibrous  par 
cnchyma  of  the  cornea.  Crowding  the  lacuniC  and  can- 
alicidi.  they  may  give  rise  to  an  ill  defined,  streaky 
ojiaeity.  or,  when  they  are  accumulated  in  larger  masses, 
the  cloudiness  may  be  more  uniform  and  circumscribed. 
Notwithstanding  this  the  corneal  tissue  may  remain  so  far 
intact  as  to  permit  of  perfect  restoration,  when  resolution 
tiikes  place.  If.  however,  the  process  has  been  of  long 
duration  and  consiilerable  intensity,  some  degree  of  per- 
manent opacity  will  result ;  the  migratory  cells  may  in- 
deed become  transformed  into  fibrous  tissue  (sclerosed), 


and  blood-vessels  may  become  developed  in  thesub.stance 
of  the  cornea  as  a  part  of  the  pernuiiient  alteration  of  its 
structure.  Corneal  infiltrations  may  be  superficial  or 
deep  seated,  circumscribed  or  diffuise:  and.  altlioHgh 
the  tendency  is  to  recovery  without  destruction  of  tissue 
or  loss  of  transparency,  the  more  mifavorable  termina- 
tions in  sclerosis  or  ulceration  are  (piite  common  events, 
especially  if  the  infiltration  has  been  injudiciously  treated 
with  remedies  which  i-xaggerati-  the' irritation"  already 
existing.  Sujierficial  infiltrations  of  the  cornea  are  apt 
to  cause  more  irritation  than  deep-seateil  ones,  on  account 
of  the  corneal  nerve  filaments  being  most  abundant 
toward  its  anterior  surface.  This  explains  why  we  often 
see  most  intense  irritation  following  trivial  abrasions  of 
the  surface. 

2.  Alm-ins  of  the  cornea  occurs  when  an  infiltration 
reaches  such  a  degree  of  intensity  that  the  ntitrition  of 
the  part  is  interfered  with  to  the  ext<iit  of  destroying  the 
proi)er  corneal  tissue,  while  the  infiltrating  elements  be- 
come transformed  into  pus  cells.  The  distinctive  gross 
characters  of  an  abscess  are  its  circumscribed  api)earance 
and  yellowish  color.  It  often  gives  rise  to  an  accumu- 
lation of  ]uis  in  the  anterior  chamber  (/'//Ji'ijiym),  pre- 
sumably in  conse(iuencc  of  the  fact  that  the  irritant  tox- 
ins evolved  in  tlx-  inflamed  area  find  their  way  into  the 
anterior  chamber  by  absorption  or  transudation  (just,  for 
instance,  as  atropine  solution  does  when  dropped  into  the 
conjunctival  sac),  and  there  excites  a  purident  iritis  or 
descemetitis.  The  proof  of  this  lies  in  the  fact  that  al- 
though pyogenic  bacteria  are  as  a  rule  fotuid  in  abun- 
dance in  the  purulent  corneal  lesion,  there  are  few  if  any 
of  these  in  the  accompanying  hypopyon.  So  much  of 
the  corneal  tissue  as  may  have  been  actually  destroyed  can 
onlj'  be  imperfectly  regenerated;  for  which  reason,  more 
or  less  of  an  indelible  opacity  remains.  Then  again,  as 
already  stated,  an  abscess  near  the  anterior  surface  of  the 
cornea  is  more  painful  than  one  that  is  deep-seated.  The 
duration  of  cornea!  abscess  is  variable ;  sooner  or  later  the 
surface  is  apt  to  give  way,  and  the  abscess  becomes  trans- 
formed into  an  ulcer.  More  rarely  it  breaks  through  into 
the  anterior  chamber. 

8.  rici  rs  (if  t)ie  cornea,  many  varieties  of  which  have 
been  described,  all  have  one  feature  in  common,  that  is, 
they  are  accompanied  by  loss  of  substance.  They  may 
result  from  an  infiltration  or  an  abscess,  or  the  ulceration 
may  be  the  primary  lesion,  commencing  as  a  superficial 
loss  of  substance  of  irregular  outline,  first  of  the  epithe- 
lium, then  speedily  extending  through  Bowman's  mem- 
brane to  the  cornea  proper.  Deposits  of  lymph  and  pus 
in  the  anterior  chamber  are  also  quite  common  in  certain 
types  of  corneal  ulcers.  The  surface  of  the  ulcer,  in 
its  progressive  condition,  is  generall_v  covered  with  an 
opaque  material,  the  residue  of  broken-down  tissues,  while 
the  margins  are  surrounded  with  a  grayish  zone  of  infiltra- 
tion. When  the  healing  process  sets  in,  the  base  of  the 
ulcer  becomes  cleaner,  its  margins  smooth  and  rounded, 
and  the  peripheral  opaque  zone  less  conspicuous.  As 
the  healing  progresses  the  ulcer  becomes  shallower,  and 
its  surface  smooth  and  glistening;  for  at  this  stage  it  is 
partly  covered  with  epithelium  which  has  grown  from 
the  margins  toward  the  centre.  Beneath  this,  new  tissue 
is  developed,  and  the  excavation  due  to  loss  of  substance 
is  gradually  filh-d  up  by  the  process  of  cicatrization. 
There  remains,  finally,  an  oi>aque  area  of  variable  depth 
and  extent,  from  a  slight  cloudiness  (nebula)  to  a  dense 
white  cicatrix  of  a  pearly  or  tendinous  character  (leu- 
coma).  Corneal  ulcers,  especially  when  situated  near 
the  margin,  frequently  become  va.scidarized  during  the 
healing  process.  An  ulcer  may  remain  stationary  for  a 
long  time,  or  the  surface  may  not  attain  the  level  of  the 
surrounding  cornea  (corneal  facet).  Sometimes  the  pro- 
cess of  repair  is  arrested  and  renewed  ulceration  takes 
place.  Perforation  of  the  cornea,  with  adhesion  or  pro- 
lapse of  iris,  is  a  common  occurrence,  in  w  hich  case  the 
healing  iirocess  is  apt  to  be  followed  by  yielding  of  the 
softer  reparative  material  to  the  intraocular  pressure  and 
the  developivu'Bt  of  a  protrusion  known  as  a  corneal  sta- 
phyloma.    Extrusion  of  the  crj'stalline  lens  is  to  be  feared 
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in  large  ulcerations;  or  the  ulcerative  process  may  in- 
volve the  entire  cornea  and  result  in  its  total  destruction ; 
or  panophthalmitis  may  occur  if  suppuration  extends  to 
the  internal  structures  of  the  eyeball. 

IXTLAIIMATIOX    OF     THE    COKNEA     (KERATITIS,     COB- 

NErrisK — The  term  keratitis  is  now  geuerally  applied  to 
all  forms  of  corneal  inflammation,  the  different  varieties 
of  which  have  been  variously  classified.  All  the  more 
common  varieties  ma}'  conveniently  be  included  under 
the  headings:  (1)  Superficial  keratitis;  (2)  Parenchy- 
matous Keratitis;  (3)  Suppurative  Keratitis. 

Under  the  first  heading  are  included  cataiThal,  phlyc- 
tenular, vascidar,  and  traumatic  keratitis. 

Cdlnrrhal  ulcers  belong  to  the  non-purulent  type  of 
keratitis  and  are  of  frequent  occurrence  as  a  sequel  of 
conjunctival  cataiTh,  especially  in  elderly  persons.  The 
usual  seat  of  the  ulcer  is  at  or  near  the  corneal  margin  in 
the  form  of  a  shallow  sulcus  of  variable  length,  or  there 
may  be  several  abrasion-like  defects  of  the  surface,  the 
extent  of  which,  owing  to  the  absence  of  infiltration,  can 
be  accurately  determined  only  by  the  tise  of  Huorescine. 
A  moderate  degree  of  pain,  circunicorneal  redness,  lacluy- 
mation,  and  photophobia  are  usually  present.  This  form 
of  ulcer  tends  to  heal  readily  unless,  as  occasionally  hap- 
pens in  the  presence  of  piirulent  secretion  from  the  con- 
jimctiva,  the  ulcer  becomes  infected  and  gives  rise  to  a 
dangerous  purulent  keratitis.  If  symptoms  of  undue 
irritation  arise  during  the  course  of  a  catarrlial  conjunc- 
tivitis a  careful  scrutiny  of  the  cornea  must  be  made 
with  the  aid  of  focal  ilhraiination  and  fluorescence.  The 
treatment  consists  in  the  use  of  remedies  suitable  for  the 
cure  of  the  conjunctival  catarrh,  the  cautious  emplovinent 
of  atropine  if  irritation  be  at  all  severe,  and  of  local  dis- 
infectants if  infiltration  makes  its  appearance.  Of  these 
an  occa,sional  application  of  sublimate  solution  is  most 
serviceable. 

PIdyHenular  Keratitu  is  closely  allied  to  phlyctenular 
conjunctivitis  (see  Conjinietivd.  etc.),  and  is  often  asso- 
ciated with  a  more  general  conjunctivitis.  It  commences 
as  one  or  several  superficial  infiltrations,  of  small  size, 
perhaps  not  larger  than  the  head  of  a  pin  or  a  millet  seed, 
on  any  part  of  the  corneal  surface,  from  the  extreme 
periphery  to  the  centre.  Each  little  infiltration,  circular  in 
outline,  is  surrounded  by  a  slight  zone  of  opacitj-,  and 
causes  some  elevation  of  the  epithelium  covering  it ;  if  it 
be  in  the  foiTu  of  a  vesicle  this  is  seldom  demonstrable. 
The  epithelial  covering  is  soon  shed,  leaving  a  small  ex- 
coriation of  the  sui'face,  or  a  tiny  ulceration  whieli  oc- 
casionally extends,  and  may  assume  the  more  formidable 
characters  and  dimensions  of  a  suppurative  keratitis — an 
event  usually  traceable  to  improper  treatment  or  to  a 
very  defective  state  of  nutrition. 

Phh'ctenuls  often  become  vasctdarized,  and,  after  re- 
peated attacks  of  this  kind,  a  foiTii  of  pannus.  known  as 
eczematous  or  scrofidous,  may  become  developed  (see 
section  of  this  article  relating  to  Vascular  Keratitis). 

More  or  less  pericorneal  injection,  with  other  irrita- 
tive phenomena,  sometimes  very  pronounced,  is  always 
present,  and  is  probably  due  to  the  fact  that  the  infil- 
tration tends  to  follow  the  course  of  certain  nerve  fila- 
ments (Iwanoif)  which  then  become  embedded  in  exuda- 
tion corpuscles  and  other  products  of  inflammation.  In- 
tolerance of  light,  lachrymation,  and  spasmodic  closure  of 
the  eyelids  are  the  most  conspicuous  signs  of  irritation. 
Restlessness  and  jiain  at  night  are  quite  common.  Often 
the  eyelids  are  more  or  less  swollen,  and  the  overflow  of 
acrid  secretions  causes  excoriation  of  the  integument. 
In  this  way  an  eczematous  or  impetiginous  eruption  may 
spread  over  the  integument  of  the  face  and  head.  The 
subjects  of  phlyctenular  keratitis  are  usually  children, 
sometimes  in  apparently  good  general  health:  but.  as  a 
rule,  they  are  of  strumous  habit  and  show  other  .signs  of 
faulty  nutrition.  In  many  cases  there  are  obvious  signs 
of  nasal  catarrh  with  or  witliout  adenoid  vegetations  in 
the  vault  of  the  pharynx.  The  relapsing  character  of  the 
affection  is  often  due  to  the  |ireseuce  of  these  complica- 
tions. An  inquiry  into  the  mode  of  life  of  these  children 
■will  usuallj-  reveal  grave  errors  in  the  matter  of  diet  and 


general  hj-giene.  Any  of  the  ordinary  diseases  of  child- 
hood are  apt  to  be  followed  by  this  form  of  ophthalmia, 
presumably  only  in  subjects  otherwise  predisposed  to  its 
occuiTcuce.  In  slight  cases,  the  disease  may  quickly  pass 
off,  leaving  little  or  no  trace  of  its  existence ;  but  farmore 
frequently  circumscribed  opacities  remain  for  a  long  pe- 
riod, and  sometimes  for  life,  as  a  permanent  blemish. 
When  situated  over  the  centre  of  the  cornea  such  penna- 
nent  opacities,  though  apparently  sliglit  in  degree,  may 
cause  serious  impairment  of  vision.  The  affection  tends 
to  relapse  and  is  consequently  apt  to  be  of  long  duration, 
especially  when  the  rntiltrations  are  remote  from  the  cor- 
neal margin.  5Iany  young  jiei'sons  are  subject  to  re- 
peated attacks,  at  intervals,  until  adult  age  is  reached. 

Treatment.  So  long  as  there  is  active  irritation,  sooth- 
ing measures  are  indicated.  Solution  of  sulphate  of 
atropine,  gr,  ij.-iv.  ad  ;  i.  in  solution  of  hydrarg.  per- 
chlorid.  (1  to  5,000),  may  be  instilled  two  or  three  times 
daily.  Heat,  applied  either  in  a  dry  or  a  moist  form,  for 
fifteen  minutes  or  half  an  hour  at  a  time,  and  several 
times  daily,  is  a  remedy  of  great  value.  A  warm  solu- 
tion of  boric  acid,  one  or  two  per  cent.,  may  also  be  used 
freely  as  a  wash,  if  there  is  increased  conjimctival  secre- 
tion. Careful  cleansing  is  of  importance  also  in  prevent- 
ing excoriation  of  the  lids.  The  latter  condition  ma_v  re- 
quire the  use  of  local  astringents,  such  as  the  mitigated 
nitrate  of  silver  crayon,  or  of  ointments  containing  oxide 
of  zinc,  boric  acid,  and  a  small  quantity  of  salicylic  acid; 
or  the  emiiloyment  of  some  form  of  drying  powder  may 
be  preferred.  When  there  is  swelling  of  the  conjunctiva, 
with  hypereecretion,  it  will  be  well  to  touch  the  everted 
lids,  once  every  two  or  three  days,  with  a  .solution  of 
nitrate  of  silver,  gr,  iij.-v.  ad  3  i.  :  and  in  doing  this  the 
precaution  should  be  taken  to  wash  off  the  excess  of  the 
solution  before  replacing  the  lids. 

When  the  irritability  of  the  eye  has  subsided  somewhat, 
applicationsof  yellow  oxide  of  mercury  ointment,  gr.  x.  to 
XV.  ad  3  i.,  (a  small  portion  to  be  placed  tnider  the  upper 
eye-lid),  or  calomel  insutflations.  may  be  resorted  to  once 
daily,  care  being  taken  not  to  u.se  these  remedies  in  the 
presence  of  augmenting  irritation.  With  this  precaution 
their  use  is  likely  to  be  remarkably  beneficial.  To  prevent 
relapses  the  ointment  may  he  used  once  every  other  day 
for  several  weeks  after  ap]iarent  recover}-  has  taken 
place.  Counter-irritants,  such  as  iodine  painted  over  the 
brow  or  touching  the  skin  of  the  upper  lid  lightly  with 
solid  nitrate  of  silver,  are  sometimes  very  beneficial;  but 
the  use  of  blisters  cannot  be  too  strongly  condcnmed. 
Solution  of  eserine  sulphate  (gr.  ij.  ad  3  i.)  is  occasion- 
ally more  efficacious  than  atropine  in  relieving  pain, 
blepharospasm,  and  intolerance  of  li.ght. 

Intense  blepharospasm  may  require  canthotomy,  and 
prori-acted  photophobia  may  often  be  greatly  relieved  by 
forcible  exp<isure  of  the  eyes  to  strong  light  for  ten 
or  fifteen  minutes,  by  dropping  iced  water  upon  the 
cornea  (Oppenheimer),  or  by  dipping  the  face  in  cold 
water.  A  four-percent,  solution  of  cocaine  drop])ed 
into  the  eye  often  affords  temporary  relief,  and  seems  to 
assist  the  action  of  other  remedies.  Faulty  condition  of 
the  uaso-phar^-nx  must  be  remedied  by  suitable  measures, 
and  until  this  is  done  a  permanent  cure  is  hardl}'  to  be 
expected. 

Treatment  which  has  for  its  object  an  improvement  in 
the  general  health  is  of  primary  importance.  The  diet 
should  be  simple  and  wholesome,  with  strict  avoidance  of 
dainties  between  meals.  Occasional  small  doses  of  hy- 
drargyrum cum  creta  ("gray  powder")  with  rhubarb  at 
night  are  often  beneficial.  Cod-liver  oil  and  syrup  of  the 
iodide  of  iron  are  favorite  remedies  in  strumous  subjects. 
The  employment  of  cpiinine  is  advocated  b.y  some  au- 
thf)rities:  in  ftdl  doses,  at  the  outset,  by  de  Wecker  and 
others;  in  small  tonic  doses  during  the  course  of  the  dis- 
ease, by  Xoyes.  Tepid  or  cold  sjilt-water  baths,  followed 
by  fiiction  of  the  skin,  and  clothing  suitable  for  the  cli- 
mate and  season,  are  means  which  must  not  be  neglected 
for  promoting  recovery  and  for  preventing  fresh  attacks. 
A  change  of  air,  especiaU}'  a  sojourn  at  the  seaside,  will 
often  promptly  cure  when  other  remedies  fail.     Plent}'  of 
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fresh  air  and  a  fair  amount  of  outdoor  exercise  are  in- 
(lispt'ns;il)lc.  There  can  be  no  srcater  niistjike  than  the 
eonnnon  practice  of  keepiuir  a  child  sufferinir  from  phlyc- 
tenuhir  ophthalmia  sliiit  up  iu  a  ihirkciied  room  ou  ac- 
count of  intolerance  of  liirht.  When  out  in  tlie  open  air 
the  eyes  can  be  sufficiently  protected  by  wearinjr  a  large 
shade.  Further  protection  can.  if  deemed  necessary,  be 
secured  by  means  of  a  bandage.  A  flnn  compression 
banilage  may  be  of  great  service  if  there  is  ulceration  of 
tlie  cornea.  The  ulceration  may  indeed  be  so  consider- 
able as  to  recjuirc  the  sjime  treatment  as  suppuration 
keratitis.  The  condition  in  which  a  circle  of  exceedingly 
minute  phlyctenulic  surrounds  the  extreme  margin  of  the 
cornea  is  perhaps,  strictly  speaking,  an  atlection  of  the 
conjunctiva.  It  is  apt  to  be  attended  with  severe  inita- 
tion  and  great  pericorneal  injection,  only  yielding  slowly 
to  treatment,  which  in  the  main  need  not  diifer  materi- 
ally from  the  measures  just  recommended  for  the  purely 
corneal  affection. 

A  modilied  form  of  i>hlyctennlar  keratitis,  known  as 
/(iKciniliir  keratitis,  must  also  here  receive  mention,  as  it 
is  not  of  infrequent  occum-uce,  tends  to  run  a  protracted 
course,  and  is  often  very  troublesome.  In  tliis  f<irm  a 
rather  large  phlyctenula  ai^pears  at  the  corneal  margin 
and  slowly  advances  across  its  surface,  and  a  leash  of 
blood-vessels  follows  in  the  wake  of  the  advancing  in- 
filtration, which  often  has  a  yellowish  color  at  its  most 
liromiuent  part.  Should  the  band  thus  form.ed  extend  as 
far  as  tlie  centre  of  the  cornea,  it  there  curves  upon  itself 
and  assumes  a  sort  of  horseshoe  figure.  Severe  irritation 
is  characteristic  of  this  form  of  strumous  keratitis.  A 
rapid  cure  of  this  affection  can  nearly  always  be  obtained 
by  destroying  the  infiltration  with  a  tine  point  of  solid 
nitrate  of  silver  or  with  pure  carbolic  acid  applieil  with 
a  pointinl  piece  of  w(x)d :  such  application  must  be  care- 
fully limited  to  tlie  advancing  infiltration.  For  a  few 
days  afterward,  mild  soothing  and  cleansing  treatment  is 
required.  A  streak  of  opacity  always  persists  for  a  long 
time  after  the  inflammation  has  [lassed  avraj,  and  is 
sometimes  permanent. 

Herpes  cornece  is  not  to  be  confounded  with  phl_vctenular 
keratitis,  from  which  it  ditfers  widely  in  symptoms, 
causation,  and  pathology,  true  corneal  herpes  being  un- 
doubtedly identical  iu  character  with  herpetic  eruptions 
elsewhere. 

In  this  affection  one  or  more  small  vesicles,  containing 
a  trnii.ipartiit  fluid,  form  on  the  surface  of  the  cornea,  and 
leave  superficial  excoiiations  when  ruptured.  Severe 
neuralgic  pains  accompany  vesication,  but  may  cease 
when  the  vesicles  give  way;  they  return,  however,  as 
often  as  fresh  ones  are  formed.  During  the  attack,  which 
is  almost  always  unilateral,  there  is  pericorneal  injection, 
and  the  eye  is  often  extremely  irritable.  Three  forms  of 
corneal  herpes  are  recognized  (De  Wecker,  "Ther.  ocu- 
laire,"  p,  169,  1879):— 

1.  Ilerpei  caiarrhalia,  which  occurs  in  conjunction 
with  catarrhal  affections  of  the  air  passages. 

2.  Ilerpessnster  cornea,  which  probably  depends  upon  an 
inflammatory  affection  of  the  fifth  nerve,  and  is  very  often 
associated  with  the  cutaneous  eruption  known  as  zo.ster 
ophthalmicus.  Intense  pain,  both  preceding  and  follow- 
ing the  corneal  eruption,  together  with  local  an.'esthesia 
of  the  parts  affected,  is  characteristic  of  this  affection. 
Superficial  ulceration  and  infiltration  of  the  cornea,  which 
is  slow  in  healing,  is  more  conspicuous  than  in  the  c;itar- 
rhal  form.  In  zoster  ophthalmicus  corneal  lesions  are 
likely  to  occur  only  when  the  nasal  branch  of  the  first 
division  of  the  fifth  is  involved,  as  evidenced  by  the  cu- 
taneous eruption  at  the  corresponding  side  of  the  nose. 

3.  llerjvs  idinpathim  A/?-n<'(t  differs  from  the  second  va- 
riety mainly  in  its  tendency  to  recur,  s^imetimes  periodic- 
ally, and  in  not  being  associated  with  an  eruption  of  cu- 
taneous zoster. 

Treatment.  The  first  varietv'  requires  no  other  treat- 
ment than  such  as  may  be  neces.sary  for  other  co-e.xisring 
catarriial  affections.  In  the  second  and  third  varieties 
hot  applications  of  belladonna  or  chamomile  in  the  form 
of  fomentations  are  beneficial,  atropine  instillations  and  a 


compressi<jn  bandage  arc  also  to  be  employed  ;  large  doses 
of  quinine  have  been  found  beneficial,  aiid,  later  on.  ap- 
plications of  electricity  (the  constant  current).  Arsenic 
given  for  a  short  time  in  full  doses  seems  to  relieve  the 
neuralgic  symptoms. 

Keratitis  hullosa  is  a  rare  affection  which  might  n'adily 
be  mistaken  for  herpes  comeie,  lus  it  is  characterized  by 
th(-  rapid  formation  of  transparent  vesicleson  the  corneal 
surface,  which  come  and  go  with  sudden  attacks  of  severe 
pain  in  the  eye.  In  this  disease  the  vesicles  are  much 
larger  than  in  corneal  herpes:  there  may  be  only  t)ne 
large  flaccid  bleb,  4  to  .T  mm.  in  diameter,  or  s<'veral  of 
these  <if  various  sizes.  When  these  burst  or  are  removed, 
the  subjacent  cloudy  cornea  is  laid  bare,  but  in  the  course 
of  a  few  days  the  epithelium  is  restored  again,  only  to 
undergo  a  repetition  of  the  process.  Again,  eyes  affected 
in  this  way  are  usually  otherwise  in  an  imsound  condi- 
tion. For  example,  tliere  may  be  absolute  glaucoma  or 
old  irido-clioroiditis.  and  under  these  circumstances  the 
formation  of  vesicles  piwbably  <lepends  upon  a  disturbance 
in  the  lymjih  channels  of  the  cornea,  which  is  always  the 
seat  of  chronic  interstitial  changes  —  keratitis  parenchy- 
matosa  (Griife-Saeniisch,  (ies.  Avgenhlk..  vol.  iv.,  p. 
273).  The  treatment  of  this  condition  is  not  very  satis- 
factory in  its  results:  removal  of  the  blebs  is  only  palli- 
ative ;  shading  off  a  layer  of  subjacent  cornea  has  been 
known  to  prevent  their  recurrence.  The  operations  of 
iridectomy  and  sclerotomy  have  proved  curative  in  some 
instances.  Enucleation  of  the  eyeball  is  justifiable  as  a 
last  re.sort,  and  will  prove  a  welcome  relief  after  months 
or  years  of  suffering. 

Vagcular  Keratitis.  Superficial  infiltrations  of  the 
cornea,  with  roughness  of  the  epithelial  layer,  caused  by 
erosions  and  hypertrophic  in-egularities  of  its  cellular 
elements,  may  occur  without  obvious  reason,  or  in  con- 
sequence of  repeiited  attacks  of  phlyctenular  keratitis,  or 
as  the  result  of  trachomatous  conjunctivitis  (Fig.  1, 
Plate  XXIV.).  With  these  changes  bloo<l- vessels  develop 
more  or  less  abundantly  between  the  epithelial  layer  and 
Bowman's  membrane,  as  well  as  in  the  corneal  substance 
immediately  beneath. — a  combination  of  lesions  that  con- 
stitute, when  the  vessels  are  numerous,  the  condition 
known  as  pannus.  Of  this  two  varieties  are  recognized: 
pannus  tenuis,  when  the  new-formed  blood-vessels  are 
comparatively  few  and  scattered;  jxinniis  crassus,  when 
they  are  so  numerous  as  to  give  the  cornea  a  distinctly 
red  appearance. 

When  this  process  encroaches  upon  the  pupillary  area 
of  the  cornea,  vision  becomes  correspondingly  imi)aired, 
being  reduced  in  some  instances  to  qualitative  perception 
of  light.  In  the  presence  of  pannus  the  eye  becomes 
liable  to  attacks  of  an  inflammatory  character,  attended 
with  pericorneal  injection,  pain,  lachrymation,  and  jihoto- 
phobia.  At  such  times  the  cloudiness  and  vascularity 
are  notably  increased.  The  cornea  may  undergo  further 
changes  in  the  way  of  ulceration,  partial  thinning,  and 
permanent  alterations  of  curvature.  In  any  case,  after 
recovery  more  or  less  permanent  cloudiness  remains,  as 
may  readily  l)e  seen  by  focal  illumination,  which  also 
reveals  minute  permanent  blood-vessels  too  small  to  be 
seen  by  the  naked  eye. 

Treatment.  So  long  as  anj-  acute  symptoms  are  pres- 
ent every  form  of  stimulating  treatment  is  to  be  avoided, 
but  may  be  resorted  to  when  these  have  subsided  of  their 
own  accord  or  under  the  use  of  atropine,  warm  fomenta- 
tions, and  the  freqtient  introduction  of  vaseline  into  the 
conjunctival  sac.  The  red  oxide  of  mercury  ointment  is 
often  ery  efficacious  in  all  forms  of  the  disea-se.  espe- 
cially in  phlyctenular  pannus.  Tannin  and  glycerin,  or  a 
spray  of  cupric  sulphate,  gr.  v.  ad  ?  i.  (Schweigger), 
are  often  of  service  in  the  pannus  of  granular  ophthalmia. 
In  these  cases  the  conjunctiva  will,  of  course,  require  suit- 
able treatment,  and  the  pannus  as  well  as  the  recurring 
attacks  of  irritation  may  disappejir  with  the  cure  of  the 
granulations.  The  operation  of  peritomy  may  be  required 
jfor  high  degrees  of  pannus.  and  often  yields  excellent 
results.  Fonnerly,  inoculation  with  the  pus  of  ophthal- 
mia neonatorum  was  much  in  vogue,  and  in  selected  cases 
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of  dense  panuus  was  found  vtry  satisfactory,  but  it  was 
always  open  to  the  objection  that  the  inflammation  once 
set  up  could  not  be  controlled,  and  might  prove,  as  it 
sometimes  did,  destructive.  Since  the  introduction  of 
jequirity  brilliant  results  have  been  obtained  by  its  use,  in 
just  such  cases  as  would  have  been  deemed  suitable  for 
inoculation.  By  varying  the  strength  of  the  solution 
used  and  the  number  of  applications  the  surgeon  will  ex- 
perience no  difficulty  in  regulating  the  intensitj-  of  its 
action.  Operations  for  relieving  undue  pressure  of  the 
eyelids  (cantholysis  or  cauthoplasty),  or  for  obviating  in- 
version of  the  eyelashes  (entropion  and  trichiasis),  are 
sometimes  required. 

Tfiniiiiiitic  Keratitis.  See  the  section  that  treats  of 
Wounds  of  the  Cornea. 

Pareiichi/mntniis  Keratitis  (Interstitial  Keratitis)  is  a 
form  of  inflammation  characterized  by  infiltration  of  the 
cornea  in  its  entire  thickness,  without  tendency  to  ulcera- 
tion or  abscess :  the  whole  cornea  is  more  or  less  involved. 
The  epithelium  has  a  stippled  appearance,  which,  with 
the  subjacent  opacity,  gives  to  the  cornea,  in  some  cases,  a 
resemblance  to  ground  glass  (Plate  XXIV..  Fig.  6).  The 
onset  of  tlie  disease  is  preceded  for  some  days  by  symp- 
toms of  irritability,  lachrymatioii.  and  slight  pericorneal 
injection.  Corneal  opacity,  either  peripheral  or  central, 
now  soon  makes  its  appearance ;  the  former  being  attended 
with  the  formation  of  flne,  closely  set  blood-vessels 
grouped  together  as  a  vascular  patch,  which  slowly  ad- 
vances from  tlie  corneal  margin  toward  its  centre.  In 
this  way  the  entire  cornea  may  become  densely  opaque 
and  highly  vascularized,  although  in  the  worst  cases  a 
yellowish  intiltration  occupies  its  central  portions.  In 
another  class  of  cases  a  central  cloudiness  of  the  cornea 
appears,  and,  while  gradually  extending  toward  the 
periphery,  becomes  more  and  more  opaque,  but  not  vas- 
cular. Between  these  two  types  there  are  mixed  forms; 
there  are  others  in  which  the  opacity  has  a  patchy  ap- 
pearance, some  of  the  patches  being  vascularized,  while 
others  are  not. 

The  disease  runs  a  slow  course  and  relapses  are  not  in- 
frequent. As  a  rule,  six  or  eight  weeks  elapse  before  it 
reaches  its  acme ;  then,  after  remaining  stationary  for 
some  weeks  longer,  it  slowly  subsides.  Irritative  phe- 
nomena may  last  for  from  three  months  to  a  year,  while 
the  clearing  process  is  proportionately  protracted  and  rare- 
ly terminates  in  complete  restoration  of  transparency. 
Symptoms  of  irritation,  with  deep  ciliary  injection,  may 
be  very  slight  or  intense  according  to  the  severity  of  the 
ca.se  and  the  degree  of  vascularization.  Vision  is  always 
greatly  reduced  for  the  time  being;  both  eyes  are  likely 
to  suffer,  though  rarely  attacked  sinuiltaneously ;  the  in- 
terval may  be  weeks  or  many  months;  relapses  after 
partial  recovery  are  not  unknown.  AVhen  the  disease  is 
of  syphilitic  <irigin  the  iris  nearly  always  participates  in 
the  inflammation,  and  if  a  further  extension  of  the  disease 
occurs,  there  may  be  iritis  or  irido-choroiditis. 

The  disease  is  always  of  constitutional  origin,  and  her- 
editary syphilis  is  clearly  the  predisposing  cause  far  more 
frequently  than  any  other  known  dyscrasia.  Actiuired 
sj-pbilis  will  account  for  a  few  cases.  The  strumous  dia- 
thesis is  assigned  an  important  place  by  some  observers 
(von  Arlt).  The  subjects  of  inherited  gout  are  also  sjiid 
to  be  liable  to  this  form  of  keratitis  (Xoyes). 

When  parenchymatous  keratitis  occurs  in  liereditary 
syphilis,  other  well-known  signs  of  this  taint  are  com- 
monly present,  especially  the  so-called  syphilitic  teeth 
("Syphilitic  Diseases  of  the  Eje  and  Ear,''  by  Jonathan 
Hutchinson).  There  is  then  usually  a  history  of  one  or 
more  abortions  or  still-born  children  prior  to  the  birth  of 
the  affected  individual.  The  tendency  may  occur  in  two 
or  thrie  consecutive  children  of  the  same  parents  whilst 
those  coming  later  escape.  The  afi'eetiou  occurs,  as  a 
rule,  in  young  persons  of  from  five  to  twenty  years  of 
age,  rarely  at  an  earlier  or  later  period  of  life. 

Treatment. — If  the  disease  can  be  traced  to  hereditary 
syphilis,  mercur_v  in  some  form  should  be  administered, 
preferably  a  mild  course  of  inunction,  which  may  be 
continued  for  a  long  period  if  care  be  taken  not  to  push 


it  so  far  as  to  cause  or  increase  debility.  It  should  be 
omitted  for  a  time  the  moment  the  gums  begin  to  show 
redness  and  swelling.  Iodide  of  potassiiun  in  moderate 
doses  may  be  resorted  to  later  on.  Throughout  the 
course  of  treatment  roborant  measures  are  indicated ;  ex- 
isting anemia  is  best  combated  with  the  syrup  of  the 
iodide  of  iron,  though  iron  with  quinine  or  strychnine  may 
sometimes  be  found  better  adapted  to  the  requirements 
of  the  case.  Cod-liver  oil  is  also  a  valuable  remedy  in 
these  cases  if  the  patient  is  of  strumous  habit ;  under 
these  circumstances  mercury  must  be  employed  with 
great  caution,  if  used  at  all.  In  lieu  thereof  various 
)>reparations  of  the  iodides  may  be  used.  Errors  of 
digestion  must  be  corrected  with  suitable  remedies.  Good 
plain  food  and  abundance  of  fresh  air  are  of  course  essen- 
tial means  in  keeping  up  the  general  health.  A  hirge 
shade  and  tinted  glasses  may  be  worn  when  the  jiatient 
is  in  the  open  air  or  exposed  to  strong  light.  In  the  local 
treatment  one  leading  principle  is  to  be  steadily  kept  in 
view:  So  astringent  or  irritating  remeely  is  to  tie  employed 
nntil  all  signs  of  aftire  irritation  knee  subsided.  The 
moderate  use  of  atropine  is  always  indicated  during  the 
active  stages  of  the  di.sease.  A  two-  or  four-grain  solu- 
tion may  be  instilled  once  or  several  times  dailj',  accord- 
ing to  tiie  degree  of  irritation;  in  other  words,  the  pupil 
must  he  kept  moderately  dilated  so  long  as  the  eye  remains 
inflamed.  Fomentations  with  hot  water  or  chamomile 
infusion  may  be  employed  for  twenty  minutes  at  a  time, 
frequently  during  the  day,  until  the  disease  is  well  on 
the  decline.  Used  in  this  way  they  are  said  to  shorten 
the  course  of  the  disease  and  mitigate  its  severity.  The 
presence  of  conjunctivitis  of  slight  degree  does  "not  call 
for  astringent  treatment,  though  solutions  of  borax  and 
boric  acid  may  be  used  imder  these  circumstances  with 
benefit.  Solution  of  atropine  sometimes  sets  up  a  char- 
acteristic conjunctivitis,  in  which  case  it  must  be  aban- 
doned, and,  if  necessary,  some  other  mydriatic  chosen 
(duboisine,  homatropine,  hyoscyaniine).  Recently  the 
subeonjunctiviil  injeitinn.  every  few  days,  of  mercuric 
perchloride  (1  to  '.i.OUU)  has  been  highly  extolled  by  several 
writers. 

Some  protracted  cases  may  require  an  iridectomy  (or 
sclerotomy,  De  Wecker)  before  they  begin  to  improve, 
particularly  if  there  be  undue  tension  of  the  eyeball. 
After  all  irritation  has  subsided,  the  careful  "use  of 
stimulating  applications,  such  as  the  oxide  of  mercury 
ointment,  or  insufflations  of  calomel  once  or  twice  daily, 
may  assist  in  removing  the  residual  corneal  opacities  of 
parenchymatous  keratitis.  When  this  disease  occurs  in 
gouty  subjects  (usually  adults),  pain  and  photophobia  are 
prominent  symptoms  (Xoyes).  Constitutional  remedies 
suitable  to  the  diathesis  are  to  be  administered.  Muriate 
of  pilocarpine  (gr.  i  to  ^  by  hypodermic  injections,  once 
daily)  is  also  recommended,  particularly  if  atropine  in- 
stillations are  not  well  l)ijrne.  The  local  treatment  must 
be  of  the  soothing  character  already  mentioned.  Para- 
centesis of  the  cornea  is  also  useful  in  relieving  pain  if 
there  is  obviously  increased  tension  of  tlic  globe. 

Siipiniratire  Keratitis  is  a  term  ap])licable  to  all  inflam- 
matory affections  of  the  cornea  which  are  attended  with 
purulent  infiltration,  and  it  includes  abscess  of  the  cornea 
as  well  as  several  forms  of  corneal  ulceration.  Either 
abscess  or  ulcer  may  originate  spontaneously,  or  as  the 
result  of  some,  perhaps,  trivial  injury;  either  may  com- 
mence as  a  simple  infiltration,  or  the  formation  of  pus 
may  take  place  from  the  outset.  Every  case  of  suppura- 
tive keratitis  is  probably  the  result  of  infection  of  some 
wound  or  lesion  which  has  permitted  the  entrance  of  dis- 
ease germs  beneath  the  normal  jirotective  barrier  which 
the  strong  corneal  epitheliinn  furnishes.  Debility  and 
malnutrition  diminish  the  patient's  power  of  resi.stanCe 
and  so  favor  the  suppurative  process.  Pneiunococci, 
staphylococci,  and  strejitococci  are  the  common  forms  of 
disease  germs  met  with  in  suppuration  of  the  cornea,  and 
it  must  be  borne  in  mind  that  these  are  also  commonly 
present  in  the  normal  conjunctival  sac;  hence  the  neces- 
sity for  strict  asepsis  in  all  corneal  wounds. 

Deposits  of  pus  in  the  anterior  chamber  (Plate  XXIV., 
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Fig.  3V  called  hyjMjyyan .  aro  of  coniinon  occiirmiof  in  sup- 
punitivc  keratitis.  The  occvirreuce  of  tlii.s  ])lienoineuon 
1ms  lieeii  aecounteii  for  iu  .several  ways;  (1)  The  pus 
cells  may  travel  through  tlie  [losterior  eonieal  layers  anil 
Desceniet's  nienibnine  (Horner);  (2)  or  the}'  may  pass 
between  the  layers  of  theeorneiion  toits  lower  periphery, 
reaehing  the  anterior  chamber  through  the  interstices  of 
the  ligamentuni  pectiniilum  (Stromyer);  (3)  by  direct 
ruplui'e  of  a  ei>rneal  abscess,  the  pus  may  eseajie  into  the 
anterior  chamber;  (4)  the  epithelial  cells  of  Desceniet's 
memlirane  may  undergo  |iurulent  proliferation;  (o)  as 
already  stated,  an  associati'd  ]iurulent  iritis  or  irido- 
cyclitis induced  liy  the  transvidation  of  irritant  ptomai'ns 
from  the  suiiimraling  cornea  to  the  interior  of  the  eye 
may  contribute  to  Ilie  formation  of  pus  in  the  anteiior 
eliamlier.  (^r  it  may  perhaps  wholly  account  for  the 
pliriiomeiion. 

\Vh;ilever  its  origin,  the  purulent  ma.ss  in  the  anterior 
chamber  maybe  of  a  semisolid  orgehitinous  cniisislence. 
and  so  cohesive  as  to  admit  of  being  withdrawn  bodily 
from  the  chamber  after  an  incision  sufficiently  large  for 
an  iridectomy  has  Ijcen  made. 

Suppurative  alTections  of  the  cornea  attended  with 
liypopyon  are  either  slheide,  with  great  pain  and  intiam- 
matory  symptoms  of  an  active  character,  or  astlienie  and 
sluggish,  with  lillle  or  no  jiain.  etc.  The  latter  are  indic- 
ative of  a  very  low  state  of  niitrilion.  or  of  torpor  of  the 
tiflh  nerve.  A  circumscribed  purulent  infiltration  of  the 
cornea  without  supertieijil  loss  of  substance  constitutes 
an  abscess  an<l  may  be  attended  with  hypopyon,  etc., 
so  long  as  the  disease  does  not  advance  beyond  this  stage; 
but  sooner  or  latir  the  surface  is  likely  to  give  way,  and 
the  abscess  then  becomes  an  ulcer.  Whenever  hypop- 
yon n'sults  from  supptirative  keratitis  tlu'  corneal  lesion 
always  ]>resents  mi>re  or  less  of  a  iluU  yellow  color.  cau.sed 
by  iutiltration  of  the  pari  with  pus  cells.  In  the  sthenic 
form  there  are  pain,  often"  intense.  <leep-seated  injection 
of  the  ey<'liall.  photophoiiia.  and  lachrymation.  The  ap- 
peanince  of  the  cornea  varies  according  to  the  extent  of 
the  disease  and  its  mode  of  ]irogress.  The  sthenic  abs- 
cess or  ulcer  is  surrounded  with  a  zone  of  gray  iutiltra- 
tion. sonu'times  of  a  streaky  appearance;  the  idcerated 
surface  may  be  excavated  or  nearly  on  a  level  with  the 
surrounding  cornea;  its  surface  is  always  more  or  less 
covered  with  a  layerof  grayish  oryellowish-gray  broken- 
down  material.  Pus  in  the  anterior  chamber  may  appear 
at  its  lower  eilge  as  a  narrow  yellow  streak,  a  widesjiaceof 
clear  cornea  intervening  between  this  and  the  lower  edge 
of  the  idcer  or  ab.scess ;  or  a  streak  of  purulent  deposit  be- 
hind the  coinea  or  between  its  lamella'  may  extend  from 
the  ulcer  to  the  hypopyon.  A  large  aecvniiulation  in  the 
anterior  chamber  may  extend  to  the  level  of  the  ulcera- 
tion, so  that  they  appear  to  blend  with  each  other.  Per- 
foration of  the  cornea,  with  or  without  prolapse  of  the 
iris.  luay  occur  before  the  ulceration  has  extended  very 
widely ;  or  the  ulceration  may  involve  so  much  of  the 
cornea  that  it  becomes  transformed  into  a  dull  yellow 
necrotic  mass.  The  term  nerj^ii/iitiniK  curnenl  nicer  has 
been  apjilied  by  Saemisch  to  those  "forms  of  suppura- 
tive keratitis  which  are  distinguished  Ijy  the  tendency 
to  iienetnite  into  the  parenchyma  and  extend  superfi- 
cially, especially  in  one  direction."  Such  ulcers  are  apt 
to  progress,  sometimes  rapidly,  and  may  pro\e  very  de- 
structive. 

Eyes  subject  to  chronic  conjunctivitis,  with  blennor- 
rlaea  of  the  lachrymal  sac,  seem  ]iartictilarly  ]irone  to 
destructive  sup]nirative  keratitis.  ]u-obably  owing  to  the 
continued  presence  of  septic  material  in  tlie  conjunctival 
sac.  Purely  asthenic  suppurative  keratitis  commences 
as  a  ruleabout  thecentreof  the  cornea.  In  thisalTcction 
ail  signs  of  active  inflammation  are  wanting;  the  absence 
of  a  gray  zoneof  infiltration  around  the  suppurating  area 
is  also  to  be  noted  ;  anil  the  surrounding  coruPii  may  even 
appear  unusually  pellucid,  only  becoming  infiltrated  and 
cloudy  when  healing  has  commenced.  The  changes 
which  take  place  during  the  healing  of  corneal  tdcers 
have  already  been  briefly  described;  we  maj"  here  add 
that   with   this,   in   asthenic  cases,   a  certain  degree  of 


irritation  develops,  whilst  in  the  sthenic  fonus  the  exist- 
ing sthenic  irritation  tends  to  subside. 

Trail  nil- III. — Hest  and  protection  of  the  eye  are  of 
primary  importance;  both  these  indications  are  best 
secured  by  the  judicious  use  of  a  compression  bandage. 
The  eye  must  also  l>e  kept  free  from  unhealthy  secretions, 
by  washing  several  times  daily  with  a  warm  two  per- 
cent, solution  of  lioricacid,  or  with  a  solution  of  formalin, 
lto3,(MI0.  In  addition  to  this,  the  moderate  u.se  of  warm- 
water  fomenlalions.  or  warm  carbolic  lotion.  1  to  1,(100, 
followed  by  instillations  of  solution  of  atropine  (gr.  iv. 
ad  ji.)  will  be  neccssjiry.  This  measure  will dfteu 
arrest  the  suppurative  process  in  its  early  stages,  the  idcer 
taking  on  a  lu'aling  action,  and  the  hypopyon  rapidiv 
disiippearing.  Should  a  fair  tiial  of  this  treatmint  fail 
to  arrest  the  disease,  and  especially  if  the  ulceration,  etc.. 
conliinie  to  increase,  a  more  enei'getie  inlerfereiiee  will 
be  necessary.  .Scraping  the  idcerated  surface  with  a 
small  sliar]>  seooj)  and  tlieii  carefully  ajiplyini:  the  actual 
cautery  is  the  most  ellicicnt  means  of  local  disinfection. 
Division  of  theulceraccording  to  the  method  of  Saemisch 
is  preferred  by  .some  to  the  cautery,  and  it  is  quite  true 
that  if  the  corneal  destruction  has  not  progrcs.sed  too  far, 
S!iy  not  beyond  one-third  of  the  extent  of  the  cornea,  this 
ojieration  will  often  suttiee  to  slay  the  destructive  process. 
(Opening  the  anterior  chandler  allows  the  escape  <if  its 
purulent  contents,  and,  by  n'laxing  the  tension  of  the 
cornea,  promotes  its  nutrition.  The  performance  of  this 
operation  is  now  greatly  facilitated  by  placing  the  eye 
under  the  local  ana'sthetic  inlluence  of  cocaine.  The 
Saeiiiisch  operation  is  performeil  as  follows :  The  narrow 
cataract  knife  of  von  Graefe  is  made  to  penetnite  the  sound 
cornea,  close  to  one  margin  of  the  ulcer,  behind  which  it 
passes  to  emerge  in  a  similar  ])osition  at  the  opposite  siile 
of  the  ulcer,  care  being  takc'ii  to  avoid  the  iris  and  lens; 
the  contents  of  the  anterior  chamber  escape  through  the 
opening.  If  the  exudation  be  partially  tenacious,  the 
use  of  the  iridectomy  forceps  may  be  required  lo  remove 
the  tenacious  coaguhim  from  the  anterior  chamber  aft<'r 
the  incision  has  been  made, 

Borated  lint,  to  be  retained  on  the  eye  with  a  compres- 
sion bandage,  may  be  kept  aiqilied  until  the  next  day,- 
after  this,  repeated  fomentations  with  a  warm  solution  "of 
boricacid  (1  to30)  orformalin  (1  to  3,(1(J(I)  will  be  required. 
Under  this  treatment,  the  plan  recommended  by  Saemisch, 
of  reopening  the  wound  daily  with  a  small  "jirobe  until 
the  ulcer  becomes  clean,  will  be  found  unnecessary 
(Noyes).  Or  the  operation  may  be  followed  by  instilla- 
tions of  eserine  (one-half-per-cent.  solution)  several  times 
daily  (De  Wecker),  instead  of  by  further  instrumental 
interference. 

If  the  necrotic  process  is  arrested,  the  ulcer  will  become 
clean  and  will  slowly  heal,  perhaps  with  adhesion  between 
iris  and  cornea  if  the  ulcer  has  been  large,  in  which  case 
also  a  staphylomatous  bulging  may  occur  and  require 
appropriate  treatment.  In  many  cases  more  or  less  of  a 
permanent  scar  will  remain,  often  a  dense  leucoma,  with 
impairment  or  complete  loss  of  vision.  Total  destruction 
of  the  vision  will  sometimes  occur  despite  all  treatment, 
especially  if  panojihthalmitis  develops;  the  ruine<l  eye. 
under  such  circumstances,  may  be  eviscerated  in  <irder  to 
save  the  patient  from  the  long  period  of  sutferinsr  which 
would  attend  suppurative  intiammation  of  the  eyeball. 
Enucleation  of  a  hopeles.sly  su|ipurating  eyeball  involves 
some  risk  of  being  followed  by  septic  meningitis  and  for 
this  reason  simple  evi.sceration  is  to  be  preferred.  In 
suppurative  keratitis  a  tonic  treatment  is  always  indi- 
cated, and  in  the  asthenic  forms  stimulants  can  be  used 
with  benefit,  and  the  hygienic  conditions  must  be  made 
as  favorable  as  possible. 

Ulcer)!  of  the  conieii.  not  associated  with  hypopyon,  aro 
of  frequent  occurrence.  They  vary  much  as  to  apiienr- 
ance.  .situation,  course,  duration,  and  importance:  they 
originate  from  abrasions  or  injuries  of  various  kinds, 
from  the  injurious  effects  of  certain  morliid  conditions  of 
the  conjunctiva  or  other  di.seases  of  the  eye.  and  from 
defective  states  of  nutrition  generally.  They  may  be 
superlicial  or  deep,    clean   and   smooth,   with   rounded 
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edges  and  no  surrounding  infiltration,  or  irregnlar  in 
outline,  with  opaque  gray  or  yeilowish-gi-ay  surface. 
and  steep  or  excavated  edges,  and  well-marlied  sur- 
rounding zone  of  intiltration.  Tliey  may  be  situated  at  tlie 
extreme  corneal  margin  or  may  occupy  any  part  of  its  sur- 
face, remain  stationary  or  extend  in  depth  an<l  area,  and 
last  only  for  a  few  cUiys  or  become  chronic.  So  long  as 
an  ulcer  remains  small  and  superticial,  without  encroach- 
ing on  the  centre  of  the  cornea,  it  is  not  likely  to  be  of 
serious  importance.  There  may  be  very  little  pain  and 
irritation,  or  acute  symptoms  may  characterize  the  affec- 
tion from  the  outset,  such  as  severe  pain,  great  pericorneal 
injection,  intolerance  of  hght.  and  profuse  lachrymation. 

Small,  deep  ulcers  at  the  corneal  margin,  of  a  yellow 
color,  and  tending  to  perforate  and  cause  a  peripheral 
prolapse  of  iris,  are  not  uncommon ;  they  sometimes  par- 
take of  the  character  of  a  strumous  keratitis — that  is, 
they  originate  as  phlyctenulae  in  a  strumous  subject. — or 
they  may  occur  in  othei-w-ise  healthy  subjects.  The  at- 
tendant inflammatory  symptoms  are  of  an  acute  charac- 
ter, and  soothing  treatment  will  be  essential  so  long  as 
this  condition  lasts.  Catarrhal  and  purulent  affections  of 
the  conjunctiva  are  often  attended  with  ulceration  of  the 
cornea.  In  the  former,  the  ulcers  are  usuallv  small,  and 
peripheralh'  situated;  they  do  not  require  any  special 
treatment  beyond  that  adapted  for  the  conjunctivitis,  but 
may  necessitate  some  care  in  the  use  of  astringent  collyria. 
Solutions  of  atropine  may  be  used  if  the  eye  becomes 
more  than  sUghtly  irritable  or  painfuL 

Ulceration  of  the  cornea  which  occurs  iu  the  couree  of  a 
purulent  ophthalmia,  especiallr  if  this  be  of  gonorrhoeal 
origin,  is  only  too  often  a  disastrous  complication,  as 
it  frequently  causes  hopeless  destruction  of  the  cornea. 
The  earlier  its  occurrence  in  the  course  of  the  blennorrha>a 
the  more  serious  is  likely  to  be  the  result.  The  worst 
form  of  ulceration  is  that  which  makes  its  appearance 
about  the  centre  of  the  cornea  as  a  diffuse  gray  infiltra- 
tion, while  the  conjunctival  inflammation  is  at  its  height 
or  is  still  increasing.  Such  infiltrations  rapidly  become 
extensive  erosions,  and  the  cornea  sometimes  melts  away, 
so  to  speak,  in  the  course  of  a  few  days.  Furrow  dike 
marginal  ulcerations,  without  much  infiltratiou  of  their 
edges,  though  likely  to  result  in  perforation  and  prolapse 
of  iris,  are  not  nearly  so  dangerous.  In  addition  to  the 
continuance  of  energetic  treatment  suiUible  for  purident 
conjimctivitis,  warm  autisepric  fomentations  are  required 
and  the  conjunctival  sac  should  be  frequently  tilled  with 
vaseline  containing  three  or  four  per  cent,  of  iodoform  or 
airol  or  Ijoric  acid,  or  one-half  per  cent,  of  carbolic  acid. 
If  perforation  is  threatened,  the  instillation  of  a  solution 
of  eserine  {1  to  100)  every  two  or  three  hours,  and  para- 
centesis of  the  chamber  through  the  ulcer,  may  be  found 
necessary. 

A  KiiiiiU.  triinsparent.  central  nlneration  is  rather  com- 
mon in  early  life  (absorption  ulcer).  It  may  occur  under 
the  same  conditions  as  phlyctenidar  keratitis.  The  ulcer 
may  be  overlooked  tmless  a  careful  exjimination  is  made ; 
its  symptoms,  both  subjective  and  objective,  being  com- 
paratively trivial.  There  is  some  wealcuess  of  the  eye 
with  slight  intolerance  of  hght  and  lachrymation,  espe- 
cially in  the  morning.  It  is  a  clu'onic  affection,  and,  after 
healing,  leaves  an  opacity  which,  from  its  central  posi- 
tion, may  cause  permanent  impairment  of  vision.  The 
treatment  should  be  partly  soothing  and  partly  stimulat- 
ing, with  measures  to  strengthen  the  general  health, 
tfomewhat  similar  small,  deep  ulcerations,  tending  to 
perforate,  are  met  with  occasionally  in  other  parts  of  the 
cornea  in  children  as  well  as  adults.  Such  ulcers,  when 
involving  pretty  much  the  whole  thickness  of  the  cornea, 
may  present  a  cleai',  bead-like  projection  in  the  centre, 
caused  by  protrusion  of  the  unruptured  Descemet's 
membrane  into  the  tilcer.  For  this  condition  tlie  term 
keratocele  has  been  applied.  Only  after  spontaneous 
rupture,  or  artificial  opening'  of  the  part,  can  such  ulcers 
be  brought  to  heal.  They  may  give  rise  to  a  troublesome 
corneal  fistula,  especially  if  allowed  to  rupture  spontane- 
ously. 

Creacentic  ulcers,  forming  a  deep  groove  around  the 


periphery"  of  the  cornea,  and  without  infiltration,  are  oc- 
casionally seen  in  elderly  debilitated  subjects.  They  are 
destructive  if  allowed  to  progress  so  far  as  to  cut  off  nu- 
trition from  the  central  portions  of  the  cornea,  which  may 
then  exfoliate.  The  operation  of  iridectomy  is  the  most 
efficient  mean-s  of  arresting  the  progress  of  such  ulcers. 

Active  inflammatory  s_ymptoms  are  present  in  the  vast 
majorit}' of  coi-neal  ulcers;  superficral  ulcerations  being, 
as  a  rule,  more  painful  than  those  which  have  extended 
tleeply  into  the  cornea,  owing  to  the  fact  that  the  ter- 
minal filaments  of  the  corneal  nerves  are  at  the  surface. 
The  asthenic  type  is,  however,  not  uncommon  in  simple 
ulcers;  these  have  a  tendency  to  spread  superficially,  and 
are  sharply  defined  with  little  or  no  surrounding  infiltra- 
tion. It  is  to  be  remembered  that  ulcers  of  the  cornea, 
especially  when  large,  may  have  extended  more  deeply 
than  appears  to  be  the  case,  on  account  of  the  inti-a-ocular 
pressure  pushing  the  thinned  base  of  the  ulcer  forward. 
Such  a  condition  always  constitutes  a  serions  obstacle  to 
healing,  and  forms  a  positive  indication  for  operative  in- 
terference. Spontaneous  perforation  should  never  be 
permitted  if  it  can  be  prevented,  because  it  increases  the 
liability  to  prolap.se  of  iris  and  permanent  anterior  syn- 
echia (as  in  Fig.  9.  Plate  XXIV.,  where  a  perforating 
ulcer  lias  healed  with  the  iris  adherent  to  the  cornea,  and 
the  pupillary  aperture  is  drawn  tip  to  the  corneal  opacity). 
Such  an  eye  is  always  damaged  in  vision,  disfigured,  and 
more  liable  to  deep-seated  disease  than  if  healing  had  oc- 
curi'ed  i\Tthout  synechia,  or  prolapse  of  iris  had  taken 
place;  it  is  also  liable,  even  if  the  perforation  be  a  small 
one.  to  deposits  of  lymph  on  the  lens  capsule,  or  to  rup- 
ture of  this  structure,  and  perhaps  to  other  intra-oGular 
lesions. 

In  the  treatment  of  corneal  ulcers,  their  jirogress  and 
the  effect  of  remedies  employed  must  be  scrupulously 
watched.  The  use  of  a  compression  bandage  is  generally 
indicated  as  a  protection  from  external  irritation,  and  for 
the  purpose  of  secuifng  rest,  so  essential  to  the  healing 
process.  The  use  of  atropine  instillations  is  generally 
indicated.  Theatropine  should  be  absolutely  pure  neutral 
sulphate,  and  the  solution  (to  be  sterilized  by  boiling  once 
daily)  should  be  of  the  strength  of  from  two  to  four  grains 
to  the  ounce.  For  allaying  irritation  and  keeping  in  check 
iritic  complications,  which  are  apt  t(3  occur  in  many  cor- 
neal inflammations,  it  is  the  standard  remedy.  Cocaine, 
however,  is  positively  contrainuicated  iu  tlie  treatment 
of  most  corneal  ulcers. 

Solutions  of  eserine  are  of  considerable  value  in  certain 
cases  of  corneal  ulceration,  more  parricularly  those  which 
belong  to  the  asthenic  tyjie;  if.  however,  a  tendency  to, 
or  actual,  iritis  be  present,  eserine  may  act  very  injuri- 
onsly.  Warm  fomentations  are,  as  a  rule,  beneficial  in 
allaying  irritation  and  promoting  the  nutrition  of  the 
cornea,  liut  in  the  presence  of  active  irritation  they  must 
be  emplriyed  cautiously,  for  fear  of  unduly  increasing 
this  condition.  If  ulceration  is  associated  with  conjunc- 
rival  disesise,  which  requires  the  use  of  astringents,  the 
cornea  must  be  carefully  protected  from  their  action. 
When  the  healing  process  is  well  established,  especially 
when  the  idcer  is  becoming  vascularized  (Fig.  2,  Plate 
XXIV.),  and  also  in  some  chronic  indolent  ulcers,  stimula- 
tion in  the  form  of  oxide  of  mercury  ointment,  calomel 
insufflarions,  or  strictly  localized  applications  of  nitrate  of 
silver  solution  (2-4  to  100)  may  be  employed  with  ad- 
vantage. Opiates  at  night,  in  doses  sufficient  ly  large  to 
allay  pain,  are  often  of  great  service.  The  electric  cautery 
in  the  form  of  a  small  pUitinum  point  heated  to  a  cherry 
red,  answers  well  the  purpose  of  destroying  the  infection 
of  suppurative  keratitis.  The  end  of  a  knitting  needle 
heated  in  a  spirit  lamp,  may  be  used  for  the  same  purpose 
with  equally  good  effect.  Without  defining  the  precise 
limits  of  its  usefulness,  we  may  say  that  the  procedure 
has  gained  a  substantial  repntation  in  ocular  therapeutics^ 
So  much  of  the  cornea  as  shows  a  yellow  infiltration  should 
be  cautiously  destroyed  by  the  cautery.  Excellent  re- 
sults have  also  been  obtained  by  touching  the  ulcer,  in 
certain  cases  of  suppurative  keratitis,  with  pure  carbolic 
acid. 
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Xeiiroparnlytic  keratitis  in  its  objective  symptoms 
(ices  not  tiitTcr  mnterirtUy  from  oniinury  astlienic  iiiHam- 
nmtiiry  iilTtclions  of  tlie  coruca.  It  may  never  jiass  the 
stage  of  infiltration,  fmt  is  very  lialile  to  l)eeome  sup- 
purative. Pli()tophol)ia  is  absent  ami  tliere  is  little  or 
no  pain  in  tlie  eye;  the  eircumeorneal  ronirestion  is  of  a 
<hisky.  shiirjrish  <lianieter;  but  the  eliaraeteristic  fealine 
is  loss  of  sensibility  of  the  cornea,  and  with  this  there 
may  be  ansestbesia  of  other  jiarts  supplied  by  the  fifth 
nerve. 

Tirtitment. — The  first  essential  is  thorough  cleanliness; 
31  protective  bandage  may  be  used  with  atlvantage. 
borated  cotton  being  placed  ne.\t  the  eye.  which  must 
be  cleansed  with  warm  boric  acid  or  other  mild  antisep- 
tic lotion  sevend  times  daily.  Eserine  instillations  are 
strongly  recommended  by  some  writers,  and  if  there  is 
paralysis  of  the  lifth  nerve,  the  galvanic  current  (from 
six  to  eight  elements)  is  likely  to  be  of  service,  the  posi- 
tive pole  being  placed  over  the  superior  cervical  ganglion 
of  the  same  side,  and  the  negative  over  the  brow  or  eve- 
lids. 

Coniinl  opnrities  are  commonly  the  restdt  of  some  one  or 
more  of  the  morbid  conditions  alreaily  described.  When 
they  are  the  residt  of  perfoi-ating  ulcers  of  the  cornea,  an- 
terior synechia  (a<lhesion  of  the  iris  to  the  cornea)  is  often 
present.  They  tend  to  grow  less  marked  with  the  lapse 
of  time,  but  whatever  opacity  remains  at  the  end  of  a  year 
or  two  after  the  cessation  of  the  intiammatory  process 
which  caused  them,  may  be  considered  permanent.  The 
i'fTect  on  vision  varies  with  the  degree  and  extent  of  the 
opacity,  although  slight,  almost  invisible  central  clouding 
may  seriously  impair  vision  l)y<ausing  dispersion  of  light 
and  irregular  astigmatism.  The  extreme  degree  of  opac- 
ity indicated  in  Fig.  4.  Plate  XXIV.,  represents  a  large 
centnU  Icucoma  adha;rens,  which  has  become  vascidar- 
ized,  the  pupil  being  completely  obliterated,  and  the  an- 
terior chamber  rendered  very  shallow.  For  large  opaci- 
ties encroaching  on  the  pupil  an  iridectomy,  by  bringing 
the  jiupillary  ajierture  opposite  a  clear  portion  of  the 
<-ornea,  may  imiirove  vision  very  considerably,  provided 
the  parts  beyond  are  in  a  fairly  normal  condition. 

The  appearance  of  the  eye  may  likewise  be  greatly 
improved  by  the  operation  of  tattooing  with  India  ink 
any  dense  cicatricial  opacity.  For  this  purpose  a  group 
consisting  of  several  tine  needles  set  in  a  handle  are  to  be 
smeared  with  a  thin  paste  of  the  ink.  and  the  white 
tissue  of  the  cornea  punctured  obli(|Uely  until  it  retains 
a  sufficient  amount  of  the  pigment  to  hide  the  opacity. 
AVhilc  a  single  sitting  often  suffices,  in  other  cases  several 
may  be  necessary.  The  operation  can  be  rendered  pain- 
less by  the  use  of  cocaine,  and  is  seldom  followed  by  any 
considerable  reaction.  The  local  use  of  medicinal  agents 
is  of  problematical  value  in  clearing  up  cicatricial  opaci- 
ties of  the  cornea.  Other  things  lieing  equal,  the  younger 
the  subject  the  greater  is  the  power  of  repair  in  this  re- 
spect. A  large  loss  of  substance  in  the  cornea  of  an  in- 
fant will  often  disjippear  almost  entirely,  though  the  same 
amount  of  destruction  in  an  adult  would  leave  a  conspic- 
uous permanent  opacity. 

The  stimidating  remedies  already  mentioned  arc  gen- 
really  conceded  to  assist  in  clearing  up  recent  opacities, 
by  temporarily  increasing  the  blood  supply  in  the  cir- 
cimicorneal  vessels  and  thus  promoting  the  functions  of 
nutrition  and  absorption  in  the  corneal  tissue.  Of  these 
remedies  the  most  efficient  is  the  oxide  of  iner  cury  oint- 
ment, gr.  i.  to  ij.  ail  3  i..  a  small  portion  of  which  is  to 
be  introduced  beneath  the  upper  eyelid  once  daily.  The 
constant  current  of  electricity,  the  negative  pole  being 
applied  to  the  cornea  by  a  specially  constructed  elcctro- 
phore,  has  been  used  with  some  success.  The  applica- 
tion is  decidedly  painful  even  when  cocaine  is  used  and 
care  must  be  taken  to  employ  only  a  weak  current.  ^Vlien 
the  cornea  has  been  entirely  replaced  by  oiraquc  tissue, 
vision  is  of  course  destroyed  under  these  circumstances. 
Attempts  to  restore  vision  by  transplantation  of  trans- 
parent cornea  to  replace  the  opaque  tissue  have  met  with 
only  limited  success  (Wolfe,  Medical  Times  and  Gazette, 
November  22,  1ST9). 
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7';rtn*r<'/wo;wrfiy(/ of  the  cornea  (Fig.  10,  Plate  XXIV., 
after  Haab)  in  the  form  of  an  opaque  band  of  a  gray  or 
yellowi.sh  color,  3  or  3  mm.  in  width  and  corresponding 
in  position  to  the  palpebral  lissure,  is  sometimes  seen  in 
elderly  or  ]irematurely  sinile  (lersons,  or  in  eyes  aflected 
with  chronic  deep-seated  disease,  and  having  a  tendency 
to  glaucoma  (von  Graefe.)  In  the  latter  foriiithc;  opacity 
is  made  up  of  minute  sjiecks  situated  deejily  in  the  cornea. 
The  transverse  opacity  observed  in  elderly  people  is  due, 
according  to  Nettlesfiip,  to  minute  calcareous  crystals 
lodged  beneath  the  epithelium. 

Ltfifl  utiiiitu  often  <iccur,  in  the  form  of  dense  white, 
sharjily  defined  opacities,  after  the  tise  of  lead  lotions  in 
abrasions  or  ulcerations  of  the  cornea:  they  may  be  cut 
away  with  a  thin  sharji  knife,  or  scrajied  olf  with"  a  small 
sharj)  scoop.  Collyria  containing  lead,  if  \i.sed  at  all  in 
ophthalmic  in-actice,  should  never  be  entrusted  to  the 
patient  for  use  at  home. 

Fine  punctate  opacities,  looking,  under  a  strong  mag- 
nifying gla.ss,  like  minute  drops  of  tallow,  and  arranged 
in  the  form  of  a  pyramid  with  its  base  at  the  lower  cor- 
neal margin  (Fig.  7,  Plate  XXIV.),  are  characteristic  of 
the  so-calleil  .serous  iritis  which  occurs  ijuite  freinienlly 
as  an  idioi)athic  atfeclion,  and  occasionally  as  the  senius 
form  of  sympathetic  op^ithalmia.  With  these  are  asso- 
ciated more  or  less  turbidity  of  the  aqueous  humor,  dis- 
coloration of  the  iris,  eircumeorneal  injection,  and  .some- 
times posterior  synechia;  larger  opacities  (infiltrations) 
may  also  develop  in  the  substance  of  the  cornea.  Vision 
is  apt  to  be  considerably  impaired  in  these  cases.  The 
fundamental  lesion  ai)pears  to  be  a  serous  irido  choroiditis, 
which,  by  extending  along  tin-  lymph  chaimels,  may  in- 
volve the  cndntliiliiiiii  of  the  entire  uveal  tract  and  the 
sheath  of  the  optic  nerve,  as  well  as  that  of  the  cornea. 

Scleriming  '>j/iicilies  in  the  peripheral  portions  of  the 
cornea  sometimes  occur  without  intiammatory  symptoms, 
or  as  the  result  of  localized  sclerotitis  passing  over  to  the 
adjacent  parts  of  the  cornea. 

Arrus  seiiilig  (gerontoxon).  a  peculiar  marginal  opac- 
ity, has  been  considered  in  Volume  I. 

Pftri/f/i'im  has  also  been  considered  under  the  heading 
of  Cimjunctital  Diseases. 

Fistu/a  nf  the  Cornea. — Penetrating  wounds  and  ukers 
which  have  perforated  the  cornea  occasionally  fail  to 
heal,  and  consequently  there  remains  a  small  aperture 
throiigh  which  the  aqueous  humor  constantly  leaks  away, 
or.  if  temporarily  retained,  is  repeatedly  evacuated  by 
rupture  of  the  thin  retaining  membrane.  Such  eyes  are 
always  more  or  less  irritable,  and  liable  to  attacks  of 
inflammation,  which  somi'tinies  results  in  panophthal- 
mitis. According  to  de  Wecker  (AnnaUs  d'oeulixfiqiie, 
Ivi.,  80.5),  the  fistula  is  due  to  an  eversion  of  the  mem- 
brane of  Descemet,  which  thus  comes  to  serve  as  a  lining 
to  the  walls  of  the  fistulous  track,  and  he  recommends 
that  it  be  lacerated  with  a  fine  pair  of  forceps,  or  that  the 
aperture  be  converted  into  a  crucial  incision  by  means  of 
delicate,  smooth-pointed  scissors.  After  either  of  these 
manipulations,  which  demand  strict  antiseptic  precau- 
tions, atropine  instillations  and  a  compression  bandage 
will  be  required  until  the  part  shall  have  healed  firmly. 
The  prolonged  use  of  eserine  and  the  compression  bandage 
has  also  been  found  beneficial. 

Malform.\tioxs  of  tiik  Corxe.\,  Congenit.\i.  and 
Acc;riHED. — Congenital  defects  of  the  cornea  present  de- 
viations from  the  normal  in  regard  to  size,  shape,  and 
transparency.  The  cornea  may  be  smaller  than  normal, 
as  in  C.  microphthalmos,  or  larger,  as  in  C.  megaloi>h- 
thalmos.  Important  structural  abnormalities  in  the  in- 
terior of  the  eye  arc  present  in  both  these  conditions,  in 
all  or  nearly  ail  such  cases  ^^Ianz:  "  Handb.  d.  gesannnt. 
Augenheilkunde,''  Graefe  u,  Saemisch.  Band  ii.,  131). 

The  cornea  of  microphthalmos  is  small  and  may  be 
flattened,  or  its  curvature  may  be  the  same  as  that  of  the 
sclerotic.  The  latter  structure  often  encroaches  upon  the 
cornea;  their  mutual  relations  as  to  size  present  consid- 
erable variations.  In  outline  the  cornea  may  be  nearly 
circular,  distinctly  oval,  rir  (|uite  irregular.  In  congenital 
niegalophthalraosthe  cornea  is  actually  and  relatively  too 
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large,  but  at  the  same  time  tbimier  thau  normal.  This 
thinning  involves  also  the  anterior  portion  of  the  sclerotic, 
which  thus  acquires  a  bluish  appearance,  and  the  anterior 
chamber  is  increased  in  depth  and  witlth  (hydro jilithalnios 
anterior).  Diffuse  or  circumscribed  opacities  of  sucli 
corneas  are  often  present.  The  condition  just  described 
does  not.  as  a  rule,  remain  stationary,  but  goes  on  slowly 
increasing  after  birth,  and  the  entire  eyeball  often  be- 
comes enormously  enlarged. 

Congenital  faults  in  the  curvature  of  the  cornea,  with- 
out anomalies  as  to  size  or  structure  of  the  eyeball,  are  of 
frequent  occurrence,  and  account  for  a  large  proportion 
of  the  errors  of  refraction  known  as  astigmatism. 

Congenital  opacity  of  the  cornea  may  be  partial  or 
complete,  apart  from  the  congenital  opacities  of  microph- 
thalmos and  megalophthalmos.  A  condition  resembling 
arcus  senilis  is  sometimes  seen  at  birth  (embryotoxon) 
(Manz,  loc.  eit.).  A  form  of  opacity  so  complete  as  to 
give  the  impression  that  tlie  cornea  is  entirely  absent  has 
also  been  observed. 

Dermoid  cysts  involving  the  cornea  are  always  con- 
genital (sec,  further  on,  the  section  relating  to  Tumors 
of  the  Cornea). 

The  progress  of  hydrophthalmos  anterior  may  some- 
times be  arrested  by  the  operation  of  iridectomy.  If 
vision  is  destroyed  and  the  enlarged  eyeball  is  the  source 
of  disfigurement  and  annoyance,  a  staphj-loma  operation 
may  V)e  advisable  or  the  ^Veeks  operation  of  evisceration 
and  insertion  of  an  artificial  vitreous  may  yield  an  ex- 
cellent cosmetic  result. 

Coiiiriil  fiirneii  {trinii>p<miit  niiten'm'  stdphyhima)  (see 
Fig.  8,  Plate  XXIV.)  is  a  somewhat  rare  condition,  which 
is  said  to  develop,  as  a  rule,  about  the  age  of  puberty,  or 
a  little  later,  and  more  often  in  the  female  tliau  in  the 
male  sex.  Nothing  definite  is  yet  known  in  regard  to  its 
causation.  Without  any  other  pathological  manifesta- 
tions the  cornea  gradually  becomes  thinner  at  its  central 
part  and  a.ssumes  a  more  or  less  conical  shape,  and.  though 
usually  retaining  its  normal  transparency,  in  higli  <U'grees 
of  conieity  the  apex  occasionally  becomes  clouded.  In 
slight  degrees  the  diagnosis  is  readily  made  by  means  of 
the  modern  test  (skiascopy)  or  by  theai<l  of  Placido'sdisc. 
At  first  the  eye  ma)'  become  somewhat  short-siglited. 
but  vision  remains  subnormal,  even  when  tlie  error  of 
refracti(m  has  been  as  far  as  possible  corrected  with  ccm- 
cave  and  cylindrical  glasses.  In  advanced  conditions  a 
profile  view  of  the  cornea  at  once  determines  tlie  nature 
of  the  ditliculty.  By  mirror  illumination  tlie  fiptic  nerve 
and  retinal  blood  vessels  appear  distorted,  rapiclly  chang- 
ing in  apparent  size  and  shape  with  every  movement  of 
the  mirror.  Vision  is  connuonly  impaired  in  [iroportion 
to  the  corneal  alteration  ;  sometimes  to  such  an  extent  that 
only  large  print  can  be  deciphered. 

treat iiifnt.  If  vision  can  be  materially  improved  by 
any  combination  of  glasses,  these  may  be  used;  not  in- 
frequently quite  strong  cylindrical  glasses  will  be  ac- 
cepted. But  if  such  optical  means  fail  to  improve  vision, 
and  if  the  latter  be  so  defective  as  to  justify  sur- 
gical interference,  the  apex  of  the  cone  may  be  cauterized 
with  a  fine  electro-cautery  point,  thus  destroj-ing  a  limited 
central  area  of  corneal  tissvie  down  to  Descemet's  mem- 
brane. When  the  central  ulcer  thus  produced  has  healed, 
under  suitable  treatment  (see  Suppurative  Keratitis),  the 
cornea  will  have  acquired  a  more  normal  curv,'^.ture.  An 
iridectomy  may  be  required  after  this  operation.  Lateral 
displacement  of  the  pupil  by  iridodesis,  as  recommended 
by  G.  Critchett,  has  not  met  witli  much  favor  on  account 
of  the  danger  of  sympathetic  mischief  which  it  involves. 

Staphyloma  of  the  cornea  (opaque  anterior  staphyloma) 
(Fig.  5,'Plate  "XXIV,),  as  already  stated,  results  from 
ulceration  of  the  cornea  with  perforation.  The  perforation 
must  have  been  of  considerable  size  to  be  followed  by 
the  bidging  forward  of  new  .scar  tissue,  which  constitutes 
staphyloma.  According  to  Saemisch,  an  aperture  in  the 
cornea  of  less  than  2  mm.  is  not  likely  to  cause  staphy- 
loma. Narrow  perforations  arc  less  likely  to  give  rise  to 
this  condition  than  when  the  aperture  is  rounded.  Cor- 
neal staphj'loma  may  be  partial  or  total.     When  a  large 


Fig.  151".— Corneal  Sta- 
ptiyloma,  natural  size. 
(.\ftt'r  Sat^misrh.)  a. 
Cicatricial  tissue;  b, 
crystiilline  lens. 


perforation  occurs,  the  aqueous  humor  escapes,  and  the 
iris  comes  in  contact  with  the  opening  and  ma}-  protrude. 
Thus  exposed,  it  speedilj-  inflames  and  becomes  cov- 
ered with  h'lnph  which  undergoes  organization,  and 
a  weak  cicatrix  is  formed  which  3uelds  before  the  in- 
tra-ocular  pressure,  thus  increasing 
the  degree  of  protrusion.  Tlie  cor- 
nea at  the  circumference  of  the  ap- 
erture, softened  by  the  inflammatory 
process,  also  yields  to  tlie  pressure 
from  within,  and  becomes  involved 
in  the  staphyloma,  which,  at  first 
of  small  size,  may  gradually  involve 
a  large  part  of  the  cornea  if  meas- 
ures are  not  taken  to  arrest  its  de- 
velopment. 

In  other  cases  extensive  destruc- 
tion of   tiie  cornea  gives  rise  to  a 

bulging  cicatricial  formation,  which  from  the  outset 
involves  the  greater  part  of  the  corneal  area.  Very  large 
perforations  are,  however,  apt  to  lead  to  extrusion  of 
the  lens  and  shrinking  of  the  anterior  part  of  the  eye- 
ball (phthisis  anterior).  The  new-formed  tissue  which 
constitutes  the  front  wall  of  the  staidiylonia  becomes 
densely  opaque,  and  is  often  consideralily  tlii<;ker  thau 
the  original  cornea,  or  thicker  in  some  i>aits  and  thinner 
in  others  (see  Fig,  1.51T).  Its  surface  is  covered  with  an  ir- 
regular layer  of  epithelium,  while  the  disorganized  and 
attenuated  iris,  often  reduced  to  a  few  shreds  of  pigmented 
tissue,  imperfectly  lines  it  internally.  The  lens  becomes 
dislocated  forward  (Fig.  1.518)  and  opaque,  and  often  un- 
dergoes partial  absorption.  When  very  large  the  sta- 
phyloma leads  to  stretching  of  the  anterior  portion  of  the 
sclerotic,  obliteration  of  the  pericor- 
neal sulcus,  and  elongation  with 
thinning  of  the  ciliary  processes  (see 
Fig.  1.519).  Disturbance  in  the  nor- 
mal relation  between  the  functions 
of  secretion  and  absorption  of  intra- 
ocular fluids,  with  a  tendency  to 
glaucomatous  tension,  is  a  constant 
result  of  stajihyloma.  A  form  of 
consecutive  glaucoma  sets  in,  and 
secondary  changes  in  the  choroid, 
retina,  and  optic  nerve  finally  re- 
duce vision  to  quantitative  percep- 
tion of  light,  or  destroy  it  entirely.  This  is  likely  to  be 
the  result  even  when  the  staphyloma  involves  only  a 
small  portion  of  the  cornea. 

Treatment.  To  prevent  the  formation  of  staphyloma, 
prolapsed  irisslnxuld  be  removed;  instillations  of  eserine, 
with  the  use  of  a  firm  comjiression  bandage,  are  then  in 
order  until  cicatrization  is  completed.  If  this  fails,  or  if 
healing  has  already  taken  place,  with  the  formation  of  a 
partial  staphyloma,  the  (piestion  of  performing  an  iridec- 
tomy is  always  to  be  considered,  and  a  <leeision  in  favor 
of  the  operation  is  to  be  given  when  there  is  sufficient 
clear  cornea  to  permit  of  its  performance,  wiieii  tliere  is 
evidence  that  the  trouble  is  progressing,  and  when  tliere 
is  increased  tension  of  the  eyeball.  Under  these  ciicum- 
stances  a  broad  iridectomy 
maj-  be  of  great  optical  ad- 
vantage, and  will  usually 
aiTest  the  progressive  and 
destructive  tendencies  of 
the  disease. 

In  other  cases  of  incom- 
plete staphyloma  there  may 
be  no  hope  of  improving 
vision  by  an  iridectomy, 
but  the  deformity  may  be 
so  considerable  as  to  render 
an  operation  desirable  for 
its  cosmetic  effect.     L'nder 

these  circumstances  an  elliptical  piece  may  be  removed 
from  the  projection,  the  lens  if  present  evacuated, 
and  the  edges  of  the  wound  brought  together  with 
two  or  three  fine  sutures.     Or  a  compression  bandage 


Fig.  1.518.— Corneal  Sta- 
pbyloHia,  natural  size. 
0,  Cicatricial  tis.sue: 
5,  dislocated  lens. 
(After  Saemisch.) 


Fig.  1519.  —  Postcrinr  View  of  a 
Corneal  staiitivlinna.  natural 
size,  a,  Eli'U^^aicil  ciliary  proc- 
esses: h.  remains  uf  ilie  iiis; 
c,  dislocated  lens. 
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without    sutures    iiiuy   lie   used   until   tlie   wound    lias 
healed. 

For  total  stapliylonia.  alisci.ssiou  of  the  entire  projec- 
tion, or  evisceration  orcruicleation  of  Ilie  eyeball,  with  or 
without  the  insertion  of  an  artilicial  vitreous,  is  the  best 
means  of  doinjr  away  with  the  deformity,  troulile,  and 
annoyance  which  it  causes.  Tlie  tirsi  is  to  be  reconi- 
meniied  when  the  eyeball  is  otherwise  fairly  healthy, 
Varimis  methods  of  perforniinjj;  the  opi'ralion  have  been 
devised.  In  any  case,  the  lens  must  not  be  allnwed  to 
remain  in  the  eye  after  removal  of  llic-  slaiiliyloma. 

t'rilclielt's  operation  of  earrvinirsevend  curved  needles 
armed  with  sutures  throui;li  the  ciliary  rci;ion  before  ab- 
scinding the  staphyloma,  is  objectionable  on  account  of 
the  danger  of  injuring  scune  of  the  ciliary  nerves,  and 
thus  exciting  sympathetic  inllaiumation  ;  and  also  because 
it  is  liable  to  be  followed  by  suppuration  of  the  remain- 
ing portion  of  the  ev.ball, 

A  less  objection  ,ble  nu'lhod  is  that  of  Dr.  H,  Knapp 
(Airli.  f.  OI(i\.  lid,  .\iv,.  273).  Before  abscission  is  per- 
fcu-med.  the  conjuiu'tiva  is  di.sseeted  back  fur  some  dis- 
tance around  the  l>a.se  of  the  staphyloma,  and  a  sulHcieut 
number  of  sutures  arc  inserted  to  bring  the  edges  of  the 
conjunctiva  together  over  the  opening.  Kvisceration  or 
enucleation  is  to  be  recommended  in  old  and  large  stapliv- 
lomala  with  considerable  distention  and  Ihimnng  of  the  ad- 
jacent sclerotic,  as  in  such  cases  abscission  is  almost  sure 
to  be  followed  by  hemorrhage  or  dee]i  iiUlammation, 

TfMoits  OF  TIIK  ConNK.v  Seldom,  if  ever,  take  their 
origin  in  the  cornea  itself,  but  extend  to  this  structure 
from  adjacent  parts,  usually  the  episcleral  tissue  around 
the  cornea.  Dermoid  tumors,  probably  always  congen- 
ital, are  situated  partly  on  the  sclerotic  and  partly  over 
the  cornea.  Such  a  growth  is  smooth  or  sli.L'htly  lobu- 
lated.  pale  or  yellowisli  white  in  color,  more  or  less 
prominent,  and  usually,  though  not  always,  remains 
stationary.  Its  dermoid  character  is  assured  if  one  or 
more  hairs  are  found  growing  from  the  surface.  When 
removed,  deinioid  growths  are  not  likely  to  recur.  If 
large  enough  to  cause  conspicuous  disfigurement,  excision 
of  the  growth  is  advisjible,  care  being  taken  not  to  pene- 
trate the  cornea  or  sclerotic. 

Siimimii,  usually  pigmented  and  consequently  of  a  dark 
color,  may  develop  from  the  ciliary  portion  of  the  scle- 
rotic and  extend  to  tliecornea.  The  growth  is  more  likely 
to  extend  deeply  into  the  sclerotic  than  into  the  cornea. 

Mehinn-ciireitioiiin  sometimes  grows  from  the  same  re- 
gion and  covers  the  conu-a.  spreading  beneath  the  epithe- 
lium.    The  mass  is  of  a  dark  color,  soft,  and  vascular. 

E]>it7ii:liiiitiii.  commencing  at  the  limbus  as  a  small  nod- 
ule resembling  a  phlyctenida  in  this  situation,  may  remain 
for  a  long  time  inactive,  but  sooner  or  later  it  begins  to 
grow  rapidly.  The  age  of  the  siibject  and  the  persist- 
ence of  the  nodule  in  its  early  stage  are  of  diagnostic 
imjiortance.  Tumors,  suchas  these  involving  tliecornea. 
should  always  be  removed  with  as  little  delay  and  as 
thoro\ighly  as  possible.  If  the  operation  involves  pene- 
tration of  the  eyeball,  enucleation  will  probably  have  to 
be  resorted  to :  and  this  is  also  necessary  when  t  he  growth 
recurs  and  cannot  be  removed  again  completely. 

Fnink  BiiUer. 

CORNIFICATION.— Tlie  process  of  comification  is  a 
physiological  change  by  which  the  superficial  cells  of 
the  epidermis  acquire  a  horn-like  character.  It  is  also 
foimd  normally  in  the  corpuscles  of  the  thymus.  The 
albumin  of  the  squamous  cells  of  the  deeper  layers  of 
the  epidermis  gradually  liecomes  changed,  as  the  cells 
approach  the  surface,  into  a  resistant  moditied  albumin- 
ous body  which  possesses  a  hyaline  homogeneous  com- 
position resembling  that  of  bone.  To  this  horny  sub- 
stance the  name  of  keratin  has  been  given.  Under  normal 
conditions  the  horny  change  first  appears  in  the  stratum 
grauulosum,  involving  first  the  periphery  of  the  cells 
and  the  prickle  processes.  As  the  change  advances  the 
cell  protoplasm  and  the  nuclei  shrink  until  the  cell  bodies 
become  thin  and  flattened  horny  scales.  The  nuclei  at 
the  same  time  gradually  lose  their  staining  power,  and 


the  entire  process  assumes  the  character  of  a  mummifica- 
tion necTosis,  the  water  of  the  cells  being  almost  entirely 
lost.  Keratin  resists  digestion  by  bcjth  stomach  and  pan- 
creatic juices. 

In  as,sociation  with  the  formation  of  keratin  small 
bodies  of  a  hyaline  nature  apjic-ar  in  the  prickle  cells. 
These  granules  stain  deeply  with  nuclear  stains.  In  all 
jiortions  ot  the  epidermis  where  the  stratum  corneum  is 
well  developed  the  cells  containing  these  granules  form 
a  definite  layer  known  as  the  stratum  grauulosum.  The 
substance  of  the  .granules  has  received  the  name  of 
kerati>hyaliiie.  and  is  believed  to  be  derived  from  the 
nucleus.  As  the  nucleus  disappears  with  the  foiuiation 
of  the  granules,  the  latter  may  be  supposed  to  be  de- 
generation products  of  the  nuclear  chromatin.  The 
chemical  nature  of  comification  and  of  the  two  substances, 
keratin  and  keratoliyalin.  is  not  as  yet  clearly  understood. 
By  s<inie  the  change  is  believed  to  be  of  the  nature  of  a 
reduction,  and  not  an  oxidation  lu'ocess;  liut  all  theories 
and  explanations  are  as  yet  un.satisfactory, 

Comification  occurs  pathologically  in  a  great  variety 
of  conditions  and  under  many  forms.  A  hyperplasia  of 
the  horny  layer  of  the  entire  body  or  of  smaller  areas  fre- 
quently takes  place  (hyperkeratosis).  This  may  be  the 
result  of  external  influences,  as  mechanical  injury,  infec- 
tion, inflammations,  etc.  (corns,  ictliyotic  warts,  callosi- 
ties, etc.).  or  the  change  may  be  of  intrinsic  origin  due 
lo  .some  congenital  predisjiosition  (ichthyosis).  Disturb- 
ances of  the  normal  processes  of  comification  may  also 
take  place  (iiarakeratosis),  such  as  scaly  or  plate-like 
desquamation  which  may  occur  in  connection  with  in- 
fections or  inflammations  of  the  .skin,  or  rarely  without 
an\-  apjiarent  cause.  In  such  cases  the  formation  of  ker- 
atin and  keratoliyalin  appears  to  be  unchanged.  Path- 
ological cornificatiou  also  occurs  in  parts  of  the  body 
where  under  normal  conditions  the  horny  change  takes 
place  only  to  a  very  slight  extent  or  not  at  all.  The 
epithelium  of  the  skin  glands  may  be  involved  in  the 
hyperkeratosis  of  ichthyosis.  Also  in  the  mucous  mem- 
branes of  the  mouth,  tongue  (hairy  tongue),  larynx, 
trachea,  bronchi,  middle  ear,  mastoid  cells,  pelvis  of  kid- 
ney, ureters,  bladder,  urethra,  vagina,  and  cervix  uteri 
a  pathological  comification  may  occasionally  take  place. 
The  e]uflielium  of  the  vaginal  portion  of  the  cervix  may 
acquire  a  very  thick  homy  layer  in  prolapse  of  the 
uterus,  when  the  cervix  protrudes  beyond  the  external 
genitals. 

In  cholesteatomata,  teratomata,  and  dermoid  cysts 
pathological  comification  mjiy  take  place  on  a  very  large 
scale.  The  so-called  "pearly  bodies"  are  for  the  greater 
part  made  up  of  keratin.  Horny  change  also  occurs  exi 
tensively  in  epitheliomata  of  the  skin  ("  epithelial  pearls  "), 
forming  large  laminated  masses  in  wliich  calcification 
not  infrequently  takes  place.  .Similar  bodies  are  found 
in  cholesteatomata  of  the  brain  and  meninges,  and  homy 
change  has  been  reported  to  occur  very  rarely  in  carcino- 
mata  of  the  internal  organs.  Changes  similar  to  comifi- 
cation have  also  been  observed  in  endotheliomata  of  vari- 
ous organs,  especially  those  primary  in  lymph  glands; 
but  the  chemical  identity  of  these  changes  with  the  cor- 
nificatiou of  epithelial  structures  is  not  settled. 

Aldn'd  Scott  Warthin. 

CORN-SILK.— Zea.  Stifimata  Maidis.  "The  styles 
and  stigmas  of  Zeit  Mdi/sh.  (fam.  Graiiiinaceii')"  (V.  S. 
P  ).  Corn-silk  should  be  collected  soon  after  flowering, 
while  still  green  and  succulent,  and  preparations  are  be- 
lieved to  be  better  when  made  from  it  without  previous 
drying.  The  important  constituent  is  believed  to  be  mui- 
si  /lie  iicid.  which  exists  in  the  proportion  of  about  two 
per  cent,  and  is  soluble  in  both  water  and  alcohol.  There 
arc  also  fixed  oil,  resin,  sugar,  and  gum.  Of  the  pliysio- 
iogical  action  of  corn-silk,  nothing  is  definitely  known 
except  that  it  is  a  direct  stinudant  of  the  renal  .secretion. 
With  this  action,  it  commonly  produces  a  soothing  effect 
when  irritation  of  the  .eenito-urinary  tract  exists.  This 
appears  to  be  due.  at  least  in  great  part,  to  the  cleansing 
effected.     Its  use  is  almost  exactly  like  that  of  Triticum 
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in  cystitis.  Tlie  official  preparation  is  tlie  fluid  extract, 
of  wlilth  the  dose  is  3  to  8  c.c  (fl.  3  i.  to  ij. ).  The  decoc- 
tion or  infusion  is  perhaps  more  frequently  employed. 

Henry  H.  Eusby. 

CORN-SMUT.    See  Ustilago. 

CORNU  CUTANEUM.— Derivation.— Lat.  copnu,  a 
horn. 

Synontms.— Cornu  humanum;  eiitaneous  horn;  horny 
excrescence;  honiy  tumor;  Ger..  Haii thorn,  Honmus- 
wvclis  :  Fr. ,  Corm-  de  ht  peau. 

Defixition. — Cornu  cutaneum  is  a  true  hornj-  excres- 
cence of  the  skin,  varying  in  size  and  shape,  and  resem- 
bling in  its  general  structure  that  of  an  animal. 

SYMPTOjr.\TOLOGT. — Horus  are  of  rare  occurrence,  and 
their  favorite  location  is  upon  the  face  and  scalp,  al- 


Fig.  13;o.— foraua  Cutanea. 

though  they  may  occur  on  an}'  part  of  the  body.  In 
Lebert's  analysis  of  109  cases  they  were  distributed  as 
follows;  hairy  scalp,  "25;  forehead,  11;  temporal  region, 
4;  face  including  eyelids,  19;  upper  extremities,  8;  lower 
extremities,  11;  trunk,  7;  gUtns  penis,  6:  scrotum,  3. 
According  to  Lozes,  of  68  cases  37  were  females  and  31 
males,  and  the  growths  were  situated  as  follows:  head, 
15;    face,   8;    lower  extremities,  18;   trunk,  8;  glans,  3. 


Among  90  cases  of  cornua  cutanea  (Wilson,  Jled.  Chir. 
Trans..  18-t-l,  vol.  xxvii.,  p.  53,  and  "Diseases  of  the 
Skin,"  sixth  edition,  p.  796)44  occurred  in  women  and  39 
in  men;  they  were  located  as  follows:  head,  48;  face,  4; 
nose,  4;  side,  11;  leg  and  foot,  3;  back,  6;  glans,  5; 
trunk,  9.  Although  usually  solitary,  they  may  be  mul- 
tiple and  at  times  quite  numerous.  Their  size  and  shape 
differ,  varying  fromapinhead  to  several  inches  in  length, 
and  in  some  instances  they  have  reached  the  length  of 
twelve  inches;  their  diameter  varies  from  an  eighth  of  an 
inch  to  from  four  to  live  inches.  They  are  solid,  dry, 
rough,  wrinkled,  or  laminated  on  their  surface  and  maybe 
cylindrical,  pointed,  conical,  straight,  or  twisted.  The 
base  exceeds  the  apex  in  breadth,  is  either  concave  or 
flattened,  and  is  situated  immediately  upon  or  in  a  de- 
pression of  the  skin,  which  ma_v  be  normal  or  more  or  less 
inflamed.  Tlieir  color  is  usually  gray,  but  variations 
from  light  yellow  to  dark  j-ellow,  brown,  and  sometimes 
lilack  slutdes,  are  observed.  Although  bearing  a  close 
resemblance  to  animal  horns,  tliey  differ  anatomically 
from  them  in  not  containing  bone.  The}'  grow  slowly, 
as  a  rule,  and  are  usuallj'  painless,  unless  subjected  to 
rough  use  or  irritation  or  are  knocked  off,  wlien  an  ulcer- 
ating base  conies  to  view,  upon  which  a  new  lioi-n  is  apt 
to  be  reproduced.  After  having  attained  a  certain  size 
they  may  grow  loose  and  drop  off. 

Etioi,0(4Y. — We  possess  but  little  definite  knowledge 
of  the  underlying  causes.  Horns  are  usuallj-  observed 
after  middle  life,  although  they  may  occur  in  very  yoimg 
individuals  and  are  more  frequent  in  females  than  in 
males.  They  usually  originate  from  sebaceous  cysts, 
sometimes  from  acuminated  warts,  and  in  some  instances 
fi'om  cicatrices. 

P.vTiioLooY. — Horns  are  to  be  looked  upon  as  acumi- 
nated warts  and  are  due  to  cornification  and  hypertrophy 
of  the  eiiidermic  cells;  they  commence  in  tlie  rete  mu- 
costmi.  The  papilla'  are  h3'pertrophied,  and  the  horn  is 
sittiated  upon  them.  The  base  contains  blood-vessels, 
which  at  times  penetrate  to  some  distance  into  the  sub- 
stance of  the  growth.  Sometimes  the  base  is  situated 
in  a  follicle  of  the  skin. 

Prognosis. — They  rarely  occur  again  after  thorough 
removal ;  occasionally  they  undergo  epitheliomatous  de- 
generation. 

Tre.vtmext. — The  growth  should  be  dissected  out 
with  care  or  torn  or  twisted  off  under  ana'Sthesia,  fol- 
lowed by  thorough  cauterization  of  the  base  with  caustic 
potash,  zinc  chloride,  or  the  curette  or  galvano-cautery 
mavbe  employed.  Complete  removal  of  the  base  is  nec- 
essary, for  if  this  precaution  is  neglected  the  growth 
tends  to  recur.  Early  removal  should  be  insisted  upon 
in  all  cases,  owing  to  the  pos.sibilityof  epithelioma  taking 
place.  Emmanuel  J.  Stout. 

CORONADO  BEACH.     See  Cidifornin,  Southern. 

CORONADO  SPRINGS.— San  Diego  County,  Califor- 
nia. Hotel.  These  springs  are  located  on  and  in  the 
vicinity  of  Coronado  Beach.  They  have  an  elevation  of 
thirty  feet  above  the  ocean  tide,  and  tlow  50,000  gallons 
per  hour.  The  water  is  clear  and  sparkling,  and  piea.sant 
to  the  taste. being  soft,  pure,  and  wholesome.  On  analy- 
sis it  was  found  by  Mr.  C.  Gilbert  Wheeler,  analyst,  to 
contain  the  following  mineral  ingredients; 


O.NE  U-\'iTED  States  Gallon  Coxtaixs: 

Solids.  Grains. 

Sortinm  cliloride 10.17 

Pdtassiiim  chloride 91 

Potassium  sulphate .55 

Maflrnesinm 4.73 

Calcium  carhonate H.49 

Calcium  sulphate 1.33 

Ferrous  sesquioxide Ot 

Silica I.n8 

Organic  matter 99 

Total  solids 26.29 

Gases  not  determined. 
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This  water  is  found  to  compare  favorably  witli  that  of 
the  Bethesda  Spring  at  Waukesha,  Wis.  That  woll- 
kuown  water  contaius  slightly  more  than  tweuty-five 
grains  of  solid  matter  to  the  United  States  gallon,  many 
of  the  constituents  being  the  same  as  those  of  the  Coro- 
nado  waters.  These  waters  are  gently  aperient,  diuretic, 
and  tonic,  and  useful  in  dyspepsia,  ana'niia,  renal  and 
cystic  disorders. 

The  accommodations  at  the  Coronado  Hotel  are  among 
the  linest  in  the  world.  The  Ijuihling  is  a  magnitieeut 
structure,  antl  the  scenery  on  the  beach,  on  the  shore  of 
the  Paeitic  Ocean,  is  never  to  be  forgotten  by  one  fortu- 
nate enough  to  behold  it.    (See also  CdlifurnUi.  Southern.) 

jdines  K.  Crook. 

CORONER. — An  officer  existing  among  English-speak- 
ing natinns,  whose  cliief  duty  is  the  investigation  of 
cases  of  violent,  sudden,  or  suspicious  death. 

The  carh'  history  of  the  coroner's  ollice  is  involved  in 
obscurity.  Its  origin  has  usually  been  attributed  to  the 
Sa.\on  period  of  English  history,  but  some  of  the  ancient 
customs  connecteil  with  it  would  .seem  to  indicate  an 
earlier  origin.  It  is  believed  to  have  existed  as  earlv 
as  the  reign  of  King  Alfred  (.STl-'JOO).  ]5oth  this  oftice 
and  tliat  of  sheriff  are  apparently  as  old  as  the  civil  divi- 
sion known  as  the  coimty.  or  shire.  This  arbitrary  divi- 
sion, peculiar  to  English-speaking  nations,  was  evidently 
of  earlier  date  than  the  kingdom  itself,  the  latter  being 
compo.sed  by  the  aggregation  of  the  former,  which  con- 
stituted petty  kingdoms  in  themselves,  the  counties  being 
made  up  of  subdivisions  (hundreds)  of  still  earlier  oiigin. 

The  name  of  the  ollice  was  derived  <t  curorui,  since  the 
coroner  was  at  tirst  a  royal  officer.  For  many  centuries 
coimty  coroners  have  been  elective  officers.  The  right  of 
the  counties  to  elect  their  own  coroners  is  confirmed  by 
the  Statute  3  Edward  I.,  10.  Municipal  boroughs  also 
elect  their  own  coroners.  Certain  franchises  also  have 
coroners  of  their  own.  within  whose  precincts  the  county 
coroner  cannot  act.  In  such  places  the  coroner  is  ap- 
pointed by  the  lord  of  the  manor,  and  in  one  English 
franchise  the  coroner  holds  office  by  hereditary  right. 
There  are  tifty-tive  franchise  coroners,  and  one  hundred 
and  seventy-fi\'e  coroners  acting  for  counties,  or  pans  of 
counties.  These  are  very  unequall.y  distributed.  5Iid- 
dlesex,  with  about  four  million  inhabitants,  including 
the  jiopulous  part  of  London,  has  five  coroners,  while  the 
small  county  of  Huntingdon,  with  less  than  sixty  thou- 
san<l  iidiabitants,  has  also  five,  and  Dorset,  also  a  small 
county,  has  eleven.' 

Every  freeholder  is  entitled  to  vote  in  the  election  of 
coroner.  No  professional  qualification  is  required  for 
the  office,  the  only  requisite  being  that  the  candidate 
should  possess  a  freehold  interest  in  the  county. 

For  more  than  fifty  years  complaints  with  reference  to 
ignorance,  and  culpable  neglect  in  the  management  of 
the  office,  have  been  so  common  as  to  direct  iiojiular  at- 
tention to  the  neces.sity  of  reform;  and  whili'  no  com- 
prehensive statute  has  been  enacted  with  reference  to 
such  reform  in  England,  the  persistent  efforts  of  promi- 
nent medical  men  have  been  so  far  successful  that  pro- 
fessional men  are  now  usually  elected  to  vacant  offices. 

The  elections  are  often  hotly  contested,  and  as  much 
as  £12.000  is  said  to  have  been  expended  to  secure  an 
election.  By  a  recent  act  it  is  provided  that  the  polls 
shall  not  remain  open  more  than  one  day. 

A  coroner  usually  holds  office  for  life,  but  may  be  re- 
moved by  the  Lord  Chancellor  for  misconduct  or  incom- 
petence. 

The  county  coroner  receives  a  salary.  He  may  ap- 
point a  deputy  to  act  during  his  absence  or  illness. 
This  deput}-  must  be  either  a  barrister,  a  solicitor,  or  a 
physician.  The  coroner  is  e-r-offieiu  a  justice  of  the  peace, 
and  ma}'  therefore  cause  any  one  suspected  of  murder  to 
be  arrested,  even  before  the  ]\ir\  has  found  its  verdict.' 

The  office  is  regulated  by  conmion  law,  and  also  partly 
by  fifty-five  statutes,  beginning  with  127.")  and  ending 
■with  an  act  of  1.S97.  Tlie  Consolidated  Coroner  Act  of 
1887  is  au  important  act,  since  it  embraces  the  amend- 


ments and  modifications  made  in  the  English  Inquest 

Laws  up  to  that  date. 

The  principal  topics  treated  in  this  statute  of  1887  are 
the  iniiuest,  the  liabilities  of  the  coroner,  his  appoint- 
ment, qualifications,  and  fees,  method  of  procedure  at  in- 
quests, medical  witnesses,  and  post-mortems,  payment 
of  fees  and  expenses,  the  coroner  of  the  (Jueen's  liouse- 
hold.  franchise  coroners,  delinitions,  etc.  The  fee  of  a 
medical  witness  for  at  tendance  at  anin<|uest  is  one  guinea, 
and  for  a  i)ost-morlem.  including  such  attendance,  two 
guineas.  The  coroner  makes  an  annual  return  of  his 
cases  to  the  Secretary  of  State." 

FiNCTioNs  oi.'  TiiK  Coito.NEii. — The  (lowers  of  this 
magistrate  were  formerly  much  more  comprehensive  than 
at  present.  In  addition  to  the  duty  of  holding  iniiuest.^ 
upon  the  bodies  of  liersons  found  dead  from  violent,  sud- 
den, susi)icious,  or  unknown  causes,  he  was  also  charged 
with  the  duty  of  inquiries  concerning  incendiary  fires, 
shipwrecks,  treasure  trove  upon  land  and  .sea,  including 
whales  and  sturgeons  cast  upon  the  .shore,  and  deodands. 

Any  personarchattel,  animal,  or  thing,  forfeited  to  the 
King  for  pious  uses,  on  account  of  its  having  cau.sed  the 
death  of  a  luunan  being,  was  termed  a  dcodand  {deo  dan- 
dutii).  Blackstoue  traces  the  custom  back  to  (Jreek  and 
Jewish  laws,  which  re(pured  the  destruction  of  anything 
which  caused  a  man's  death,  the  notion  of  the  liunish- 
ment  of  the  animal  or  thing  being  implied.  Certain  pe- 
culiar distinctions  existed  in  relation  to  deodands.  as,  for 
instance,  between  objects  in  motion  and  others  standing 
still.  If  a  horse  or  other  animal  in  motion  killed  anyone, 
either  infant  or  adult,  or  if  a  cart  ran  over  him,  it  was 
forfeited  as  a  deodaud.  If  death  was  caused  by  falling 
from  a  carl,  or  a  horse  at  rest,  the  law  made  the  chattel 
or  animal  a  dcodand,  if  the  person  killed  were  an  adult, 
but  not  if  he  were  a  child.  If  death  was  caused  by  a 
thing  not  in  motion,  that  jiart  oidy  wliich  was  the  imiiie- 
diate  cause  of  deatli  was  forfeited.  If  one  be  clindjing 
upon  the  wheel  of  a  cart,  and  is  killed  by  falling  off,  the 
wheel  only  was  a  dcodand.  If  the  cart  be  in  motion  and 
run  over  some  one,  the  whole  cart  and  its  burden  also  are 
forfeited.  Similar  distinctions  prevailed  with  reference 
to  vessels  at  anchor  and  under  sail.'- 

The  finding  of  a  jury  was  necessary,  not  only  to  deter- 
mine the  facts,  but  also  the  value  of  the  chattel  which 
was  thus  decided  to  be  a  dcodand.  The  nature  and  value 
of  the  weapon  or  chattel  must  be  distinctly  stated.  This 
singular  custcmi  became  deservedly  unpopular,  and  juries 
interfered  with  the  action  of  so  unjust  a  measure  until 
the  act  of  1S46  (9  and  10  Victoria,  c.  62)  provided  that 
there  should  be  no  forfeiture  of  any  chattel  for,  or  in  re- 
spect of,  the  same  having  caused  the  death  of  a  man; 
and  no  coroner's  jury  sworn  to  inqtiire,  upon  the  sight 
of  any  dead  body,  how  the  deceased  came  to  his  death, 
shall  find  any  forfeiture  of  any  chattel  which  may  have 
moved  to.  or  caused  the  death  of  the  deceased,  "or  any 
deodand  whatever:  and  it  sliall  not  be  necessary,  in  any 
indictment  orinquisition  for  homicide,  to  allege  "the  value 
of  the  instrument  which  caused  the  death  of  the  de- 
ceased, or  to  allege  that  the  same  was  of  no  value. '- 

With  the  numerous  accidents  constantly  occurring  at 
the  present  day,  on  sea  and  on  land,  on  railways,  steam- 
ers, and  other  conveyances,  such  a  law  would  be  iiro- 
ductive  of  great  inconvenience  and  obstruction  to  public 
travel. ■' 

Appeals  of  wounds,  rape,  and  mayhem  were  also  com- 
mitted to  the  coroner.  Many  of  these  functions  have  be- 
come obsolete,  and  with  the  exception  of  his  assumption 
of  the  powers  of  the  sheriff,  in  the  event  of  that  olbcer's 
absence,  or  his  inability  to  act  in  consequence  of  a  crim- 
inal action  against  himself,  the  coroner's  duty  is  mainly 
that  of  inquest  ujion  the  bodies  of  persons  foimd  dead. 
In  England  at  the  present  day  this  duty  is  limited  to 
cases  of  death  by  violence,  deaths  of  persons  in  prison, 
ami  deaths  by  sudden  or  unknown  causes.  It  is  also  cus- 
tomary to  hold  an  inquisition  in  the  case  of  a  suicide  or 
feh'-de-)e. 

The  Xanw  felo-de-se  is  nearly  synonymous  with  suicide. 
It  has,  however,  occasionally  a  more  restricted  significa- 
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tion,  when  applied  to  "any  one  who  commits  an  unlaw- 
ful malicious  act,  the  consequence  of  which  is  his  own 
death,  as  if,  attempting  to  kill  another,  he  runs  upon  his 
antagonist's  .sword,  or  shootingat  another,  the  gun  bursts 
and  kills  himself."  For  many  centuries  it  was  the  cus- 
tom in  England  to  burj-  each  filu-de-se  on  the  highwa\' 
with  a  stake  driven  through  the  body.  This  ignomini- 
ous form  of  burial  was  abolished  in  the  reign  of  George 
IV.,  by  an  act  of  Parliament  wliich  ordered  the  burial  of 
the  body  of  a  fdo-de-Hc  within  twenty-four  hours  after 
inquest,  between  the  hours  of  nine  and  twelve  at  night, 
and  without  the  rites  of  Christian  burial  '■'  (Act  of  4 
George  IV.,  1823). 

An  inquest  must  be  held  with,  or  in  presence  of,  a 
jury  consisting  of  twelve  men.  It  must  also  be  held 
super  visntn  corporis  ;  that  is  to  sa_y,  the  bodj'  must  be 
seen  both  bv  the  coroner  and  by  the  .iury.  The  .iury  is 
sworn  by  the  coroner,  and  is  then  cliarged  to  inquire 
how  the  deceased  came  by  his  death.  "NMtnesses  are  also 
examined  under  oatli,  and  the  coroner  has  power  to  order 
an  autopsy,  and  the  attendance  of  medical  witnesses. 
The  finding  of  the  ,iury  (verdict)  is  I'ecorded  on  parch- 
ment, and  is  attested  by  the  signature  and  seals  of  the 
■jurv  and  of  the  coroner.  If,  on  such  tindiug,  an\'  one  is 
found  guilty  of  murder  or  manslaughter,  the  coroner 
commits  him  to  trial,  and  the  accused  may  be  indicted  on 
the  inquisition  without  any  presentation  before  the  grand 
jury.  Practicall}',  an  independent  inquiry  is  alwaj-s 
iield  before  a  justice  in  tlie  ordinary  way.' 

Other  Modes  of  Inquiry. — Neither  the  coroner  nor 
his  jury  exists  among  the  continental  nations  of  Europe, 
and  the  modes  of  procedure  in  the  case  of  bodies  found 
dead  by  violence  or  unknown  causes,  in  ail  continental 
countries,  and  in  Scotland,  agree  in  the  absence  of  these 
officials. 

In  France  the  investigation  is  conducted  by  two  offi- 
cers, whose  functions  are  entirely  distinct,  a  legal  and  a 
medical  officer.  The  former,  the  proci/rei/r  tie  hi  repnb- 
lifjiic.  an  officer  somewhat  analogous  to  the  district  attor- 
ney, takes  the  initiative  in  each  case,  proceeds  to  view 
the  dead  l)ody,  summons  witnes.ses,  and  takes  the  evi- 
dence. Lil)eral  power  is  granted  to  him,  and  he  can  seize 
articles,  or  papers,  connected  with  any  crime,  restrain 
persons  from  leaving  the  premises,  and  employ  experts 
and  detectives,  as  the  case  may  require.  In  the  latter 
direction  the  French  system  is,  beyond  question,  an  un- 
usually efficient  mode  of  procedure. 

The  other  officer,  the  medical,  is  selected  for  his  supe- 
rior training  and  knowledge,  and  has  charge  of  the  medi- 
cal examination  of  the  body.  Sometimes  two  medical 
offices  are  employed.  The  medical  officer  is  also  still 
further  associated  with  the  subsequent  prosecution  of  sus- 
]iected  parties,  when  the  legal  officer  has  decided  that  a 
crime  has  been  committed.  His  report  nuist  be  signed 
by  a  ]3olice  official  and  submitted  to  a  magistrate.  If  the 
evidence  presented  to  the  magistrate  is  deemed  sufficient, 
an  indictment  is  prepared  for  the  mur  d'appel,  and  a  trial 
may  then  take  place  before  a  jury.^ 

In  Scotland  tlie  process  emjdoved  is  similar  to  that  of 
France.  The  procurator  fiscal,  who  has  the  investigation 
in  charge,  has  for  his  guidance  a  code  of  instructions 
drawn  up  by  the  lord  advocate.  This  code  also  gives 
detailed  directions  to  the  medical  men  who  have  tlie 
charge  of  the  medical  examinations,  two  medical  officers 
being  employed  in  each  case.  Tlie  reports  of  tliese  offi- 
cials are  sent  to  the  office  of  the  crown  agent  at  Edin- 
burgh, and  by  him  are  transmitted  to  the  advocate  depute. 
If  he  decides  that  there  is  suspicion  of  crime,  he  refers 
the  rei)ort  back  to  the  procurator  fiscal  for  further  inves- 
tigation. If  he  is  in  doubt,  he  may  bring  the  case  before 
the  crown  officers.  Beyond  this,  a  criminal  tiial  is  much 
the  same  as  in  England.'' 

In  Germany  there  is  neither  coroner  nor  any  analogous 
officer,  nor  a  jury,  on  the  preliminary  investigation.  A 
judicial  officer  has  charge  of  the  proceedings  (Staatsan- 
walt).  His  powers  are  like  those  fif  a  district  attorney. 
The  police  are  under  his  control  in  all  matters  relating  to 
the  investigation  of  crime.     They  are  also   bound  on 


their  own  part  to  investigate  suspected  crimes,  cases  of 
sudden  or  vicileut  death;  and  no  interment  is  allowed  in 
such  cases  till  after  the  consent  of  the  district  attorney 
or  a  competent  court  is  obtained.  jNIedical  officers  are 
regularly  appointed  to  make  autopsies  and  medical  ex- 
aminations and  report  upim  them.  The  German  code  of 
regulations  as  to  the  modes  of  procedure  in  examinations 
of  bodies,  both  judicial  and  medical,  is  very  explicit.  If 
the  district  attorney  believes  that  a  crime  has  been  com- 
mitted, he  institutes  a  trial,  and  if  the  court  believes  that 
sufficient  reasons  are  presented,  it  orders  a  preliininary 
inquiry  (gerichtliche  Voruntersuchung)  before  a  justice, 
the  result  of  which  is  usuatly  decisive.  (Law  of  October 
1st,  1879.) 

In  Russia  the  law  is  similar  in  its  provisions  to  that  of 
France. 

In  Denmark  the  system  is  also  very  efficient,  a  judi- 
cial ofiicer  being  appointed  who  has  charge  of  all  cases, 
which  he  decides  without  the  intervention  of  a  jury.  He 
refers  all  medical  questions  to  a  medical  officer  who  is 
appointed  for  the  purpose,  and  reports  to  the  judge  the 
result  of  his  examination,  and  autopsy,  if  one  is  made. 
He  also  makes  a  similar  report  to  the  Royal  Bureau  of 
Health.  The  trial  which  follows,  in  case  of  indictment, 
is  first  before  the  county  judge,  from  whom  appeals  may 
be  made  to  higher  courts.* 

United  Status. — The  laws  relating  to  inquests  in  the 
United  States  all  bear  the  marks  of  English  origin,  and 
were  evidently  introduced  by  the  early  settlers,  with 
most  of  the  peculiarities  of  the  English  law,  though 
stripped  of  some  of  the  singular  customs  of  early  times. 
The  coroner,  the  coroner's  jury,  and  the  inquest,  exist  in 
nearly  all  of  the  United  States,  at  the  present  time,  prac- 
tically in  the  English  form.  Massachu.sefts  made  a  rad- 
ical change,  abolishing  the  office  of  coroner,  and  also  the 
jury,  in  1877,  since  which  time  inquests  have  been  con- 
ducted wifli  greater  care  and  economy,  and  to  tin;  entire 
satisfaction  of  the  people  and  of  the  State  (see  Examiner, 
Meilietil). 

Connecticut  and  Rhode  Island  have  also  recently  en- 
acted similar  laws,  of  a  less  radical  nature. 

In  the  other  States  there  are  certain  points  of  differ- 
ence. chicHy  of  minor  imiiortance.  relating  to  the  fune- 
ti(ms  of  the  olfice  of  coroner,  the  mode  of  his  election  or 
appointment,  his  fees,  the  number  of  the  jury,  and  the 
employment  of  medical  officers. 

Some  of  the  singular  provisions  of  fheEnglisli  law  rel- 
ative to  the  vicarious  duties  of  the  coroner  were  intro- 
duced into  the  early  colonial  statute-books,  and  are  still 
retained  in  nearly  every  State  of  the  L'nion.  Instances, 
however,  in  which  the  coroner  officiates  as  a  sheriff  are 
of  rare  occurrence. 

The  chief  function  of  the  coroner  in  all  of  the  United 
States,  as  in  England,  is  the  holding  of  inquests  upon 
the  bodies  of  persons  found  dead,  from  either  violent,  or 
suspicious,  or  unknown  causes;  and  while  there  is  con- 
siderable variability  in  the  definition  of  this  function  by 
the  statutes  of  different  States,  the  intent  or  spirit  of  the 
law  is  evidently  similar  in  all.  In  Massachusetts,  under 
the  old  law,  the  coroner  was  authorized  to  hold  in(|uests 
on  the  bodies  of  such  persons  only  as  were  "supjiosed  to 
have  come  to  their  death  by  violence."  a  special  provision 
requiring  an  inquest  in  every  case  of  death  b}'  railroad 
accident. 

In  California,  and  in  several  other  States,  it  is  specified 
that  inquests  may  be  held  upon  the  body  of  "any  person 
who  has  been  killed,  or  has  comiuitted  suicide,  or  has 
suddeidy  died  under  such  circiuustances  as  to  afford  a 
reasonable  ground  to  suspect  that  the  death  has  been  oc- 
casioned by  the  act  of  another  by  criminal  means." 

In  a  few  States  an  inquest  may  be  held  in  the  case  of 
a  person  who  is  seriously  wounded,  and  in  iiiuninent 
danger  of  death.  In  Indiana,  the  jury  was  abolished  by 
an  act  of  1879.  In  Texas,  the  inquest  is  also  held  with- 
out a  jury. 

In  Alabama,  in  addition  to  the  usual  duties,  it  is  re- 
quired that  the  coroner  shall  be  keeper  of  the  jail  when 
the  sheriff  is  imprisoned,  and  when  the  coroner  is  impris- 
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oni'd  a  special  coroner  may  be  appointed.  He  also  per- 
forms tlie  duty  of  sheritl  when  required,  as  provided 
under  I  lie  Kii.ylisli  law. 

In  KintueUy  iii(|\u-sts  may  be  held  in  cases  of  house- 
breaking. In  several  of  the  Southern  Stntcs  the  coroner 
is  a  conservator  of  tlie  jieaee,  and  is  required  to  suppress 
rinisand  dislurhances.  and  may  apprclicnd  and  commit 
fclinis  and  traitors.  In  Jlississiiipi  the  eofoner  is  also 
the  cnunty  ranj^er,  and  performs  the  duties  of  that  otliee, 
<lt  is  the  duty  of  the  county  ranirer  to  take  charge  of 
stray  hor.ses,  nudes,  jacks,  cattle,  sheep,  or  hogs.) 

The  modes  of  election  in  the  different  States  are  quite 
«liverse.  In  AlaV)ama,  Arkansas,  Colorado,  Georgia, 
Idaho,  Iowa.  Kansas,  Kentucky,  Louisiana,  Michigan, 
]\Iinnesota,  Nebraska,  Nevada,  New  Jersey,  New  York, 
North  Carolina.  Ohio,  Oklahoma.  Pennsylvania.  South 
<'arolina.  South  Dakota,  Washington,  Wisc(uisin,  and 
Wyiuuing,  tlie  comner  is  elected  by  the  inhaliitants  of 
the  county.  In  Tenncss.'e  he  is  appointed  by  the  county 
court.  In  Virginia  acounty  court  appoints  acoroner  for 
two  years,  and  can  appoint  more  if  necessary.  In  Illi- 
nois. Indiana.  Maine,  and  New  Hampshire  the  governor 
sippoints  the  coroner.  In  Texas.  Vermont,  and  Utah,  the 
oltice  of  coroner  is  unknown,  a  justice  of  peace  acting  in 
Jill  cases  in  which  the  presence  of  such  an  official  is  re- 
•juired.^''  ' 

The  fees  of  coroners  are  also  varied.  In  New  Hamii- 
shiie  the  fee  for  holding  an  inquest  is  SI. ,50.  In  some 
States  it  is  $.5.  in  others  §10.  The  fees  for  recording,  for 
nileagc,  and  other  items  also  present  a  wide  range  of 
variation.  In  some  States,  by  recent  statutes,  stenog- 
Tiiphers  may  be  employed  at  inquests,  payable  either 
by  a  monthly  salary  as  in  Kentucky,  or  by  stipuUited 
fees  for  work  performed. 

In  some  States  physicians  arc  regularly  appointed  to 
perform  the  necessary  e.vaminations  for  coroners.  In 
others  the  coroner  selects  any  jdiysician  whom  he  may 
choose  for  each  case  requiring  such  assistance.  The 
compensation  of  physicians  thus  employed  ranges  from 
§()  in  Minnesota,  to  .$.50  in  other  States,  for  an  autopsy, 
and  ijilUO  in  Mississippi,  in  cases  where  the  body  is  ex- 
humed.* In  Missouri  the  fee  for  a  post-iuortem  is  .SIO, 
but  if  the  coroner  makes  it  himself  it  is  §25.  In  New 
Jersey  the  coroner  may  provide  grave-clothes  to  the 
amount  of  .§1  each  for  nude  bodies. 

In  several  cities  of  the  United  States,  the  coroner  is  a 
salaried  otlicer,  such  being  the  case  in  New  York,  Phila- 
tielphia,  Detroit,  St.  Louis.  Cincinnati,  Cleveland,  Wash- 
ington, Charleston,  Wilmington  (Del.),  and  other  cities, 
a  plan  which  has  obvious  advantages. 

The  reiiuisite  number  of  jurors  is  usually  either  six  or 
twelve.  In  New  Hampshire  it  is  limited  to  three,  in 
Louisiana  live,  and  seven  in  Tennessee.  In  several  States 
it  is  required  that  a  larger  number  of  jurors  be  summoned 
than  is  needed  to  be  sworn  for  the  inquest,  the  number 
tluis  summoned  ranging  from  nine  to  twenty-three. 

The  amount  of  tlie  bond  required  of  a  coroner  varies 
from  as  low  as  Si.jO  in  Colorado  to  S50.000  in  the  larger 
citii'S  of  Ohio. 

The  jury  is  usually  selected  from  the  inhabitants  of 
the  town  or  county.  In  Iowa,  North  and  South  Dakota, 
from  the  "electors."  In  Kentucky  they  must  be  "house- 
keepers.'' In  Utah  they  must  be  "qualified  residents." 
In  Washington  a  jurist  must  be  a  "male  inhabitant" 
over  twenty-one  years  old.  and  of  scmnd  mind.  In  West 
"Virginia  he  must  be  a  "suitable  resident." 

In  Washington  a  jury  is  thus  detined:  "A  jury  of  in- 
quest is  a  body  of  men.  six  in  numlier,  summoned  from 
the  (|ualitird  inhabitants  of  a  particular  district,  before 
the  coroner,  or  other  ministerial  officer,  to  inquire  of  par- 
ticular facts." 

In  Wisconsin  the  coroner  is  ei-officio  a  deputy  fish  and 
jrame  warden,  and  must  assist  the  Stjife  warden  upon 
<iue  notice.  He  must  resign  to  the  sheriff,  who  trans- 
mits his  resignation  to  the  governor.  The  coroner  must 
also  make  complaint  as  to  violation  of  statutes  relative  to 
sale  of  liquor  to  Indians. 

In  Colorado  the  coroner  may  be  tried  for  bribery  and 


for  assault.  He  cannot  practice  as  an  attorney.  He 
must  investigate  mining  accidents.  He  must  seize  gam- 
liling  inplcnicnts,  take  snares,  traps,  nets,  etc.,  and  is  lia- 
ble to  many  penalties.'' 

(See  also  Cadaver,  Legal /status  of ,  and  Kximiiner.  Med- 
ical.) Simiid  \V.  Abbott. 

'  rtmlmeiN.  M.D.:  Ix)cal  (fovernmcnt,  I/indim,  1883. 

'  Kiicyi'liipiMllu  llrluiniiira,  ninth  i-illtlun,  vuls.  vl.,  vll.,  and  Ix.  .\n\- 
eles  CiiriiniT.  DciKiuml.  unit  KiMu-ili-..si\ 

»  lii'll.  (lurk:  liullflln  of  tli,.  Mivllcii-Li'dnl  .Siii-letv  ot  New  York, 
Jiinuiiry,  Issl.    .Vrt.,  tlic  ri>rnn.T'.s  iMlli'c. 

•  Miicliit'iin.  Dr.uu'la.s,  M.t)..  K.ll.s.K.:  Forensli-  Mi'dli'lnc  from  a 
Scotlisli  I'.iint  of  Vl.nv,  Edlnliurirli,  IsTi). 

'  I ,  ,lolin  li..  M.I).:  Iliindl k  fur  CdnincTs.  IMiiladi-lplila,  Issl. 

"The  Ciironers  .\ct,  1SS7,  M  mid  .')!  Victoria,  ( liaii.  71,  Knglisb 
Stntiiti-s. 

'  Recent  statutes  of  tbe  different  StJites  of  the  Union  (l»9(l-98). 

CORONILLA. — A  genus  (fam.  Ler/nminona')  of  some 
twenty  sjieeies,  of  Europe,  Northern  Afn'ea,  and  Western 
Asia,  some  cultivated  for  ornament.  Several  of  thi'se, 
notably  C  natrpioidtn  ('SU'd'u-}  Koch,  act  powerfully  ujion 
the  heart,  stimulating  it  and,  ajijiarently  through  in- 
creased blood  pressure,  producing  marked  diuresis. 
These  properties  reside  in  the  glucoside  CurniiiUin 
(CtH.sOs),  a  yellowish  powder,  soluble  in  both  water  and 
alcohol.  It  possesses  the  same  jiropcrties  as  the  drug, 
which  are  almost  identical  with  those  (if  digitelis,  and  if 
is  indicated  and  contraindicated  like  that  drug.  Coro- 
iiillin  has  been  given  m  do.sesof  0.1  to  0.1.")  gm.  (gr.  iss.  to 
iij.)  live  or  six  times  in  the  twenty-four  hours. 

Ik  III)/  II.  Itn.^hy. 

CORPORA  AMYLACEA.— These  bodies  are  small, 
round,  homogeneous,  or  ecincentrically  stratilied  concre- 
tions occurring  most  fre(juently  in  the  prostate,  nervous 
system,  and  lung.  Their  concentric  stratification  rcsem- 
lilcs  very  much  that  of  starch  grains,  and  this  with  the 
fact  that  with  iodine,  or  with  iodine  and  sulphuric  acid, 
they  frequently  take  on  the  characteristic  blue  color  has 
led  to  their  name  and  to  their  being  classed  with  amyloid. 
It  is,  however,  evident  that  they  have  an  entirely  differ- 
ent significance  from  that  of  the  progressive  aiuyloid 
change  beginning  in  the  walls  of  blood-vessels,  and  they 
should  be  regarded  as  being  of  different  pathological 
origin  and  nature. 

While  these  bodies  frequently  assume  with  iodine  and 
sulphuric  acid  colors  varying  from  blue,  brownish  red, 
and  green  to  yellow,  it  is  stated  that  they  but  rarely  give 
the  amyloid  reactions  with  the  aniline  dyes,  and  then  only 
to  a  slight  degree,  usually  in  the  central  poi'tion  of  the 
concretion.  The  writer  has  been  unable  to  obtain  any 
reaction  from  these  bodies  with  the  aniline  dyes  which 
he  regarded  as  characteristic  of  amyloid,  and  it  is  his 
opinion  that  they  should  be  classed  with  the  colloid  or 
colloid-like  bodies  rather  than  with  amyloid.  In  the  ma- 
jority of  eases  these  concretions  react  to  stains  in  a  man- 
ner siiuilar  to  that  of  coHoid.  With  Wcigcrt's  tibriu 
stain  they  take  a  deep  violet  color.  They  are  essentially 
a  local  product  dependent  upon  local  conditions,  and  are 
for  the  greater  part  derived  from  epithelial  cells  and  rep- 
resent a  transformed  gland  .secretion.  In  this  respect 
their  origin  is  the  same  as  that  of  c]iitlielial  collnid.  In 
the  nervous  system  they  arise  from  degeneration  of  either 
the  neuroglia" cells  or  the  axis  cylinders,  and  the  chemical 
nature  of  the  concretions  found  in  the  brain  and  spinal 
cord  must  be  different  from  that  of  those  formed  in  the 
prostate  and  lungs.  This  is  further  shown  by  difference 
in  appearances,  staining  reaction,  etc.,  exhibited  by  the 
concretions  found  in  these  different  regions. 

In  the  prostate  the  bodies  lie  in  the  luminaof  the  gland 
spaces.  They  vary  in  size  from  a  leucocyte  to  large  con- 
cretions visible  to  the  naked  eye.  They  may  be  so  nu- 
merous as  to  give  the  cut  surface  of  the  organ  a  brown, 
granular  appearance.  The  free  concretions  may  be  ob- 
tained for  examination  by  scrapings  taken  from  the  cut 
surface  of  the  organ  and  examined  upon  the  slide.  Press- 
ure upon  the  cover  glass  produces  numerous  radiating 
tissures  in  the  firm  bodies.  In  unstained  sections  these 
concretions  may  appear  colorless,  brown,  dark  brown. 
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or  yellow,  and  the  strialions  may  show  more  or  less 
distinctly.  In  sections  from  hardened  material  the  ma- 
jorit.v  of  the  bodies  are  torn  out  by  the  microtome  knife, 
or  drop  out  in  the  handling  of  the  section.  Their  con- 
sistence becomes  very  flmi,  especially  in  material  em- 
beilded  in  paraffin,  so  that  they  not  infrequently  turn  the 
edges  of  the  knife.  In  this  respect  they  resemble  the 
colloid  of  the  thyroid.  In  stained  preparations  the  con- 
cretions may  show  a  great  variety  of  forms  and  colors. 
The  gland  spaces  may  be  filled  with  large  and  small  bod- 
ies ;  or  concretions  of  different  size,  shape,  and  color  may 
be  conglomerated  together  by  a  lighter  liyaline  substance. 
The  darker  prostatic  concretions  show  most  frequently  a 
concentric  or  radiating  striation.  The  central  portion  of 
the  body  may  consist  of  a  hyaline  nucleus,  or  the  periph- 
ery may  be  light-colored  and  hyaline.  Frequently  the 
peripheral  zone  of  the  concretion  is  darker  and  firmer  in 
consistence  than  the  central  portion.  The  larger  con- 
cretions may  show  alternating  zones  of  light  and  dark 
colors,  or  nia}'  be  made  up  of  conglomerated  granules  of 
different  shades  of  color.  Deposits  of  lime  salts  and  blood 
pigment  are  not  infrequently  found  in  the  older  brown 
fjodics.  As  a  ruie,  the  number  of  the  prostatic  concre- 
tions is  git'atest  it.  old  age,  but  they  also  occur  in  the 
prostates  of  newl^-  born  infants.  Moreover,  they  are  not 
a  constant  accompaniment  of  senility,  and  their  exact 
physiological  or  ]>athological  significance  is  as  yet  un- 
known. They  must  be  regarded  as  the  product  of  degen- 
erated epithelium  or  transformed  prostatic  secretion. 

The  corpora  amylacea  of  the  nervous  system  are  found 
most  abundantly  in  the  epeudyraa  of  the  ventricles,  in 
sclerotic  areas  of  the  brain  aud  cord,  and  in  atrophic 
nerves.  They  are  especially  common  in  the  areas  of  de- 
generation iu  tabes  dorsalis,  and  are  also  of  frequent  oc- 
currence in  the  senile  atrophy  of  nervous  structures. 
They  differ  in  many  respects  from  the  concretions  of  the 
prostate  and  lung,  being,  as  a  rule,  much  smaller  than 
the  latter,  though  many  times  larger  than  the  nuclei  of 
the  neuroglia  cells.  They  are  usually  homogeneous,  and 
only  rarely  show  faint  striations.  They  are  roiiud  or 
o\al  in  fcirm.  i)0ssess  no  definite  nucleus,  and  are  sharply 
outlined  peripherally.  They  stain  very  deeply  with 
ha>mato.\ylin,  and  for  this  reason  have  been  thought  to 
be  formed  from  degeneration  products  of  the  nuclei  of 
the  gHa  cells.  By  some  writers  they  are  regarded  as 
myelin  jiroducts  arising  from  the  degeneration  of  nerve 
fibres.  Others  consider  them  to  be  derived  from  changed 
albuminous  constituent,s  arising  from  the  cells. 

Corpora  amylacea  are  found  in  the  lungs  under  many 
varying  conditions:  iu  acuti"  aud  chronic  pneumonias, 
in  emphysema,  in  hemoiThagic  infarction,  iu  the  neighbor- 
hood of  tumor  nodules,  in  tuberculous  areas,  and  in  the 
alveoli  near  the  inflamed  pleiu-a.  The  writer  has  also  ob- 
served them  in  lungs  showing  no  pathological  changes. 
In  pneumonia  they  are  frequently  fovuid  embedded  in 
masses  of  cellular  and  fibrinous  exudate.  The_v  appear 
as  round  or  oval  homogeneous  bodies,  the  larger  ones  fre- 
quently showing  striation.  In  the  central  portion  of  the 
body  degenerated  cells,  particles  of  carbon,  blood  pig- 
ment, etc..  are  often  found,  forming  a  nucleus  around 
which  the  deposit  of  the  concretion  has  taken  place, 
through  the  precipitaticra  of  albuminous  exudate  or  the 
accumulation  of  the  products  of  degeneration  of  epithe- 
lial cells.  In  so  far  as  the  writer's  experience  !,oes,  the 
corpora  amylacea  of  the  lung  never  give  an  amyloid  reac- 
tion with  the  aniline  dyes.  With  other  stains  they  react 
similarly  to  the  concretions  of  the  prostate. 

Corpora  amylacea  have  also  been  observed  iu  carcino- 
mata,  in  inflammatory  areas,  in  old  extravasations,  and  in 
the  glands  about  the  beginning  of  the  urethra  in  the  fe- 
male. The  writer  has  also  seen  them  in  tumors  of  the 
parotid  and  mammary  glands,  in  cysts  of  the  ovary  and 
kidneys,  in  the  seminal  vesicles,  vas  deferens,  and  epididy- 
mis, and  in  the  small  closed  gland  spaces  near  the  prostate 
which  are  probably  vestiges  of  the  ducts  of  ^Miiller.  In  all 
of  these  cases  the  origin  of  the  concretions  is  apparently  the 
same;  the  bodies  represent  transformed  albuminous  con- 
stituents of  epithelial  secretions.     Aldrtd  ixott  Warlhin. 


CORYZA.     See  Saml  Cavities,  etc. 

COSAPRIN.  — C.H4,NHCO,CH,,S03Na.  This  is  a 
whitish,  crystalline  mass  or  fine  powder  obtained  by  acting 
upon  sodium  sulphanilate  with  acetic  anhydride.  Its  taste 
is  slightly  salty:  it  is  freely  soluble  in  water,  slightly  so 
in  alcohul.  and  almost  insoluble  in  ether.  Its  solutions 
have  a  weak  alkaline  reaction,  and  it  is  decomposed  by 
heating  with  acids.  Vamossy  aud  Feuyvessy  find  that 
it  is  strongly  antipyretic  like  phenacetin.  but  its  action  is 
more  jirompt  and  less  lasting.  W.  A.  Bastedo. 

COTO.^The  bark  of  an  unknown  Bolivian  tree  of  the 
family  lAitn-dfeir.  The  writer  of  this  article  is  probably 
the  only  botanist  who  has  seen  a  botanical  specinieu  from 
this  tree.  It  was  furnished  him  iu  La  Paz.  coming  from 
the  Indians  of  the  lower  La  Paz  River  region,  and  con- 
sisted of  a  twig  with  several  thick,  coriaceous,  lance- 
oblong  leaves  nearly  a  foot  in  length,  aud  a  fruit  like  a 
large  acorn.  It  was  evidently  a  species  of  Nectandiu 
or  of  a  closely  allied  genus.  The  specimen  was  for- 
warded but  disappeared  in  transit. 

The  bark  fii-st  appeared  in  market  confounded  with 
cinchona,  but  later  with  individual  claims.  It  occurs  in 
good-sized  flattish  pieces,  four  to  twentv  inches  long  by 
five  to  ten  iu  width  and  one  to  two  or  three  in  thickness. 
It  is  of  a  dee))  red-brown  color  throughout,  often  with  a 
violet  or  purple  tinge  to  the  brown.  If,  as  is  usual,  the 
entire  thickness  is  present,  the  outer  surface  is  grayish, 
aud  little  furrowed  aud  fissured..  The  inner  surface  is 
very  roughly  striated  or  splintered,  like  the  cuds.  The 
outer  third  "is  cellular,  the  remainder  a  mass  of  splintery 
bast  tissue.  The  bark  is  very  hard  and  heavy.  It  has  a 
camphoraceous,  aromatic  odor,  aud  two  distinct  elements 
are  recognizable  in  the  taste.  It  is  immediately  pungent, 
and  very  quickly  peppery-biting  in  addition  (see  Coto, 
Para). 

Its  volatile  oil.  resin,  and  piperoiiylicacid  (C6H3[02CH2] 
COOII)  are  all  active,  but  the  r<rfo/«  (d^HifOs),  which 
occurs  as  a  yellow,  crystalline  powder,  soluble  in  alcohol 
and  slightly  iu  water,  is  regarded  as  the  important  con- 
stituent and  has  been  used  alone.     Tannin  is  not  present. 

In  its  own  home,  Coto  possesses  the  highest  reputation 
as  a  remedy,  not  only  for  diarrbQ?a.  but  for  dysentery, 
which  is  there  one  of  the  commonest  and  most  fatal  of 
diseases.  It  is  an  excellent  stomachic  and  a  very  power- 
ful intestinal  stimulant,  especially  to  the  sym|)atlietic 
.system  and  to  the  functions  of  absorption,  at  the  Siime 
time  exerting  a  disinfectant  action.  It  is  of  great  value 
in  controlling  intestinal  discharges.  The  fluid  extract  is 
the  best  preparation,  the  dose  beingO.S  to  l.oc.c.  (ni  v.  to 
XX.).  The  powdered  bark  is  very  effective  in  equivalent 
doses.  Cotoin  is  given  in  doses  of  0,03  to  0,2  gm,  (gr. 
ss.  toiij,).  Henry  H.  liusby. 

COTO,  PARA,  or  P.\r.\  Coto,  is  the  bark  of  a  tree  ap- 
parently very  closely  related  to  the  last  and  comes  from 
the  same  locality.  The  bark  is  very  similar  in  a]i])ear- 
ance,  but  is  commonly  a  half  thicker  and  iu  larger  pieces, 
their  curvature  greater.  It  is  more  commonly  deprived 
of  the  outer  bark.  'When  this  is  present  it  is  rougher 
and  browner.  The  best  distinction  is  in  the  taste,  which 
has  a  similar  prompt  pungency,  but  lacks  the  secondary 
peppery -biting  element.  It  contains,  in  addition  to  the 
constituents  of  the  last  other  than  cotoin,  paramtoin 
(CisHriOj,  which  is  yellow,  crystalline,  soluble  in  both 
water  and  alcohol,  and  acts  similarlj-,  but  two  or  three 
times  weaker;  also  prt>toi-/)toin  (CidHnOe),  yellow  and 
crvstalline.  soluble  in  alcohol. 

Yhis  bark  acts  similarly  to  the  last,  but  is  much  weaker. 
It  is  also  much  cheaper,  and  is  very  generally  supijlied 
iu  the  United  States  when  coto  is  called  for. 

Henry  H.  Riisby. 

COTTON. — The  plant  G«mypirim  ?ie)imce>im  L.  and 
other  species  of  Gossypivm  (fain.  Mahncea).  It  yields  to 
the  materia  medica,  besides  various  fabrics  of  use  in  sur- 
gery, the  following  articles,  which  will  be  considered  iii 
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Fig.  1521.— Coiton  B«ll.  one-baK  natural 
size.    (BailloD.i 


ORier:  cotton-root  bark,  cottonseed  oil,  absorbent  cotton, 
pyroxylin,  collodion. 

TIjc  specitic  identity  and  nativity  of  the  different  cot- 
ton plants  are  still  subjects  of  controversy.  Apparently 
some  are  of  Asiatic,  others  of  tropical  American  origin. 

As  they  agree  in 
their  properties, 
these  questions  are 
not  here  of  prsictical 
importance.  The 
plants  are  either 
herbs  or  shrubs,  some 
reaching  the  dimen- 
sions cif  small  trees, 
tliough  the  tret  cot- 
t'liis  proper  of  tropi- 
cal America  do  not 
belong  to  this  group 
at  all.  The  cottons 
have  alternate,  stipu- 
late, coai-sely  toothed 
or  lobed  leaves,  and 
hau<isonie  large  hol- 
lyhock-like ilowers, 
wJiite  or  yellow  or 
changing  with  age  to 
rose  color.  The  fruit  ("boll")  is  a  large,  ovoid  capsule, 
bui-sting  at  luaturity  into  three  or  four  lobes.  The  seeds 
are  numerous,  white,  dark  brown,  or  black,  and  com- 
pletely concealed  in  thi>  cotton-tilire,  which  consists  of 
long  white  or  tawuy  hairs  developed  from  the  seed  coat. 
The  plant  abounds  in  mucilage,  and  its  herbage  and 
flowers  have  some  domestic  use  for  i)Oidtices,  and  the 
juice.  a.s  well  as  a  decoction  of  its  leaves,  internally,  as 
a  demulcent. 

C<iTTON-RooT  B.\i!K.  GossYPn  Radicis  Cortex. — 
"The  bark  of  the  root  of  (roxxi/piinii  htrlmccum  L.  and 
of  other  s])ecies  of  Gos.sypium"  (U.  S.  P.).  There  are 
few  official  drugs  so  much  in  need  of  ])harmacological 
study  as  this.  There  is  the  widest  variation  in  the  ac- 
tivity of  different  s;imples.  apparently  genuine,  but  of 
the  causes  of  this  variation  we  are  ignorant.  It  has  been 
claimed  that  the  bark  slioidd  be  extracted  in  the  recent 
slate,  also  that  the  bark  of  the  stem  is  freijuently  fur- 
nished instead  of  that  of  the  root.  It  is  by  no  means 
impossible  that  the  age  of  the  plant  when  the  bark  is  col- 
lected, or  its  previous  destruction  by  frost,  affects  its 
quality.  Finally,  it  would  seem  that  the  bark  of  the 
shrubby  tropical  forms  might  be  more  active  than  that 
of  our  aimual  plant.  The  bark  is  thus  described  In  the 
Pharmacopa'ia : 

"In  thin,  flexilde  bands  or  quilled  pieces:  outer  sur- 
face brownish  yellow,  with  slight,  longitudinal  ridges  or 
meshes,  small,  tilaek,  circular  dots,  or  short,  transverse 
lines,  and  dull,  browinsh-orange  patches,  from  the  abra- 
sion of  the  thin  cork:  inner  surface  whitish,  of  a  silky 
lustre,  finely  striate :  bast  Jibres  long,  tough,  and  separ- 
able into  papery  layers:  inodorous;  taste  very  slightly 
acriil  and  faintly  astringent." 

The  diug  contains  fat.  resin,  red  coloring  matter,  and 
a  small  amount  of  tannin. 

Our  first  knowledge  of  its  properties  came  from  its  use 
among  the  negroes  of  the  Southern  United  States  for  the 
production  of  criminal  abortion.  Speculation  as  to  the 
source  of  their  knowledge,  and  of  its  introduction  from 
Africa,  raises  imjiortant  questions  as  to  what  species  may 
have  been  there  employed.  Our  slight  knowledge  of  the 
drug's  action  is  entirely  clinical,  and  most  of  the  testi- 
mony is  against  its  activity,  yet  there  is  sufficient  evi- 
dence that  in  some  form  it  has  been  active  as  an  abortifa- 
cient.  parturifacient,  and  emmenagogue,  acting  much  like 
ergot.  The  fluid  extract  is  official,  and  the  dose  is  2  to 
8  e.c.  (  3  ss.  to  ij  ). 

Cotton-Seed  Oh..  Oi-ECTtf  Gosstpii  Semisis.— "A 
fixed  oil  expressed  from  the  seeds  of  Gossypium  herha- 
ceuni  L.  and  of  other  species  of  Go^st/pium.  and  subse- 
quently purified  "  (U.  S.  P.).  The  seedsare  decorticated 
and  lightly  cooked  before  expression.     The  cake  which 


remains  is  a  most  valuable  fodder.  The  crude  oil  is 
largely  used  in  the  mechanical  arts  and  for  soap-making; 
but  for  domestic  and  pharmaceutical  purpos<-s  it  is  puri- 
fied by  decanlation  after  standing,  boiling  with  water, 
and  treatment  with  a  weak  alkali.  The  official  oil  is 
thus  describe<l: 

"  A  pale  yellow,  oily  liquid,  without  odor,  and  having 
a  bland,  nut-like  taste. 

"Specific  gravity.  (t.920  to  0.030  at  15°  C.  (JS    P.). 

"Very  sparingly  soluble  in  alcohol,  but  readily  soluble 
in  ether,  cldoroform.  or  carbon  disulphide. 

"(hi  cooling  the  oil  to  a  temperature  below  12°  C.  (.'iS.e" 
P.).  particles  of  .soliil  fat  will  .separate.  At  about  (J "  to 
—5    C.  (32-  to  23'  F).,  the  oil  solidifies. 

"When  tlie  oil  is  brought  in  contact  with  concentrated 
sidphuric  acitl,  a  dark  reddish-brown  color  is  instantly- 
produced. 

"  If  6  gm.  of  the  oil  be  thoroughly  shaken,  in  a  test 
tube,  for  about  two  minutes,  with  a  mixture  of  1..5  gm. 
of  nitric  acid  and  0.5  gm.  of  water,  then  heated  in  a  bath 
of  boiling  water  for  not  more  than  fifteen  minutes,  the 
oil  will  assume  an  orange  or  reddish-brown  color,  and, 
after  standing  for  twehe  hours  at  the  ordinary  tempera- 
ture, will  form  a  semi-solid  mass. 

"If  5  e.c.  of  the  oil  be  thoroughly  shaken,  in  a  test 
tube,  with  5  e.c.  of  an  alcoholic  solution  of  silver  nitrate 
(made  by  dissolving  0.1  gm.  of  silver  nitrate  in  10  e.c.  of 
deodoiized  alcohol  and  adding  2 drops  of  nitric  acid),  and 
the  mixture  heated  for  about  five  minutes  in  a  water 
bath,  the  oil  will  assume  a  red  or  reddish-brown  color." 

Cotton-seed  oil  consists  of  olein  and  palmatin.  It  is 
quite  devoid  of  medicinal  properties.  If  thoroughly 
purified,  it  is  an  excellent  and  delicious  article  of  food, 
scarcely  distinguishable  by  the  average  palate  from  olive 
oil,  for  the  adulteration  and  substitution  of  which  it  is 
very  largely  employed.  It  in  turn  is  adulterated  with 
maize  oil.  It  is  also  very  largely  used  for  the  adultera- 
tion of  lard.  In  the  pharmacy  it  has  many  uses  in  taking 
the  place  of  other  more  expensive  and  not  superior  oils. 

COTTOX,  AbsOEBEXT.     Pl-HrFrED  COTTOX.     GOSSYI'irM 

PrRiFic.\TL-M. — "The  hairs  of  the  seeds  of  Gosnifpmm 
herbaeeinii  L.  and  of  other  species  of  Gmsypiwm.  freed 
from  impurities  and  deprived  of  fatty  matter"  (U.  S.  P.). 
The  cotton  fibre  is  separated  from  the  seeds,  to  which  it 
is  firmly  adherent,  by  means  of  machines  called  gins, 
which,  either  by  a  series  of  circular  saws  revolving  be- 
tween the  teeili  of  a  comb-like  guard  or  by  cylinders 
■which  catch  the  cotton  bern-ecn  them,  pull  or  tear  it 
away  from  them.  It  is  then  compressed  in  large  bales 
and  so  exported.  It  consists  entirely  of  longT  thick- 
walled,  collapsed,  and  spirally  twisted  tubes  of  glistening 
clearness,  and  high  refractory  power  as  seen  under  the 
microscope.  It  is  nearly  pure 
cellulose,  with  one  or  two  per 
cent,  of  mineral  matter,  and 
has  also  a  small  amount  of 
oily  and  resinous  substances 
upon  its  surface — enough  to 
make  it  repellent  to  water. 
For  medical  and  surgical  uses 
it  is  now  beautifully  purified 
from  most  of  these  impuri- 
ties, and  consists  of  more  than 
ninetv  nine  per  cent,  of  pure 
cellulose.  C,H,„Os.  The  offi- 
cial purified  cotton  is  thus 
characterized: 

"  White,  soft,  fine  filaments, 
appearing  under  tlie  micro- 
scope as  hollow,  flattened,  and  twisted  bands,  spirally 
striate,  and  slightly  thickened  at  the  edges:  inodorous 
and  tasteless;  insoluble  in  ordinary  .solvents,  but  soluble 
in  copper  ammonium  sulphate  solution. 

"Purified  cotton  should  be  perfectly  free  from  all  visi- 
ble impuiities.  and,  on  combustion,  should  not  leave  more 
than  0.8  per  cent,  of  ash. 

"When  purified  cotton,  previously  compressed  in  the 
hand,  is  thus  thrown  on  the  surface  of  cold  water,  it 
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should  readily  absorb  the  latter  and  sink,  and  the  water 
should  not  acquire  either  an  acid  or  an  alkaline  reaction 
(evidence  of  proper  purification)." 

Purified  cotton  is  dail.y  employed  by  the  apothecary  as  a 
rapid  filter  or  strainer  for  turbid  solutions;  it  is  also  em- 
ployed in  the  laboratory  of  the  bacteriologist  as  a  stopper 
for  the  tubes  in  which  his  "cultures"  are  made:  but  for 
this  purpose  it  has  to  be  specially  "sterilized"  by  heat  or 
other  means.  It  is  also  used  in  the  preparation  of  the 
aromatic  "  Ar/nie"  to  distribute  the  essential  oils  over,  in 
order  to  insure  their  most  complete  solution.  It  is  also 
very  extensively  tised,  either  with  or  without  medication, 
as  a  surgical  dressing.  Dried  from  a  solution  of  boric 
acid,  1  to  lUO;  corrosive  sublimate.  1  to  l.OOtI;  or  carbolic 
acid,  1  to  20;  or  impregnated  with  powdered  iodoform, 
it  can  be  rendered  antiseptic;  liut  such  preparations  need 
to  be  recently"  made,  especially  that  with  the  carbolic  acid. 
Exposure  to  a  heat  of  something  more  than  100'  C.  (212' 
F.).  for  say  half  an  hour,  renders  it  practically  aseptic, 
and  in  this  condition  it  is  very  largel}'  used  as  a  dressing 
In  antiseptic  surgery.  Xearly  all  surgical  bandages,  com- 
presses, and  gauze  materials  in  this  country  are  made 
from  cotton. 

The  only  preparation  of  purified  cotton  is  the  follow- 
ing, with  its  preparation,  collodion; 

Cotton.  Gux.  or  Gux  Cotton;  Soi,r3i.E  Grx 
Cotton  ;  Pyroxyltnim  ;  Pyroxylin  ;  Colloxylin  ;  Dixi- 
tro-Cellulose  (U.  S.  P.).  The  following  is  the  official 
formula  and  method  of  preparation : 

I^  Purified  cotton 100  gm. 

Nitric  acid 1.400  c.c. 

Sulphuric  acid 2,200    " 

Alcohol, 

Ether, 

Water aa  q.s. 

Jlix  the  acids  gradually  in  a  glass  or  porcelain  vessel, 
and,  wiien  the  temperature  of  the  mixture  has  fallen  to 
32°  C.  (90'  F.).  adfl  the  purified  cotton.  By  means  of  a 
glass  rod  imbue  it  thoroughly  with  the  acids,  and  allow 
it  to  macerate,  until  a  Sjimple  of  it.  taken  out,  thoroughly 
washed  with  a  large  quantity  of  water  and  subsequently 
■with  alcohol,  and  pressed,  is  found  to  be  soluble  in  a 
mixture  of  one  (1)  rolume  of  alcohol  and  tliree  (3)  rohimes 
of  ether.  Then  remove  the  cotton  from  the  acids,  trans- 
fer it  to  a  larger  vessel,  and  wash  it,  first  with  cold 
water,  until  the  washings  cease  to  have  an  acid  taste,  and 
then  with  boiling  water,  imtil  the}-  cease  to  redden  i)lue 
litmus  paper.  Finally,  drain  the  pyroxylin  on  filtering 
paper,  anil  dry  it  in  small,  detached  pellets,  by  means  of 
a  water  bath  or  steam  bath,  at  a  temperature  not  exceed- 
ing 60°  C.  (140°  F.). 

Keep  the  pyroxylin,  loosely  packed,  in  well-closed 
ves.sels  containing  not  more  than  about  25  gm.,  in  a  cool 
and  dry  place,  remote  from  lights  or  fire. 

Pyroxylin  owes  all  its  usefulness  in  medicine  to  the 
fact  that  it  can  be  dissolved  by  a  mixture  of  alcohol  and 
ether,  and  forms  with  it  an  adhesive  varnish  which  dries 
to  a  waterproof  film  or  coating,  that  can  be  made  to  cover 
and  protect  or  hold  iniureit  surfaces,  or  be  used  as  a 
vehicle  for  certain  medicaments.  The  following  is  the 
formula  for  collodion  iCModium,  IT.  S.  P.); 

Pyroxylin 30  gm. 

Ether  " 750  c.c. 

Alcohol 230    " 

Dissolve  and  decant. 

The  film  produced  by  this  collodion  as  it  dries  con- 
tracts with  considerable  force,  and  is  sometimes  useful 
where  a  local  compression  is  desirable;  but  for  most  pur- 
poses this  qtiality  is  au  obiection,  and  it  is  partially  over- 
come in  the  next  preparation,  flexible  collodion  ( C<>Wy(/!"«/n 
Fkxile,  U.  S.  P.): 

Collodion 92  parts. 

Canada  turpentine 5 

Castor  oil 3     " 


StyptK  Collodion  (Vollndinm-  Styptieiim.  U.  S.  P.V  is  a 
preparation  of  collodion,  alcohol,  and  ether,  containing 
twenty  per  cent,  of  tannic  acid. 

Cdnthiriilnl  Collodion  or  Blistering  Collodion  (Collo- 
ditim  Canthnridatum,  U.  S.  P.)  is  a  preparation  of  collo- 
dion containing  the  active  constituent  of  60  gm.  of  can- 
tharides.  extracted  by  chloroform,  for  every  100  gm.  of 
the  preparation.  Henry  II.  Busby. 

COUCH  GRASS.— Triticum.  Dog-gnus.  "The  rhi- 
zome of  J^ccp^jv/m  repensi,h.)  Beauv.  (fam.  Graminnceit). 
collected  in  the  spring  and  deprived  of  its  roots"  (U.  S.  P.) 
It  is  a  perennial  grass  with  a  strag,gling,  zigzag  stem, 
and  a  two-rowed  ear  of  pointed  spikelels.  It  spreads 
principally  by  means  of  long  subterranean,  horizontal 
rhizomes  of  most  remarkable  vitality  and  persistence  of 
growth.  Introduced  from  Europe  and  Asia,  it  has  be- 
come a  troublesome  weed  in  some  parts  of  this  country. 
The  drug  comes  principally  from  Germany.  The  dried 
rhizome  is  generally  cut  in  short  pieces  (1  cm.  or  so 
long),  about  2  mm.  in  diameter.  It  is  hollow  excepting 
at  the  joints,  dull-yellow,  and  odorless,  or  having  a 
slight  mixed  smell  of  hay  and  earth;  taste  sweetish, 
not  remarkable.  There  is  nothing  notable  in  its  com- 
position or  medical  qualities,  still  it  has  some  rep- 
utation in  chronic  inflammation  of  the  bladder  and  kin- 
dred disorders.  It  is  a  favorite  article  for  preparing 
patients  for  operations  for  cystic  calculi.  It  contains 
sugar,  gum,  and  tritiein.  which  is  verj-  similar  to  inulin. 
We  have  an  official  fluid  extract,  dose  2  to  8  c.c.  (fl.  l  ss. 
to  ij.),  and  it  is  commonly  given  in  decoction. 

Henry  H.  Rmby. 

COUGHING.— According  to  Webster,  the  English 
word  cougli  (Lat.,  turns ;  Fr.,  la  touj-;  Ger.,  der  Husten) 
is  of  Anglo-Saxon  origin,  and  comes  from  the  Dutch, 
Kueh — M.  H.  Ger.,  kuchen,  to  breathe;  N.  H.  Ger..  keuehen 
— whence  the  German  term,  Keuchhusten,  for  whooping- 
cough. 

Cough  is  iirimarily  a  phy.siological  act,  protective  in 
character.  Under  pathological  circumstances  it  occurs 
as  a  symptom  of  local  or  general  morbid  conditions,  and 
may  be  of  mechanical  or  reflex  origin.  It  is  essentially 
a  quick  and  forcible  expiratory  elTort  or  series  of  such 


Fig.  1523.— a  ttaclimenUs  of  Rectus  and  Internal  Oblique  Muscles. 

efforts,  performed  with  complete  or  jiartial  closure  of  the 
glottis,  and  is  usually  preceded  by  one  or  more  deep  in- 
spirations.    It  has  foi-  its  object  the  removal  from  the  air 
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passages  of  ol)Stnictive  or  irritating  materials.  It  may 
he  excited  by  irritation  of  the  nerves  wlien  tliere  is  notli- 
iug  to  be  e.Mnuled.  and  is  most  annoying  and  persistent 


under  such  circumstances;  Its  mechanism  is  thus  de- 
scribed by  AVcstbrook  in  the  first  edition  of  this  Hand- 
book. 

"The  mtehiiniitm  of  cough  is  as  follows:  When  a  for- 
eign body  or  other  irritant  comes  in  contact  with  the  per- 
ipheral expansion  of  the  pneiimogastric  nerve  (or  of  those 
with  which  it  is  intimately  connected),  impulses  are  gen- 
erated which,  travelling  along  the  afferent  fibres,  are 
conducted  to  the  respiratory  centre  in  the  medulla  ob- 
longata. In  the  ganglion  cellsof  thiscentre  the  impulses 
are  translated  into  others,  which  are  conducted  through 
the  efferent  libres  of  certain  cerebral  and  spinal  nerves  to 
the  muscles  of  respiration,  whose  force  they  liberate. 

"A  study  of  the  muscular  relations  of  the  thoracic 
walls  shows  that,  while  the  muscles  of  innpirdlion — with 
the  exception  of  the  diaphragm  and  some  small  ones,  e.g., 
the  leratores  coxUd-um — are  attached  to,  and  act  upon  the 
ujiper  ribs,  the  expirdt'iry  group  make  their  principal 
traction  upon  the  lower  portions  of  the  thorax.  This  is 
particularly  the  case  with  those  auxiliary  muscles  which 
are  brovight  into  play  in  forced  respiration.  The  expira- 
tory group,  in  which  we  are  especiall}'  interested,  are, 
anteriorly  and  laterally,  the  triangnhirennierni  above,  and 
the  recti,  nlilif/ui.  and  tr/tnsrersaleg  nbri'>iiii» is  hc\ow. 

"The  action  of  the  triangularis  is  simple,  and  does  not 
require  special  notice.  Arising  from  the  sternum  and 
xiphoid  appendi.x,  its  fibres  pass  upward  and  outward, 
to  be  inserted  into  three  or  four  of  the  costal  cartilages. 
It  reinforces  the  natural  resilience  of  the  cjirtilages,  help- 
ing to  restore  them  to  the  expiratory  position.  It  may 
also  have  some  effect  in  counteracting  the  displacing 
force  of  the  muscles  on  the  exterior  of  the  chest,  e.g..  the 
pectoralis  minor.  The  action  of  the  rertns  is  equally  sim- 
ple. Its  sole  influence  over  the  respiratory  movements 
is  to  draw  the  sternum  downward,  and  so  to  diminish 


the  size  of  the  anterior  wall  of  the  abdominal  cavitj'. 
The  action  of  the  o/ilir/ui  in  more  complicated.  In  the 
tii'st  place  their  posterior  portions,  which  pa.ss  directly 
from  the  crest  of  tlie  ilium  to  the  ribs,  exert  an  inunediate 
and  [xiwerful  downward  traction  upon  the  thoracic  walls, 
not  only  diminishing  the  size  of  the  Uiteral  walls  of  the 
alidomen,  but  acting  as  adductors  to  the  ribs,  which  have 
been  put  in  the  position  of  ahduction  during  inspiration. 
In  the  second  place,  the  more  anterior  portions  liave  a 
crossed  action,  and  make  diagonal  traction  acros.s  the 
abdomen.  This  has  been  well  described  by  Ilenle.  It 
will  be  .seen  by  reference  to  Figs.  Xiii'A  and  i.VJ4  that  the 
upper  portion  of  the  crtrriia/.  and  the  middle  portion  of 
the  iiili  null  t)lili(/iic  inu!ic\ffi  of  ojiposile  sides,  attached, 
as  they  both  arc,  to  the  intervening  sheath  of  the  ncliis. 
are  eipiivaleBt  to  one  long  diagonal  muscle,  which  passes 
from  the  ribs  on  one  side  to  the  iliac  crest  on  the  other, 
and  is  capable,  by  its  conlraction,  of  drawing  the  ribs 
downward  and  inward,  .so  as  to  coulribule  much  toward 
the  expiratory  dimimition  of  the  thoracic  cavity.  It  acts 
upon  the  alulonieii  as  well.  The  function  of  the  trans- 
)•( ;■.«./?(>  is  ei|Ually  important.  Its  middle  portion  is  at- 
tached by  a  strong  fascia  to  the  transverse  ])rocesses  of 
the  lumbar  vertebne;  while  the  fibres  below  arise  from 
the  iliac  crest  and  outer  half  of  Poupart's  li.irament. 
Above,  it  arises  from  the  inner  surfaces  of  the  costal  car- 
tilages. 

"The  fibres  of  this  part  of  the  muscle  pass  horizontally 
across  the  abdomen,  and,  by  the  mutual  attachment  of 
those  from  the  opposite  sides  at  the  lineti  alha.  one  con- 
tinuous muscle  is  formed,  the  contractions  of  which 
strongly  adduct  tjie  lower  costal  cartilages  and  thus  di- 
minish the  epigastric  angle.  The  middle  portion  of  the 
transrerialis  acts  directly  upon  the  abdominal  wall.  This 
is  best  illustrated  in  a  horizonlal  section  of  the  trunk  just 
above  the  level  of  the  umbilicus  (see  Fig.  l.")^.')). 

"In  its  contraction  the  transrersalis  acts  from  the  outer 
border  of  the  qnndratus  luinhoruin,  as  that  muscle  fixes 
its  tendon  in  the  lumbar  region.  It  tends,  first,  to  draw 
the  linea  alba  toward  the  fixed  point;  but  the  antagonism 
of  the  muscles  of  the  opposite  sides  prevents  lateral  dis- 
placement, and  simply  allows  the  anterior  abdominal 
wall  to  approach  the  vertebral  bodies,  shortening  the 
anteroposterior  diameter.  The  muscular  fibres  interme- 
diate between  the  anterior  and  posterior  attachments, 
which,  during  distention  of  the  abdomen,  are  sharply 
curved,  become  straightened  during  contraction  and 
make  strong  lateral  compression. 

"The  lower  fibres  of  this  muscle,  when  they  contract, 
tighten  the  line  across  (he  inferior  abdominal  regions,  and 
compress  the  intestines.     The  transrersalis,  then,  by  its 


1333.— Horizontal  Section  ft  Trunk  Illustratinifr  the  Action  ol 

the  Transven»aiis. 

contraction,  first,  assists  in  diminishing  the  size  of  the 
thorax:  .second,  it  contributes,  more  than  any  other  mus- 
cle, toward  the  diminution  of  the  abdominal  cavity  :  and, 
third,  it  acts  in  a  manner  analogous  to  that  of  the  lower 
portions  of  the  oblique  muscles. 
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"Posteriorly,  the  most  impovtaut  muscles  of  forced 
expiration  arc  the  evtctures  npiiuf,  sermti  postici,  and 
qxiadriittin  liimbonim. 

"Tlie  erector  spina  is  easily  divisible  into  an  outer  and 
an  inner  portion,  viz. :    the  ileo-eostalis  and  longimmtis 


Fig. 


1.5215.  —  AccessoiT   Muscles   cif   tlii'    Back  — Serratus    Posticus, 
Quadratus  Lumborum. 


dorsi.  The  former  is  connected  below,  by  means  of  the 
lumbar  aponeurosis,  to  the  iliac  lione ;  above,  to  the  angles 
of  tlic  six  or  seven  lowest  ribs.  The  h»iriimiiiii.\  is  more 
complex,  but  the  only  part  of  it  which  is  ]irorainently 
concerned  in  the  respiratory  function  consists  of  a  niun- 
ber  of  digitations  running  from  the  lumbar  aponeurosis 
below  to  eight  or  ten  ribs  above. 

"  When  the  erector  spiiuT  contracts,  it  draws  the  ribs 
forcibly  downward  toward  the  jielvis,  lessens  the  truns- 
ver.se  and  autero-posterior  diameters  of  the  tliorax,  and 
at  the  same  time  tends  to  sliorten  the  perpendicular  axis 
of  the  abdomen.  Tliose  accessory  muscles  which  rein- 
force the  divisions  of  the  erector  spiiui'  above,  act  upon 
tlie  upper  ribs,  but  their  strength  is  far  inferior  to  that  of 
the  ileo-costalis  and  longissimvs  d&rsi  (Figs.  152(5  and 
1527). 

"  When  these  powerful  muscles  of  expiration  are  spas- 
modically contracted  in  the  act  of  coughing,  their  tirst 
effect  is  to  adduct  and  depress  the  ribs,  and  by  so  doing 
diminish  the  size  of  the  thorax  in  all  its  diameters.  The 
adduction  shortens  the  transverse  diameter.  The  depres- 
sion of  the  ribs  and  sternum  shortens  tlieantero-posterior 
diameter,  and  lessens  the  longitudinal  axis  of  the  geneial 
body  cavity.  But.  as  the  abdominal  avails  only  yield  in 
the  upward  direction,  and  as  the  contents  of  the  abdomi- 
nal cavity  are  practically  incompressible,  its  roof,  the 


diajjliragm,  which  is  relaxed  during  expiration,  must 
ascend  and  encroacli  upon  the  tlioracic  cavity,  from 
whicli  enough  air  escapes  to  compensate  for  tlic  diminu- 
tion in  its  size.  The  second  effect  of  tlie  expirutury  con- 
traction is  to  lessen  the  circiunference  of  the  abdomen. 
As  the  contents  are  incompressible,  and  as  the  sphincter 
muscles,  bj"  their  contraction,  prevent  the  escajie  of  any- 
thing from  the  hollow  viscera,  the  decrease  in  the  trans- 
verse and  antero-posterior  dimensions  of  the  abdomen 
must  be  compensated  for  by  an  increase  in  its  long  diam- 
etei' — another  factor  in  the  production  of  the  ascent  of  the 
diapliragm. 

"Tills  study  of  the  action  of  the  muscles  during  forced 
expiration  -vxill  make  jjlain  the  effects  of  coughing  upon 
the  lungs  and  other  viscera.  As  has  been  already  stated, 
the  forcible  expiration  is  preceded  by  a  more  or  less  deep 
inspiration,  by  which  a  large  quantity  of  air  is  obtained 
for  use  in  expelling  the  offending  substance.  Tlie  glottis 
is  then  partially  closed,  so  as  to  narrow  the  route  of  exit 
and  increase  the  friction  of  the  escaping  air  against  the 
mucous  membrane  of  the  larynx,  trachea,  etc."  This  is 
accompanied  by  the  sudden  and  strong  expiratory 
effort,  during  which  the  lower  ribs  are  drawn  quickly 
downward  and  iuAvard,  lessening  the  capacity  of  the 
lower  portion  of  the  thorax.     The  pressure  iipon  the 


FIG.  1537.- 


-Attachments  of  the  Erector  Sptnte  Mass— Dio-Costalis  aniJ 
Longissimus  Dorsi. 


abdominal  riscei'a  drives  them  against  tlie  diaphragm, 
and  pushes  the  floor  of  the  tlioi-ax  upward  a,gainst  the 
bases  of  llie  lungs.  Tlie  lower  lobes  are  then  suddenly 
and  violently  pressed  upon  from  all  sides,  and  their  con- 
tents driven  in  the  direction  of  least  resistance,  viz.,  up- 
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ward  toward  tlie  tiaclu'a.  If  the  displaeenu'ut  of  the  air 
is  so  sviddi'M  tlmt  tlic  ]ir(.'ssiuv  in  the  tniclica  is  p'cater 
tlian  ill  till-  liroiicliial  t\ibi-s  of  tile  upp<T  li>ln's.  tlic  cur- 
rriit  will  IjL' ivvfisfd  in  tlic  latlt'i',  and  llic  suijcrior  and 
autorior  parts  of  the  lungs  will  be  intlalcd  ;  for  the  apices 
and  anterior  borders  of  the  Innirs  are  very  little  sul)ject 
to  the  expiratory  force,  aiul  only  expel  their  tidal  and 
sn|)plenientary  air  [iroperly  when  the  movements  of  the 
tlKirax  are  siiHieienlly  tleliberale  to  allow  of  an  adjust- 
ment of  jiressiire  tlironnliout.  The  forcible distenli<jn  of 
the  apices  is  seen  in  those  sulTcriii;;-  from  violtMit  spas- 
modic covis;h.  as  in  lironchitis.  plitliisi>!.  and  pertussis. 
During  the  paroxysms,  the  supraclavicidar  spaces  are 
seen  to  bulge,  sometimes  to  a  very  remarkable  degree, 
partly  from  swelling  of  the  large  veins  in  those  regions, 
but  partly  aiso  from  distention  of  the  apices.  The  saine 
thing  can  frecpiently  be  se«!'  in  the  upper  intercostal 
sjiaces,  near  the  steniimi. 

"In  acute  brcHichitis  W'c  find,  as  a  result  of  increased 
expiratory  efforts,  both  in  breathing  and  coughing,  a 
temporary  distention  of  the  alveoli  of  the  superior  and 
anterior  jiarts  of  the  lungs,  manifested  by  jiromiuence 
and  increased  resonauceon  percussion.  It  isa  temporary 
fvuictional  empliysema  which  subsides  as  the  attack 
l)a.s.ses  awa_y," 

Di.\GNOsis  — The  most  important  point  for  a  pliysician 
to  determine  in  relation  to  cough  is  its  cause,  and  the  di- 
agnostic iiossibilities.  therefore,  should  be  carefully  con- 
sidered. Its  semeiological  relations  are  by  no  means  con- 
fined to  diseases  of  the  nose,  throat,  and  lungs,  although 
it  is  most  frequently  indicative  of  disease  somewhere  in 
the  respiratory  tract. 

It  may  be  caused  by  the  iidialation  of  irritants,  as  dust, 
smoke,  fumes,  gases,  volatile  oils,  aud,  in  susceptible 
subjects,  certain  pollens,  mid  odors.  Changes  of  tem- 
perature, aud  excessi\e  dryness  and  excessive  moisture 
of  the  atmosphere  may  give  rise  to  cougli  without  ex- 
citing visible  inflammation.  It  may  be  caused  liy  undue 
heat  or  pungency  of  food  or  drink,  or  by  even  minute 
drops  of  rtiiid  entering  the  larynx.  It  may  cause  or  be 
caused  by  vomiting,  or,  as  in  nervous  diseases,  cough 
and  vomiting  may  be  due  to  a  common  cause.  Similarly, 
cough  may  provoke  or  be  provoked  by  laryngeal,  i)haryn- 
geal,  lesopha.geal,  pulmonary,  or  gastric  hemorrhage,  or 
may  lie  excited  by  blooil  from  a  na.sal  hemorrhage  enter- 
ing the  larynx;  or  cough  and  hemoiThage  may  liave  a 
ooMUiion  origin.  In  such  associations,  therefore,  care 
must  be  taken  to  examine  the  patient  thoroughl}',  and 
to  weigh  duly  all  the  facts  of  the  case. 

Coughing  may  be  reflex  in  origin,  a.s  from  the  irrita- 
tion of  teething ;  or  it  may  be  due  to  foreign  bodies  in  the 
ear,  or  to  the  existence  of  a  tuimu-,  inflammation,  or  other 
irritative  disturbance  in  any  portion  of  the  auditory  ap- 
paratus; or  to  foreign  Ixidies,  jiolypi,  enlarged  turbinals, 
and  other  abnormities  in  the  nasal  cavities,  or  to  adenoid 
vegetations  in  the  nasopharynx.  An  elongated  uvula,  or 
a  relaxed  palate,  or  enlarged  glantLs,  or  distended  veins 
at  the  base  of  the  tongue,  may  give  rise  to  cough  by  me- 
chanical irritation  of  the  epiglottis;  while  cysts  orother 
tumors  upon  the  latter  structure  ma.v  produce  either  di- 
rect or  indirect  irritation,  or  jirovoke  spasmodic  cough 
with  symptoms  of  strangulation  by  becoming  incarce- 
rjitid  between  the  ventricular  bands  or  the  vocal  bands. 
Foreign  bodies  or  tumors  in  any  portion  of  the  throat  (in- 
cluding under  this  heading,  pharynx,  larynx,  and  n?so- 
phagus),  retropharyngeal  abscess,  a  foreign  body  or  a 
tumor  in  a  bronchus,  enlarged  l)ronchial  glands,  a  tumor 
or  abscess  of  the  th\Toid  gland,  goitre,  mediastinal  tumor, 
aneurism  of  the  thoracic  aorta  or  its  early  branches,  or  of 
the  right  carotid  or  right  subclavian  artery,  the  i>ressure 
of  a  distended  Itmgapex  in  emphysema. — any  one  of  these 
may  excite  cough  mechanically  or  by  reflex  irritation  of 
the  pneumogastric  trunk  or  of  one  of  its  branches.  Cough 
may  likewise  be  due  to  cerebral  disease,  to  tabes  or  other 
spinal  affection,  to  neurasthenia,  or  to  hysteria. 

It  may  arise  reflexly  from  irritation  ii\  any  jiart  of  the 
digestive  tract,  incliuling  the  liver,  or  may  be  due  to  con- 
gestion or  ffidema,  secondary  to  disease  Of  the  liver,  of 


the  kidney,  or  of  the  heart.  Its  remote  cause  mny  be 
gout  or  alcoholism,  and  tho  most  brilliant  successes  in 
treatment  are  sometimes  due  to  the  recognition  of  its 
gouty  origin. 

Cough  occuis  most  freipiently.  however,  as  a  symp- 
tom of  inllaimnation.  whether  of  the  upper  or  lower  re- 
spiratory tract:  thus  ill  sore  throat  of  various  locali/ation. 
in  epiglotlilis,  in  laryngitis,  in  croup,  in  tracheitis,  in 
bronchitis,  in  pneumonia  (crouiinus  or  catarrhal),  and  in 
pleurisy;  also  in  emphysema  and  in  asthma.  It  is  usually 
a  marked  feature  in  advanced  eases  of  pulmonary  tuber- 
culosis, and  sometimes  in  early  cases,  although  in  some 
instances  pulmonary  tuberculosis  has  been  known  t(]  run 
its  course  from  beginning  to  end  with  little  <ir  no  couirh. 

The  mere  enunieratior,  of  these  varied  conditions, 
which,  moreover,  do  not  exhaust  the  list  of  possibilities, 
is  sufficient  to  show  that  the  cause  of  any  cough  must  be 
carefully  sought  for  both  locally  and  in  general  conditions, 
and  that  uiiliss  both  local  and  general  examination  has 
been  made,  no  diagnosis  can  be  cfnisidered  beyond  ipies- 
tion.  Laryngoscopy  should  never  be  neglected,  More- 
over, as  in  all  other  diagnoses,  all  of  the  facts  in  the  case 
must  be  considered,  and  Ihe  decision  based  up<m  llieir 
association,  ratlier  than  upon  any  individual  syniptom  or 
sign. 

Indications  of  greater  or  less  signilicance  may  perhaps 
be  given  by  the  character  of  the  cough,  Thusii  ritif/iii;/. 
DietaUic  riiiir/h  is  usually  associated  with  pressure  iijion 
the  luieumogaslric  nerve  or  its  brandies,  and  will  thus 
be  found  in  aneurism,  mediastinal  tumor,  and  similar 
conditions,  A  cough  of  this  character  or  a  peculiar 
Iioar&e,  sti-i(lnloii.i  coiig/i  without  ex])ectoration,  and  asso- 
ciated with  paralysis  of  the  left  vocal  band,  raises  a  very 
strong  suspicion  of  aneurism  even  in  cases  in  which  all 
or  most  of  the  ordinary  physical  signs  are  lacking;  and 
I  have  verified  two  such  diagno.ses,  the  one  by  fluoro- 
scopy, and  the  other  by  post-mortem  examination.  A 
muffled  con  (lit  suggests  the  presence  of  membrane  within 
the  larynx,  and  if  the  voice  also  be  muffled,  a  high  degree 
of  probability  is  given  to  the  diagnosis  of  membranous 
croup  or  diphtheria.  The  so-called  erovpi/couijh,  or  rmw- 
inrjconfih.  maybe  found  not  only  in  membranous  croup 
and  diphtheria,  but  in  catarrhal  and  spasmodic  laryngitis 
(false  croup),  and  in  laryngismus  stridulus.  The  cough 
of  asthma  is  of  a  hoarse,  irlieain<i  chiinicter.  The  trliiurp 
of  pertussis  is  siii  generis,  and  hence  both  characteristic 
and  pathognomonic.  Hysterical  cough  is  often  utiieailo. 
as  is  sometimes  the  cough  of  the  insane,  especially  in  the 
early  stages  of  general  paresis.  It  maj",  however,  in 
hysterical  ,subjects,  assume  almost  any  character,  and  the 
imitation  of  the  cries  of  animals,  more  particularly  the 
barking  of  a  dog,  or  of  the  crowing  of  a  rooster,  is  not 
uncommon.  .J.  Solis  Cohen  has  described  an  epidemic  of 
hysterical  barking  in  a  .seminary  for  young  women. 

Cough  is  said  to  be  mmi<t  when  accompanied  by  more 
or  less  pronounced  sounds  of  agitation  of  fluid  in  the  air 
passages,  and  in  such  cases  it  is  usually  associated  with 
expectoration;  though  in  the  case  of  pulmonary  a>dema 
and  other  asthenic  conditions,  expeetoratiim  may  be  defi- 
cient. Cough  is  (//•(/  when  not  a(  com|ianii-d  with  exjiec- 
toration,  or  when  expectoration  occurs  only  with  diffi- 
culty and  fluid  sounds  are  absent,  Vongh  \^  priitlnrtire 
when  it  brings  out  a  (juantity  of  phlegm  and  ceases  with 
such  relief.  It  is  uniirotluctive  w  hen  not  so  accoiniuinied. 
Productive  cough  is  sometimes  tenned  free.  The  terms 
prol'nir/ed  and  xlimt.  hunl  and  lii/ht,  are  self-exidanalory. 
Coti.ihs  of  the  foregoing  characters  are  usually  associated 
with  inttamniatorv  conditions  in  some  portion  of  the  air 
tract,  anil  their  character  may  be  an  iiulic-iiion  of  the 
character  of  the  causative  inflammation.  By  hurkinfi 
coii'ili  is  usually  meant  a  short,  dry,  unproductive  cough, 
caused  by  mechanical  irritation,  or  of  reflex  origin. 
"Hawking"  of  mucus  from  the  nose  or  naso-pharyn.x 
into  the  throat  should  not  be  mistaken  for  cough.  Some- 
times cough  is  so  severe  as  to  c-ause  Ihe  patient  to  become 
red  in  the  face,  and  this  is  usually  the  case  in  spasmodic 
affections,  A  cough  is  xiiiipretuieil  or  ihlirunt  when,  in 
diseases  that  are  ordinarily  accorapmied  by  free  coughing 
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and  expectoration,  weakness  of  the  patient  deprives  it  of 
this  character. 

The  characters  of  the  matters  expectorated  sometimes 
give  valuable  information  as  to  the  cause  of  the  cough,  or 
as  to  the  pathological  process  with  which  it  is  associated. 
This  subject  is  fully  treated  of  under  the  lieading  Sputum. 
elsewhere  in  this  Handbook.  Here  I  shall  but  refer  briefly 
to  the  yellowish,  mucopurulent  appearance  of  bronchitic 
sputuin ;  tlie  greenish  color  and  unplea.sant  odor  of  the  dis- 
cliarge  in  broucliorrha?a :  the  dark,  sometimes  black,  color 
of  the  sputum  of  pulmonary  gangrene  and  its  unmistak- 
able putridity;  the  rusty  sputum,  prune-juice  expectora- 
tion, and  characteristic  diplococci  of  acute  lobar  pneu- 
monia; tlie  sago-like,  often  black-spotted  sputum  of  in- 
fluenza with  its  characteristic  bacilli;  the  greenish  or 
nunuuular  sputa  of  pulmonary  tuberculosis  with  pathog- 
nomonic bacilli;  the  spirals  and  crystals  of  asthma;  the 
membranous  casts  and  Klebs-Loeffler  bacilli  of  diphtheiia, 
as  illustrations.  The  entire  absence  of  sputum  suggests 
as  the  explanation  of  a  ccmgh.  pleurisy,  pulmonary  tu- 
berculosis, tumor  or  foreign  bodj'  in  the  air  passages,  ir- 
ritation of  the  epiglottis,  pressure  upon  the  pncumogas- 
tric  nerve  or  its  spinal  accessorj-  or  recurrent  laryngeal 
branch,  or  some  reflex  origin. 

Coughing  may  be  attended  with  accidents  of  greater 
or  less  moment  and  severity.  Thus  in  acute  bronchitis 
the  lodgment  of  a  plug  of  mucus  so  that  the  expiratory 
current  is  blocked  may  produce  a  teiu]iorary  dilatation 
or  emphysema,  while  in  chronic  bronchitis  the  emphy- 
sema tends  to  become  destructive  and  i^e/manent.  So 
in  cough  of  any  character  tlie  closure  of  the  rima  glot- 
tidis  and  the  backward  pressure  may  jiroduce  forcible 
distention  of  the  apices,  that  may  even  lead  to  rupture  of 
air  Siics,  of  intervesicular  or  interlobular  septa,  or  of  blood- 
vessels. This  is  especially  llie  case  in  spasmodic  cough, 
as  in  the  unproductive  effort  of  phthisis,  or  in  pertussis. 
During  the  paroxysm  the  supraclavicular  spaces  bulge, 
partly  because  the  apices  of  the  lungs  are  distended, 
parti}'  because  of  turgescence  of  veins.  Circulatory  dis- 
turbances are  caused,  mainly  venous.  As  Westlirook 
pointed  out,  inordinary  breathing  intrapulmonary  press- 
ure is  slightly  positive  during  the  expiratciry  act.  The 
forced  expiration  of  cough  causes  sudden  rise  of  pres.sure 
and  arrests  the  current  of  blood  in  the  laige  veins  of  the 
neck,  chest,  and  abdomen,  or  may  even  reverse  it.  The 
blood  from  the  right  auricle  and  vena>  cav;e  is  repelled 
upon  the  advancing  blood.  Thus  the  veins  are  overfilled 
in  the  stomach,  the  (esophagus,  the  pharynx,  and  the 
larynx,  in  the  pelvis,  in  the  inferior  liemorrhoidal 
branches,  in  the  uterus,  in  the  vagina,  and  in  the  blad- 
der, and  ruptures  and  hemorrhages  may  occur.  In 
women,  bloody,  serous  discharges  from  the  vagina,  and 
in  many  cases  involuntary  urination,  may  occur  during 
paroxysms. 

In  some  jiersons  the  eyes  bulge  or  feel  a  painful  press- 
ure during  coughing,  and  hemorrhage  of  the  conjunc- 
tiva, and  even  of  the  retina,  may  occur.  Not  only  blood- 
vessels but  other  structures  ma}'  give  way  under  certain 
conditions.  Dr.  Max  J.  Stern  communicates  to  me  tlie 
case  of  a  plij'sician,  aged  .seventy  years,  whose  clavicle 
was  fractured  by  the  sudden  strain  of  cough  ;  and  I  have 
personally  observed  rupture  of  the  fibres  or  ligamentous 
attachments  of  some  of  the  deeper  muscles  of  the  back, 
incapacitating  the  subject  for  a  number  of  day". 

The  severity  of  a  cough  depends  partly  on  the  nature, 
partly  on  the  location,  of  the  irritation  or  inflammation 
exciting  it.  The  epiglottis  is  quite  sensitive  to  irritation, 
and  the  reflex  of  cough  readily  producible.  The  superior 
compartment  of  the  larynx  (above  the  vocal  bands)  is 
much  more  tolerant,  except  that  very  slight  irritation 
ap])lied  to  a  point  on  the  meso-arytenoid  fold  will  cause 
severe  cough.  On  the  whole,  the  greatest  susceptibilitj- 
is  that  of  the  mucous  membrane  of  the  lower  larynx, 
trachea,  and  larger  tubes,  that  is,  below  the  vocal  bands 
and  above  the  smaller  bronchi.  At  the  latter,  irritabilit.y 
diminishes,  and  the  pulmonary  parenchyma  is  still  less 
sen.5itive.  In  pneumonia  the  cough  is  most  largely  due 
to  the  associated  bronchitis;  and,  as  already  stated,  cough- 


ing may  be  slight  or  absent  in  the  early  stage  of  pulmo- 
narj'  tuberculosis. 

TeE-^t.ment. — There  is  no  treatment  for  cough;  it  may 
be  restrained  by  the  use  of  local  or  general  sedatives,  or 
stimulated  by  local  or  general  excitation ;  but,  as  already 
slated,  it  is  merely  a  symptom,  and  before  it  can  be 
brought  to  an  end  its  cause  must  lie  removed  either 
through  termination  of  the  underlying  disease  in  due 
course,  or  by  surgical  or  medicinal  intervention.  It  is 
often  beneficial  even  when  caused  by  pathological  con- 
ditions, preserving  its  physiological  function  as  an  ex- 
pulsive mechanism.  It  is  only  when  excessive  or  unpro- 
ductive that  it  needs  to  be  restrained.  When  insufficient, 
on  the  other  hand,  it  may  need  to  be  stimulated.  Atten- 
tion, moreover,  must  be  paid  to  the  character  of  the  ex- 
pectoration, correction  of  which,  whether  by  stimulation 
or  restraint,  may  be  the  oiil_v  treatment  necessary  to 
bring  the  cough  within  proper  bounds. 

Cough  caused  by  local  irritation  above  the  epiglottis 
— such  as  an  elongated  uvula,  or  a  relaxed  palate,  adenoid 
vegetations  in  the  uaso-pharynx,  nasal  polypi,  hypertro- 
phied  tonsils,  or  enlarged  glands  or  \-essels  at  the  base  of 
the  tongue — is  corrected  by  removal  of  the  offending 
cause.  The  uvula  may  lie  [jartially  amputated  or  treated 
with  astringents  or  the  electro-cautery.  The  relaxed 
palate  may  be  treated  with  astringents  or  by  means  of 
electric  applications.  Hypertrophied  tonsils,  adenoid 
vegetations,  nasal  polypi,  sliould  be  excised,  burned,  or 
otherwise  destroyed.  Enlarged  glands  or  varicose  veins 
at  the  base  of  the  tongue  should  be  destroyed,  preferably 
by  means  of  the  electro-cautery  point. 

The  cough  that  snmetinies  accompanies  acute  faucial 
and  pharyngeal  inllammations  is  relieved  by  the  treat- 
ment of  the  causative  condition.  Ice,  ice  cream,  and 
other  cold  sedative  applications  are  usually  most  grate- 
ful. In  rare  instances  inhalation  of  the  vapor  of  hot 
water,  medicated  with  o]iiuni,  cannabis  indica,  hops,  and 
the  like,  is  more  soothing.  Chronic  pharyngitis  may 
be  accompanied  with  cough.  In  such  cases  astringent 
lozenges,  such  as  guaiae.  catechu,  or  rhatany,  usually 
help  to  relieve  it.  In  singers  and  speakers  especially, 
there  may  be  cough  due  to  lack  of  .secretions  in  themnuth 
and  throat.  A  lozenge  that  I  liave  found  quite  u.seful  in 
such  cases  contains  tt),  ij.  of  the  fluid  extract  of  pyre- 
thrum,  gr,  jr'ij  pilocarpine  liydrochlorate.  and  Til  ss.  of  oil 
of  peppermint  or  an  equivalent  of  menthol,  or  of  cam- 
phor. It  may  be  made  up  with  ehoculate.  Irish  moss,  or 
the  artificial  '"marshmallow  "  used  by  confectiduers. 

Cough  due  to  acute  catarrhal  laryngitis  is  not  usually 
excessive,  and  needs  no  treatment  other  than  that  of  the 
affection  of  which  it  is  symptomatic;  for  exam]ile,  in- 
halation of  tiie  vapor  of  warm  water  impregnated  with 
compound  tincture  of  benzoin  and  paregoric.  A  spray 
of  adrenal  solutiiin  is  useful  in  early  cases.  The  cough 
of  chronic  laryngitis  requires,  as  a  rule,  some  special  at 
tention:  it  is  usually  unproductive,  and  as  it  is  a  source 
of  distress,  and  alsfi  mechanically  prolongs  the  irritation 
and  inflammation  of  the  organ,  may  need  to  be  restrained 
by  sedatives.  Of  these,  the  bromides  or  opiates  in  very 
small  doses  are  preferable.  The  new  synthetic  prejiara- 
tion  of  opium,  heroin,  is  much  lauded,  but  has  no  special 
advantage  over  morphine  or  codeine.  The  latter  is  to  be 
preferred  in  eases  in  which  an  alkaloid  of  this  drug  is  to 
be  used,  as  it  is  less  likely  than  is  mnrpliiiie  tu  produce 
an  unfortunate  habit.  ()n  the  whole,  however,  pare- 
goric will  .'Serve  the  best  of  the  opium  grouj);  gr.  x.  of 
strontium  bromide  and  ni  xv.  of  paregoric  given  with 
sj'rup  of  garlic  or  with  mucilage  of  acacia  three  or  four 
times  a  day,  usually  answers  every  purpose.  A  cold 
compress  over  the  front  of  the  neck  is  often  useful  in 
cases  of  subacute  and  chronic  inflammations  of  the  larynx, 
and  incidentally  helps  to  restrain  cfiugli.  It  is  usually 
ajiplicd  most  conveniently  during  bedtime.  Sprays  of 
zinc  sulphocarbolate  and  the  like,  or  of  wine  of  ipecac, 
may  be  u.sed  during  the  day.  Morphine  oleate  (two  per 
cent,  in  oleic  acid)  applied  externally  over  the  larynx,  or 
endolaryngeall}'  by  sponge  and  carrier,  sometimes  has  a 
tiseful  sedative  effect.     When  the  cough  of  chronic  laryn- 
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gitis  is  obstinate  anil  troublesome,  and  not  relieved  bj' 
the  method-applied  to  the  treatment  of  tlie  underlying 
aiTection,  relief  may  sometimes  be  given  by  the  adminis- 
tration of  eimieifui^a,  gtt.  x.  or  xv.  of  the  Ihiid  extract, 
three  or  four  tinn  s  a  day.  In  eases  dependent  on  conges- 
tion due  to  deticieut  cardiac  action,  digitalis,  strophan- 
thus,  strychnine,  and  other  cardiauts,  are  usually  efticient 
without  sjiecial  .sedative  treatment ;  btit  bromide  or  opium 
may  be  used  with  catuiou  in  these  cases  also.  A  small 
dose  of  morphine,  .s;iy  gr.  A'"  a'ii.  '"".v  becombine<l  with 
some  stinudating  sialagogue  or  expectorant,  as  cidieb  or 
pyretlirum.  in  a  lozenge.  As  a  rule,  however,  lozenges 
are  not  nsefid  in  cliecking  cough,  except  when  this  is 
due  to  local  conditions  above  the  epiglottis. 

In  acute  bronchitis,  if  the  cough  is  easy  and  the  expec- 
toration free,  no  special  indication  is  afforded  for  treat- 
ment. AVlien  the  cough  is  hard  and  expectoration  diffi- 
cult, a  stimulating,  expectorant  treatment  is  useful. 
Anunonium  chloride  stands  at  the  head  of  drugs  u.sed 
for  this  purposi'.  Its  taste,  when  disagreeable,  may  be 
covered  with  tiuid  extract  of  coca  or  with  the  powdered 
extract  of  licorice,  in  syrup  of  tolu  or  syrup  of  senega. 
Paregoric  ma}'  usefully  be  added  to  such  a  mixture  when 
the  cough  partakes  of  an  irritative  character.  In  sub- 
acute and  chronic  bronchitis  cough  is  usually  due  to  in- 
sufficient lluidity  of  tlie  secretions,  so  that  they  cannot 
be  expelled  n-adily.  The  terebinthinate  and  balsamic 
group  of  drugs  is  here  of  the  greatest  service.  Euca- 
lyptol  and  fluid  extract  of  eucalyptus,  oil  of  sandal- 
wood, oleoresin  of  cubeb.  turpentine,  tercbene.  and  ter- 
pine  hydrate,  are  most  frequently  employed,  ilyrtol  is 
perhaps  better  than  any  of  the  preceding.  The  general 
dose  of  the  volatile  oils  is  from  gtt.  x.  to  xv.  in  emul- 
sion or  capsule,  or  given  upon  sugar.  Of  terpine  hydrate 
the  usual  dose  is  about  gr.  v.  Small  doses  of  ai)omoi- 
phine  or  of  pilocarpine  or  of  fluid  extract  of  pyretlirum. 
may  be  used  with  discretion.  "When  expectoration  is  too 
great  and  cough  too  frequent,  aromatic  sulphuric  acid 
and  codeine  are  among  the  drugs  most  useful.  Tincture 
of  belladonna,  atropine  sulphate,  or  extract  of  liyoscya- 
mus,  in  small  doses,  or.  when  there  is  a  distinctly  neurotic 
element,  hyoscine  hydrobroinate  (gr.  -^  or  less)  may  be 
cautiously  used  in  cases  of  excessive  secretion,  or  of  spas- 
modic cough. 

In  pletirisy,  cough  becomes  painful.  Strapping  of  the 
ribs  tends  to  restrain  it.  and,  by  restraining  breathing  as 
■well  as  cough,  to  relieve  pain.  When  this  does  not  suf- 
fice, codeine  or  other  opium  preparation  should  be  given, 
■when  the  pain  is  so  great  as  to  justify  interference  or  to 
interfere  with  the  patient's  prospects  of  recovery;  other- 
wise no  interference  is  necessary.  Hot  applications,  or 
ointments  containing  guaiacol,  menthol,  and  birch  oil 
well  nibbed  in  externally  over  the  seat  of  pain  are  often 
useful  in  restraining  the  irritation  that  produces  cough. 
Sometimes  a  light  blister  acts  happily. 

In  pneumonia  it  is  unwise  to  try  to  check  cough,  as  is 
so  often  done,  by  the  administration  of  opium;  especially 
unwise  is  the  hypodermatic  use  of  morphine.  The  great- 
est judgment  is  needed  to  determine  whether  or  not  to 
interfere,  and.  in  the  latter  instance,  the  nature  ami 
character  of  the  interference.  Cough  should  be  sutticient 
to  permit  of  free  expectoration  of  tlie  matters  contained 
in  the  bronchi.  On  the  other  hand,  it  should  not  be  so 
frequent  or  so  painful  as  to  prevent  the  patient  from 
sleeping  or  add  to  his  physical  or  mental  distress.  Usu- 
ally expectorant  drugs,  of  which  ammonium  chloride 
and  amnionium  carbonate  stand  at  the  head,  are  given 
with  good  results  upon  the  general  progress  of  the  case. 
Senega,  squill,  cimicifuga,  and  the  like  may  be  useful, 
tliough  they  should  not  be  employed  merely  for  a  sec- 
ondary influence  upon  the  cough,  if  not  otherwise  called 
for.  The  inhalation  of  ethyl  iodide  also  tends  to  render 
expectoration  freer  and  to  diminish  irritation,  and  thus 
to  keep  the  cough  within  due  limit.  Should  it  be  neces- 
sary, as  in  rare  instances  it  may  be.  to  take  active  meas- 
ures to  restrain  coughing,  the  cautious  inhalation  of 
chloroform  or  of  the  ammoniated  chhn-oform  of  B.  W. 
Richardson  is  to  be  preferred.     The  chloroform  is  best 


carried  over  by  means  of  oxygen  ])assed  through  a  wasli 
bottle  containing  it.  Nothing  approaching  general  an- 
a'Sthesia  should  be  produced.  The  iela.\ation  of  the 
vaso-motor  system  is  not  dangerous  in  pnenmoiiia.  if  not 
pushed  to  excess.  Indeed,  the  administration  of  nitro- 
glycerin s<mietimes  relieves  cough  liy  diminishing  iml- 
nionary  congestion  and  relieving  the  heart.  Similarly 
the  use  of  digitalis  at  the  appropriate  time,  and  venesec- 
tion judiciously  applied,  while  not  to  be  prescribed 
merely  for  the  relief  of  cough,  include  this  in  the  sum  of 
their  ell'ecls.  Nitrous  oxide  may  also  be  used  with  cau- 
tion. It  is  best  given  mixed  with  oxygen  in  the  propor- 
tion of  one  part  of  the  former  to  two  of  the  latter,  and 
may  be  inhaled  after  being  jiassed  through  a  wash  bottle 
in  the  ordinary  way.  When  inhalations  are  not  avail- 
able, sjiirit  of  chlorofonu,  hydrocyanic  acid,  hyoscine 
hydrobroinate,  and  if  necessary,  codeine,  may  be  cau- 
tiously employed  by  internal  adniinistialion.  Some  phy- 
sicians administer  tartar  emetic  in  doses  of  gr.  j'j  or  less 
to  an  adult  to  promote  secretion  ami  thus  to  lessen 
cough.     I  have  never  used  it  for  this  juirpose. 

In  asthenic  conditions,  as  hypostatic  pneumonia,  pul- 
nif/nary  cedema,  capillary  bronchitis  of  the  old  and  debil- 
itated, and  sometimes  in  infants,  cough  is  dcticient.  It 
then  needs  to  be  stimulated.  Oiiium  and  depressants 
should  be  av(iided.  and  such  agents  as  stryclinine.  tur- 
pentine, digitalis,  mustard  oil  well  guarded,  musk,  am- 
monium carbonate  or  aromatic  siiiril  of  ammonia,  qui- 
nine, hydrogen  dioxide,  and  oxygen  should  be  >ised. 

The  cough  of  pulmonary  tuberculosis  requires  very 
skilful  management.  The  tendency  both  of  jiatients  and 
physicians  is  to  try  to  sujipie.ss  it.  This  is  a  mistake,  as 
it  is  of  the  utmost  importance  for  the  patient  to  free  the 
air  passiiges  from  the  morbid  accumulations.  The  cough 
may  be  regulated,  but  no  etfort  should  be  made  to  bring 
it  to  an  end,  except  naturally  as  an  indication  of  prog- 
ress toward  recovery.  The  inhalation  of  compressed 
air,  especially  if  conjoined  •nith  expiration  into  rarefied 
air,  tends  at  first  to  increase  cough  by  facilitating  the 
expectoration  of  matters  otherwise  retained  in  unventi- 
lated  regions  of  the  lung.  Later  the  diminution  in  the 
(juautitj'  of  morbid  product  tends  to  reduce  the  cough. 
The  cough  is  often  favorably  intluenced  by  the  other  fea- 
tures of  the  h^'gieuic  treatment,  especially  by  liydrothera- 
peutic  procedures,  of  which  the  simplest  is  the  morning 
cold  sponge  or  shower  bath.  All  medicaments  advocated 
for  use  in  tuberculosis,  whether  by  the  laity,  by  quacks, 
by  physicians,  or  by  those  who  belong  jiartly  in  all  these 
classes  and  wholly  in  none,  number  among  their  alleged 
virtues  the  lessening  of  cough.  This  is,  in  fact,  true  of 
creosote  and  its  derivatives  and  congeners,  and  of  the 
balsamics  and  terebinthinates.  of  which  latter  cinuamic 
acid  (sodium  cinnamate).  Peruvian  balsam,  cuealyptol, 
terebene,  and  myrtol  are  the  best.  Ethyl  iodide,  creo- 
sote, chloroform,  bromoform.  oil  of  peppermint,  and  the 
terebinthinates  and  volatile  oils  in  general  are  useful  by 
inhalation.  Singly  or  combined  in  various  proportions 
they  may  be  inhaled  from  the  vial,  or  from  the  sponge 
of  Dr.  Burney  Yeo's  perforated  zinc  resjiirator. 

Stomach-cough,  liver-cough,  etc.,  and  the  cough  of 
rheumatic  or  gouty  bronchitis,  lar_vngitis  or  jdiaryngitis, 
must  be  overcome  by  appropriate  constitutional  tieat- 
ment;  but  strontium  bromide  may  usefully  form  a  part 
of  that  treatment,  and  often  helps  to  allay  cough. 

Whooping-cough  is  often  unamenable  to  medicinal 
treatment,  and  the  best  remed_v  is  to  send  the  patient,  if 
possible,  to- the  seashore,  to  be  kejit  in  the  open  air  as 
many  hours  out  of  the  twenty -four  as  the  sun  shines.andas 
otherwise  maybe  advisable.  Among  palliative  remeilies 
inhalations  of  various  kinds  have  been  recommended. 
The  vapors  produced  in  the  manufacture  of  coal  gas.  in- 
haled at  the  gas  works,  have  a  popular  reputation  not 
wholly  undeserved.  Ozone,  hydrogen  dioxide,  hydro- 
fluoric acid,  chloroform,  ethyl"  iodide,  and  bromoform, 
have  all  been  highly  recommended  by  coml)etent  observ- 
ers, and  are  doubtless  useful  in  individual  cases.  The 
vaporization  of  menthol  or  eucalyptol,  or  both,  day  and 
night  in  the  rooms  occupied  by  the  patient,  and  in  suffi- 
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cient  quaiitit_r  to  be  easily  discernible  upon  entering  the 
room  from  the  outer  air,  is  useful.  Creoliu,  carbolic 
acid,  and  various  coal-tar  and  coal-oil  products  under 
proprietary  names,  have  been  advised  for  use  in  a  similar 
manner,  and  all  of  them  have  proved  beneficial  in  a  cer- 
tain number  of  cases.  Toxic  effects  may  be  produced  bj- 
the  absorption  of  such  drugs,  and  the  same  care  must  be 
observed  as  in  the  case  of  internal  administration.  For- 
maldeh3*de  solution  (formalin)  has  been  advised  for  in- 
halation. Tvell  diluted,  from  an  inhaler  on  the  plan  of  a 
fl'olff  bottle.  The  terebinthinates.  of  ^vhich  eucalyptol 
is  best,  ma}'  be  dropped  on  a  sponge  suspended  like  a 
locket  from  a  tape  about  the  child's  neck,  or  held  over 
the  nose  and  mouth  by  the  Yeo  respirator,  and  thus  the 
respired  air  be  continuously  medicated. 

A  new  preparation  of  fluorine,  difluordi phenyl,  has 
been  advised  in  the  form  of  an  ointment,  under  the  pro- 
prietary name  of  antitussin,  and  the  reports  in  its  favor 
are  accumulating.  My  own  e.vperieuce  with  it,  however, 
has  not  been  brilliant. 

As  to  internal  medication,  the  collateral  bronchitis 
should  be  treated  on  general  principles,  and  to  allay 
cough,  bromoform  seems  on  the  whole  the  most  useful  of 
all  the  drugs  that  from  time  to  time  have  been  recom- 
mended, of  which  the  name  is  legion.  To  a  child  two 
years  old  gtt.  ij.  bromoform  in  glycerin  and  sherry  wine, 
or  in  aromatic  eli.xir,  may  be  given  every  two,  three,  or 
four  hours,  as  may  seem  necessary.  In  every  instance, 
however,  the  dose  must  be  adjusted  to  the  age  and  sus- 
ceptibility of  the  patient  and  the  severity  of  the  case. 
Hydrogen  dioxide  has.  in  my'  hands,  proved  useful  in 
doses  of  from  ^^,  xx.  to  Ix..  diluted  with  glycerin  and 
water,  and  given  every  third  or  fourth  hour.  Suljihurous 
acid,  sodium  hyposulphite,  and  Hope's  nitrous  acid  mix- 
ture seem  also  to  have  some  usefulness.  Sprats  of  ad- 
renalin have  been  advised,  but  I  have  as  3et  had  no  op- 
portunity to  gain  experience  with  this  measure. 

Laryngismus  stridulus  is  usuallv  an  accompaniment  of 
rhachitis.  the  constitutional  treatment  for  whieli  must  be 
instituted.  In  addition,  amyl  nitrite  inhalations  may  be 
used  to  relax  the  spasm,  and  care  is  necessary  to  guard 
against  strangulation  of  the  chilil  by  incarceration  of  the 
epiglottis.  Nitroglycerin  or  sodium  nitrite  given  inter- 
nally for  prolonged  periods,  in  do.ses  appropriate  to  the 
age  of  the  patient,  somerimes  has  a  beneficial  effect  in 
diminishing  the  frequency  and  severity  of  the  paroxysm. 

Tumors  and  foreign  bodies  are  to  be  removed  if  pos- 
sible. 

Retropharyngeal  abscess  is  to  be  treated  surgically, 
and  the  associated  cough  will  disixppear.  Enlarged  bron- 
chial glands  are  not  as  yet  susceptible  to  direct  treatment, 
but  crj-stallized  Ciilcimn  chloride,  given  internally  in  some 
suitable  vehicle,  in  doses  of  gr.  x.  or  xv.  three  or  four 
times  daily  for  a  child  of  seven  or  eight  years,  and  pro- 
portionately larger  doses  for  older  persons,  often  exerts 
a  beneficial  influence  upon  glandular  enlargements  in 
general.  So,  too,  the  so-called  alterative  treatment  with 
preparations  of  iodine,  of  arsenic,  and  of  mercury,  is  often 
useful.  'When  glandular  enlargements  are  due  to  syph- 
ilis, tuberculosis,  or  other  recognizable  cause,  that  will 
furnish  the  indication  for  treatment. 

The  cough  of  asthma  is  rather  to  be  encouraged  than 
diminished,  as  free  expectoration  will  sometimes  assist  in 
cutting  short  the  paroxysm.  Otherwise  the  treatment 
is  that  for  the  underlying  condition,  and  need  not  here 
be  discussed.  The  cough  of  hysteria  can  be  controlled 
only  by  psychic  influence,  the  physical  'medium  of 
which  may  be  an  electric  application,  a  blister,  or  other 
means,  according  to  the  individuality  of  the  patient  and 
of  the  physician."  In  my  own  observation  painful  electric 
applications  to  the  larynx  or  over  it  have  been  the  most 
successful ;  though  these  should  be  made  only  with  great 
caution,  and  never  by  those  inexperienced  in  the  use  of 
electricity  in  the  neighborhood  of  the  pneumogastric 
nerve.  Solomon  Solu  CoTten. 

COUNTER-IRRITATION.  — (See  also  Cauterization.) 
This  is  a  remedial  measure  the  object  of  which  is  to  pro- 


duce a  congestion  of  the  vessels  at  the  surface  of  the  body 
for  the  purpose  of  relieving  a  disturbance  of  some  re- 
mote tissue  or  organ. 

The  principle  of  counter-irritation  is  followed  in  many 
therapeutic  methods  of  a  general  character,  all  of  which 
relieve  internal,  or  more  or  less  localized,  congestions. 
Those  best  known  are  hot  baths,  steam  baths,  hot  foot 
baths,  heat  to  the  extremities,  blood-letting,  etc.  These 
general  methods,  however,  are  not  known  as  counter- 
irritants;  the  term  is  commonly  restricted  to  such  as  are 
more  local  in  their  action  and  which  are  employed  to  ac- 
complish a  definite  object.  For  this  purpose  various 
irritant  drugs  arc  utilized,  as  well  as  the  actual  cautery, 
dry -cupping,  and  other  similar  means  which  cause  a  local 
irritation. 

The  irritation  produced  by  counter-initants  varies  in 
degree,  and  the  difference  is  expressed  by  the  terms 
rubefaction,  vesication,  and  jiustidation,  according  as 
they  simply  redden  the  skin  or  produce  a  blister  or  a 
pustular  eruption.  These  terms  do  not  imply  sharply 
defined  groups,  as  one  may  merge  into  the  other,  and  a 
single  drug  may  cause  one  or  all  of  these  effecfs  accord- 
ing to  the  strength  of  the  preparation  or  the  length  of 
time  it  is  ap|ilied. 

RrBEF.\ciESTs  are  such  as  produce  a  reddening  and 
congestion  of  the  skin,  the  vessels  becoming  dilated  and 
the  supply  of  blood  increased.  The  effect  is  immediate, 
but  of  short  duration,  as  it  rapidly  disappears  when  the 
irritation  is  removed.  'When  the  application  is  prolonged 
it  causes  a  severe  inflammation  of  the  skin  which  may 
result  in  vesication  or  ulceration.  For  this  reason  rulie- 
facients  recjuire  to  be  applied  with  some  care  to  children 
and  others  whose  skin  is  thin  and  sensitive,  as  the  irritation 
may  be  unnecesstvrily  severe.  The  s;uue  caution  is  neces- 
sary when  they  are  applied  to  the  skin  of  those  who  are 
unconscious  or  in  whom  the  sense  of  pain  is  impaired. 

JIustard.  ammonia,  tur|ientine,  camphor,  and  iodine 
are  the  best  known  of  this  group. 

Vesic.\xts, — In  vesication  there  is  a  deeper  and  more 
severe  inflanunation  of  the  skin  which  results  in  an  effu- 
sion of  serum  beneath  the  cuticle.  If  the  application  is 
jirolonged  the  effusion  of  serum  may  be  very  great.  The 
counter-irritation  may  also  be  prolonged  for  days  or 
weeks,  hy  the  application  of  irritating  substances  to  the 
denuded  surface,  after  the  eft'used  fluid  has  been  removed. 
In  selecting  a  site  for  the  application  of  a  vesicant  it  is 
advisable  to  avoid  any  bony  prominence,  as  there  may  be 
trouble  afterward  as  regartls  the  healing  of  the  spot.  A 
de]iressi\nt  effect  is  apt  to  accompany  blistering,  and 
this  may  become  a  serious  affair  if  the  patient  is  weak 
or  if  the  blistered  surface  is  very  extensive 

Cuiitluiriihs  is  the  one  drug  that  is  almost  entirely  used 
for  this  purpose.  The  cerate,  spread  in  the  form  of  a 
plaster,  is  the  preparation  generally  employed.  It  is  slow 
in  its  action  and  requires  to  be  kept  applied  for  about 
eight  hours.  To  increase  its  action,  camphor,  ether,  acet- 
ic acid,  and  the  powdered  drug  may  be  applied  to  the 
surface.  Hot  linseed  poultices  may  also  be  applied  after 
the  removal  of  the  plaster,  to  promote  the  effusion  of 
serum.  Some  caution  is  necessary  during  the  emiiloy- 
ment  of  cantharidcs.  on  account  of  the  lialjility  of  its 
being  absorbed  and  exerting  an  initant  effect  upon  the 
kidney.  If  there  is  any  tendency  to  kidney  disease  this 
caution  is  particularly  required.  Acetic  acid  is  a  very 
efficient  solvent  of  canthaiidin.  and  the  Liquor  epispas- 
ticus  of  the  British  Pharmacopoeia  possesses  a  much  more 
rapid  action  than  any  other  preparation,  one  application 
being  generally  sufticient  to  cause  a  blister  in  the  course 
of  an  hour.  Cantharidal  collodion  is  also  an  effective 
preparation,  but  less  rapid  in  its  action  than  the  above. 

Ammonia  is  sometimes  employed  as  a  vesicant,  but  it 
is  less  effective  and  \e\y  painful.  A  piece  of  lint  is  sat- 
urated with  the  water  of  ammonia  and  kept  in  contact 
^\  ith  the  part. 

Ilydrochhirii-  acid  is  also  sometimes  used,  the  pure  acid 
being  applied  to  the  surface. 

Pi'STUL.4.STS. — Croton  oil  and  tartarated  antimony  are 
typical  representatives  of  this  group.     Their  application 
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results  in  ii  pustular  eruption  acconi])niiied  by  much  iu- 
flaninialory  attion.  Thecnurse  i)f'  llic  eruption  is  similar 
to  that  of  the  rash  of  smallpox,  the  foriiialion  t'i  pus  |iiM- 
sisting  for  several  days  and  leavinjr  llii'  part  deeply  pilled 
and  scarred.  On  account  of  llie  severe  elVecl  nliicli  lliey 
produce,  imstulants  should  not  be  e.xtensively  applieil, 
nor  should  tlu'V  be  applied  to  any  exposed  part  for  fear 
of  causing  disliguremeiit. 

Crotiinoil  is  the  pustulant  generally  emiiloved.  'When 
pure  the  oil  is  too  strong  to  lie  used  undiluted,  and  olive 
oil  or  spirits  are  added  until  tlu'  crotoii  oil  is  reduced 
one-half. 

J'lirtitr  cmilif  in  tlu'  form  of  an  ointment,  one  part  to 
four,  was  formerly  much  used,  II  is  now  rarely  em- 
ployed, as  its  action  is  slow,  and  severe  depression  may 
result  from  absorpliou  of  the  drug. 

The  iirtiKil  cdiitfry  is  particularly  seiviceable,  as  by  its 
careful  use  the  physician  may  establish  any  degree  of 
counter-irritation.  By  simply  passing  the  heated  iron 
over  the  surface  of  the  skin,  but  not  in  actual  contact 
witli  it.  he  may  produce  the  mildest  rubefactiou;  and  if 
a  more  severe  elTect  is  reciuind,  he  has  only  to  bring  the 
point  of  the  caulery  lightly  and  quickly  in  contact  with 
the  skin.  Very  little  experience  is  rei|uiied  to  enable 
one  to  produce  almost  any  degree  of  counter-irritation 
immediately,  and  readily  to  control  the  action  of  the 
heated  instrument.  Any  form  of  actual  cautery  may  be 
«sed.  but  the  thermocautery  is  tliat  usually  adopted.  A 
very  old  and  simple  method  is  to  place  an  ordinary  metal 
sptMin  ill  hot  water  for  a  few  minutes  and  then  to  apply 
it  to  the  ])ait.  It  is  stated  that  if  the  spoon,  which  lias 
been  heated  in  water  at  12(1  F.,  is  kept  in  contact  with 
the  skill  for  three  seconds,  the  part  will  become  red  and 
congested,  ami  tliilt  if  it  remains  for  ten  seconds,  vesica- 
tion will  follow. 

Dn/-ciipjiiiiff  is  a  means  of  counter-irritation  that  is 
still  freiiuently  resorted  to.  It  produces  a  rapid  and  in- 
tense rubefact ion  which  persists  for  some  time  {see  Jiloixi- 
Ltttiii;/). 

Formerly  a  prolonged  co\intcr-irritant  effect  was  pro- 
iluced  by  the  use  of  sclnnit  and  I'liiiiig.  These  are  not 
resorted  to  at  the  present  day.  although  an  occasional 
reference  is  made  to  their  value  by  the  older  surgeons. 

Setons  were  artiticial  sinuses  formed  by  pinching  a 
fold  of  skin  and  subcutaneous  tissue,  and,  with  the  aid 
of  a  setou  needle,  pas.sing  through  it  one  or  more  strands 
of  silk,  cotton,  hair,  or  some  such  material.  This  was 
left  in  place  antl  each  tlav  moved  back  and  forth.  The 
object  was  to  promote  supjiuration,  and,  in  order  to  in- 
crease the  iiTitation,  some  caustic  preparation  was  often 
applied  to  the  material. 

Issues  were  wounds  artificially  produced  and  main- 
tained for  the  purpose  of  securing  a  continuous  discharge 
of  pus.  When  a  small  issue  was  desired,  the  wound  was 
simply  an  incision  made  by  a  knife.  When  a  more 
marked  effect  was  required,  caustics  and  moxa  were  re- 
sorted to  to  destroy  the  part.  Various  methods  were 
adopted  to  maintain  the  discharge,  such  as  the  introduc- 
tion of  peas  and  lieads.  irritating  drugs,  and  caustics. 

Counter-irritation  is  resorted  to  for  three  purposes:  to 
relieve  pain,  to  lessen  congestion  and  inflammation  of 
deep-seated  orirans,  and  to  promote  the  absorption  of  the 
products  of  inflammation.  In  selecting  the  jiarticular 
counter  irritant  by  means  of  which  it  is  hoped  to  attain 
these  ends,  the  degree  lo  which  it  acts  must  be  the  guide 
for  its  employment.  If  the  trouble  is  of  recent  origin,  or 
if  the  organ  is  simply  a  little  congested,  a  mild  counter- 
irritation  will  usually  jirove  suflicient:  but  if  the  disturb- 
ance is  of  longer  duration  and  especially  if  structural 
changes  have  begun,  then  a  more  severe  and  prolonged 
effect  is  reipiired.  The  immediate  effect  of  rubefacients 
is  much  greater  than  that  of  vesication  and  other  more 
active  irritants,  but  the  remote  effect  is  much  less.  For 
this  reason  they  are  .selected  at  the  onset  of  pleurisy, 
bronchitis,  pulmonary,  and  renal  congestion,  neuralgias. 
Colic,  and  gastric  pains;  the  extensive  reddening  of  the 
Burface  in  the  neiirhborhood  of  the  part  affected  affording 
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iminediate  relief.  On  the  other  hand,  when  the  intlam- 
matioii  is  established  as  in  advanced  bronchitis,  pleurisy, 
endocarditis,  peritonitis,  sciatica,  inllamc d  joints,  aii(i 
such  serious  affections,  vesicants,  piistulants,  and  the 
actual  cautery  produce  a  prolonged  and  more  eftective 
counter  irritation. 

Alllioiigli  the  beneficial  effect  of  counter-irritation  is 
very  evident,  the  manner  in  which  it  is  produced  is  as 
yet  undetermined.  It  has  been  thought  to  depend  upon 
a  direct  vas<-iilar  relation  lietweeii  the  afVected  organ  and 
the  adjacent  skin  surface.  This  explanation  is  apjili- 
cable  to  superficial  and  intercostal  neuralgias,  to  inflam- 
mation of  the  costal  jileura,  and  to  many  joint  affections, 
when  there  is  a  blood  suiqily  common  to  liolli  parts;  but 
it  is  not  suflicient  to  explain  the  relief  atforded  to  deejier 
parts  which  have  an  indeiieiident  circulation.  The  more 
recent  and  probably  thi'  more  correct  explanation  is  that 
which  looks  lo  the  sensitiveness  of  the  cutaneous  nerves 
and  their  reflex  action  upon  the  deeper  parts.  The 
activity  of  the  superficial  reflexes  is  evident  to  all,  and 
experimental  work  has  shown  that  a  similar  influence  is 
exerted  on  the  deeper  organs,  as  where  an  irritant  to  the 
skin  over  the  kidneys  causes  a  contraction  of  the  renal 
vessels,  or  where,  in  an  exposed  jiia  mater,  the  vessels 
are  similarh'  affected  by  irritating  the  seal]).  Furtlier 
evidence  of  this  relation  between  the  deejier  parts  and 
the  surface  is  furnished  by  the  many  reflected  pains  that 
arise  when  the  organs  are  diseased.  Starting  from  this 
explanation  as  a  basis,  we  may  maintain  that  a  careful 
mapping  out  of  the  skin  areas  most  intimately  associated 
with  the  various  organs  beomes  necessary;  and  when 
such  a  scheme  has  been  prepared,  it  will  at  once  be  pos- 
sible to  employ  counter-irritants  in  a  more  rational  and 
effective  manner.  Beaumont  Small. 

COWPER'S  GLANDS.— These  glands  were  discovered 
by  Cow  per  in  ITiiu.  They  are  two  in  number  and  have 
a  genital  function  the  exact  nature  of  which  is  not  defi- 
nitel}'  known.  Probably  their  function  is  to  lubricate  the 
urethra  during  sexual  excitement,  at  the  Siime  time  add- 
ing ,somewhat  to  the  volume  of  the  seminal  fluid  at  the 
moment  of  ejaculation. 

It  has  been  demonstrated  that  their  activity  is  much 
increased  by  sexual  excitement.  In  a  case  of  a  cyst  of 
one  of  Cowper's  glands  which  was  opened  externally, 
the  fluid  excreted  through  this  opening  was  markedly 
increased  at  the  time  of  erections.  It  is  not  believed, 
however,  that  these  glands  have  an  important  part  in 
propagating  the  species.  They  are  believed  to  be  en- 
tirely accessory  in  their  function  and  that  their  absence 
would  not  particularly  influence  the  sexual  act  or  its  re- 
sults. I  cannot  find  any  statement  in  the  literature  of 
the  subject  which  would  tend  to  disprove  the  above  belief. 

The  subject,  however,  has  not  been  very  thoroughl)' 
studied,  either  as  regards  the  function  or  as  regards  tlie 
pathological  conditions  of  these  little  glands.  I  am  of  the 
opinion,  from  my  own  experience,  that  they  are  di.se;iscd 
more  frequently  than  is  generally  supposed,  but  that  the 
resulting  pathological  conditions  are  not  always  recog- 
nized. Owing  to  the  position  of  these  glands  and  their 
ducts  they  are  frequently  in  the  path  of  a  gonorrhoal  in- 
fection, and  an  infection  of  these  bodies  may  be  so  mild  as 
to  make  a  differential  diagnosis  extremely  difficult  until 
possibly,  by  urethral  or  external  irritalion.  one  of  the 
glands  becomes  acutely  inflamed.  ])roducing  a  character- 
istic swelling  and  train  of  symiitoms. 

I  believe  that  in  certain  cases  of  chronic  relapsing  ure- 
thritis of  a  gonorrha^al  origin,  where  no  focus  for  the  dis- 
charge can  be  found  and  where  the  urethra,  seminal 
vesicles,  jirostate,  and  other  parts  are  normal,  a  disease  of 
one  of  these  glands  is  the  cause  of  the  jiersistent  discharge. 
I  have  seen  a  few  cases  of  the  kind,  and  in  one  of  llie.se 
a  most  prolonged  discharge  was  cured  by  the  enucleation 
of  Cowper's  gland  dun'ng  a  jieiiod  of  acute  exacerbation 
produced  by  urethral  instrumentation.  This  ca.se  had 
been  stirred  up  by  sounds  on  several  occasions,  the  in- 
flammation being  accompanied  by  increased  discharge 
and  pain  in  the  perineum.     I  saw  the  patient  in  one  of 
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these  relapses,  and  found  an  inflammation  with  the  usual 
symptoms  of  a  suppurating  C'owperitis  of  a  relapsing 
character.  An  operation,  as  above  stated,  cured  the  pa- 
tient. Such  a  case  demonstrated  the  importance  of  con- 
sidering a  case  from  all  sides  and  getting  at  the  root  of 
the  trouble.  We  should  give  up  tlie  empirical  method  of 
treating  a  discharge  b_v  the  invariable  antericir  injection. 
Instead,  we  should  tind  the  focus  of  the  trouble,  treat  that, 
and  the  discharge  will  subsequently  cease.  In  cases  of 
Cowperitis  of  the  chronic,  low-grade  character  just  de- 
scribed, it  can  readily  be  seen  how  ridiculous  and  unsatis- 
factory it  would  be  to  use  an  anterior  urethral  injection. 

I  have  spoken  of  diseased  conditions  of  these  glands 
only  in  a  general  manner,  but  I  will  presently  take  up 
their  special  disorders,  with  their  appropriate  treatment. 
Before  doing  this,  however,  I  shall  refer  to  the  anatomical 
position  of  these  little  bodies. 

They  are  about  the  size  of  peas,  placed  one  on  each 
side  of  the  median  perineal  line  beneath  the  forepart  of 
the  membranous  urethra,  between  the  two  layers  of  the 
perineal  fascia,  and  close  behind  the  bulb.  They  are  en- 
closed by  the  transverse  fibres  of  the  compressor  urethra? 
muscles.  Each  gland  is  made  up  of  large  acini  with 
wide  lumina  invested  by  a  tine  connective-tissue  capsule 
and  with  much  involuntary  nuiscular  tissue  in  their  par- 
enchyma. These  acini  are  lined  by  clear  columnar  cells 
and  they  open  into  one  common  duct,  where,  combining 
with  the  ducts  of  the  otlier  lobules,  they  form  a  single 
excretory  duct.  These  ducts,  one  for  each  gland,  are 
slender  and  whitish  in  appearance,  run  forward  obliquely 
for  about  one  inch  beneath  the  urethral  nuicous  mem- 
brane, and  open  by  minute  orifices  into  the  floor  of  the 
bulbous  portion  of  the  urethra. 

These  glands  are  prestnt  at  all  periods  of  life,  but  they 
diminish  in  size  in  old  age. 

Their  pathological  conditions  have  not  been  studied  as 
thoroughly  as  have  those  of  other  parts  of  the  genito- 
urinary tract.  In  the  literature  of  the  subject  an  occa- 
sional case  has  been  reported.  During  the  past  five  years, 
in  private  and  dispens;iry  practice,  I  have  met  with  only 
half  a  dozen  cases  of  Cowperitis  of  a  type  pronounced 
enough  to  be  recognized. 

Cowper's  glands  may  be  involved  in  the  cour.se  of  an 
urethritis  of  any  kind,  but  more  frequently  in  the  course 
of  one  of  a  gonorrha?al  origin:  they  may  also  be  affected 
by  trauma,  by  tuberculosis,  by  cysts,  and  by  malignant 
disease. 

Cowperitis  as  a  complication,  either  direct  or  indirect, 
of  a  gonorrhceal  urethritis  is  the  form  usually  seen.  This 
complication  is  not  likely  to  occur  before  from  three  to 
four  weeks  after  the  commencement  of  the  gonorrhoea, 
and  may  not  appear  imtil  much  later. 

The  disease  usuallv  begins  with  considerable  pain  in 
the  perineum,  accompanied  by  a  timiefaction  in  the  mid- 
perineal  region,  slightly  to  one  side.  I  have  never  seen 
both  glands  involved  at  the  same  time,  although  in  a  se- 
vere case,  if  the  condition  has  been  present  for  some  time, 
there  may  be  a  general  tenderness  and  swelling  over  the 
whole  perineum,  and  only  very  obscure  indications  of 
the  fact  that  the  gland  was  the  original  starting  point  of 
the  infection.  Besides  the  tumefaction,  which  is  appar- 
ent both  externally  and  upon  exploration  by  a  finger  in- 
troduced into  the  rectum,  there  will  be  more  frequent  peri- 
ods of  urination  with  probably  considerable  pain  at  the  end 
of  the  act,  owing  to  the  pressure  on  the  involved  gland 
by  the  compressor  urethnB  muscle.  There  usually  will 
be  a  diminution  in  the  size  of  the  stream.  There  is 
fever  in  many  cases,  particularly  if  suppuration  is  pres- 
ent or  impending.  An  attack  may.  however,  begin  and 
then  gradually,  subside  before  there  is  any  pus  formation. 
In  all  cases,  sitting  or  walking  becomes  extremely  painful, 
and  any  pressure  on  the  perineum  causes  much  discomfort. 

At  the  beginning  of  the  trouble  a  finger  introduced 
within  the  external  sphincter  of  the  rectum  will  enable 
the  surgeon,  with  the  other  hand  placed  over  the  perineum, 
to  recognize  this  condition.  The  fact  of  the  swelling 
being  on  one  side  of  the  perineum  is  a  matter  of  impor- 
tance in  the  differential  diagnosis. 


When  suppuration  occurs  the  symptoms  are  much  ag- 
gravated. There  are  severe  throbbing  in  the  perineum, 
fever,  much  difflcidty  in  urination  owing  to  mechanical 
obstruction,  and  occasionally  retention,  all  combined  with 
extreme  pain.  The  abscess  may  break  into  the  urethra, 
or  externally.  It  is,  however,  more  likely  to  break  ex- 
ternally. In  some  cases  a  troublesome  cicatrix  remains. 
In  rare  cases  the  abscess  breaks  into  the  urethra,  but  uri- 
nary extravasation  in  such  cases  is  unusual.  In  patients 
in  whoiu  these  glands  become  involved  following  gonor- 
rhoea and  in  whom  after  being  inflamed  they  subside  with- 
out suppuration,  they  are  liable  to  relapses  of  the  old 
trouble  on  slight  provocation:  as  after  slight  injury  of 
the  perineum,  a  gonorrha?al  urethritis,  the  introduction 
of  urethral  instruments,  deep  injections  or  irrigations,  ex- 
cessive sexual  exciteiuent,  indulgence  in  alcohol,  high 
living,  and  the  like.  In  such  cases,  with  a  dormant  focus 
of  gonorrhcea  in  one  of  Cowper's  glands,  the  I'atient  will 
have  an  occasional  discharge  which  resists  all  forms  of 
treatment  directed  toward  other  parts  of  the  genito-uri- 
nary  tract.  The  inflammation  in  the  intervals  may  be  so 
slight  that  the  cause  of  the  trouble  in  Cowper's  gland  is 
not  recognized.  In  fact,  I  am  confident  that  some  chronic 
discharges  of  a  relapsing  character  are  due  to  disease  of 
one  of  these  little  glands.  It  is  an  extremely  dllticult 
matter  to  diagnose  a  chronic  condition  of  this  kind  owing 
to  the  position  of  the  glands  and  their  ducts  and  also 
owing  to  the  small  amount  of  local  disturbance  in  such 
cases.  This  condition  may  be  calletl  a  relapsing  Cowper- 
itis, indirecth'  caused  by  an  old  gonorrhieal  urethritis. 
The  gland,  of  course,  has  never  recovered  entirely  from 
the  first  acute  infection,  and  unless  the  disease  is  stirred 
to  activity  b.v  some  chance  cause,  as  instrumentation,  it 
may  not  be  recognized  for  years;  the  discharge,  which 
is  obstinate  to  all  treatment,  being  the  only  evidence  of 
any  disease.  I  also  believe  that  stricture  may  follow  a 
severe  Cowperitis  of  this  character. 

By  obtaining  a  carefid  history  of  the  case  as  to  any 
acute  attacks  of  Cowperitis,  by  making  a  thorough  ex- 
amination of  the  seminal  vesicles  and  prostate  with  a 
finger  educated  to  the  rei'tal  feel  for  any  disease  of  these 
organs,  by  instituting  a  urethral  examination  with  sounds, 
and  by  the  employment  of  the  endoscope  we  should  be 
able  to  form  an  opinion  in  many  cases  as  to  the  part  dis- 
eased. The  treatment  should  of  course,  be  adajjted  to 
the  conditions  thus  a.scertaincd.  If  one  of  Cowper's 
glands  is  enlarged  and  is  deuionstrated  to  be  the  cause  of 
this  relajising  discharge,  it  should  be  enucleated  without 
further  delay. 

Fuller,  in  his  book  on  "Disease  of  the  Genito-Urinary 
System."  says,  " The  prognosis  as  regards  suppurative 
cases  if  treated  expectantly  is  not  very  favorable.  In 
many  of  them  a  sinus  persists  marking  the  jiath  of  exit 
of  tiie  original  abscess.  From  such  sinuses  there  is  usu- 
ally a  slight  urinous  leak,  that  fluid  finding  its  way  into 
the  path  of  the  duct  which  previously  connected  the 
gland  with  the  urethra.  In  some  cases  a  sinus  persists 
because  the  original  abscess  cavity  is  filled  with  unhealthy 
granulation  tissue  developed  chiefiy  from  the  remains 
of  the  glandular  structure.  Such  tissue  continually 
secretes  pus,  and  should  the  sinus  furnishing  the  vent  be- 
come closed,  then  a  chronic  burrowing  will  occur  and  an- 
other sinus  will  eventually  be  established.  In  this  man- 
ner at  times  the  perineum  may  become  filled  with  cicatrix 
and  fistuUt." 

The  treatment  of  nonsuppurative  cases  should  be  the 
external  application  of  ice  or  of  soothing  lotions,  over  the 
perineum,  and  rest  in  bed,  with  all  pressure  removed  from 
the  perineum. 

No  hot  applications  should  be  used,  as  such  treatment 
might  tend  to  promote  suppuration.  All  urethral  treat- 
ment should  be  discontinued.  It  is  well  to  give  some 
drug  by  the  mouth  to  render  the  urine  bland :  acetate  of 
potash,  gr.  V.  to  x.  every  three  or  four  hours,  is  often 
serviceable.  If  there  is  very  severe  pain.  anod3'nes  had 
better  be  employed.  A  very  efficient  method  of  era- 
ploying  them  is  in  the  form  of  a  rectal  suppository  hav- 
ing the  following  composition :  Ext.  opii,  gr.  i. ;  Ext.  bel- 
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liidouniv.  gr.  i.  A  sicond  such  su]i|iository  sliouUl  be  in- 
troduceti  at  Uio  end  (jf  froni  four  to  six  liours  if  the  jiain 
continues  to  be  severe.  Tlie  bowels  sliould  l)e  tboronsrlily 
moved,  but  the  use  of  reetal  irrigation  is  not  usually  de- 
sirable in  acute  Cowperitis,  as  the  inlroduetion  of  the  noz- 
zle is  liable  to  cause  con.sidenible  pain,  thus  stirring  up  an 
already  very  sensitive  region,  and  probably  doing  more 
liarni  than  good. 

In  other  cases,  in  which  wc  are  convinced,  from  an  in- 
crease in  the  severity  of  the  signs  and  symptoms — viz.. 
a  more  pronounced  tumefaction  in  the  perineum,  more  se- 
vere ])ain  of  a  throbbing  character,  the  presence  of  fluctu- 
ation in  the  swelling,  the  rise  in  body  temperature,  etc. 
— that  suiipuration  is  present,  it  will  be  evident  that  an 
incision  should  be  made.  This  should  be  done  with  the 
usual  surgical  care.  After  evacuating  the  pus  the  re- 
mainder of  the  diseased  gland  should  be  removed  and  the 
wound  packed  lightly  with  gauze:  then  a  soft-rubber 
catheter  should  be  inlioduced  through  tiie  penis  into  the 
bladdcT  and  left  tlu-re  for  permanent  drainage.  As  the 
discharge  gradually  becomes  less  the  edges  of  the  wound 
should  be  drawn  together. 

In  ca.ses  in  which  there  is  an  extravasation  of  urine  into 
the  perineum  and  surrounding  tissue,  free  incision  should 
be  made  as  early  as  possible.  If,  after  the  acute  symptoms 
subside,  a  permanent  urinary  tistula  should  remain,  a  rad- 
ical operation  will  have  to  be  performed  and  the  old  in 
tlanunatory  tissue  removed,  a  urethral  soft-rubber  catheter 
being  left  in  jihice  till  the  wound  heals.  If  there  is  no 
communication  between  the  wound  and  the  urethra,  the 
diseased  area  lying  entirely  outside  the  latter,  it  will  be 
found  desirable  to  introduce  a  sound  into  the  urethra  as 
a  guide  during  the  operation.  Xo  radical  operation  should 
be  undertaken  wiiile  there  are  any  remains  of  an  acute 
gonorrhual  urethritis. 

Cowperitis  may  be  produced  by  trauma,  as  a  blow  over 
the  perineum,  horseback  or  bicycle  riding,  and  the  like. 
However,  most  of  the  disturbances  arising  from  such 
causes  are  the  indirect  result  of  a  gonorrhcx'al  urethritis 
of  long  standing,  which  has  been  roused  to  renewed 
activity  by  the  injury.  The  treatment  is  the  same  as  that 
already  descrilied  above.  In  one  case  of  mine  the  ]iatient 
was  not  seen  for  some  days  after  the  injury  and  the 
whole  perineal  region  was  fimnd  to  be  lumetied  and  ex- 
tremely sensitive.  The  case  was  one  of  an  old  gonorrha'a 
of  Cowper's  glands  which  had  been  of  a  relapsing  char- 
acter. The  injury  bad  been  produced  by  the  use  of  large 
steel  sounds. 

A  tuberculous  condition  of  Cowper's  glands  may  occur, 
and  Fuller,  in  his  book,  refers  to  a  case  in  which  severe 
horseback  riding  was  followed  by  a  non-suppui-ative 
Cowperitis  with  suppuration  of  the  inguinal  glands. 
The  removal  of  these  by  an  operatiim  revealed  the  fact 
tliat  they  were  tuberculous.  The  Cowperitis  subsided 
without  operation,  but  Dr.  Fuller  believed  that  this  af- 
fection also  was  of  a  tuberculous  nature. 

In  a  patient  with  a  predisposition  to  tuberculosis  an 
inflammation  of  Cowper's  gland  produced  by  mild 
trauma,  with  no  previous  gonorrhea,  should  cause  us  to 
suspect  tuberculosis. 

If  the  disease  does  not  go  on  to  suppuration,  constitu- 
tional treatment  and  change  of  climate  are  indicated. 
On  the  other  hand,  if  suppuration  shoidd  occur,  the  re- 
moval of  the  diseased  gland  will  be  clearly  indicated. 

A  few  cases  of  cyst  of  Cowjier's  gland  have  been  re- 
ported; they  projected  into  the  urethra  and  thus  dimin- 
ished its  calibie.  If  such  a  cyst  is  large  enough  to 
obstruct  noticeably  the  flow  of  urine,  it  is  clear  that  it 
should  be  removed  by  operative  interference.  This  can 
lie  done  by  making  an  incision  through  the  perineum  into 
the  urethra,  and  then  closing  the  wound  after  the  removal 
of  the  cyst. 

Very  few  instances  of  malignant  growths  of  Cowper's 
glands  have  been  reported,  'they  appeared  in  the  form 
of  a  hard,  movable  nodule  in  the  region  usually  occupied 
by  the  gland.  In  structure  they  usually  presented  the 
appearances  of  a  cylindroma. 

Such  a  growth  may  in  a  short  time  obstruct  the  flow  of 


urine.  The  growth  is  ra))ici  and  at  tirst  painless,  ])ut  as 
the  tumor  increases  in  size  the  patient  notices  pain  in  de- 
fecation, (lilhculty  in  silting  or  walking,  and  in  all  posi- 
tions which  cause  pressure  upon  the  growth.  The  in- 
guinal glands  become  involved.  A  combined  rectal  and 
abdominal  examination  will  indicate  the  position  of  the 
tumor  as  readily  as  il  does  in  cases  of  simple  swelling  of 
the  gland.  An  early  removal  of  the  gland  and  other  in- 
volved i)arls  is  the  only  form  of  treatment  which  ofTers 
any  hope  of  success.  Fulleii  CuImI,  Jr. 
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COWPOX. — (Synonyms:  Vaccinia,  Vaccine  Disease, 
Kinepock.)  Cowpox  is  a  specific  contagious  disease, 
occurring  in  the  cow.  horse,  and  possibly  in  other  domes- 
ticated animals,  characterized  by  an  eruption  which 
closely  resembles  in  anatomical  structure  and  successive 
stages  of  development  the  eruption  of  variola. 

The  disease  known  as  grease  in  the  horse  is  believed  to 
be  identical  with,  and  capable  of  producing.  b_v  inocula- 
tion, vaccinia  in  the  cow.  Vaccinia  chiefly  affects  young 
cows,  and  the  eruption  is  nearly  always  limited  to  the 
udder  and  teats.  It  rarely,  if  ever,  occurs  more  than 
once  in  the  same  individual. 

Cowpox  occurs  sporadically  and  as  an  epidemic.  It 
is  susceptible  of  propagation  by  inoculation,  but  is  con- 
tagious in  no  other  wa\\ 

The  disease  prevails  more  extensively  in  the  lierds  of 
Europe  than  in  those  of  this  country,  but  is  far  from 
commcm  anywhere;  in  fact,  previous  to  the  discovery  of 
the  Cohasset  stock  in  18t<l.  no  perfectly  authenticated 
case  of  natural  cowpox  had  ever  occurred  in  America.' 

The  constitutional  symptoms  are  mild,  and  the  malady 
would  possess  little  practical  importance  were  it  not 
that,  reproduced  in  man.  it  either  confers  absolute  im- 
munity from  smallpox,  or  greatly  mcidities  its  course  and 
mortality.  After  a  period  of  incubation  lasting  from 
five  to  eight  days,  the  udder  becomes  hot.  tender,  slightly 
swollen,  and  small,  red  papules  appear  upon  the  udder 
and  teats.  The  papules,  about  five  days  after  their  ap- 
pearance, are  changed  into  vesicles,  distinctly  umbili- 
cated,  and  filled  with  transparent,  amber-colored  lymph. 
When  not  influenced  by  location  or  surroundings,  the 
vesicles  are  circular  in  form,  and  vary  in  size  from  one 
line  to  five  lines.  They  are  encircled  with  a  rose-red 
areola  and  a  well-marked  zone  of  induration. 

On  section  each  vesicle  is  seen  to  be  multilocular;  its 
interior  is  divided  into  several  distinct  chambers  contain- 
ing lymph,  and  separated  from  one  another  by  delicate 
partitions. 

The  transformation  into  pustules  is  fully  completed  by 
the  eleventh  or  twelfth  day,  the  central  depres.sion  dis- 
appears, and  the  external  contour  is  conoidal.  The 
lociil  inflammation  soon  abates.  Desiccation  advances 
rapidly,  and  by  the  fourteenth  or  fifteenth  day  crusts  of 
a  dark  mahogany  color  are  fully  formed.  These  fall  off 
about  ten  days  later,  and  whitish  scars,  more  or  less 
deeply  pitted,  mark  the  site  of  the  vesicles. 

The  lymph  and  crust  may  be  used  in  inoculating  other 
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heifers  or  iii  human  vaccination  ;  but  the  former,  collected 
when  the  vesicles  are  from  seven  to  nine  ilays  old,  is,  for 
obvious  reasons,  greatly  to  be  jireferred. 

Vaccinia  may  lie  produced  in  the  cow  by  inoculation 
with  lymph  from  animals  alfected  with  the  disease,  with 
humanized  virus,  and  with  the  lymph  of  variola. 

The  essential  features  are  thesiime  by  whatever  method 
produced,  but  vary  in  intensity. 

At  one  time  retrovaccination,  or  the  inoculation  of 
heifers  with  humanized  lymph,  was  extensively  prac- 
tised, especially  in  Italy,  in  the  belief  that  the  supposed 
deterioration  of  human  vaccine  virus  could  in  this  way 
be  prevented  and  all  contaminations  removed.  The 
practice  is  now  .lustly  abandoned. 

The  true  nature  of  cow  pox  lias  given  rise  to  much 
discussion  in  professional  circles  and  this  discussion  can- 
not yet  be  considered  closed.  It  is  questionable  whether 
the  disease  ever  originates  spontaneously.  The  weight 
of  opinion  tends  strongly  to  support  the  view  originally 
advanced  l)y  Jenner,  that  the  vaccine  disease  is  variola 
moditied  by  transmission  through  the  system  of  the 
cow.  The  French  school  still  indorses  the  conclusion 
of  the  well-known  Lyon  Commission  (1865)  as  to  the 
dual  nature  of  the  two  diseases.  It  is.  however,  very 
diflicultto  produce  the  disease  by  inoculation  with  small- 
pox virus.  But  few  of  the  many  exiH'rimenters  have 
succeeded,  and  at  times  very  lamentable  results  have 
followed  the  attempt.  In  several  instances  widespread 
and  fatal  epidemics  of  genuine  smallpox  have  been 
kindled  by  the  use  of  virus  obtained  from  bovine  variola- 
tion. In  contirmatiou  of  this  statement  we  may  cite  the 
experiences  of  Alartin  in  Attleboro,  JIa.ss.  (1886),  Reiter 
in  Munich  (188!t),  and  the  Lyon  Commission  (1865).  In 
determining  i|Uestions  of  this  kind,  one  successful  ex- 
periment rebuts  the  negative  testimony  of  many  failures. 
Mr.  Ceelv.  <if  England,  than  whom  tlirre  is  no  higher 
authority,  llime(i8!»2).  Voigt.  Simpson  of  Calcutta  (1892), 
an<l  others  have  succeeded  in  cultivating  a  stock  of  virus 
which  afforded  perfect  protection  from  subsequent  in- 
oculations of  variolous  matter.  It  may  be  stated,  then, 
in  summing  up  our  present  knowledge,  that  while  vac- 
cinia is  very  probably  variola  modibcd  in  some  mysteri- 
ous manner  by  its  passage  through  the  system  of  the  cow, 
the  diffiouities  of  inoculation  and  the  sad  results  which 
attend  the  use  of  spurious  virus  render  bovine  variolation 
Impracticable  as  a  source  of  vaccine  supply.  It  is  but 
right  to  add,  however,  that  the  expeiiments  of  Dr. 
Voigt. ^  Suiierintendent  of  the  Vaccine  Institute  of  Ham- 
burg, lead  to  a  different  conclusion.  He  has  experimen- 
tally demonstrated  that  where  bovine  variolation  is  prac- 
tised the  jiroduct  of  the  first  inoculation  retains  nearly 
all  of  the  vindenceof  the  miginal  seed,  but  by  succes.sive 
transmissions  from  one  animal  toanother  it  is  so  modified 
and  reduced  in  activity  as  to  correspond  perfectly  in  its 
effects  upon  the  hmuan  economy  with  Ixiniih  obtained 
from  spontaneous  cowpox.  According  to  Voigt,  true 
smallpox  virus  nuist  be  passed  through  not  less  than  six 
heifers  before  it  becomes  ]iroiierly  transmuted  and  safe 
for  human  vaccination.  The  undue  violence,  both  local 
and  constitutional,  induced  not  only  by  original  cowpox 
virus,  but  by  the  earlier  human  removes  from  it,  seems 
to  otfer  some  contirmation  of  the  above  statement.  This 
theory  is  also  strongly  supported  by  the  more  recent  re- 
searches of  King,  of  Madras.  Hime,  of  England,  and  of 
Haccius  and  feternod,  of  Switzerland  (1892).  The  latter 
deduce  as  one  of  their  conclusions;  '"Smallpox  inoculated 
in  the  heifer  becomes  transformed  into  \aceine  in  the 
course  of  several  generations  by  transmission  through  the 
animal."  "  11'.  J.  Conklin. 

'  Tlie  Medical  News.  vol.  xl.,  p.  498. 

•  Tlie  Medica;  Times  and  Gazette,  September,  188:J. 

COXA  VARA. — (Synonym:  Incurvation  or  depression 
of  the  neck  of  the  femur.) 

In  the  normal  femur  the  neck  projects  slightly  for- 
ward, and  upward  to  form  an  angle  of  about  125°  with 
the  shaft.  In  childhood  this  angle  is  generally  somewhat 
greater,  and  in  later  years  it  may  be  somewhat  less  than 


this;    in  fact,  a  variation  between  110°  and  140°  may  be 
within  the  normal  limit. 

AYhen  the  neck  of  the  femur  is  depressed  to  a  degree 
that  causes  disability,  the  affection  is  called  coxa  vara. 
Coxa  vara,  like  genu  varum  and  genu  valgum,  is  one  of 


Fig.  1.t28.— Outline  of  the  Depressed  Nerk  of  the  Femur  In  Miiller's 
Si>ecimen,  Contrasted  with  the  Normal  Position  shown  by  the  Dotted 
Line. 

the  group  of  so-called  static  deformities  of  the  lower  ex- 
tremity, that  more  often  appear  at  two  periods  of  life: 
in  early  chihlhood,  as  a  direct  result  of  ihachitis;  and  in 
adolescence,  when,  with  the  weakness  and  the  increased 
weight  incident  to  this  period  of  rapid  growth,  is  com- 
bined, in  manv  instances,  the  strain  of  laborious  occupa- 
tion (Fig.  1528). 

Genu  varum  and  valgum  are  common  in  childhood, 
but  rarely  develop  in  adolescence:  coxa  vara,  in  com- 
parison, is  not  only  an  infrequent  deformity,  but  it  dif- 
fers also  in  that  it  more  often  attracts  attention  in  later 
childhood  or  adolescence  than  at  an  earlier  period,  doubt- 
less because  the  neck  of  the  femur  is,  at  the  age  when 
rliachitic  distortions  are  common,  very  short  and  is  rela- 
tively stronger  than  the  shaft,  while  in  adolescence  the 
conditions  may  be  reversed.  The  distortions  at  the  knee 
are  self-evident,  but 
the  neck  of  the  fe- 
mur is  concealed 
from  view  so  that 
the  diagnosis  of  its 
dejiression  may  be 
somewhat  dillicult, 
and,  in  fact,  it  is 
only  in  very  recent 
years  that  its  symp- 
toms have  been  rec- 
ognized. 

Fiorani  first  de- 
scribed the  deform- 
ity as  it  had  been 
observed  l)v  him  in 
childhood  (Gtizdta 
degli  Ospitnli,  Nos. 
16,  17,  1881),  but 
E.  Miiller  first  call- 
ed attention  to  the 
affection  as  one  of 
the  deformities  of 
adolescence  which, 
until  that  time,  had 
been  mistaken  for 
hip  disease  {Bci- 
triiqe 2ti r  klin.  Ch ir. , 
1889,  Bd.  iv.). 

Pinsic.M,  Signs  and  Symptoms. — The  nature  of  the 
symptoms  is  explained  by  the  physical  effects  of  the 
deformity.  The  neck  of  the  femur  is  depressed,  and  it 
is  usually  twisted  somewhat  backward  in  its  relation  to 


FIG.  1.529.— Cross  Section  of  the  Pelvis  and 
the  Deformed  Femur.  A  scheme  to  show 
the  effect  of  the  deformity  in  limiting 
abduction  of  the  limb.  Tlie  dotted  outline 
shows  the  normal  relation. 
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the  shaft,  foUoninj:  the  line  of  least  resistance.  Thus  the 
limb  is  actiuUly  sliortencd  and  is  iot)jtc<l  outward:  the 
trochanter  is  elevated  above  Nelatons  line,  its  promin- 
ence is  increased,  and  it  is  displaced  somewhat  forward 
toward  the  anterior  superior  spine  in  compensation  for 

the  loss  of  the 
normal  forward 
projection  of  its 
neck. 

A  secondary 
elTect  of  the  dis- 
tortion is  liniita- 
linn  of  the  nor- 
mal range  of 
motion.  A  I)- 
ductionisehcek- 
ed  by  the  tension 
upon  the  lower 
border  of  the 
(■ai)sule,  by  the 
adaptive  short- 
inintr  of  the  ad- 
ductor muscles, 
and  by  the  direct 
contact  of  the 
neck  of  the  fe- 
mur with  the 
upper  border  of 
the  acetabulum 
(Fig.  1529).  In- 
ward rotation 
and  flexion  are 
limited  because 
of  the  backward 
displacement  of 
the  neck,  but  the 
range  of  exten- 
sion is  not  re- 
stricted and  it 
may  be  increased 
even. 

In  rare  in- 
stances the  de- 
pression of  the  neck  of  the  femur  may  be  direcllj-  down- 
ward, in  which  ea.se  the  range  of  motion  is  but  little 
affected  except  in  abduction;  or  the  distortion  may  be 
downward  and  forward,  when  extension  and  outward 
rotation  are  limited  in  the  place  of  flexion  and  inward 
rotation.  These  cases  are,  however,  exceptional,  and 
they  are  practically  never  seen  in  the  adolescent  type  of 
deformity. 

The  most  noticeable  symptom  of  coxa  vara  is  a  persist- 
ent limp,  due  primarily  to  the  shortening  of  the  limb 
caused  by  the  depression  of  the  neck  of  the  femur.  The 
actual  shortening,  which  is  not  often  more  than  an  inch, 
is,  in  well-marked  cases,  increased  by  an  upward  tilting 
of  the  pelvis  on  the  affected  side,  in  compensiition  for  the 
restriction  of  abduction,  similar  to  the  so-called  practical 
shortening  of  hip  disease.  This  practical  shortening  may 
befromoueto  three  inches  (Fig.  loSO).  Thus,  as  in  genu 
varum  and  genu  valgum,  the  direct  effects  of  the  deformity 
are  the  most  characteristic  symptoms,  although  in  coxa 
vara  there  is  usually  greater  discomfort  than  in  the  latter 
affections,  because  the  interference  with  the  function  of  the 
joint  is  more  marked.  The  patient  usuallv  complains  of 
sensjitiousof  weakness  and  discomfort  after  long  standing 
or  walking,  and  of  stiffness  on  changing  from  a  position  of 
rest  to  one  of  activity.  This  discomfort,  usually  referred 
to  the  thigh  and  the  neighborhood  of  the  joint,  may  be  in- 
creased to  actual  pain  by  overexertion  or  injury:  in  such 
instances  there  may  be  attendant  muscular  spasm  which 
disappears  with  the  subsidence  of  the  acute  symptoms. 

Di.\Gsosis.^ — On  physical  examination,  the  shortening 
is  apparent  and  its  cause  is  explained  by  the  elevation 
of  the  trochanter.  There  is  the  characteristic  limitation 
of  motion  that  has  been  described,  but  as  a  rule  pain  on 
manipulation  and  muscular  spasm  are  absent.  There 
are  slight  atrophy,  more   marked  in  the  thigh  than  in 


Fic.  1.5.30.— Unilateral  ('0.5a  Vara  uf  an  E.x- 
Ireiiie  Degree.  Sliowintr  preat  apparent 
sborteningdue  to  the  adduction  of  the  limb. 


the  leg,  and  in  most  eases  persistent  outward  rotation  of 
the  limb  also  is  |)reseut. 

There  are  but  three  affections  with  which  coxa  vara  is 
likely  to  be  confounded.     These  are: 

1.  Fracture  of  the  neck  of  the  femur. 

2.  Congenital  dislocation  of  the  hip. 
;i.    Hip  disease. 

1.  hnihtftiil  fnirtiife  of  the  nrrk  of  the  femur,  or  simple 
united  fracture,  causes  deformity  practically  identical 
with  coxa  vara.  It  must  therefore  bedistinguislie<l  from 
it  by  the  history  of  injury  and  siibse(|uent  disability. 

2.  Vonr/eiiitdl  (li«/i)c<itioii  if  the  hi'/)  is  ii  disaliility  that  is 
apparent  when  the  child  begins  to  walk,  while  coxa  vara 
does  not,  excejit  in  very  rare  instances,  develo])  until  a 
later  period.  In  congi-nital  dislocation  the  head  and  neck 
of  the  bone  may  be  (lalpateil  beneath  the  gluteal  muscles 
when  the  thigh  is  flexed  and  a<lduct(cl,  while  in  coxa 
vara  only  the  prominent  trochanter  can  be  felt.  There 
is  also  an  absence  of  the  abnormal  mobility  that  charac- 
terizes the  former  affection. 

3.  ////)  Diseiine. — In  hip  disease  there  are  discomfort  on 
manipulation,  muscular  spasm,  and  limitation  of  motion 
in  all  directions:  while  in  coxa  vaia  muscular  spasm  is 
usually  absent  and  the  limitation  of  motion  is  irregular. 
In  hip  disease  shortening  is  a  late  symptom,  in  coxa 
vara  it  is  present  from  the  flrst;  and  finally,  in  hip  dis- 
ease there  is  usually  some  evidence  of  the  local  destruc- 
tive process,  in  swelling,  sensitiveness,  and  the  like, 
symptoms  that  are  of  course  absent  in  coxa  vara. 

Hii..\TKi!.\i.  Cox.\  VAn.\. — Bilateral  coxa  vara  is  far 
less  common  than  the  unilatei-ai  form.  The  limp  is  re- 
placed by  a 
waddle  or 
swaying  of  the 
body  from  side 
to  side,  resem- 
bling the  gait 
of  knock- 
knees.  The 
awkwardness 
and  weakness 
are  of  course 
corresjionding- 
Ij'  increased, 
and  in  the  ex- 
treme cases,  in 
w  h  i  c  h  the 
thighs  are  ad- 
d  ucted,  the 
limbs  may  be 
crossed  so  that 
walking  is  ex- 
tremelv  difli- 
cult.  The  pel- 
vis appears  to 
be  abnormally 
broad  because 
of  the  elevated 
and  prominent 
t  rochanters, 
and  the  lum- 
bar lordosis  is 
diminished 
(Fig.  1531)  be- 
catise  of  the 
loss  of  the  nor- 
mal inclination 
of  the  pelvis 
due  to  the  for- 
ward displace- 
ment of  the 
supporting  fe- 
mora. In  the 
rare    cases    in 

which  the  femoial  necks  ar<'  disjilaced  forward  as  well  as 
downwanl.  the  lumbar  lordosis  is  increased  and  the  ap- 
pearances ari' somewhat  similar  to  those  of  congenital  dis- 
location of  the  hips  (Fig.  1532).     Bilateral  coxa  vara  is  not 


Fig.  1331.— Bilateral  Coxa  Vara,  more  .Marked 
on  the  Uipht  Side.  Complete  loss  of  abduitiou 
on  both  sidt-s. 
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infrequently  accompanied  by  other  evidences  of  weak- 
ness, for  example  by  knock-knees  or  by  flat  feet. 

Statistics. — About  7.5  per  cent,  of  the  cases  of  coxa 
vara  are  in  males,  and  in  a  similar  proportion  of  cases 

the  affection  is 
unilateral.  In  42 
cases  treated  b\' 
the  writer,  the 
first  symptoms 
were  noted  in  ado- 
lescence {twelve 
to  seventeen  years 
of  age)  in  22.  In 
later  childhood 
(five  to  eleven 
years  of  age)  in 
14 :  in  early  child- 
hood (less  than 
five  years)  in  .5: 
unknown.  1.  In 
37  instances  the 
neck  of  the  femur 
was  depressed 
downward  and 
backward,  in  3 
downward  and 
forward,  in  2  di- 
rectly downward. 
The  deformity 
was  unilateral  in 
35.  bilateral  in  7 
cases.  Thirty-one 
of  the  patients 
were  males.  11 
were  females. 

Etiology.  —  It 
is  evident  tliat  de- 
pression of  the 
neck  of  the  fe- 
m  u  r  may  be 
caused  by  local 
disease,  sucli  as 
tuberculosis,  in- 
fectious osteomy- 
elitis, rheumatoid 
arthritis,  and  the 
like.  Deformity 
from  such  causes  should  be  classified,  however,  as  inci- 
dental to  the  disease  of  which  it  is  a  result,  while  the 
term  coxa  vara  should  be  reserved  for  those  cases  of 
simple  deformity  which  are  caused  by  local  weakness 
rather  than  by  actual  disease.  The  jdiysical  signs  of 
imilateral  coxa  vara  are.  as  lias  been  stated,  practically 
identical  with  those  of  impacted  fracture  of  the  neck  of 
the  fenuir,  and  in  childhood,  but  for  the  history  of  in- 
jury and  of  the  immediate  disability  that  followed  it,  it 
would  be  impossible  to  distinguish  between  the  two. 
Fracture  of  the  neck  of  the  femur  is.  as  the  writer  lias 
demonstrateii.  comparatively  common  in  childhood,  and 
for  practical  purposes  it  may  be  classiticd  as  the  trau- 
matic form  of  coxa  vara. 

Thf  Etinhgy  of  Simple  Coxa  Tam. ^In  very  many 
instances  coxa  vara  may  be  explained  by  an  acquired  or 
an  inherited  predisposition  to  the  deformity.  1  he  normal 
inclination  of  the  neck  of  the  femur  protects  it  from  strain ; 
if  the  angle  is  diminished  the  strain  upon  the  part  is  pro- 
portionately increased.  Tliis  is  proved  by  the  fact  that 
simple  traumatic  depression  predisposes  to  further  de- 
formity long  after  the  repair  of  the  injury.  Thus,  one 
may  assume  that  in  manj'  instances  a  slight  depression 
is  acquired  in  childhood  as  a  result  of  rhachitis.  of  which 
there  was  a  clear  history  in  more  than  a  third  of  the  cases 
examined  by  the  writer,  including  all  of  the  bilateral 
form.  Such  depression  may  remain  latent,  or  under 
favoring  circumstances  it  may  become  exaggerated  to 
noticeable  deformity.  These  favoring  circumstances  are, 
as  has  been  stated,  more  likely  to  occur  during  adoles- 
cence, whento  the  instability  of  rapid  growth  is  added  the 


Fig.  1532.— Bilateral  Cnxa  Vara,  of  ttie  An- 
terior Form,  Showinff  the  Lordosis.  An 
iinconiincin  typp  that  resembles  congeni- 
tal disloc.Uiiiu  I  f  tlH*  hip;.. 


increase  of  the  weight  of  tlie  body,  and  in  some  instances 
the  over-strain  of  laliorious  occupation. 

In  other  instances  there  may  be  a  congenital  predisposi- 
tion to  the  deformity,  caused  either  by  a  lessened  angle 
or  by  abnormal  weakness  of  structure,  and  one  case  of 
congenital  coxa  vara  has  been  reported  bj'  Kredel  {Cent, 
filr  C/iir..  October  17th,  1896).  In  none  of  the  cases  in 
later  childhood  oradolescnce  examined  by  the  writer  has 
there  been  evidence  of  active  or  "late''  rickets,  and  the 
presence  of  so-called  local  rickets,  as  accounting  for  the 
deformity,  is  at  present  unproved. 

In  a  small  percentage  of  the  cases  the  early  symptoms 
appear  to  have  been  induced  or  aggravated  by  over-strain 
or  injury,  but  as  a  rule  the  symptoms  appear  insidiousl}' 
and  without  assignable  cause. 

P.^THOLOGY. — In  ordinary  cases  the  neck  of  the  femur 
is  depressed  to  a  right  angle  with  the  shaft,  but  in  cer- 
tain instances  the  deformity  may  be  greater.  Usually 
the  entire  neck  is  involved  in  the  distortion.  Less  often 
the  deformity  is  greatest  at  the  epiphyseal  junction. 

In  the  specimens  that  have  been  examined  during  the 
progressive  stage,  the  internal  structure  has  shown  con- 
gestion and  softening,  changes  that  would  almost  inevi- 
tably appear  in  a  bone  bending  and  breaking  under  strain, 
but  no  other  evidences  of  disease  have  appeared  that 
would  justify  a  diagnosis  of  so-called  local  rickets  or 
osteomalacia.  As  has  been  stated,  coxa  vara  may  occur 
in  early  childhood  as  one  of  the  distortions  of  rhachitis ; 
but  in  the  adolescent  type  of  deformity,  evidence  of  gen- 
eral weakness  of  this  character  is  unusual. 

Prognosis. — In  the  adolescent  type  of  coxa  vara  the 
duration  of  what  may  be  termed  the  active  stage  of  the 


Fig.  1.5.33.— rnlhitHr.il  Iij.va  Vara. if  the  Ordinary  Form.  Aflnalresult. 
The  elevated  and  prominent  trochanter,  the  shortening,  and  the 
outward  rotation  are  shown, 

affection  is  from  one  to  three  years.  The  deformity  then 
ceases  to  progress,  the  symptoms  of  discomfort  disappear, 
the  restriction  of  motion  becomes  less  marked  and  the 
disability  less  noticeable. 
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In  thp  unilatoral  foim  a  moderate  limp  remains,  and  in 
tlic  bilateral  tvpcadeirreeof  disjibility  and  awkwardness, 
in  proportiDn  to  the  tinal  restriction  of  the  range  of  ab- 
duction. If  the  alTection  first  apjiears  in  childhood,  the 
progress  of  the  deformity  is  slower,  and  it  is  often  inter- 
mittent, increasing  usually  during  adolescence.  In  this 
regard  the  alTection  resembles  closely  other  distortions  of 
similar  origin  (Fig.  1.533). 

Tre.\t.\ie.nt. — Deformity  of  the  neck  of  the  femur  can- 
not be  remedied  by  braces.  The  part  can  be  relievcii, 
however,  from  strain  by  restricting  the  burden  of  occu- 
pation, and  distortion  may  be  checked  by  the  use  of  a 


Fig.  15.^.— 1,  Tlie  Nonnal  Femur;  2.  depression  of  the  neck  of  the 
femur— coxa  vara  'at  A  a  wedpe  of  hone  has  been  removed);  3.  ab- 
ductiun  "f  tlie  limb  ai^t  fl-xes  the  upper  segment  by  contact  with  the 
rim  I'f  thi-  acctaliiilum,  tlien  closes  the  opening  in  the  bone  :  4.  re- 
placement of  the  limb  after  union  is  completed  elevates  the  neck  to 
its  former  position. 

support,  similar  to  that  employed  in  the  treatment  of  hip 
disea.se.  by  which  the  weight  is  borne  ii]ion  the  perineum. 

Massage  and  exercises  to  improve  the  nutrition  of  the 
part,  and  manipulation  with  the  aim  of  overcoming  re- 
striction of  motion,  may  be  of  service  also,  and  general 
therapeutic  tivatmeut  may  be  indicated  in  suitable  cases. 

As  a  rule,  however,  the  most  effective  treatment  is  the 
conection  of  the  deiiression  by  operation.  This  is  indi- 
cated as  a  prophylactic  measuie  in  the  younger  class,  in 
which  the  deformity  is  slight.  For  as  the  depression  of 
the  neck  of  the  femur  increases,  the  strain  upon  it  is 
greater  and  thus  there  is  a  tendency  to  progressive  de- 
formity, which  one  may  hope  to  check  by  replacing  the 
neck  at  its  normal  angle.  This  may  be  accomplished  l)v 
the  removal  of  a  sufficient  wedge  of  bone  from  the  base 
of  the  trochanter.  In  this  oper-ation  all  resistance  to 
abduction,  other  than  that  dependent  upon  the  deform- 
ity of  the  lione.  should  lie  overcome  by  preliminary 
manipulation.  The  base  of  the  wedge,  about  three- 
quarters  of  an  inch  in  width,  should  be  directly  opposite 
the  trochanter  'ninor.  The  layer  of  cortical  substance 
on  the  inner  aspect  of  the  bone  should  not  be  divided, 
but  should  serve  to  retain  the  two  segments  of  the  femur 
in  proper  relation  to  one  another.  When  the  wedge  has 
been  removed,  the  thigh  should  be  gently  abducted:  the 
upper  fragment  is  first  fixed  by  contact  with  the  acetabu- 
lum and  the  shaft  is  then  bent  outward  upon  it  until  the 
opening  is  closed  by  apposition.  In  this  attitude  of  ex- 
treme abduction  the  limb  is  fixed  by  a  plaster  bandage. 
When  union  is  complete,  the  neck  of  the  femur  is  replaced 
in  its  normal  relation  to  the  shaft  when  the  limb  is  iu  the 
normal  attitude.  As  a  rule,  no  apparatus  is  reijuired  iu 
the  after-treatment  (Fig.  1.534). 

In  the  adolescent  cases  it  is  well  to  postpone  the  opera- 


tion until  a  certain  stability  of  tissue  is  assured,  and  in 
certain  instances,  liarlicularly  those  in  which  there  is 
Tiiarked  antero-iiosterior  distortion  of  the  neck,  a  simple 
linear  osteotomy  may  be  indicalcil,  as  the  distortion  may 
be  coirecteil  by  rolating  the  shaft  on  its  long  axis  until  the 
foot  is  brought  to  its  normal  position. 

Roynl  Whitman. 

LiTKRATCRK. 

The  more  important  articles  on  this  sutiject,  besides  those  mentioned 

la  the  text,  are  as  follows ; 
Hofmeister:  BeitnU'e  zur  kiln.  Cliir..  Bd.  xxl..  H.  2.  \mt. 
Whitman  :  N.  V.  Mwl.  Jour..  Juin-  ZU.  WM,  January  21st,  1899,  and 

.\nnals  of  Surgery.  Fel)ruary.  litKi. 
Fnizier :  Annuls  of  Siircerv,  July.  1S9H. 
Alsberg:  Zeit.  f.  orthop.  Chlr.,  Bd.  vl.,  H.  1.,  1898. 

CRAB-ORCHARD  SPRINGS.— Lincoln  County,  Ken- 
tucky. 

AccKss. — Via  Kuoxville  Branch  of  the  Louisville  and 
Nashville  Railioad  to  Crab  Oi'chard,  11.5  miles  southeast 
of  Louisville. 

These  waters  are  chiefly  used  in  the  manufacture  of 
the  famotis  Crab  Orchard  salts,  which  are  used  exten- 
sively in  Kentucky  and  neighboring  States  as  acathai'tic. 
The  following  analyses  were  made  by  Dr.  Robert  Peter, 
State  Geologist : 

One  United  St.vtes  Gallon  Costai.ns: 


Solids. 

Epsom  or 

Foley  Spring, 

grains. 

Sowder's 
Spring, 
grains. 

7.6t 

Trace. 

.a.l8 

17.72 

9.91 

.T9.07 

205.28 

10.79 

34.38 

19  20 

Trace 

29..')1 

Sodium  ctil'iride 

.'•8  32 

I'otaNsiuiii  sulphate 

23.20 

Masmesium  sulphate 

174.31 

91  .;e 

Bromine 

Trace. 

Silica 

1.23 

Loss  and  moisture 

Trace. 

401.43 

414.45 

Carbonic  acid  not  estimated. 

CliAB-ORCHARD   SALTS. 

100  Parts  Coxtaix  :  Parts. 

Magnesium  sulphate 63.19 

S^xJiuin  sulphate 4  20 

Pota.-i^iinii  ^ulphate l.SO 

Calcium  sui|)liate 2..>4 

Sodium  chloride 4.77 

Lime,  magnesia,  iron  and  silica  (carbonates) .89 

Bromine Trace. 

Water  of  crystallization  and  loss 22.61 

Total lOO.OO 

Other  springs  at  Crab  Orchard  aTe  the  "  Field  "  and 
the  "  Grove  "  springs,  which  are  but  feebly  impregnated 
with  mineral  ingredients.  James  K.  Crook. 

CRAMP  BARK.     See  Viburnum  Opulu». 

CRAMPS. — Cramp  is  a  term  applied  to  denote  a  pain- 
ful tonic  muscular i'ontractiou  of  some  moments'  or  min- 
utes' durati(jn.  As  several  of  these  jiainful  contractions 
generally  occur  successively,  the  term  "cramps"  is  used 
to  designate  the  attack.  Cramps  belong  to  the  local 
spasmodic  disorders;  cramp  is.  in  fact,  technically  a  local 
tonic  spasm,  to  which  is  added  the  element  of  pain.  It 
is  true  that  in  tetanus  there  is  a  general  cramp  of  almost 
the  entire  voluntiiry  muscular  system,  and  that  in  cholera 
cramps  are  widely  diffused;  nevertheless  medical  usage 
assigns  the  term  cramps  to  the  local  spasmodic  disorders. 

Properly  speaking,  cramps  may  affect  both  the  volun- 
tary and  the  involuntary  muscles.  Writers  stmietimes 
speak  of  cramps  of  the  heart,  of  the  stomach,  intestines. 
blad<ier.  and  uterus;  but,  as  a  rule,  these  cramps  of  the 
invohintary  muscles  are  given  the  term  colic.  Cramps 
of  the  voluntary  muscles  are  strictly  analogous,  there- 
fore, to  colic  of  the  involuntary  muscles. 
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The  further  relations  of  cramps  to  the  other  hyperki- 
neses  are  shown  in  the  article  on  Conriilsions.  In  this  de- 
scription of  cramps  we  shall  limit  the  application  of  the 
tenn,  as  is  usually  done,  to  the  voluntary  muscles. 

Clinical  History. — The  voluntary  muscles  oftenest 
affected  by  cramps  arc  those  of  the  extremities,  and 
especiall.y  "those  of  the  lower  extremities.  The  muscles 
most  susceptible  are  the  gastrocnemii  and  plantar  muscles. 
The  psoas  muscle,  and  flexors  of  the  thigh  upon  the  ab- 
domen, are  also  at  times  affected.  In  the  upper  ex- 
tremities it  is  the  muscles  of  the  lingers  that  are  most 
often  attacked.  In  the  special  neurosis  of  which  writer's 
cramp  is  a  type,  the  muscles  of  the  whole  arm  may  also 
be  involved.  Of  the  trimk  muscles,  those  forming  the 
soft  wall  of  the  abdomen  are  not  infrequently  affected 
with  slight  cramp.-..  After  a  violent  sneeze,  for  example, 
part  of  the  rectus  may  become  knotted  up  in  a  cramp. 
In  cholera  the  abdominal  muscles  are  all  involved,  A 
sudden  "stitch  in  the  side,"  is  due  to  a  cramp  of  some 
of  the  intercostal  muscles,  A  crampy  condition  of  the 
sterno  cleido-mastoid  and  of  part  of  the  trapezius  is  ob- 
served in  the  clonic  forms  of  wry -neck.  The  muscles  of 
the  face,  of  tlie  eye,  and  of  mastication,  are  not  subject 
to  cramps,  except  in  very  rare  cases. 

When  the  term  cramp  is  used,  witho\it  further  special 
designation,  it  refers  to  painful  spasms  in  the  extremities, 
especially  the  lower  extremities.  Attacks  of  such  spasms 
come  on  "generally  at  night,  orafter  some  violent  exertion, 
such  especially  as  swimming,  when  the  circulation  in 
the  extremities  is  disturbed  by  the  cold  water.  The  pain 
and  contraction  come  on  suddenly,  as  a  rule,  though 
sometimes  slight  premonitory  twinges  are  felt.  The 
muscle  is  contracted,  and  feels  hard  au<l  knotty,  the  limb 
is  drawn  up,  and  attempts  to  straighten  it  or  to  relax  the 
muscle  give  great  pain.  The  patient  often  feels  a  sensa- 
tion of  nausea,  depression,  and  even  of  faintness.  Press- 
ure on  the  affected  part  gives  relief,  and  forcible  rubbing 
or  sudden  extension  of  the  muscle  will  often  relax  the 
spasm.  Xo  especial  change  in  the  electrical  relations  has 
been  observed.  The  attack  la.sts  only  a  few  seconds  or 
minutes,  as  a  ride,  but  it  may  continue  for  hours.  After 
one  attack  lias  gone,  a  second  and  third  may  succeed. 
A  patient  may  have  to  get  up  half  a  dozen  tinies  a  night 
on  account  of  his  seizures. 

When  the  spasms  have  disjippeared.  the  muscle  is  left 
sore  and  tender  to  the  touch,  owing  to  stretching  of  the 
mnscle  and  the  irritation  and  injury  to  the  sensory  nerves. 

Etiot.ooy. — Cramps  in  tlie  extremities  occur  as  the  re- 
sult of  organic  disease  of  the  brain  and  spinal  cord,  and 
as  the  result  of  certain  functional  morbid  conditions. 
Pressure  on,  or  irritation  of.  nerve  trunks  sometimes 
causes  cramps.  The  cramps  of  organic  disease  I  do  not 
purpose  to  consider  here.  The  causes  of  the  functional 
cramps  are  various.  In  some  persons  there  is  an  inherited 
or  connate  tendency  to  thistroulile.  Cramps  occur  more 
frequently  in  the  aged  and  in  growing  children  than  at 
the  middle  period  of  life.  G(nity  and  rheumatic  condi- 
tions, and  ana-mia,  predispose  persons  to  them.  In  dis- 
ordered states  of  the  stomach  and  bowels  nocturnal  at- 
tacks of  cramp  occur.  Cramps  in  the  lower  extremities 
are  often  an  annoying  disturbance  of  jiregnancy.  In  the 
early  months  tlie  gastrocnemii  and  plantar  muscles  are 
most  atfected ;  later  the  thighs  are  drawn  up  by  painful 
contractions  of  the  psoas  and  other  flexors.  These  cramps 
of  jireguancy  are  probably  at  tirst  reflex  in  character; 
later  they  are  due  to  the  pressure  of  the  gravid  womb  on 
the  nerves  which  supply  the  lower  limbs. 

Cnimpsof  a  distressing  character  occur  in  Asiatic  chol- 
era and  cholera  nostras.  They  are  also  observed  in  per- 
sons of  intemperate  habits.  Arterial  sclerosis  involving 
the  vascular  supply  of  the  legs  is  a  cause  of  leg  cramps 
of  elderly  people. 

Probably  the  most  frequent  of  all  the  exciting  causes 
of  ordinary  forms  of  cramps  in  the  extremities  is  violent 
exercise,  such  as  swimming,  dancing,  walking,  running, 
and  jumping. 

Pathology, — In  the  ordinary  type  of  cramps  the 
muscle  itself  is  at  fault.     Through  deficient  nutrition  or 


over-use  its  fibres  are  irritated,  an  involuntary  contraction 
results  which  is  painful  because  it  is  so  abnormally 
powerful  that  the  sensory  nerve  fibres  are  pressed  upon. 
Tonic  spa.sms  become  painful  and  crampy  in  character, 
therefore,  simply  because  of  a  quantitative  excess  in 
muscular  contraction,  Ko  one  can  voluntarily  knot  up 
his  calf  muscles  as  is  done  in  a  cramp.  The  myopathic 
character  of  the  contraction  is  shown  by  the  fact  that, 
by  the  pressure  of  bands  and  tourniquets,  which  alters 
the  blood  supplj'  to  the  muscles,  the  cramps  can  often 
be  relieved. 

There  are.  however,  certain  forms  of  cramps,  like 
wry-neck,  or  writer's  cramp,  that  are  of  purely  nervous 
origin.     Here  the  cramp  is  due  to  overstimulation. 

Tre.\tmext. — The  treatment  of  the  ordinary  type  of 
leg  cramiis  must  be  addressed  first  to  the  general  condi- 
tion. Rlu'umatic.  gouty,  and  anaemic  tendencies  must 
be  corrected,  dyspepsia  and  constipation  relieved.  If  the 
attacks  are  unusually  severe  and  obstinate,  the  question 
of  diabetes  or  of  some  organic  disease  must  be  investi- 
gated. A  number  of  devices  have  been  recommended 
for  preventing  the  attacks.  Among  these,  one  which 
I  have  found  successful  is  tyiug  a  tape  about  each  thigh 
just  above  the  knee.  This  is  done  just  before  retiring. 
Raising  the  head  of  the  bed  by  placing  one  or  two  bricks 
under  the  posts  is  a  measure  which  I  have  not  found  to 
do  any  good.  A  dose  of  bromide  with  alkalies  at  night, 
or  a  mixture  containing  gr,  v,  each  of  lupulin  and 
camphor,  may  be  given.  In  severe  ca.ses,  especially  in 
pregnancy,  codeine  or  opium  mav  be  added  to  these. 
JIassage  and  faradization  of  the  limbs  will  sometimes 
ward  olf  attacks,  and  so  will  small  doses  of  strychnine 
continuously  administered. 

When  the  attack  comes  on,  the  affected  muscles  must 
be  vigorously  rubbed  and  kneaded.  If  the  patient  jumps 
up  at  once  ami  jnits  the  muscles  on  the  stretch,  he  can 
often  break  up  tlie  cramp.  A  little  rubbing  and  exercise 
will  then  quiet  the  muscle.  C/iark^  L.  Dtuux. 

CRANIAL  NERVES.— The  Doctrine  op  Nerve  Com- 
ponents.— The  proper  classification  and  morphological 
comprehension  of  tlie  cranial  nerves,  human  and  com- 
parative, have  remained  in  an  unsatisfactory  state  be- 
cause of  the  difficulty  of  correlating  the  several  anatomical 
and  physiological  data  with  each  other  and  with  the  find- 
ings of  the  embryologists.  That  the  arrangement  and 
composition  of  the  twelve  pairs  of  cranial  nerves  as  com- 
monly enumerated  have  a  profound  morphological  sig- 
nificance is  evident  from  the  remarkable  constancy  with 
which  their  main  features  are  repeated  throughout  the 
vertebrate  phylum.  But  we  are  still  very  far  from  a 
complete  explanation  of  the  individual  peculiarities  of 
the  several  pairs,  and  especially  of  the  differences  be- 
tween the  cranial  and  the  spinal  nerves.  During  the 
past  decade,  however,  this  firld  has  been  very  diligently 
cultivated  by  the  comparative  anatomists  and  much  prog- 
ress has  been  made  towarfl  a  better  comprehension  of 
the  significance  of  the  peripheral  nervous  system  as  a 
whole. 

Starting  from  the  undifferentiated  nerve  tube  of  the 
ancestral  "vertebrate  or  of  the  embryo,  the  morphologist 
who  follows  the  series  of  forms  jjresented  by  the  cen- 
tral nervous  systems  of  the  animal  types  from  Amphioxus 
to  man  will  find  the  problems  sviggested  by  this  pingres- 
sively  increasing  complexity  soluble  largely  in  proportion 
as  he  realizes  that  every  change  in  the  centre  is  but  the 
reflection  of  a  corresponding  change  in  the  pei'i|iheral 
nervous  system,  especially  the  sense  organs,  which  in 
turn  rests  upon  a  new  point  of  contact  with  the  outside 
environment. 

This  point  of  view — the  correlation  of  changes  in  the 
centre  with  those  in  the  periphery — lies  at  the  basis  of  the 
recent  work  on  nerve  components.  To  Gaskell  belongs 
the  credit  of  having  clearly  separated  the  peripheral 
nervous  system  into  two  great  categories:  on  the  one 
hand,  the  visceral  systems,  sensory  and  motor,  which 
effect  the  adjustments  to  the  internal  environment:  and 
on  the  other  hand,  the  somatic  systems,    sensory  and 
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motor,  wliicli  efTcct  tlie  adjustments  to  the  external  en- 
vironment.    With  tliis  lis  a  fuiiiiiliitiiin   tn  Ijiiild  upon, 


Fig.  1."v3.i.— The  Craniul  Nen'es  of  Mrnidia  as  seen  from  the  rlpht  side,  illustrating  the  central 
oonvereence  t)f  the  sensory  eornponeiii.s  of  the  sevenil  nerves  into  funrtioiutl  s>stenis.  Tlie 
eye-mnscle  nerves  hiive  Iteen  oniitltHi.  the  sui>ertirial  oriirins  of  the  otliers  beintr  lluiieateii  tiy 
ttie  lloman  nuinenils  at  the  tnnis\ei'se  lities  drawn  aeross  their  ront.s.  'I'he  \iscero-iiiotor 
roots  are  drawn  a.s  contttmous  jiiii's.  the  i,'fiieral  cutaneous  roots  as  ttrokon  lines,  tlie  arustic.)- 
hltend  svstem  as  lieavier  bi-oken  lines,  ami  tiie  communis  system  i  visr.-nil  sensory  i  as  dotted 
lines.  Ttie  positiotis  of  the  auditory  and  of  the  four  lateral  line  i:ant'iia  are  indi.-aled.  llinugh 
no  special  desiL'Tiations  an-  i:i\  "-n  thetn.  This  scheme  can  be  applleil  w  itli  but  slcjlil  niodjiica- 
tion  to  all  of  the  itshes.  The  student  of  companitive  anatomy  wdl  notice  that  s-ntu-raiiu  pecirl- 
iar  to  the  tele<)sts  liave  been  imiitled,  cj/.,  the  r.  lateralis  accessorius  and  the  trencrid  cutane- 
ous tlhres  in  the  hyomandihular  trunk.  Compare  the  detailed  plot  fnau  which  this  diaL^nim 
is  dmwn  oIT.  Jnnrual  or  t'nmp.  X<  itro/or///,  vol.  i.\.,  plate  xvi..  and  ,lrc/nccs  ot  Xt  urohnjii 
and  PsuchnpatJtiihifni,  vol.  ii.,  plate  iii.  The  scheme  can  be  adapted  to  hi(?her  vertebrates 
tincluding  inant  by  the  siipiin*ssion  of  the  lateral  line  ntots  of  the  facialis  and  vagus,  leaving 
the  VIII.  nerve  as  the  only  representative  of  the  acustico-lateral  system.    * 

ch..  Cerettellum  ;  i-rr.,  cerei)nim;  /.c.  fa-sciculus  comtnunis  '==fji.sc.  solttarius);  f.n.,  funicu- 
lar nucleus  (tertninal  nucleus  of  spinal  V.  iractl;  Ga.s.(7..  iias.seriati  gauirlion  ;  i/cn.t/.,  genicu- 
late ganglion :  iit..  ramus  intestinalis  vagi ;  /X.o.,  glossopharyngeal  ganglion  ;  jhi/.(/..  jugular 
(gen.  cntane-iusi  gjtnglion  of  the  vagus:  /o/i.X..  lobus  vagi  (sensory  vagus  nucleus j;  f.X., 
ramus  lateralis  vagi :  mn..  ramus  mandibularis  V ;  hit.,  ramus  maxillaris  V  ;  rW./..  olfactory 
lobe;  o/i./..  optic  lobe;  o,.s(//».,  sujiertlcial  ophthalmic  branches  of  the  VII.  and  V.  nen-es  ithe 
latter  =fn)ntal  neneof  mam;  ji..  pretrematiciiranch  of  the  facialis.  corresiKinding  in  p<tsition 
with  the  chorda  tvinpani  of  man.  though  not  strictly  homologous  with  it :  imL.  ranuis  palati- 
nus  VII.  (=  great  supertli'ial  petrnsah;  s7>.t'.,  spinal  V.  tract;  tit.,  tuben-ulum  acusticum 
(terminal  nucleus  for  acustico-lateral  system):  ihm„  hyomandihular  trunk  (  —  great  facial 
trunk  of  man):  Xi/..  chief  vagus  ganglion  ;.XJ.,  motor  fibres  for  trapezius  muscle,  suppiised 
to  n'present  the  accessory  ner\  e. 


Strons  carried  out  tlie  sepaiatinti  nf  tlie.se  elements,  es- 
pecially the  sensory  ones  of  the  cranial  nerves,  into  other 
components. 

Undoubtedly  the  morphological  unit  of  structure  in 
the  peripheral,  as  in  tlie  central,  nervous  system  is  the 
neuromcre,  or  neural  seunutit.  This  is  clearly  seen  in 
the  peripheral  (though  not  in  the  central)  nervous  system 
in  the  trunk  region  of  the  adtilt  body,  each  spinal  nerve 
repeating  in  a  nietanieric  way  the  morphological  plan 
of  its  predecessors.  Both  emliryology  and  comparative 
anatomy  show  that  the  head  was  also  primitively  seg- 
mented, and  the  present  arrangement  of  the  cranial  nerves 
of  man  undoubtedly  has  a  nictameric  basis;  nevertheless 
so  many  disturbing  factors  have  entered  that  it  has  thus 
far  lieen  impossilile  to  deteniiine  what  was  the  original 
segmentation  of  the  heail  in  general  or  of  the  ci'anial 
nerves  in  particular,  so  tlitit  it  is  not  yet  practicable  to 
base  a  classitication  of  the  nerves  upon  this  feature.  On 
the  other  hand,  the  ntimerical  designations  of  Sommering 
now  generally  employed  have  little  significance  other 
than  mere  convenience  in  topogra|)hical  description. 

A  descriptive  unit  which  is  much  more  generally  use- 
ful is  the  functional  /n/.iti  i/t.  •Such  a  system  has  clearly 
definable  morphologictd  characters,  easily  demonstrable 
in  the  adtih,  and  is  imineasuiably  more  useftil  in  clinical 
neurology,  and  indeed  in  all  pathological  work.  Each 
system  may  be  defined  as  the  sum  of  all  the  nerve  fibres 
in  the  body,  which  ])ossess  certain  physiological  and 
morpliological  charticters  in  common,  so  that  they  may 
react  in  a  common  mode.  Morphologically,  each  system 
is  defined  by  the  terminal  relations  of  its  fibres — by  the 
organs  to  which  thr-y  tiie  relateil  peripherally  and  by  the 
centres  in  which  the  fibres  arise  or  terminate.  The  fibres 
of  a  single  system  may  appear  in  a  large  number  of 
nerves,  repeated  more  or  less  uniformly  in  a  metameric 


way  (as  in  the  general  cutaneous  system  of  the  spinal 
nerves),  or  tliej'  may  all  be  conceni rated  into  a  single 
nerve  (as  in  tlie  optic  nerve).  On 
llie  (dher  hand,  a  single  nerve  may 
contain  several  components,  i.e., 
its  fibres  may  belong  to  several  of 
these  systems.  It  liecomes  neces- 
saiy,  Iherctore,  to  analyze  the 
idiil  complex  of  each  |iair  of  cra- 
nial nerves  into  its  components 
and  to  tiiice  not  only  the  central 
connections  of  these  components 
within  the  brain,  but  also  their 
periphetiil  courses  as  well.  In 
other  words,  the  description  of 
any  given  nervdiis  ramus  is  not 
complete  when  we  have  given  its 
point  of  origin  from  the  nerve 
trunk  or  ganglion,  the  details  of 
its  devious  courses,  and  the  exact 
points  where  the  several  ramuli 
terminate.  In  addition  to  this  it 
is  necessary  to  learn  what  systems 
are  represented  in  the  ramus,  and 
the  precise  central  iind  peripheral 
relations  of  each  system. 

The  dillicully  in  determining- 
this  latter  point  is  the  chief  ob- 
stacle in  the  way  of  researches  on 
the  nerve  components;  for,  while 
the  central  connectious  of  any 
nerve  can  be  determined  by  the 
microscopical  method,  the  periph- 
eral courses  ai'e  usually  studied 
by  gross  methods  which  reveal 
nothing  of  the  piecise  relations  of 
the  several  comptments  peripher- 
ally, iinil  hence  do  not  permit  a 
knowledge  of  each  system  as  a 
whole.  To  trace  the  components 
of  the  more  com|ilex  cranial  nerves 
continuously  from  their  nuclei  of 
origin  or  termination  within  the 
brain  by  means  of  serial  sections  to  their  ultimate  pe- 
ripheral termini  has  never  been  attempted  in  the  hu- 
man body.     In  a  few  of  the  lower  vertebrates,  however. 


Ftfi.  l.>3fi.— Diagram  illustrating  the  Tompositlon  of  the  Typical  Spinal 
Nene.  The  geiieml  cutaneous  svstem  ts  represented  tiy  broken 
lines,  the  visceral  sonsory  by  dotted  lines,  the  somatic  motor  by 
the  heavy  continuous  lim*s,  the  visceral  motor  by  the  lighter  con- 
tinuons  lines.  The  visceral  motor  llbres  of  the  dorsal  nxit  are 
found  In  lower  vertebrates ;  their  presence  In  the  mammals  Is 
controvert  eil. 

/},  rolumn  of  Rimlnch ;  C,  Clarke's  column  :  DH.  dorsal  horn  ; 
G.  column  of  (ioll;  LH,  lateral  horn;  .•il'.d.  spinal  ganglion: 
ST.U,  sympathetic  ganglion :  VH,  ventral  horn. 
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this  bas  been  accomplished  with  a  fair  measure  of  suc- 
cess. All  of  the  types  thus  far  studied  in  this  way  ex- 
hibit certain  broad  general  resemblances  and  permit  the 
establishment  of  a  schematic  type  of  cranial  nerve  com- 
ponents which  is  presumably  appli- 
cable to  the  vertebrates  as  a  whole. 
From  anatomical,  phj'siological.  and 
clinical  data  already  in  hand  it  is 
possible  to  compare  the  human  nerves 
with  this  scheme  and  to  infer  the  com- 
position of  most  of  the  peripheral  rami 
with  more  or  less  of  accuracy. 

The  composition  of  the  cranial 
nerves  has  been  most  fully  worked 
out  by  Strong  in  the  tadpole  of  the 
frog  and  by  tTie  present  writer  in  the 
small  marine  fish  called  "silver sides" 
(MeJiidia)  and  in  the  codfish.  Other 
notable  contributions  to  the  doctrine 
of  the  components  have  been  made 
by  Cole,  Allis,  Kingsbury,  Ewart, 
Pollard,  Shore,  Gaskell.  and  others. 
The  accompanying  diagram  (Fig. 
1535)  expresses  the  relations  of  the 
components  as  found  in  Menidia. 

Following  Gaskell  and  His,  we  now  recognize  four 
systems  of  components  (see  Fig.  153(i)  in  the  spinal 
nerves,  two  motor  and  two  sensor)-;  1.  Somatic  motor 
fibres,  arising  from  cells  of  the  ventral  horn  and  forming 
the  major  part  of  the  ventral  root,  to  supply  the  somatic 
muscuhitiu'e.  2.  Visceral  motor  fibres,  arising  from 
cells  in  the  region  of  the  lateral  horn  and  emerging  with 
the  ventral  root  and  (in  lower  vertebrates,  at  least)  also 
with  the  dorsal  root.  They  innervate  the  visceral  or 
splanelmic  musculature  via  the  sympathetic  .S3-stem, 
forming  the  preganglionic  fibres  of  Langley.  3.  Gen- 
eral cutaneous  fibres,  arising  from  cells  of  the  spinal 
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arising  from  cells  of  the  spinal  ganglia,  entering  the 
spinal  cord  through  the  dorsal  root  to  terminate  probably 
in  Clarke's  column  and  distributing  peripherally  to 
visceral  surfaces  through  the  sympathetic  system.     The 


Fig.  1537.— Diagram  of  a  Typical  Branchlomeric  Nerve  among  the 
Fishes.  The  viscero-motor  component  is  drawn  in  black,  the 
general  cutaneous  cros,s-hatche(!  ami  the  viscenil  scusorv  stippled. 
B.C., Branchial  cleft:  BR.G.,  bran.-lihil  cram.'li.in  :  rfT.';..  rcn- 
eral  cutaneous  ganglion :  FLiJ. ,  fa.s.irulus  I'inu'itudinalis  medi- 
ans: IV..  fourth  ventncle:  XA..  nucleus  aiulnguus.  the  nucleu.sof 
origin  of  the  motor  fibres;  LOB.X.,  lobus  vagi,  the  lenulnal  nu- 
cleus of  the  visceral  sensory  fibres:  PH..  ramus  pharyngeus; 
POST,  post-trematlc  ramus;  PRE,  pre-trematlc  ramus;  SP.V., 
spinal  v.  tract,  associated  with  the  terminal  nucleus  of  the  gen- 
eral cutaneous  fibres:  ^1'.,  sympathetic  ganglion. 

ganglia  and  fonning  the  greater  part  of  the  dorsal  root 
fibres.  They  comprise  the  somatic  sensory  fibres  of  Gas- 
kell, excluding,  however,  fibres  to  special  cutaneous 
sense  organs  oif  all   kinds.     4.  Visceral  sensory  fibres, 


Fig.  1o,38.— Cross-section  of  Spinal  Cord  to  Illustrate  Gaskell^  Views.  (Hans  Gadow  )  ^4, 
cells  of  dorsal  horn  :  B.  cells  of  Clarke's  column  :  C,  cells  of  lateral  horn  ;  D.  cells  of  ven- 
tral horn  :  E.  solitary  cells  at  base  i>f  doi>*aI  horn:  a,  somatic  afferent  tltircs;  h,  splanch- 
nic ganglionate<l  ffTtTfiit  Ilbri's  :  r.  splancluiic  non-g:inglinnateii  eiTerent  (tbres  for  vis- 
ceral and  enteric  muscles  ;  <l.  somatic  efferent  fibres;  c,  splanchnic  afferent  fibres. 


number  of  fibres  of  this  system  in  most  of  the  spinal 
nerves  is  probably  small,  the  visceral  sensory  function 
having  been  largely  supplanted  by  the  viscei'al  branches 
of  the  vagus.  Whether  any  visceral  sensory  fibres  arise 
from  cells  in  the  sympathetic  ganglia  is  a  disputed  point. 

Each  of  the  spinal  nerves  typicallv  contains  some  fibres 
of  each  of  these  four  systems ;  but  the  relations  in  the 
head  are  complicated  by  the  reduction  of  some  compo- 
nents and  the  great  exaggeration  of  others,  as  well  as  by 
the  introduction  of  entirely  new  systems.  The  .somatic 
motor  system  is  represented  in  tlie  liypoglossiis  and  the 
eye-muscle  nerves;  the  motor  nuclei  of  the  XI..  X..  IX., 
VII.,  and  V.  pairs  are  commonly  relegated  to  the  viscero- 
motor system ;  the  general  cutaneous  system  is  represented 
in  the  vagus,  trigeminus,  and  according  to  some  authori- 
ties in  the  glossopharyngeus,  and  the  visceral  sen.sory 
system  corresponds  to  what  we  have  termed  in  the  lower 
vertebrates  the  (•"///wnz/.i  .v//.v/(  (» — i.e.,  sensory  nerves  re- 
lated to  the  fasciculus  communis  (=  fasc.  solitarius)  and 
its  associated  terminal  nuclei,  viz.,  the  visceral  sensory 
portion  of  the  vagus,  the  lingual  branch  of  the  glosso- 
pharyngeus, and  the  jiortio  intermedia  of  the  facialis. 
Associated  with  the  general  visceral  fibres  of  these  latter 
nerves  are  others  of  a  special  sensory  ntiture  innervating 
the  taste  buds.  It  is  not  at  present  possilile  to  differenti- 
ate these  two  types  of  fibres  centrally  and  the^'  are  both 
included  under  the  designation  "communis  s_vstem." 
Presumably  the  special  sensory  fibres  have  been  derived 
from  the  general  visceral  system  in  correlation  with  the 
differentiation  of  the  special  sense  organs  of  the  month. 

With  the  advancing  specialization  of  the  head  in  verte- 
brates, the  motor  systems  of  this  region  (es))ecially  the 
segments  in  front  of  the  gills)  have  been  either  reduced 
or  devoted  to  special  functions,  and  the  unspecialized 
sensory  systems  of  the  trunk  are  largely  replaced  by 
nerves  of  special  sense,  such  as  those  of  the  ear,  eye,  and 
nose.  The  increasing  relative  importance  of  the  sensory 
nerves  as  compared  with  the  motor,  as  we  pass  cejihalad, 
is  illustrated  by  figures  given  b.v  Donaldson.  Thus,  the 
ratio  of  motor  to  sensory  fibres  entering  the  spinal  cord  is 
estimated  as  1:1.6,  while  the  ratio  of  motor  to  sensory 
fibres  in  the  cranial  nerves  taken  as  a  whole  is  1 :  30.  From 
the  point  of  view  of  composition,  the  nerves  of  the  body 
ma)'  be  divided  into  four  types,  as  follows: 

1.  The  spinal  type.  Its  characters  are  given  above. 
The  hypoglossus  is  (he  only  cranial  nerve  belonging  here. 
In  some  of  the  fishes  this  is  a  typical  spinal  nerve  in  all 
respects  save  that  it  sends  some  fibres  of  its  ventral  ramus 
forward  into  the  liyoid  (tongue)  musculature.  In  man 
all  the  nerve  except  these  latter  fibres  has  disappeared. 

2.  The  branchiomeric  type.  The  nerves  of  this  type 
in  the  fishes  sujiply  the  gill  arches  and  their  deilvatives, 
the  hyoidean  and  mandiljular  arches,  comprising  the  X., 
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IX..  VII..  and  V.  pairs.  In  the  mammals,  the  true  gill 
arches  having  disappeared  save  for  slight  vestiges  in  the 
laryngeal  region,  the  primitive  characters  of  these  nerves 
have  been  profoundly  modified.     The  spinal  accessory 

CandD 


Fig.  1.539.— Sctipmatic  rniss-seotlon  of  the  Medulla  Oblongata.  (Gas- 
kell.)  A.  i-clls  conHsiKinillng  to  thoseof  ventral  horn;  B,  oells  cor- 
respitndinpto  Ihost' ..f  lateral  group  of  ventral  horn  ;  C  cells  corre- 
sponitintr  to  tho^e  of  Clarke's  coltniin  ;  D,  rells  <  orre'-poudine  to  the 
solitaiv  colls  at  lia,se  of  vcntnil  liom  ;  K.  cells  corrcspoiidiutr  to 
those  of  lateral  tioni ;  o.  somatic  eiTcrent  tllires  ;  /*.  si.itiiaiic  alTcrent 
fibres;  c.  splanchnic  non-panglionic  elTerent  Ilbres :  '/,  splanchnic 
ganglionated  efferent  dbres ;  f ,  splanchnic  afferent  fibres. 

nerve  is  a  complex,  belonging  in  part  to  the  fir.st  type 
and  in  part  to  tlie  second.  Tlie  composition  of  a  typical 
brancliial  nerve  of  tlie  bony  lishcs  is  illustrated  by  the 
acconipanving  diagram  (Fig.  1.537). 

3.  The  oculomotor  type.  Illustrated  by  the  VI.,  IV., 
and  III.  pairs,  commonly  regarded  as  somatic  motor 
nerves. 

4.  Nerves  of  special  sense.  These  comprise  the  olfac- 
tory, optic,  and  auditory  nerves,  and  should  doubtless  in- 


FlG.  1.540. 


Fig.  1.511. 


FIG.  1*12. 


Figs.  1.540.  1541,  and  1.512.  —  Diagrammatic  Representations  of  the 
Migration  of  the  Peripheral  sensory  Ganglion  Cells  from  the 
Epidermis  toward  the  Central  iVer\'o'us  System  in  Different  Ani- 
mals. (.Wter  Rctzius.)  Fig.  1.540,  Lumbrtcus;  Fig.  1.541,  Limax  ; 
Fig.  1542,  vertebrates. 

elude  also  the  gustatory  nerves  (related  to  the  fasciculus 
solitarius),  though  these  latter,  as  stated  above,  cannot 
as  3'et  be  separated  anatomically  in  their  intracranial 
courses  from  the  associated  nerves  of  general  visceral 
sensation. 


The  account  here  given,  though  based  largely  on  Gas- 
keH'sscheiue,  differs  friun  his  in  important  respects.  The 
main  featiues  of  iiis  analysis  of  the  cranial  and  spinal 
nerves  can  be  gathered  from  the  accompanying  figures 
and  their  legends  (Fig.s.  1.538  and  1.539). 

The  accompanying  table  expresses  the  chief  relations 
of  the  several  components  so  far  as  known  in  the  human 
body.  Compare  the  more  detailed  exposition  of  the  sev- 
eralnerves  beyond.  It  should  be  borne  in  mind  that  the 
analysis  here  given  is  in  several  respects  theoretical  rather 
than  demonstrated  fact.  In  particular,  the  distribution 
of  the  cerebral  motor  roots  in  tlie  somatic  and  visceral 
groups,  as  here  indicated,  is  greatly  in  need  of  confirma- 
tion. The  table  is  intended  to  present  the  views  now 
most  generally  accepted,  and  must  be  held  subject  to 
revi.sion  and  further  analysis  as  our  knowledge  advances. 

PnYLOGEXV  AND  EMBRYOLOGY. — The  peripheral  ner- 
vous system  (including  probabl}-  tlic  wiiole  of  the  synipa- 


FlG.  }M3. 


Flu.  1.544. 


Fig.  1.54.3.— Diagram  of  the  relations  of  the  Specific  Olfactory  Cells  of 

the  Nose  with  the  Central  Nervous  System.     tAfter  Hetzius.) 

Fig.  1544.— Diagmm  of  the  connections  of   the  Auditory  GangUoa 

Cells.    (Alter  Retzlus.) 

thetic  system)  is  exclusively  ectodermal  in  origin.  In 
some  lowly  invertebrates  the  entire  nervous  system  lies 
close  under  the  epidermis,  or  even  in  this  layer.  But 
with  the  increasing  demand  for  the  correlation  and  in- 
tegration of  nervous  impulses,  the  central  system  is  in 
early  phylogenetic  stages  specialized  oil'  to  lie  in  the 
deeper  layers  of  the  body.  On  the  other  hand,  the  cell 
bodies  of  the  periiiheral  nervous  system  may  retain  tlieir 
peripheral  position  in  the  epidermis  in  animals  of  a  lutich 
higher  grade.  Thus,  in  the  earthworm  the  epidermis  is 
composed  of  a  single  layer  of  columnar  epitlielium  cells, 
among  which  in  the  cephalic  region  of  the  body  are  scat- 
tered spindle-shaped  sensory  cells,  eacli  giving  rise  to  a 
nerve  fibre  which  terminates  in  the  central  nervous 
system  (Fig.  1.54(1).  In  other  invertebrates  (as  in  the 
slugs)  the  cell  body  has  retired  a  longer  or  shorter  dis- 
tance from  the  surface,  being  provided,  in  addition  to  its 
central  process,  with  a  peripheral  process  extending  to  the 
periphery  (Fig.  1541).  Finally,  in  the  vertebrates  the 
typical  arrangement  is  given  by  the  general  cutaneous 
nerves,  whose  cell  bodies  have  sunken  as  far  as  possible 
below  the  surface  until  they  lie  in  the  spinal  ganglia  ad- 
jacent to  the  spinal  column  (Fig.  1.542).  In  this  case,  too, 
it  will  be  noted  that  the  cell  body,  instead  of  lying  in  the 
path  of  the  fibre  (bipolar),  has  been  crowded  off  to  one 
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side  and  become  unipolar.  Tliis  arrangement  is  cliar- 
acterisiio  of  the  spinal  ganglion  cells  aniiof  most  of  the 
cranial  ganjclia,  viz.,  those  of  the  X.,  IX.,  VII.,  ami  V. 
nerves. 

Not  all  of  the  nerves  of  tlie  human  liody,   however, 
have  been  specialized  so  far  in  this  direction.     The  olfac- 


neural  crest 


ectoderm 


neural  crest 

secondary  attacbment 
.ectoderm 


medullary  tube 

muscle  plate 
notochord 


notochord 


FIG.  1455. 


unterinr  root 

FIG.  VM. 


Figs.  1545  and  154i>.— Two  Stages  in  the  Development  of  the  Neural  Crest  and  Spinal 
liauKlioii  in  the  Embryo  Chicken,     (.^fter  Marslmll.) 


tory  nerve,  in  fart,  has  retained  the  primitive  invertebrate 
arriuigemcnt  with  but  slisUt  moditication.  It  is  the  most 
archaic  nerve  <if  the  body.  The  specific  olfactory  cells 
are  scattered  amonit  the  iiidillV-rent  cells  of  the  olfactory 
membrane  and  are  provided  each  with  a  Jibrous  prolonga- 
tion directed  centrally,  which  pierces  the  basement  mem- 


ind 


Fig.  154".— The  Formalion  of  the  Neural  Crest.  Seotinns  tlirnugh  the 
cervical  region  of  a  human  embryo  of  fourteen  to  M.xtfen  days. 
(After  V.  Lenliossek.)  >,V,  F.ctoderra  :  mc  s,  mcsnileriii ;  '/(.neural 
crest ;  md,  medullary  plate,  closing  in  to  form  the  neural  tube. 

brane  of  the  epitlielium  and  forms  one  of  the  fibres  of  the 
olfactory  nerve,  tinally  to  terminate  in  an  arborization  in 
oncof  theglomendiof  the  olfactory  bulb.  The  olfactor)' 
"nerve,"  tlierefore,  really  corresponds  to  the  radi.\  of  a 
spinal  sensory  nerve  in  that  it  is  made  up  of  root  fibres, 
«'.«.,  fibres  passing  from  the  ganglion  to  the  centre.  An- 
other evidence  of  the  primitive  character  of  the  olfactory 
nerve  is  found  in  the  absence  of  medullary  sheaths  upon 
its  fibres.  The  lilire  corresponding  to  tlx^  peripheral 
process  of  a  spinal  ganglion  cell  never  develojis.  since 
the  cell  body  itself  lies  in  the  periphery  (Fig.  1.543). 

The  auditory  nerve  is  intermediate  between  this  type 
and  that  of  the  spinal  nerves,  since  the  cell  body  is 
bipolar  and  lies  in  the  spiral  ganglion  midway  between 


the  periphery  and  the  oblongata  (Fig.  1544).  It  is  there- 
fore in  this  respect  a  more  iirimitive  tyjjc  of  nerve  llian 
the  sjiinal  nerve.  In  other  nspects.  however,  it  is  more 
highly  specialized.  For  instance,  instead  iif  ending  free 
in  the  iierlphery  anumg  unaltered  cells,  il,  liUe  the  gusta- 
tory nerves,  randties  alicmt  specially  mudilied  epithelial 
cells  which  serve  as  receptive  organs  for 
these  nerves  of  special  sense. 

There  is  some  evidence  that  these  nerves 
of  special  sense  arise  in  the  peri])liery, 
their  ganglidii  cells  being  specialized  in 
the  ectoderm  at  the  she  of  the  future  sen- 
sory organ.  The  optic  nerve  belongs  to 
a  distinct  category,  since  the  ectodermal 
rudiment  of  I  lie  eyeaiul  its  nerve  is  formed 
on  the  cephalic  plate  before  its  invagina- 
tion into  the  nerve  tube,  then  to  be  second- 
arily evaginaled  fnmi  the  nerve  tube  into 
its  definilive  posilion. 

The  other  sensory  nerves  (and.  accord- 
ing to  the  researelies  <if  Ilis,  .Jr.,  the  sym- 
pathetic system  also)  are  derived  from 
cells  which  migrate  out  from  the  ectoderm 
at  the  time  of  the  invagination  of  the  nerve 
tube  at  the  seam,  or  line  of  contact,  be- 
tween the  nerve  tube  and  the  unmodified 
ectoderm  from  which  the  lafter  is  d<Tived.  These  cells 
arise  in  some  cases  apjiarenlly  from  the  ectoderm  just 
after  the  neural  tube  has  bc'en  pinched  off.  in  other 
cases  from  the  dorsal  wall  of  the  lulie  at  a  currespond- 
ing  period.  In  either  case  they  form  a  ridge  or  heap 
of  cells  between  the  dorsid  edge  of  the  tube  and  the 
overlying  ectoderm,  which  is  termed  the  "neural  crest." 
Its  cells  now  migrate  down  on  either  side  of  the  lu-nral 
tube  into  the  definitive  position  of  the  sjiinal  ganglion, 
meanwhile  becoming  bijjolar  by  the  growth  of  a  fibrous 
process  from  each  pole  of  the  spindle-shai>ed  cell  body. 
One  of  these  processes  grows  outward  toward  the  per- 
iphery, the  other  inward  to  form  the  sensory  root  of  the 
nerve  in  question.     Two  stages  in  the  development  of 


FIO.  1548. 


-Bipolar  Spinal  Ganglion  Cells  from  a  Human  Embryo. 
(After  Ills.) 
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the  netiral  crest  of  the  chick  are  illustrated  in  Figs.  1545 
and  1546.  The  development  of  the  neural  crest  of  man 
is  somewhat  different,  as  may  be 
seen  in  tlie  three  stages  illustrated 
in  Fig.  1547. 

The  two  poles  of  these  cells  are 
at  tirst  opposite  (Fig.  154bi),  but  be- 
come gradually  approximated  until 
tinally  the  cellulifugal  and  the  cellu- 
lipetal  tibres  unite  for  a  short  dis- 
tance and  the  cell  becomes  unipolar. 
Several  stages  in  this  process  are 
shown  in  the  accompanying  figure 
of  the  Gasserian  ganglion  (Fig. 
l.')49).  The  motor  roots,  as  is  well 
l^nown.  grow  out  from  cells  lying 
in  the  ventrolateral  zone  of  the 
neural  tube  (Figs.  15.50  and  1551), 
Tlie  general  arrangement  of  the 
cranial  nerves  of  the  adult  man  are 
indicated  in  Fig.  I^iri2.  while  their 
origins  from  the  medulla  oblongata 
arc  shown  more  in  detail  in  Figs. 
1553  and  15.34.  and  their  foramina  in 
Fig.  1555. 

Ner\-es  of  the  Spixal  Type. — 
The  composition  of  the  typical 
spinal  nerve  we  have  already 
given.  The  distribution  of  the 
chief  branches  of  such  a  nerve  iu 
the  thoracic  region  is  indicated  in  the  accompanying 
tigure  (Fig.  1556). 

XII.  The  hypoglossm  is  the  only  cranial  nerve  of  this 
type.  During  the  evolution  of  the  vertebrata  a  consider- 
able number  of  the  most  cephalic  spinal  segments  have 
been  either  lost  or  absorbed  into  the  head  and  the  corre- 
sponding spinal  nerves  have  been  reduced.  Several  such 
nerves  were  lost  altogether  and  others  lost  the  dorsjil 
roots.  In  young  specimens  of  the  lowly  elasmobranch, 
//(■.;v(»c//(/.s,' there  are  five  of  these  "occipital"  nerves 
which  have  lost  their  dorsal  roots  (the  last  one  with  a 
minute  dor.sal  root).  The  hypoglossus  of  man  does  not, 
apparently,  correspond  to  any  of  these,  however,  but  is 
composed  (according  to  Flirbringer)  of  the  ventral  roots 
of  the  three  following  nerves  (the  first  three  occipito-spinal 
nerves  of  his  nomenclature).  In  the  human  embryo  a 
ganglion  and  rudimentary  dorsal  root  may  appear  in  coti- 


FiG.  l.itfl. -Transforma- 
tion of  Bipolar  into 
Unipolar  Ganplion 
Cells  in  the  Gasserian 
Ganglion  of  an  Em- 
bryo Guinea-pig. 
(After  Van  Gehuch- 
ten.) 


ganglion 


ventral  root 


Fig.  1530. -Section  through  the  Spinal  Cord  of  a  Human  Embryo  of 
tour  to  lour  and  one-half  weeks.     (After  Edinger.) 

nection  with  one  or  more  of  these  roots,  and  rarely  in  the 
adult  the  last  one  bears  a  small  vestige  of  the  ganglion. 

The  nucleus  of  origin  of  the  XII.  nerve  lies  ventro- 
latcrally  of  the  tip  of  the  fourth  ventricle  and  is  the  con- 
tinuation of  the  ventral  horn  of  the  cervical  cord.  The 
root  fibres  arise  chiefly  (and  according  to  most  authorities 


wholly)  from  the  nucleus  of  the  same  side.  The  nucleus 
receives  from  its  lateral  and  ventral  sides  a  very  large 
number  of  delicate  terminal  fibres,  including  doubtless 
reflex  fibres  from  the  sensory  nerves  and  motor  fibres 
from  the  cortex.  The  latter  are  chiefly  collaterals  from 
the  pyramids,  but  partl_y,  according  to  Hoche,  terminals 
of  fibres  running  down  mingled  with  the  fibres  of  the 
mesial  fillet.  The  hj'poglossus  fibres  emerge  in  from 
ten  to  fifteen  rootlets,  pass  through  the  anterior  condylar 
foramen,  effect  connections  with  the  superior  cervical 
ganglion  of  the  sympathetic,  the  vagus,  the  first  three 
cervical  nerves,  and  the  lingual  branch  of  the  trigeminus. 
They  distribute  mainly  to  the  muscles  of  the  tongue,  viz., 
the  styloglossus,  hj'oglossus,  genio-hyoid,  genio-glossus, 
and  the  intrinsic  muscles  of  the  tongue. 

Nerves  of  the  Bhaxchiomeuic  Type. — XI.  The 
accessory  ntri-e  consists  of  two  parts;  (1)  the  accessorius 
vagi  is  really  a  bundle  of  detached  filaments  of  the  vagus, 
containing  inhibitorv  fibres  for  the  heart,  motor  fibres 


Fig.  1.S51.— Transverse  Section  of  the  Spinal  Cord  of  a  Chick  at  the 
ninth  day  of  lncul>alion.  (After  Ramon  y  Cajal.)  V.r,  Ventral  root 
fibres,  arising  from  ventral  horn  cells.  A' ;  Dr.,  dorsal  rnnt  iitucs, 
arising  from  ganglion  cells,  Gl ;  coU  collaterals,  from  the  latter 
fibres. 

for  the  pharynx,  etc. ;  (2)  the  accessorius  spinalis  arises 
from  the  lateral  aspect  of  the  spinal  cord  as  far  back  as 
the  fifth  or  sixth  cervical  vertebra  in  numerous  separate 
strands.  These  fibres  are  motor  and  arise  from  the  lateral 
cornu  of  the  cord.  They  turn  cephalad  and  arc  collected 
into  a  single  trunk  and  emerge  through  the  same  foramen 
as  the  vagus.  They  supply  Uie  sterno-mastoid  and  trape- 
zius muscles. 

The  morphology  of  the  accessorius  spinalis  is  still 
rather  obscure.  Its  nucleus  is  a  strand  of  cells  lying  in 
the  lateral  cornu  and  extending  as  far  forward  as  the 
level  of  the  lower  thii'd  of  the  olive.  In  some  fishes  and 
amphibians,  though  a  distinct  accessorius  is  absent,  yet 
certain  fibres  of  the  motor  root  of  the  vagus  arise  farther 
caudally  than  the  others  and  supply  the  trapezius  muscle. 
These  are  regarded  as  the  representatives  of  the  accessory 
nerve.  As  we  pass  upward  in  the  animal  series,  the  ac- 
cessoiius  nucleus  is  extended  farther  caudad  into  the 
lateral  horn  region  and  this  nerve  is  more  clearly  separable 
from  the  vagtis.  The  distinction  between  the  vagal  and 
the  spinal  portions  of  the  accessorius  in  any  case  is  not  of 
profound  morphological  significance,  since  both  the  ac- 
cessorius and  the  motor  vagus  belong  to  the  same  com- 
ponent, the  visceromotor,  and  both  are  differentiated 
from  the  lateral  horn  zone. 

IX.  and  X.  The  cn/iiii.  or  pneumngastric.  and  (he  glos- 
sopharyngeus  are  concerned  primarily  with  the  respiratory 
and  nutritive  mechanisms.  In  lower  vertebrates  they  are 
typical  branchial  nerves,  or  rather,  the  vagus  is  a  fusion 
of  several  such,  the  number  of  branchiomeres  represented 
corresponding  to  the  number  of  gill  clefts  minus  one,  the 
first  cleft  being  supplied  by  the  IX.  pair.     In  the  lowest 
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fishes  these  brancliial  nerves  are  qviite  separate  froin  each 
other  and  each  forks  around  a  single  jrill  cleft.     In  higher 


Fig.  1552.— General  View  of  the  Cranial  Nerves. 
I  Altered  from  Allen  Thomson.) 


forms  all  but  the  first 
(IX.  nerve)  are  fused  to- 
gether and  the  vagus 
stem  is  extended  into 
the  intestines,  lungs,  and 
other  viscera  connected 
■with  the  metabolism  of 
the  body. 

The    gill    arches   and 
their  appendages  are  es- 
sentially visceral   struc- 
tures, and  this  has  influenced  the  composition  of  these 
nerves.     E.vctpt  in   some   lower  vertebrates,  the  vagus 
region  contains  no  somatic  muscles.     When  such  mus- 
cles are  present,  they  seem  to  be  innervated  from  post- 
vagal  spino-occipital  nerves.    Accordingly  neither  the 
vagus  nor  any  of  the  other  branchiomeric  nerves  con- 
tain somatic  motor  components.     The  general  cutane- 
ous component,  too,  has  been  greatly  reduced  in  the 
post-trigemiual  members  of  the  series,  the  skin  of  this 
region  being  for  the  most  part  supplied  either  from 
behind  by  the  spinals  or  from  in  front   by  the  tri- 
geminus.    The  vagus  and  glossopharj-ngeus,  accord- 
ingly, have  the  following  composition:    (1)  a    small 
number  of  general  cutaneous  fibres,  (2)  visceral  sen- 
sory fibres,  (3)  visceral  motor  fibres.     In  the  fishes  a 
large  root  of  the  lateral  line  system  of  nerves  goes  out 
through  the  vagus  foramen  and  is  conventionally  as- 
sociated with  the  vagus,  though  it  has  no  morpho- 
logical connection  with  it  and  is  not  represented  at 
all  in  the  higher  animals.     Compare  the  diagram  of 
the  acustico-lateral  system,  Fig.  417,  Vol.  I.  ;  article 
Ainlit'iry  AV/vc. 

1.  In  the  fishes  and  amphibians  the  relations  of  the 
general  cutaneous  fibres  are  accurately  known.  Aris- 
ing in  a  special  ganglion  on  the  root  of  the  vagus  (the 
jugular  ganglion  of  Shore  and  Strong),  they  enter  the 
spinal  V.  tract,  to  terminate  about  the  cells  as.soci- 
ated  with  this  trad.  Peripherally  they  comprise  dor- 
Siil  branches  of  the  nerve  which  supply  the  skin  of  the 
occipital  region  above  and  external  to  the  gill  cham- 
ber. In  man  most  authorities  describe  the  vagus  root 
as  simply  passing  through  the  spinal  V.  tract.  Since, 
however,  there  is  a  general  cutaneous  twig  supplying 
the  corresponding  region  of  the  periphery  (the  ramus 
aurieularis  vagi,  innervating  the  skin  behind  the  ear), 


it  is  probably  true  that  in  man  also  some  vagal  fibres 
ternnnate  in  the  spinal  V.  tract,  as  the  gray  matter  as- 
sociated with  lliis  tract  is  the  only 
terminal  luicleus  in  the  oblongata 
known  for  general  entaneous 
fibres.  Cajal,  moreover,  has  de- 
monstrated fillies  entering  the 
spinal  V.  tract  from  the  IX.  root. 
2.  The  remaining  sensory  fibres 
belong  to  th(^  visceral  system. 
Their  peri|ilieral  distribution  in 
the  case  of  the  vagus  is  very  wide, 
viz.,  to  the  mucous  surfaces  of  the 
pharynx  and  to  the  thoracic  ami 
abiloniiiial  viscera.  The  presence 
of  these  latter  fibres  is  the  probable 
explanation  of  the  small  number 
of  the  visceral  sensory  fibres  in  the 
spinal  nerves.  They  spring  main- 
ly from  the  ganglion  of  the  trunk 
(g.  nodosum).  Proximally  of  the 
ganglion  these  .sensor_v  fibres  can- 
not easily  be  distinguished  from 
the  smaller  mot  or  fibres.  Together 
they  enter  the  olilongata  in  a  series 
of  twelve  or  more  filaments  in  the 
groove  between  the  olive  and  the 
restiform  body.  In  lower  verte- 
brate types  the  visceral  sensory 
(conununis)  component  of  both 
the  IX.  and  X.  nerves  contributes 
fibres  for  the  general  sensory  in- 
nervation of  tlie  mucosa  of  the 
pharynx  and  adjacent  regions,  and 
in  addition  a  still  larger  number 


third  ventricle 


pineal  body 


accessorlus  nucleus 


funiculus  cuneatus 


funiculus  gracilis 


Fio.  1.T.53.— The  Medulla  Olilongata  as  Seen  from  the  Dorsal  Side,  sUphtly 
enlanred.  (Adapted  from  Landols.)  The  Roman  numerals  indicate 
the  superllcial  origins  of  the  cranial  nerves,  the  Arabic  numerals  Uielr 
deep  origins. 
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of  fibres  to  the  large  taste  buds  plentifully  scattered  over 
the  gills.  In  all  cases  the  IX.  sends  a  branch  forward 
on  to  the  dorsal  surface  of  the  hyoid  (rudimentary  tongue). 


Fig.  I.5.M.— The  Medulla  Obloogata  and  Parts  Adjacent  as  seen  from 
me  Ventral  Side.  Natural  size.  (After  .Mien  Thomson,  from 
Quain's  "Anatomy.")  The  Roman  numerals  refer  to  the  cranial 
nerves;  ro,  ventral  column  of  cord;  vU  lateral  column:  ventral 
median  Assure  of  cord  ;  o,  olive;  P,  cerebral  peduncle;  pu,  pyra- 
mid: PV,  pons  Varolii. 

With  the  disappearance  of  the  gills,  the  taste  buds  of  the 
torrespomliiig  regions  vanish,  and,  accordingly,  the  lin- 
gual branch  of  the  IX.  is  the  only  nerve  of  this  complex 
which  serves  the  function  of  taste  in  man,  though,  as  we 
shall  see  beyond,  the  VII.  nerve  also  ])urlicipates.  The 
IX.  nerve  of  man  enters  the  brain  by  some  live  or  si.Y 
rootlets  in  a  liuedirectly  continuous  with  the  vagus  roots. 
The  general  cutaneous  fibres  enter  the  spinal  V.  tract, 
the  coiiiiiiuiiis  tibres  the  fasciculus  solitarius,  and  the 
auotor  tibres  llie  cephalic  end  of  the  nucleus  ambiguus. 

3.  In  the  fishes  there  are  cleat  Ij-  two  kinds  of  motor 
fibres  in  the  vagus  and  glossopharyngeus.  viz.,  large 
fibres  arising  from  the  nucleus  amljiguus  and  destined 
for  the  strisited  musculature  of  the  gills,  and  smaller 
fibres  destuied  for  the  uustriatcd  fesophageal  and  other 
visceral  muscles  of  tincertain  i)rii,nn.  ilost  of  tlie  motor 
fibres  in  man  are  of  the  small  variety.  It  is  universally 
.agreed  that  they  arise,  in  part  at  least,  from  the  nucleus 
ambiguus  (accessory  vago-glos.sopliaryngeal  nucleus), 
which  is  a  liiglily  diilerentiated  coiitiuuatinn  of  the  lat- 
-eral  horn. 

Besides  the  nucleus  last  mentioned  and  the  connection 
of  the  IX.  and  X.  roots  with  the  spinal  V.  tract  al- 
ready indicated,  there  are  two  other  centres,  the  fascicu- 
lus solitarius  (fasc.  communis  of  the  Ichthyopsida)  and 
tl>e  cells  associated  with  it  to  form  the  "spinal  nucleus," 
and  the  so-called  "chief  nucleus,"  the  latter  lying  dorso- 
mesially  of  the  fasciculus  between  it  and  the  IV.  ven- 
tricle. It  has  been  commonly  held  that  the  sensory 
vagus  terminates  mainly  in  the  chief  vago-glossopharyn- 


geus  nucleus,  but  jjartly  in  the  fasciculus  solitarius, 
while  the  IX.  terminates  chietiy  in  the  fasciculus,  but 
partly  in  the  chief  nucleus.  Cajal  from  a  study  of  Golgi 
prepiirations  of  the  IX.  and  X.  nerves  of  the  new- 
born mouse  concludes:  "There  are,  therefore,  in  this  ani- 
mal not  two  sensory  terminal  clusters,  nor  two  separate 
portions  for  the  two  nerves.  A  single  root  common  to 
both  nerves  passes  over  into  the  fasciculus  solitarius 
without  loss  of  any  tibres,  in  such  a  way  that  between 
the  upper  or  chief  nucleus  and  the  lower  or  descending 
nucleus  there  is  no  distinction  aside  froiu  that  of  posi- 
tion." Some  years  ago  Forel.  and  since  him  several  other 
careful  workeis.  by  a  variety  of  the  degeneration  meth- 
ods, have  come  to  the  conclusion  that  the  so-called  "chief 
sensory  nucleus"  is  either  wholly  or  largely  motor  in 
function,  and  that  the  fasciculus  solitarius  and  the  gray 
matter  immediately  adjacent  to  it  represent  the  only 
sensory  terminus  for  these  communis  fibres  of  the  IX. 
and  X"  roots. 

The  presence  of  a  descending  or  spinal  root  and  nu- 
cleus in  these  nerves  may  be  correlated  with  the  corre- 
sponding feature  of  the  dorsal  roots  of  the  spinal  nerves. 
As  each  dor-sal  root  fibre  typically  divides  immediately 
upon  entrance  into  the  cord  into  a  descending  and  an 
ascending  limb,  so  here  the  entering  sensory  fibres  have 
been  seen  to  divide,  one  limb  descending  to  form  the 


Fig.  1355.— The  Base  of  the  Skull,  showtug  the  Exits  of  th"  Cranial 
Nerves. 

fasciculus  solitarius  and  enter  the  spinal  nucleus.  The 
sensory  roots  of  the  VIII.,  VII.,  and  V.  nerves  exhibit 
the  same  peculiarity. 

The  peripheral  relations  of  the  vagus  and  glossopharyn- 
geus are  illustrated  in  the  aecompanviug  figure  (Fig. 
1557).      The  lingual  branch  of    the  IX.    supplies  the 
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mucous  membrane  and  circumvallate  papillse  of  the  back 
imrt  of  the  toiiiiue,  the  pliaryngcal  branches  supply  the 
stylo-phuryugeus  nuisde,  ami  perhaps  some  of  the  cou- 


dorsal  branch 


mixed  ner\- 


a  very  wide  distribution  to  spcriali/.od  sense  organs  of 
the  inside  of  the  buccal  cavity  and  also  to  varyiiif:  ex- 
tents all  over  the  outer  skin  id'  the  heailand  trunk,  while 
the  motiir  coniponent  is  small  and  <(iiitincd  to  the  iiuier- 
valion  of  the  nuisclcs  of  the  hyoid  arch.  In  man.  on  the 
other  hand,  the  sensory  porticm  has  dwindled  to  so  small 
proportions  as  to  have  been  (piite  ignored  by  many  anat- 
omists, while  the  peripheral  distribution  area  of  the 
motor  portion  has  been  enlarged  to  include  almost  tlie 
whole  of  the  supcrlicial  facial  musculature.  The  reduc- 
tion of  the  sensory  component  is  e.\plained  by  the  lo.ss  of 
the  corresponding  sense  organs  in   air-breathing  verte- 


ventral  liniiu'li  : 
Fig.  l.'JSS.  — Diagruni  of  a  Spinal  Nerve  of  Uie  TlionuU-  Region. 


strictors  of  the  pharynx,  together  with  the  mucous 
membrane  adjacent.  By  its  tympanic  branch 
(nerve  of  .lacobsou)  it  supplies  tlie  mucous  lining 
of  the  liiiddle  ear.  It  communicates  with  the  V., 
yil.,  and  X.  and  sympathetic  nerves. 

The  vagus  communicates  with  the  VII.,  IX..  XI.,  XII., 
I.  and  II.  spinals,  and  the  sympathetic.  Its  distribution 
is  extensive,  compiising  branches  to  the  dura  mater, 
external  ear,  jihaiynx,  larynx,  heart,  lungs,  stomach, 
and  other  visceia.  Throughoiit  its  entire  extent  the 
vagus  is  in  frecpient  communication  with  the  sympa- 
thetic, and  it  seeiiis  to  share  many  of  its  functions  with 
the  latter.  It  conti'ols.  more  or  less  directly,  the  moi'e 
important  autoiiiatic  and  vegetative  functions  of  the 
body,  such  as  circulation  and  digestion,  and  is  thus 
of  the  most  pi'ofound  physiological  significance.  Its 
vasomotor  function  is  of  the  most  far-reaching  signifi- 
cance. It  cjirries  three  types  of  cardiac  fibres,  viz.,  ac- 
celerator, inhiliitorv,  and  depressor,  the  latter  acting 
centi'ipctally  to  produce  refiexly  a  slowing  of  the  heart. 
Trophic  fibres  have  fiequently  been  described  in  the 
vagus,  thoiigh  the  weight  of  evidence  now-  points  to  the 
belief  that  such  fibres  have  no  separate  existence. 

17/.  Fiin'itlis. — In  the  lower  fishes  the  facialis  is  a 
typical  lininchiomeric  nerve.  The  h3-oid  arch  is  a  modi- 
fied gill  arch,  as  evidenced  by  perfect  gills  on  its  poste- 
rior face,  and  it  is  separated  from  the  mandibular  aich 
by  the  spinicular  cleft,  around  which  the  facialis  forks 
in  just  the  same  way  as  the  other  branchial  nerves  fork 
around  their  respective  gill  clefts  (</.  Fig.  1.537).  The 
facialis,  too,  has  the  typical  roots,  viz.,  visceral  motor 
and  visceral  sensory  (communis),  the  latter  very  large 
in  lower  vertebrates  but  small  in  man  and  known  as  the 
portio  intermediii  of  AVrisberg.  It  always  has  a  gan- 
glion, the  geniculate  ganglion.  Moreover,  the  facial 
branches  have  the  typical  composition,  the  post-trematic 
nerve  being  motor  and  sensory,  the  pre-trematic  and  the 
palatine  exclusivily  sensory.  The  post-tremafic  ramus 
corresponds  to  the  main  facial  trunk  in  man,  the  pre- 
trematic,  or  a  portion  of  it.  piobably  to  the  chorda  fym- 
pani,  and  the  palatine  is  unquestionably  the  great  super- 
ficial lictrosal  of  human  anatimiy,  the  spiracular  cleft 
being  rejiresented  l)y  the  Eustachian  tube.  In  none  of 
the  lower  vertelirates  do  general  cutaneous  fibres  emerge 
from  the  lirain  with  the  facial  roots,  though  they  may 
enter  the  fiicial  trunk  peripherally,  running  back  into  it 
from  the  Gas,seiian  ganglion.  In  the  Ichthyopsida  a  very 
large  root  of  theacustico  lateral  system  joins  the  facialis, 
passing  out  with  the  post-trematic  ramus  to  supply  the 
lateral  line  organs  of  the  mandible  (see  Auditory  Serre, 
Fig.  417,  Vol.  I.). 

Between  these  lower  vertebrates  and  man  the  facial 
nerve  undergoes  a  striking  metamorphosis.     Tliere  it  is 
a  large  nerve,  chieflv  sensorv.  whose  sensorv  fibres  have 
Vol.  III.— 21 


Fig.  15.')7.— The  Distribution  and  Connections  of  Ihel.X.and  .\  .Nencs. 
(After  Hirschfeld  and  I,evellle,  from  (juain's  "Analomy.")  one- 
third. 

1,  VajTus  nen-e ;  2,  ganglion  of  iis  trunk ;  3.  accesiwry  part  of 
the  spinal  aeoessorv :  4,  union  of  the  X.  and  XII.  nerves:  5, 
phar>'ngeal  branch' of  the  vagus:  6.  superior  lar>'ngeal  nerve: 
<,  extcrinr  laryngeal:  8,  communication  of  the  latter  with  the 
superior  cunliac  liranch  of  the  sympatlieUi' :  'J,  inferior  or  recur- 
rent laiyiigeal:  10,  superior,  ami  11.  inferior  cervical  cardiac 
branches  of  the  vagus;  12,  1:3,  posterior  pulmonary  plexus:  14, 
lingual  branch  of  the  mandibular  branch  of  tlie  v.;  1.5,  distal 
part  of  the  hyjioglossal  nerve:  IB.  glossopharyngeus;  17,  spinal 
accessory  nerve,  uniting  by  its  inner  l)rani-h  with  ttie  vagus,  and 
by  its  outer  pa.ss!ng  Into  the  sterno-mastoid  muscle:  is,  II. 
cervical  nerve:  19.  III.:  20,  IV.:  21.  origin  of  the  ptirenic  ncne: 
22,  2;t,  v.,  VI..  Vll.,  and  VIII.  cervical  iictvc.s.  foniiing  with  the 
arst  thoracic  tlie  brachial  plexus:  24.  Mii'ericir  cervical  ganglion  of 
the  sympathetic ;  2.5.  middle  cervical  gaiiLMion  :  2t).  inferior  cer\ical 
ganglion,  united  with  the  first  ttic»nn-ic  gunglioii:  27,  2S,  2y,  30, 
se^'ccnd,  third,  fourth,  anddfth  thonicic-  ganglia. 

bratcs,  while  the  muscles  of  expression  of  the  face  are 
said  to  be  derived  phylogenetically  from  the  hyoidean 
musculature. 

In  man  the  two  roots  emerge  from  the  brain  in  close 
contact  at  the  lower  border  of  the  pons  and  in  intimate 
relations  with  the  auditorv  nerve.     The  motor  root  arises 
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in  a  nucleus  lying  ventrally  and  slightly  caudally  of  that 
of  the  VI.  nerve.  Its  fibres  are  uncrossed,  according  to 
Van  Gehuchten.  though  several  earlier  authors  describe 
a  crossed    bundle  also.      They  curve  around  the  VI. 

pQrtio  inUrmedia- 
,'"  geniculate  gaiyjlion 


from  rjrcat 
auricular 


Fig.  1.>J8.— Plan  of  the  Facial  Xerve.  (After  Thane,  frnm  Quain's  "Anatomy."*  ch.ty.. 
Chorda  tympani.  it5  middle  part  removed;  tii,.  tympanic  branch  of  the  glossopbaryn- 
peus;  .*i/..  sympathetic  on  the  internal  canitid  artery:  cnr.tj/..  oarv>tico-t>Tnpanic 
nerve,  passing  between  the  tympanic  nene  and  the  sympathetic  in  the  carotid  canal. 


nucleus,  forming  the  inner  genu  of  the  .^ot,  and  upon 
emergence  from  the  oblongata  are  joined  by  those  of  the 
portio  intermedia.  The  internal  genti  is  a  very  charac- 
teristic feature  of  this  root  in  all  vertebrates.  Its  signif- 
icance is  perhaps  to  be  explained  by  a  relation  between 
the  facialis  root  and  the  fasciculus  longitiidinatis  medi- 
alis.  Connections  of  different  kinds  have  been  described 
between  this  fasciculus  and  the  motor  cranial  roots.  The 
writer  has  observed  these  connections  in  the  tishes  and.  in 
two  of  the  cases  (viz..  the  IX.  and  VII.),  the  motor 
roots  depart  far  from  the  shortest  courses  to  their  super- 
ficial origins  to  run  for  some  distance  along  the  outer  side 
of  the  fasciculus.  The  bundle  from  the  IX.  nucleus 
divides  before  leaving  the  fasciculus  into  two  nearly 
equal  portions,  of  which  one  forms  the  root  bundle  and 
the  other  remains  with  the  fasciculus.  The  ascending 
limb  of  the  facial  root  in  the  same  way  runs  along  the 
outer  side  of  the  fasciculus  for  some  distance  immediately 
ventrally  of  the  glossopharyngeal  bundle,  with  which  it 
finally  fuses.  The  root  portion,  or  descending  limb  of 
the  facial  root,  soon  separates,  presumably  leaving  some 
fibres  in  contact  with  the  IX.  bundle,  wliicli  soon  fuses. 
a  little  farther  cephalad,  with  the  rest  of  the  fasciculus 
longitudinalis  medialis.  In  human  anatomy,  too,  the 
facial  genu  passes  along  the  outer  side  of  this  fasciculus, 
and  there  may  be  some  relation  between  them,  by  means 
of  collaterals  or  otherwise. 

The  sensory  facialis  libres  arise  in  the  geniculate  gan- 
glion and  temiinate  in  the  fasciculus  solitari".s  (=  fasc. 
conimunis)  and  the  associated  gray  matter,  thus  reaching 
the  same  terminal  nucleus  as  the  other  members  of  the 
communis  system.  The  two  roots  run  outward,  accom- 
panying the  auditory  nerve  to  the  internal  auditorj- 
meatus.  Separating  from  the  latter  nerve  they  enter 
the  aqueduct  of  Fallopius,  within  which  a  sharp  turn 
is  made,  the  external  genu  of  the  nerve.  At  this  point  is 
the  geniculate  ganglion,  which  is  the  root  ganglion  of 
the  sensory  portion.  Within  the  aqueduct  the  following 
branches  are  given  off  from  the  trunk:  (1)  twigs  commu- 
nicating with  the  auditory  nerve,  (2)  with  the  small 
superficial  petrosal,  and  (3)  with  the  auricular  branch  of 
the  vagus:  (4)  a  motor  twig  for  the  stapedius  muscle:  (.5) 
the  external  superficial  petrosal  nerve ;  (6)  the  great  su- 


perficial petrosal  nerve,  wholly  sensory  and  correspond- 
ing to  the  palatine  of  lower  vertebrates,  which  is  joined 
by  the  large  deep  petrosal  to  form  the  viilian  nerve,  ter- 
minating in  the  sphenopalatine  ganglion:  (7)  the  chorda 
tympani,  a  sensory  nerve  which  leaves 
the  trunk  at  the  outer  end  of  the  aque- 
duct and  curves  back  through  the  tem- 
poral bone  and  the  tympanic  cavity,  to 
run  forward,  receiving  a  commtmicating 
twig  from  the  otic  ganglion,  to  join  the 
lingual  branch  of  the  trigeminus.  The 
fibres  of  the  chorda  are  now  generally 
regarded  as  largely  gustatory  in  func- 
tion, while  tliose  of  the  lingual  branch 
of  the  trigeminus  are  concerned  with 
general  sensibility  only.  This  accords 
with  our  most  precise  anatomical  and 
phylogenetic  knowledge  and  with  a 
large  body  of  clinical  and  pathological 
data,  though  there  is  some  clinical  evi- 
dence pointing  to  the  existence  of  gusta- 
tory fibres  in  the  trigeminus. 

The  facial  trunk,  upon  emergence 
from  the  Fallopian  aqueduct,  is  gener- 
ally described  as  purely  motor,  but  Van 
Gehuchten  has  very  recently  demon- 
strated a  few  sen.sory  fibres  in  it  from 
the  geniculate  ganglion.  The  motor 
fibres  are  distributed  to  the  stylohyoid 
and  posterior  belly  of  the  digastric  mus- 
cles, to  the  muscles  of  the  ear.  scalp,  and 
eyelids,  and  to  the  superficial  facial  mus- 
culature in  general.  The  facial  fibres 
for  the  frontalis,  orbicularis  palpebra- 
rum, and  corrugator  supercilii  muscles 
are  said  by  some  authorities  to  arise  in  the  oculomotor 
nucleus  and  to  descend  to  the  facial  root  through  the 
fasciculus  longitudinalis  medialis,  and  by  others  to  arise 
in  the  VI.  nucUiis.  Van  Gehuchten  has  shown  b}' 
Xissl's  degeneration  method  that  both  of  these  supposi- 
tions are  incorrect.  He  has  analyzed  the  VII.  nucleus 
of  the  rabbit  as  shown  in  Fig.  1,1.59.  Some  authors  have 
also  described  fibres  passing  from  the  facial  root  into  the 
terminal  nucleus  of  the  spinal  V.  tract,  presumably  of 
general  cutaneous  nature:  but  this  remains  unconfirmed. 
The  motor  VII.  nucleus  receives  terminal  fibres  (1) 
from  the  pyramidal  tracts  of  the  same  and  the  opposite 
side;  (2)  fi-om  another  tract  of  motor  fibres  which  de- 
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Fig.  1.B9.— Muscular  I/walization  in  the  Facial  Nucleus  of  the  Rabbit. 
(After  Van  Gehuchten.) 

1,  Cells  of  the  internal  proup  related  to  the  stapedius  muscle; 
2.  cells  of  the  internal  group  related  to  the  muscles  of  the  outer 
ear;  3,  nucleus  of  orltrin  of  the  fibres  of  the  superior  facial;  4.  nu- 
cleus of  oriffln  of  the  Ilbres  of  the  inferior  facial,  the  inner  portion 
related  to  the  fibres  of  the  inferior  bucco-labial  branch,  the  outer 
portion  to  those  of  the  superior  bucco-labial. 

scends  from  the  cortex  in  the  region  of  the  medial  fillet, 
and  hence  quite  independently  of  the  pyramids  (Hoche 
— this  tract  also  effects  connections  with  the  XII. 
nucleus,  as  already  mentioned) :  (3)  from  the  sensory  V. 
root :  (4)  from  the  opposite  nervus  cochleae  via  the  cor- 
pus trapezoides ;  (5)  from  the  fundamental  lateral  column 
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The  secoiuiiiry  connections  of  tlie  sensory  root  are  not 
so  well  known,  but  are  doubtless  made  in  the  general 
complex  of  the  lateral  tillet. 

r.  The  Tiiffi  III i II tin. — The  composition  and  distribu- 
tion of  the  triireminus  are  remarkably  constant  tliroui;li- 
out  tlie  vertebrate 
])liylum.  It  iiUKT- 
vates  the  muscles  of 
mastication,  and 
mediates  general 
sensibility  of  the 
face  and  teeth.  In 
lower  vertebrates  it 
is  usually  larger  in 
proportion  than  in 
man.  Its  morpho- 
logical position  is 
very  obscure,  Su- 
periicially  it  re- 
s  e  m  b  1  e  s 


(mani 
ramus  only,  etc. 
The  motor  root  in 
origin  and  periphe- 
ral relations  is  es- 
sentially like  that 
of  the  other  nerves 
of  tliis  series:  but 
the  sensory  root  is 
composed  wholly  of 
general  cutaneous 
fibres,  with  appar- 
ently no  communis 
elenJent  whatever. 
This  exaggeration 
of  the  general  cuta- 
neous component  is 
probably  a  second- 
a  r  y  arrangement, 
due  to  the  reduction 
of  general  cutane- 
ous fibres  in  the  fol- 
lowing nervi's  of  the  gill  region  of  lower  vertebrates  and 
to  a  similar  reduction  in  the  pre-trigeminal  region  on  ac- 
count of  till'  dilferentiatiou  of  the  organs  of  higher  sense. 
There  is  evidence  that  the  general  cutaneous  component 
of  at  least  one  pre-trigeminal  segmental  nerve  has  fused 
with  the  trigeminus ;  for  in  lower  sharks  there  is  a  dis- 
tinct "profundus"  nerve  in  front  of  the  trigeminus  and 
similar  to  it,  a  nerve  which  may  be  represented  by  the 
nasal  branch  of  human  anatomy. 

The  trigeminus  arises  by  two  roots.  The  portio  minor, 
or  motor  root,  whose  fibres  are  commonly  regarded  as 
belonging  to  the  visceromotor  system,  springs  from  two 
groups  of  cells.  (1)  The  "chief  motor  nucleus  "  lies  dor- 
sallj'  of  the  exit  of  the  nerve  from  the  medulla  oblongata, 


Fig.   lofiO,— Plan   of  the  Trigeminus  and 
some  of  its  Connections,     (.tfter  Edinper.) 


and  is  the  morphological  continuation  of  the  facial  nu- 
cleus. (2)  A  smalhr  niuubcr  of  fibres  arises  in  an  elon- 
gated cluster  of  large  cells  arranged  sparsely  ahmg  the 
side  of  the  a(iueiluct,  and  constitutes  the  mesencephalic, 
or  "descending  "  root.  The  cells  of  its  lower  portion  are 
more  crowded  and  are  rich  in  pigment,  constituting  the 
"locus  cceruleus,"  The  mesencephalic  nucleus  has  been 
regarded  as  trophic  and  as  vasomotor  in  function.  As 
a  matter  of  fact,  its  function  is  ciuile  unknown.  Cajal 
has  shown  that  collaterals  from  the  fibres  from  this  nu- 
cleus envelop  the  cells  of  the  chief  nucleus,  and  he  con- 
jectures that  this  is  a  sort  of  relay  mechanism  by  which 
the  cells  of  the  mesencephalic  and  chief  nucleus  (i.e.,  the 
entire  masticatory  apjiaratus)  can  be  simultaneously  dis- 
charged liy  the  sjime  stimulus.  The  tibi-es  from  the 
chief  motor  nucleus  are  cniniMoidy  descrilied  as  mainly 
uncro.ssed.  but  partly  crossed:  but  Van  Geliueliten  has 
recently  found  upon  section  of  the  trigeminus  roots  and 
subseipient  exaiuiuation  by  Nissl's  method  that  all  of 
the  cells  of  Imth  the  chief  and  the  mesencephalic  nucleus 
suffer  ihromatolysis  on  th(^  sjime  side,  but  none  on  the 
opposite  side.  This  leads  him  to  the  conclusion  that 
crossed  fibres  do  not  arise  from  either  nucleus. 

The  portio  major  is  a  complex  stnictuic,  chietly,  if  not 
wholly,  sensory.     Two  roots  can   be  distinguished:    (1) 
Most  of  the  fibres  go  to  the  spinal  trigeminal  tract  and 
terminate  in  cells  lying  in  its  path  (including  the  "chief 
sensory  nucleus"  of  the  trigemintis),  and  are  therefore 
homologous  with  those  of  the  doisjd  roots  of  the  spinal 
nerves,  and  like  them  belong  to  the  general  cutane- 
ous system.     This  njiimil  runt,   often   incorrectly 
called  the  "ascending  root,"  runs  down  near  the 
lateral  aspect  of  the  oblongata  and  can  be  traced, 
diminishing  caudad,  as  far  as  the  first  or  second 
cervical  nerve.     It  is  accompanied    for  its  entire 
length  along  the  inner  aspect  by  a  sparse  collec- 
tion of  cells,  the  spinal  nucleus  of  the  trigeminus, 
which  are  enveloped  by  a  dense  mesh  of  fine  ter- 
minal fibrils  derived  from  the  root  fibres,  the  whole 
when  stained  by  ordinary  methods   presenting  a 
peculiar  appearance  which  has  given  rise  to  its  desig- 
nation, "substantia  gelatinosa."     Vast  numbers  of  col- 
laterals from  the  root   fibres   participate  in  this   mesh- 
work.     Others  of  these  collaterals  terminate  in  the  motor 
nuclei  of  the  V.  and  VII.,  and   probably  in  the  other 
motor  cranial   nuclei  also.     The   homology  and   direct 
continuity  of  the  spinal  nucleus  with  the  dorsiil  eornu 
of  the  spinal  cord  give  us  an  important  landmark  for  the 
determination   of   homologies  in    the   oblongata.      The 
homologies  in  the  spinal  cord  of-  the  other  cranial  nerve 
nuclei,  both  sensory  and  motor,  are  much  more  uncer- 
tain.    (2)  The  second  root  of  the   portio  major  is  the 
sensory  cerebellar  root  of  Edinger  (indicated  by  dotted 
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lines  in  Fig.  1560),  which  enters  the  cerebellum  by  way 
of  the  prepeduncle.  The  existence  of  this  loot  is  denied 
by  some  authors. 

The  central  connections  of  the  motor  V.  nuclei  are 
doubtless  made  from  the  pyramidal  tracts,  though  they 
are  not  very  precisely  i^nown.  The  chief  motor  nucleus 
also  receives  collaterals  from  the  sensory  nuclei  of  the 
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obloDgiita.  The  sensory  V.  nucleus  effects  secondary 
connections  witli  the  motor  cranial  nuclei  and  with  the 
higher  centres  via  the  lateral  fillet  of  the  same  and  the 
opposite  side. 

The  three  luain  branches  of  the  trigeminus  (which  give 
the  nerve  its  name)  arise  directly  from  the  Gasserian 
ganglion.     For  the  details  of  their  distribution,  see  the 

tempo  ro-malar 

spbeno-palatino  pancrlion 
^  superior  maxillary  division 

ophtlialmic  division 
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carotid  art^iy 
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Fig.  i.'itiS.— Plan  of  the  Maxillary  Division  of  the  Trigeminus  as  seen 
from  the  Left  Side.     (Altered  from  Young.) 

figures.  (1)  The  ophthalmic  nerve  is  wholly  sensory 
(Fig.  1561).  It  communicates  with  the  sympathetic. 
III.,  IV..  VI..  and  VII..  nerves.  Its  first  branch  is  a 
recuri-ent  meningeal  twig  for  the  tenlorivim,  aller  which 
it  divides  into  nasal,  fi-outal.  and  Uiclirymal  branches. 
The  nasal  nerve  furnishes  the  long  root  of  the  ciliary 
ganglion  (a  ganglion  of  the  sympathetic  system),  the 
long  ciliary  nerves,  twigs  for  the  conjunctiva,  lining 
of  the  nasal  fossa,  and  skin  of  the  tip  of  the  no.se.  The 
frontal  nerve  supplies  the  conjunctiva  and  skin  of  the 
upper  eyelid  and  the  forehead.  Tlie  laclirymal  branch 
innervates  the  lacliiynial  gliind.  conjiuicliva.  and  adja- 
cent skin,  (".i)  The  maxillary  nerve  (Fig.  I.")(i2)  is  also 
wholly  sensoi-y,  supplying  the  skin  of  the  side  of  the 
face  (cheek,  temple,  lower  eyelid,  nose,  and  upper  lip), 
the  mucous  lining  of  tlie  nose  and  upper  part  of  the 
pharynx  and  the  teeth  of  the  tipper  jaw,  and  communi- 
cating with  the  sympathetic  sphenopalatine  ganglion. 
(3)  Tlie  niandibiiiar  nerve  (inferior  ma.xillary)  leceives 
the  remainder  <if  the  general  cutaneous  fibres  and  all  of 
the  motor  fibres  of  the  trigeminal  roots.  The  motor 
fibres  supply  the  following  muscles:  temporal,  masseter, 
external  and  internal  pterygoid,  tensor  palati,  tensor 
tympani.  mylohyoid,  and  the  anterior  bell)'  of  the  digas- 
tric. The  sensorv  fibres  supply  the  skin  of  the  lower 
jaw,  side  of  the  head,  external  ear,  external  auriitory 
meatus,  teeth  of  the  lower  jaw,  tongue  (general  sensation 
only),  mucous  lining  of  the  mouth  and  other  i)arts  adja- 
cent. It  communicates  with  the  facialis  and  wiili  the 
otic  and  submaxillary  ganglia  of  the  sympathetic  sys- 
tem. The  lingual  branch  is  joined  by  the  chorda  tym- 
pani from  the  geniculate  ganglion  of  the  facial  nerve,  and 
there  has  lieen  much  discussion  regarding  the  exact 
courses  of  the  fibres  of  these  two  nerves.  The  weight  of 
evidence  is  clearly  in  favor  of  relegating  the  gustatory 
fibres  all  to  tlfe  chorda  and  excluding  this  component 
from  the  trigeminus  entirely. 

Stimimiry  of  the  Xerres  o/  t/te  Bmnchimnrrif  Ti/pr. — 
These  nerves  typically  comprise  the  following  branches, 
viz. :  (1)  dorsal  general  cutaneous  branches  for  the  outer 
skin ;  (2)  sensory  pharyngeal  branches  for  the  mucosa  of 
the  roof  of  the  i)harvnx.  of  communis  nature;  (3)  a  pre- 
trematic  branch  for  the  gill  on  the  anterior  side  of  the 
corresponding  gill  cleft  and  its  contained  sensory  organs, 
wholly  sensory  (communis);  (4)  a  post-trcmatic  branch 
for  the  gill  on  the  posterior  side  of  tlie  cleft  and  its  con- 
tained sense  organs,  together  with  the  liranchial  muscu- 
lature of  that  segment  (communis  and  viscero-motor). 


With  the  loss  of  the  gills  in  higher  vertebrates,  this  re- 
lation is  obscured,  the  vagus  preserving  the  dorsal  cuta- 
neous branch  and  the  IX.  and  X.  retaining  the  com- 
munis and  motor  roots  with  great  modifications  in  their 
peripheral  relations.  The  VII.  pair  is  more  nearly 
typical,  having  lost  the  cutaneous  component,  reduced 
the  communis,  and  enlarged  the  motor.  The  V.  pair 
is  the  most  highly  modified  of  all,  having  lost  the  com- 
munis element  and  enormously  exaggerated  the  cutane- 
ous, the  motor  remaining  typical.  In  all  vertebrates  ex- 
cept the  very  lowest  the  centres  within  the  oblongata  for 
these  systems  are  not  repeated  in  serial  metameric  order 
for  the  successive  pairs  of  nerves,  as  tends  to  be  the  case 
in  the  spinal  nerves,  but  each  S3'stem  has  been  concen- 
trated centrally  and  unified  by  the  coalescence  of  all  of 
the  terminal  nuclei  into  a  single  centre,  independently  of 
the  roots  by  which  these  fibres  may  reach  the  periphery. 
This  is  more  obvious  in  the  case  of  the  sensory  fibres  than 
the  motor,  whose  nuclei  of  origin  are  for  the  most  part 
distinct.  Thus,  the  communis  fibres  (visceral  and  gus- 
tatory) enter  the  brain  by  tlie  X.,  IX.,  and  VII.,  roots, 
but  all  terminate  in  a  single  nucleus  associated  with 
the  fasciculus  solitarius.  This  admits  of  the  unification 
of  their  cortical  and  other  secondary  connections.  This 
applies  also  in  the  case  of  the  fishes,  where  the  taste  buds 
are  much  more  witlely  distributed  in  the  pharyngeal  cav- 
ity and  even  over  extensive  areas  of  the  outer  skin.  In 
the  same  way  the  general  cutaneous  fibres,  wlielher  they 
enter  by  the  V.,  the  IX.,  or  the  X.  root,  all  terminate 
in  the  gray  matter  associated  with  the  spinal  V.  tract, 
the  substantia  gelatinosa,  and  the  chief  sensory  nucleus 
of  the  trigeminus.  The  primary  connections  of  the 
branchiomeric  nerves  of  man  are  shown  in  the  accoiupany- 
ing  diagram  (Fig.  1.564). 

The  EvE-MtscLK  Nerves.. — These  nerves  (including 
the  III.,  IV.,  and  VI.  pairs  in  all  vertebrates)  are  com- 
monly regarded  as  arising  from  a  cephalic  continua- 
tion of  the  ventral  horns.  The  evidence  for  this  is  chiefly 
embryological.  The  muscles  innervated  are  derived 
from  the  somites  of  the  head,  and  are  the  only  cranial 
muscles  of  the  adult  known  to  be  so  derived,  save  those 
which   have   migrated   forward  from    the   hypoglossus 


Fig.  156.3.— Plan  of   the  Mandibular   Nerve.    (After   Thani-,    from 
Quain's  "Anatomy.") 

region.     Their  nuclei  of  origin  lie  in  the  floor  of  the  ven- 
tricle and  far  removed  from  other  somatic  motor  nuclei. 

VI.  Ahdtarns. — Tliis  is  the  simplest  of  the  eye-muscle 
nerves.  Its  nucleus  lies  in  the  floor  of  the  fourth  ven- 
tricle, enclosed  by  the  genu  of  the  facialis,  and  its  fibres 
pass  out  on  the  ventral  surface  of  the  brain  just  behind 
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the  pons.  It  pursues  a  dirert  course  to  the  m.  rectus  ex- 
teruus.  receivinir  niiuute  tiliiiniiits  from  the  eurotiil 
ple.\us  of  the  sympathetic  and  from  the  ophthalmic 
branch  of  tlie  trigeminus.  Tlie  connections  of  its  nu- 
cleus are:    (1)   by   collaterals   from   the  sensory  cranial 


Fig.  1564.— a  Dinsrmm  of  the  Primary  Coinu'ttions  of  the  Nerves  of 
the  Hi-ancliioiiH'rii*  'type  of  Man  litn-lmlin^'  tin*  .Nui-lfi  of  Origin  of 
tfie  VI.  ami  XII.  Nerye.^i.  (O'lnbiued  fruiii  ()^^M■^tl'^u'r  and  other 
sources.!  The  motor  roots  are  entered  on  ilw  risrht  side  of  the 
flpiire,  the  seiisor>-  rooL<  on  the  left.  The  diairniin  sliows  tlie  serial 
arranireineiil  of  the  motor  nuclei  and  ilie  unith-ation  of  ttie  seti-sory 
llttres  in  eonnectitui  with  tlie  fasciculus  solitarius  (VII.,  IX..  and  X. 
nerve.s)  and  the  spinal  V.  trai-t  (V  .  L\..  and  X.  nerves).  Compare 
Fig.  15.">:3  and  also  the  arrangement  in  the  tlsh,  FIG.  LWt.  (.',  the 
locus  cceruleus;  .V,  the  mfseneephalie  nucleus  of  the  triRenilnus  ; 
O,  the  olive ;  I',  the  pons  Vaix)lii. 

nerve  roots  (especially  the  trigeminus),  (3)  from  the  cei'c- 
bral  motor  paths,  (3)  from  the  superior  olive,  (4)  from  the 
fasciculus  longitudiualis,  connecting  with  the  pregemi- 
num,  or  siijierior  member  of  the  corpora  ijuadrigemiua. 

IV.  Trachlidrif!. — The  nucleus  of  the  IV.  nerve  lies 
in  the  floor  of  the  aqueduct  just  caudad  of  that  of  the 
III.  nerve.  The  fibres  curve  outward,  dorsally  and 
backward  to  emerge  from  the  brain  above  the  aqueduct 
and  behinti  the  postgeniinum,  there  to  decus.sate  com- 
pletely in  the  valve  of  Vieussens,  thence  to  run  forward 
to  supply  the  superior  oblique  mtiscle.  It  is  joined  by 
filaments  from  the  sympathetic  and  from  the  ophthalmic 
branch  of  the  trigeminus. 

///.  (iciil<iiiii>l<in'iis. — The  fibres  of  the  third  nerve  arise 
chiefly  from  a  collection  of  nuclei  iu  the  floor  of  theaque- 
duct  under  the  iiregeminum.  They  pass  directly  ven- 
trally  in  aliout  twelve  bundles  which  emerge  on  the  inner 
face  of  the  cms  cerebri  near  the  median  line  and  dis- 
tribute to  four  of  the  six  extrinsic  muscles  of  the  eyeball. 
to  the  levator  palpebrte  and  through  the  ciliary  ganglion 
to  the  intrinsic  muscles  of  accommodation.  This  nerve 
receives  a  twig  from  the  cavernous  plexus  of  the  sympa- 
thetic and  another  from  the  ophthalmic  branch  of  the 
trigeminus.  The  details  of  its  peripheral  courses  may 
be  gathered  from  the  accompanying  figures  and  their 
descriptions  (Figs,  !.")(!.")  and  l.ltil). 

I'/ie  Siii-lii  mill  Cenlrfil  Cinniictionn  nf  the  Kye-Miinclc 
Nerres. — The  nuclei  of  the  III.  and  IV.  nerves  comprise 
a  very  complex  aggregate  of  cells  lying  in  the  floor 
of  the  a(|uediict  from  the  region  of  the  upper  (cephaliei 
enil  of  tlie  postgeniinum  to  the  III.  ventricle.  The 
lowest  cluster  gives  rise  to  the  IV.  nerve.  Ri-garding 
the  di'tails  of  the  dispo.sition  of  the  fibres  from  tlie  other 
clusters,  there  is  still  great  diversity  of  opinion.  Aside 
from  the  iirincipal  oculomotor  nucleus  (which  I'erlia 
subdivides  into  four  nuclei),  there  is  an  unpaired  median 


nucleus  of  large  cells  winch  .seems  to  be  relale<l  lo  the 
intrinsic  mii.seles  ot  the  eyi'ball.  l.alerally  of  this  then! 
is  on  each  side  a  nucleus  of  small  er-lls,  ilie  niK  lens  of 
Eclinger-Westplud;  farther  cephalad  and  near  the  me- 
dian line,  tlie"antero-inedian  "  nucleus;  and  laterally  and 
dorsally  of  this  the  nucleus  of  DarUseliewilsch.  "  The 
three  last  mentioneil  proliably  (luid  (jnile  cerlainly  in  the 
case  of  the  nucleus  of  D.trUschewitsch)  have  nothing  to 
do  with  the  oculcuiKdor  nerves, 

Some  of  the  oculomotor  root  fibres  have  a  crossed  ori- 
gin, though  iiici-it  of  them  are  direct.  Van  (Ji'liiiclilen  has 
recently  sludii'il  iliis  cpiestion  by  the  degeneration  meth- 
od of  Nissl,  confirming  and 
adiling  to  the  dala  of 
former  investigators.  The 
crossed  lilircs  of  the  third 
nerve  in  the  rabbit  arise 
fidtn  the  dorsal  jiart  of  the 
nucleus.  The  nerves  for 
the  Ml.  rectus  superior  (ami 
perhaps  for  the  m.  levator 
palpebrte)  are  nuiinly  of 
crossed  origin,  while  a  very 
few  flbres  for  the  mm.  ob- 
liqiius  inferior  and  rectus 
inlernus  are  also  crossed. 
Though  the  lihrcs  of  the 
IV.  nerve  all  appear  to 
cross  in  the  valvula,  yet 
a  very  few  cells  of  the  nu- 
cleus of  the  same  side  are 
affected  by  the  process  of 
chromatolvsis  (in  the  ral> 
bit).  No  Vibres  of  tlie  VI. 
nerve  have  a  crossed  origin. 

The  eye  nuiscles  are  pro- 
vided with  the  usual  mus- 
cular sensory  organs  (mus- 
cle spindles  and  tendon 
organs),  and  these  have 
been  shown  liy  Sherrington 
to  be  supplied  by  .sensory 
fibres  which  come  out  with 
the  so-called  motor  roots  of 
their  nerves,  and  not  to  be 
derived  from  the  anasto- 
mosing twigs  from  the  tri- 
geminus. Their  internal 
connections  are  unknown. 

The  great  clinical  import- 
ance of  oculomotor  symp- 
toms has  been  a  stimulus  for 
much  research  upon  the 
secondary  connections  of  the 
oculomotor  nuclei.  Never- 
theless, our  knowledge  of 
the.se  connections  is  still 
very  incomjilete.  Certain 
cells  in  the  luegeminum 
which  are  related  to  the  ter- 
mini of  the  optic  nerve  in 
this  region  ajipear  to  send 
their  neurites  into  the  fas- 
ciculus longitudinalis  nie- 
dialis.  and  thus  put  the 
terminal  nuclei  of  the  optic 
nerve  into  relation  with  the 
nuclei  of  the  eye-muscle 
nerves,  for  it  is  well  known 
that  all  of  these  nuclei  are 
related  to  this  fasciculus. 
Ki'illiker,  Darkschewitsch. 
and  others  have  described 
other  connections  between 
the  opticus  and  the  ocu- 
lomotorius.  The  fasciculus 
longitudinalis  medialis,  ac- 
cording   to    KoUiker,    also 


Fio.  1565.— View  from  Above  of 
the  Motor  Nerves  of  the  Eye- 
ball and  Its  Muscles.  IFrom 
Quain's  "Anatomy.") 

a,  Tppcr  )iart  of  the  internal 
carotid  artery  emerging  from 
the  cavcriiotis  sinus  :  /*.suiierior 
ohlnpie  muscle;  /.',  its  anterior 
part  piissint:  iiiinuL'li  the  pulley: 
r,  lc\aior  palpt'hra'  supcrioris; 
(/,  superior  rectus;  c,  internal 
rectus;  /,  e.\ternal  re4-lus;  /', 
its  upper  tendon  turned  down  : 
(7,  inferior  rectus;  /i.  insei'tion 
of  inferior  oblitine  muscle:  II, 
optic  comniissure :  IT.  part  of 
the  optic  nerve  enterinp  the 
eyeball;  III,  common  oi-ulo- 
motoi  ;  IV,  irochlearis;  V.  larpe 
root  of  the  tripeininus :  V', 
small,  or  motor  root :  \'I,  abdu- 
cens:  1,  upper  division  of  III. 
nerve,  irivinp  twips  to  the  leva- 
tor palpebrie  and  superior  rec- 
tus: 2,  branches  of  the  lower 
division  supplyinE  the  Internal 
and  Inferior  recti  muscles;  :J, 
the  long  branch  of  the  same 
nerve,  proceeding  forward  to 
the  Inferior  obliipie  muscle,  and 
close  to  the  nuinlier  3  the  short 
root  of  the  ciliary  ganglion : 
this  ganglion  is  also  shown  ns 
ceiving  from  beliiial  its  long 
rottt,  which  has  been  cut  sla!rt, 
and  giving  forward  some  <if  its 
ciliary  ner\'es  which  plen-e  the 
sclen)tic  coat;  3',  marks  the 
tenuinatlon  of  some  of  these 
nerves  in  the  clllaiy  muscle  and 
iris,  after  having  pa.s.sed  be- 
tween the  s<-lerotic  and  choroid 
coats ;  -I.  the  trochlear  nerve 
entering  the  upp*'r  surface  of 
thesuiKTior  obllfpie  muscle:  6, 
the  atxlucens  nerve  passing  into 
the  external  rectus. 
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serves  as  a  path  of  communication  between  the  sen- 
sory nerves  of  the  cord  and  oblongata  and  tlie  ocidomo- 
tor  nuclei,  and  the  YI.  nucleus  receives  collaterals  di- 
rectly from  the  sensory  root  of  the  V. 

All  of  the  oculomotor  nuclei  receive  collaterals  from  the 
pyramidal  tract  whicli  arljorize  about  their  cells,  and 
doubtless  constitute  the  paths  of  conduction  of  oculo- 
motor impulses  from  the  cortex.  The  lower  cervical  and 
upper  thoracic  region  of  the  spinal  cord  contains  a 
"cilio-spinal  centre  "  eontrollinj  certain  oculomotor  move- 
ments, particularly  dilatalion  of  the  pupil,  elevation  of  the 
upper  lid,  and  protrusion  of  the  eyeball.  These  connec- 
tions are  effected  through  the  great  sympathetic  via  the 
rami  commuuicantes  of  the  lower  roots  of  the  brachial 
])k'.\us.  All  of  the  oculomotor  nuclei  of  each  side  are 
])robably  intimately  related  through  the  fasciculus  longi- 
tudinalis  medialis.     Duval  and  Laborde  have  described 


aceom.  distance 
accom.  intensity 


adduction 


inferior  oblique 


—  superior  oblique 


n.  Bechterew 


superior  olive 


VIH.  nerve 


Fig.   l.Wi.— Diagram 


of     tbe    .\mpullo-Oculomotor    Connections. 
(After  Bouniei".) 


also  a  tract  from  the  VI.  nucleus  to  the  HI.  and  IV. 
nuclei  of  the  opposite  side,  iiarticularly  to  the  centre  for 
adduction  in  the  III.  nvicleus,  thus  pi-oviding  a  direct 
neural  connection  for  conjugate  movements  of  the  eyes 
in  the  horizontal  plane.  The  supposed  couise  of  the  tract 
is  diagrammed  in  Fig.  156(5.  Recent  degeneiation  e.xpeii- 
ments  on  the  lower  animals  have  not  revealed  this  tract; 
some  such  connection  (either  by  way  of  this  tract  or  of 
the  fasciculus  longitudinalis  medialis  to  the  opposite  root 
fibres  of  the  III.  nerve)  is,  nevertheless,  called  for  by 
abundant  clinical  data. 

Various  connections  between  the  VI.  nucleus  and  the 
vestibular  portion  of  the  auditory  nucleus  liave  been  de- 
scribed. There  is  a  great  mass  of  clinical  and  direct  ex- 
perimental evidence  for  an  intimate  connection  between 
the  primary  centres  for  the  ampulUp  of  the  internal  ear 
and  the  oculomotor  centres,  particularly  those  for  conju- 
gate movements  of  the  eyes  in  the  horizontal  plane.  It 
is  these  horizontal  motions  which  are  shown  by  experi- 
ment to  be  most  in  need  of  compensation  in  order  to 
avoid  an  underestimate  of  angular  movements  of  the 
liead  due  to  the  inertia  of  the  eveballs.     It  is  significant 


in  this  connection  that  the  abductors  and  adductors  of 
the  eyeball  are  in  most  intimate  connection  with  tlie  ves- 
tibular apparatus,  according  to  the  results  of  Duval  and 
Laborde.  The  accompanying  diagram  fi-om  Bonnier 
illustrates  a  possible  ariangement  of  these  connections, 
though  it  should  be  remembered  that  they  are  all  more 
or  less  in  dispute  (Fig.  1566).  C.  Judnon  Hcrrick. 
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CREASOTE.     See    Creosote. 

CREMATION.    See  Dead  Bodies,  Disposal  of. 

CREOLIN  is  a  German  prnprietarv  article.  Commer- 
cial crcoliii,  lidwi'vcr,  varies  much  iu  appearance,  and 
many  preparaticuis  ai'e  sold  under  tliat  title.  The  cresols 
form  the  active  iiiirreilients.  The  following  analysis  of 
the  G<Tman  comiiound  is  furnished  by  Dr.  Bernard 
Fischer:  Cresols,  20  parts,  naphthalene,  18  parts;  other 
hydrocarbons,  20  parts ;  and  non-volatile  matter,  42  parts. 
It  is  (|iiite  fi-ee  from  carbolic  acid  and  other  poi.sonous 
inirredieiils.  and  sliould  not  possess  any  toxic  properties. 
Creolin  is  prep;iri-d  by  treatin.ar  these  insoluble  hydrocar- 
bons with  resin  and  caustic  potash,  which  form  a  resin- 
ous, soapy  emulsiou.  When  added  to  water  and  agitated 
the  ingredients  lemain  suspended  as  an  emulsion.  In 
appearance  it  is  a  dark,  resiiious  liquid,  neutral  to  te.st 


paper,  not  caustic.     Its  odor  resembles  tliat  of  creosote. 

It  mi.xcs  with  oils. 

It  is  said  to  possess  powerful  antiseptic  and  disinfec- 
tant jiropcrties,  and  is  reconiinended  as  a  sulistitute  for 
carliolic  acid.  It  is  very  extensively  employed,  and 
iiunKTotis  i-eporls  speak  "in  its  favor"  in  all  conditions 
in  which  carbolic  acid  is  iiidicatiil. 

For  surgical  purposes  two  solulions  arc  employed,  one 
containing  two  per  cent,  of  the  drug,  the  other  "one-halt 
jier  cent.  The  stronger  is  used  for  disinfecting  the 
iiands,  the  instruments,  and  surfaces  of  the  body;  the 
weaker  solution  is  used  for  irrigation,  moistening  dress- 
in.gs,  saturating  t;impons,  etc. 

For  suppurating  and  sloughing  wounds,  and  when 
discharges  ate  oll'ensive  the  parts  may  be  cleansed  and 
disinfected  by  the  puiT-  drug,  and  Ihi-  elTcci  niaiiilained 
by  a  weaker  solution.  To  inigiite  the  bladder,  uretlira, 
nose,  phai'yn.x.  antl  other  mucous  surfaces,  a  solution  of 
one  part  in  a  tliousand  is  sulliciently  strong. 

The  objections  to  its  use  are,  the  uncertainty  of  its 
action  on  account  of  the  numerous  pi'cparatioiis,  and  being 
unctuous  it  rendci's  the  hands  and  instruments  slippery 
and  dilHcult  to  handle,  IknHiiuiitt  Stiuill. 

CREOSIN  is  a  clear  yellow  fluid  of  not  unjileasant  taste 
couiposcd  of  creosote,  iodine,  calcium  hypopliosphite, 
and  balsjuu  of  Peru.  It  is  free  from  causticity  or  other 
uiipleasant  by-elTects,  its  taste  is  not  disjigreeable,  and 
it  is  freely  miscible  with  wine,  milk,  or  soup.  It  was 
introduced  by  Bosio  as  a  useful  method  of  administering 
creosote,  and  is  used  like  it  in  phthisis,  bronchitis,  bron- 
chiectasis, etc.  ir.  .1.  Biistedo. 

CREOSOTE.— The  iMecrtosiile  belongs  to  a  product  of 
distillatiiiii  (d' wood-tar,  and  much  confusion  has  arisen 
from  its  application  also  to  certain  products  of  distilla- 
tion of  coal-tar,  as  in  the  title  coal-tar  creosote.  This  con- 
fusion, furthermore,  has  been  woi'se  confounded  by  the 
too  frequent  commercial  tiick  of  selling  the  coal-tar 
ju'oduct  in  substitution  for  the  wood-tar  cnimitc  [iroper. 
True  ereo.sote  is  recognized  by  the  Uiiiled  States  Phar- 
macopa'ia  under  the  title  C/'t'".w^n//,  Creosote,  and  is  de- 
fined to  be  "a  tui.xture  of  phenols,  chiefly  guaiacol  and 
creosol,  obtained  during  the  distillation  of  wood-tar, 
preferably  of  that  derived  from  the  beech." 

Creosote  is  "  an  almost  colorless,  yellowish  or  pinkish, 
highly  refractive,  oily  licjuid,  having  a  penetrating, 
smoky  odor,  and  a  burning,  caustic  taste;  usually  be- 
coming darker  in  tint  on  e.vposure  to  light,  i^pecitic 
gravity  not  below  1.070  at  15°  C.  (.59'  F.).  Soluble  in 
about  1.50  parts  of  water  at  1.5°  C.  (59"  F.),  but  without 
forming  a  perfectly  clear  solution.  With  120  parts  of 
hot  water  it  forms  a  clear  liquid  which  on  cooling  be- 
comes turbid  from  the  sepaiation  of  minute  oily  drops. 
.  .  .  Soluble,  in  all  proportions,  in  absolute  alcohol, 
ether,  chloroform,  beuzin,  carbon  disulphide,  acetic 
acid,  and  fl.xed  and  volatile  liils  "  (U.  S.  P.).  A  notable 
]ioint  of  difl'erence  between  creosote  and  carbolic  acid  is 
that  creosote  does  not  coagulate  albumen  or  collodion, 
while  carbolic  acid  does. 

Creosote  is  closely  related,  chemically,  to  cai'bolic  iicid, 
and  resembles  that  bod}'  in  physiological  lu-operties. 
Creosote,  however,  while  equalling  carbolic  acid  in  anti- 
septic power,  is  distinctly  less  poisonous  to  the  animal 
econoiuy.  Because  of  this  circumstance  creosote  has  been 
used  as  an  internal  medicine  in  such  (ii.seases  as  pulmo- 
nary consumption,  in  the  hope  of  aiTcsting  the  morbid 
process  throiigh  a  poisoning,  within  the  body  of  the 
patient,  of  the  peccant  micro-organism.  But  whatever 
good  may  result  from  the  treatment,  it  is  quite  certain 
that,  as  creosote  is  u.sed  internallv.  it  does  not  allcct  the 
vital  endowments  of  the  tubeicle  bacillus. 

Creosote  tends  to  allay  i-elie.x  nausea  and  vomiting, 
and  to  benefit  pulmonary  catarrhs,  in  the  stage  of  active 
secretion. 

For  ordinarj-  purposes  creosote  is  prescribed  in  doses 
of  a  few  drops,  to  be  taken  prefcnibly  in  capsule,  and 
upon  a.  full  stomach.     Considerable  quantities,  however. 
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may  be  borne  safcl.y,  and  so  nuich  as  several  Imcdrcd 
drops  bas  been  given  daily,  and  for  moutbs,  in  tbe  treat- 
ment of  phtbisis.  But  sucb  dosage  mnst  be  reacbed 
gradually,  and  care  should  be  taken  that  the  sample  is 
pure  and  derived  from  the  beech. 

In  tbe  event  of  poisoning  by  creosote,  the  soluble  sul- 
phates should  be  used  as  antidotes,  as  in  poisoning  by 
carbolic  acid. 

The  United  States  Pharmacopoeia  makes  official  Aqua 
Creosoti,  Creosote  Water,  a  simple  one-percent,  solution 
of  creosote  in  distilled  water.  Edioard  Curtis. 

CREOSOTE,  POISONING  BY.— Poisoning  by  creosote 
bas  never  become  either  popular  or  fashionable.  Tbe 
honiieitle  and  suicide  have  sought  other  means  to  attain 
their  ends,  and  even  "accident"  and  "negligence"  have 
given  creosote  a  wide  berth.  This  prejudice  against 
creosote  e.\ists  on  both  sides  of  the  Atlantic.  Thus,  in  a 
table  of  about  fifteen  hundred  deaths  by  poisoning  occur- 
ring in  the  city  of  New  York  during  the  period  1841  to 
1893,  there  are  only  two  deaths  from  creosote,  and  both 
of  them  accidental  (Wittbaus  and  Becker's  "Medical 
Jurisprudence,  Forensic  Medicine,  and  To.\icology "). 
And  in  England  and  Wales  for  a  period  of  ten  years  (1883 
to  1892) of  6,616  deaths  from  poison,  only  one  was  due  to 
creosote,  and  this,  too,  was  attributed  to  accident  or  neg- 
ligence (Blyth,  "Poisons").  Nor  is  it  the  general  public 
and  the  criminals  alone  who  thus  ignore  creosote;  it  is 
ec|ually  neglected  by  te.xt-book  writers.  It  is  true  that 
stray  cases  of  poisoning  by  creosote  are  found  in  medical 
literature,  but  the  text-books  on  poisoning  and  medical 
jurisprudence,  as  well  as  the  medical  dictionaries,  as  a 
rule,  either  omit  tbe  subject  altogether  or  refer  the  reader 
to  carl)olic  acid.  The  reason  for  this  latter  course  is 
probably  that  creosote  being  a  coni]>lex  body,  and  its 
constituents  varying  .so  much  and  formerly  crjiitaining  an 
uncertain  but  fairly  large  (|uantity  of  jilienol,  it  was  dif- 
ficult to  pronounce  on  death  caused  by  creosote.  At  the 
present  day  its  composition  is  much  more  certain,  and  in 
medicine  it  is  practically  always  "beech wood  creosote" 
that  is  u.sed :  l)ut  as  a  set-olT  to  this  greater  certainty  must 
be  added  the  fact  that  creosote  is  in  great  danger  of  being 
entirely  reiilaced  bj'  phenol  for  external  use,  and  inter- 
nally by  guaiacol. 

Reports  of  C.\ses,— The  following  are  the  most  im- 
portant cases:  1.  Given  by  Stevenson  (Guy's  Hosp.  Rep., 
1875).  A  woman  in  a<lvanced  state  of  pregnancy  took  an 
unknown  i|uantity  of  creosote;  whether  homicide,  sui- 
cide, or  to  produce  abortion  is  not  known.  Unconscious- 
ness and  stertorous  breathing  soon  supervened.  She  was 
given  tartar  emetic  and  salt,  and  emesis  was  slowly  pro- 
duced; vomitus  was  green,  consisting  of  food,  salt,  and 
tartar  emetic.  Urine  like  milk  and  water  ami  ink.  Fol- 
lowed bv  speedv  recovery  and  no  sisns  of  aborting. 

2.  Prirckbauer  (Friedreich's  IVatter  f.  i/er.  Med.,  1883) 
reports  that  a  child  ten  days  old  took  gtt.  xxiv.  to  xxx. 
of  creosote,  became  insensible,  then  convulsed,  and  finally 
died  in  sixteen  hours. 

3.  Marcand's  {]'iei-ti'ljtihrssckr.  f.  (/er.  Med.,\88Q).  An 
infant  took  an  unknown  quantity  and  died  in  fourteen 
hours  with  symptoms  of  irritant  poisoning. 

4.  Freudei'ithal's  (New  York  JUd.  Jtcc.  1893),  of  an 
adult  female  who  took  gtt.  cc,  became  unconscious,  with 
stertorous  breathing,  and  abolished  reflexes,  finally  re- 
covered. She  had  been  in  the  habit  of  taking  gtt.  c. 
three  times  a  day,  and  on  this  occasion  took  a  double 
dose, 

5.  Zawidski  (Coiiralbl.  f.  innere  Med.,  1894)  men- 
tions the  case  of  a  woman,  aged  fifty-two,  who  took  three 
six-drop  doses  of  creosote  in  milk,  toxic  symptoms  then 
developed,  and  she  died  five  days  after. 

6.  Cowan  (Glasgow  Medical  journal.  1897)  reports  that 
a  girl  aged  three  took  an  unknown  quantity  in  toothache 
mixture.  She  suffered  from  abdominal  pain,  collapse, 
and  in  half  an  hour  fell  asleep  nearly  unconscious.  Her 
stomach  was  washed  out,  she  vomited  two  or  three  times, 
and  was  well  in  six  days. 

7.  Wood  reports  the  case  of  a  woman  who  took  gtt. 


dc.  of  creosote  and  became  unconscious  and  cj'anosed, 
but  recovered  without  treatment. 

Lethat.,  Dose. — As  intlividual  tolerance  for  creosote 
varies,  so  does  the  amount  required  to  produce  toxic 
symptoms  and  fatal  effect.  The  smallest  quantity  which 
has  been  reported  as  causing  tleatb  is  gtt.  iij.  to  vi. ;  on 
the  other  hand.  Wood's  case  took  gtt.  dc.  and  recovered 
without  treatment.  (For  both  these  cases  see  above. )  These 
are  proliably  the  extremes.  Tolerance  for  creosote  can  be 
acquired;  "  niccc.  a  dav  have  been  given  for  a  consider- 
able time  with  benefit"  (White,  "Mat.  Med.  and  Theiap."). 
Graham  (Brit.  Med.  Jonriinl,  1898,  i.)  repcjrts  the  case 
of  a  patient  taking  ni  cccxl.  every  day,  and  suffering  no 
ill  effects  therefrom.  In  tbe  American  Year  Book  of 
Medicine  and  Surr/ery  for  1899  are  quoted  cases  in  which 
(l)'Tlcxx.  were  given  daily;  (2)  3  iiiss.  per  day  were 
administered  in  cod-liver  oil,  the  patient  becoming  so 
impregnated  with  creosote  that  all  the  secretions  and  ex- 
cretions had  the  odor  of  the  drug;  (3)  the  dose  was  in- 
creased up  to  680  drops  a  day  without  causing  any  dis- 
turbance. The  reason  for  these  very  excessive  doses  is 
not  given,  and  it  is  certaiuh'  not  apparent. 

Symptoms.- — Some  jiersons  are  very  sensitive  to  the 
action  of  creosote,  and  others  are  very  tolerant  of  the 
drug;  hence  the  factors  to  be  always  taken  into  con- 
sideration, are:  tbe  personal  idiosyncrasy,  the  quantity 
of  creosote  taken,  tbe  rate  at  which  the  dose  has  been  in- 
creased, and  the  rapidity  of  elimination  by  the  kidne.ys. 
The  symptoms,  which  may  come  on  very  rapidly,  are 
nausea;  vomiting,  which  is  not  regular  and  may  be 
slight;  severe  abdominal  pain,  gastric  disturbance,  and 
purging;  malaise;  vertigo;  headache;  prostration;  anx- 
ious expression:  pinched  face;  suVinormal  temiierature; 
skin  cold  and  clammy,  and  covered  with  perspiration; 
depressed  heart  action,  with  pulse  weak  and  thready  or 
imperceptil)le:  stertorous  breathing;  d.yspno-a;  dimness 
of  vision,  and  contraction  of  pupils;  tendency  to  stupor; 
abolition  of  reflexes;  possible  cyanosis.  The  urine  may 
or  may  not  have  tbe  odor  of  phenol;  as  to  discoloration 
opinions  differ.  In  Stevenson's  case  the  urine  was  black; 
Mann  ("  Forensic  Jledicine  ")  says  creosote  will  not  give  a 
black  color  to  urine:  Ringer  says  tbe  urine  is  discolored 
generally  at  first.  It  is  rarely  albuminous,  and  pigmen- 
tation, if  present,  is  probably  due  to  oxidation  products 
of  the  phenol  group.  "The  occasional  smoky  urine  does 
not  imply  disintegration  of  blood  corpuscles,  as  at  one 
time  supposed,  but  is  the  result  of  a  harmless  chemical 
reaction,  and  niav  be  disregarded  "  (A.  II.  Smith,  Medical 
Heici,  1899),  If  there  are  local  symptoms  they  begin  to 
manifest  themselves  at  once;  there  may  be  pain  in  the 
region  of  the  kidneys.  "  Death  occurs  from  failure  of 
respiration,  and  the  heart  is  arrested  in  diastole  "  {Sajoiis' 
Annual,  1898). 

Tke.\tment. — In  cases  of  ffradiial  poisoning  withdraw 
the  drug;  if  urine  becomes  discolored  or  digestion  dis- 
turbed reduce  tbe  dose.  In  acute  cases  wash  out  stom- 
ach, give  doses  of  Epsom  or  Glauber's  salt,  and  warm 
denuilcent  drinks;  saccharate  of  lime  (fresh  quicklime 
l.T  parts,  sugar  2.">  parts,  water  1,000  parts)  is  also  bene- 
ficial ;  apply  heat  externally,  and  counter-irritation  over 
abdomen  ;  give  respiratory  and  cardiac  stimulants,  strych- 
nine and  digitalis,  and  if  necessary  a  hypodermic  of 
ether. 

Post-mohtem  Appe.\r.vnces. — Much  the  same  as  pro- 
duced by  phenol;  there  may  be  stains  on  skin,  eschars  on 
mouth  or  lips,  erosions  of  mucous  membrane  of  part  of 
a>sophagus  or  stomach,  stomach  may  be  red  and  injected, 
general  intlammation  of  digestive  tract,  sometimes  passive 
hyperemia.  These  appearances  are  those  of  corrosion 
and  vary  according  to  the  degree  of  concentration.  The 
odor  of  creosote  may  or  may  not  be  present ;  in  Plirck- 
hauer's  case  it  was  present,  in  Marcand's  it  was  absent. 

Tests. — I,  As  for  Carbolic  Acid  (see  article  on  Car- 
bolic Acid,  Poisoning  by,  in  Vol.  II.  of  Reference 
Handbook). 

II.  A  mixture  containing  carbolic  acid,  creosote,  and 
cresol  should  first  be  subjected  to  fractional  distillation. 

III.  Differences  between  carbolic  acid  and  creosote: — 
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1.  Creosote  is  insoluble  (or  nearly  so)  in  glycerin;  car- 
bolic acid  is  solulile  in  glycerin. 

3.  With  collodion  creo.sote  nii.xes  freely  and  does  not 
coagulate;  cjirbolic  acid  coagulates  and  becomes  gelati- 
nous. 

'S.  With  alcohol  and  ferric  chloride  creosote  gives  a 
green  color:  carbolic  acid  gives  a  brown  or  dark  yel- 
low. 

4.  If  a  chip  of  ]iine  wood  be  placed  in  a  distillate  con- 
taining carbolic  aciil,  and  on  removal  be  moistened  with 
hydrochloric  acid,  it  will  get  a  blue  color  in  about  half 
an  hour;  with  creosote  there  is  no  change  of  color, 

A".  ,/.  A'.  .S-"». 

CRESALOL.— This  is  the  cresylic  ether  of  salicylic 
acid.  :iiid  bears  the  same  relation  to  creosol  or  cresylic 
acid  liial  salnl  does  to  carbolic  acid.  It  is  analogous  to 
betol  and  saiol.  and  has  been  introduced  by  Nencki.  th(t 
originator  of  the  other  two  ccmipounils.  It  is  prepared 
by  treat ing  cresylate  of  sodium  and  salicylate  of  sodium 
with  perchliiridedf  jihosphorus.  Three  salts  are  forincd, 
according  as  the  orlho-.  mcla-,  or  para  cresylic  acid  is 
present  All  three  pos.sess  the  same  properties,  l)ut  the 
para-eresalol  is  the  one  usuallv  prepared.  The  chemical 
formula  is  ClhOIU'OCaiX'Hs. 

Cresiilol  is  a  white,  crystalline  powder,  without  taste ; 
odor  somewhat  resembles  salol.  It  is  insoluble  in  water, 
slightly  soluble  in  alcohol.  The  dose  is  given  as  from 
gr.  iij.  to  xx.\.  daily.  It  possesses  antiseptic  prop- 
erties similar  to  salol,  and.  like  that  salt,  is  not  acted 
upon  by  the  secretions  of  the  stomach.  It  is  used  for 
intestinal  antisepsis,  and  is  said  tn  l)e  more  ethcient  than 
its  analogues.  In  the  system  it  is  decompcsed  intocresol 
or  cresylic  acid  and  salicylic  acid,  and  its  advantage  lies 
in  the  freedom  of  these  acids  from  any  toxic  properties. 

Beaumont  Small. 

CRESOCHIN  is  a  compound  of  cliinolin  and  tricresol 
with  neulial  chinolin-tricresyl-suirouale.  It  contains 
thirty  jier  cent,  of  cliinolin  ijud  seventy  per  cent,  of  tri- 
cresol, and  is  soluble  in  20  parts  of  water.  It  is  u.sed  in 
0.1-  to  0.'.i-per-cent.  solution  for  disinfecting  instruments 
and  the  hands,  and  as  a  vaginal  douche. 

ir.  A.  Bastedo. 

CRESOL,  CRESYOL,  CRESYLIC  ACID— Cresol  con- 
sists of  ortho-,  meta-,  and  para-cresol  in  variable  propor- 
tions, having  a  general  formula  of  CbIIi.CHs,^)!!. 
Orlho-  and  para-cresol  are  crystalline  bodies,  and  meta- 
cresol  is  a  colorless,  thick  fluid.  Their  boiling  points  are 
respectively  188°  C,  198°  C.  and  201'  C.  the  similarity 
of  which  renders  it  diflicult  to  .separate  them.  It  is  the 
next  higher  homologue  of  carbolic  acid  or  phenol,  and 
ditlers  from  it  by  the  rejilacing  of  one  atom  of  hydrogen 
by  the  methyl  grou]i  ('IIj.  It  is  present  in  coal  tar,  with 
carbolic  acid,  and  is  obtained  during  the  process  of  frac 
tional  distillation.  I'p  to  80'  C.  about  four  per  cent,  is 
separated,  consisting  of  carbon  bisulphide,  ammonia, 
amylene,  benzene,  and  other  very  volatile  compotmds. 
From  80  to  210'  C.  what  is  termed  the  light  oil  is  re- 
moved ;  this  is  made  up  of  benzene  and  its  homologues. 
Between  210'  and  400'  C.  the  heavj-  oil  is  formed,  con- 
sisting of  phenol,  naphthalene,  cresols,  and  other  hydio- 
carbons.  The  residue  is  pitch,  about  fifty  per  cent. 
The  phenol,  cresol,  and  naphthalene,  and  other  constitu- 
ents of  the  heavy  oil.  are  separated  by  further  distilla- 
tion. It  forms  the  greater  part  of  the  crude  carbolic  acids 
of  commerce,  which  might  more  properlj-  be  called  crude 
cresols. 

It  is  a  colorless,  strongly  refractive  liquid,  and  is  strong- 
ly caustic;  its  odor  resembles  that  of  creosote.  It  is  iu- 
soluble  in  water,  soluble  in  alcohol,  glycerin,  and  ether. 
Thecre.solsare  powerfvil  antiseptics  anil  produce  some  of 
the  most  active  preparations  of  the  aromatic  series.  Ac- 
cording to  the  investigations  of  Jaeger  and  Ohlmllller.  of 
the  Berlin  Board  of  Health,  and  Fraenkel,  of  the  Berlin 
Hygienic  Institute,  it  has  been  shown  that  when  dissolved 
in  sulphuric  acid  the  most  active  of  such  antiseptics  is 


formed.   Being  insoluble  in  water  it  is  diflicult  to  obtain  a 

solution  that  is  stable  and  a|iplicable  to  surgical  purpo.ses. 

Many  methods  have  lieen  devised  and  numerous  prepa- 
rations have  been  introduced  into  counnerci!  under  a  vari- 
ety of  names;  creolin,  lysol,  .solveol.  s<ilutol,  and  others, 
are  all  preparations  of  this  kind.  Some  contain  other 
hydrocailiniis  in  addition  to  the  cresols.  Hesin  and 
alkali  soaps  torma  favorite  means  of  retaining  the  active 
ingredients  in  solution,  but  when  added  to  water  they 
produce  milky  and  greasy  fluids,  very  objectionable  for 
surgical  uses;  the  antiseptic  properties  are,  however, 
etfectivf'as  deodorizers  and  disinfeitants.  Cr<^sotate  of 
soda  has  been  found  to  retain  cresol  in  solution.  For 
therapeutic  i)urposes  a  one-and-onehalf-per-cent.  solu- 
tion is  sulliciently  strong,  free  from  irritant  or  caustic 
properties,  and  equal  to  a  flve-per-ccnt,  solution  of  car- 
Ixilic  acid,  Cresol  is  also  dissolved  in  a  concentrated 
solution  of  salicylate  of  sodium,  which  allows  of  free 
dilution;  no  decomposition  occurs,  a  neutral  solution  of 
cresol  being  formed.  Lime  is  recommended  as  a  means 
<if  producing  a  solution  which  forms  a  cheaji  and  active 
(lisinfcclaMt ;  one  jmrt  of  lime  is  treated  with  four  parts 
of  water,  and  live  parts  id'  cresol  are  added;  the  result- 
ing liiiuid  contains  tifty  [ler  cent,  of  cresol  and  is  mi.scible 
in  water  in  all  proportions.  A  simple  method  of  render- 
ing cresol  miseihle  with  water  is  to  add  three  parts  of 
tincture  of  green  soap.  The  mixture  is  at  first  cloudy 
from  the  jiresence  of  the  water  in  the  tincture,  but  after 
standing  for  twenty-four  hours  all  the  water  settles  at 
the  bottom  and  can  be  separated. 

For  internal  administration  the  preparation  cresalol 
has  been  introduced  and  is  highly  recommended. 

Beaumont  Small. 

CRESOTIC  ACID.    See  Salicylic  Acid. 

CRESSON  SPRINGS.  —  Cambria  County.  Pennsyl- 
vania. 

Post  Office. — Cresson.     Hotel  and  cottages. 

Access. — Cresson  is  a  station  on  the  Pennsylvania  Rail- 
road, 250  miles  west  of  Philadeliihia  and  102  miles  east 
of  Pittsburg.  Through  sleeping-car  tickets  may  be  pur- 
chased from  all  important  points. 

On  the  summit  of  the  Alleghany  Mountains,  2,300  feet 
above  the  sea  level,  is  located  the  charming  and  pictur- 
esque resort  known  as  Cresson  Springs.  This  lovely  spot 
has  been  abundantly  endowed  with  nature's  choice  at- 
tractions, and  it  is  at  once  a  resting-place  for  the  weary 
and  a  sanitarium  for  the  weak  in  body.  The  bracing 
mountain  air  is  in  itself  a  speedy  antidote  to  numy  of  the 
lesser  ills  of  life,  and  it  is  said  that  the  early  stages  of 
pulmonary  trouble  are  quickly  arrested  by  a  sojourn 
here.  The  Mountain  House,  adjoining  the  Springs,  is  a 
structure  of  imposing  proportions  and  built  with  a  spe- 
cial view  to  its  fitness  as  a  hotel.  Its  .Siinilary  arrange- 
ments are  excellent,  and  it  is  properly  equipped  with  all 
the  comforts,  conveniences,  and  luxuries  of  the -day. 
The  building  is  located  in  an  extensive  park  of  magnificent 
forest  trees.  The  grounds  cover  an  area  of  400  acres, 
much  of  which  is  devoted  to  lawn  garden  and  groves. 
Adjacent  to  the  hotel  are  a  number  of  cottages,  which 
may  be  rented  by  those  who  prefer  a  more  home-like 
seclusion  than  is  attainable  in  a  large  hotel.  The  hotel 
and  its  surroundings  furnish  ample  scope  for  amusement 
and  divcrsiun.  Lawn-tennis,  croquet,  rambles  through 
the  woods  and  mountains,  and  driving  are  among  its  out- 
door diversions.  During  the  season  daily  ohservation 
cars  are  run  between  Cres-son  and  Altoona.  and  several 
times  each  week  between  Cresson  and  Ebensburg,  afford- 
ing to  excursionists  some  of  the  finest  mountain  sceiu'ry 
in  the  country.  The  romantic  beauty  of  the  famous 
Horseshoe  Curve,  the  inspiring  grandeur  of  the  Old 
Portage  Road,  the  wild  charm  of  the  Allegrippus,  and 
the  endless  vistas  formed  of  forest  crowned  peaks  and 
leafy  valleys  excite  the  admiration  of  every  lover  of 
nature.  Two  of  the  springs  at  Cres-Son  have  been  ana- 
lyzed by  Prof.  F.  A.  Genth.  of  the  University  of  Penn- 
sylvania, with  the  following  results: 
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ilAGNESIA   SpRLNG. 
One  united  States  Gallon  Contains  : 
Solids.  Grains. 

Calcium  sulphate O.U 

Magnesium  chloride -56 

Calcium  chloride 1.30 

Sodium  chloride 1.23 

Iron  bicarbonate .02 

Mantrant'st'  iiicarln  iiiale Trace. 

Magnt'siiiiii  liiciirbnnate .41 

Calcium  biciirlnniatc .02 

Sodium  bicarbonate 1.43 

Potassium  bicarbonate .21 

Calcium  phosphate Trace. 

Alumina Trace. 

Silicic  acid 91 

Nitrous  acid Trace. 

Cartwnic  acid  (Iree) 66 

Total 6S6 

Tliis  ivater  is  somewhat  aperient  in  full  doses.  It  also 
possesses  reconstructive  and  tonic  properties. 

Puke  Spring. 
Solids.  Grains. 

Calcium  sulphate 0.04 

Calcium  carbonate .35 

Magnesium  carbonate .24 

Iron  carlionate .03 

Sodium  cartmoate .12 

Pota.>.siiiui  <-aiiinnate .08 

Sodium  cliloiidc 16 

Silica 23 

Phosphoric  acid Trace. 

Manganese  oxide Trace. 

Total 1.26 

Carbonic  acid  (free  and  partially  combined) 1.40 

This  spring  is  entirely  free  from  organic  matter.  It 
•emerges  in  considerable  volume  from  a  group  of  crushed 
strata  lormed  almost  exclusively  of  silicious  elements. 
It  is  but  slightly  mineralized,  liowever,  and  may  be  re- 
ferred to  the  indifferent  group  of  waters. 

James  K.  Crook. 

CRETINISM.     See  Goitre. 

CROCKER      SPRINGS.  —  (Formerly    White    Creek 

iSpiiiigs. )     Davidson  C'(miity.  Tennessee. 

Post-Office. — Cole  Building,  Nashville,  care  of  A.  G. 
iGoodlet. 

Hotel  destroyed  by  Are,  but  there  are  accommodations 
for  a  few  visitors. 

Tliis  resort  is  situated  12  miles  west  of  Nashville,  at 
the  foot  of  a  high  plateau  running  north  from  the  Cum- 
berland River  to  the  Kentucky  line.  The  altitude  is 
.about  600  feet  above  the  sea  level.  The  surrounding 
country  is  broken,  the  springs  being  situated  between 
high  hills.  The  large  hotel  was  dcsti'oyed  by  Are  some 
years  since,  so  that  the  pi'esent  iiecoinniodations  are  not 
what  may  usually  be  expected  at  first-class  watering- 
places.  Tl'.ei-e  aie.  however,  several  coniforlalile  build- 
ings for  the  lecejition  of  guests.  Adjoining  the  springs 
is  a  tract  of  200  acres,  containing  fine  oirhards  of  ajiple, 
pear,  and  peach  trees,  etc.  The  prevailing  metecrologi. 
■cal  conditions  are  clear  weather  and  sunny  days,  with 
an  atmosphere  free  from  malarial  or  miasmatic  influences. 
Two  springs  are  in  use,  one  known  as  the  "Black  Sul- 
phur." temperatuie  .5.S^  F. ;  and  the  other  as  *he"Red 
Sulphur,"  temperature  5(i°  F,  The  following  analysis 
was  made  man}-  years  ago  (1841)  by  Dr.  Troost,  analytical 
chemist : 

One  Uxitkd  States  Gallon  Contai.vs: 
Solids.  Grains. 

Calcium  carbonate 3.5.42 

Sodium  sulphate , 13.20 

Calcium  sulphate 19.(>4 

Magnesium  sulpliate 19.32 

Sodium  hyposulphate 6.50 

Total 94.08 

Cubic 
Gases.  inches. 

Carbonic  acid 37.99 

Sulphureted  hydrogen 40.23 


These  waters  have  been  well  known  in  Tennessee  for 
their  beneficial  effects  in  hepatic  congestion,  indigestion, 
Blight's  disease,  and  the  uric-acid  diathesis. 

Within  two  or  three  hundred  yards  of  the  building  is 
a  cold  limestone  spring  which  flows  from  a  cave  having 
a  remarkably  low  tempeiature.  The  cave  is  utilized  as 
a  nattiial  coidstorage  house.  James  K.  Crook. 

CROCKETT  ARSENIC-LITHIA  SPRINGS.— Mont- 
gomery t'oiinty,  Virginia. 

Post-Office. — Shawsville.     Hotel. 

Access. — Via  Norfolk  &  AVestern  Railroad  to  Shaws- 
ville,  thence  7  miles  to  springs  by  carriage. 

This  resort  is  located  in  the  Alleghany  Jlountains,  3 
miles  from  the  Alleghany  Springs.  The  elevation  is 
2,000  feetaliove  the  sea  level,  and  the  atmosphere  jiure, 
bracing,  and  delightful.  The  hotel  is  a  new  and  sub- 
stantial structure  of  artislic  design,  with  a  veranda  encir- 
cling the  main  building,  and  is  fitted  up  with  modern 
conveniences.  Ample  provision  has  been  made  for  the 
entertainment  of  guests.  There  are  bowling  alleys,  lawn 
tennis  courts,  and  ci'oquet  grounds.  Walks,  drives,  fish- 
ing, and  hunting  are  also  enjoyed,  while  many  find  ])leas- 
ure  in  rambling  through  the  woods  to  the  famous  falls, 
where  a  bold  and  sparkling  stream  leaps  for  hundreds  of 
feet  from  rocks  and  precipices,  forming  cascades  and 
sprays  of  gi'eat  beauty.  The  scenery  about  the  resort  is 
romantic  and  picturesque  and  affords  ever  varying  feat- 
ures to  charm  the  visitor's  eye.  The  waters  of  the  Croc- 
kett Springs  are  close  to  thermal,  having  a  temperature 
of  70°  F.  in  the  coldest  winter  months.  The  following 
analysis  was  made  a  few  years  since  by  Prof.  Henry 
Froehling ; 

One  United  States  Gallon  Contains  : 

Solids.  Grains. 

Magnesium  carbonate 1.18 

Calcium  carlHinate 5.90 

Strontium  carlMinate .09 

Lithium  carlMinale .07 

Magnesium  sulphate 3.04 

Calrium  sulphate 2.25 

Puta.vsiuui  suljihate 1.25 

In.ri  sulphate .04 

Sodium  sulphate 1.86 

S<Hllum  chloride 1.23 

Sodium  bnimide .01 

Sodium  arseniate .02 

Aluminum  silicate .12 

Silicic  add 1.29 

Barium  carbonate,  copper  carlionate,  lead  carbonate, 
zinc  carlMniate.  iiuingauese  carbiniate,  sodium 
iodide,  aluminum  iiliosphate,  and  auunonium  ni- 
trate    Traces. 

Total 18.35 

Carlw)nic  anhydride  combined  with  monocarbonates 

to  fonu  bicarbonate 3.23 

Total 21.58 

This  water  is  more  distinguished  for  the  variety  than 
for  the  (piantity  of  its  mineral  ingredients,  yet  some  of 
its  con.stituents,  though  minute  in  tpiantity,  undoubtedly 
iinpait  to  tlie  water  an  iippreeiable  tlierapeutic  value. 
It  is  said  that  the  well-known  pliysiological  elTects  of 
arsenic,  for  example,  may  be  readily  prothiced  by  taking 
the  water  in  large  quantities.  In  practice  the  water  lias 
been  shown  to  act  as  an  eliminating  agent,  a  nerve  seda- 
tive, a  nerve  and  blood  tonic,  and  also  as  an  alterative.  It 
has  been  found  particularly  valuable  in  the  chronic  types 
of  skin  disease,  especially  those  characterized  by  scaly 
eruptions.  In  those  varied  conditions  in  wiiieli  arsenic 
is  useful  the  water  meets  the  indications  perhaps  more 
promptly,  with  more  permanent  results,  and  with  less  con- 
stitutional and  local  irritation,  than  do  the  artificial  prep- 
arations of  arsenic.  The  hotel  is  amply  supplied  with 
bathing  facilities  at  any  temperature,  and  good  ri'sults 
have  followed  the  conjoint  use  of  the  baths  and  I  lie  in- 
ternal administration  of  the  water.  An  ofiice  has  been 
fitted  up  for  the  resident  physician  liy  the  management, 
with  the  latest  and  most  improved  electrical  apparatus 
and  other  appliances  for  the  treatment  of  chronic  dis- 
eases.    The  water  is  used  commercially. 

James  K.  Crook. 
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CROTON   OIL. — Oleum   Tiglii,     Oi.Erjr  Crotonis. 

"  Alixcil  oil  ex  pressed  from  tlie  seed  of  Ci-i/ti»iTi(/lhim  h. 
(faiii.  Kii/'/iiirbiiiriir)"  (V.  S.  P.l.  This  species  of  crotoii 
is  a  smiiU,  sleiider-liraiiclied  Iree,  native  of  China,  but 
very  lari;cly  riiltivated  in  India,  and  aboundinj;  in  the 
East  India  Islands.  The  fruit  is  a  tlireeeelled,  tliree- 
Seeded  capsule.  The  seeds  are  about  1  em.  long,  oblong, 
rounded  on  the  back,  slightly  flattened  on  the  face  on 
paoh  side  of  the  median  line,  where  the  raised  raphe  is 
to  be  seen  rnmiing  from  end  to  end.  Color  of  seeds 
yellowi.sh-lirown,  blaek  where  the  outer  layer  is  scraped 
olT,  not  shining.  Testa  brittle.  Embryo  large,  albumen 
oily.  In  structure  and  shape  Ihey  are  very  much  like 
t;istor-oil  seeds.  They  are  nuicli  more  uniform  in  size 
than  the  latter,  larger  than  the  smallest,  smaller  than  the 
largest.     Taste  at  tirst  oily,  then  acrid. 

The  seeds  are  used  in  Java  for  poisoning  fish.  They 
are  also  largely  used  in  Hindoo  medicine,  but  it  is  directed 
that  the  membrane  (tegmen)  as  well  as  the  testa,  and  also 
the  embryo,  shall  be  tirst  removed.  Besides  the  oil,  they 
contain  crutin.  a  highly  poisonous  toxalbumin,  similar  to 
the  ricin  of  castor-oil  seeds.  The  yield  of  crolou  oil  is 
about  one-fourth  to  one-third  the  weight  of  the  seeds. 
It  can  be  removed  with  ether  or  other  solvents,  though 
the  ollicial  requirement  is  that  it  be  expressed. 

Both  the  seeds  and  oil  are  imported  from  Bombay, 
Cochin,  etc. ;  the  oil  is  al.so  expressed  iu  Great  Britain 
from  seeds  imported  from  the  East. 

The  oil  is  thus  described  : 

"A  pale  yellow  or  browni.sh-yellow,  somewhat  viscid, 
and  slightly  Ihioresccnt  liquid,  having  a  slight,  fatty 
odor,  and  a  mild,  oily,  afterward  acrid  and  burning  taste 
{gviiit  emiliiDi  in  necessary  in  tasting). 

"  When  applied  to  the  skin,  it  produces  rubefaction  or 
a  pustidar  eru]ition. 

"Specilic  gravity:  0.940  to  0.960  at  15'  C.  (59'  F.). 

"  It  reddens  blue  litmus  paper  moistened  with  alcohol. 

"  When  fresh,  it  is  soluble  in  about  60  parts  of  alcohol, 
the  solnbility  increasing  by  age. 

'■  It  is  freely  soluble  in  ether,  chloroform,  carbon  di- 
sulpliide,  and  in  lixed  or  volatile  oils, 

■'  When  gently  heated  with  twice  its  volume  of  abso- 
lute alcohol,  it  forms  a  clear  solution  from  which  the  oil 
usually  separates  on  cooling. 

"  If  to  2  c.c.  of  the  oil  1  c.c.  of  fuming  nitric  acid  and 
1  c.c.  of  water  be  added,  and  the  mixture  vigorously 
shaken,  it  should  not  solidify,  either  completely  or  par- 
tially, after  standing  for  one  or  two  days  (absence  of  ot/ier 
non-tln/inr/  oils)." 

Composition. — This  is  one  of  the  most  complex  of 
fixed  oils  in  composition,  and  notwithstanding  the  very 
extensive  study  to  which  it  has  been  subjected,  our  con- 
clusions are  yet  far  from  satisfactory.  It  dissolves  in  an 
equal  amount  of  alcohol,  but  if  this  volume  of  alcohol  is 
increased  a  portion  is  insoluble.  It  is  again  soluble  in 
60  parts  of  alcohol.  As  the  oil  becomes  older  its  solu- 
bility in  alcohol  increases,  and,  pari peiss'i,  its  irritating 
properties  increase.  The  most  important  fact,  practically, 
is  that  it  consists  chielly  of  a  glyceride  of  crotonoleic  acid. 
This  body  is  purgative,  whether  in  its  own  state  or,  as 
most  likely,  oidy  through  the  gradual  setting  free  of  the 
acid  in  the  intestine,  is  not  certainly  known.  The  acid  is 
freely  soluble  iu  alcohol,  and  can  thus  be  removed  from 
croton  oil,  which  always  contains  some  in  a  free  state. 
It  is  extremely  irritating  to  the  skin  and  mucous  mem- 
brane, and  it  is  its  gradual  formation  by  decomposition 
on  keeping  whicli  renders  the  older  oil  more  vesicant  and 
more  violently  drastic.  This  acid  is  in  a  general  way 
similar  to  ricinioleic  acid  of  castor  oil.  but  is  much  more 
active.  Glyceri<lesof  several  other  acids,  fixed  and  vola- 
tile, have  been  reported.  It  is  believed  that  UTitating 
projierties  reside  in  some  one  or  more  of  these  volatile 
constituents,  as  employees  in  the  factories  who  do  not 
come  into  contact  with  the  oil  suffer  from  cutaneous 
irritation. 

Action  .\nd  Uses. — From  the  above,  it  will  be  seen 
that  croton  oil  is  (1)  a  vesicatory  and  (2)  a  drastic  purga- 
tive.    Upon  the  skin,  a  drop  to  each  twenty  or  thirty 


square  inches  produces  violent  irritation,  usually  an  acute 
eczematous  eruiition  of  numerous  closely  aggregated 
blisters,  becoming,  if  the  residt  is  intense" enough,  pus- 
tular and  scabby.  Tbeeniption  is  usually  limited  to  the 
region  to  which  the  application  is  made,  but  in  extremely 
suscci>tible  patients  a  general  vesication  of  nearly  the 
whole  boily  may  follow  a  limiteil  apjilication.  It  has 
been  a  moderately  common  mode  of  counter  irritation  in 
bronchitis  and  other  diseases,  but  is  now  oidy  rarelv  used. 
It  has  also  been  used  as  a  parasiticide  in  obstinate  cases. 
Ab.sorption  and  purgation  have  frequently  followed  its 
external  application. 

As  a  quick  purgative,  where  the  most  rapid  and  com- 
plete emptying  of  the  bowels  is  re(|iiired,  in  "conges- 
tive" and  other  apoplexies,  in  injuries  to  the  head,  in 
ura-mic  conditions,  in  short,  whenever  an  intense  <leriva- 
tive  action  to  the  bowels  is  required,  croton  oil  was  for  a 
long  time  at  the  head  of  the  list;  itsrajiidity  and  the  small- 
ness  of  its  dose  being  great  advantages.  With  the  multi- 
plication of  purgatives,  however,  the  objectionable  feat- 
uresof  thisoil  have  led  toasteady  declinein  itsuse.  This 
is  now  more  generally  confined  to  ca.ses  ab.solutely  requir- 
ing a  powerful  local  action  upon  the  intestine,  such  as  lead 
colic  or  seasickness,  or  to  those  iu  which  other  ])urgatives 
cannot  be  readily  administered,  as  to  those  indiviiluals 
who  are  in  a  state  of  insensibility,  or  to  insane  i)alients. 
Here  the  dose  can  be  made  effective  by  simply  dropping 
it  upon  the  back  of  the  tongue.  The  purgative  action  of 
this  drug  is  essentially  an  irritative  one,  accompanied  by 
griping  pain,  and  often  followed  by  much  inflammation. 
There  is  increase  of  watery  secretion  ami  also  of  motion, 
and  any  abdominal  or  rectal  irritation  or  infiammation  is 
markedly  increased.  It  also  irritates  the  uterus,  and  is 
abortifacient.  These  effects  may  be  moderated  by  wash- 
ing it  with  a  little  alcohol,  and  thus  removing  the  free 
crotonoleic  acid.  The  do.se  is  nii,  to  ij.,  and  should  not 
be  repeated. 

Poisonous  sjmptoms  are  commonly  those  of  great  ab- 
dominal inflammation,  followed  by  depression  or  collapse. 
In  some  cases,  when  purging  has  not  occurred,  great 
depression  and  progressive  blunting  of  the  vital  powers 
have  been  observed,  as  is  common  in  tlie  lower  animals. 

Henry  H.  Eusby. 

CROUP. — Croupisanacuteinflammationof  the  larynx, 
characterized  by  the  formation  of  a  iiseudo-membrane. 
The  prinei])al  symptom  from  which  the  disease  derives 
its  name  is  a  peculiar  crowing  congh,  A  similar  cough 
is  also  found  in  severe  cases  of  acute  laryngitis  in  chil- 
dren and  iu  laryngismus  stridulus;  consequently  these 
last  two  diseases  are  frequently  included  under  tlie  head- 
ing of  "croup,"  although  in  them  there  is  no  formation 
of  a  false  membrane  in  the  larynx. 

Etiology. — In  the  great  majority  of  cases  the  false 
membrane  is  due  to  the  action  of  the  Kiebs-Lofiler  bacilli, 
thereby  making  croup  one  of  the  manifestations  of  diph- 
theria, that  is,  of  laryngeal  diphtheria  (see  Diphtlieria). 

The  idea  prevalent  some  years  ago,  that  much  of  the 
croup  was  idiopathic  and  non-diphtheritic  in  its  charac- 
ter, in  the  last  decade  has  been  shown  to  be  false  and  it 
is  now  an  established  fact  that  a  very  large  percentage 
of  these  cases  are  diphtheritic. 

Billings,  after  careful  bacteriological  investigation  of 
two  hundred  and  eighty-six  cases  of  membranous  laryn- 
gitis, found  Klebs-Lijffler  bacilli  in  eighty  per  cent,  of 
them;  streptococci  and  diplococci  were  the  bacteria  found 
in  the  remaining  twenty  per  cent,  of  the  cases. 

Non-diphtheritic  membranous  laryngitis,  orfalsc  croup, 
as  it  is  often  called,  may  result  from  blows  u|ion  the 
larynx,  from  the  inhalation  of  hot  steam  and  smoke,  or 
from  the  introduction  into  the  larynx  of  caustic  alkalies 
or  acids, 

P.\TiiOLOGY. — In  the  early  stages  the  laryngeal  mucous 
membrane  is  hypera;inic,  while  later  there  is  a  round-cell 
infiltration  into  the  epithelial  and  subepithelial  layers, 
followed  by  a  transudation  of  lymph  into  these  infiltrated 
regions.  The  lymph  coagulates,  and  the  action  of  the 
toxins  developed  by  the  bacilli  produces  a  coagulation 
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necrosis  of  the  cells,  first  of  the  epithelial  layer,  subsc- 
queutly  of  the  subeiiithelial,  and  this  necrosis  of  the  cells 
results  in  the  so-called  false  membrane.  At  first  this 
membrane  is  firmly  bound  to  the  tmderlying  tissues  by  the 
fibrin  and  the  coagulated  lymph,  so  that  any  attempt 
forcibly  to  remove  the  membrane  results  in  hemorrhage. 
The  subsequent  changes  are  those  of  still  further  necrosis 
of  these  areas,  a  line  of  demarcation  being  formed  wliere 
the  cells  undergo  liquefaction  and  the  filjrin  breaks  up. 
By  such  a  melting  process  the  membrane  is  gradually  ex- 
foliated ;  or  else  at  some  point  it  curls  up  and  then,  in  a 
violent  fit  of  coughing,  is  torn  off  and  expelled  as  a  single 
mass. 

The  color  of  the  exudate  at  first  is  a  dirt}-  gray,  but 
where  the  infection  is  very  severe,  involving  the  larger 
blood-ves.sels  deep  down  in  the  subepithelial  layer,  a 
condition  allied  to  gangrene  supervenes  and  the  exudate 
may  be  dark  green  or  even  black. 

The  places  wliere  the  exudation  is  commonly  found 
are  the  ventricular  bands  or  false  vocal  cords,  the  true 
vocal  cords,  the  posterior  wall  of  the  larynx,  the  trachea, 
and  in  severe  cases,  even  the  bronchi. 

Symptoms. — The  symptoms  of  croup  usually  are  super- 
imposed upon  tho.se  of  diphtheria,  and  it  is  rare  that  a 
patient  has  the  laryngeal  type  at  the  onset  of  the  disease. 
It  will  be  found,  as  a  rule,  that  the  patient  has  had  sore 
throat,  nausea,  perhaps  vomiting,  a  slight  rise  in  tem- 
perature, and  a  pulse  somewhat  accelerated  for  two  or 
three  days  before  the  first  evidence  of  laryngeal  involve- 
ment is  observed.  There  does  not  seem  to  be  any  definite 
relation  between  the  severity  or  the  mildness  of  the  diph- 
theritic process  and  the  tendency  to  involvement  of  the 
larynx.  The  mildest  forms  of  pharyngeal  diphtheria  are 
sometimes  eoni|ilicated  with  croup,  and  the  severest  forms 
of  faucial  diphtheria  are  found  without  this  complica- 
tion. 

The  first  indication  of  the  involvement  of  the  larynx  that 
is  likely  to  be  observed  is  a  hoarseness  of  the  voice.  This 
may  persist  for  a  few  hours  or  even  for  a  day  or  two  before 
it  will  be  observe<l  that  the  patient  has  some  difficulty  in 
breathing;  this  diflieulty  is  usually  more  marked  during 
inspiration  than  it  is  dtu-ing  the  expiratory  stage.  Once 
the  dyspncea  manifests  itself  it  is  usually  steadily  pro- 
gressive, sometimes  at  an  alarming  rate,  and  the  cough 
becomes  of  a  peculiar  crowing  character  with  numerous 
short  expiratory  coughs  followed  by  one  long,  crowing 
inspiratory  effort,  the  "croup,"  which  gives  the  name  to 
the  disease.  These  paroxysms  at  first  may  not  be  very 
severe  nf)r  more  frequent  than  once  in  every  three  or  four 
hours:  they  soon,  however,  become  more  frequent  ami 
more  severe.  During  each  paroxysm  the  face  becomes 
first  deeply  congested  and  later  cyanotic.  The  parox- 
ysms leave  the  patient  quite  exhausted.  It  is  not  uncom- 
mon for  him  to  fall  into  a  profound  sleep  in  the  intervals 
between  the  paroxysms,  during  which  time  the  breathing 
is  labored.  As  the  laryngeal  obstruction  and  the  parox- 
ysms become  more  severe  the  patient  frequentl}'  has  con- 
vulsions, during  which  the  urine  and  fsces  may  be  in- 
voluntarily voided.  Death  occurs  most  frequently  either 
from  exhaustion,  from  aspliyxia,  or  from  heart  failure. 
In  one  of  the  severe  paroxj'sms  when  it  would  seem  as  if 
the  end  were  about  to  come,  it  occasionally  happens  that 
the  membrane,  a  cast  of  the  larynx,  will  be  expelled  at  the 
end  of  the  paroxysm.  The  patient  then  falls  iuto  a  (juiet 
sleep,  the  breathing  becomes  normal  or  nearly  so,  and  re- 
covery takes  place.  In  exceptional  cases,  in  which  the 
membrane  is  moderate  in  amount  and  the  paroxysms  are 
not  too  severe,  and  the  patient  has  a  considerable  amoimt 
of  vitality,  the  membrane  may  gradually  melt  away,  the 
l)aroxysms  by  degrees  liecoming  less  and  less  severe,  and 
recovery  taking  place  in  this  gradual  manner. 

The  examination  of  the  upper  air  passages  in  a  patient 
suffering  from  croup  almost  invariably  reveals  evidences 
of  membrane  formation  either  on  the  tonsils,  the  pillars 
of  the  fauces,  or  the  posterior  pharyngeal  wall,  or  in  the 
nasal  cavities  or  the  nasopharynx. 

Bacteriological  examination  as  to  the  character  of  this 
exudate  furnishes  us  with  a  clew  as  to  the  probable  nature 


of  the  bacilli  connected  with  the  membrane  formation  in 
the  larynx. 

Diagnosis. — Croup  may  be  mistaken  for  acute  larj-n- 
gitis,  for  laryngismus  stridulus,  or  for  oedema  glottidis. 

Croup  is  to  be  distinguished  from  the  acute  fmm  oj 
laryngitishy  the  facts  that  the  latterdisease  is  usually  as- 
sociated with  an  acute  bronchitis,  that  the  attacks  are  most 
frequent  at  night  time,  that  the  parox3-sms  are  not  so  se- 
vere as  in  true  crou]).  and  that  the  child  is  usually  free  from 
all  croupy  symptoms  during  the  day.  only  to  be  affected 
again  the  following  night.  It  will  often  be  found  that 
every  attack  of  acute  laryngitis  and  bronchitis  is  accom- 
panied by  some  croujiy  cough  and  that  antispasmodics 
and  emetics  give  rapid  relief  from  the  croupj-  symptoms 
of  acute  laryngitis  while  ordinarily  not  affecting  the  par- 
oxysms of  true  croup. 

Laryngiitmm  Stridulus  is  a  spasmodic  contraction  of 
the  adductors  of  the  vocal  cords,  occurring  in  children  of 
an  exceedingly  nervous  temperament  who  have  other- 
wise been  perfectly  well  and  free  from  all  evidences  of 
laryngitis.  The  attack  comes  on  suddenly  at  night.  The 
mother  being  wakened  by  a  long,  crowing  inspiration  of 
the  child,  rushes  to  the  bed  anil  usually  finds  the  little 
one  tossing  about,  the  face  congested,  the  arms  wildly 
thrown  about,  the  knees  drawn  up,  and  the  urine  and  faeces 
often  involuntarily  voided.  And  then,  when  to  all  ap- 
pearances it  is  about  to  die  from  sufTocatiori,  the  child 
takes  a  deep  inspiration,,  the  body  relaxes,  the  cyanosis 
disappears,  and  the  child  falls  into  a  quiet  sleep  with- 
out any  further  spasmodic  breathing.  The  child  suffers 
neither  from  hoarseness  nor  from  cough  on  the  following 
day. 

(Edema  Glottidis  is  an  affection  of  the  larynx  due  to 
edematous  infiltration  into  the  tissues  above  the  vocal 
cords,  and  may  be  either  acute,  as  in  erysipelas,  periton- 
sillar abscess,  and  wounds  of  the  larynx,  or  more  chronic 
as  in  tuberculosis,  syphilis,  and  malignant  disease  of  the 
larynx.  It  is  far  more  common  in  adults  than  in  chil- 
dren, is  rather  sudden  in  its  onset  in  the  acute  variety, 
and  the  dyspnoea  is  inspiratory  in  character.  Further- 
more, tfie  Toice  is  iisiially  not  affected,  whereas  in  croup 
]irogressive  hoarseness  and  ajihonia  may  be  expected. 
The  temperature  will  be  little  or  much  elevated,  accord- 
ing to  the  disease  which  a'dema  of  the  larynx  compli- 
cates ;  and  finally  a  laryngoscopic  examination  will  reveal 
enormously  swollen,  a'dematously  infiltrated  epiglottis, 
aryepiglottic  folds,  and  ventricular  bands.  In  acute 
laryngitis,  in  laryngismus  stridulus,  or  in  a>dema  glottidis 
there  will  be  no  evidences  in  the  throat  of  any  membran- 
ous exudate,  as  will  usually  be  the  case  in  true  croup. 

Prognosis. — -Croup  is  one  of  the  most  fatal  diseases  of 
childhood.  The  mortality  will  range  anywhere  from  fif- 
teen per  cent,  in  epidemics  of  a  mild  form  of  diphtheria, 
to  eighty  per  cent,  in  the  severer  types.  The  younger 
the  patient,  the  greater,  as  a  general  rule,  is  the  mortality 
rate.  The  earlier  the  larynx  is  involved  in  a  case  of  fau- 
cial diphtheria,  the  more  severe  the  disease  and  less  favor- 
able the  iirognosis,  as  a  usual  thing.  When  the  trachea 
as  well  as  the  larynx  is  extensively  implicated  in  the 
membrane  formation  the  prognosis  is  exceedingly  grave. 
When  laryngeal  diphtheria  complicates  measles,  scarlet 
fever,  whooping-cough,  or  any  of  the  exanthemata,  and 
when  it  occurs  in  rachitic  or  other  poorly  nourished 
children,  the  prognosis  is  exceedingly  imfavorable. 

Tkeat.ment. — The  treatment  of  croup  may  be  divided 
into  the  prophylactic,  the  hygienic,  the  constitutional, 
and  the  local. 

1.  Pro/j/ii/lactic. — Every  child  suffering  from  croup, 
even  though  the  inspection  of  the  fauces  and  bacteriolog- 
ical examination  of  the  buccal  cavity  and  its  secretion 
may  not  reveal  the  presence  of  the  Klebs-LOffler  bacilli, 
should  be  carefully  isolated.  Small  squares  of  cheese- 
cloth should  be  employed  in  place  of  handkerchiefs  for 
wiping  the  nose  and  catching  any  of  the  buccal  secretion. 
These  pieces  of  cloth  should  be  immediately  burned,  or 
when  this  is  impossible,  they  should  be  placed  in  a  por- 
celain receptacle  in  which  there  is  kept  a  solution  of  bi- 
chloride of  mercury,  1  to  1,000.     All  clothing  and  bedding 
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material  should  be  washed  out  in  a  bichloride  solution  of 
the  same  strcuirth,  and  when  this  is  impraetieable.  lis  in 
the  ease  of  mattresses,  blaidvets,  and  similar  articles,  they 
should  be  sent  away  to  some  disinfectinn'  jilanl  where  they 
may  be  carefully  disinfi'clcd  with  formalin  jras.  super- 
lieated  steam,  or  superheated  air.  The  room  in  which 
the  patient  is  to  remain  should  be  stripped  of  all  cur- 
tains, carpets,  and  upholstered  furniture,  pictures,  etc., 
which  may  be  the  means  of  retaining  the  germs  and  com- 
mimicatinjj  them  to  e)thers. 

2.  lljiiiniiir. — The  temperature  of  the  room  should  be 
kejit  constantly  at  T.")  F  .  and  it  is  desirable  that  the  air 
in  the  room  be  Uc|it  rather  moist  by  means  of  a  kettle  ot 
water  kept  boilini;  within  it. 

The  diet  should  be  of  the  most  nourishing  variety,  pref- 
erably lluid.  >Iilk  in  some  form,  either  plain  or  diluted 
with  lime  water  or  Vichy;  koumyss.  niatzoon,  or  liutler- 
niilk  may  alternate  with  the  above  for  sake  of  variety. 
The  whiie  of  an  cii'i;' beaten  uii  in  half  a  glass  of  water 
mav  also  be  given  in  place  of  any  of  the  above. 

The  room  should  be  carefully  ventilated  from  time  to 
time,  great  care  lieing  taken  that  no  draught  shall  strike 
the  patient  during  the  proccs.s. 

H.  CiiiiKlitiilioniil. — Since  the  introduction  of  antitoxin 
in  ISiM.  for  the  treatment  of  di]ihthcria.  and  its  almost 
imiversid  employment  with  benelicial  results  and  a  great 
lowering  of  the  mortality  rate  of  diphtheria,  especially 
tlic  laryngeal  tyjte.  or  croup,  we  feel  constrained  to  place 
this  remedy  at  the  head  of  the  list.  To  be  of  thegieatest 
service  the  antitoxin  shoidd  be  administered  as  early  as 
pos.sible  in  the  course  of  the  disease.  AVe  have,  however. 
scon  most  benelicial  results  follow  its  employment  even 
as  late  as  the  fifth  day  of  the  disease.  In  a  case  of  moder- 
ate severity  l.oOO  units  shoidd  be  administered  hypoder- 
matically  when  the  physician  is  tirst  called  to  see  the 
patient.  If  at  the  end  of  twenty-four  hours  there  is  not 
soiiu'  improvement,  the  same  amount  shoidd  again  be  ad- 
ministered. In  the  severe  types  of  the  disease  3.1100  to 
3,000  units  may  be  given  at  the  tirst  injection.  While  it 
Is  desirable  that  a  regular  antitoxin  syringe  be  employed, 
an  ordinary  hypodermic  syiinge  properly  sterilized  will 
answer  the  [lurpose. 

It  is  always  well  to  administer  caloiuel  as  a  purgative 
at  the  (Uiset  of  the  disease,  and  for  this  purpose  gr.  ^\; 
triturates  of  calomel  should  be  administeied.  one  every 
half  h<uiriuitil  eight  are  taken.  If  at  the  end  of  the  next 
six  hoiH'S  tlu'rc  has  been  no  stool,  it  is  desirable  to  give  a 
saline  laxative,  such  as  citrate  of  luagnesia  (a  tumblerful). 
in  order  to  hasten  the  action  of  the  calomel. 

The  administration  of  emetics,  as  ipecac,  tartar  emetic 
and  the  like,  which  were  so  much  prescribed  in  former 
years  for  the  ]uirpose  of  loosening  the  membrane  and 
enabling  it  to  be  expelled  in  the  process  of  vomiting, 
almost  never  accoiui>lishes  this  purpose  and  only  serves 
to  weaken  the  child  and  so  prevent  recovery. 

Many  physicians  administer  internally  gr.  -j-Jj  of  bi- 
chloride of  mercury  three  times  a  day.  claiming  thereby 
that  the  action  of  the  mercury  tends  to  limit  the  forma- 
tion of  the  mcnd)rane.  I  can  see  no  objection  to  this 
method  of  treatment,  but  since  the  advent  of  antitoxin  the 
latter  has  superseded  the  mercurial  treatment. 

4.  Ijii-id. — The  local  treatment  should  consist  in  plac- 
ing the  child  luidcr  a  tent  improvised  by  a  sheet  or 
blanket  stretched  over  the  bed.  A  piece  of  rubber  hose 
atta<'hed  to  the  spout  of  a  tea  kettle  containing  boiling 
water  should  lead  inider  the  tent  and  at  a  distance  of  six 
or  eight  iiu-hes  from  the  patient's  face,  so  that  the  es- 
caping steam  may  not  scald  the  patient.  The  inhalation 
of  this  hot,  moist  air  will  undoubtedly  assist  in  the  sepa- 
ration of  the  membrane  and  hasten  exfoliation. 

In  mild  cases  the  above  constitutional  and  this  local 
treatment  may  be  all  that  will  be  necessary  to  carry  the 
patient  past  tlie  period  when  obstruction  to  respiration  is 
most  marked,  and  to  aveit  the  danger  of  iiupending  as- 
phyxiation; but  in  severe  cases  in  which  the  exudate  is 
very  thick  and  the  space  in  the  larynx  through  which  the 
patient  can  breathe  is  exceedingly  narrowed ;  in  which 
dyspnaa  becomes  very  great  and  the  breathing  exces- 


sively labored;  in  which  there  is  a  noticeable  degree  of 
sinking  in  of  the  siifi  parts  above  the  clavicles;  and  in 
wliieli.  tinally.  an  examination  (pf  the  chest  reveals  im- 
perfect cX])ansion  of  the  lungs,  as  shown  by  the  feeble 
resjiiratory  nuirnuir.  especially  at  the  bases  of  the  lungs 
po.steriorly.  it  then  becomes  necessary  to  devise  some 
means  of  furnishing  thejiatient  with  an  increased  supply 
of  air.  Formerly  tracheotomy  was  the  oidy  means  that 
the  physician  had  at  his  couuuaud  for  accomplishing  this 
juu'pose  ;  at  the  pri'sent  tinu-,  however,  owing  to  the  very 
valuable  service  rendered  to  humanity  by  the  late  Joseph 
O'Uwyer  of  New  York  City,  the  ininbation  tubes  have 
almost  comidetely  replaced  the  tracheotomy  tubes  as  a 
means  of  alVording  an  increased  anu)imt  of  air  to  the  suf- 
focating child. 

Intubation  should  not  be  delayed  imtil  the  child  be- 
comes cyanotic  orexhausted  from  .seveie  dyspniea.  (For 
method  of  intubating,  see  Ititiihtitinii.) 

The  lidie  shmdd  be  worn  for  a  period  of  from  two  to 
seven  days,  according  to  the  h'ugth  of  time  that  has 
elapsed  from  the  on.set  ot  tlu^  crouiiy  symptoms  to  the 
time  of  intidiation.  When  intubation  is  done  on  the  tirst 
or  .second  day  after  involvement  of  the  larynx  the  tube 
should  be  left  in  forfive  orsix  days;  when  intubation  is 
perfornu'd  on  the  fifth  or  sixth  day  of  laryn.sjeal  diph- 
theria, it  ina.\'  be  oidy  necessary  to  leave  the  tube  /;(  situ 
for  two  or  three  davs. 

Great  care  should  be  taken  in  feeding  the  patient, 
liquids  alone  being  employed.  I  have  found  it  most 
])ractical  to  feed  the  child  fnmi  a  teaspoon,  the  nurse 
holding  the  child  on  her  lap  face  upward  anil  having  the 
iK'ad  markedly  extended  backward,  the  head  thus  being 
much  lower  than  the  rest  of  the  liody. 

Occasionally  intubation  may  not  .alTord  the  needed  re- 
lief, owing  possibly  to  the  physician's  inability  to  intro- 
duce the  intubation  tube,  or  more  likely  to  the  pushing 
down  of  the  membrane  in  front  of  the  lower  end  of  the 
tube.     In  such  cases  tracheolomj'  is  imperative. 

Cornelius  O.  Coakley. 

CRUCIFER/E.— (T//?  .Viistdi-d  Fnmily.)  A  family  of 
more  than  two  hundred  genera  and  probably  fifteen 
hundred  species,  growing  mostly  in  warm-temperate 
regions  and  widelj' distributed,  many  of  them  aseouuuon 
weeds.  The  family  is  of  great  economic  importance, 
yielding  the  important  food  plants:  cabbage,  turnip, 
cauliflower,  kale,  sprouts,  broccoli,  and  cresses  of  vaii- 
ous  sorts,  and  the  important  fixed  oils  of  mustard,  rape, 
and  colsi.  The  important  medicinal  constituents  are  a 
series  of  glucosides  siiuilar  to  sinigrin,  which  in  decom- 
posing yield  volatile  principles  of  which  the  volatile  oil 
of  mustard  is  the  type,  consisting  of  aromatic  compoimds 
similar  to  those  of  onion  and  garlic.  The  counter-irritant 
and  antiscorbutic  properties  of  these  oils  will  be  de- 
scribed under  Mustard  and  Horseradish.  Quite  a  number 
of  species,  by  virtue  of  these  constituents,  have  been 
used  as  vulneraries.  Such  are  the  Shepherd's  Purse 
(Bursa  Bursa-pastoris  [L.]  Britton),  and  various  species 
of  Lepidiuin,  Barbarea,  Sisi/mbriiim,  and  Brassieii.  They 
apparently  possess  a  germicidal  and  disinfectant  power, 
and  at  the  same  time  stimulate  healing  of  the  tissues. 
They  are  from  time  to  time  recommended  in  the  medical 
press  as  new  remedies  for  application  to  wounds  and 
unhealthy  sores.  Henry  JI.  Husby. 

CRUM  MINERAL  SPRINGS.— MahoningCounty,  Ohio. 

Posr-t  )FFii  K. — Girard. 

AccKss. — Street  railroad  passes  within  one  mile  and  a 
quarter  of  the  springs. 

These  s|)rings  are  located  within  4  miles  of  Youngstown, 
Mahoiung  t'ouutv.  anil  about  a  mile  and  a  half  from  Jlin- 
eral  Hidge.  Truinbull  Cmiuty.  No  hotel  has  yet  been 
built,  but  the  water  has  been"  used  commercially  for  the 
past  seven  years.  The  surroimdings  are  .said  to  be  very 
attractive  and  well  adapted  for  a  summer  resort. 

The  springs  are  four  in  nundier:  only  one,  liowever,  is 
in  use.  Tlie  following  analysis  was"  made  by  S.  W. 
McKeown,  analytical  chemist; 
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One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  carbonate B.31 

MaeiiHsiuiii  carbonate 1.80 

In  III  r;irtn.niit« 59 

Sniljuiii  larhonate 14 

Magnesium  sulphate 1.17 

Sodium  chloride 48 

Silica 29 

Total 9.78 

This  analysis  shows  a  coinbiuation  of  very  useful  ia- 
gredients.  Tliey  give  the  water  the  prnperites  of  a  fer- 
ruginous tonic,  a  mild  diuretic,  an  antacid,  and  in  large 
doses,  a  light  la.xative.  The  water  is  useful  in  disordered 
states  of  the  stomach  and  in  functional  affections  of  the 
liver  and  bowels.  Its  continuous  use  tends  to  overcome 
chronic  constijjatiou.  Jnmen  K.  Crook. 

CRURIN.  —  Quinoline-bismuth-sulphocyanate.  This 
is  a  coarsely  granular,  yellowish-red  powder  of  pungent 
odor,  insoluble  in  water,  alcohol,  or  etlier.  It  is  decom- 
posed on  prolonged  exposure  to  cold  water  and  on  boil- 
ing witli  dilute  acids  or  alkalies.  Steiner  made  extensive 
use  of  it  in  ulcer-s,  especially  those  of  syphilitic  origin, 
by  dusting  tlie  ulcer  twice  daily  and  covering  with  a 
protective  dressing.  It  sometimes  causes  at  first  a  burn- 
ing pain,  which  is  soon  followed,  however,  by  a  feeling 
of  warmtli  and  comfort.  If  too  irritating  it  may  be 
diluted  with  starch.  If  the  ulcers  are  old  and  liave  tiiiclv- 
ened  edges,  a  wet  dressing  of  aluminum  acetate  will 
soften  them.  Steiner  found  that  both  syphilitic  and  non- 
sypliiHtic  ulcers  healed  completly  in  from  ten  days  to  six 
weeks,  under  the  use  of  tliis  remedy.      W.  A.  Bastedo. 

CRYING  is  an  involuntary  disturbance  of  respiration 
accompanied  Iiy  relaxation  of  the  facial  and  jaw  muscles 
and  lachrymation ;  it  is  usually  an  expression  of  strong 
emotion,  such  as  grief,  fear,  anger,  or  pain.  The  inspira- 
tion is  slioit  and  deep,  sometimes  spasmodic  in  character; 
the  expiration  is  prolonged;  the  glottis  is  narrowed  and 
an  inarticulate  sound  is  usually  produced.  The  eyes  are 
generally  closed,  and  the  angles  of  the  mouth  are  de- 
pressed. 

Crying  is  the  only  language  of  the  new-born  babe,  its 
only  means  of  expressing  its  desires,  discomfort,  or  dis- 
satisfaction with  its  surroundings.  The  first  welcome 
cry  expands  the  lungs  and  probably  assists  in  establishing 
the  normal  course  of  the  circulation.  Tlie  lustiness  of  it 
is  taken  as  a  measure  of  the  infant's  vigor.  The  cry  of 
the  infant  differs,  however,  to  some  extent  from  tliat  of 
the  adult,  in  the  facial  expression,  in  the  absence  of 
tears,  and  in  the  sound  produced.  The  ej'es  are  closed, 
the  mouth  is  widely  opened,  the  chin  often  quivers. 
With  the  development  of  the  lachrymal  and  salivary 
glands,  however,  we  have,  by  the  third  or  fourth  month, 
a  flow  of  tears  and  often  drivelling. 

Physiology. — In  crying  the  diaphragm  is  suddenly 
deeply  depressed,  causing  full  inspiration.  The  action 
is  involuntary  and  is  so  quick  that  the  other  respiratory 
muscles  probably  take  little  or  no  part  in  it.  The  ascent 
of  the  diaphragm  may  be  uniform  or  interrupted,  and 
the  air  is  forced  through  a  partially  closed  glottis,  pro- 
ducing a  steady  or  a  broken,  inarticulate  sound,  varying, 
as  a  rule,  with  the  character  of  the  lamentation.  The 
inspiration  is  sometimes  also  intonated  (the  '  reprise"). 
The  contraction  of  the  Uiryngeal  muscles  sometimes  be- 
comes clonic  and  painful  in  the  prolonged  crying  of  deep 
distress.  Tlic  circulation  is  accelerated ;  the  face  and 
even  the  entire  integument  of  the  young  infant  may  be- 
come engorged  witli  blood.  Although  the  act  is  invol- 
untary, it  may  be  closely  simulated,  and  it  may  be  vol- 
untarily arrested.  The  nervous  mechanism  of  crying  is 
not  fully  understood.  It  is  closely  related  to  that  of 
laughing,  so  closely',  in  fact,  that  in  children  and  hyster- 
ical adults  either  may  quickly  give  place  to  the  other. 
Crying  may  be  inatidible  when,  from  embarrassed  respi- 
ration as  in  the  weakness  of  marasmus,  syphilis,  rachitis, 
or  pneumonia,  the  infant  cannot  produce  the  sound,  or 
when,  on  account  of  pain,  it  suppresses  it,  as  in  pleurisy. 


The  deepest  grief  is  often  expressed  in  silence,  the  face 
buried  in  the  hands,  perhaps,  wliile  the  tears  refuse  to- 
flow.  Tearless  crying  in  an  infant  more  than  four'  months- 
old  is  regarded  as  an  unfavorable  symptom. 

Signified ufc  of  Cri/iiiy. — JIuch  may  be  learned  of  an  in- 
fant's condition  by  observing  its  expression  and  its 
actions  while  crying,  as  well  as  from  the  character  of 
the  act  itself,  but  it  is  going  a  step  too  far  to  say  that  the 
location  of  the  disease  can  always  be  determined  from 
the  cry.  Persistent  crying  always  indicates  the  exist- 
ence of  something  abnormal.  It  may  denote  hunger,  as 
the  mother  is  apt  to  believe;  it  is  probably  just  as  often 
a  sign  of  thirst.  If,  however,  the  infant  refuses  to  take 
the  breast,  this  element  is  ruled  out,  providing  there  be 
no  other  cause  for  refusal,  such  as  obstruction  of  the 
nostrils  or  disease  of  the  mouth  or  throat.  The  cry  of 
hunger  is  fretful,  and  is  generally  interrupted  by  vigor- 
ous sucking  of  the  fingers  or  hunting  for  the  breast,  but 
the  discomfort  induced  by  overfeeding  is  manifested  in 
the  same  manner.  Nursing  relieves  hunger,  but  stops 
the  cry  of  overfeeding  only  for  the  moment.  In  pain 
about  the  head  the  brows  are  generally  knit  and  the  hands 
are  often  raised  to  the  region  of  the  pain.  In  earache  the 
cry  is  most  persistent,  and  the  hands  may  be  held  to  the 
side  of  the  head  or  thrust  into  the  mouth,  as  is  often  the 
case  also  in  disease  of  the  mouth  or  throat.  The  sudden, 
sharp,  hydrocephalic  cry  is  characteristic  of  cerebral  dis- 
ease, but  only  in  the  presence  of  other  symptoms.  Itt 
painful  diseases  of  the  chest  tlie  cry  is  not  loud,  as  a  rule; 
it  is  more  frequenly  moaning  in  cliaracter,  or  each  ex- 
piration may  be  slightly  intonated.  When  coughing  is 
accompanied  or  followed  by  crying  it  arouses  suspicion 
that  tlie  bronchitis  has  reached  the  smaller  tubes  and  that 
catarrhal  pneumonia  is  imminent.  The  absence  of  cry- 
ing is  often  of  greater  significance.  The  cry  of  weakness- 
is  low  in  tone,  and  has  more  the  character  of  whining  or 
moaning;  it  is  often  indicative  of  marasmus,  atelectasis, 
or  of  hereditary  syphilis  when  it  has  also  a  nasal  tone. 
A  hoarse  cry  denotes  a  catarrhal  condition  of  the  larynx 
which  may  be  due  to  "cold,"  syphilis,  diphtheria,  or 
pseudo-croup.  The  "croupy"  cry,  with  corresponding 
cough,  signifies  a  dry  or  inflamed  condition  of  the  vocal 
cords  or  a  spasmodic  closure  of  the  glottis  as  in  laryngis- 
mus stridulus.  In  abdominal  pain  the  crying  is  usually 
accompanied  by  squirming  movements  of  the  body  and 
by  drawing  up  of  tlie  legs  or  kicking.  It  ceases  with  the 
evacuation  of  the  bowels  in  catarrh  of  the  small  intestine, 
but  accompanies  and  follows  it  in  colitis  or  dy.senteiy. 
Laying  the  infant  upon  its  abdomen  stops  it,  not  by  re- 
lieving the  pain,-  but  by  so  iniiieding  the  respiration  that 
it  cannot  cry.  AVhen  continuous  crying  is  unaccom- 
panied by  other  symptoms  of  illness,  errors  may  often  be 
avoided  by  tlie  removal  of  all  clothing  in  order  to  exclude 
such  causes  as  the  pricking  of  a  pin,  inflammation  about 
the  umbilicus,  or  a  recently  developed  hernia,  dislocation, 
or  fracture.  The  infant  with  rheumatism  or  pleurisy, 
and  not  infrequently  the  rachitic  child,  cries  with  pain 
when  it  is  picked  up;  pressure  upon  dilfercnt  regions  in 
successifin  will  generally  locate  the  tenderness. 

In  older  children  the  manner  of  crying  is  often  an 
inde.x  to  the  emotion  expressed.  In  the  cry  of  fear,  for 
example,  the  eyes  remain  open  and  the  orbits  are  turned 
toward  the  source  of  danger;  the  lips  and  often  the  entire 
face  become  pale;  the  outcry  is  short  and  loud.  The 
cry  of  anger  is  also  lou<l,  but  the  lower  lip  protrudes  in 
a  pout,  and  the  face  becomes  livid.  The  peevish  cry  of 
the  spoiled  child  is  accompanied  by  peeping  eyes,  a 
scarcity  of  tears,  and  whining  often  breaking  into  a 
staccato  movement.  The  cry  of  pain  corresponds  to  the 
character  of  the  pain  and  varies  from  a  sudden  violent 
scream  to  a  whine  more  like  that  of  peevishness.  In 
anger  or  ]iain  the  breath  is  often  held  until  the  face  be- 
comes cyanotic  and  the  veins  become  distended.  Con- 
vulsions have  followed  such  paroxysms,  and  death  has 
been  attributed  to  them  in  a  few  instances.  Such  results 
would  probabh'  more  frequently  follow  were  it  not  for 
the  anatomical  peculiarities  of  the  infant's  circulation 
which  permit  the  distention  of  superficial  vessels  and  the 
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more  rapid  flow  of  venous  blood   from   the  cranium. 

FiniiUy,  crying  often  becomes  a  habit  witli  over-indulped 
children.  Even  younir  infants  jearn  it  and  cry  not  merely 
for  food  or  <lrinl<,  but  to  be  carried,  to  be  rocl<ed.  for  tlie 
liirlit,  or  api>arently  for  no  other  purpose  I  ban  to  attract 
attention.  It  is  ea.sily  cured  by  persistent  and  total  dis- 
regard of  it  on  the  part  of  the  nurse. 

Crying  has  also  its  signilicance  in  the  adult,  but  much 
depends  upon  the  e'uiolional  nature  of  the  individual. 
Some  persons  maintain  a  stoical  inditTerence  to  the  most 
trying  eireumstanees,  while  others  are  moved  to  tears  l)y 
the  merest  trilles.  The  latter  class  are  especially  sus- 
ceptible to  the  inlluencc  of  suggestion.  Crying  frequent- 
ly occurs  in  intoxication  by  alcohol  and  other  slimnlants, 
especially  in  advanced  dypsomania.  In  the  morphine 
lialiilne  when  frequent,  it  is  sometimes  indicative  of  the 
approach  of  ind)ecility.  The  weeping  of  the  hysterical 
woman  is  characteristic  in  the  depth  of  grief  e.\prcssed, 
in  the  violence  of  the  outcry,  or  its  dramatic  pathos,  and 
especially  in  its  s\ulden  change  to  an  equally  violent  lit 
of  laughter.  Crying  is  often  a  symptom  of  neurasthenia. 
In  paralytic  dementia  and  other  forms  of  emotional  in- 
sanity a  tendency  to  weep  is  .sometimes  one  of  the  earliest 
symptoms,  and  in  the  closing  period  of  the  disease  it  may 
often  be  induced  by  the  most  trivial  circumstances,  the 
a.sking  of  a  question,  or  a  mere  glance  at  the  patient. 
Many  other  diseases  not  necessjjrily  involving  the  nnnd 
are  attended  by  so  great  depression  of  spirit  as  to  render 
it  of  frequent  occurrence.  Not  infrequently,  however, 
temporary  improvement  seems  to  follow  a  good  tit  of 
crying  just  as  it  often  follows  liearty  laughter. 

James  M.  Fi-ench. 

CUBA. — Cuba  was  discovered  by  Columbus  on  Octo- 
ber 'JSth.  \Wi,  and  was  called  by  him  Juana,  in  honor  of 
Prince  Juan,  son  of  Ferdinand  and  Isabella.  Its  present 
name  is  that  by  which  it  was  Icnown  among  the  natives 
at  the  time  of  the  discovery. 

Geook.\piiv. — The  island  of  Cuba  is  very  long  and 
narrow,  and  lies  between  the  74"  and  84°  of  west  longi- 
tude and  the  19'  and  23'  of  north  latitude.  Its  average 
breadth  is  about  80  miles.  Nowhere  is  it  more  than  lUO 
miles  wide,  and  in  the  longitude  of  Havana  it  is  less  than 
20  nules  from  sea  to  sea.  Its  length  is  about  eight  times 
itsavemge  breadth.  Its  extreme  length,  measured  along 
a  curved  line  following  its  centre,  from  Cape  JIaisi.  in 
the  east,  to  Cape  San  Antonio,  in  the  west,  is  about  73(1 
miles.  The  area  of  Cuba,  including  its  adjacent  lieys 
and  islands,  is  estimated  at  4.5.000  sciuare  miles,  a  little 
less  than  that  of  the  State  of  New  York.  The  coast  is 
very  extensive,  nejirly  2,000  miles,  and  is  surrounded  by 
numerous  small  islands  and  reefs.  In  most  places  the 
coast  rises  abruptly  from  the  sea.  The  principal  excep- 
tion is  found  in  the  great  Zapata  swamp  on  the  south 
central  coast.  A  nvimber  of  good  harbors  indent  the 
shore.  The  natiiral  drainage  of  the  island,  as  a  whole, 
is  excellent.  The  highest  part  of  Cuba  is  a  range  of 
mountiiins  known  as  the  Sierra  Maestra,  bordering  the 
southeast  coast  from  Cape  JIaisi  to  Cape  Cruz.  The 
highest  peaks  of  this  range  are  the  Pico  de  Turquino, 
7,ti70  feet,  the  highest  point  in  the  island:  Gran  Pedra, 
5.200  feet;  Yunque,  and  Ojo  del  Toro,  3,000  feet  above 
the  level  of  the  sea.  From  this  range  there  extends  very 
nearly  through  the  centre  of  the  island  a  general  ridge, 
or  range  of  hills,  of  greater  or  less  elevation.  In  the  ex- 
tri'uie  western  part  of  the  island,  this  ridge  again  attains 
considerable  height  in  the  Pan  de  Guajaibon,  which  is 
2..")30  feet  above  the  sea.  The  island  is  divided  by  this 
ridge  into  two  general  watersheds,  one  draining  toward 
the  north  and  the  other  toward  the  south.  About  one- 
fourth  the  total  area  is  estimated  as  mountainous,  three- 
fifths  as  rolling  plains,  valleys,  and  arable  slopes,  the 
rest  swamps.  According  to  Humboldt,  the  general  "  face 
of  the  interior  of  the  island  is  gently  undulating,  like 
that  of  England,  and  not  more  than  280  to  380  feet  above 
the  level  of  the  sea."  The  rivers  are  numerous  but 
short.  Minerals  are  probably  abundant,  but  of  the 
metals,  only  copper,  and,  of  late  years,  iron  have  been 


mined  profitably.     Coal  of  good  quality  abounds,  and 

pctrolemn  springs  are  found  in  some  pans.  Mineral 
springs  of  local  celebrity  exist  in  the  dilVercnt  provinces 
Those  of  San  Diego,  in  Piuar  del  Kio,  and  at  Madruga, 
the  Saratoga  of  Cuba,  southwrst  of  .Matari/as.  arc  most 
freiiuented.  The-water  of  the  latter  contjiius  iron,  sul- 
phur, magnesia,  and  potassji. 

Fi.oK.v. — The  flora  is  tropical  and  abundant,  and  the 
soil  is  fertile.  Extensive  forests,  so  dense  as  to  l)e  al- 
most impenetrable,  exist.  About  13,000,000  acres  of  un- 
cleared forest  yet  remain.  Mahogany,  lignum  vita-,  and 
other  hard  woods  are  plentiful.  Coco-wood  out  of  which 
reed  instruments  are  made,  and  Culrttii  lutm-dtii  used  for 
cigar  boxes  and  linings  of  cabinet  work,  abound.  Nu- 
merous varieties  of  palms,  the  most  common  and  useful 
of  the  Cuban  woods,  are  found.  The  fruits  are  those 
common  to  the  tropics.  Sugar-cane,  tobacco,  coffee, 
sweet  potatoes,  Indian  corn,  and  rice  are  cultivated  ex- 
tensively. The  first  twoare  the  staple  products.  Cattle 
raising  is  said  to  be  protitable  in  the  highlands. 

F.-vrx.\. — Onlv  a  few  mamnials  an-  known  to  be  indig- 
enous. None  are  large.  Wild  dogs  and  cats,  sprung 
from  the  domestic  animals,  are  nunu-rous.  Of  the  imlig- 
enous,  the  agouti,  a  rodent  of  the  size  of  the  domestic 
rabbit,  is  plentiful.  The  ago;iti  is  peculiar  and  common 
to  all  the  West  Indies.  Another  peculiar  animal  is  an 
insectivore,  the  solenodon.  Venomous  i-eptik-s  there 
are  none.  There  is  a  large  snake  of  the  boa  variety  called 
the  maja,  but  it  does  not  molest  man.  Crocodiles  are 
found  in  the  Isle  of  Pines,  off  the  south  coast.  In.sects 
are  abundant  in  number  and  variety.  JIany  arachidds 
are  also  found;  but  their  bites,  though  ])ainfvd,  are  said 
not  to  be  dangerous.  The  rivers  are  well  supplied  with 
fish.  Oysters  and  other  shellfish  are  plentiful,  but  the 
quality  is  inferior.  The  peculiar  marine  mammal,  the 
manatee,  is  found  in  the  shallower  waters  along  the 
coast.  The  birds  are  numerous,  the  parrot  is  the  most 
conspicuous. 

Ci.iM.\TE. — The  climate  of  Cuba  has  the  general  charac- 
teristics of  all  tropical  islands:  i.e..  high  and  equable  tem- 
perature and  humidity,  and  abundant  rainfall.  Its  par- 
ticidar  situation  in  the  north  tropical  zone  brings  it  within 
the  region  of  the  northeast  trade  winds.  As  elsewhere 
in  the  tropics,  the  3-ear  is  divided  into  a  hotter  and  wet 
season  and  a  cooler  and  dry  season,  corresponding,  north 
of  the  equator,  with  the  northern  and  southern  declina- 
tions of  the  sun.  In  all  tropical  regions,  the  heat  and 
the  rainfall  are  both  greater  the  nearer  the  sun  is  to  the 
vertical,  or,  in  other  words,  they  follow  the  .sun.  Local 
departures  from  these  general  characters  are  to  be  found, 
caused  largely  or  entirely  by  differences  in  altitude.  e.\- 
posiu'c  and  slope  of  the  surface,  and  position  with  re- 
spect to  the  prevailing  winds  of  the  zone.  From  its 
geographical  position  and  its  configuration.  Cuba  un- 
doubtedly presents  many  of  these  local  variations.  Un- 
fortunately, however,  the  meteorological  statistics  avail- 
able are  too  few  and  meagre  to  give  other  than  a  verj' 
imperfect  idea  of  the  local  climates  of  the  island. 

Tempernttire. — Cuba  lies  between  the  sea-level  iso- 
therms of  77°  and  80  F.  The  average  temperature  of 
Havana  is  77°  F.  The  highest  temperature  recorded  at 
Havana  is  100.6°  F..  and  the  lowest  49.6"  F.  At  Guana- 
bacoa  on  the  coast.  .5  miles  east  of  Havana,  the  tenqiera- 
ture  for  one  year  was  76.8°  F.,  and  at  Matanzas.  on  the 
coast,  .50  miles  east  of  Havana,  the  mean  temperature, 
two  jears'  record,  was  78°  F. .  and  the  highest  and  low- 
est temperatures  were  93°  F.  and  iiV  F.  respectively. 
On  the  south  coast,  at  Firmeza.  16  miles  east  of  Santiago 
de  Cuba,  and  .500  feet  above  sea  level,  the  average  tem- 
perature for  ten  years  was  79.8°  F.  At  Santiago  the 
average  temperatme,  determined  from  very  incomplete 
records,  is  about  80°  F.  The  highest  temperature  re- 
corded in  .July,  1899,  was  90.3°  F.,  and  the  lowest  in  .Jan- 
uary of  the  same  year  was  67..5°  F.  At  Cienfuegos  the 
average  temperature  for  eleven  months  was  76'  F..  and 
the  highest  and  lowest  were  94°  and  40'  F.  respectively. 
A  visitor  to  Trinidad  de  Cuba  stated  that  during  a  win- 
ter spent  there  the  temperature  did  not  go  above  84    F. 


335 


Cuba. 
Cubeb. 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


or  below  64°  F.  in  the  interior.  Tlie  mean  temperature  at 
Ubaja}-,  a  village  about  15  miles  southwest  of  Havana, 
and  about  242  feet  above  sea  level,  from  a  series  of  four 
years"  observations  made  in  1796-99.  was  73.6°  F.  At 
the  San  Fernando  mines,  almost  in  the  centre  of  Santa 
Clara  province,  at  an  elevation  of  .554  feet  above  sea 
level,  the  average  temperature  for  one  year  was  7.i°  F., 
and  the  highest  and  lowest  tem|)eratures  were  98°  and 
51°  F.  The  average  temperature  for  eleven  months  at 
Puerto  Principe  was  75.6°  F.,  and  the  highest  and  lowest 
temperatures  were  98°  and  49°  F.  resi>ectively.  The 
average  temperature  of  the  months  of  June,  July,  and 
Au.gust.  and  of  December,  January,  and  February,  cor- 
responding to  the  summer  and  winter  seasons  of  north 
temperature  latitudes,  and  respectively  the  warmest  and 
coolest  parts  of  the  year  in  Cuba,  differ  about  10'  F.  at 
Havana  and  6'  F.  at  Firmeza.  In  the  interior,  the  dif- 
ference is  greater  than  on  the  coast,  and  is  probably  from 
12°  to  18°  F.  HimiboUlt  states  that  he  was  credibly  as- 
sured that  in  the  country  near  Havana,  on  a  hill  318 
feet  above  the  sea  level,  water  had  frozen,  the  ice  being 
several  lines  in  thickness.  Suow  is  sjiid  to  have  fallen 
once.  The  average  temperatures  (Fahr.)  of  the  sununer 
and  winter  montlis  at  se^■eral  Cuban  stations  are  shown 
in  the  subjoined  table,  together  with  the  same  data  for 
several  places  in  the  West  Indies  and  elsewhere: 


Havana  (teji  yearet 

Uljajay  (four  years) 

San  Fernando  mines  (one  year) 

Firraeza  t  ten  years  i 

Santiago  (four  years) 

Key  West.  Fla.  (twenty-one  years) 

San  Juan,  Porto  Rico  "(twelve  yearsi.,. 

Kinpston,  Jamaica  tten  years t 

Pniia,  t'ape  Verde  Islands  (five  years*.. 

Honolulu,  Hawaii  (seven  yearsi 

Manila,  Philippines  isevenleen  years).. 
New  Orleans,  La.  (tweuty-tlve  .years).. . 

<jalveston.  Tex.  (eighteen  years) 

Wasliington,  D.  C,  (twenty-flve  years).. 


Summer.* 


74,9 


Winter,+ 


71 ,2"' 

65.0 

89.7 

7.5.9 

77,8 

71.1 

76.3 

75,0 

73.1 

70.6 

77.3 

55.8 

55.6 

35.1 


*  June,  July,  and  August.  +Deeember,  January,  and  February. 

San  Juan.  Kingstcm,  Praia,  Honolulu,  and  Slanila  are 
situati'd  neai'ly  witliin  or  not  very  distant  fiom  the  same 
latitudes  as  the  Cuban  stations.  Tlie  diurnal  range  of 
temperature  varies  a  good  deal  in  different  months  and 
in  different  localities.  At  Havana,  the  average  is  per- 
haps a  little  more  than  10°  F.  The  greatest  daily  range 
of  temperature  observed  in  five  years  was  23°  F.  The 
greatest  daily  range  observed  at  tlie  San  Fernando  mines 
in  1839  was  18°  F.  The  ma.ximutn  temperature  of  the 
<lay  occurs  generally  between  noon  and  two  o'clock  in 
the  afternoon,  and  the  miniimnn  temperature  usually 
between  dawn  and  sunrise. 

Humiditi/. — Tlie  average  relative  humidity  at  Havana 
is  seventy-five  per  cent.,  and  so  little  does  it  vary,  that 
one  month  cannot  lie  sjiid  to  be  drier  or  damper  than  an- 
other. The  diurnal  range  is,  however,  considerable,  vary- 
ing from  eighty-eight  per  cent,  in  the  morning  to  sixty- 
four  per  cent,  at  noon.  The  absolute  humidity  averages 
from  .six  to  eight  grains  of  vapor  per  cubic  foot. 

Rainf.vli.. — The  fall  of  rain  is,  as  a  rule,  g-'eater  dur- 
ing the  months  of  3Iay  to  October.  On  the  average 
the  greatest  amount  falls  in  October  and  the  next  great- 
est in  June.  Relatively  the  greater  part  of  rain  at 
Havana  falls  during  the  months  from  June  to  October, 
the  average  rainfall  for  which  period  is  32.37  inches,  or 
sixty-three  per  cent,  of  the  annual  fall.  The  average 
rainfall  for  the  "dry  season  "  is  19.36  inches.  It  is  worth 
stating  that  four  times  in  thirty  years  more  rain  fell  in 
the  "dry  season  "  than  in  the  "rainy  season."  The  num- 
ber of  days  in  the  year  on  which  rain  falls  in  Cuba  is 
relatively  large.  At  Havana,  the  average  is  one  day  out 
of  every  three.  Notwithstanding  the  great  frequency 
of  rain,  the  days  on  which  precipitation  occurs  are  not 
continuously  cloudy.     As  a  rule,  the  rain  falls  in  heavy 


showers,  and  the  clouds  generally  break  up  as  soon  as 
the  rain  ceases,  leaving  the  sky  clear  and  bright.  Out  of 
714  days  on  which  rain  occurred  in  the  course  of  seven 
years.  Ramon  de  la  Sagra  records  that  the  rain  fell  after 
the  middle  of  the  day  449  times,  before  the  middle  of  the 
day  146  times,  and  both  before  and  after  the  middle  of 
the  day,  119  times.  The  divisions  of  the  seasons  of  Cuba 
into  "rainy  "  and  "dry,"  as  already  alluded  to.  is  purely 
a  relative  classification.  Jlore  rain  falls  at  Havana  dur- 
ing the  "  dry  season  "  than  falls  in  the  entire  year  at  Den- 
ver, Col.  (14.5  inches),  or  Los  Angeles,  Cal.  (18.1  inches). 
The  following  table  shows  the  average  amount  of  rain 
falling  in  the  "rainy  "  and  "dry  "  seasons  at  several  sta- 
tions in  Cuba  and  at  a  number  of  other  places  in  the  West 
Indies  and  elsewhere  in  the  same  seasons  or  in  the  corre- 
sponding time: 


station. 

Rainy  sea- 
son. May  to 
October. 

Dry  season, 
November 
to  April. 

Inches. 

32.37 
44.01 
24.31 
47.78 
39.05 
35.83 
26.03 
29.50 
14.65 
55.04 
27.00 
24.10 

Inches. 
19.36 

Matauzas  (one  year) 

1128 

Santiago  (one  year) 

9  51 

Firmeza  (ten  yeai-s) 

Port  au  Prince,  Havti  (four  years) 

13.97 

23  13 

San  Juan,  Porto  Rico  i  twelve  years) 

Kingston,  Jamaica  (ten  yearsi 

Key  West,  Fla.  (twentv-Ilve  vearsl 

25.38 
8.61 
10  60 

34.89 

Manila,  Philippines  (thirty 
Newlirleans,  La.  itwentv- 
Washinjrton,  li,  C.  (twenty 

two  veai-si 

nve  yearsi 

-five  years) 

20.39 
33.52 
20.60 

•Rainy  season,  June  to  October;  dry,  November  to  May. 

^Vi)u1s. — The  prevailing  winds  are  the  "northeast 
trades."  Except  when  influenced  by  the  passage  of  cy- 
clonic oranticyclonic  areas,  the  wind  blows  steadily  from 
points  between  east  and  north.  During  the  passage  of 
storms  and  areas  of  high  barometric  pressure,  however, 
the  winds  may  blow  from  any  direction,  being  governed 
in  this  regard  by  tlie  location  of  the  centre  of  cyclonic  or 
anticyclonic  activity.  In  the  winter  season,  cold  waves 
in  the  United  States,  when  extending  far  to  the  south- 
ward, cause  cold  northerly  winds,  or  "northers"  along 
the  north  Cuban  coast.  The  average  velocity  of  the  wind 
at  Havana  is  about  7.5  miles  an  liour.  The  diurnal  varia- 
tion in  the  velocity  of  the  wind  is  much  more  pronounced 
than  the  seasonal  variation.  The  wind  increases  with 
great  regularity  from  a  minimum  of  four  miles  per  hour 
about  4  A.M.,  to  a  maximum  of  eleven  miles  per  hour  at 
2  P.M.,  and  then  declines  gradually  to  its  minimum.  In 
a  climate  having  such  high  temperatures  and  humidities 
as  that  of  Cuba,  the  velocity  of  the  wind  and  its  con- 
stancv  are  of  the  greatest  importance  to  comfort  and 
health. 

Storms. — Thunder  storms,  accompanied  by  profuse 
electrical  display,  are  of  frequent  occurrence ;  especially 
is  this  so  dui'iug  the  summer,  when  they  are  almost  a 
daily  characteristic  of  the  afternoon  weather.  Very  little 
damage,  however,  results  from  either  the  wind  or  the 
lightning.  Cuba,  in  common  with  the  other  islands  of 
the  West  Indies,  is  occasionally  visited  by  verj-  destruc- 
tive storms  of  the  class  known  as  tropical  hurricanes. 
Fortunately  these  storms  are  of  infrequent  occurrence, 
and  when  they  do  happen,  their  destructive  energy  is 
limited  to  a  relatively  narrow  region  in  the  course  of  their 
path.  Experience  and  statistics  both  show  that  these 
storms  are  most  likely  to  occur  in  August,  September, 
and  October.  Th(>  history  of  22  of  these  hurricances  oc- 
curring since  1872  has  been  collected  and  their  paths 
have  been  determined ;  of  the  22  only  7  passed  over  Cuba. 
The  following  table  shows  the  average  climatic  condi- 
tions for  ten  years  at  Havana. 

He.u.th. — Cuba  has  a  somewhat  unenviable  hygienic 
reputation.  Climatically,  there  is  no  reason  why  Cuba 
should  not  be  as  healthful  as  Jamaica  or  Porto  Rico. 
The  prevalent  diseases  are  fevers  of  the  malarial  type, 
yellow  fever,  dysenteric  disorders,  and  tuberculosis.  The 
mortalit}'  is  high.     From  the  best  sources  Chaille  esti- 
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Cuba. 
Cubcb. 


Uuvana. 


Tpmperature  (decrees,  Fahivnheit)- 

Mwiii 

Hijrhfsi 

Ltiwest 

lilllllfall— 

Mean 

(f  reaU'sl 

Least 

Number  of  days  on  wliicb  rain  fell- 
Mean  

ti  reatest 


Lfiisl . 


HuniUtliy— 

Mean  relative  per  rent 

Mean  absiilute  grains  per  cubic  foot. 
■Wind— 

.A  Venice  velocity,  miles  per  hour 

Prevailins  direction 


70.3 

((4.4 


2.32 

ti.31 

.02 

7.5 

14 

1 

75 
6.2 

7.8 


72.0 
K7.li 
49.U 


B.18 
.20 


6.2 

U 


8.3 
E. 


73.2 
ni.4 
55.0 

2..T0 

5.05 

.50 

5.9 
10 
3 

70 
6.3 

8.7 
E. 


7B.1 
93.1) 
52.9 

1.46 
5.67 
O.UO 

3.8 

9 

O.0O 


6.8 

9.2 

E. 


78.8 
99.0 
64.4 

5.15 

17.51 

.33 


7.8 
E. 


81.5 
97.7 
69.1 

8.29 

17.56 

1.50 

14.3 

20 


76 

8.7 


82.4 
lOO.H 
71.2 

6.09 
7.13 
3.10 

13.0 
16 
II 

74 
8.8 

6.5 

E. 


82.2 
98.6 
69.8 

5.43 
9.36 
1.45 

13.3 
21 
9 

75 
8.8 

6.3 
E. 


80.7 
Wi.li 
70.9 

7.l!2 
13.57 
3.15 

16.7 


8.9 


6.5 
E. 


78.1 
91.9 
61.7 

8.49 
13..53 

1.47 

15.6 
22 
10 

78 
8.1 


N.E. 


1 

t 

s 

Sj 

z 

Q 

75.3 

71.4 

88.7 

8(1.0 

.t6.5 

61.8 

4.24 

1.93 

7.94 

r,.m 

1.4:-. 

.30 

12.3 

9.0 

18 

16 

8 

4 

77 

74 

7.4 

6.3 

8.7 

8.3 

£. 

E. 

76.8 
IIKI.U 
49.6 

.5.5.14 

60.06 
4li.(« 


149 
120 


7.8 


mated  the  death  rate  of  Havana  as  30.3  per  1,000,  of 
Guanabacoa  as  39.8  ]wr  I.IMM),  and  of  Mariauao  as  39.5 
per  1,000.  These  latter  ])laces  are  siilmrl.an  resorts  of 
Ilavaiia.  niiieh  fre(niciited  by  invalids;  lieiiee  tlie  in'ol)- 
able  cause  of  tlieir  incre:iscd  niorlidity.  Ainnnj;  Ihe  dis- 
<'ases  caiisinj;  deulh.  Ihe  Havana  statistics  show  tubercu- 
losis first,  inlestinal  diseases  second,  anil  feversthird.  Yel- 
low fever  is  endemic  in  Havana  and  most  of  the  other  sea 
ports.  It  is  infre(|Uent  in  Ihe  interior  of  Ihe  island,  and 
always  the  result  of  importation.  The.sanilary  conditions 
of  Havana  !ind  Ihe  olher  larfrcr  cities  and  towns  ai'c  bad. 
A  special  report  shows  that  three  fourlhs  of  Havana's 
population  live  in  Ihe  most  densely  iiopulated  locality  in 
the  world.  Crowded  together  in  badly  venlilateil  dwell- 
ings, with  Hoors  directly  on  the  soil,  and  sinks  and  cess- 
pools at  the  doors,  with  no  sewage  system,  it  is  not  to  be 
wondered  that  disease  finds  congenial  aboard.  With  in- 
telligent sjiiiitation.  Havana  (and  Cuba)  can  be  made  as 
healthful  as  any  other  place  in  the  tropics. 

PuKc.vtTioNS  FOR  VISITORS. — No  watcr  should  be 
drunk,  unless  previously  filtered  i>r  boileii.  Food  should 
be  well  and  properly  cooked,  and  should  be  partaken  of 
moderately.  As  a  rule,  persons  going  from  a  colder  to 
ii  warmer  climate  e.vperienee  some  loss  of  desire  for  food; 
this  is  natuial.  and  should  occasion  no  uneasiness.  No 
<-ITorl  should  be  made  to  get  up  an  appetite  by  the  use  of 
stimulants.  Linen  or  cotton  gamients  should  be  pre- 
ferred to  woollen.  Clothing  should  be  worn  loosely  about 
the  body,  especially  about  the  abdomen  and  the  throat. 
Wet  clothing  should  be  exchanged  for  dry  as  soon  as 
practicable.  At  night  it  is  a  wise  precaution  to  protect 
the  abdomen  by  using  a  bandage  of  gauze  or  other  light 
malerial,  as  it  lessens  Ihe  likelihood  of  undue  cooling 
from  nocturnal  radiation  which  is  relatively  veiy  great 
in  tropical  latitudes.  For  the  same  reason  the  night 
should  be  pa.ssed  under  roof,  or  shelter  of  some  kind.  A 
mosquilo  net  should  always  be  used  as  a  protection  from 
mosiiuitoes.  gnats,  and  other  biting  in.sects,  all  of  which 
may  carry  disease  germs  and  infect  by  their  bites.  E.\- 
ercise  and  work  should  be  engaged  in  moderately  at  fir.st, 
and  then  only  during  the  cooler  parts  of  the  day.  that  is, 
before  10  a.m.  and  after  3  p.m.,  and  never  at  night.  An 
umbrella  should  be  used  as  much  as  iiracticable  when 
one  is  exposed  to  the  suu.  W.  F.  R.  Phillips. 

CUBEB.— Ci-i!Kn.\.  "Cubebs."  "The  unripe  fruit  of 
rijKi-  riiliiliii  L.  (fam.  Pijii'fiinii')"  (V.  8.  P.). 

This  species  is  a  climbing  iilant  with  perennial,  smooth, 
fle.xuous,  branched  steins,  and  altirnate  lanceolate,  bright 
green,  and  shining  leaves.  The  flowers  are  dioecious  and 
aggregated  in  close  linear  catkin  like  spikes.  Native 
of  .lava.  S\imatni,  Borneo;  also  cultivated  in  the  coffee 
plantations  of  .lava  and  Sumatra,  as  well  as  in  the  West 
Indies.  The  drug  generally  reaches  us  through  Ihe  com- 
mercial ports  (if  India.  It  has  been  known  in  Europe 
fiiuce  the  Middle  .\ges.  having  been  introduced  through 
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the  Arabian  physicians,  and  its  earliest  employment  ap- 
pears to  have  been  as  a  spice.  It  was,  liowever,  used  in 
genitourinary  troubles  l)y  the  Arabians  centuries  ago; 
b\it  that  employment  eilhernever  took  any  holil  in  Eiiro- 
]iciiii  medical  pniclice  or  completely  dieil  oul  long  ago, 
and  was  not  revived  until  the  beginning  of  Ihe  present 
century,  when  it  was  reintroduced  by  medical  officers 
statioiK'd  in  India. 

"  C'ubeb  "  consists  of  the  whole  fruits  dried.  They  are 
about  0  mm.  (i  in.)  in  diameter,  globular,  wrinkled  by 
the  shrinking  of  the  juicy  mcsocarp,  slightly  pointed  at 
the  apex,  sometimes  tlatlened  at  Ihe  base,  from  which 
the  slender  brittle  stalks,  in  reality  the  narrowed  portion 
<if  the  fruit,  projects  from  2  to  (J  mm.  They  each  con- 
tiun  a  roundish  stone  within  which  isa  single  flaltish  seed, 
or,  as  the  fruits  are  collected  before  maturily,  frequently 
an  airspace.  Color,  grayish-brown,  or  blackish;  odor, 
strongly  aromatic  and  peculiar;  taste,  spicj',  but  milder 
than  that  of  pepper. 

C'ubeb  lias  been  the  subject  of  very  extensive  adtiltera- 
tion,  and  the  adulterants  have  been  numerous,  chiefly  the 
fruits  of  other  species  of  Piper.  They  are  to  be  distin- 
guished chietlj'  by  the  characters  of  the  stalk  and  the  taste. 
The  stem  (rachis)  of  the  cluster,  which  is  to  be  sifted 
out,  is  also  extensively  sold  for  cubeb,  in  the  ground 
state. 

Cubeb  contains  from  six  to  twelve  or  more  per  cent, 
of  a  composite  essential  oil.  which  is  offlcial  (Oleum 
CubelMT,  U.  S.  P.),  also  about  three  per  cent,  of  an  amor- 
phous resin,  nearly  an  equal  amount  of  ciihebic  Kcid,  and 
cubeiin,  besides  some  fat  and  other  uninteresting  ingre- 
dients. Cubebin  is  bitter,  but  nearly  inert.  The  resin  and 
cubebic  acid  are  active,  but  the  value  of  the  drug  de- 
pends chiefly  upon  the  oil.  which  is  considered  below. 
All  the  above  sub.stances  combined,  extracted  by  ether 
and  concentrated  by  evaporating  Ihe  solvent,  compose 
the  so-called  "Oleo-resin  of  Ctibeb"  (Oleo-resina  Cubelxt, 
U.  S.  P.),  of  which  the  yield  is  from  sixteen  to  twenty 
per  cent,  of  the  cubeb. 

Action  .\nd  Use. — ^Cubeb  is  mainly  an  aromatic  spice, 
like  its  near  relative,  pepper.  The  odor  and  flavor  are 
due  to  its  oil.  the  pungent  taste  to  its  amorphous  resin. 
As  a  local  stimulant  to  digestion,  as  an  ingredient  of 
cough  mixtures  and  gargles,  it  has  a  certain  value  which 
it  shares  with  others  of  its  class.  But  nearly  all  the  call 
for  cubcb  is  in  diseases  of  Ihe  bladder  and  nrelhra.  esp<'- 
cially  in  gonorrhcea  and  gleet.  It  is  eliminaled  by  the 
kiilneys.  whose  secretion  it  augments  slightly  and  scents 
decidedly,  and  the  urine  so  imiiregnated  soothes  the 
bladder  and  urethra,  through  which  it  passes,  and  dimin- 
ishes Ihe  formation  of  pus — by  exactly  what  process  can- 
not be  said. 

The  drug  is  distinctly  inferior  to  copaiba,  for  the  same 
|iurpose. 

Its  irritating  effect  upon  the  stomach  is  apt  to  be  re- 
flected upon  tile  skin  by  an  erythematous  eruption,  which. 
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however,  cannot  be  regarded  as  characteristic  of  this 
drug. 

AD.\irNisTR.\Tiox. — It  ma}-  be  given  in  powder,  the 
dose  of  wliich  is  from  4  to  10  gm.  ('.>  to  4  gm.=  3  ss.  to 
i.);  the  bullc  is  general]}' an  objection.  Tliere  are  official, 
besides  the  oleo-resin,  a  fluid  e.Mract  and  a  twenty-per- 
cent, tincture,  both  good,  which  may  be  reduced,  if  de- 
sired, by  syrup  or  mucilage.  The  oleo-resin  represents 
about  six  times  its  weight  of  cubeb.  From  the  oleo- 
resin  are  made  the  troches  of  cubeb,  each  containing  0.04 
gm.  (about  gr.  ss. ),  considerably  used  as  a  popular  "ex- 
pectorant "  in  pharj-ngitis,  etc.  Henry  U.  Kusby. 

CUBEB,  OIL  OF.— Olec^i  Cubeb.e.  The  source  of  this 
oil  is  explained  above.  It  varies  from  colorless  to  green- 
ish or  yellowish,  has  a  specific  gravity  of  about  0. 920  and 
dissolves  in  an  equal  volume  of  alcohol.  It  has  the  char- 
acteristic odor  of  cubeb.  It  consists  chiefly  of  cadinene 
(C16H24),  apparently  identical  with  the  active  portion  of 
oil  of  copaiba.  Upon  keeping  the  oil.  a  portion  of  it  be- 
comes converted  intocubeb  camphor(CisH2(.H.jO).  The 
same  change  occurs  in  it  in  the  fruit  if  the  latter  becomes 
old.  and  this  product  will  be  contained  in  the  oil  distilled 
from  such  fruit.  Oil  of  cubeb  has  the  same  properties 
as  cubeb.  and  is  given  for  the  same  purposes,  in  doses  of 
0.3  to  1  c.c.  (Tiiv,  to  XV.).  Henry  II.  Riiahy. 

CUCUMBER.     See  Cucurbitaeta. 

CUCURBITACE;€.— (The  Cucumber  or  Gourd  Fam- 
ily.) A  family  of  some  ninety  genera  and  more  than  five 
hundred  species,  of  great  economic  interest,  both  generally 
and  medicinally.  The  plants  are  perennial,  tendril-bear- 
ing herbs  or  undershrubs,  rarely  shrubs,  and  either  pros- 
trate or  climbing.  They  inhaliit  warm,  and  especially 
tropical  regions,  throughciut  the  glolie.  They  are  of 
rather  delicate  vitality  and  easily  destroyed  by  accident, 
yet  they  are  very  commonly  inhabitants  of  sjtndy,  arid  re- 
gions, and  the  family  is  noted  for  its  protective  provisions. 
Most  common  among  these  are  purgative  or  poisonous 
constituents.  These  are  very  commonly  stored  in  large 
fleshy  and  starchy  roots,  like  the  bryony,  many  of  which 
have  to  endure  long  periods  of  rest,  .subject  to  decay, 
against  which  they  can  be  protected  by  resins,  and  "to 
attacks  by  foraging  animals,  against  which  they  are  pro- 
tected by  poiscmous  glucosides.  The  pidpy  fruits,  like 
those  of  colocynth  and  elaterium,  are  often  similarly 
protected.  The  seeds  are  very  commoidj'  anthelmintic 
and  diuretic.  Besides  the  well-known  drugs  colocynth, 
elaterium,  bryony,  and  pumpkin  seed,  separately  consid- 
ered, a  very  large  number  are  used  locally,  or  in  domes- 
tic practice,  for  the  same  purposes.  Among  such  seeds 
may  be  mentioned  thoseof  squash,  cucumber,  and  melon; 
among  roots,  various  species  of  Wilbrandia,  ilegarhiza, 
Cayaponia.Corollocarpus.  Kedrostis,  ilodecca,  Melothria, 
and  Lagenaria;  among  fruits,  species  of  Luffa,  Jlomor- 
dica,  and  Trichosanthus,  besides  those  of  some  of  the 
above-mentioned  genera.  The  use  of  the  bland  pulps  of 
some  of  these  fruits,  such  as  cucumber,  for  poultices,  is 
to  be  regarded  as  chiefly,  if  not  wholly,  mechanical.  The 
juice  of  thestemsand  fruits  frequently  carries  the  drastic 
principle.  Upon  the  other  hand,  many  of  our  most  use- 
ful vegetables  are  derived  from  these  fruits,  as  the 
melons,  pumpkins,  squashes,  cucumbers,  ciiron  melons, 
cayotes,  calabashes,  and  acchocte.  The  well-known  dish- 
rag  gourd  is  elsewhere  considered.       Henry  H.  liusby. 

CUDBEAR.     See  Litmus. 

CUINCHO. — Michoacan,  Mexico.  These  springs  are 
located  10  kgm.  northwest  of  the  city  of  Morelia."  The 
water  has  a  temperature  of  100'  F.  Dr.  Zuiiiga,  to  whom 
we  are  indebted  for  a  study  of  these  springs,  says,  in 
speaking  of  the  water:  "It  is  perfectly  clear,  odorless, 
colorless,  its  taste  is  insipid  and  its  reaction  neutral."  It 
contains  eighteen  grains  of  fixed  substances  per  United 
States  gallon  and  on  analysis  yields  the  following  results: 
Lime,  magnesia,   soda,  chlorine,  and  carbonic  acid.     A 


recent  issue  of  the  Mexican  Pharmacopeia  says  the  water 
contains  sulphate  of  lime  and  magnesia,  carbonate  of  lime, 
carbonate  of  potas,«a,  and  carbonate  of  soda  and  mag- 
nesia, with  some  chloride  of  lime  and  magnesia. 

Notwithstanding  the  fact  that  the  bathing  facilities 
are  rather  primitive  in  character,  large  numbers  of  peo- 
ple employ  these  waters  in  the  belief  that  they  are  useful 
in  such  affections  as  chronic  malaria,  hy  pochondiiasis,  and 
the  uric-acid  diathesis.  X.  J.  Ponce  de  Leon. 

CUMARIN.  or  CotM.^Kis. — Cumaric  Anfii/dride.  Ton- 
hi  Lean  Cumpbor  (dHi.O.CO.CH.CH).  This  is  the  odor- 
ous principle  of  a  number  of  plants  or  plant  parts,  more 
especially  of  the  tonka  bean,  the  deer's-tongue,  sweet 
clover  or  melilot,  and  a  number  of  species  of  grasses, 
notably  the  Aiithoxiinthum  odorattim  L.  and  Stifastona 
odoruta  (L. )  Scribn.  It  is  also  largely  produced  artificially 
in  several  ways.  It  occurs  in  white  crystals  which  melt 
at  (i?-  C,  and  which  are  soluble  in  alcohol  but  not  in 
water.  In  all  of  these  plants  it  can  scarcely  be  detected 
in  the  fresh  or  growing  state,  but  develops  in  drying. 
In  the  tonka  bean  it  is  developed  by  the  action  of  "alco- 
hol, which  frequently  leaves  the  beans  with  a  crystalline 
surface,  due  to  this  substance.  This  is  frequently  rubbed 
off.  wholly  or  partly,  and  even  replaced  by  similarly  ap- 
pearing substances.  Cumarin  has  an  odor  very  similar 
to  that  of  vanilla,  and  a  burning  taste.  It  is  exclusively 
employed  for  perfuming  and  fiavoring,  chiefly  to  sub- 
stitute vanilla.  Large  doses  are  Siiid  to  exert  a  primary 
stimulant  and  a  secondarj'  paralyzant  action  upon  the 
heart.  "        Henry  H.  Rusby. 

CUMIN.— Cr>niiN.  Ccmixoi.  Thefruit  of  O/wuh/ot 
Cyiiiinum  L.  (fam.  I'lidhllifinr).  a  low  annual  of  the  car- 
away type,  probably  of  Asiatic  origin,  but  extensively 
cultivated  in  China,  India,  and  parts  of  Europe  for  its 
aromatic  fruits.  The  odor  and  taste  are  strongly  aro- 
matic, but  less  pleasiint  than  many  others  in  the  family, 
on  which  account  it  is  scarcely  used  in  this  country. 

Cumin  yields  about  three  per  cent,  of  a  clear,  yellow 
esgentiul  oil  of  spicy  taste  and  odor,  and  having  the  gen- 
eral medical  properties  of  the  innocuous  portion  of  the 
family.  The  oil  is  separable  into  euminol  or  cuminalde- 
hyde(CioIIisO)and  c^mo/(CioHn).  Cumin  is  used  every- 
where in  the  East,  and  to  a  less  extent  in  Europe,  as  a 
domestic  flavor,  and  is  said  to  be  one  of  the  components 
of  curry  powder;  also  an  ingredient  in  some  European 
liqueurs.  In  plasters  and  liniments,  and  in  veterinary 
practice,  it  is  also  occasionally  employed.  It  is  an  excel- 
lent carminative.  The  dose  is  0.5  to  2  gm.  (gr.  viij.  to 
xx\. );  of  the  oil,  TH,ij.  to  viij.  ir.  P.  Holies. 

CUPREA  BARK.    See  Cinchona. 

CUPRIASEPT0L.-Cu(C.H..OH.SO3),.H»O.  Copper 
pheuolsult'onate,  copper  sulphocarbolate.  This  is  pre- 
pared by  heating  a  mixture  of  phenol  and  sulphuric 
acid,  and  saturating  the  product  with  copper  oxide.  It 
occurs  either  as  small  light-green  needles  or  as  a  coarse 
crystalline  powder,  and  contains  12.4  per  cent,  of  copper. 
It  is  recommended  as  a  liiBmostatic.         W.  A.  Bastedo. 

CURARE.— TIVw/YHv'.  Ournri.  This  is  a  complex  mix- 
ture of  inspissiited  juices,  which,  in  the  relatively  fresh 
state,  is  used  as  an  arrow  poison  by  the  Indians  of  South 
America.  Its  composition  is  not  known,  but  investiga- 
tions have  shown  that  there  is  always  present  the  juice 
of  certain  species  of  strychnos  wliich  are  indigenous  to 
the  country.  Other  species  of  strychnos  are  the  source 
of  similar  poisons.  In  Java  and  Borneo.  S.  tiente  yields  a 
poison  also  used  by  the  natives  for  poisoning  theirarrows; 
in  Africa,  .S'.  incn/ja  Baill.  and  !?.  kipnpn  Gigl.  are  the 
source  of  a  powerful  ordeal  poison ;  and  many  other  spe- 
cies supply  active  poisons,  among  them  the  well-known 
5.  nux  vomica  L.  The  composition  of  curare  varies  ac- 
cording to  the  tribe  from  which  it  is  obtained,  each  tribe 
selecting  the  tree  growing  in  its  immediate  neighborhood 
and  preparing  the  juice  according  to  its  tribal  custom. 
Four  varieties  have  been  described: 
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First,  tlmt  nf  tlie  Amazon  valley,  from  .'^.  Cuxtdiiminn 
Weildell.  a  large  Hdo<ly  climlier  LrrowjuL;  in  most  parLs 
of  Brazil,  and  also  in  (  oloniliia  and  among  the  Ande.s. 
The  bark  of  tht  stem  is  the  part  employed.  Secondly, 
that  of  the  ;ippe-  Orinoco  region,  from  an  imperfectly 
known  species  >'.  •jiilihri.  possilily  identical  with  N.  I'lX- 
iftiii  Benlliam.  Thinlly.  the  curare  of  British  Guiana 
wliich  is  altrilmted  to  tiie  just  named  N.  tarift  m .  And. 
finally,  that  of  French  (Jidana.  which,  on  tlie  authority 
of  Dr.  Crevau.\,  is  attributed  to  .S  Creiaiixii  Baillon. 

The  method  of  preimnition  has  been  described  by  trav- 
ellers, some  of  whom  spoke  only  from  hearsay,'  while 
others  were  |)resent  <luring  its  compounding.  Tlic  bark 
of  the  vine  is  the  part  employed.  It  is  scraped  and  cut 
into  small  pieces,  and  the  juice  is  obtaini'd  by  a  crude 
method  of  percolation  and  infusion.  To  this  jiroduct  are 
added  the  jinccs  of  .several  other  iilants.  and.  in  .some 
specimens,  ants  are  found  incorjiorated,  and  it  is  also 
said  that  the  venom  of  certain  snakes  is  added.  Our 
knowledge  of  the  manufacture  and  composition  of  curare 
is  very  obscure,  and  we  are  not  able  to  distinguish  the 
various  forms  that  reach  the  market.  It  conies  in  earth- 
enware pots,  or  in  ves.sels  formiHl  from  gourds,  into 
which  it  has  been  poured  when  in  a  liiiuid  state. 

It  occurs  as  a  (lark,  brittle  extract,  with  a  disagree- 
able odor  and  a  bitter  taste.  It  is  almost  entirely  soluble 
in  water. 

The  active  principle  ciirarine.  discovered  in  1856  by 
Preyer,  is  separated  as  a  colorless  crystalline  body,  verv 
deliiiuesccnt,  very  bitter  in  taste,  and'  alkaline  in  reaction. 
With  sulphuric  acid  it  gives  a  blue  color  which  serves  to 
distinguish  it  from  strychnine. 

Curare  exercises  a  depressant  action  upon  the  periph- 
eral terminatiocs  of  the  motor  nerves,  affecting  first  the 
voluntary  and  later  the  involimtary  muscles.  When  it 
is  administered  in  small  doses  the  brain  and  sensory 
nerves  remain  unaffected,  but  when  it  is  given  in  large 
doses  its  effects  extend  to  the  central  nervous  system, 
producing  a  general  paralysis,  with  disturbed  special 
senses  and  loss  of  consciousness.  Death  takes  place  from 
failure  of  respiration,  the  respiratory  muscles  being  af- 
fected earlier  than  the  respiratory  centre.  Curare  is  rap- 
idly absorljcd  and  as  rapidly  removed  from  the  svstem 
with  the  urine.  In  many  cases  of  poisoning,  this  excre- 
tion of  the  poison  favors  the  adoption  of  ai^titicial  respi- 
ration asa  very  rational  modeof  treatment.  The  kidneys 
begin  to  act  iiuickly,  and  the  poison  may  be  eliiuinated 
in  a  few  hours.  If  respiration  can  be  maintained  for  that 
period  the  effects  of  the  poison  may  be  readily  overcome. 
During  the  action  of  curare  the  body  temperature  is- 
raised.  After  moderate  doses  there  is  a  gradual  failure 
of  muscular  power  with  loss  of  reflexes,"and  this  may 
terminate  in  complete  motor  paralysis.  The  respiration's 
are  more  frequent  and  become  shallow  and  labored. 
The  pulse  is  increased  in  force  and  frequency.  The 
secretion  of  urine  becomes  greater.     When  the  drug  is 

fiven  in  larger  doses  all  these  symptoms  are  aggravateil. 
here  is  also  some  fever,  with  marked  depression.  The 
heart  becomes  feeble  and  the  ves.seis  are  dilated :  and  shiv- 
ering alternates  with  fever,  trembling,  and  clammy  per- 
spiration. According  to  reports,  some  specimens  of  curare 
produce  mu.scular  twitching  and  spasms. 

As  a  therapeutic  agent  curare  is  of  little  value.  Its 
power  of  preventing  muscular  contractions  has  suggested 
its  emidoyment  in  all  conditions  in  which  muscular  spasm 
is  a  prominent  symptom.  In  these,  however,  it  cannot 
prove  of  nuich  value,  as  it  produces  its  effect  through 
the  peripheral  nerves,  and  has  little  or  no  action  upon 
the  central  nervous  system,  such  as  calabar  bean  and 
similar  ilrugs  exercise.'  It  has  been  employed  in  poison 
ing  with  strychnine,  and  in  hydrophobia"  tetanus,  epi- 
lepsy, and  chorea.  A  case  of  hydrophobia  has  been  re- 
ported in  which  the  spasms  were  controlled  by  curare  in 
doses  of  from  gr.  i  to  i,  administered  hypodermically, 
and  recovery  ensued.  In  a  case  of  tetani'is.  gr.  iv.  were 
administered  during  twenty-four  hours  with  success. 

The  dose  of  curare  is  from  gr.  ^'5  to  i.  to  be  adminis- 
tered hypodermically.     Its  effects  require  to  be  carefully 


watched,  the  smallest  dose  being  given  at  first,  and  the 
amount  being  gradually  increased  until  the  desired  effect 
is  procureil.  When  anew  supply  of  the  drug  is  obtained, 
the  Siime  care  in  determining  the  dose  is  to  be  <jbserved. 
On  account  of  the  great  imreliability  of  the  drug,  it  has 
been  advised  that  ciiriiriiie  should  be  employed,  the  dose 
o(  which,  to  begin  with,  is  gr.  ^J,. 

The  rapid  action  of  curare,  when  injected  beneath  the 
skin  or  when  applied  to  the  denuded  surface,  is  not  evi- 
dent when  it  is  administered  by  the  stomach  or  bowel. 
This  slow  absorption  by  mucous  surfaces  has  given  rise 
to  the  idea  that  it  has  no  ilTect  when  given  in  this  way. 
A\  hen  it  is  administered  in  larger  (luantities  its  action  "is 
equally  severe.  Its  diminished  activity  is  explained  by 
the  rapid  elimination  of  the  poison,  which  is  removed  al- 
most as  quickly  as  it  is  absorbed.  Another  explanation 
is  that  the  poison  is  neutralized  as  it  passes  through  the 
liver  by  way  of  the  portal  vein.  Beaumont  i>mull. 

CURCAS.    Sec  Jatrop/iaie. 

CURCUMA.— TrR>nsiac.  The  rhizome  of  Curcuma 
hiiii/,1  L.  (fam..  Zingiberacttr),  a  perennial,  flag-like  herb 
of  India,  where,  as  well  as  in  other  parts  of  Asia,  it  has 
long  been  cultivated. 

Curcuma  is  distinguished  in  trade  as  "long"  and 
"round  "  varieties,  which  for  a  long  while  were  supposed 
to  be  from  ditferent  jilauts.  They  are  now  known  to  be  the 
principal  and  lateral  rhizomes  o'f  the  .same.  Round  cur- 
cuma is  about  as  large  as  a  pigeon's  egg,  oval,  flattened, 
rounded  at  the  ends  and  encircled  by  the  lines  of  numer- 
ous nodes.  The  long  variety,  which  is  more  common,  is 
from  3  to  (i  cm.  long,  and  from  0.5  to  1  cm.  in  diameter  (2 
in.  X  i  in.),  encircred  by  a  number  of  distinctly  marked 
nodular  rings.  The  different  varieties  range  in  color,  ex- 
ternally, from  bright  yellow  (Madras)  to  brown  (Bengal) 
or  gray  i.Iava);  internally  from  deep  yellow  through 
orange  and  brown  to  nearly  black.  Odo'r  strong,  pecul- 
iar, not  disjigreeable ;  taste  aromatic,  bitterish.  It  con- 
tains a  clear  yellow  essential  <iil.  ^\liich  is  its  aromatic 
portion,  much'tixcd  oil,  resin,  and  a  deei)  yellow,  crystal- 
line coloring  matter,  cuvcuinin.  which  becomes  carmine 
red  with  acids,  and  reddish-brown  with  alkalies. 

Properties  similar  to  those  of  ginger,  but  not  much  used 
here — either  as  a  medicine  or  as  a  condiment.  It  is  exten- 
sively consumed  in  Asia  as  a  spice,  and  is  the  basis  of 
curry.  In  the  arts,  tumeric  is  eiuployed  to  dye  cloths 
yellow ;  in  cheiuistry,  to  a  slight  extent,  as  a  test  for  al- 
kalies: in  pharmacy,  now  and  then  to  color  ointments 
ancl  other  preparations.  It  is  largely  employed  as  an  ad- 
dition to  ground  mustard,  to  ameliorate  its  acridity,  gen- 
rally  regarded  as  too  great  to  admit  of  the  table'  use  of 
the  pure  article,  and  also  as  an  adulterant  of  the  same  in 
its  medicinal  form.  Ikni-y  H.  Unsby. 

CUTTLEFISH  BONE.— A  very  light  and  fragile 
calcareous  skeleton  found  in  the  cuttlefish.  Sepia  offi- 
ciiiii/iti  L.  (order.  Dibi-anchiatu .  Lulir/ineii) .  The  "bone" 
of  this  ilediterranean  molhisk  is  found  in  the  dorsal 
part  of  the  body  beneath  the  mantle.  It  is  obtained 
by  collecting  the  mollusks  and  allowing  them  to  pu- 
trefy, or  by  picking  up  those  that  wash  ashore.  When 
whole  it  is  of  oblong  or  lanceolate  outline,  strongly  flat- 
tened, with  one  surfa'ce  (the  dorsal)  hard  and  smooth,  and 
one  very  spongy,  light,  and  friable.  Tlie  structure  is 
very  open,  laminated,  and  light,  the  entire  bone  when 
dry  floating  upon  water.  Odor,  none  or  slight;  taste, 
saline. 

There  is  a  considerable  demand  for  cuttle  bone.s — partly 
for  cage  birds  and  partly  for  dentifrices,  polishing  pow- 
ders, face  powders,  etc"  It  consists  almost  entirely  of 
carbonate  of  lime,  with  a  little  phosphate  of  limeand 
some  animal  matter.  Its  early  use  as  an  antacid,  etc., 
is  now  of  the  past.  "  W.  P.  BolUs. 

CYANIDES. — The  only  cyanides  that  concern  the  phy- 
sician are  those,  respectively,  of  n'lrer,  mercury,  and  jn-itas- 
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num.  Silver  cyanide  is  a  white  insoluble  powder,  offi- 
cial in  the  United  States  Pharmacopa'ia,  but  solely  for 
pharmaceutical  use,  the  salt  beinj;  a  possible  source  for 
obtaining,  extemporaneously,  diluted  hydroeyauic  add 
(see  Ilydrocynirie  Arid).  Mercuric  cyanide  is  a  soluble 
salt  which  will  be  fmind  discussed  in  tlie  article  MciTiiri/. 
and  concerning  which  it  is  only  necesstuT  to  remark  in 
this  place,  that  tlie  salt  adds  to  the  irritiint  projierties  of 
the  mercuric  .salts  generally,  a  peculiar  virideuce  due  to 
the  acid  railicle  of  its  composition.  Potassium  cyanide 
is  a  soluble,  and  therefore  physiologically  active,  salt, 
wherein  the  comparatively  mild  jiropertics  of  tlic  basic 
radicle  are  entirely  overshadowed  by  the  intensely  poi- 
sonous potency  of  the  acid  element ;  for  hydrocyanic  acid 
in  combination  with  the  bases  of  the  alkalies  proves  itself 
e.xactly  as  poisonous  as  in  its  free  state,  so  that  the  alka- 
line cyanides,  in  proportion  to  their  weight  in  acid  radicle, 
are  the  medicinal  or  toxic  equivalents  of  the  uncombined 
acid.  Potassium  cyanide,  being  therefore  lu-actically 
but  a  carrier  of  iiydroeyanic  acid,  is  considered  under  the 
present  heading  rather  than  among  the  salts  of  potassium 
generally. 

Potassimn  Ci/anide,  KCN. — Potassium  cyanide  is  offi- 
cial in  the  United  States  Pharmacopoua  under  the  title 
Potnsnii  Cynnidum.  Potassium  t'yauidc.  It  occurs  in 
"white,  opaque,  amorphous  pieces,  or  a  white,  granular 
powder,  odorless  when  perfectly  dry,  but  in  moist  air 
exhaling  the  odor  of  hydrocyanic  acid.  The  taste  is 
sharp  and  somewhat  alkaline,  but  should  be  ascertained 
with  great  care,  as  the  snft  in  ro-y  jioixDiiiniK.  In  moist 
air  the  salt  deliquesces.  Soluble  in  about  2  parts  of 
water  at  15°  C.  (59°  F.).  Boiling  water  dis.solves  its  own 
weight  of  the  salt,  but  rapidly  decomposes  it.  In  alcohol 
it  is  but  sparingly  soluble.  At  a  low  red  heat  tlie  salt 
fuses"  (U.  S.  P.).  It  should  be  kept  in  well-stoppered 
bottles,  since  it  tends  to  a  slow  deconiiiosiiion  by  expo- 
sure. Potassium  cyanide  represents,  in  sixty-tive  parts, 
thirty-nine  parts  of  liasie  and  twenty-six  of  acid  radicle; 
and  so,  according  to  what  has  been  ssxid  above  concerning 
the  alkaline  cyanides  generally,  about  two  and  a  half 
parts  of  this  salt  represent,  physiologically,  the  virtues 
of  cue  part  of  anhydrous  hydrocyanic  acid.  The  salt  in 
concentrated  application  is  very  painful  to  raw  and  sensi- 
tive parts,  and  taken  internally  acts  precisely  after  the 
manner  of  hydrocyanic  acid  (see  llydroryanie  Arid),  ex- 
cept that  it  is  rather  slower  of  operation.  A  do.se  any- 
where between  0.20  and  0.30  gm.  (gr.  iij.  to  v.)  is  ordi- 
narily fatal,  and  death  commonly  results  in  from  fifteen 
minutes  to  two  hours.  Poisoning  can  arise  also  from 
absorption,  externally,  through  abrasions,  and  even  the 
inhalation,  in  a  close  chamber  like  a  photographer's 
"dark  closet,"  of  the  fumes  arising  from  an  exposed 
strong  solution  nia}'  excite  symptoms.  In  case  of  poi- 
soning by  the  internal  taking  of  the  salt,  Taylor  (on  Poi- 
sons) advocates  thegivingof  ferrous suljihate  as  a  special 
antidote,  because  of  the  reaction  between  the  two  salts 
whereby  the  insoluble  and  innocent  substance  P('i/.w(«« 
blue  is  formed.  The  same  author  cites  the  ca.se  of  a  pho- 
tographer who,  upon  accidentally  swallowing  a  .solution 
of  potassium  cyanide,  immediately  drank  of  a  photo- 
graphic "developing"  solution  containing  ferrous  sul- 
phate, vomited  Prussian  blue,  and  survived. 

Medicinally,  potassium  cyanide  is  a  possible  substitute 
for  hydrocyanic  acid,  proposed  because  of  greater  stabil- 
ity. Inteinall}-,  it  may  be  given  in  doses  of  from  0.005 
to  0.008  gm.  (from  gr.  ^'j  to  ^),  in  water  or  syrup.  Many 
prescribe  it  in  conjunction  with  vinegar  or  lemonade, 
with  the  view  of  setting  free  hydrocyanic  acid  from  the 
salt,  but  the  procedure  is  not  necessary.  Externally,  an 
aqueous  solution  ranging  from  one-fifth  to  one  ]ier  cent. 
in  strength  is  occasionally  prescribed  as  a  lotion  for  the 
relief  of  surface  pains  or  itching.  A  special  use  of  po- 
tassium cyanide  is  to  remove  stains  of  silver  nitrate  from 
the  skin,  provided  such  stains  be  recent  and  not  yet  ex- 
posed to  strong  sunlight.  A  solution,  or  a  moistened 
lump  of  the  salt,  is  rubbed  upon  the  blackened  skin,  and 
the  part  afterward  well  washed  in  water.  Due  regard 
must  be  paid  to  the  very  poisonous  nature  of  the  cya- 


nide, and  especially,  application  of  the  salt  to  cut  or  ex- 
coriated parts  should  carefully  be  avoided. 

Edward  Curtis. 

CYCLAMEN.— The  tuber  of  Cyelamert  Enropcvum  L. 
(fain.  Priiiniliirri'-).  a  ])laiit  largely  cultivated  in  the  house 
for  ornament.  It  contains  the  glucoside  eyrjainiii  (C20- 
H34O10),  occurring  as  a  white  powder,  and  yielding  f,yrf(i- 
mnretin  on  decomposition.  It  is  soluble  in  alcohol  and 
forms  a  frothy  solution  with  water.  It  is  in  other  re-' 
spects  very  similar  to  saponin,  quickly  developing  an 
exceedingly  burning  and  acrid  taste,  and  very  highly 
irritant  to  mucous  membranes.  It  can  be  absorbed  by 
rubbing  upon  the  .sound  skin,  and  produces  thus  its  char- 
acteristic effects.  It  is  an  irritant-purgative,  emetic  in 
over-do.ses,  and  may  act  as  a  fatiil  drastic  poison.  Its 
use  in  domestic  practice  is  as  a  purgative  and  anthelmin- 
tic, the  powdered  form  being  given  in  doses  of  1  to  'A 
gm.  (gr.  XV.  to  xlv.).  Henry  H.  Rusby. 

CYLINDROMA.     See  Endothelioma. 

CYPRESS.— Ci/;Mr»s»«  L.  A  genus  (fam.  0>/iifera')  of 
a  dozen  species  of  temperate  or  sublrojiical  regions  of 
the  northern  hemisphere.  The  composition  and  jiroper- 
ties  are  in  general  those  of  juniper,  savin,  arbor  vita?, 
and  others  of  the  family. 

Cyprexx  nil  is  distilled  from  the  fresh  leafy  twigs  of  0. 
setDjierrirrits  L.,  the  Oriental  cypress  of  southern  Asia. 
The  evidence  is  conclusive  that  the  inhalation  of  this  oil 
gives  marked  relief  from  the  iiaroxysms  of  whooping- 
cough,  and  favors  recovery.  The  only  method  recom- 
mended for  itsemjiloyment  is  to  scatter  a  few  drops  upon 
the  pillow,  or  to  spray  it  about  the  room,  but  it  would 
appear  that  a  suitable  solution  for  use  in  the  inhaler 
might  easily  be  devised.  henry  11.  Uuxhy. 

CYPRIPEDIUM.— L.\mEs'  Si.ippeu.  Mocc.\sin  Flow- 
er. Aiiieririni  Vnhrian.  JVerrine.  The  rhizome  and 
rootsof  Cypripediinn  liirsuluin  Jlill.  ["  C.  pubescens Sw'z.," 
V.  S.  P.].  and  of  ('.  piirrijtonim  Salisb.  (fam.  Urchidncem). 
Tliese  plants  arc  perennial  herbs,  arising  from  a  horizon- 
tal rhizome  by  a  pubescent,  leafy,  few  tlowered  stem  half 
a  metre  or  more  in  height.  Leaves  also  pubescent, 
liroadly  oval,  acute,  parallel-nerved;  flowers  one  to 
three,  the  most  conspicuous  part  of  which  is  the  large 
inflated,  poucli-like  lip,  in  tlie  former,  one  and  a  half  to 
two  inches  Icuig,  in  the  latter  about  half  as  large,  from 
which  it  and  others  in  the  genus  derive  their  name. 
Rather  common  in  moist  woods,  the  latter  more  abun- 
dant in  the  Northwest. 

The  rhi/onie,  with  its  adhering  roots,  is  collected.  It 
is  "horizontal,  bent.  4  in.  (Id  cm.)  or  less  long,  about  -^ 
in.  {'A  mm.)  thick;  on  tlieup])er  side  be.set  witli  numerous 
circular,  cu])  shaped  scars;  closely  covered  below  with 
simple,  wiry  roots,  varying  from  4  to  20  in.  in  length  (10 
to  .50  cm.);  brittle,  dark  brown  or  orange-brown;  frac- 
ture short,  white;  odor  faint,  but  heavy;  taste  sweetish, 
bitter,  and  somewhat  pungent." 

It  contains  a  rnlatile  nil,  a  valatile  arid,  tniinir  and  (lalUc 
arid.i.  reninn.  gu/»,  stiirrh,  etc.  These  constituents  make 
cypriiiedium  a  gently  stimulant  and  mild  antispasmodic, 
of  the  hop  and  valerian  kind.  The  dose  is  0.5  to  2  gm. 
(gr.  viij.  to  XXX.),  and  it  is  best  administered  in  the  form 
of  the  official  fluid  extract,  or  sometimes  still  better  in 
the  form  of  a  twenty-percent,  tincture. 

Henry  H.  RiLtby. 

CYRTOMETER. — (Krp-rn<;,  curve;  /irrimv,  measure.) 
The  cyrtometer  is  an  instrument  which  can  be  so  adapted 
to  a  given  jiart  of  the  body  as  to  reproduce  its  curves 
and  ineciualities.  The  word  is  sometimes,  though  less 
correctly,  applied  to  callipers,  an  instrument  used  in 
measuring  the  diameter  or  thickness  of  a  body.  Under 
the  name  of  "Wilson's  cyrtometer"  an  instrument  has 
been  described  for  ascertaining  the  position,  length,  and 
direction  of  the  fissure  of  Sylvius  in  the  living  subject; 
for  cuts  and  a  full  description  of  the  device,  the  reader  is 
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referred  to  the  original  article  on  "Cranial  Surgery,"  by 
Dr.  A.  W.  Hare  in  the  IjtiKUt.  .Maich  Mil.  IKK.s. 

The  cyrtonu'ter  ^vas  lirst  ilescrilicil  liy  Amlry  iuiil 
Uniiillanl  in  ISKI,  l)nt  wa.s  not  c.Mcnsively  used  unlil 
l.s.")T,  when  Wnilkz.  in  a  paper  entitled  "  Keeheniics 
('linii|ues  sur  I'Kniploi  d'un  Nnuvcau  I'merde  dc  Men- 
sunitiiiii  dans  la  I'lcuresie,"  descrilii'd  an  inslruineiit  con- 
sisting uf  two  lialvcs  (d'  a  joinlcd  wlialchonc,  cniMiecled 
by  a  hinge  and  ca|)able  of  being  accurately  adapted  to  the 
shape  of  the  chest.  Thecyrtoineter  of  Founnantain  was 
a  still  later  device  composed  of  a  circular  spring  which 
was  applicil  to  the  tliora.x  and  adjusted  by  means  id' a 
clasp,  while  the  curve  was  reproduced  on  paper  on  the 
principle  of  the  iianlogra|ih. 

All  the  instruments  whiili  have  been  mentioned  were 
mme<'essarily  eomplieati'd,  and  time  iind  I'ustom  have  so 
simplilii'il  tlii'in  that  the  niodcrn  device  is  easily  obtained 
and  is  very  practical.  It  consists  of  two  strips  of  lead. 
each  aliout  one  half  inch  in  width,  one-tenth  inch  in 
thiikness.  and  from  eighteen  to  twenty  inches  in  length. 
Such  a  piece  of  li'ail  is  so  malli'able  that  it  may  easily  l)e 
mouliled  to  any  desired  shape  by  simple  manual  tnaiup- 
ulalion.  anil  at  the  same  time  it  is  of  sullieient  eoiisis- 
teiicy  to  retain  its  form  if  liandled  with  ordinary  care. 
and  it  may  also  be  straightened  and  freed  from  curves 
by  striking  vigorously  its  Hat  surface  once  or  twice 
against  a  hard  floor. 

The  cyrtomeler  is  principally  used  for  determining  the 
character  and  degree  of  deformity  that  have  been  pro- 
dnceil  in  the  chest  or  abdomen  as  a  result  of  cert.iin  jiath- 
(dogical  processes  such  as  may  occtir  in  pleural  exu- 
dations, lateral  curvatures  of  the  sjiine.  kyphosis  and 
lordosis,  rhaehilis.  etc.,  or  in  Unnors  of  the  abdomen.  It 
is  also  useful  in  tracing  in  infants  the  contiguration  of  the 
lieail  which  has  been  altered  as  a  result  of  abnormal  labor, 
rhachitis.  or  hydrocciilialiis.  In  short,  it  is  useftd  when- 
ever it  is  desired  to  show  the  rcsidt  of  any  cau.sc  so  a<'ting 
as  to  alter  the  synunetry  of  the  lateral  halves  of  the  body. 

If.  for  instance,  it  is  desired  to  repiuduce  the  sliape  of 
a  distorted  thorax.  on<'  starts  by  marking  on  the  body 
anteriorand  ]iosterior  |ioiuts  which  shall  lie  in  the  antero- 
posterior median  plane  of  the  body  and  on  the  same  hori- 
zontal level.  The  strips  of  lead  are  then  moulded  by 
manual  maiiiptilation  so  as  to  conform  to  each  half  of  the 
chest,  their  anterior  ends  meeting  at  the  anterior  median 
point,  their  posterior  enils  overlapping  at  the  jiostcrior 
median  Jioint.  or  being  so  bent  that  their  angles  will  meet 
at  this  posterior  ])iiint.  Each  strip  is  then  removed,  anil 
the  two  halves  are  again  adjusted  to  each  other  by  plac- 
ing tliem  upon  a  piece  of  paper  resting  upon  a  flat  sur- 
face. The  inner  circumference  of  the  two  lialves  is  then 
traced  by  pencil  upon  the  paper,  the  anterior  and  poste- 
rior meeting  jiointsare  marked,  and  they  are  connected  by 
astniiglit  line  which  will  correspond  to  the  median  plane 
of  the  body.  The  degree  of  asyinmi'try  of  the  lateral 
halves  will  then  be  apjiarent.  and.  if  desired,  the  curves 
may  be  reproduced  u|ion  any  desired  scale  liy  the  use  of 
the  paiUograph.  If.  in  cases  in  which  there  is  a  lateral 
deviation  of  the  spine,  there  be  noted,  by  suitable  nicks 
on  the  lead  sirijis,  init  only  the  anterior  and  jiosterior 
median  points,  but  also  the  position  of  the  spine  of  the 
vertebra  luid  the  median  point  of  the  sternum  at  the  siime 
level,  their  positions  may  be  recorded  upon  the  tracin.c 
and  the  line  eomiecling  them  will  show"  the  relation  of 
the  spine  and  mid-sternum  to  the  anteroposterior 
plane. 

On  the  same  principle  one  may  take  tracings  of  any 
other  ]iart  of  the  body  and  thus  give  a  more  grajihic  re])- 
resentation  of  the  contour  of  a  deformed  ])art  than  can  be 
obtained  by  simple  mensuration.  Jffii/iuird  Ldihl. 

CYSTADENOMA.— (Cyst()m.\.  Adexocvsto.m.x.)  The 
ililalation  of  the  glandular  spacesof  an  adenoma  through 
the  excessive  fornnition  of  secretion  gives  rise  to  a  cystic 
tumor  w  Inch  from  its  origin  is  best  designated  by  the 
term  cystadenoma.  The  growths  belonging  to  this  class 
are  distinginshed  from  the  cysts  in  that  in  the  former  the 
cystic  change  is  always  preceded  by  a  new  formation  of 


gland  tissue  which  later  becomes  converted  into  cysU  by 
the  accinnulation  of  secretions  ai]d  the  sid)sei|Ueiit  pii">- 
liferation  of  the  walls  of  the  gland  spaces.  There  is  coii- 
seipiently  in  the  cystadenoma  a  progressive  formation  of 
cysts  out,  of  newly  formed  glandular  tissm-.  and  to  this 
process  there  is  no  deliinle  limit  of  growth.  In  the  true 
cysts  such  new  growth  of  gland  tissue  does  not  occur, 
and  there  is  not  a  continuous  formation  of  new  cyst.s. 
The  difl'ereiK  (■  bet  ween  a  cyst  and  a  cystadenoma  is  es- 
sentially that  existing  between  a  gland  and  an  adenoma. 
Xevertiieless.  it  is  at  linns  very  dilliciilt  to  dniw  shaip 
liuesof  distinction  between  the  cyst  and  thecysladenoma. 
This  is  especially  the  casi' in  regard  to  the  prolifeialion 
cysts,  since  from  these  the  cystadeiiomata  freipieiitly  take 
their  origin.  'I'he  dill'ereiilial  dia.irnosis  will  rest  idti- 
mately  upon  the  cstablislmierit  of  the  facts  concerning 
the  formation  of  new  gland  tissue  preceding  the  cyst  de- 
velopment. 

The  earliest  stages  of  the  formalion  of  a  cystadenoma 
arc  seen  in  the  gradual  ililatation  of  some  of  the  spaces 
of  anadenoina  through  the  over- production  of  secretions. 
As  soon  as  the  dilatation  of  the  gland  space  has  reached 
such  a  iHiint  as  to  l)ecome  visible  to  tlie  naked  c)'e  rn 
cro.ss  seel  ion  of  the  growth,  it  may  be  siiid  to  be  cystic. 
\Vilh  a  preponderance  of  such  cyst  formation  the  ade- 
noma gradually  becomes  chiuiged  into  a  cystadenoma. 
In  its  tirst  stages  of  development  the  cystadenoma  con- 
sists of  inimerous  small  cysts  lying  in  a  more  or  less  well- 
developed  conuective-tissne  stroma.  The  growth  of  .some 
of  the  cysts  may  be  more  r;ii)id  than  that  of  others,  lead- 
ing to  the  formation  of  a  tinnor  containing  both  large 
and  small  cysts,  often  in  such  a  manner  that  it  may  con 
sist  of  a  few  large  cysts  bearing  in  their  walls  numeious 
smaller  ones.  The  cystic  change  may  not  involve  all  of 
the  glandular  tissue  of  the  adenoma,  .so  that  in  or  near 
large  cysts  there  may  be  foimd  gland  tissue  which  con- 
tains oidy  small  cysts  fir  ap])earssoliil.  Not  infreipu-ntly 
the  gland  spaces  of  an  adenoma  become  cystic  as  soon  as 
formed,  so  that  the  growth  bears  the  character  of  a  cyst- 
adenoma from  the  bcgiiming  without  passing  through  a 
definite  intermediate  stage  of  adenoma. 

8ince  the  cystadenoma  arises  from  numerous  gland 
spaces  it  consists  of  many  chambers  (multilocnlar  cys- 
toma). Only  through  tlu^  atrophy  of  the  intervening 
walls  does  the  true  cystadenoma  become  monolocular. 
The  cyst  spaces  ina.v  be  separated  from  each  other  by  a 
very  narrow  wall  of  connective  tissue,  or  by  one  so  thick 
that  they  lie  at  some  distance  from  each  other.  In  the 
latter  case  the  formation  of  connective  tissue  may  so 
preponderate  over  that  of  the  cysts  as  to  ju.stify  the  use 
of  the  term  cystadenotibroma  or  cystotibroma.  If  the 
connective  tissue  becomes  niy.xomatous  in  character,  as 
is  not  infrei|iuntly  the  case,  the  growth  may  be  styled 
cystiidenomyxoma  or  cvstomyxoma.  Occasionally  the 
coimeetive  tissue  undergoes  a  rapid  proliferation  and 
takes  on  an  end)rvonic  character.  The  teiin  cystosar- 
coma  has  been  apidied  to  such  tumors,  but  their  manner 
of  growth  does  not  justify  their  cla.ssitication  as  Siirco- 
mata.  They  do  not  form  metastases,  and  their  growth 
is  wdiolly  by  expansion.  Hyaline  change  and  calcitica- 
tion  are  not  infrequently  found  in  the  stroma  of  cystade- 
nomata.  the  latter  often  occurring  in  the  shape  of  psnin- 
moma-like  concretions. 

The  liiMMg  of  the  cysts  is  simple  columnar  epithelium 
in  the  great  majority  of  cases,  occasionally  ciliated,  and 
less  fre([Uently  cubical  or  flattened.  The  inner  surface 
of  the  wall  may  be  smooth  (cystoma  simplex),  or  the  coi;- 
nective  tissue  of  the  wall  nniy  extend  out  intfi  the  cavity 
of  the  cyst  as  little  papilhc  covered  with  <pithelium  (cys- 
toma papilliferum  or  proliferum).  These  papilhe  may 
be  delicate,  simple,  blunt,  or  pointed,  or  they  may  be 
deiidritically  branched  (polypoid  cystadenoma).  If  the 
growth  of  conmctive  tissue  in  the  papilhe  is  soextensive 
as  partially  or  wholly  to  till  up  the  cyst  cavity,  the 
tumor  may  be  designated  intracanalicular  cyslolibroma. 
Retrograde  changes  not  infrciiueiitly  occur  in  the  lin- 
ing epithelium:  mucous,  fatty,  or  colloid-like  degenera- 
tions, necrosis.  des(iuamation.  calcitication,  etc.     Inllam- 
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niation  of  the  cyst  walls  ma)'  ocoir  as  iu  the  true  cysts, 
hut  is  of  much  less  frequent  occurrence. 

The  content  of  the  cysts  is  usually  a  clear,  slightly 
stringy  or  glairy  fluid  like  white  of  egg,  containing 
mucin,  pseudomucin,  alhumin.  albumose,  the  so-called 
paralbumin,  etc.  All  of  these  are  the  products  of  the 
lining  epitlicliiim.  White  or  yellowish  masses  of  cells 
showing  fatty  degeneration  or  necrosis  may  be  contained 
in  the  fluid.  The  entire  lining  epithelium  may  lie  con- 
verted into  goblet  cells,  and  the  latter  niaj-  also  be  found 
free  in  tlie  liuid  of  the  cyst  cavity.  In  the  ease  of  in- 
flammation of  the  wall  or  secondary  infection  of  the  cyst 
contents  the  latter,  through  the  addition  of  inflammatory 
exudates,  become  fibrinous,  purulent,  or  gangrenous. 
In  the  latter  case  gas,  sometimes  of  an  inflammable  na- 
ture, may  be  formed  in  the  cysts.  Hemorrhages  may  also 
occiu-  into  the  c_vst  spaces.  As  a  result  of  these  the  con- 
tents of  the  cysts  may  contain  broken-down  red  blood  cells 
and  blood  jiigment.  acquiring  from  their  presence  a  brown 
or  reddish-brown  color.  C'holesterin.  fatty-acid  crystals, 
concretions  of  lime  salts,  corpora  amylacea.  colloid-like 
bodies,  etc.,  are  not  infrequently  found  in  the  cyst  con- 
tents. 

Cystadenomata  may  arise  from : 

1.  Normal  glands,  most  frequently  from  the  ovaries, 
testis,  mammary  glands,  uterus,  liver,  and  kidneys. 

2.  Adenomata  of  anj'  gland,  especially  from  those  of 
the  ovary,  mammary  glands,  uterus,  testis,  liver,  and 
kidneys. 

3.  From  foetal  gland  structures  in  normal  or  abnormal 
locations,  from  tcratomata,  etc. 

Between  the  cystadenoma  simplex  and  the  papillary 
form  no  sharp  line  can  be  drawn,  as  papillary  prolifera- 
tions are  frequently  found  in  the  walls  of  simple  dilata- 
tion cysts.  The  two  forms  usually  e.\ist  together  in 
combination  (cystadenoma  partim  simplex  partim  papillif- 
eriun).  The  iiapilla-  may  be  delicate  and  narrow,  or  they 
may  develop  into  thick  cauliHower-like  growths  filling 
up  almost  the  entire  cyst  cavity.  The  smallest  papillary 
excrescences  may  have  to  the  naked  eye  a  velvet  appear- 
ance. The  larger  papillne  are  usually  branched.  Occa- 
sionally the  connective  tissue  of  the  papilUe  is  myxoma- 
tous, more  rarely  hyaline  in  character.  Calciricatiou 
sometimes  occurs  in  it.  Tall  columnar  cells  cover  the 
papilliE  as  a  rule,  and  the  majority  of  these  are  goblet 
cells.  The  cyst  contents  in  papillary  cystadenomata  con- 
sist chiefly  of  pseudomucin.  Large  numbers  of  desqua- 
mated and  degenerating  cells  may  be  found  in  it.  The 
cystadenomata  of  the  ovaries,  mamma>,  and  jiarovarium 
are  usually  papuliferous  in  some  parts  at  least,  while 
those  of  the  liver,  testis,  and  kidney  but  rarely  contain 
papillje. 

The  cystadenoma  simplex  is  malignant  only  through 
size  and  position.  It  produces  no  metastases  and  grows 
only  by  expansion.  Since  it  may  reach  an  enormous  size 
(fifty  to  one  hundred  pounds),  the  effects  of  pressure  may 
be  very  important.  The  ]ia|ullar}'  cystadenomata  repre- 
sent a  further  departure  from  the  normal  type  of  gland 
growth,  and  these  tumors  acquire  a  certain  tendency 
toward  malignancy  iu  that  the  painlUe  may  break  through 
the  cyst  walls  and  continue  to  grow,  spreading  them- 
selves over  the  neighboring  tissues  (in  the  case  of  ovarian 
cystadenomata,  ov-er  the  broad  ligament  and  peritoneum, 
while  papillary  cysts  of  the  mamma^  may  break  thnmgh 
the  skin).  Cystocareinomata  not  infrequently  arise  from 
the  papillary  cystadenomata.  but  may  develop  also  out 
of  the  simple  smooth-walled  form.  A  gradual  transition 
of  development  Ijet  ween  adenoma,  cystadenoma  simplex, 
cystadenoma  iiaiulliferum,  and  eystoeareinoma  may  often 
be  traced,  and  this  fact  is  of  great  importance  in  so  far 
as  the  question  of  etiology  of  tumors  is  concerned.  Of 
the  direct  cause  of  the  formation  of  the  cystadenoma  we 
have  as  little  knowledge  as  of  that  of  the  adenomata  iu 
which  they  arise.  They  occur  more  frequently  in  fe- 
males, as  the  ovaries  and  mamma^  are  the  glands  most 
commonly  the  seat  of  origin  of  tliese  .growths.  They 
may  develop  at  any  age.  but  are  most  common  at  puberty 
ami  the  menopause.     Trauma,  prolonged  irritation  and 


inflammation,  etc.,  have,  as  in  the  case  of  other  forms  of 
tinnors,  been  supposed  to  be  exciting  causes  of  growth. 
No  satisfactory  explanation  can  be  givenof  theexcessive 
cell  secretion  in  some  growths,  whereby  the  tvunor  has 
the  structure  of  a  cystadenoma  from  the  earliest  begin- 
nings; while  in  other  cases  the  adenoma  is  but  slowly 
and  imperfectly  converted  into  the  cystic  tumor. 

Ovary. — The  cystadenoma  is  the  most  common  form 
of  ovarian  tumor,  the  majority  of  all  the  large  cystic 
tumors  of  this  organ  arising  from  the  formation  of  ik'W 
glandular  spaces  and  their  dilatation  from  tlie  accumula- 
tion of  the  secretions  formed  h\  the  epithelial  cells  lining 
them.  They  arise  partly  out  of  the  follicles  and  partly  out 
of  in-growths  of  the  germinal  epithelium.  In  the  fatter 
case  the  in-growths  become  sepai'ated  from  the  surface 
epithelium  and  form  gland-like  structures  which  grad- 
ually become  distended  through  the  formation  of  secre- 
tions. As  the  cj'St  develops  proliferalion  of  pcu'tious  of 
the  lining  epithelium  into  the  cyst  wall  takes  place,  these 
separate  themselves  from  the  parent  epithelium,  become 
dilated  and  form  daughter  cj'sts  lying  in  the  wall  of  the 
original  cyst.  This  process  may  go  on  indefinitely  until 
large  multilocidar  growths  are  formed.  On  cross-section 
the  inner  lining  of  the  cyst  walls  shows  furrows  and  de- 
pressions attho.se  points  where  thein-growth  preparatory 
to  the  formation  of  new  cysts  is  taking  place.  The  jiar- 
tition  wallsof  many  of  tlie  cysts  may  atrophy,  thus  leading 
to  a  confluence  of  the  chambers.  Remains  of  the  atrophic 
walls  may  appear  as  bridge-like  ])rojeetions  across  the 
lumen  of"  the  cavity.  Tliis  progressive  formation  of 
daughter  cysts  in  tlie  wall  of  the  cystadenoma  distin- 
guishes this  growth  from  the  degeneration  cysts  arising 
from  the  Graafian  follicle  and  eorjius  luteum.  It  is, 
however,  pos.sible  that  the  epithelial  lining  of  these  cysts 
may  behave  in  the  same  way  as  that  tlerived  from  the 
surface  germinal  layer,  giving  rise  to  epithelial  in- 
growths that  lead  to  tlie  .same  progressive  formation  of 
daughter  cysts.  A  similar  jirocess  may  be  set  uj)  by 
proliferating  ingrowths  from  the  epithelium  of  a  folli- 
cle, which  is  in  itself  not  cystic.  The  true  cystadenoma 
of  the  ovary  is  always  in  its  beginning  multilocular,  but 
nia_y  become  unilocular  through  the  disappearance  of 
the  intervening  septa  and  the  confiuenee  of  the  cavities. 
Most  commonly  the  growth  consists  of  one  or  more  large 
cavities  in  the  wall  of  which  tliere  are  countless  small 
cysts.  Traces  of  the  septa  can  usually  be  seen  in  the 
walls  of  the  larger  cysts. 

As  a  rule,  the  ovarian  cystadenomata  form  roimd 
tumors  which  may  be  more  or  less  nodular  from  the  un- 
e((ual  development  of  the  smaller  cysts.  Usually  there 
is  one  large,  round  chief  cyst  in  wliose  walls  are  small 
nodules  made  up  of  smaller  cysts.  The  whole  has  a 
smooth,  shining,  more  or  less  translucent  capsule  which 
corresponds  to  the  tunics  of  the  follicles.  Adhesions  be- 
tween the  capsule  and  the  peritoneum  are  vei'v  common, 
and  may  be  very  extensive  and  firm.  These  tumors  may 
reach  a  very  large  size  and  surpass  in  weight  e\en  that 
of  the  body.  As  they  increase  in  size  they  usually  .grow 
out  from  the  ovary  into  the  abdominal  cavity,  remuim'ng 
connected  to  the  original  site  of  formation  by  a  more  or  less 
well-developed  pedicel;  in  other  cases  the  growth  is  into 
the  broad  ligament,  forming  intraligamentous  tumors, 
or  between  the  ovarian  ligaments  (interligamentous). 
The  ovary,  as  a  rule,  undergoes  an  early  pressure  atrojihy, 
tlie  pedicel  of  the  growth  being  formed  by  tlie  ovarian 
ligaments,  tube,  and  broad  li.ffament.  all  of  which  become 
very  much  changed  from  the  stretching  to  which  they 
are  subjected.  The  nourishment  of  the  growth  is  to  a 
large  extent  supplied  by  the  development  of  blood-vessels 
iu  the  inflammatory  adhesions  which  are  formed  between 
it  and  the  neighborin.g  structures.  As  the  tumor  increases 
in  size  it  gradually  rises  out  of  the  pelvis  into  the  abdom- 
inal cavity.  Torsion  of  the  pedicel  may  lead  to  comiilete 
necrosis  of  the  tumor,  and  the  resulting  peritonitis  and 
into.xication  caused  by  the  absorption  of  poisonous  prod- 
ucts are  not  infre(|uently  fatal.  Retrograde  changes 
are  also  very  comiuon:  liemorrhage.  sujipuration.  etc. 
Thin-walled  cysts  may  burst  and  discharge  their  contents 
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into  tlio  abdominal  cavity.  In  this  way  large  masses  of 
nuicin  or  colloid containins  material  may  be  spread  all 
over  the  ]ieritoiieal  surface,  often  to  the  depth  of  several 
inches.     This  is  partly  absorbed  and  partly  undergoes  a 


Fig.  1567.— Simple  Multlknular  Cystiulenouia  nf  Oviiry.    ( Eulenljerg's 
Encyclopaedie."* 

partial  organization  (pseudomy.xonia  peritonei).  Trans- 
plante<l  jiortions  of  the  cyst  epithelium  lying  in  this  may 
midcrgo  proliferation  and  form  cysts  similar  to  the  parent 
growth  after  the  manner  of  a  true  metastasis.  After  rup- 
ture the  cyst  walls  may  become  glued  together  by  fibro- 
blastic adhesions  and  complete  obliteration  ultimately 
take  place. 

Three  forms  of  ovarian  cystadenomata  may  be  recog- 
nized:  the  cystadenoma  simplex,  the  papuliferous  form, 
and  the  cystic  papilloma. 

The  xi'iijiU  i-i/xl.Khiii'iiiii  has  smooth  inner  walls  lined 
with  colunmar  cells  which  for  the  greater  part  are  gob- 
let cells,  and  also  frequently  show  fatty  degeneration, 
or  necrosis.  Calcareous  plates  may  be  formed  in  such 
degenerating  epithelium.  The  contents  are  usually  of  the 
nature  of  glairy  mucus,  but  may  he  serous,  or  thick  and 
colloid  like.  They  may  be  much  changed  in  character 
by  products  derived  from  the  degenerating  epithelium, 
by  hemorrhages,  or  by  iuHammatory  exudates.  Pseudo- 
mucin  i.- constantly  found  in  the  contents,  but  the  propor- 
tion |iresent  dilTers  very  much  in  ditferent  tumors.  It  is 
a  nuicoid  body  which,  on  boiling  with  acids,  yields  a  re- 
ducing substance,  does  not  coagulate  on  boiling,  and 
dilTers  from  mucin  in  that  it  is  not  precijiitated  by  acetic 
acid.  The  so-called  paralbvunin  found  in  the  cyst  con- 
tents is  only  a  mixture  of  albumin  and  pseudomucin. 
The  cystadenoma  simjdex  is  a  benign  tumor  in  that  it 
grows  only  by  expansion,  and  prodiices  no  luematogen- 
o\is  or  lynipliogenous  metastases.  Rarely  it  spreads  over 
the  jieritoniMnn  by  means  of  implantation  metastasis  after 
rupture  of  its  walls. 

The  p(i]iiU(irii  form  of  the  ovarian  q/stoma  arises  in 
the  sjime  manner  as  the  simple  form,  but  differs  from  it 
in  its  temlency  toward  proliferations  of  its  lining  epi- 
thelium, not  only  into  the  wall  in  the  formation  of  new- 
cysts  but  also  in  the  shape  of  projections  into  the  cyst 
cavities.  The  connnective  tissue  of  the  stronui  follows 
these  c-pitlielial  buds  so  that  a  true  papillary  formation 
is  brought  about.  This  process  may  be  observed  in  all 
stages  in  ditferent  cysts,  from  the  formation  of  small  epi- 
thelial buds  giving  a  velvety  appearance  to  the  wall  when 
seen  by  the  uakeil  eye.  uji  to  the  complete  filling  of  the 
cavity  with   a   caulillower-like   mass   of    dendritically- 


branching  papillic.  The  proliferation  yf  the  papilla-  may 
go  so  far  as  to  lead  to  perforation  of  the  walls  of  the 
tumorand  thegrowthof  the  papiihe  on  the  outer  surface 
of  the  capsule,  and  overthe  neighboring  iieritoncnm.  All 
stages  of  transiliiin  forms  exist  belween  the  pure 
cystailenoma  simplex  and  the  growths  showing  this 
excessive  development  id'  papillie.  The  growth  of 
the  pajiillary  forms  is  usually  not  so  rapid  as  that  of 
the  simple  form;  it  dilfers  further  from  the  latter  in 
that  its  contents  are  serous,  very  rarely  cotilaining 
pseudo-nuicin ;  and  is  most  freiiuently  double-sided 
in  its  occurrence,  anil  rarely  exceeds  the  size  of  a 
man's  head.  Its  epitbiliuni  is  occasionally  ciliated. 
For  this  riasiiii  this  form  b.-is  been  lielieved  lo  arise 
from  Ibe  parovarium  rather  than  from  the  ovary.  It 
has  been  shown,  however,  that  the  germinal  cjii- 
theliuni  under  certain  conditions  becomes  changed 
to  ciliated  epithelium.  I'sauuuoma-like  concretions 
and  calcareous  plates  are  of  very  common  ocenr- 
rence  in  the  papiihe  of  these  growths.  This  form 
has.  further,  a  greater  tendency  toward  malignancy 
than  has  the  simple  cystadenoma.  In  about  thirleen 
Iter  cent,  of  ca.ses  the  papillary  cysts  give  ri.se  to 
implantation  metastases,  and  the  ilcvclojunent  of 
carcinoma  out  of  these  growths  is  not  infre(|uent. 
Sarcomatous  changes  are  also  said  to  take  place  in 
the  stroma,  but  these  cases  are  doubtful.  Since  the 
growth  of  the  [lapillary  forms  is  usually  interliga- 
mentous,  their  removal  is  attended  liy  greater  difli- 
cullies  than  in  thecase  of  llu-  cysladennnia  simplex. 
Tlwri/xtic  jMijii/loiiiii  <t(  the  ovary  {so-called  surface 
papilloma)  forms  usually  a  mass  about  the  size  of 
an  orange,  having  a  caulitlower  like  surface  com- 
posed of  papiihe  covered  with  sim|de  or  ciliated 
colunmar  epithelium.  These  growths  arise  for  the 
greater  part  from  papillary  jiroliferations  of  the  surface 
germiiuil  epithelium;  through  cystic  changes  in  these 
and  in  the  ovary  the  growth  takes  on  the  character  of 
a  true  cvstadenoma.  In  some  cases  the  origin  is  from 
a  ruptured  papuliferous  cyst  whose  papiihe  spread  over 
the  external  capsule.  This  form  shows  an  especial  ten- 
dency to  carcinomatous  change,  and  very  freijuently  sets 
up  implantation  metastases.  It  is  more  likely  to  recur 
than  the  other  forms.     It  is  most  frequently  oue-siiled, 
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while  in  the  other  ovary  there  is  almost  always  present 
a  papilliferous  cystadenoma.  Ascites  is  almost  always 
as.sociateil  with  the  surface  papilloma. 

Cystadenomata  of  the  ovary  can  also  arise  from  ovar- 
ian "teratomata,  iu  whose  glandular  spaces  cystic  dilata- 


343 


Cystloercus  Cellu- 
Cystoscopy.         [losa.*. 


REFERENCE  HANDBOOK   OF  THE  JIEDICAL  SCIENCES. 


tion  associated  with  epithelial  proliferation  is  of  frequent 
occurrence.  Dermoid  cysts  are  very  often  found  in  as- 
sociation with  cystadenomata  arising  from  the  germinal 
epithelium,  usually  those  of  the  smooth-walled  variety. 

In  the  majority  of  ovarian  cystadenomata  the  chief 
symptoms  arise  from  pressure  upon  the  neighboring 
organs.  The  uterus  and  tubes  are  pushed  out  of  their 
normal  positions,  and  in  the  case  of  very  large  tumors 
the  abdominal  organs  may  suffer  a  similar  disjilacemcnt. 
Pressure  atrophy  may  result.  Local  or  general  peritoni- 
tis, inflammatory  adhesions,  ascites,  hemorrhages,  gan- 
grene following  torsion 
of  the  pedicel,  puru- 
lent infection  of  the 
tumor  through  aspira- 
tion, etc..  are  among 
the  important  seqiielte 
of  the  development  of 
these  t  u  m  o  r  s.  The 
treatment  is  wholly 
surgical. 

PiiroTiifiiim.  — Cyst- 
adenomata  of  the  paro- 
varium arc  of  much 
less  frequent  occur- 
rence than  those  of  the 
ovary.  They  arise 
through  iiroliferation 
of  the  small  canals  of 
this  organ,  are  intra- 
ligamentous, and  sel- 
dom reach  a  large  size; 
very  rarely  they  grow 
around  the  tube.  Their 
walls  are  smooth  and 
lined  with  ciliated  epi- 
thelium. They  are  be- 
nign in  manner  of 
growth.  Occasionally 
the}-  may  rupture,  but 
this  event  is,  as  a  rule, 
not  attended  by  serious 
consequences. 

Utcri/s.  — Cy  stadeno- 
rtata  of  the  wall  of  the 
uterus  arising  from 
remnants  of  the  "Wolf- 
fian duct  have  been 
described.      They    are 

not  infrequently  associated  with  myofiliromata,  and 
this  association  is  at  times  so  intimate  that  they  may  be 
designated  cystadeno-myofibromata.  Cystailenomata  of 
the  endometrium  develop  out  of  adenomatous  polyps, 
but  rarely  reach  a  large  size.  They  may  become  car- 
cinomatous. Polypoid  growths  from  the  cervi.x,  of 
the  nature  of  cystadenomata,  are  much  more  common. 
They  usually  follow  the  glandular  hyperplasia  result- 
ing from  ectropion  and  laceration  of  the  cervi.\,  but  may 
be  of  congenital  origin.  Carcinoma  may  develop  from 
them. 

Mammai'p  Gl<ind. — Ne.xt  to  the  ovary  the  manunary 
gland  is  the  organ  most  frequently  affected  by  cyst- 
adenoma.  The  adenoma  of  the  mamma  is  one  of  the 
most  common  tumors,  and  its  gland  spaces  show  an 
especial  tendency  to  cystic  dilatation.  With  the  for- 
mation of  new  glandular  tissue  there  is  usually  at  the 
same  time  an  excessive  proliferation  of  the  connective 
tissue  of  the  stroma  so  that  the  resulting  tumor  has  been 
called  cystadenotibroma  or  cystofibroma.  The  walls  of 
the  cysts  may  be  smooth,  but  are  usually  more  or  less 
pai)iliiferous.  The  papilhe  are  characteristic  in  that  they 
usually  take  the  form  of  broad,  rounded  growths  into 
the  gland  spaces  whose  lumen  they  almost  entirely  till. 
On  cross-section  the  cyst  cavities  apjjear  as  narrow  tor- 
tuous canals  lined  with  epithelium;  many  of  the  papilhe 
may  be  cut  in  such  a  manner  that  they  appear  as  islands 
of  connective  tissue  surrounded  b}-  epithelium  (intra- 
canalicular  cystofibroma).     Very  frequently  the  stroma 


Fig.  1569.— Surlace   Papilloma  ;('.v.>tii-  I'avjilluma)  of  Ovary.    (Eulenberfr's 
■■  Real-Encyclopaedie.") 


of  the  papilliE  becomes  myxomatous  in  character,  and 
occasionally  it  shows  such  marked  tendency  toward  pro- 
liferation that  such  growths  have  been  designated  as 
cystosarcomata.  The  cystadenomata  of  the  mamma"  are 
more  malignant  than  the  adenomata.  The  papilliferous 
forms  may  break  through  the  skin  and  form  surface 
growths.  They  very  often  become  carcinomatous,  and 
the  present  tendency  with  many  pathologists  is  to  class 
these  growths  with  the  malignant  tumors. 

Cystadenomata  occur  less  frequently  in   the   liver  and 
kidneys.     Their  origin   is  either    in    adenomata   arising 

from  the  bile  ducts  or 
kidney  tubules  or  in 
cysts  arising  through 
some  congenital  dis- 
turbance of  develop- 
ment. Cystadenomata 
of  the  pnncreas  are 
rare.  They  arise  from 
I  he  acini  or  collecting 
ducts.  Cystadenomata 
of  the  t/ii/roid,  jinmtute, 
testis,  salivary  glands, 
laehrymiil  gland,  skin 
j/hiiids,  etc.,  are  all  of 
infrequent  occurrence. 
Further,  cystadeno- 
mata may  arise  from 
teratomata  containing 
g  1  a  n  (1  u  1  a  r  tissue  or 
from  fo'lal  inclusions 
of  glandular  type.  The 
cystic  growths  found 
very  rarely  in  the  me- 
iliastinum  and  alidom- 
inal  wall  near  the  um- 
bilicus belong  to  this 
class.  The  latter  arises 
from  remains  of  the 
o  m  p  h  a  1  o  -  mesenteric 
duct. 

On  the  whole,  cysta- 
denomata are  more  ma- 
lignant growths  than 
a  d  e  n  o  m  a  t  a.  They 
cause  greater  local  dis- 
turbance from  their 
great  size,  give  rise  to 
secondary  intlamma- 
to  rupture.  The  papil- 
to  implantation   metas- 


t(>ry   changes,    and   are  likely 
liferous   forms   may   give    rise 

tases,  and  in  all  forms  of  cystadenomata  there  is  a  decided 
tendency  toward  the  development  of  carcinoma.  Recur- 
rence after  removal  is  also  more  common  in  the  case  of 
the  papillary  forms  than  with  adenomata.  The  ditTer- 
ential  diagnosis  is  based  chiefly  upon  the  presence  of  au 
clastic,  fluctuating  tumor.  Aspiration  may  be  of  aid  in 
diagnosis  and  also  as  a  means  of  decreasing  the  size  of 
very  large  cysts  so  as  to  admit  of  their  removal.  The 
treatment  is  wholly  surgical.  The  prognosis  after  re- 
moval of  the  growth  is.  on  the  whole,  very  favorable, 
but  the  tendency  of  papilliferous  cystadenomata  to  recur 
must  be  borne  in  mind.  When  rujiture  of  the  cyst  has 
occurred  implantation  meta.stases  shdvdd  always  be  looked 
for,  and  the  same  precaution  should  always  be  taken  in 
the  case  of  papilliferous  growths  of  the  ovary  even  if 
rupture  into  the  abdominal  cavity  has  not  taken  place. 
The  tendency  of  the  cystolibromata  of  the  mammary 
gland  to  become  carcinomatous  makes  their  early  re- 
moval desirable.  Aldred  Scott  Warthin. 

CYSTICERCUS  CELLULOS/E.     See  Cesimla. 

CYSTICERCUS  CELLULOS/E  CUTIS.  —  Multiple 
cysts  of  the  skin  due  to  cysticerci  have  been  recognized 
by  many  observers.  This  disease  consists  of  small-sized 
subcutaneous  tumors  due  to  the  invasion  of  the  cysticer- 
cus  celluloste  teke  (the  cystic  stage  of  the  Taenia  solium). 
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]y[ost  of  the  cases  occur  in  countries  where  half-cooked 
pork  is  eaten.  It  is  stated  tliat  five  per  cent,  of  tlie  ca.ses 
of  Ta'nia  solium  alTeet  tlie  skin.  The  reason  that  few 
eases  liave  been  reeonied  is  proliably  due  to  the  fact  that 
their  jiresenee  causes  no  symptoms,  and  consequently  tlie 
inleirument  is  not  examined. 

The  minors  ranjre  from  the  size  of  a  pea  to  that  of  a 
hazelnut,  and  may  he  single.  l)Ut  are  usually  multiple. 
They  (leeureliiitly  on  the  back  and  sides  of  the  trunk,  less 
frenucntly  on  the  e.\tremities.  They  are  subcutaneous, 
but  raise  the  skin  into  an  oval-shaped  tumor  of  a  carti- 
lasrinous  tirnuiess,  but  withal  elastic.  The  surfa<e  is 
smooth  and  the  skin  normal,  unless  injured  by  tnunna  or 
suppuration  of  tin'  underlyinsi  tissues.  While  theanimal 
is  alive  the  tumor  retains  its  elasticity,  but  becomes  cal- 
cified intoa  hard  noduli'  after  it.s  death.  The  differential 
diagnosis  practically  includes  all  subcutjtneous  swellings 
an(i  growths. 

Cysticerci  also  often  involve  the  brain,  and  in  the  diag- 
nosis any  enceplialopathie  affection  present  {(.</. .  giddi- 
ness, headache,  lorpor,  fits),  and  theabsenee  of  any  syphi- 
litic history,  should  strengthen  the  suspicion  as  to  the 
nature  of  the  skin  affection. 

The  (liiif/ii'w'n  can  always  be  confirmed  by  microscop- 
ical examination  of  oiu'  of  the  tumors  or  of  the  fluid, 
which  may  he  obtained  through  puncture.  Such  an  ex- 
amination will  disclose  the  hooklets. 

William  A.  Bardaway. 

CYSTINURIA.    See  Auto-Intoxications 

CYSTOMA.     See  Cysts. 

CYSTOSCOPY.  —  Cystoscopy  may  be  defined  as  a 
method  cif  in-ipecting  the  interior  of  the  bladde/  by  means 
of  an  instriunent  introduced  through  the  urethra.  This 
became  possible  for  the  male  bladder  only  when,  in  1879. 
Xitze.  of  Dresden,  perfected  an  instrument  by  which  he 
could  illuminate  the  interior  of  the  bladder  by  a  platinum 
wire  heated  to  a  white  heat  by  electiicity  ami  prevented 
from  burning  the  bladder  wall  by  a  constant  current  of 


Fl«.  1.^70.— Fenwielc-Leiter  Cystoseope.  Lamp  and  windows  for  ob- 
senaUon  on  the com-ave  side  of  the  instrunieni.  Arm  attached  at  a 
right  anplt?  1*1  Uie  handle  Is  the  movable  switch  to  which  wirvs  from 
a  l>al(«ry  arc  allactied.     (Original.) 

cold  water.  The  complications  of  this  instrument,  how- 
ever, were  sucli  that  the  white  hot  wire  soon  gave  place 
to  a  small  Edison  incandescent  lamp,  wliich  greatly  sim- 
plified the  process  and  improved  the  illumination. 

The  instrument  now  in  use  retains  the  essential  feat- 
ures of  Nitze's  cystoscope,  and  consists  of  the  tollow- 


FIG.  1571.— Fenwick-Leiter    Cystoscope,  Second    Variety.     Window 
and  lamp  on  the  convex  side  of  the  instrument.    (Original.) 

ing  parts;  a  shaft,  a  beak,  a  light,  a  window  through 
which  the  blailder  wall  is  seen,  and  an  optical  apparatus 
contained  in  the  shaft,  l)y  means  of  which  the  image  is 
corrected  and  brought  to  the  eve.     The  shaft  is  a  hoTlow 


metal  tube,  from  eight  to  nine  and  one-half  inches  in 
length.  an<l  usually  of  the  calibre  Xf).  22  of  the  French 
scale.  At  the  outer  end  of  the  shaft  is  a  funnel  shapeil 
enlargement  which  contains  the  eyepiece  of  the  optical 


Fig.  1.57.;.— .Allmrran'sCatheterizIng  and  Irrlirattnc Cystoscope.  Shows 
c»thet<*r  in  i>osition  and  elevated  to  its  fiUl  extent  by  tbe  screw  la 
tlie  handle.     (Orli^lnal.) 

apparatus  and  b.v  which  the  instrument  can  be  held  (see 
Fig.  I.ITI).  The  beakisthrec  fourths  of  an  inch  in  length, 
and  is  fastened  to  the  shaft  at  an  aii.u'le  of  14.")  .  This 
beak  carries  the  lamp,  and  has  an  aperture  through 
which  the  light  shines.     The  window,  through  which. 


^^ 


Fig.  I.i73.  — .^Ibarran'sCatheterizingand  Irrigating  Cvstoscope.  Irri- 
gating attachment.  Water  is  injwied  into  the  bladder  by  the  chan- 
nel previously  wcupied  by  Ibe  catheter.    UJriginal.) 

the  bladder  wall  is  seen,  is  situated  on  either  the  convex 
or  the  concave  side  of  the  angle,  between  the  beak  and  the 
shaft.  When  placed  on  the  convexity  of  this  angle  it  isin 
the  axis  of  the  shaft  and  admits  of  a  direct  view  of  the 
bladder  wall  toward  which  it  is  pointed.  When  the  win- 
dow is  on  the  concave  side  of  the  angle  the  image  of  the 
bladder  wall  is  received  by  a  prism  which  turns  it  at  a 
right  angle  into  the  axis  of  the  shaft  of  the  instrument. 

The  optical  apparatus  contained  in  a  tube  within  the 
shaft  has  a  lens  just  at  the  window  in  the  bladder,  and 
another  at  the  end  toward  the  observer. 

The  convergent  niys  which  enter  the  little  window 
within  the  bladder  are  deflected  and  carried  up  the  axis 
of  the  tube  to  be  received  by  the  lens  at  the  upper  end; 
this  lens  again  disperses  them  and  presents  to  tlie  eye  an 
image  equivalent  to  that  received  by  the  first  lens.  Thus 
a  portion  of  the  bladder  wall  much  larger  than  the  aper- 
ture is  presented  to  the  eye.  The  effect  is  much  the  same 
as  if  the  eye  were  carried  down  to  the  lower  opening  and 
directly  inspected  the  bladder  through  it. 

In  order  to  connect  the  lamp  with  the  battery,  the 
shaft  is  made  of  two  tubes,  one  within  the  other,  which 
are  separated  from  each  other  by  insulating  material. 
Through  them  the  current  is  carried  and  nuiv  be  turned 
on  and  off  bv  a  switch  attached  to  the  handle.  These 
tulles  take  up  space  and  diminish  the  lumen  of  the  in- 
strument. To  obviate  this  difliculty  Otis  has  recently 
devised  an  instrument  in  which  the  electricity  is  conveyed 
through  very  fine  wires. 

While  the  principle  of  the  cvstoscope  has  not  been 
altered,  it  has  undergone  many  modifications  to  enlarge 
its  usefulness.  Thus  it  has  been  found  that  one  of  the 
most  common  causes  of  failure  to  get  a  gooil  view  of  the 
bladder  is  the  presence  of  blood  or  pus  in  the  solution 
with  which  tlu'  bladder  is  filled.  This  may  be  obviated 
in  a  measure  by  the  arrangement  of  an  extra  tube  in  the 
shaft,  connecting  with  a  sto|)coek  in  the  handle,  through 
which  the  Huid  in  the  bladder  can  be  changed  from  time 
to  time  without  disturbing  the  instrument  or  turning  off 
the  light.  Instruments  thus  equipped  are  known  as  irri- 
gating cystoscopes,  and  the  improvement  isiu  some  cases 
of  value. 
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The  success  which  attended  the  efforts  to  cathetcrize 
the  ureter  iu  the  female  bladder,  and  the  infunnatidn  ob- 
tained in  this  wa.v,  naturally  led  to  similar  attempts  iu 
the  male.     To  this  end  various  modifications  of  the  cj's- 


FIG.  1.574. — .Showing  the  position  of  a  catheterizinsr  cystoscope  with 
window  on  oonve-\ily  at  the  moment  when  a  eatheter  is  being  in- 
troduced into  the  left  ureter.     ( From  F.  Tllden  Brown. ) 

toscope  have  been  devised  to  enable  the  operator  to  in- 
troduce an  ureteral  catheter  under  the  guidant'e  of  the 
eye. 

The  operation  of  cystoscopy  is  not  difficult,  but  for 
its  thorough  performance  some  skill  and  patience  are 
required.  The  interpretation  of  the  conditions  seen  is  by 
no  means  easy,  and  considenilile  experience  is  needed  for 
the  correct  uiiderstandini:  of  them. 

The  patient  may  be  placed  horizontally  on  his  back, 
or  in  the  lithotomy  position,  accoi'diug  to  the  individual 
preference  of  the  operator.  The  bladder  shoiild  be 
washed  out,  and  the  irrigation  should  be  continued  until 
the  wash  water  I'eturns  clear. 

If  cocaine  is  to  be  used  as  the  ana?sthetic  it  should  be 
introduced  at  this  time,  but  the  fact  must  be  borne  in  mind 
that,  while  the  mucous  membrane  of  the  bladder  in  health 
absorlis  slowly  and  imperfectly,  an  ulcerated  or  diseased 
bladder  may  absorb  with  great  rapidity.  When  ether  or 
chloroform  is  used,  the  patient  should  be  ftdly  ana-s- 
thetized  before  the  cystoscope  is  introduced. 

The  bladder  should  be  distended  with  four  or  five 
ounces  of  a  two-percent,  solution  of  boiic  acid.  In  case 
of  an  over-distended  and  atonic  bladder,  even  more  than 
this  amount  of  solution  may  be  introduced.  The  instru- 
ment, lubricated  with  glycerin  or  other  clear  lubricant 
which  will  not  cloud  the  window,  is  then  passed  in  the 
same  manner  as  a  sound,  care  being  taken  not  to  start  up 
Ijleeding.  After  the  instrument  has  thoroughly  entered 
the  bladder,  the  light  may  be  turned  on,  and  at  the  same 
time  the  room  should  be  darkened.  By  using  the  cysto- 
scope that  looks  out  posteriori)-,  the  floor  and  fundus  of 
the  bladder,  and  also  the  sides  for  a  considerable  distance 
above  the  ureteric  orifices,  may  be  examined.  Now  by 
changing  the  instrument  and  taking  the  one  which  looks 


out  anteriorly,  the  operator  may  inspect  the  fi-ont  wall  of 
the  bladder  and  the  parts  above  the  ui-ethral  oriliee.  This 
examination  should  be  .systematic  in  order  that  no  part 
of  the  bladder  may  be  overlooked. 

The  limits  of  this  article  will  not  permit  of  any  detailed 
description  of  the  cystoscopic  pictures,  but  will  confine 
us  to  a  brief  consideration  of  the  conditions  iu  which 
c3"stoscopy  ma_v  be  of  use. 

Tumt'i-  I'f  t/ie  Bliiddir. — The  cystoscope  affords  often 
the  most  perfect  opjiortunity  for  making  an  early  and 
positive  diagnosis  of  tumor.  As  the  use  of  the  instru- 
ment becomes  more  and  more  common  it  is  to  be  expected 
that  tumors  will  be  detected  early,  before  they  have  out- 
grown the  possibility  of  thorough  and  radical  removal. 
The  pictures  presented  by  tumois  aie  often  characteristic 
and  easily  undei'stood.  On  the  other  hand,  the  examina- 
tion is  often  very  difficult,  or  indeed  impossible,  by 
reason  of  the  hemorrhage  which  entirely  prevents  a  clear 
picture. 

It  is  well  to  remember  that  in  a  bladder  not  very  fully 
distended  the  folds  of  mucous  membrane  may  present 
misleading  pictures  closely  simulating  some  forms  of 
tumor.  A  mistake  from  this  catise  may  usually  be 
avoided  by  fully  distending  the  bladiler.  and  it  is  one 
which  is  but  little  likely  to  occur  in  the  hands  of  an  expert. 
With  an  irrigating  cystoscope  a  jet  of  water  may  be 
thrown  into  the  bladder  during  the  examination,  thus 
making  a  pedunculated  tumor  move  in  such  a  way  that 
the  operator  may  judge  of  the  nature  and  extent  of  its 
attachment  to  the  bladder  wall. 

Exitmination  of  an  Hi/pertn/p/iitd  Pmiititti . — The  por- 
tions of  the  prostate  which  pi-oject  back  into  the  bladder 


Fig.  1.57.5.— Showing  the  process  of  catheterizing  the  left  ureter 
throuerh  a  cystoscope  having  window  on  the  concavity.  (From  F. 
Tilden  Brown.) 

can  be  quite  thoroughly  and  satisfactorilj'  examined 
through  the  cystoscojie.  The  knowledge  thus  obtained 
may  be  of  decided  value  in  determining  the  operative 
procedure  appropriate  to  each  case. 

SiieciiJiitiil  Bhiihh  I-. — There  are  cert^iin  cases  of  saccu- 
lated bladder  in  which  the  cystoscope  is  a  great  aid  in 
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Cysloaropy. 
CyslH. 


(liasiKisis.  The  pockets  maj'  contain  stones  or  give  rise 
to  conditions  rcsultini!;  in  the  forniiitioii  of  stone,  and  in 
sndi  cases  an  early  and  accurate  diaiiuusis  is  dillicult  or 
iinpossil)le  witlmiit  tlie  ai<l  of  the  cystoscope.  A  more 
frciiiu'nt  use  of  this  instrument  might  lead  to  a  more  iu- 
tellii.'1-nt  treatment  of  the  <iliscure  conditions. 

i'li'iiiiliii:i  '■/  till'  lllinhhr  \Viill. — It  is  rare  to  see  t lie 
Madder  wall  ulcerated  e.\cept  as  the  result  of  malignant 
disease  or  tuberculosis.  It  is  usually  possible  to  make 
the  diagnosisof  tuberculosis  without  tlieaid  of  the  cysto- 
scoiie;  and  this  is  fortunate,  for  the  manipulations  of  a 
thorough  cysloscopic  e.\ainination  often  greatly  aggra 
vate  the  discomfortsof  a  tuberculous  patient  and  in  some 
cases  even  seem  to  hasten  the  course  of  tlie  disease.  This 
is  especially  due  to  the  danger  of  adding  a  mi.xed  infection 
to  tile  existent  tuberculous  process. 

Kiiiiiihiiitiiiii  I'f  t/ii  Uriiir. — Inspecticm  of  the  tireteric 
oritice  is  possible  through  the  cystoscope  and  may  alTord 
valuable  information  as  to  the  condition  of  the  kidneys. 
In  ha'iuatnria  or  pyuria,  for  example,  a  cloudy  jet  of 
blood  or  p\is  from  the  ureter  convicts  the  corresponding 
kidmy  of  being  the  seat  of  the  hemorrhage,  or  of  some 
iiillammatory  i>rocess.  The  desire  to  extend  the  examina- 
tion further  and  to  get  still  more  exact  information  as 
to  the  condition  of  each  kidney  has  led  to  the  use  of  ure- 
teral catheters,  through  the  cystoscope.  Brenner.  Caspar. 
Albarran.  Otis,  15ro\vn.  and  others  have  devised  a  modifi- 
cation of  the  eystosco|)e  which  makes  this  procedure  pos- 
sible. For  a  more  complete  discussion  of  tliis  subject  the 
reader  is  referred  to  the  article  on  Ciil/ieteriiim. 

DitietiiDi  of  Funii/n  BmlitK. — The  cystoscope  is  occa- 
.sionally  usefid  in  demonstrating  the  presence  of  foreign 
bodies  in  the  bhidder.  In  this  way  pins,  silver- .vire 
sutures,  and  silk  S'ltures  w  liicli  were  working  their  waj- 
into  the  bladder  have  been  seen  and  removed. 

Art/iiir  T.  Ciibot. 
Uugh  Ciibot. 

CYSTS.  (See  also  Ci/stndenoma.) — A  cyst  is  a  circum- 
scribed cavity  containing  a  more  or  less  iinid  substance, 
<n-  in  rare  cases  gas,  shut  off  from  the  neighboring  tissues 
liy  a  more  or  less  independent  wall,  and  owing  its  origin 
to  jiathological  processes.  To  this  definition  there  are, 
however,  a  number  of  exceptions.  Pericardial,  pleural, 
and  peritoneal  elTusions,  tubcrcidous  cavities,  abscess 
caverns,  sinuses,  etc.,  as  well  as  simple  dilatations  of  the 
hollow  organs  of  the  body  (stomach,  colon,  bladder,  etc.), 
in  which  the  normal  wall  as  well  as  the  form  of  the  organ 
is  preserved,  are  not  as  a  rule  designated  as  cysts.  A 
distinction  is  also  made  by  some  writers  between  cysts 
possessing  a  well-detined  wall  and  those  wliose  wall  con- 
sists only  of  the  surrounding  tissue,  the  latter  being  termed 
cystoid.  On  the  other  hand  a  distinction  must  be  made 
between  the  true  cysts  and  the  cystic  neoplasms.  The 
latter  are  to  l)e  classed  as  cystomata  or  cystadenomata. 
It  is  very  difticult.  however,  to  lix  the  boimdary  line  lif*- 
tween  the  cyst  and  the  cystoma.  In  the  development  of 
every  cyst  a  certain  tlegree  of  proliferation  of  its  wall 
must  take  place  to  conipens;ite  for  the  increasing  size  of 
its  cavity,  else  defects  in  its  wall  would  result.  This 
tendency  of  the  cyst  wall  to  proliferation  is  more  marked 
in  some  eases  of  cyst  formation  than  in  others,  conse- 
quently it  sometimes  becomes  very  diflicult  to  fix  the 
exact  nature  of  the  cyst.  As  a  general  point  of  difTeren- 
tiation  it  may  be  taken  tliat  all  cystic  growths  which 
through  the  proliferation  of  tlie  elements  of  their  walls 
constantly  form  new  cysts  are  to  be  classed  with  the 
cystomata.  In  connection  with  such  growths  there  is 
usually  a  i>athological  formation  of  new  gland  tissue  to 
which  the  cystic  change  is  almost  always  secondary. 
The  character  of  the  growtli  is  tlierefore  more  i>roperly 
expres.sed  by  the  term  cystadenoma.  In  the  true  cyst 
the  proliferation  of  the  cyst  wall  is  confined  to  that  of 
the  original  cyst  and  there  is  no  progressive  formation  of 
new  glandular  tissue.  It  must,  however,  be  borne  in 
mind  that  cystomata  very  frequently  take  their  origin 
from  simpU-  cysts. 

Cysts  may  vary  in  size  from  a  pinhead  to  a  man's  head 


and  occasionally  much  larger.  They  may  consist  of  Viut 
one  cavity  (simple  or  unilocular  cyst),  or  they  may  be 
many-chambered  (e(ini|)ouiid  or  mulliloculurcysts).  "The 
chambersof  a  mulliloeulareyst  are  usually  very  iricgular 
in  size  and  shape,  and  mayor  may  not  communicate  with 
each  other.  Communication  between  the  cavities  may 
occur  primarily  in  cases  in  which  an  entire  acinous  trland 
becomes  chnnged  into  a  cyst,  as  may  hajipen  in  the  case 
of  the  salivary  glands.  Secondary  communication  may 
be  established  through  rupture  oratrojihy  of  the  partition 
walls.  Completi'  destruction  of  tliese  transforms  a  niulti- 
locular  cyst  into  a  unilocular.  On  the  other  hand,  a 
cyst  of  a  single  cavity  may  through  proliferation  of  its 
walls  become  chiinge<l  to  one  of  several  or  many  chambers. 
Obliteration  of  a  cyst  cavity  may  result  from  organization 
or  solid!  beat  ion  of  its  eoiiteiits,  or  nipt  u  re  of  tliecvsl  may 
be  followed  by  its  eolla])se  and  s\ibse(|Ueiit  union  of  its 
walls  through  fibroblastic  adlicsions.  The  inner  wall  of 
the  cyst  cavity  may  lie  smooth  (simple  cyst),  or  may  be 
papilla'y  (papilliferons  or  proliferous  cyst).  Cysts  in 
their  occurrence  may  be  single  or  mulfiple.  JIultiple 
cyst  formation  in  a  numlier  of  adjacent  cavities  may  as- 
sume the  apiiearanee  of  a  multiloeular  cj'st  through  the 
atrophy  of  tlie  intervening  tissues. 

The  essential  elements  of  the  cyst  are  the  cyst  wall  and 
the  cyst  contents.  The  latter  must  be  different  in  nature 
from  the  former,  but  both  bear  certain  definite  relations 
to  each  other.  Either  one  or  the  other  may  be  the  primaiy 
agent  in  the  formation  of  the  cyst.  In  the  case  of  the 
li(luefaction  of  necrosed  tissues  or  in  the  formation  of  a 
capsule  around  a  parasite  the  wall  is  dcvelo]ieil  secondarily 
to  the  contents,  wliile  in  otherforms  of  cysts  thecontents 
are  the  result  of  secretion  by  the  elements  of  the  cyst 
wall.  In  these  cases,  however,  the  retention  of  secretions 
and  the  consequent  stretching  of  the  wall  are  the  factors 
which  excite  further  proliferation  in  the  elements  of  the 
wall. 

As  a  rule  the  cyst  wall  consists  of  a  connective  tissue 
membrane  of  greater  or  less  thickness  separating  tlie  cyst 
contents  from  the  neighboring  tissues.  It  may  be  thick 
enough  to  be  visible  to  the  naked  eye,  or  may  be  evident 
under  the  microscope  as  a  very  delicate  filirous  layer,  or 
only  as  a  thickened  layer  of  tlie  surrounding  tissues, 
while  in  other  cases  the  cyst  contents  may  lie  in  direct 
contact  with  these  without  any  proper  intervening  mem- 
brane. Very  frequently  the  cyst  wall  is  so  independently 
developed  as  to  render  it  possible  for  the  cyst  to  be  easily 
shelled  out  from  the  surrounding  tissues.  In  other  eases 
the  wall  may  become  thickened  through  inflammatory 
processes  and  so  intimately  adherent  to  the  neighlioring 
structures  that  its  separation  from  them  becomes  difficult 
or  impo.ssible.  In  a  general  way  the  thickness  of  the 
cyst  wall  will  depend  both  upon  the  age  of  the  cyst  and 
upon  the  degree  of  pressure  within  it.  In  the  early  stages 
of  foriuation  the  cyst  may  possess  no  definite  wall,  while 
later  a  thick  fibrous  capsule  may  gradually  develop.  On 
the  other  hand  an  originally  thick  capsule  may  be  thinned 
from  a  great  increase  of  pressure  within  the  cyst.  De- 
posits of  fibrin,  lime  salts,  etc.,  upon  the  inner  stirface  of 
the  wall  may  cause  its  apparent  thickening.  The  con- 
nective-tissue capsule  of  the  cyst  may  have  either  an  epi- 
thelial or  an  endothelial  lining,  or  the  cyst  contents  may 
lie  in  direct  contact  with  the  connective  tissue  of  the 
wall  or  with  the  surrounding  tissue.  This  will  deiiend 
chiefly  tqion  the  anatomical  origin  of  the  cyst,  the  cliar- 
a<-ter  of  the  inner  lining  of  the  capsule  being  the  same  as 
that  of  the  cavity  from  which  the  cyst  arose.  Kpitbelium 
will  be  foimd  only  in  those  cysts  which  arise  from  spaces 
originally  lined  with  epithelium,  and  from  the  character 
of  the  epithelial  cells  lining  the  cyst  it  is  possible  within 
certain  limits  to  tell  its  origin,  ilany  changes,  however, 
take  place  in  the  character  of  the  lining  cells:  originally 
tall  columnar  cells  may  become  cuboidal  or  tlattened, 
ciliated  cills  may  be  changed  to  .simple  columnar  or  fiat- 
tencd.  while  ii  single-layered  epithelium  may  become 
stratified  through  ))roliferation.  Increase  of  pressure 
within  the  ey.st  is  the  chief  factor  in  producing  these 
changes.     For  this  reasou  the  true  character  of  the  lining 
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epithelium  is  best  preserved  iu  the  cysts  of  smallest  size. 
Under  certain  conditions  tlicse  changed  forms  of  epithe- 
lium revert  to  their  original  type.  Cysts  formed  iu 
connective  tissue  or  from  dilatation  of  blood  or  lymph 
spaces  will  be  lined  with  endothelium.  Iuthefirstca.se 
the  endothelium  arises  from  the  proliferation  of  the 
endothelial  cells  lying  iu  the  connective-tissue  spaces. 

Retrograde  changes  are  of  very  frequent  occurrence  iu 
the  cyst  wall  and  the  cells  lining  it.  Mucous  degenera- 
tiou,  as  well  as  hydropic  and  fatty  degeneration  of  tlie 
lining  epithelium,  is  the  most  common.  Desquamation 
and  necrosis  also  occur,  as  well  as  pressure  atrophy. 
Corpora  ainylacea  and  colloid-like  substances  are  also 
found  in  cysts  as  the  results  of  pathological  secretion  of 
tlie  lining  cells.  In  the  counective-tissue  capsule  there 
may  occur  inflamuiatoi'y  processes  of  varied  kinds,  sup- 
l)uration,  hemorrhage,  calcification,  hyaline  change,  and 
even  bone  formation.  Calcareous  plates  may  be  formed 
in  the  cyst  wall  or  the  entire  wall  may  be  completely 
calcified.  Very  rarely  amyloid  is  found  in  cyst  walls 
after  inflammatory  processes.  As  a  result  of  clianges  in 
the  capsule  the  lining  of  the  cyst  undergoes  degeneration 
following  the  dist>irVjance  of  its  nutrition.  <)i)literation 
of  the  cyst  may  result  from  extensive  changes  in  the  wall. 

The  content  of  cysts  varies  greatly  according  to  flieir 
origin.  Itmay  be  serous  with  greater  or  less  albumin  eon- 
tent,  or  it  may  contain  nuicin,  ]iseudo-mucin,  albumose, 
etc..  or  it  may  be  colloid-like,  hemorrhagic,  purulent,  or 
contain  fat.  fatty-acid  crystals,  cholcsterin,  blood  pig- 
ment, etc.  To  tlie  naked  eye  its  appearance  may  be  thin 
and  transparent,  or  thick,  turbid,  opaipie,  varying  in  color 
from  red,  brown,  greenish,  or  gray,  to  yellow  and  white. 
The  eonsistence  may  be  stringy,  gelatinous,  waxy,  slimy, 
juillaceous,  greasy,  etc.  In  rare  cases  the  cyst  may  con- 
tain only  air  or  gas.  The  epithelium  lining  cysts  pro- 
duces a  secretion  somewhat  analogous  to  that  of  the  gland 
from  which  it  has  its  origin,  but  owing  to  the  retrograde 
changes  occurring  in  the  eiiilhelial  cells  tlie  chemical  na- 
ture of  the  secretion  comes  to  ditler  greatly  fi'om  that  of 
the  normal.  According  to  the  nature  of  these  changes  it 
may  become  serous,  nuieiuis.  colloid,  etc,  ;  if  exudates 
from  the  cyst  wall  are  ailiU'd  to  it  the  content  may  be- 
come rilirinous,  purulent,  alliuminous.  etc. ;  or  in  case  of 
hemorrhage  into  the  cyst  it  may  contain  the  remains  of 
red  cells  or  blood-pigment  granules.  The  reaction  of 
cyst  secretions  is  usually  weakly  alkaline,  but  it  may  be 
neutral  or  acid  in  rare  cases  of  retention  of  an  acid  secre- 
tion. Cysts  arising  from  the  degeneration  of  tissues  or 
tumors  may  contain  portions  of  tissue  showing  sufhcient 
structure  to  aiil  iu  the  (lilVerenlial  diagnosis.  In  cysts 
formed  by  parasites  jiorfions of  the  parasite  may  be  ]ires- 
ent.  In  the  case  of  cystic  abdominal  tumors  the  char- 
acter of  the  cyst  contents  is  of  great  importance  in  the 
differential  diagnosis. 

According  to  their  origin  cysts  may  be  divided  into; 

1.  Retention  cysts. 

2.  Follicular  cysts. 

3.  Proliferation  cysts. 

4.  Di-generation  cysts. 

5.  Endothelial  cysts. 

6.  Congenital  cysts. 

7.  Inclusion  cysts. 

8.  Foreign-body  cysts. 

9.  Parasite  cysts. 

10.  Air  or  gas  cysts. 

lidditiun  Ci/xti. — These  arise  through  the  dilatation  of 
gland  spaces  or  ducts  caused  by  the  retention  of  secretion 
due  to  some  obstruction  to  the  normal  outflow.  This  is 
the  most  common  form  of  cyst  and  may  arise  in  any  gland 
of  the  body  possessing  a  duct  or  lumen,  provided  that 
an  actively  secreting  parenehyma  still  remains  liehind  the 
poiut  of  obstruction.  Such  cysts  are  therefore  lined 
with  epithelium  resembling  in  character  that  of  the  gland 
iu  which  they  arise.  Retention  cysts  lined  with  endothe- 
lium may  ari.se  from  lynqihatics.  lynqih  spaces,  synovial 
membranes,  or  tendon  sheaths.  The  contents  of  retention 
cysts  depenil  upon  the  nature  of  the  tissue  in  which  they 
are  formed  and  upou  the  secondary  retrograde  changes 


present.  The  causes  leading  to  the  obstruction  or  closure 
of  gland  ducts  are  very  varied  in  nature:  inflammations 
iu  the  gland  or  neighboring  tissues,  cicatricial  contrac- 
tion, thickening  of  secretions,  calculi,  new  growths  in  or 
around  the  gland,  etc.  The  gland  duet  may  also  be 
partially  closed  during  a  resting  period,  so  that  when  the 
gland  is  suddenly  called  into  activity  the  inadequacy  of 
the  outflow  leads  to  a  cystic  dilatation.  As  the  secretions 
collect  behind  theimint  of  obslruetion.  the  glanil  cu-  duet 
becomes  dilated  and  with  the  stretching  of  the  wall  there 
is  usually  a  compensatory  hyperplasia  of  the  gland  wall. 

Retention  cysts  are  most  commonly  found  in  the  hair 
follicles  and  sebaceous  glands  of  the  skin,  glands  of  Bar- 
tholin, mucous  glands  of  the  alimentary  tracts,  uterine 
glands,  epididymis,  kiduey  tubules,  aud  mammary  gland ; 
less  frequently  in  the  sweat  glands.  Iiiliary  duels,  pan- 
creas, salivary  glands,  etc.  Cystic  dilatation  of  the 
larger  canals,  ureters,  vermiform  ajipendix,  Fallopian 
tubes,  etc..  may  also  be  caused  by  obstruction  and  reten- 
tion of  pathological  secretions  and  exudates. 

FoUiciihir  Viistn. — (.'losed  glandular  cavities  having  no 
outlet,  such  as  those  of  the  thyroid,  ovary,  parovarium, 
etc.,  become  cystic  when  an  excessive  amount  of  .secre- 
tion is  formed  by  their  walls.  Such  cy.sfs  are  extremely 
conuuon  in  the  ovary  and  parovarium,  being  found  in 
practically  every  woman  after  the  age  of  thirty.  They 
are  usually  of  small  size  but  may  liecome  very  large. 
They  are  lined  usually  with  a  single  la\'er  of  colunmar 
cells  and  contain  a  mucoid  or  colloid-like  substance.  This 
may  |)rcsent  great  alterations  in  character  due  to  second- 
ary patholo,gical  changes  in  the  cyst  wall. 

Priilifcrntion  Ci/xts. — As  the  retention  or  follicular  cyst 
enlarges  there  must  take  place  also  a  compensatory  in- 
crease (jf  the  tissue  clcmenis  of  its  wall,  or  else  rupture 
from  excessive  thinning  would  eventually  lake  place. 
Cyst  formation  is  therefore  not  entirely  of  tiic  nature  of  a 
retrograde  change,  but  involves  a  certain  degree  of  pro- 
liferation. It  is  eons<M|u<'ntly  difficult  to  draw  a  definite 
line  between  simple  proliferating  cvsts  on  the  one  hand 
and  cystic  lu'oplasms  on  the  other.  As  true  tuuu)rs  of 
the  latter  class  (eystomata  or  cystadenonuda)  may  be 
classed  all  cystic  gniwlhs  \\  hich  through  the  proliferation 
of  their  walls  constantly  form  new  cysts.  Preceding  this 
new  cyst  forumtion  there  is  usually  a  pathological  forma- 
tion of  new  gland  tissues  to  which  the  cystic  change  is 
secondary.  As  meiuioned above  such  growths  are  there- 
fore more  properly  classed  as  cystadenoiuala.  Cystic 
tumors  may  also  arise  from  newly  fonned  lymph  and 
blood  vessels,  but  these  are  to  be  cla.ssed  with  the  angio- 
mata.  As  true  junliliralion  cysts  are  to  be  regarded 
those  nnilocularcysts  which  become  multiloeular  through 
the  proliferation  of  tla'ir  walls,  at  the  same  timi'  increas- 
ing greatly  in  size ;  or  those  cysts  whose  walls  proliferate 
into  the  lumen  of  the  cyst,  forming  papillary  excrescences 
on  the  inner  surface  of  the  cyst  wall.  Proliferation  cysts 
occur  chiefly  in  the  ovary,  iiarovarium,  kidneys,  and 
cervix  uteri.  Between  them  and  the  true  cystonui  there 
is  a  gradual  transition. 

Dii/t'iienitiiin  I'l/ntx. — Cystic  spaces  are  very  frequently 
formed  hy  the  li(|uefaetion  of  necro.sed  portions  of  tissues 
or  organs.  They  may  possess  no  definite  wall,  or  the 
space  may  be  surrounded  by  a  connective-ti.ssue  capsule 
which  in  some  cases  is  lined  with  endothelium  derived 
from  the  endothelial  cells  of  the  connective-ti.ssue  spaces. 
The  cyst  may  contain  portions  of  necrosing  tissue-ele- 
ments whose  struc-lure  is  sullieiently  preserved  to  admit 
of  identification.  Degeneration  cysts  may  arise  as  secpiela; 
to  ana-mic  infarctions,  esiiecially  those  of  the  brain.  In 
the  ovary  they  occur  within  certain  limits  as  a  physio- 
logical degeneration  of  the  corpus  lufeum  and  also  of  the 
Graafian  follicle  after  the  luenopause.  Large  extravasa- 
tions of  blood  in  the  tissues,  chronic  abscesses,  old  tuber- 
cles, gummata,  etc.,  may  also  become  liquefied  aud  form 
cysts.  Degeneration  cysts  occur  also  in  the  hone  marrow 
of  old  age,  and  iu  the  thyroid,  pancreas,  kidneys,  etc. 
They  are  also  very  commonly  present  in  quickly  grow- 
ing malignant  tumors  following  .simple  necrosis,  fatty  or 
mucous  degeneration.     In  these  cases  the  content  of  the 


34S 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


<')NlM. 


cyst  is  usually  cloudy  or  turbid,  containins  blood  pig- 
ment and  remains  of  I  iimor  elements.  8ueli  ilegeneration 
cysts  are  espeeiully  eonuuon  in  my.xomata  and  sarcomata, 
sometimes  oeeurrinjr  to  such  a  degree  as  to  warrant  the  em- 
ployment of  sn<'li  terms  as  cystomy.xoma,  cystosareoma. 

K(i(hilliili<(l  ('i/.iIk.  —  Degeneration  cysts  lined  with  en 
dotheliiim  may  be  formi'd  by  the  ]iroliteration  of  the  en 
dothelial  cells  of  the  connectivetissue  spaces,  detention 
cvsts  with  endothelial  lining  may  arise  from  blond  .vessels. 
Ivmphatic  ves.scis  and  spaces,  tendon  sheaths  and  syno- 
vial membranes.  The  so  called  ganglion,  liygroma,  etc., 
may  be  placed  in  this  category.  In  these  cases  the  cyst 
is  usually  fonneil  by  tli<'  shutting  ofl'  of  some  portion  of 
a  cavity  by  inllauunatory  adhesions  or  constrictions,  and 
the  dilatation  of  the  sac  so  formed  through  the  accmuu- 
lulions  (if  intlanunatiiry  exudates.  In  the  case  of  the 
gangli<in  the  cyst  is  formed  by  a  my.xomatous  degenera- 
tion of  the  connective  tissue  in  the  neighborhood  of  the 
joints,  and  tlerives  its  i-ndothelium  from  that  of  the 
lymph  spaces.  It  is  partly  a  new  formation  and  jiartly 
a"  degeneration.  The  cystic  lurmangiomata  and  lymjih- 
angi(jmala  belong  to  the  neoplasms  and  are  not  to  be 
jilaceil  in  this  category. 

CiiiKi,  iiitid  ('//■■'ts.  —  Remains  of  fictal  clefts,  canals,  and 
fiss\ires  in  normal  locations  or  misplaceil  fcctal  inclnsions 
may  become  cystic  as  a  result  of  proliferation  of  their 
wails  excited  by  trauma,  intlamniation,  etc.,  or  from  ex- 
cessive formation  of  secretion.  Such  cysts  occur  in  tlie 
branchial  clefts,  urachus,  parovarium,  remains  of  the 
Wolttian  bo<ly,  Mhller's  ducts,  etc.  The  dermoid  cysti, 
and  cystic  teratoniala  are  usually  classed  with  neojilasms. 
Analognns  to  the  cysts  arising  from  tVetal  inclusions  are 
those  arising  fi'om  the  implantation  of  epitlielium  occur- 
ring rarely  as  the  result  of  trauma,  inflammation,  or  opera- 
tion (inclusion  cysts.) 

/iic/ii«inii  Ci/.i't.i. — Through  traumatic  or  surgical  dis- 
placement of  portions  of  epithelium  into  mcsolilastic 
tissues  cysts  may  l)e  formed  from  tlie  resulting  |irolifera- 
tion  of  ihe  included  epithelium.  Kaufmann's  exjieri- 
ments  in  enkatarrhophy  are  well  known.  He  found  that 
the  inclusion  of  portions  of  a  cock's  comb  was  followed 
by  the  formation  of  cysts  lined  throughout  with  epithe- 
lium and  containing  material  resembling  that  found  iu 
atheromatous  cysts.  The  growth  of  these  cj'sts continued 
until  a  certain  limit  was  reached  when  they  remained 
stationary.  Similar  cysts  have  been  observed  in  the  hu- 
man liody  arising  from  implantations  of  portions  of  ejii- 
thelium  after  trauma  to  tlie  skin  and  scalp.  They  are 
foun<l  more  freipiently  in  the  scars  of  burns  than  after 
wounds.  The  writer  has  observed  a  case  of  nudtiple 
cyst  formation  after  the  removal  of  a  portion  of  the  jaw 
in  a  case  of  giant  cell  sarcoma.  The  cysts,  the  largest  of 
which  was  of  tlie  size  of  a  hen's  egg,  were  lined  with 
stratitied  stpiamous  epithelium  most  probably  derived 
from  the  nuicous  membrane  of  the  mouth.  Such  dis- 
located ]iortionsof  e|iitlielium  do  not  possess  the  intrinsic 
capacity  for  unlinnled  growth  as  seen  in  the  cell  nests  of 
eiiiblasiic  tumors.  Traumatic  epithelial  cysts  must  be 
thoroughly  removed,  otherwise  they  may  recur. 

Fi>yei(iti-Biidij  ('i/xts. — Around  foreign  bodies  embedded 
in  the  tissues  a  capsule  of  connective  tissue  may  be 
formed.  This  luay  undergo  proliferation  while  degener- 
ative changes  may  occur  within  the  cyst  contents.  In 
this  manner  cysts  luay  arise  that  ]iartak<"  of  the  nature  of 
both  licgi'neration  and  proliferation  cysts.  Such  cysts 
coiuain  in  addition  to  the  luimary  cause,  necrosed  tissue 
and  pathological  exudates  from  the  wall. 

Piirtifite  ('!/«ts. — Aside  from  the  capsule  which  may  be 
formed  around  a  parasite,  certain  organisms  such  as  the 
cysticerens  and  echinococcus  maybe  foimd  in  the  human 
body  in  the  cystic  stage  of  their  development.  Around 
the  cyst  formed  by  the  parasite  itself  there  is  usually  de- 
veloped a  comiective. tissue  capsule.  Only  rarely  are  the 
parasite  cysts  found  free  in  the  tissues  or  in  the  body 
caviiii-s,  the  cysticercus  being  occasionally  found  in  the 
meningesand  ventriclesof  the  brain.  Parasite  cysts  may 
contain  characteristic  portions  of  the  parasite  or  may  be 
sterile. 


Air  and  Gas  Ci/its. — Cyst-like  cavities  filled  with  air 

may  arise  from  the  shuttingolf  of  portions  of  emphy- 
scniatons  lungs.  Air  containing  diverticula  are  found 
rarely  in  the  pockets  of  .Morgagni,  and  the  uuu-ous  glands 
of  the  trachea  and  larynx  may  undergo  cystic  dilatatiiai 
from  ail-  birced  into  them  under  high  [U'essiire.  Cysts 
cdiilaining  gas  are  occasionally  found  in  the  mucous 
membianeof  the  vagina.  According  to  Zwcifel  the  con- 
tent of  these  cysts  consists  of  trimi'thylamine.  Kppiiiger 
and  others  hold  that  the  condition  is  only  an  eniphysema 
of  the  vaginal  wall.  According  to  Chiari's  investigations 
thecystsaredilated  lymph  sjiaces  lined  withendotheliuin 
which  not  infrequently  produces  giant  cells.  The  origin 
and  nature  of  the  gas  filling  the  cyst  are  tiiiknown. 
Similar  gas  cysts  have  also  been  observed  in  the  wall  of 
the  intestines  and  in  ])eritoneal  adhesions.  Cystoid 
spaces  containing  gas  are  also  fouial  throughout  the 
bod}'  in  cases  of  infection  with  the  Hacillus  afrogenes 
capsulatus.  The  gas  found  in  gas  cysts  is  sometimes 
inliammable. 

()(  Ti'iiiiKNCE. — The  occurrence  of  cysts  in  the  liuiiian 
body  is  very  widespread.  They  may  be  found  in  prac- 
tieaily  every  organ  and  ti.ssuc.  The  most  imiiortant  dis- 
tribution is  as  follows: 

/■'lit  11.1. — Small  cysts  iu  the  aiunion  arc  occasionally 
found.  They  are  the  result  of  a  my.xomatous  hyper- 
plasia of  the  mcsenchyiua.  They  are  small  and  without 
clinical  significance.  Small  cysts  of  this  luembrane 
lined  with  e|iithelial-like  cells  have  also  been  described 
and  called  dermoids,  but  their  exact  nature  is  unknown. 
Cystic  change  of  the  chorionic  villi  due  to  a  myxomatous 
degeneration  of  the  villous  stroma  is  rclati\cly  common. 
It  may  affect  the  chorion  as  a  whole  or  be  limited  to 
.single  villi  (bladder  mole,  grape  mole,  etc.).  Larger 
cysts  of  the  chorion  have  been  observed  in  a  few  cases. 
These  may  have  their  origin  in  the  li(|uefaction  of  pla- 
cental infarcts,  or  they  may  arise  from  disturbances  iu 
the  development  of  the  chorion  and  amnion.  Retention 
and  degeneration  cysts  may  be  formed  in  the  internal 
organs  of  the  footus.  especially  in  tlu'  liver  and  kidneys. 
Tlieir  I'tiology  is  obscure;  they  are  in  ]iart  explaine<l  by 
errors  of  develo]iment  and  in  part  by  iutlannnatory  proc- 
esses occurring  in  intrauterine  life. 

Bones. — The  C3Sts  most  commonly  found  in  bones  are 
of  the  nature  of  degeneration  cysts.  They  occur  chiefly 
in  osteomalacia  and  in  the  osteoporosis  of  old  age,  ari.sing 
from  the  liquefaction  of  the  marrow,  and  may  reach  such 
a  large  size  that  only  the  outer  shell  of  the  bone  is  pre- 
served. The  cyst  contents  may  be  clear,  cloudy,  or 
hemorrhagic,  freijuently  containing  much  litjuid  fat. 
As  a  rule  they  possess  a  connective-tissue  capsule,  and 
from  this  capsule  there  occurs  sometimes  in  osteomalacia 
a  reparative  proliferation  of  connective  tissue.  Degen- 
eration cysts  are  also  of  very  frequent  occurrence  in 
tumors  arising  either  from  the  periosteum  or  from  the 
meiluUa  but  more  often  in  those  from  the  latter.  They 
occur  most  frequently  in  the  myxoma  and  sarcoma  of 
bones,  but  also  in  synchondromata  and  fibromata  as  well 
as  iu  metastatic  carcinoma  of  bone.  A  cystoid  cavity, 
often  multilocular,  usually  results  from  the  degeneration 
of  these  tumor.s,  the  waif  of  the  cavity  con.sisting  of  tu- 
mor tissue  or  bone.  Not  infrequentl}'  there  is  a  new  for- 
mation of  bone  in  the  wall  of  the  cyst.  Cystic  dilatation 
of  the  antrum  of  Highmore  occurs  rarely.  Proliferating 
cysts  are  seen  rarely  in  the  jaws;  they  arise  from  thi'  tooth 
sacs  (alveolar  cysts).  Echinococcus  cysts  may  occur, 
usually  in  the  long  bones,  pelvis,  skull,  vertebra\  and 
phalanges.  They  may  occur  as  exogenous  cysts  beneath 
the  periosteum,  and  a  few  cases  have  been  reported  in 
which  the  surface  of  the  femur  and  tibia  was  completely 
covered  with  such  cysts.  Through  pressure  the  bone 
atrophies  and  disappears,  or  necrosis  lakes  place,  thus 
often  leading  to  spontaneous  fracture.  AVlien  originat- 
ing in  the  medulla  echinococcus  cysts  resemble  myelo- 
genous tumors  for  which  they  are  usually  mistaken.  The 
c}"sticcrcus  is  only  very  rarely  found  in  bone. 
"  MiiKcle. — Degeneration  cysts  occur  in  old  extravasations 
and  iu  myxomata  and  sarcomata  arising  from  the  inter- 
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muscular  connective  tissue.  Echinococcus  C3'sts  are  rare : 
those  produced  by  the  cysticercus  are  moi-e  frequently 
found.     Cysts  of  small  size  are  formed  by  tricliina  spiralis. 

Tendons.  Biirsif. — Cysts  found  in  these  structures  are 
usually  lined  with  endothelium  (hydrops,  hygroma, 
ganglion,  etc.).  Degeneration  cysts  may  arise  from  the 
liquefaction  of  ha'matoma  contents.  These  are  likewise 
usually  lined  with  endothelium, 

]fen-oiis  S_i/stem. — Cysts  lined  with  endothelium  are 
found  rarely  in  thedvu'a(dural  hj'groma).  Echinococcus 
and  cysticercus  cysts  are  both  found  in  the  meninges,  the 
latter  as  solitary  cysts  of  the  size  of  a  pea  or  in  large 
lobulated  cj'sts  containing  grape-like  clusters  of  daughter 
cysts  both  inside  and  outside  (C.  racemosus.)  These 
cysts  are  for  the  greater  part  sterile,  but  some  may  con- 
tain a  single  scolex.  About  tliem  extensive  proliferation 
may  be  e.vcited.  Echinococcus  cysts  are  rare  in  the  brain 
substance  wliile  cysticerci  are  of  relativel.y  frequent  oc- 
currence. The  most  common  cysts  of  the  brain  sub- 
stance are  those  produced  by  degeneration  of  infarctions 
or  extravasations.  As  a  rule  these  possess  no  independ- 
ent wall;  they  are  filled  with  a  fluid  similar  to  the  cere- 
brospinal.  Degeneration  cysts  are  also  common  in  brain 
tumors,  especially  in  the  glioma.  Cerebellar  cysts  may 
arise  from  diverticida  of  tlie  fourth  ventricle.  Cysts  are 
very  frequently  seen  in  the  choroid  phxus;  tliey  vary  in 
size  from  a  pea  to  a  cherry.  The  cyst  wall  consists  of 
delicate  connective  tissue  containing  fine  vessels,  is  cov- 
ered outside  with  polygonal  epithelium,  and  is  lined  with 
endothelium.  Delicate  fibres  of  connective  tissue  con- 
taining vessels  not  infrequently  are  stretched  across  the 
cyst  cavity.  Similar  cysts  are  also  fnund  in  the  pineal 
gland  and"  hypophysis,  those  of  the  latter  being  some- 
times lined  with  ciliated  eohimnar  cells.  Tlieir  signifi- 
cance is  unknown.  Cysts  of  the  brain  and  its  membranes 
may  also  arise  from  errors  of  development  (eucephalocele. 
meningoencephalocele,  etc.).  Similar  cysts  are  found 
also  in  the  spinal  cord  (.spina  bifida,  etc.).  Cystic  de- 
generation of  Pacinian  corpuscles  has  been  observed  b\- 
the  writer. 

Speeidl-Sense  Organs. — With  the  exception  of  insignifi- 
cant retention  cysts,  cysts  are  not  found  in  the  ear, 
Cysticercus  cysts  may  occur  in  tlie  eye.  Small  cysts 
lined  with  stratified  epithelium  are  found  in  the  iris  after 
injuries  to  the  cornea  and  have  been  explained  as  b<"ing 
due  to  implantations  of  corneal  epithelium.  Small  der- 
moid cysts  have  been  observed  in  the  cornea.  The  writer 
has  observed  retention  cysts  in  an  adenoma  of  the 
lachrymal  gland. 

8k-in. — The  most  common  cysts  of  the  skin  are  the 
retention  cysts  of  the  hair  follicles  and  sebaceous  glands 
(atheroma,  sebaceous  cyst,  etc.).  They  occur  most  fre- 
quently in  the  scalp,  skin  of  the  neck,  and  forehead. 
Dermoids  are  found  in  the  subcutaneous  tissue,  as  are 
also  echinococcus  and  cysticercus  cysts.  Small  miliary 
cysts  of  the  sweat  ducts  occur  under  certain  conditions, 
and  in  many  of  the  diseases  peculiar  to  the  skin  cyst-like 
spaces  of  varying  nature  may  arise.  Cystic  dilatations 
of  remains  of  the  branchial  clefts  may  be  found  beneath 
the  skin  in  the  neck.  In  rare  eases  cysts  arising  from  the 
om]ihalo-mesenteric  duct  niaj'  be  formed  in  the  abdomi- 
nal wall. 

AUnientfiry  Tract. — Retention  cysts  of  the  mucous 
glands  may  occur  in  any  part  of  the  muco.sa  of  this  tract 
from  the  lips  to  the  anus.  Small  ones  may  be  formed  in 
acute  catarrhal  processes,  larger  ones  in  chronic  catarrhs, 
dysentery,  etc.  Small  cysts  embedded  in  the  muscle  of 
the  tongue  are  occasionally  found.  The  ducts  of  the 
salivary  glands  may  become  obstructed  and  thus  give 
rise  to  cystic  dilatation:  the  tumor  usually  presenting 
itself  in  the  floor  of  the  mouth,  beneath  the  tongue 
(ranula).  Dermoids  are  also  found  in  the  tongue  and 
mouth.  Cysts  arising  from  the  tooth  follicles  may  reach 
the  size  of  a  hen's  egg  (alveolar  cysts).  Cy.stic  dilata- 
tions of  the  vermiform  appendix  may  occur.  Cysts  con- 
nected with  the  intestine  may  arise  from  remains  of  the 
omphalomesenteric  duct. 

Respiratory   Tract. — Retention  cysts  of    the  mucous 


glands  are  found  on  the  epiglottis,  and  in  the  mucosa  of 
the  larynx  and  trachea,  more  rarely  iu  the  bronchi. 
Rarely  air  cysts  may  be  formed  in  these  glands  as  the 
result  of  air  being  forced  into  them  under  high  pressure. 
These  may  press  outward  between  the  trachea  and  the 
cesophagus.  Dermoids  have  been  oliserved  in  the  lungs, 
but  it  is  probable  that  these  arose  in  the  mediastinum. 
Echinococcus  cysts  of  the  lungs  are  very  rare.  Air  cysts 
arise  from  the  formation  of  emphysematous  diverticula 
and  their  subsequent  .shutting  off. 

Thyroid. — Cystic  degeneration  of  the  thyroid  through 
increased  formation  of  colhiid  is  of  very  frequent  occur- 
rence (struma  cystica).  These  cysts  contain  colloid  of 
varying  color  and  consistence.  Hyaline  change  and  cal- 
cification are  of  frequent  occurrence  in  the  walls  of  these 
cysts,  and  the  formation  of  true  bone  has  also  been  ob- 
served in  them  (struma  cj'stica  ossea).  Similar  cysts  in 
the  thyroid  region  arise  in  accessory  thyroids.  Tlie 
writer  has  obseived  in  a  case  of  acrome.galy  a  cystic 
change  in  the  parathyroids.  The  cysts  varied  in  size 
from  a  pinhcad  to  a  pea,  and  contained  an  albunnnous 
fluid  which  bore  no  resemblance  to  colloid. 

Heart. — B<ith  cysticercus  and  echinococcus  cysts  have 
been  observed  iu  the  pericardiiun.  Degeneration  cysts 
in  new  growths  are  also  fnund  here.  In  adhesive  peri- 
carditis cyst-like  cavities  may  be  formed  between  the  ad- 
hesions, and  these  may  become  lined  wth  hypertrophic 
endothelium  presenting  a  gland-like  appearance.  In  the 
heart  muscle  itself  both  the  echinococcus  and  tlie  cysti- 
cercus have  been  found. 

Spleen. — Large  degeneration  cysts  may  follow  anfemic 
infarction.  Ecliinoct)CCus  cysts  have  also  been  observed 
in  this  organ,  more  rarely  tlie  cysticercus.  Small  cysts 
containing  serous  fluid  are  found  rarely  near  the  capsule. 
They  are  lined  with  endothelium  and  are  supposed  to  be 
due  to  peritoneal  inclusions. 

JAeer. — Cyst-like  dilatation  of  the  gall  bladder  is  not 
uncommon  from  obstruction  of  the  duct  by  gall  stones. 
Retention  cysts  of  the  smaller  bile  ducts  in  the  liver  sub- 
stance are  not  rare.  These  usually  possess  a  thin  wall 
and  contain  a  cli-ar  or  liilc-stained  serous  flind ;  in  other 
cases  the  walls  are  thick  and  the  contents  made  up  of 
thick  bile,  fat,  and  cholesterin.  •  As  a  rule  the  cysts  are 
lined  with  a  low  columnar  or  flattened  epithelium  derived 
from  that  of  the  bile  ducts.  All  gradations  of  .size  be- 
tween these  small  cysts  and  those  attaining  the  size  of  a 
ffftal  head  may  be  fouiul.  In  some  cases  the  number  is 
so  great  that  but  little  of  the  liver  parenchyma  is  left 
(cystic  degeneration  of  liver).  Associated  with  this  a 
similar  condition  may  be  found  in  the  kidneys.  Such 
cases  are  very  frequently  of  congenital  origin,  and  are 
most  probably  to  be  explained  by  some  disturbance  of 
development  during  foetal  life.  Solitary  cysts  containing 
clear  fluid  and  lined  with  ciliated  cells  occur  rarely  in  the 
liver  parenchyma.  Their  significance  is  unknown.  The 
most  important  cysts  of  the  liver  are  those  caused  by  the 
echinococcus;  they  occur  more  fre(|Uently  in  this  organ 
than  in  anj-  other  part  of  the  body.  Degeneration  cysts 
occur  in  tumors  of  the  liver,  especially  in  secondary  sar- 
comata. 

Pancreas. — Cysts  of  the  organ  ma_y  arise  from  obstruc- 
tion of  the  pancreatic  duct  (ranula  pancreatica).  De- 
generation cysts  following  necrosis,  gangrene,  hemor- 
rhage, etc.,  are  not  uncommon.  In  other  eases  pancreatic 
cysts  may  arise  from  disturbances  of  develo])nient.  They 
may  reach  a  very  large  size  and  as  a  rule  show  a  tendency 
to  proliferation.  From  such  cysts  multilocular  cysto- 
niata  may  develop. 

Adrenals. — In  the  hyperplasias  of  these  organs — known 
as  adrenal  struma — tlegeneration  cysts  occur  after  the 
growth  has  reached  a  certain  degree  of  development. 
Necrosis  of  the  central  portion  of  the  growth  takes  jilaee 
so  that  the  only  living  tumor  tissue  is  found  as  a  narrow 
zone  just  beneath  the  capsule.  Softening  develops  in  the 
necrosed  jiortion  and  in  time  a  cyst  of  large  size  may 
result.  The  contents  are  usually  reddish  or  brown  in 
color  and  of  a  pultaceous  consistence.  Rujiture  of  the 
cyst  may  take  place.     Such  cysts  may  form  in  the  ac- 
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ccssory  adrenal  tissue  found  in  and  about  the  kidneys, 

in  the  liver,  etc..  and  in  the  adrenals  of  Murcliand  found 
in  the  liroad  liyanieiit  and  near  the  testis.  Adrenal  tissue 
has  l)een  fnunil  in  the  walls  of  <-ystsof  the  broad  lii;aiMcnt. 

h'iihn  I/.1. — .\ftcr  the  (iv.aries  the  kiilnevs  are  the  nri^ans 
in  which  cysts  are  found  niori'  fr((iuenlly  tlian  in  any  oilier 
jiart  of  the  body.  They  may  be  .solitary  or  ninneious, 
larire  or  small;  they  lie  usually  just  beneath  the  fibrous 
capsule,  liavinjra  thin  wall  and  eontaininj;a  clear  yellow- 
ish fluid  (so  called  urine  cysts).  Tiiey  are  foiuid  also 
throufihout  the  kidney  substance,  and  may  show  all  irrada- 
t  ions  of  size  froni.-i  pinhead  ton  hen's  eirj;.  They  are  Hned 
with  flalfeiied  e]iitbelium  which  in  the  older  cysts  may 
have  nndi-rirmie  defeneration.  In  these  fhi'  contents  may 
resend)le  collciid,  and  are  not  infre(|uently  nii.\ed  with 
blo<id  pi.sjment.  These  cysts  are  retention  cysts  of  the 
frlonieruli  and  tubules,  and  are  most  eonunoniy  found  in 
chronic  nephritis,  almut  infarct  .sears,  and  in  all  conditions 
of  the  kidney  in  which  the  connective  tissue  is  increased. 
A  few  (if  the.se  simple  retentiiin  cystsare  found  in  the  kid- 
neys (it  almost.  I'veiT  individual  after  the  aire  of  forty. 
Coniicnital  cysts  of  the  kidney  are  founii  in  the  new  born 
in  wlicim  they  sometimes  reach  a  very  larfie  size  and  in- 
terfere with  delivery.  E.xtensive  cystic  defeneration  of 
Ihe  kidneys,  usually  in  association  with  a  similar  process 
in  the  liver,  occurs  in  adults  and  is  jirobably  the  result  of 
some  coiiiienifal  anomaly.  The  organs  may  appear  as  if 
honeycomlied,  very  little  of  the  secreting  structure  be- 
ing left.  Cystic  degeneration  of  sarcomatous  tumors  of 
the  kidneys  may  occur  anil  may  be  mistaken  clinically 
for  ovarian  cysts.  Proliferation  cysts  and  dermoids  have 
been  described.  Both  cysticercus  and  echinococeus  cysts 
occur  rarely,  the  latter  sometimes  reaching  a  very  great 
size. 

Peiitoneum. — Small  cysts  with  serous  contents  are  fre- 
quently found  in  the  peritoneum,  especially  in  the  neigli- 
borhood  of  the  female  genital  organs.  They  are  found 
also  in  inflammatory  adhesions,  but  may  develop  without 
jireceding  inllammation.  In  certain  cases  the  entire  peri- 
toneiini  may  be  covered  with  small  cvsts  varying  in  size 
from  a  pea  to  a  walnut,  man)'  of  them  being  attached  to 
slender  jiedieles.  They  possess  a  delicate  wall,  and  their 
contents  may  be  either  serous  or  chylous.  They  are  partly 
lymph  cysts  arising  from  dilated  lymph  vessels,  and 
partly  of  the  nature  of  cystic  lymphangiomata.  Serous 
cysts  and  gas  cysts  similar  to  those  of  the  vagina  have 
been  observed  in  the  serosa  of  the  intestines  and  in  perito- 
neal adhesions.  The  cysticercus  forms  harmless  cysts  in 
the  peritoneal  cavity,  but  those  of  the  echinococeus  maj- 
reach  a  very  large  size. 

Fetiidk  (idiitiil  Trni-t. — Cystic  dilatations  of  constricted 
portions  of  the  canal  of  Nuck  sometimes  occur.  These 
may  present  themselves  in  the  labia  majora  as  large  cysts 
lined  with  endotlielium  derived  from  the  peritoneum. 
Atheromata  and  ly  mphangiectatie  cysts  are  very  common 
in  the  vulva.  Reteniion  cysts  are  not  infrequently  seen 
in  the  glands  of  Bartholin  and  may  reach  the  size  of  a  goose 
egg.  Smaller  cysts  with  serous  or  mucous  contents  are 
sometimes  found  in  the  hymen  and  around  the  entrance 
to  the  vagina.  The  gas  cysts  of  the  vagina  have  been 
described  above.  Retention  cysts  are  extremely  common 
in  the  mucous  glands  of  the  cervix  (ovula  Nabothi),  es- 
pecially in  cases  of  ectro]don  and  erosion  following  lacer- 
ation of  the  cervix.  They  are  almost  constantly  present  in 
women  past  the  menojiause.  These  c_vsts  show  an  especial 
tendency  toward  proliferation  and  from  them  cystadeno- 
niata  not  infreciueiitly  arise.  Retention  cysts  of  the 
glands  of  the  endometrium  are  very  common,  especially  in 
chronic  endometritis  in  which  dLsease  the  cysts  may  be 
so  large  and  numerous  as  to  warrant  the  name  of  cystic 
endometritis.  A  tendency  to  proliferation  is  observed 
here  also.  Degeneration  cysts  occur  with  great  frequency 
in  the  uterine  myotibromata  and  sarcomata.  Cystic  dila- 
tation of  the  tubes  may  occur  as  a  result  of  obstruction 
or  constriction  (hydrops  tubiB  cysticus).  Bj-  confluent 
growth  with  ovarian  cysts  tubo-ovarian  cysts  may  be 
formed.  The  small  hydatid  cysts  occurring  almost  "con- 
stantly near  the  fimbria'  are  without  significance  except 


wlien  they  reach  a  large  size  or  show  a  tendency  to  pro- 
liferation. On  the  surface  of  the  lubes  and  broad  liga- 
ment Ihere  are  occasionally  seen  in  women  past  Ihemeno- 
jiau.sc  large  numbers  of  small  colloid  cysts  which  have 
been  thought  to  be  degenerating  ova.  The  cysts  of  the 
ovary  and  jiarovarium  are  of  endless  varietv  ideirenera- 
tion  cysts  of  Graafian  follicle(liydro]is  follicii'li  (Jraafianii) 
and  cor]iiis  luteuni,  follicular  cysts,  proliferation  cysts, 
dermoids,  cystic  teratomata,  etc!  The  so-called  "  klein- 
cystische"  degeneration  of  the  ovary  is  ju-obably  lobe 
looked  uiion  as  an  early  riiicning  of  a  large  number  of 
follicles,  a  form  of  follicular  hypertrophy.  In  some  eases 
the  dilatation  of  Ijie  follicles  is  Ihe  result  of  inflammatory 
jirocesses.  Cysts  in  Ihe  broad  ligaincnl  may  arise  from 
the  remains  of  Mi'iller's  duets  or  from  the  adrenal  tissue 
(Marehand's  adrenals)  which  may  be  found  there.  The 
cysts  of  Kolielt  are  dilatations  of  portions  of  the  par- 
ovarium. Echinococeus  cysts  arising  from  Ihe  ovary 
and  uterus  have  been  observed. 

Miilf  (ill, Hit}  Triict. — Cysts  are  very  common  in  the 
head  of  the  epididymis  or  its  neighborhood.  They  may 
have  a  milky  content  (galactoceie)  or  may  contain  sper- 
matozoa (s])ermatocele).  The  wall  of  such  cysts  may  be 
lined  with  ciliated,  simple  columnar  or  flattened  epithe- 
lium. They  occur  almost  constantly  in  old  age  without 
significance,  but  in  youth  they  are  usually  the  result  of 
inflammation  and  may  be  numerous  and  reach  a  large 
size.  Occasionally  they  arise  without  preceding  inflam- 
mation. They  arise  from  the  vasa  abiTranlia.  The  so- 
called  hydatids  of  Morgagni  are  small  and  practically, 
without  signiflcance.  Cystic  dilatation  of  the  tubules  of 
the  body  of  the  testis  may  be  caused  by  new  growths. 
Degeneration  cysts  are  also  found  in  primary  tumors  of 
the  testis.  Dermoid  cysts  and  cystic  teratomata  are  rela- 
tively common  while  Ihe  parasite  cysts  are  but  rarely 
found.  Cystic  dilatation  of  the  spermatic  cord  and 
seminal  vesicles  is  not  uncommon.  Retention  cysts  are 
found  in  the  prostate  and  urethral  glands.  Cysts  may 
also  arise  in  the  ueighborhood  of  the  prostate  from  the 
remains  of  Midler's  duets.  Small  cysts  are  occasionally 
seen  in  the  prepuce  and  scrotum. 

MamtiKiry  6'^/«rf.  — Retention  cysts  occur  in  this  organ 
very  frequently.  According  to  the  character  of  their 
contents  they  are  called  "milk  cysts,"  "butter  cy.sts," 
".soap  cysts,"  etc.  Proliferation  cysts  are  also  ver_v  com- 
mon and  from  them  the  various  forms  of  cystofibromata 
arise.  Degeneration  cysts  occur  in  case  of  malignant 
tumor.  Cystic  degeneration  of  the  gland  within  certain 
limits  occurs  as  a  senile  change. 

Cysts  may  be  found  at  any  age  but  are  most  common 
in  late  adult  life  and  old  age.  Within  certain  limits  cyst 
formation  in  the  kidneys,  ovaries,  testicles,  titerus,  etc., 
may  be  regarded  as  a  part  of  the  physiological  atrophy 
due  to  senility.  The  cysts  found  in  early  life  are  most 
frequently  those  due  to  congenital  errors  of  development. 
Such  cysts  in  connection  with  the  genital  tract  may  at 
puberty  show  marked  tendency  to  proliferation  and  for 
this  reason  first  manifest  themselves  at  this  time.  The 
meno]iause  is  also  a  period  of  active  cyst  formation  in 
the  female  genital  tract.  As  a  rule  the  growth  of  cysts 
is  slow,  but  in  some  cases  the  rapid  and  excessive  forma- 
tion of  secretions  or  exudations  within  the  cyst  may  lead 
within  a  short  time  to  the  formation  of  a  cyst  of  enor- 
mous pro])ortions.  The  degenerative  changes  .so  fre- 
quently occurring  in  the  walls  of  cysts  veiy  soon  lead  to 
marked  changes  both  in  and  around  the  cyst.  Through 
the  proliferation  of  the  wall  following  inflammation  or 
through  solidification  and  organization  of  the  cyst  con- 
tents many  cysis  become  obliterated.  This  fact  is  some- 
times taken  advantage  of  by  the  surgeon,  who.  by  the 
injection  of  some  irritating  fluid  into  the  cyst  cavity,  pro- 
duces an  inflammation  within  the  cyst  wall  in  the  hope 
that  the  resulting  proliferation  may  obliterate  the  cyst. 

The  true  cysts  are  benign  growths  in  that  they  do  not 
produce  metastases.  The  proliferation  cysts  alone  are 
allied  to  Ihe  cystic  neoplasms,  and  since  the  latter  so  fre- 
quently ari.se  from  them  they  may  lie  regarded  as  inter- 
mediate forms  between  the  cysts  and  cystomata.     Cysts 
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Ijecome  malignant  by  virtue  of  size  and  position,  and  the 
■secondary  changes  which  they  undergo.  Cj'stic  degenera- 
tion of  the  placenta  may  lead  to  abortion.  C'ysts  of  the 
meninges  and  brain  may  produce  very  serious  disturbances 
on  the  part  of  the  nervous  system.  Large  atheromata  of 
the  scalp  may  cause  a  pressure  atrophy  of  the  underlying 
portions  of  the  cranium.  Cysts  of  the  neck  and  respira- 
tory tract  may  interfere  seriously  with  respiration  and 
■deglutition.  Cysts  of  the  internal  organs  when  of  very 
large  size  may  produce  fatal  results  through  pressure  or 
rupture.  Echinococcvis  cysts  in  the  heart  may  give  rise 
to  extensive  metastases  or  may  cause  sudden  death 
through  rupture  of  the  heart  wall.  Rupture  of  cysts 
into  any  of  the  body  cavities  may  give  rise  to  widespread 
inflammations  of  serous  surfaces.  This  occurs  most  fre- 
quently in  the  case  of  large  ovarian  cysts.  Occasionally 
the  mucous  contents  of  these  cysts  may  be  spread  in  a 
thick  lajer  over  the  entire  peritoneum,  liecoming  partly 
■organized  ( pseudo-my  xoma  of  peritoneum).  Cysts  of  the 
liver,  pancreas,  and  kidneys  may  through  pressure  cause 
complete  atrophy  of  the  parenchyma  of  tlie  organ. 
Spontaneous  fracture  ma}-  follow  tlie  formation  of  bone 
cysts. 

Only  very  general  points  can  be  given  as  to  the  diag- 
nosis of  cysts.  As  a  rule  they  form  circumscrilicd  tumors, 
more  or  less  movable,  elastic,  and  fluctuating.  Aspira- 
tion of  the  cyst  contents  and  their  chemical  and  micro- 
scopical examination  often  yield  important  aid  in  the 
■differential  diagnosis.  This  is  especially  true  in  the  case 
■of  parasite  and  degeneration  cysts.  The  location,  man- 
ner of  origin,  character  of  cyst  wall  and  lining,  rate  of 
growth,  etc.,  are  all  points  of  diagnostic  importance. 
The  symptomatology  of  cysts  in  general  is  too  large  and 
•complex  to  admit  of  definite  generalizations,  and  only 
very  general  statements  can  be  made  in  regard  to  their 
treatment.  This  is  almost  wholly  along  surgical  lines. 
and  consists  either  in  the  removal  of  the  cyst  as  a  whole 
or  in  its  olilitcration  through  aspiration  and  the  excitation 
of  reparative  processes.  Aldred  S-'itt  M'artJtin. 

DACTYLITIS.    See  EandJi  and  Fingers,  etc. 

DALTONISM.     Hee  Colo}- SensaHonn. 

DAMIANA. — The  leaves  of  several  Mexican  and  Cen- 
tral American  species  of  Turnera,  especially  7'.  diffusa 
Willd..  not  all  of  them  as  yet  determined,  jierhaps  not 
■even  described.  The  drug  contains  a  considerable  per- 
centage of  volatile  oil  and  resin,  with  some  tannin  and 
an  amaroid.  It  is  therefore  an  aromatic  bitter.  That  it 
may  have  .some  special  properties  in  this  class  appears 
not  unlikely.  The  unprofessional  and  disgusting  methods 
•of  its  exploitation  and  use  have  naturally  repelled  the 
•  interest  of  investigators,  so  that  it  has  not  fared  well  at 
their  hands.  Its  popular  use  as  an  aphrodisiac  does  not 
appear  to  be  justified.  The  dose  is  1  to  4  gm.  (gr.  xv.- 
Ix.).  Henry  II.  Eusby. 

DAMMAR  RESIN— (7?<'.«««  Dammnm.  Ph.  G.)    Resins 

■obtained  from  .{(jnHiis  Dnmmam'R\ch.  {Dummnra  alha 
Rumph)  and  A.  australis  (Lamb.)  Salisb.  i.D.  orientaUs 
Ijambert),  Order,  Coniferce ;  and  also  from  Hopea  mi- 
^rantha  and  H.  splendida  ;  Order,  Dipterocarpncea. 

The  Agathis  trees  are  large,  straight-lrunkod,  hand- 
some firs,  from  whose  branches  an  abundance  of  turpen- 
tine exudes,  both  spontaneously  and  upon  incision.  It 
dries  rapidly,  and  hardens  to  dense,  brittle,  irregular 
tears  or  masses  of  resin,  often  of  large  size,  the  surface 
<'ommonly  warty  or  mammillose.  The  Hopeas  are  also 
tall  large  trees,  and  belong  in  an  order  which  yields  a 
number  of  other  volatile  and  resinous  products  (Borneo 
camphor,  Guriun  balsiim.  Indian  copal,  and  so  forth). 
The  above  trees  are  all  natives  of  the  East — the  Moluccas, 
Java,  Borneo.  India,  etc. 

Dannnar  comes  in  fine,  hard,  transparent  yellow,  or 
nearly  white,  odorless  tears,  of  irregular  shape  and  size, 
but  often  large.  It  is  brittle,  breaking  with  a  brilliant, 
conchoidal  fracture,  but  softens  slightly  in  the  hand,  and 


melts  at  about  120°  C.  Soluble  in  chloroform,  ether, 
carbon  disulphide,  fats,  and  oils,  but  not  entirely  so  in 
coUl  alcohol  or  in  benzin.  It  is  a  compoimd  of  several 
resinous  constituents — damnrylic  acid  and  its  hydrate, 
damniaryl  and  damaryl  subhydratc  (Dulk:  copied  from 
Huseman). 

Uses. — This  resin  is  an  ingredient  of  the  German  ad- 
hesive plaster — Emplastrum  adJiiTsinim  (Ph.  G.),  of  which 
it  comprises  fifty  of  the  six  hundred  and  fifty  paits — 
litharge  plaster,  yellow  wax,  and  resin  being  the  others. 
It  is  harder  and  perhaps  less  irritating  than  common 
resin,  but  not  otherwise  different.  It  is  invaluable  as 
a  basis  of  varnishes,  etc.,  for  which  it  is  principally 
used. 

Several  other  species  of  both  genera  3-ield  similar  resins 
— D.  atistralis  is  the  source  of  the  Kauri  gum  of  New 
Zealand,  also  extensively  used  in  varnishes. 

TT:  p.  Bolles. 

DANDELION.  —  Taraxacum.  "The  root  of  Tara.racnm 
aftirii, ii/t  Wi^hi-r  (fam.  Coinpomta-)  gathered  in  autumn" 
(U.  S.  P.).  This  well-known  plant  grows  in  the  greatest 
profusion  throughout  most  of  the  north  temperate  zone 
and  is  being  increasingly  cultivated  as  a  food  plant.  Its 
reputation  as  a  drug  is  of  the  most  ancient  character,  but 
its  professional  use  has  steadily  declined  in  the  face  of 
more  accurate  knowledge  of  drug  action.  The  root  is 
vertical,  btit  rather  crooked,  mostly  simple  or  with  one 
or  two  branches  parallel  with  and  close  to  the  jiarent, 
rarely  reaching  a  foot  in  length  and  having  the  thickness 
of  the  finger.  The  drug  more  commonly  has  the  dimen- 
sions of  a  lead  pencil ;  it  is  brown,  deeply  wrinkled,  light, 
soft  and  brittle.  On  fracture,  the  wood  zone  is  seen  to  be 
small  an<l  bright-yellow,  the  bark  whitish  if  carefully 
drieil,  otherwise  dark.  It  contains  numerous  circles  of 
laticiferous  ducts,  which,  on  paring  the  ends,  glisten 
slightly,  if  the  drug  is  of  fine  quality.  The  taste  is  dis- 
tinctly bitter,  and  slightly  sweetish,  and  a  gummy  con- 
sistence is  appreciated  upon  chewing.  The  activity  re- 
sides in  the  milky  juice  which  fills  these  ducts.  The 
ofticial  fluid  extract  is  made  from  the  dried  root,  but  the 
Pharmacopo'ia  directs  that  the  fresh  root  shaU  be  used 
in  making  the  extract. 

Composition. — The  small  amount  of  sugar,  gum,  resin, 
and  wax-like  sidjstanccs.  and  the  large  amount  of  inulin 
are  scarcely  medicinal.  The  bitter  principle  is  taraxacin. 
An  alkaloid  exists  in  minute  amount. 

Dandelion  exerts  no  marked  physiological  action.  It 
is  somewhat  laxative,  hence  depurative,  and,  because  of 
a  slightly  increased  elimination  of  bile,  has  been  supposed 
to  be  a  hepatic  tonic.  It  does  seem  to  possess  slight 
alterative  and  tonic  ])owers. 

The  dose  of  the  fiuid  extract  is  4  to  8  c.c.  (fl.  3  i.-ij.), 
of  the  extract  0.5  to  2  gm.  (gr.  viij.-xxx.). 

Henry  II.  Svsby. 

DARIERS  DISEASE.     See  Eeratosis. 

DATES.— The  fruit  of  the  date  palm.  Pha'nix  dactylif- 
era  L.  (tarn.  Palmaceo').  It  is  a  fine  large  tree,  indige- 
nous to  Africa  and  parts  of  Asia,  but  long  cultivated  in 
many  varieties  in  the  tropical  parts  of  the  old  world. 
Like  the  cocoanut  palm,  it  supplies  a  multitude  of  needs 
to  millions  of  people  in  the  wanner  parts  of  the  world; 
the  young  bud  is  eaten  as  a  vegetable,  the  older  leaves 
supply  fibres  for  textile  purposes,  a  sort  of  wine  is  made 
from  its  juice,  the  seeds  are  ground  up  for  cattle  o-  used 
as  "coffee,"  and  the  fruits  form  an  important  article  of 
food.  Dried,  or  preserved  in  sugar,  they  are  exported  to 
all  parts  of  the  world  as  a  sweetmeat  and  dessert.  The 
larger  vaiiety  is  the  Alexandrian,  the  smaller  the  Barbary 
date. 

They  contain  glucose,  fifty  or  sixty  per  cent. ;  gum, 
pectin,  etc.,  ten  per  cent. ;  coinnarin,  a  trace.  Dates  are 
simply  an  article  of  food  and  luxury,  with  only  slight 
laxative  properties.  IF.  P.  Bulles. 

DATURA.     See  Stramonium. 
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DAVOS. — (Davos-Platz.  Davos-Diirfli,  and  Wiesen.) 
Davos,  tlie  best  known  and  most  frequented  "high-alti- 
tude"' winter  station  in  Europe,  is  composed  of  two  vil- 
lages a  short  distance  from  each  other — Davos-Platz  and 


dry  air  of  great  diathermancy,  much  sunsliine  and  but 
little  wind,  resembling  closely  that  of  Colorado,  with  the 
important  difference,  however,  that  the  <laily  average  of 
sunshine  in  t  lie  latter  resort  is  much  greater  tlian  at  Davos. 


Fig.  1576.— Davos-Platz  In  the  Winter  Season 


Davos-Dorfli.  It  is  the  former.  Davos-Platz.  which  is 
always  meant  when  Davos  as  a  health  resort  is  referred  to. 

Davos  first  became  known  as  a  health  resort  for  con- 
sumptives throusrh  Dr.  Spengler,  who  was  a  physician 
there,  and  who  conununicated  the  fact  of  its  immunity 
from  phthisis  to  the  German  climatologist  Meyer-Ahrens, 
Through  the  publications  of  the  latter.  Dr.  Unger,  a  con- 
sumptive, with  a  friend  likewise  afflicted,  -went  to  Davos 
and  was  cured;  and  through  the  favorable  reports  and 
experience  of  Drs.  Spengler  and  Unger  the  advantages 
of  this  climate  for  pulmonary  tuberculosis  began  to  be 
appreciated  in  Europe. 

It  was  a  radical  departure  from  the  existing  ideas  of  a 
suitable  climate  for  tliis  disease,  and  it  seemed  a  strange, 
not  to  say  dangerous  experiment  for  a  consumptive  to 
pass  the  winter  in  the  snows  of  the  Alpine  Mountains. 
As  the  favorable  reports  of  those  who  made  the  venture, 
however,  became  known,  the  fame  of  the  place  spread, 
and  from  eight  in  1865  the  number  of  consumptives  who 
visited  it  increased  yearly,  until  in  1890  they  amounted 
to  1,511,  of  whom  89  were  Americans;  and  now  it  is  the 
most  popular  high-altitude  resort  upon  the  Continent, 
the  English  coming  next  to  the  Germans  in  numbers.  It 
is  called  a  "winter  resort."  the  climate  at  that  season  be- 
ing considered  the  most  favorable,  although  Dr.  Turban, 
who  conducts  a  large  sanatorium  there,  told  the  writer 
that  the  seasons  should  make  no  difference  and  that  a 
patient  should  remain  continuously  until  the  cure  was 
effected.     The  climate  is  characterized  by  a  cold,  pure. 


The  snow  covers  the  ground  deeply  during  the  ■winter 
(from  three  to  five  months),  but  it  is  a  dry  snow. 

Davos  is  situated  in  the  Canton  des  Orisons.  Switzer- 
land, in  the  upper  Engadine,  at  an  elevation  of  5,115  feet 
above  sea  level.  The  valley  of  Davos  is  about  fourteen 
miles  long,  and  about  half  a  mile  wide,  and  runs  from 
northeast  to  southwest.  The  mountains  wliich  shut  in 
the  valley  rise  from  2,000  to  3.000  feet  above  its  bed.  It 
is  protected  from  the  north  and  west  winds;  indeed,  one 
of  the  most  remarkable  and  characteristic  features  of  the 
climate  of  this  resort  is  its  windlessness.  It  possesses  all 
the  attributes  of  an  Alpine  village^ong  winters;  a 
mountain  torrent,  the  Landwasser.  traversing  the  valley: 
sparse  vegetation ;  forests  of  fir  and  larch  upon  the  moun- 
tain sides;  high  sun.  and  low,  freezing,  shade  tempera- 
ture. The  soil  is  sandy  and  dry.  The  snow,  which  lies 
two  or  more  feet  deep  during  the  winter,  begins  to  melt 
about  the  middle  of  March,  and  patients  leave  about  the 
first  of  April. 

The  average  temperature  for  the  year  is  38°  F.,  and  for 
the  seasons:  Winter,  23°  F. ;  spring,  35°  F. ;  summer,  52'' 
F. ;  autumn,  34'  F. 

The  striking  characteristic  in  the  temperature,  more  or 
less  common  to  all  high-altitude  resorts,  is  the  great  dif- 
ference between  that  of  the  sun  and  that  of  the  shade; 
in  a  moment  one  passes  from  winter  to  summer,  or  the 
reverse.  Here  is  the  comparison  given  by  Kichards  in 
his  article  upon  Daros  in  the  previous  edition  of  the 
H.\SDBOOK,  quoted  from  Weber. 


ScTi  AXD  Shade  Temperattties  at  D.wos,  1876-77  (P.\hrekheit  Scale). 


Octolier. 

November. 

Decemtier. 

January- 

February. 

March. 

Average. 

Mean  muxinium  sun  leniperatiire 

133.07» 
60.40 

72.67 

36.63 
68.49 

109.08° 
39 

70.08 

108.30° 
36.07 

72.23 

111.36° 
31.33 

76.81 

123.32° 
36.48 

83.86 

115.04° 

40.51 

74.53 
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Although  the  average  Tvinter  temperature  is  so  low 
(namely,  23°  F.),  yet  in  the  sunshine  one  can  sit  in  the  open 
air  with  comfort  or  even  be  too  warm.  Moreover,  in  the 
shade  and  in  the  absence  of  sunshine,  says  Weber,  low 
temperature  produces  very  little  discomfort  at  Davos  as 
compared  with  that  experienced  in  level  countries,  partly 
on  account  of  the  dryness  of  the  air,  partly  also  because 
there  is  very  little  wind  in  winter. 

The  highest  or  maximum  temperature  for  the  year  is 
stated  by  Weber  to  be  75.2"  F.,  and  the  lowest  or  mini- 
mum. —  13°  F.  The  average  relative  humidity  is  77  per 
cent,  for  the  year.  82' per  cent,  for  winter,  and  74  per 
cent,  for  spring  and  summer,  as  given  by  Waters,  quoted 
by  Soll.y.  The  absolute  humidity,  however,  is  very 
slight  during  th^  cold  months,  for  it  must  be  remembered 
thatahigh  relative  humidity  at  a  low  temperature  would 
be  a  low  one  at  a  high  temperature:  for  instance,  the 
mean  relative  humiility  at  Davos  for  1876  is  given  bj' 
Weber  as  7.5.2  per  cent.,  and  the  average  yearly  tempera- 
ture is  about  38°  F.  If  now  the  mean  temperature  were 
assumed  to  be  98.4°  F..  the  absolute  humidify  of  the 
atmosphere  remaining  unchanged,  the  relative  humidity 
would  have  lieen  11.1  per  cent. 

The  annual  rainfall  and  melted  snowfall  at  Davos,  as 
given  by  Waters  from  twenty -one  years'  observation,  are 
33.6  inches,  and  for  the  seasons:  for  winter,  6.1  inches: 
spring,  6.4  inches;  summer.  11.9  inclies;  autumn.  9.2 
inches.  The  average  number  of  cloudless  days  for  the 
season  from  October  to  March,  inclusive,  from  four  years' 
observation,  compiled  by  Richards  from  Burney  Veo's 
tables,  was  63.7;  average  number  of  fine  but  not  cloud- 
less days,  30,7;  average  number  of  cltmdy  days,  67.. t; 
and  average  number  of  rainy  or  snowy  days,  40.  The 
average  number  of  cloudless  and  fine  days  was  94.4  out 
of  a  possible  182,  or  about  one-half.  The  average 
hourly  velocity  of  the  wind  for  the  four  seasons  as 
given  by  Waters  is:  Winter,  1.6  miles;  spring,  2.5  miles; 
summer,  3.4  miles;  autumn,  2.4  miles.  The  prevailing 
direction  of  the  wind  is  northeast. 

Stillness  of  atmosphere,  then,  is  another  of  the  chief 
characteristics  of  the  winter  climate  of  Davos,  although 
exceptions  do  occur  and  "bad  winters,"  with  many 
windy  days,  happen  occasionally. 

Owing  to  the  fact  that  Davos  is  in  a  narrow  valley 
shut  in  by  high  moimtains,  the  length  of  the  days  is 
considerably  shortened,  especially  in  the  winter.  For 
instance,  upon  January  1st,  the  sun  rises  at  Davos  11 :03 
A.M.,  and  sets  at  3  p.m..  while  at  Denver,  for  comparison, 
it  rises  at  7:30  a.m.,  and  sets  at  4:37  p.m.  In  Colorado 
Springs  the  invalid's  day  in  winter  is  given  by  Solly  as 
seven  hours  long,  while  at  Davos  in  the  same  season  it  is 
only  about  five  hours  long.  The  comparison  of  the 
amount  of  sunshine  in  Denver  and  Davos  is  given  by 
Solly,  as  calculated  from  the  weather-bureau  reports  and 
from  Waters'  tables,  as  follows; 

Hours  of  Actual  Sunshine  (Monthlt  Means). 
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At  Davos,  for  the  months  of  Januarv  and  February, 
1890,  there  were  267  hours  of  sunshine,  and  in  1891,  285, 
or  about  four  and  a  half  to  five  hours  per  day. 

It  will  be  seen  from  the  above  consideration  of  the 
various  climatic  factors  of  Davos  that  the  characteristic 
features  are  a  pure.  dry.  rarefied  air.  almost  complete 
absence  of  wind  in  the  winter,  and  a  large  amount  of 
sunshine,  which  in  such  an  atmosphere  has  great  pene- 
trating power.  The  disadvantages  are  the  snow-melting 
period  in  March  or  April,  the  shortness  of  the  winter 
days,  and  the  depressing  influences  of  a  monotonous  ex- 
istence in  a  narrow  Alpine  valley,  covered  with  snow. 
When  compared  with  a  similar  high-altitude  climate  in 
Colorado,  for  example  Colorado  Springs,  the  advantages 
of  the  latter  are  apparent ;  there  is  more  sunshine,  and 


the  "  invalid's  day  "  is  nearly  two  hours  longer  in  winter. 
The  fall  of  snow  is  "infrequent  and  scanty  through  the 
winter."  and  consequently  there  is  no  long  period  of  snow 
melting  in  the  spring.  "The  vegetation  is  more  abundant 
and  varied,  owing  to  the  difference  in  latitude;  and  Colo- 
rado Springs  and  most  of  the  other  resorts  are  situated  in 
broad,  extended  plateaus  or  open  plains,  giving  one  the 
feeling  of  freedom  and  exhilaration  which  comes  from 
being  able  to  look  far  away  into  the  distance.  There  is, 
however,  one  grave  disadvantage  in  many  of  the  Colorado' 
resorts,  namely,  the  wind  and  dust.  For  a  further  com- 
parison of  the  two  regions  the  reader  is  referred  to  a 
valuable  paper  by  Dr.  Carl  Ruedi  (who  resided  both  at 
Davos  and  at  Denver),  entitled  "A  Comparison  of  the 
Winter  Health  Resorts  in  the  Alps  with  some  Places  in 
the  Rocliv  Mountains  of  Colorado."  Transactions  of  the 
American  Climatological  Association.  v(4.  x.,  1893-94. 

The  one  disease  for  which  a  cure  is  sought  in  the  Alpine 
altitudes  is  pulmonary  tuberculosis,  and  to  Davos  comes 
the  consumptive,  not  for  relief  but  for  the  permanent 
arrest  of  his  disease;  consequently  only  such  cases  are 
suitable  for  such  climatic  treatment  as  offer  a  reasonable 
prospect  of  attaining  this  end.  The  following  enomera- 
tion  of  suitable  cases  for  the  high-altitude  treatment  ia 
given  from  the  experience  of  various  authorities:  (1) 
Incipient  cases;  (2)  hemorrhagic  phthisis;  (3)  chronic 
pleurisy  and  unresolved  pneumonia;  (4)  patients  with 
more  advanced  diseases  showing  some  consolidation  but 
no  excavation  nor  any  serious  constitutional  disturbance; 
(5)  cases  of  cavity,  if  not  large  and  provided  the  disease  is- 
quiescent;  (6)  cases  of  imperfect  expansion  of  the  thorax. 

The  contraindications  to  the  high  altitude  resorts  are; 
(1)  Advanced  age;  (2)  the  septic  slate,  in  which  the  dis- 
ease is  active  and  pyrexia  constant;  (3)  double  cavities 
with  or  without  pyrexia;  (4)  cases  in  which  there  is 
great  irritability  of  the  nervous  system:  (5)  diseases  of 
the  kiiiiK'V,  liver,  or  heart;  (6)  diabetes;  (7)  great  loss 
of  pulmonary  tissue;  (8)  emphysema;  (9)  tuberculous 
laryngilis.  In  regard  to  the  latter  disease  there  is  some 
difference  of  opinion.  Solly,  of  Colorado  Springs,  for 
example,  reports  favorable  results  in  its  treatment  in  the 
high  altitudes. 

Symonds.  in  his  charming  book,  "Our  Life  In  the 
Swiss  Highlands,"  thus  narrates  the  "method  of  cure" 
at  Davos;  and  although  the  account  was  written  over 
twenty  years  ago  it  still  remains  essentially  true  at  the 
present  lime.  He  says;  "After  a  minute  personal  exam- 
ination of  the  ordinary  kind,  your  physician  tells  you  to 
give  up  medicine,  and  to  sit  wannly  clothed  in  the  sun 
as  long  as  it  is  shining,  to  eat  as  much  as  possible,  to 
drink  a  fair  quantity  of  Valtelline  wine,  and  not  to  take 
any  exercise.  He  comes  at  first  to  see  you  every  day, 
and  soon  forms  a  more  definite  opinion  of  vfiiir  capacity 
and  constitution.  Then,  little  by  little,  he  allows  you  to 
walk;  at  first  upon  the  level ;  next  up-hill,  until  the  daily 
walks  begin  to  occupy  from  fiuir  to  five  hours.  The  one 
thing  relied  upon  is  air.  To  inhale  the  maximum  quan- 
tity of  the  pure  mountain  air,  and  to  iniliilie  the  maxi- 
mum quantity  of  the  keen  mountain  sunlight,  is  the  sine 
qva  iton." 

"When  I  came  to  Davos,  for  example,"  continues  the 
same  author,  "at  the  beginning  of  August,  I  could  not 
climb  two  pairs  of  stairs  without  the  greatest  discomfort. 
At  the  end  of  September  I  was  able  to  walk  one  thousiind 
feet  up-liill  without  pain  and  without  fear  of  hemorrhage. 
This  progress  was  maintained  throughout  the  winter; 
and  when  I  left  Davos  in  April  the  physician  cotdd  con- 
firm my  own  sensatif)n  that  the  huig,  which  had  been 
seriously  injured,  was  comparatively  sound  again,  and 
that  its  woimd  had  been  healed." 

With  regard  to  the  results  obtained  at  Davos,  Turban, 
who  conducted  a  sanatorium  there,  published  in  1899  an 
elaborate  report  of  408  cases  treated  by  him.  one-half  of 
which  were  in  the  second  stage  of  the  disease,  and  one- 
quarter  each  in  the  first  and  third  stages.  Taking  the 
three  stages  together,  he  discharged  66.1  per  cent,  "ab- 
solutely or  relatively  cured. "  Of  this  number  48  per  cent, 
were  found — by  tlie  examination  made  by  a  physician 
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from  one  to  seven  years  after  their  ciischarjro  from  the 
sauaiorium — t<i  have  remained  alisuhitely  or  relatively 
cured.  It  nuist  be  borne  in  mind  that  these  results  were 
obtained  by  the  eorabinatiou  of  the  sanatorium  and  high- 
altilude  treatment. 

■Williams  ("Aero-Therapeutics."  18i)4)  gives  the  results 
in  247  of  his  own  eases,  whom  he  sent  to  Davos.  Arosa. 
St.  Moiitz.  and  other  liisrh  altitude  resorts.  Of  this 
number  101  were  in  the  first  stage  and  80  in  the  second 
and  thiid.  A  cure  was  effected  in  40.89  per  cent. ;  great 
imiirovement  in  29,55  per  cent.,  and  improvement  in 
12.95  per  cent. 

In  eonchuling  his  remarks  upon  the  effects  of  tlic  high- 
altitude  treatment,  Williams  sjiys  that  75  per  cent,  of 
cases  of  phthisis  generally  are  greatly  improved,  and  in 
43  per  cent,  the  tubereulous  process  is  more  or  less  com- 
pletely arrested.  The  beneticial  intUience  of  the  climate 
is  best  shown,  he  thinks,  in  cases  of  tuberculous  consoli- 
dation, in  which  imjirovement  may  be  looked  for  in  87  per 
cent,  and  arrest  in  57  per  cent. 

In  a  private  letter  received  by  the  writer  from  Dr. 
Peters,  of  Davos,  lie  says:  "After  eleven  years'  practice 
here  in  Davos.  I  can  say  that  in  2t)  to  25  per  cent,  of  cases 
a  perfect  cure,  and  in  about  00  per  cent,  of  all  cases  a 
great  improvement,  is  obtained."  "  As  to  the  treatment." 
he  continues,  "the  principal  thing  is  to  spend  as  nnieli 
time  as  possible  outside  in  the  pure,  cold,  dry,  sunny  air, 
lying,  sitting,  walking,  skating,  or  tobogganing.  One 
must  sleep  at  least  seven  or  eight  hours,  and  make  use  of 
the  cold  shower  bath  and  cold  wet  rubbings  in  the  morn- 
ing," 

Davos-Platz  is  the  chief  centre  for  hotels  and  pensions 
and  consequently  for  patients,  although  Davos  Dorfli  in 
the  winter  receives  the  sun's  rays  two  hours  earlier,  but 
at  the  same  time  loses  them  earlier. 

The  accommodations  at  Davos  are  abundant  and  ex- 
cellent, consisting  largely  of  extensive  hotels,  all  of  which 
are  inuler  general  medical  supervision.  There  are  also 
several  sanatoria,  of  whidi  Dr.  Turban's  is  the  best 
known.  Villas,  pensions,  boarding-schools  for  boys  and 
girls,  and  other  accompaniments  of  a  populous  and  poi)u- 
lar  resort  are  to  be  found  here.  There  are  also  good  ac- 
commodations at  Davos  Dorfli,  which  is  connected  with 
Davos-Platz  by  a  tramway. 

Davos  has  been  accused  of  being  overcrowded  and 
consequently  less  Siilubrious.  but  for  this  charge  there 
exists  no  groiHid  whatever,  s;iys  Williams,  The  drain- 
age is  excellent,  and  the  water  supply  good.  The  food 
is  abundant  and  well  served,  Davos  is  reached  by  rail 
from  Paris,  via  Bale  and  Landijuart. 

The  attractions,  for  those  who  can  safely  indulge  in 
them,  are  skating,  toboganning.  sledging,  and  walking. 
The  daily  promenade  upon  the  main  street  of  the  village 
is  one  of  the  features  of  the  winter  life  at  Davos,  Here 
one  sees  the  patients  with  faces  bronzed  by  the  sun,  pro- 
tecting themselves  from  its  hot  rays  by  parasols,  when 
the  temperature  of  the  air  is  below  zero. 

Wiesen,  which  is  about  eleven  miles  below  Davos-Platz 
in  the  same  valley,  is  also  a  high-altitude  health  resort, 
with  essentially  the  same  climatic  characteristics  as  Davos. 
It  has  an  elevation  of  4.757  feet,  and  instead  of  lying  at  the 
bottom  of  a  valley,  is  situated  about  a  thousiind  feet  above 
the  river  bed.  upon  a  terrace  looking  toward  the  South. 
'\\'iesen  is  said  to  have  rather  more  sunshine  than  Davos; 
a  slightly  higher  and  more  etpiable  winter  temperature, 
and  a  winter  season  which  is  several  weeks  or  a  month 
shorter  than  the  winter  proper  at  Davos.  There  is  also 
an  early  "clearance  of  snow."  and  the  snow-melting  is 
more  rapid  than  at  Davos.  Jloreover.  there  is  no  morn- 
ing or  evening  nu'st  at  'Wiesen.  according  to  Dr.  Wise,  in 
fine  weather,  whereas  at  Davos,  "a  perceptilile  mist  gen- 
erally covers  the  valley  each  morning. "  There  are  .several 
good  hotels  at  Wiesen.  and  it  would  appear  to  be  fully 
as  favorable  as  a  climatic  high-altitude  station  as  Davos, 
As  yet  it  has  not  been  utilized  by  any  large  number  of 
consumptives. 

The  writer  has  personally  visited  the  resorts  above  de- 
scribed, but  in  the  summer  when  themajoiity  of  patients 


w-ere  away.  He  can.  however,  testify  to  the  remarkable 
invigorating  quality  of  the  air  and  the  intensity  of  the 
sunshine.  The  sensation  prodiued  by  the  deiiciously 
fine,  dry,  cool  air  and  the  warm  sunshine  is  quite  inde- 
scribable. One  feels  as  if  he  could  lake  an  unlimited 
amount  of  exercise  without  the  least  sensation  of  weari- 
ness. The  approach  to  Davos,  either  by  the  Landwasser 
route  or  via  Landquart,  is  one  of  great  "scenic  attraction. 

Edicaid  O.  Otin. 

DEAD,  DISPOSAL  OF  THE.— History  teaches  that  at 
all  times  and  in  every  country  man  has  manifested  in 
different  ways  his  respect,  his  reverence  for  the  memory 
of  those  he  had  loved  in  life.  At  all  ages  has  the  cult  (if 
the  dead  been  consecrated  by  religion  and  by  law.  This 
universal  reverence  for  t  he  dead  has  given  rise  to  funerary 
ceremonies  which  greatly  vary  according  to  the  limesuud 
degrees  of  civilizalicm  of  the  different  nations.  In  all 
these  various  ceremonies,  however,  whether  the  result 
of  faith  or  of  instinct,  we  can  trace  evidence  of  a  general 
belief  in  future  life. 

Three  methods  have  chiefly  been  employed  for  the  dis- 
posiil  of  the  dead:  First.  Burial;  second,  embalming  or 
mununilication.  and  third,  incineration  or  cremation. 

In  ancient  Egypt,  funeral  ceremonies  were  attended 
with  great  pomp,  amidst  grand  demonstrations  of  sorrow. 
The  most  interesting  ceremony  was  that  called  "The 
.Judgment  of  the  Dead."  F'orty  judges,  selected  among 
the  oldest  and  most  respectable  citizens,  examined  mi- 
nutely the  acts  and  conduct  of  the  dead  person ;  if  his  life 
was  pure,  the  body  was  allowed  to  be  transported  to  the 
Hecrojxilis,  otherwise  it  was  thrt)wn  into  a  common 
"fossa"  (trench).  Kings  themselves  were  submitted  to 
this  "Judgment  of  the  I)ead," 

The  old  Hebrews  buried  in  the  ground  the  common 
people  and  embalmed  preciously  the  bodies  of  prominent 
persons  before  burying  them.  According  to  some  pas- 
sa,!re  of  the  Bible,  these  bodies  were  also  at  times  cremated. 

The  old  Persians,  in  common  with  most  Oriental  peo- 
ple, looked  upon  a  cadaver  as  being  impure,  and  as  they 
adored  the  elements,  they  could  not  contaminate  theni, 
either  by  burning  the  dead  body,  by  burying  it  into  the 
groimd  or  by  throwing  it  intf>  water.  Each  town  in 
Persia  pos.sessed  beyond  its  walls  two  high  stone  towers, 
one  of  white  stone  and  the  other  of  black  stone.  The 
dead  were  judged  by  the  priests,  who  ordered  the  good 
to  the  white  tower  and  the  bad  to  the  black  tower.  A 
large  number  of  buzzards  were  kept  for  the  purpose  of 
devouring  the  dead  bodies  and  theieby  preventing  infec- 
tion. Death  was  not  considered  as  a  misfortune ;"lamen- 
tation  and  crying  were  forbidden  by  law.  The  funeral 
ceremonies  ended  generally  in  a  great  banquet. 

In  ancient  Greece,  funeral  ceremonies  were  attended 
with  great  pomp  ami  religiously  practised,  for  it  was  be- 
lieved that  without  them  the  souls  of  the  dead  could  not 
enter  the  Elysian  Fields.  As  soon  as  a  person  was  dead, 
a  piece  of  money,  called  lioidi,/;,  with  whidi  to  pay  the 
passage  to  eternity,  was  put  in  his  mouth.  The  body  was 
washed  and  rubbeil  with  perfumed  oil  and  the  head 
crowned  with  flowers;  the  body  was  robed  in  the  finest 
white  garment;  it  was  then  exposed  at  the  main  door  of 
the  house;  by  the  side  of  the  bier  were  ])laeed  precious 
vases  that  were  buried  with  the  dead,  and  near  the  body 
were  also  placed  a  cake  made  w  ith  honey  and  a  vase  full 
of  water,  in  which  the  friends  and  assistants  could  purify 
their  hands.  Relatives  surrounded  the  death-bed,  all  in 
tears  and  deep  sorrow,  the  women  tearing  their  clothes 
and  pulling  out  their  hair.  The  bo<ly  was  either  buried 
or  cremated,  for  both  modes  of  sepulture  existed  sinuil- 
tancously  among  the  Greeks,  .Socrates  ordered  his  body 
to  be  burnt,  and  Plutarch  speaks  of  the  burning  of  the 
bodies  of  Timoleon  and  others.  In  olden  times,  together 
with  tlie  dead  body  were  also  burnt,  in  some  instances, 
animals,  as  well  as  slaves  and  captives.  Thus  Achilles,  at 
the  incineration  of  his  friend  Patrocles.  ordered  the  burn- 
ing of  a  large  number  of  sheep,  beef,  horses,  and  dogs,  as 
well  as  twelve  Trojan  prisoners.  Bodies  that  were  not 
burnt  were  buried  in  coffins  of  varied  shapes,  and  mostly 
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made  of  earthenware.  Interments  took  place  outside  of 
the  city  walls,  as  burials  in  tiie  centre  of  the  town  were 
considered  a  danger  to  the  living.  Mortuary  banquets 
were  the  prevailing  custom,  and  monuments  of  architec- 
tural beauty  were  often  erected  over  the  site  of  burial. 
At  Athens  and  at  Sparta,  deep  mourning  was  observed 
by  parents  and  relatives;  they  did  not  show  themselves 
iu  public  and  had  their  hair  cut.  In  those  cities  bodies 
of  criminals  were  thrown  away  in  special  excavations. 

The  Romans  followed  most  of  the  customs  of  the  Greeks 
in  their  funerary  ceremonies,  such  as  anointing  the  body 
with  perfumed  oil,  placing  a  piece  of  money  in  its  mouth, 
robing  the  dead  in  its  tinest  garments,  etc.  Couches  or 
litters  on  which  the  body  was  carried  by  the  nearest 
relatives  were  made  of  ivory,  covered  with  gold  and 
purple.  Jtdius  Caesar's  body  was  carried  by  the  magis- 
trates and  that  of  Augustus  by  senators.  After  they 
bad  passed  through  the  Forum,  a  halt  was  maile  at  the 
rostrum  where  funerary  discourses  were  delivered.  From 
the  Forum  the  body  was  carried  to  the  place  of  sepul- 
ture or  incineration.  This  place  was  always  out>ide  of 
the  town  walls.  During  the  first  centuries  the  Romans 
buried  their  dead.  Yet  we  see  by  the  law  of  the  Twelve 
Tables  that  the  custom  of  burning  dead  bodies  had  be- 
come general  during  the  last  years  of  the  republic.  Un- 
der the  empire  it  gradually  grew  less  and  had  almost  en- 
tirel.y  been  put  aside  during  the  fourth  century.  As  in 
Greece,  the  pyra,  or  funeral  pile,  on  which  was  placed  the 
cadaver,  was  sprinkled  with  perfumes  and  at  times  richly 
ornamented.  Prisoners  and  slaves  were  at  times  sacrificed 
on  the  pile.  Banquets  and  gladiators'  combats  were  often 
made  part  of  the  funeral  ceremonies.  We  read  that  at 
the  funeral  of  P.  Licinus  Crassus,  who  had  been  sovereign 
pontiff,  meat  was  distributed  to  the  people,  there  were 
one  hundred  and  twenty  gladiators  iu  the  arena  and  fune- 
ral rejoicings  lasted  three  days,  after  which  there  was  a 
large  public  banquet  in  the  Forum. 

Burial. — Ashasl)een  sjiid,  the  ancient  Hebrews.  Greeks, 
and  Romans  ordered  their  burying  grounds  to  be  located 
outside  of  the  city  walls,  in  the  fear  of  contamination  to 
the  living.  The  lirst  Christian  cemeteries  that  were  con- 
secrated in  the  beginning  of  the  third  century  were  also 
located  outside  of  the  town;  later  on.  whether  from  a 
sentiment  of  piety  or  of  vanity,  man.y  of  the  faithful 
sought  the  honor  of  being  buried  in  the  interior  of 
churches.  This  custom  prevailed  more  or  less  exten- 
sively in  different  countries,  and  has  not  jet  been  entire- 
ly discontinued  iu  spite  of  all  the  efforts  of  sanitarians 
to  abolish  it.  Bishops  and  high  functionaries  are  still 
buried  in  churches. 

There  are  but  few  remaining  cemeteries  that  were  built 
during  the  Middle  Ages:  the  most  remarkable  of  these  is 
the  well-known  Campo  Santo  of  Pisa.  Italy,  built  in  1218. 

In  order  to  diminish  as  much  as  possible  the  dangers 
of  earth  and  vault  burials,  all  civilized  communities  have 
adopted  stringent  police  regulations  governing  ceme- 
teries. These  should  b_v  all  means  be  located  outside  of 
towns  and  thickly  settled  localities.  They  should  be 
planted  with  trees,  with  due  regard  to  ventilation :  each 
fossa,  or  trench,  should  have  a  depth  of  froiu  four  to  six 
feet,  and  there  should  be  at  least  three  feet  distance  be- 
tween the  trenches.  Five  years  should  have  elapsed  be- 
fore permitting  the  opening  of  the  tomb  for  a  :iew  burial. 

Decomposition  of  a  bod.v  is  more  or  less  rapid  accord- 
ing to  climate,  conditions  of  the  soil,  the  material  of  the 
coffin,  the  clothing  or  coverings  of  the  body.  etc.  Low, 
damp  ground,  saturated  with  water,  hastens  decay. 
Emljalming.  a  metallic  coffin,  retards  it.  Rapid  de- 
composition should  be  favored  by  all  possible  means. 
Burial  in  the  ground  is  preferable  to  above  ground,  inter- 
mural,  or  brick-vault  Imrial.  It  facilitates  decompfisition 
of  the  tissues  and  absorption  by  the  earth  of  obnoxious 
gases  and  emanations.  AVith  all  these  precautions, 
ground  burial,  especially  in  populous  towns  and  districts, 
remains  a  dangerous  and  unsanitary  practice.  The  earth 
soon  becomes  saturated  with  products  of  decomposition ; 
these,  no  longer  absorbed,  escape  through  the  air,  perme- 
ate the  soil  and  water  and  may  carry  infection  to  great 


distances.  Fatal  epidemics  are  known  to  have  occurred 
from  such  general  contamination. 

Eiithabiiing. — The  object  of  embalming  a  dead  body  is 
to  preserve  it  from  decomposition  and  to  keep  it  for  a 
certain  period  of  time.  Nearly  all  nations  of  antiquity 
were  iu  the  habit  of  embalming.  The  Egyptians,  above 
all  others,  were  masters  of  that  art,  as  we  see  by  their 
mtnumies,  which  date  back  for  series  of  centuries. 

Their  system  consisted  in.  first,  removing  all  the  viscera 
from  their  cavities  and  dissolving  them  in  caustic  liquids; 
second,  submitting  the  body  for  a  sjiace  of  seventj'  days 
to  the  action  of  natrum  or  carbonate  of  soda,  to  remove 
all  fatty  substances;  and  third,  obtaining  desiccation  of 
the  body  by  exposing  it  to  the  air  or  to  the  heat  of  an 
oven.  While  undergoing  this  desiccation,  the  body  was 
varnished  externally  and  filled  internally  with  odoriferous 
substances  destined  to  remove  insects,  or  it  was  plunged 
in  melted  bitumen  or  wax,  which  permeated  every  part. 
Finally,  innumerable  bandages  dipped  in  gums  were  ap- 
plied with  the  greatest  care  over  all  parts  of  the  body, 
thus  excluding  air  and  lunuidity.  This  ingenious  pro- 
ceeding was  undoubtedly  greatly  aided  by  the  permanent 
high  temperature  and  dryness  of  their  mortuary  cham- 
bers, where  the  mummies  were  kept.  ^Mummies,  in  a 
remarkable  state  of  preservation,  dating  back  more  than 
three  thousand  years,  have  been  found  iu  the  necropolises 
of  Upper  Egypt. 

Diu-ing  the  Middle  Ages,  and  even  later,  the  processes 
of  embalming  the  bodies  of  kings  and  illustrious  men 
were  move  or  less  imitated  from  the  Egyptian  methods. 
In  modern  times,  thanks  to  the  remarkable  progress  of 
chemistry,  substances  have  been  found  capable  of  pre- 
venting decomposition.  Numerous  chemicals  have  been 
used  for  that  purpose.  Among  them,  bichloride  of  mer- 
cury, acetic  acid,  sulphurous  acid,  stdphate  of  iron,  chlo- 
ride of  zinc,  arsenic,  etc.  Bichloride  of  mercury  and 
arsenious  acid  are  perhaps  the  most  efticient.  but  may  be 
objectionable  from  a  meilico-legal  point  of  view.  Now- 
adays, chloride  of  zinc,  injected  iu  the  poiditeal  arterj'  in 
both  directions,  and  the  new  germicide,  formaldehyde, 
are  the  agents  preferred  by  embalmers. 

Professor  Garini,  of  Italy,  is  the  discoverer  of  a  proc- 
ess of  embalming,  which  he  has  so  far  kept  secret,  by 
which  anatomical  jireparations  and  whole  bodies  present 
the  hardness  of  stone  and  the  appearance  of  wax  and  can 
be  preserved  indefinitely.  It  is  a  sort  of  petrification. 
The  bodj-  of  the  great  patriot  Mazzini  is  so  preserved 
in  Genoa. 

Under  certain  natural  conditions  dead  bodies  are  known 
to  have  been  kept  intact,  without  putrefaction,  numi- 
mified.  for  an  indefinite  period  of  time.  We  all  know 
that  congelation  prevents  decomposition.  In  Siberia 
there  have  been  found  fossil  elephants,  buried  in  ice, 
whose  skin  and  flesh  had  not  suffered  the  slightest  altera- 
tion. Extreme  heat  seems  to  produce  the  same  effect. 
Humboldt  has  found  natural  mummies  in  Mexico.  In 
Peru,  travellers  have  discovered  in  a  certain  locality 
possessing  a  perfectly  drj-  soil  and  exposed  to  a  burning 
atmosphere,  mummified  dead  bodies  of  Spaniards  and 
Peruvians  that  had  been  lying  on  the  ground  for  centuries. 
There  are  certain  soils,  also,  in  which  bodies  become  mum- 
mified; for  instance,  that  of  the  cemetery  of  St.  Nicholas, 
in  Toulouse,  France.  Under  certain  favorable  condi- 
tions a  constant  current  of  cold,  pure  air,  in  a  high  alti- 
tude, will  produce  the  same  results.  In  a  church  near 
Bordeaux  there  can  be  seen,  under  the  tower,  a  cave 
containing  one  hundred  naturally  mummified  bodies. 
At  the  Sacra  of  San  ilichele,  in  Piedmont,  I  have  seen 
myself  a  similar  cave  with  a  number  of  mmnmies  of 
Monks  in  their  robes  and  looking  perfectly  natural,  some 
dating  back  several  centuries,  others  more  recent. 

Cremiitinn. — The  subject  of  cremation  is  one  of  very 
great  importance,  and  it  is  rather  surprising  that  it  has 
so  far  received  but  little  attention  from  our  local  sanitar- 
ians. While  great  efforts  are  being  made  in  Europe  and 
in  a  few  of  our  States  to  introduce  or  generalize  the  prac- 
tice of  cremation,  there  generally  exists  a  strong  opposi- 
tion to  this  most  essential  sanitarj-  measure.     Our  people 
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arc  iirejuiliccd  against  tliis  beneficial  hygienic  reform, 
the  srieatadvantjiges  of  which  arc.  pcrliaps,  not  generally 
known  or  sufficiently  appreciated.  Bui  if  the  introduc- 
tion of  cremation  should  meet  with  some  opposition  in 
our  midst,  we  can  easily  lie  consoled  with  the  thought 
that  such  has  hecu  the  case,  at  all  times  and  in  every 
country,  with  every  innovation,  however  useful  or  neces- 
sary. All  imiiorlant  discoveries,  all  new  ideas  of  science 
have  had  their  enemies.  Time  alone,  with  the  assistance 
of  rea.son.  can  uproot  prejudices  and  foster  new  ideas, 
heretofore  condemned  or  rejected  simply  because  the}' 
were  not  well  understood  and  studied. 

In  this  article  I  shall  endeavor  to  show  the  dangers  of 
earth  and  vault  burials;  to  explain  what  the  .system  of 
cremation  really  is;  in  what  its  hygienic  ndvanta.ircs  con- 
sist;  and  to  demonstrate  its  sujicriority  over  all  other 
methods  of  tinal  disposition  of  the  human  Vxidy.  I  hope 
that  the  historical  considerations,  and  the  well-observed 
facts  upon  which  I  .shall  dwell  will  convince  every  intel- 
ligent person  of  the  absolute  necessity  of  a  complete  re- 
form in  our  methods  of  burial,  especiallj-  in  cities  and 
thickly  populated  districts. 

The  ((uestion  of  how  to  dispose  of  the  dead  with  the 
least  danger  to  the  living  has  at  all  times  absorbed  the 
attention  of  sjinitarians  and  occupied  the  public  mind. 
One  is  greatly  surprised,  in  looking  over  the  literature 
of  the  subject,  to  lind  that  as  far  back  as  the  year  1.539 
the  (piestion  of  the  different  methods  of  sepulture  was 
discus.sed  and  gave  rise  to  the  publication  of  several  re- 
markable works,  among  which  we  shall  mention  those  of 
Gyraldus  Ferrarensis.  of  Fernira.  Italy.  "  De  Sepulchris 
et  vario  Sepellendi  ritu  Libellus  "  :  of  Claude  Guichard, 
published  at  Lyons,  in  1581,  entitled  "Funerailles  et 
Diverscs  Manieres  d'ensevelir  des  Grecs,  Romains.  et 
autres  nations  tant  ancienncs  que  modernes."  In  103G 
there  was  published  in  Holland  a  letter(epistola)in  which 
the  custom  of  burying  in  temples  was  severely  condenmed. 
In  16.")S,  Thomas  Brown  published,  in  Loudon,  a  memoir 
on  "Hydriotophia."  or  urn  burial.  In  1T29,  Groenen 
wrote  his  "Dissertatio  Inauguralis  de  Xoxisex  Sepultura 
in  Oemeteris  ex  Urbibus  tollendi."  Frankfort:  and  a  few- 
years  later  appeared  another  thesis  by  John  Godfrey. 
"De  Sepulchrorum  salubri  translatione  extra  urbem " 
(Hall);  and  a  "Memoiresur  les  Dangers  des  Inhumatiims 
dans  les  Eglises."  by  Huguenot,  from  Montpellier  (1747); 
and  one  year  later  Panenot  wrote  "  De  Sepultura  in  I'rbe 
et  Templis  prohilienda,"  published  in  Utrecht.  From 
this  time  were  published  every  year  hooks  and  memoirs 
of  more  or  less  importance  on  the  dangers  of  burial  in 
churches  and  cities. 

In  1790.  Thouret  et  deFourcroy  published  their  report, 
'•  Sur  les  E.xhumations  du  Cimeli^re  et  de  I'Eglise  des  In- 
nocents "  ( B'lUitiii  de  In  Societe  Royale  de  Medeeine.  et 
AiDinlea  de  Chimie.  1790V  This  report  was  translated 
into  German,  in  Crell's  Chemik  Antialen.  in  1792.  Dur- 
ing the  last  years  of  the  eighteenth  century  and  the  first 
years  of  the  nineteenth,  many  publications  on  the  dangers 
of  cemeteries,  and  the  necessity  of  their  removal  from 
large  centres,  came  to  light  in  Germany,  among  which 
those  of  Wurzer,  Troinmsdorf,  Fluegge,  Reinhardt, 
.loannis  Petriis  Frank,  and  others.  Oue^  of  the  greatest 
of  German  poets.  Goethe,  was  a  strong  partisan  of  crema- 
tion. In  1830  Orfila  published  his  "Memoire  sur  les  Ex- 
humations Juridiques."  and  in  1839.  another  memoir, 
"Sur  les  terrains  des  Cimetieres.  sur  lArsenic  qu'ils  peu- 
vent  contenir.  et  sur  les  consequences  medico  legales  que 
Ton  doit  tirerde  I'existence  possible  dun  compose  arseni- 
cal dans  ces  terrains"  (Annale*  d' Hygiene).  Many  ca.ses 
of  poisoning  by  gases,  from  tombs  or  from  the  "soil  of 
cemeteries,  were  published  about  that  time.  In  1843. 
Chadwick.  of  London,  made  a  report  "On  the  results  of 
aspecial  ini|uiry  into  the  practiceof  interment  in  towns." 
In  1849,  Grimm,  Moleschott  and  others,  in  Geniiany.  be- 
gan scientifically  to  discuss  and  advocate  cremation  as 
actually  practised.  In  18o2.  Ambroise  Tardieu  wrote 
his  "Voiries  et  Cimetieres."  In  is,i,i  was  published  a 
work  on  "  Cremation  in  .Japan,"  by  Sagholin.  That  same 
year,  or  the  year  following,  appeared  several  works  on 


cremation,  by  Cobb,  of  London,  Colletti,  of  Padua,  and 
Loude.  of  Paris;  since  which  time  the  subject  of  crema- 
tion has  bec^n  constantly  agitated  and  discussed,  all  over 
the  world,  in  medical  and  scientific  publications. 

Connected  with  this  subject,  there  were  frequently 
published,  in  ditlereiit  countries,  papers  and  reports  on 
the  dangers  of  well  and  spring  waters  in  the  environs  of 
eravevards.  See  liidl.  de  lAmd.  de  Medeeine.  and  An- 
n:il,.sd- //>/;/!;, le.  18f,9.  1S70,  and  1871. 

Within  the  last  twenty  years  an  immense  nuiuber  of 
books,  memoirs,  and  paj.ers  on  the  subject  of  cremation 
have  been  published  in  every  country  of  Eurojie,  and  more 
recently  in  the  I'nited  States.  Without,  perhaps,  a  single 
exception,  the  habitual  method  of  burial,  especially  in 
cities  and  thickly  peopled  countries,  has  received'  the 
univ{rsil  condemnation  of  science  all  over  the  world, 
and  in  its  place  cremation,  or  rather  incineration,  has 
been  everywhere  recommended  as  a  perfectly  safe, 
rational,  and  unobjectionable  practice,  one  which  would 
destroy  powerful  causes  of  disease  and  greatly  promote 
the  public  health.  I'nder  the  empire,  thousands  of 
French  soldiers,  who  had  perished  during  the  disastrous 
retreat  from  Moscow,  were  burned  by  the  Russians;  and 
in  1814,  after  the  battles  around  Paris,  more  than  four 
thousand  dead  bodies  were  incinerated  at  JIontfau(,'on, 
during  the  sjiace  of  fourteen  days,  to  prevent  infection. 
.  .  .  The  same  was  done  aft<-r  the  battle  of  Sedan,  in 
1870.  Since  1876  cremation  has  been  introduced  in  almo.st 
every  country  in  Europe  and  in  America.  Italy  is  perhaps 
the  country  in  which  this  great  sanitary  reform  has  been 
carried  forward  with  most  energy  and  success;  this  result 
being  due  in  a  great  measure  to  the  efforts  of  Castiglioni, 
Gorini.  Amati.  Dell'Acqua.  Mantegazzi,  Polli.  de  Cristo- 
foris.  Pint,  and  others.  L<-t  us  here  mention,  among  the 
conspicuous  men  who  have  taken  a  leading  part  in  the 
diffusion  of  cremation.  Professor  Brunetti,  of  Padua, 
Professor  Rcclam,  of  Leipsic,  Dr.  Siemens,  of  Berlin,  and 
Sir  Henry  Thompson,  of  London,  who  wrote  such  re- 
markable articles  in  the  Contemporary  Rerieic  in  1874. 
Among  the  partisiins  of  cremation  in  our  own  country 
we  should  not  neglect  to  name  Henry  Laurens,  a  military 
attache  and  fiiend  of  General  Washington,  the  first  per- 
son whose  remains  were  formally  cremated  on  this  side 
of  the  Atlantic;  Henry  Barry,  of  South  Carolina,  whose 
remains  were  burned  in  his  own  garden,  according  to  his 
instructions;  Rev.  Dr.  Beugless,  of  Brooklyn,  whose 
w  ritings  have  so  greatly  contributed  to  the  diffusion  of 
the  knowledge  and  advantages  of  cremation  among  us; 
and  last,  but  not  least.  Dr.  Julius  T.  Le  Moyne,  of  Wash- 
ington, Pa.,  who.  besides  much  writing  and  speaking  in 
favor  of  cremation,  had  erected  at  his  own  expense  a 
crematorium,  in  which  his  remains  were  cremated,  and 
which  still  stands,  an  honor  to  his  zeal  and  earnestness  in 
the  cause  of  cremation. 

Within  the  last  few  years  cremation  has  received  the 
highest  and  most  valuable  indorsement  from  one  of 
America's  greatest  surgeons  and  scientists.  Prof.  Samuel 
D.  Gross,  of  Philadelphia,  whose  body  was.  at  his  own 
request,  incinerated  in  Dr.  Le  Moyne's  crematorium. 
Numerous  medical  societies  have  since  indorsed  cremation 
as  an  essential  Siinitary  measure.  The  American  Medical 
Association  has  given  that  practice  its  official  sanction  and 
approval. 

We  see  that,  at  all  times  and  in  every  country,  the 
custom  of  earth  burial  has  been  strongly  condemned  by 
the  most  enlightened  men  of  the  time.  We  notice  that 
particular  objections  have  have  been,  as  far  back  as  three 
centuries  ago,  to  burials  in  churches  and  in  cities.  The 
dangers  from  such  practices  were  clearly  demonstrated 
in  1636.  and  even  at  that  remote  period  strong  efforts 
were  made  by  physicians  and  savants  to  have  ceme- 
teries built  outside  of  city  limits.  Such  unanimity 
of  opinion,  in  all  countries  and  at  all  times,  would  by 
itself  be  sufficient  to  establish  beyond  a  doubt  the  real 
and  positive  danger  of  earth  and  intramural  burials.  But 
still  better  to  convince  and  satisfy  the  most  incredulous, 
we  beg  leave  to  give  here  a  few  striking  illustrations  of 
said  dangers. 
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It  was  Sir  Henry  Thompson  who  said,  in  1874:  "No 
dead  body  is  ever  placed  in  the  soil  without  polluting 
the  eartli,  the  air.  and  the  water  above  and  around  it." 
This  saying  has  been  confirmed  by  men  of  science  in 
every  country  of  Europe  and  America;  and  nowadays 
the  fact  of  the  pollution  of  air,  soil,  and  water  by  decora- 
posing  bodies  is  as  well  ascertained  and  recognized  as  are 
the  poisonous  qualities  of  strychnine  and  arsenic,  or  the 
froth  of  a  rabid  dog. 

It  is  well  known  that  grave-diggers,  who  are  generally 
of  strong  constitutions,  very  seldom  live  to  old  age.  "In 
the  Middle  Ages,  when  burial  in  churches  was  common, 
they  fell  victims  by  hundreds  to  their  horrible  duties." 
says  Wagner-Ercolani.  who  observes  that  even  now  "  the)' 
are  mostly  pale  of  face  and  seldom  healthy."  Instances 
of  the  sudden  death  of  grave-diggers  by  foul-air  poison- 
ing in  the  bottom  of  vaults  were  very  numerous  in  the 
past  and  are  still  of  frequent  occurrence.  A  few  years 
ago  three  grave-diggers  in  Paris  died  suddenly  while 
lowering  some  coffins  in  a  deep  vault.  Fetid  emanations 
from  decomposing  bodies  are  mortal  if  breathetl  in  a  con- 
centrated state,  and  when  diluted  in  the  atmosphere 
diminish  the  vital  powers  and  produce  low  forms  of  fever, 
which  are  often  fatal.  Dr.  Copeland  relates  that  a  gentle- 
man of  his  acquaintance  was  poisoned  liy  a  rush  of  foul 
air  from  the  grated  openings  at  the  siile  of  the  church 
steps;  he  was  seized  with  a  malignant  fever  which  he 
communicated  to  his  wife.  There  are  well-authenticated 
cases  of  se.xtons  being  infected  while  .shaking  and  clean- 
ing the  mattings  of  church  floors,  the  mats  lieing  satu- 
rated with  the  poison  of  the  vaults  (Williamson  "Crema- 
tion "). 

We  may  here  mention  the  fact  that  the  experiments  of 
Drs.  Koch.  Evart,  and  Carpenter  have  shown  that  the 
blood  of  animals  dying  of  splenic  fever  may  be  dried  and 
kept  for  years,  and  i)ulverized  into  dust,  and  yet  the  dis- 
ease germs  survive  with  power  to  produce  infection.  We 
all  know  of  the  plague  of  Modena.  breaking  out  in  1828, 
in  consequence  of  excavations  made  in  the  ground  where, 
three  hundred  years  before,  victims  of  the  plague  had 
been  buried.  A  similar  fact  occurred  a  few  years  ago  in 
Derbyshire.  England,  and  the  terrible  violence  of  the 
cholera  in  London,  in  18o4,  was  charged  to  the  upturning 
of  the  soil  wherein  the  plague-stricken  of  1(36.5  were 
buried. 

In  1843.  the  population  of  Slinchinhampton,  England, 
was  nearly  decimated  by  a  disease  manifestly  caused 
by  using  as  fertilizer  for  their  gardens  the  rich  soil  of 
an  aljandoued  graveyard.  In  1823,  an  outbreak  of  the 
plague  in  Egypt  was  confidently  traced  to  the  reopening 
of  a  disused  graveyard  at  Kelioab.  fourteen  miles  from 
Cairo.  A  few  years  ago.  the  villages  of  Ritondello  and 
Bollita,  in  Italy,  were  decimated  by  a  terrible  epidenu'c, 
the  origin  of  which  was  unmistakably  traced  to  the 
cemeteries.  Jlore  recently,  the  monumental  cemetery  at 
Milan,  situated  on  a  hill  to  the  north  of  the  city,  was 
proved  to  be  the  cause  of  a  fatal  epidemic  that  prevailed 
in  parts  of  the  city,  the  wells  being  the  channel  of  com- 
munication and  infection  (Williams). 

The  investigaiio'n  and  experiments  of  Professor  Pet- 
tenkofer,  of  Jlunicli,  have  proved  conclusively  the  man- 
ner in  which  graveyards  exert  their  poisonous  influence 
through  air  and  water — (Tniiidhift  and  GnuidwniiKer. 

The  danger  of  contamination  of  wells,  fountains,  and 
running  water  in  and  around  burial-grounds  is  well 
known.  This  contamination  sometimes  extends  to  quite 
a  distance,  as  we  have  seen,  and  is  a  souiee  of  far  greater 
danger  than  is  generally  supposed.  These  waters  present 
a  sparkling  and  seductive  ajipearauce — due  to  a  large 
proportion  of  nitrates  and  nitrites — which  make  them 
still  more  dangerous.  "It  is  a  well-ascertained  fact," 
says  the  London  Lnncft,  "  that  the  surest  carrier  and  the 
most  deadly,  fruitful  aider  of  zvmotic  contagion  is  this 
brilliant,  enticing-looking  water  charged  with  the  prod- 
ucts of  decomposition."  There  are  many  examples  of 
transmission  of  disease,  such  as  typhoid  fever,  dysentery, 
by  water  ajiparently  pvire  and  attractive,  running  in  or 
around  burial-grounds,  or  in  the  vicinity  of  places  where 


the  exreta  from  those  diseases  had  been  simply  de- 
posited. 

In  the  strata  of  air  lying  in  a  prolonged  calm  above  a 
cemetery.  Professor  Selmi,  of  Bologna,  discovered  an 
organic  corpuscle  (the  septo-jineiniia)  which  jjoisons  the 
atmosphere  to  the  detriment  of  the  living  economy.  This 
substance,  says  Dr.  Pietra  Santa,  which  it  is  eas_v  to  col- 
lect and  isolate,  if  placed  in  a  solution  of  glucose,  pro- 
duces the  phenomena  of  putrid  fermeutation,  and  gives 
birth  to  a  considerable  quantify  of  bacteria  similar  to 
those  which  are  manifested  in  butyric  fermentation.  A 
few  drops  of  this  soluti(m,  injected  under  the  skin  of  an 
animal,  bring  on  the  symptoms  of  typhic  infection,  and 
death  supervenes  on  the  third  day.  Infiltrated  into 
water  courses,  this  substance  has  doubtless  carried  infec- 
tion and  death  into  im])oi  tant  towns. 

It  was  Professor  Selrai  who  discovered  those  deadly 
poisons  he  called  ptnntuhis  or  dlknlvidi  cadave.rici.  By 
protracted  experiment,  he  showed,  and  his  results  have 
been  contirmeil  by  other  investigators,  that  the  common 
constituents  of  the  liiunan  body,  as  the  brain,  the  blood, 
fibrin,  etc.,  perfectly  innocuous  in  health,  are  rapidly 
converted  by  decomposition,  imder  certain  conditions  of 
heat  and  moisture,  into  new  alkaloids,  analogous  to 
those  of  plants,  and  equally  virulent.  He  even  showed 
that  death  does  not  always  precede  the  change,  but 
when  the  disease  is  one  that  induces  internal  decom- 
position of  the  plasmatical  or  histological  elements, 
the  transformation  into  ptoiiuiiiis  may  take  jilace  while 
the  patient  is  still  alive,  or  immediately  after  death, 
before  any  indication  of  external  putrefaction  becomes 
apjiarent. 

A  few  years  ago,  in  a  celebrated  trial  which  took  place 
in  Italy,  in  which  a  party  was  accused  of  poisoning  by 
strychnine,  this  eiuinent  chemist  saved  the  pri.soner  from 
the  gallowsby  proving,  to  the  satisfaction  of  the  triliunal, 
that  the  poison  found  in  the  dead  body  was  simply  an 
alkaloid  formed  in  the  body  after  deatli,  by  the  natural 
process  of  putrefaction. 

Dr.  Domingo  Freire.  of  Rio  Janeiro,  asserts  that,  while 
investigating  the  causes  of  a  recent  epidemic  of  yellow 
fever,  lie  came  upon  the  dreadful  fact  that  the  soil  of  the 
cemeteries  in  which  the  victims  of  the  outbreak  were 
buried  was  positively  alive  with  microbian  organisms, 
exactly  identical  with  those  found  in  the  vomitings  and 
blood  of  those  who  had  died  of  yellow  fever  in  the  hos- 
pital. This  characteristic  parasite,  says  Dr.  Freire,  per- 
meates the  soil  of  cemeteries,  even  to  the  very  surface. 
From  a  foot  underground  he  gathered  a  sample  of  the 
earth  overlying  the  remains  of  a  person  who  had  been 
buried  about  a  year  before;  and  though  it  showed  noth- 
ing remarkable  in  appearance  or  smell,  under  the  micro- 
scope it  proved  to  be  thickly  charged  with  those  yellow- 
fever  germs.  The  cemeteries,  therefore.  Dr.  Freire 
pronounces  "nurseries  of  yellow  fever,  and  perennial 
foci  of  the  disease."  It  may  be  proper  to  mention  here 
that  since  our  first  edition.  Dr.  Sanarelli,  of  Montevideo, 
.seems  to  have  positively  discovered  the  micro-organism 
of  yellow  fever.  His  claim,  however,  that  he  has  suc- 
ceeded, by  cultivating  and  attenuating  said  micro-organ- 
ism, in  obtaining  an  antitoxin  that  is  both  curative  and 
propliylactic,  has  not  yet  been  confirmed. 

The  above-given  facts,  as  well  as  the  facts  relating  to 
the  breaking  out  of  the  plague  in  Modena  in  1828,  and  of 
cholera  in  London  in  18.54,  from  the  ojjeinng  of  trenches 
in  graveyards  in  which,  three  or  four  himdred  years  be- 
fore, plague-  or  cholera-stricken  victims  had  been  buried 
in  the  gn)un<l,  and  those  that  have  been  ob.served  in  New 
Orleans  during  the  cholera  epidende  of  1832,  and  in  New 
York  in  1806,  at  the  time  the  Potter's  Field  w'as  abolished 
and  converted  into  a  public  square  (Washington  Square), 
all  go  to  demonstrate  most  positively  that  soils  once  satu- 
rated with  products  of  decomposition  may  retain  for  an 
indefinite  period  their  infective  properties,  and  continue 
for  generations  to  be  a  source  of  danger.  This  danger 
exists  at  all  times,  but  during  epidemics  becomes  threat- 
ening indeed.  In  fact,  we  have  seen  that  the  bodies  of 
those  who  die  of  contagious  or  infectious  diseases  are  a 
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source  of  alarming  danger,  not  only  (luring  life,  but  long 
after  they  have  been  buried  according  to  prevailing 
custom. 

Docs  not  the  germ  theory  of  disease,  the  doctrine  now- 
adays generally  aecepted  liy  the  scientitic  world,  exjilain 
in  a  ])erfectly  .satisfactory  manner  this  (icjlhition  of  .soil, 
air,  anil  water  liy  deconipiisiMi;  bodies?  Daiwin,  Pasteur, 
Koch,  and  others  have  ah'eaily  shown  that  the  innnodiate 
.essential  cause  of  most  conlagionsand  infectious  diseases 
is  a  living  animalcule,  or  microbe,  capable  of  reproducing 
itself  (111  iiifiiiitii/ii. 

These  germs  are  possessed  of  a  vitality,  of  a  power  of 
reproduction  and  resistance,  which  is  really  \vonderf\d. 
It  seems  that  the  lower  in  Iheaiiimal  scale  isan  organism, 
the  more  numerous  and  prolitie  are  its  species,  the  more 
■clinging  its  vitality.  We  have  an  additional  proof  of 
tliisln  the  particular,  and  at  one  time  luy.sterious,  mode  of 
transnnssiou  of  charbon  (anthrax),  tirst  ob.served  by  the 
illustrious  Pasteur.  A  sheep  which  had  died  of  charlii>n 
was  buried  at  the  depth  of  twenty  feet  in  the  ground,  in 
a  ticid  which,  for  ten  or  twelve  years  after,  ceased  to  be 
used  as  a  pasture  ground.  After  that  length  of  time 
some  healthy  sheep  were  pastun'd  in  that  tield :  soon 
after,  three  sheep  were  taken  sick  and  died  of  charbon, 
at  a  time  when  the  disease  did  not  e.\ist  in  that  locality 
or  the  environs.  Upon  diligent  investigation  it  was 
found  that  the  aidmal  alfected  with  charbon.  and  which 
had  been  liuried  twenty  feet  deep  ten  years  before,  was 
thecauseof  this  new  breakiugout  of  thedisease.  Pasteur 
demonstrated  that  the  germs  of  the  disease  were  brought 
to  the  surface  liy  earth  worms. 

Are  not  all  these  facts  positively  conclusive?  Can  any 
one  doubt  the  intVetive  (pialities  of  soil  saturated  with 
the  poisonous  germs  of  disease?  In  the  light  of  the  late 
researclies  and  discoveries  of  science,  it  is  not  difticidt  to 
;in(lerstand  how  cemeteries  may  continue  for  centuries 
to  be  the  ;(Hf';sand  Imbital  of  the  living  microbes  of  viru- 
lent diseases. 

From  the  very  moment  the  vital  spark  abandons  an 
organized  living  body,  be  it  man  or  the  lowest  animal, 
putrefaction  begins  its  slow  and  loathsome  process;  it 
gradually  passes  through  the  ditferent  phases  of  putrid 
•decoiuposition.  too  horrible  to  behold  or  even  to  describe, 
until  all  the  constituting  elements  of  the  decomposing 
body  are  linally  set  free  by  a  slow  and  dangerous  process 
of  combustion.  This  process  has  been  known  to  last, 
according  to  circumstances — especially  according  to  the 
nature  of  the  soil  in  which  it  takes  i)lace — ten.  twenty, 
fifty,  and  even  hundreds  of  years  I  While  this  slow  and 
horrible  process  of  decomposition  is  going  on,  every 
particle  of  matter  around  it  is  being  saturated  and  in- 
fected with  these  germs  of  disease  and  death.  This  pol- 
lution of  air.  soil,  and  water  takes  place  more  readily, 
and  gives  rise  to  special  tiangers,  in  certain  soils  and  cli- 
mates;— for  instance,  in  lower  Louisiana,  where  the  at- 
mosphere and  soil  are  sittiu'aled  with  dampness,  subsoil 
water  is  found  at  only  a  few  inches  from  the  surface,  and 
tile  land  is  of  such  a  nature  as  to  absorb  and  retain  all 
sorts  of  offensive  and  poisonous  matter.  With  all  these 
unfavorable  conditions  of  clitnate  and  soil,  they  have 
adopted,  in  New  Orleans,  a  method  of  disposing  of  the 
dead  which  is  quite  peculiar  to  that  locality.  With  a 
few  exceptions  the  dead  are  not  buried  in  the  ground,  as 
is  generally  the  case  all  over  are  the  world,  but  deposited 
in  tombs  or  ovens  above  ground,  generally  badly  con- 
structed and  exposed  to  the  alternate  influences  of  a  burn- 
ing sun  and  excessive  moisture.  No  disinfectants  are 
u.sed  either  in  the  coffins  or  in  the  vaults,  and.  to  make 
matters  worse,  most  of  the  cemeteries  are  overfilled  and 
located  in  the  very  heart  of  the  city.  This  practice  con- 
stitutes one  of  the  worst  unsiinitary  features  of  that  city, 
where  creiuation  is  more  needed  than  anywhere  else. 

We  have  seen  that  the  ordinary  mode  of  inhumation 
presents  a  double  danger:  tirst,  the  contamination  of 
*arth,  air,  and  water,  which  may  extend  to  quite  a  dis- 
tance; second,  the  reproduction  of  uperiul  contagious  and 
infectious  diseases  by  germs  which  are  buried  with  the 
Jiuman  body,  but  not  destroyed.     How  are  we  to  destroy 


these  disease  germs?  What  is  the  remedy?  There  is 
but  one.  That  remedy  is  cremation  or  incineration. 
Cremation  alone  will  jiiit  an  end  to  the  pollution  of  earth, 
air.  an<l  water.  It  applies  not  only  to  the  dead  human 
body,  but  to  animals,  to  garbage,  to  everything  which  is 
olTensive  or  dangerous  toliealtii.  Cremation  alone  can 
completely  anniliilate  the  living  organisms  or  germs  <if 
contagious  and  infectious  diseases.  The  ashes  from  the 
incinerated  bodies  of  victims  of  smallpox,  plague,  yel- 
low fever,  or  cholera  are  as  pure,  as  clean,  as  iimocent 
as  those  of  the  most  precious  woods  or  metals. 

Weshoidd  by  all  means  prefi'r  cremation  to  the  Potter's 
Field  and  all  its  horrors.  The  relics  of  the  dissecting- 
room,  of  the  ilead  bouse,  etc.,  should  be  projicrly  cre- 
mated. In  epidemics  of  a  contagious  or  infectious  char- 
acter, the  crematory  flame  should  be  made,  by  law,  the 
great  purifier.  The  garbage  of  cities  sliould  Vie  cremated. 
It  is  the  safest  and  cheajiest  manner  of  disposing  of  it. 

It  is  evident  that  these  germs  of  disease  are  not  de- 
stroyed by  being  simply  deposited  in  any  jiarticular 
locality,  however  remote  from  large  centres.  The  stop- 
ping <if  intramural  interments  only  partially  remedies 
the  evil.  It  does  not  solve  tlie  |irolilem;  it  only  adjourns 
tlie((Uestion.  The  legal  obligation  to  establish  cemeteries 
beyond  certain  limits,  as  in  the  case  of  the  new  cemetery 
of  Paris,  at  Marly-surOi.se,  sixteen  miles  from  the  capital, 
is  sinqily  planting  the  see<is  of  disease  and  death  a  little 
fartliiT  ott.  The  cemetery  will  always  be  a  focus  from 
which  death  radiates.  One  shudders  at  the  thought  that 
in  all  large  cities,  or  in  their  immediate  vicinity,  there 
are  constantly  to  be  found,  in  a  state  of  complete  putre- 
faction, as  many  as  forty  and  fifty  thousand  corpses. 

Sanitary  reasons  should  alone  influence  and  determine 
the  scientist  and  the  physician  in  all  (piestionsof  science, 
especially  in  all  questions  which  concern  the  public 
health.  Having  said  tliis  much  in  favor  of  cremation, 
from  a  Siuiitary  point  of  view,  I  might  here  put  an  end  to 
this  article  by  giving  a  short  descri]ition  of  the  most  ap- 
]iroved  ]irocesses  of  incineration.  But  the  subject  would 
be  incomplete  witliout  a  few  considerations  on  the  re- 
ligious, .sentiiuental,  and  utilitarian  aspects  of  the  ques- 
tion, more  especially  as  the  greatest  objections  to  the 
generalization  of  cremation  come  from  the  want  of  jiroper 
understanding  of  the.se  questions. 

For  my  part.  I  do  not  see  why  the  religious  question 
should  enter  into  the  subject  of  cremation.  Religion  has 
nothing  whatever  to  do  with  this  great  sanitary  reform, 
not  more  than  it  has  in  questions  of  drainage,  sewerage, 
water  closets,  or  any  other  Siinitary  measure. 

Cremation  is  nothing  else  but  a  very  simple  method  of 
reducing  the  human  body  to  its  constituent  elements 
without  injurious  consequences  to  the  living.  It  is  in 
strict  conformity  with  the  laws  of  nature,  and  merely 
accomplishes  in  a  few  minutes  that  which  putrefaction 
would  take  months  and  years  to  accomplish.  It  is 
nature's  remed}-.  coiiihvution,  facilitated,  hastened,  and 
purified,  and  rendered  innocuous  by  the  a|iplication  of  tlie 
laws  of  modern  science.  Why  should  it  be  called  a  bar- 
barous custom,  a  relic  of  paganism?  Was  not  inhuma- 
tion practised  by  antiquity  as  well  as  cremation?  Yet 
the  custom  of  burying  the  dead,  which  we  owe  to  an- 
tiquity as  well  as  many  other  customs,  such  as  baths, 
festivals,  etc.,  has  never  been  called  a  barbarous  or  pagan 
custom.  And  how  can  ignorance  and  fanaticism  base 
their  objections  to  the  system  of  cremation  on  the  religious 
idea  of  resurrection?  Does  an  omnipotent  God  need  the 
assistance  of  man  to  accomplish  his  great  work?  Is  the 
void  of  the  tomb  more  favorable  to  resurrection  than  are 
the  ashes  of  the  urn?  That  power  which  can  recall  to  life 
every  part  and  parcel  of  the  human  body,  whether  de- 
voured by  ferocious  beasts  or  burnt  at  the  stake  like  the 
martyrs  and  saints  thousands  of  years  ago  or  dissolved 
in  the  waters  of  the  seas  or  which  have  turned  to  clay  on 
matiy  a  battlefield,  can  certainly  resuscitate  the  ashes  of 
the  funereal  urn  in  the  hands  of  friends. 

In  all  cotmtries  where  cremation  has  been  adopted  it 
is  only  after  all  religious  rites  and  church  ceremonies 
have  been  performed  that  the  corpse  is  taken  to  the  cre- 
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matorium.  The  process  nf  cremation  is  no  inore  incom- 
patible with  tlie  idea  of  reh'gious  services  to  the  dead 
than  is  our  jirescnt  method  of  inhumation  in  a  tomb  or  in 
the  bowels  of  the  earth. 

The  religious  rites  could  be  performed  in  church  or  at 
the  crematorium  in  a  room  especially  consecrated  to  that 
purpose. 

I  am  happy  to  notice  that  of  late  the  opposition  to 
cremation,  on  religious  considerations,  has  considerabl}' 
diminished.  Some  of  its  most  enthusiastic  advocates  in 
our  country  are  either  clergymen  or  zealous  members  of 
the  church.  In  Italy  the  opposition  of  the  Catholic 
clergy  has  apparently  entirely  ceased,  and  in  Rome  itself 
a  splendid  crematorium  has  been  built,  and  cremation  is 
steadily  on  the  increase — forty  bodies  have  been  cremated 
there  during  the  last  four  months.  By  degrees,  all  ob- 
jections based  on  considerations  of  a  religious  character 
will  disappear,  and  I  do  not  believe  that  at  tlie  present 
day  an  intelligent  and  enlightened  member  of  the  clergy, 
of  whatsoever  sect  or  crceil.  could  be  found  honestly  to 
oppose  cremation  on  religious  grounds.  Ignorant  and 
bigoted  persons  may,  willingly  or  not,  confound  the  two 
questions;  not  the  intelligent  and  philanthropic. 

In  this  utilitarian  age  the  question  of  economy  is  not 
to  be  despised.  Statistics  show  that  the  sums  annually 
expended  in  the  Unitcii  Statesas  funeral  expenses  exceed 
the  value  of  the  annual  produce  of  all  our  gold  and  silver 
mines,  and  equal  the  amount  of  all  the  failures  of  our 
business  houses  of  the  country  (Beugless).  A  decent 
burial  costs  not  less  than  SIOO,  exclusive  of  the  price  of 
the  tomb  or  vault.  How  many  families  are  daily  im- 
poverished by  the  excessive  cost  of  interment  incurred 
through  false  pride!  How  often  expensive  burials  are 
given  to  those  who  in  their  lifetime  lacked  all  the  neces- 
saries of  life!  The  whole  cost  of  cremation  would  not 
reach  one  twentieth  jtartof  the  price  of  an  nrdiniiry  tomb 
and  interment.  As  practised  at  present  in  Jlilan,  the 
cost  for  cremating  one  body  is  only  eight  francs!  But, 
from  a  general  point  of  view,  the  great  economy  woidd 
be  that  of  land  and  space  occupied.  The  jiractice  of 
cremation  would  eventually  restore  to  the  state  or  com- 
munity vast  amoiuits  of  valuable  land  now  used  as 
graveyards,  which  are  lost  to  agriculture  and  industry. 
Under  the  present  general  system  of  interment  the  dead 
are  gradually  crowding  out  the  living.  TaUe,  for  in- 
stance, the  city  of  London,  with  an  annual  death  rate  of 
only  twenty -one  per  thousand:  the  number  of  deatlis  is 
about  eighty-one  thousand  perannum.  Have  you  calcu- 
lated how  much  space  is  required  for  the  annual  l)urial 
of  eighty-one  thousand  persons"?  At  the  limited  rate  of 
two  feet  by  six  per  person,  or  twelve  s(|uare  feet  per  each 
grave,  you  can  bury  three  thousand  six  hundred  imd 
thirty  bodies  to  the  acre;  but  this  allows  nothing  for 
walks,  roads,  gardens,  monuments,  etc.  On  this  crowded 
theory  of  three  thousand  six  hundred  and  thirty  graves 
to  the  acre.  London's  annual  deaths  will  till  twenty  two 
and  one-third  acres.  Of  course,  it  practically  requires 
four  times  as  much  space.  Cremationistsdonot  advocate 
the  abolition  of  cemeteries  now  existing,  but  they  claim 
that,  through  the  process  of  cremation,  cemeteries  would 
cease  to  be  nuisances  and  would  become  anijily  sutticient 
for  all  time  to  come.  On  the  smallest  lot  of  groimd.  an 
edifice  in  the  shape  of  a  columbarium,  divided  into  com- 
partments, would  serve  the  same  family  for  ages.  It  has 
been  calculated  that  six  millions  of  urns,  each  containing 
the  ashes  of  one  person,  and  placed  in  separate  comjiart- 
meuts,  would  not  require  twenty  acres  of  land,  including 
the  flower  beds,  walks,  etc.  Greenwood  Cemetery  alone 
could  receive  no  less  than  twenty  million  nrns.  Owners 
of  lots  in  graveyards  would  not  be  slow  to  perceive  the 
increased  value  of  their  property,  since  the  space  for  an 
ordinary  vault,  twenty  by  twenty  feet,  could  receive 
four  hundred  urns.  The  sale  of  a  compartment  or  vault 
woidd  yield  greater  protit  than  the  sale  of  a  whole  lot 
could  possibly  now  give,  and  cemeteries  would  never  be 
full.  Each  and  every  church  or  temple  could  accom- 
modate four  thousand  urns  containing  the  ashes  of  as 
many  persons,  without  any  resulting  injury,  thus  serving 


a  religious  purpose  wliile  being  a  legitimate  source  of 
income  to  the  church  (Beugless). 

The  generalization  of  cremation  would  render  impos- 
sible the  desecration  of  tombs  and  the  theft  of  dead  bodies, 
examples  of  which  have  been  quite  frequent  of  late  in 
our  country.  Be  it  sutticient  to  recall  the  theft  of  the 
body  of  the  late  millionaire,  A.  T.  Stewart,  of  New  York, 
and  the  attempts  made  to  steal  the  bodies  of  Presidents 
Lincoln  and  Garfield,  without  mentioning  the  many  in- 
stances of  bod}--snatching  for  the  purpose  of  dis.section, 
etc. 

With  that  system  in  vogue  the  danger  of  being  buried 
alive  will  no  longer  prey  on  our  imagination.  This  danger 
is  not  chimerical.  In  a  recent  work  published  in  Italy  on 
the  dangers  of  premature  inhumation,  no  less  than  sixty- 
five  well-authenticated  cases  of  burial  of  living  persons 
are  related. 

Again,  cremation  offers  the  advantage,  the  consolation, 
of  being  alile  to  preserve  and  transport  the  ashes  of  those 
whom  we  have  loved.  Many  of  us  will  heartily  join 
Rev.  Burke  Lambert,  of  England,  in  his  opinion  when  he 
said,  recently:  "I  have  lost  three  very  dear  kinsfolk  in 
remote  quarters  of  the  earth,  and  I  would  give  every- 
thing I  could  conunand  if  I  could  receive  their  ashes  and 
keep  them  by  me  in  a  vase." 

Why  should  not  the  purification  of  human  remains  be 
intrusted  to  this  rapid  method,  which  frees  the  sepulchre 
of  its  horrible  mysteries,  and  which  in  its  comeliness  re- 
tains a  certain  degree  of  poetry?  For  "Cremation," 
says  Professor  Gross,  "is  truly  a  beautiful  method  of 
disposing  of  the  dead." 

The  process  of  cremation  does  not  consist,  as  is  errone- 
ously believed,  in  the  hiirninti  of  a  corpse.  It  is  a  mere 
incineration  or  reduction  of  the  body  to  ashes  by  means 
of  dry  heat,  reaching  as  high  as  1.500°  and  3"000°  F. 
Neither  fire  nor  Hames  ever  come  in  contact  with  the 
corjise.  All  the  smoke  and  volatile  substances  resulting 
from  combustion  pass  through  a  heated  absorbing  retort 
and  are  immediately  flestroycd.  The  process  has  been 
described  by  ocidar  witnesses  to  be  as  follows:  The  body 
is  borne  into  the  chapel  and  placed  on  a  catafalque,  which 
stands  in  front  of  the  altar.  The  section  of  the  chapel 
tloor  upon  which  the  body  rests  constitutes  the  tioor  of  a 
lift  or  elevator.  As  the  funeral  service  proceeds,  the 
elevator  invisibly  and  noiselessly  descends,  bearing  the 
body  to  the  basement  in  front  of  the  incinerator,  which 
by  means  of  superheated  air  has  been  raised  to  a  white 
heat  within,  at  a  temperature  of  about  1.500'  F.  As  the 
door  of  the  incinerator  is  opened  to  receive  the  body,  the 
inrushing  cold  air  causes  the  temperature  to  fall  a  little, 
and  gives  to  the  interior  a  beautiful  rose  tinge.  The 
corpse,  wrapped  up  in  a  sheet  saturated  with  alum  or 
asbestos,  and  placed  on  a  metallic  bed.  passes  over  rollers 
into  a  hiith  of  raxij  light.  The  sheet  delineates  the  form 
of  the  human  body  until  incineration  is  complete,  and 
the  bones  crumble  into  ashes  under  the  mystic  touch,  as 
it  were,  of  an  invisible  agent.  This  process  may  be  called 
the  etherealization  or  spiritualization  of  the  human  body. 
It  rcqinres  about  an  hour  per  one  hundred  potuids  of  the 
original  weight.  A  few  pounds  of  clean,  white  ashes 
are  dropped  by  means  of  a  lever  into  the  ash  chamber 
below,  and  are  drawn  thence  into  an  urn  of  terra-cotta. 
marble,  alabaster,  or  other  suitable  material,  and  returned 
b}'  means  of  the  elevator  to  the  catafal(|ue.  The  service 
or  ceremony  being  now  over,  the  friends  of  the  deceased 
finil  the  ashes  just  where  they  had  last  seen  the  body  of 
the  departed,  and  may  bear  them  thence  to  the  colum- 
barium or  mortuary  chapel,  or  set  them  on  the  border  and 
plant  violets,  heartsease,  and  forget-me-nots  in  them  from 
year  to  year.  Each  urn  contains  the  ashes  of  but  one 
person,  as  a  rtde.  and  has  an  appropriate  in.scription. 
The  process  is  accompanied  with  no  perceptible  .sound, 
smell,  or  smoke,  and  presents  absolutely  notlnng  that  can 
offend  the  susceptibilities  of  the  most  fastidious. 

Scarcely  an  instance,  says  Beugless.  is  known  of  any- 
one having  witnessed  the  process  as  thus  conducted  who 
has  not  at  once  become  a  pronounced  convert  to  crema- 
tion, whatever  may  have  been  his  pre-existing  prejudice. 
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Connected  with  tlie  crematorium  are  rooms  for  post- 
mortem exiiminat  ions  and  medico-legal  researches,  when 
deemed  necessjiry. 

Crematory  temples,  in  many  larsre  cities  of  Europe,  are 
ol'lH'iiutifiirmoiuimenlal  arcliitccturc.  Italy  alone  boasts 
of  thirteen  such  teniiiks.  Milan  has  two.  Tlii>se  of  the 
latter  city  and  the  tmr  of  Knnic  arc  of  the  jrrandest  pro- 
portions." There  e.\ist  to  day  cremation  socielics  in  all 
co\intries  of  the  world.  There  arc  not  less  than  thirty- 
seven  in  Italy  alone.  The  most  important  and  most  ac- 
tive is  in  Milan,  which  city  is  also  the  centre  of  the 
"Le.ica  Italiana  delle  Societa  di  Crema/.ione."  The  Cre- 
mation Society  of  Copenhagen  nnmlicrs  two  thousand 
members,  that  of  Holland  twelve  lumdred  members,  that 
of  I'aris  six  hundred.  There  are  also  societies  in  Berlin. 
London.  Dresden.  Kio  .laneiro,  etc.;  and  in  the  L'nited 
States  there  are  not  less  than  ten  regularly  incorporated 
organizations.  Amonji  their  members  are  to  be  found 
some  of  our  most  dislinjruished  citizens. 

The  greatest  practical  objection  to  the  generalization 
of  cremation  was.  until  recently,  the  want  of  a  proper 
appanitus  for  the  niin'tl  and  cumpltte  incineration  of 
bodies.  That  objection  exists  no  longer — the  problem  is 
now  solved  by  the  late  experiments  made  in  Europe  and 
in  our  own  country.  Great  progress  has  been  made  in 
the  dillcrent  apparatuses.  Venini's,  which  is  used  in 
Milan,  Padna,  Brescia,  and  Udine  (Italy),  .seems,  so  far. 
to  be  the  most  perfect.  It  destroys  most  thoroughly  all 
animal  gases,  is  fumivor(nis  (smoke-destroying),  emits  no 
smell,  and  its  action  is  continuous.  It  is  heated  by  .7(r.v, 
with  variable  oxidation,  and  its  jets  can  he  subdivide<l 
and  concentrated  on  one  point  at  will.  By  this  appara- 
tus the  most  rapid  and  hygienic,  and  at  the  same  time 
least  expensive,  method  of  cremation  has  been  obtained. 
As  we  have  Siiid  before,  the  cost  of  cremating  one  body 
has  been  reduced  in  Milan  to  the  sum  of  S  francs  (.SI. 60). 

In  Italy  they  have  already  built,  in  addition  to  their 
numerous  beautiful  crematoriiim  temples  in  cities,  large 
crematory  furnaces  (funii  CdUettiri)  for  the  cremation  of 
bodies  in  time  of  war.  especially  of  those  who  fall  on  the 
battletields,  and  iluring  t'liidemics  for  those  who  die  from 
contagious  or  infectious  diseases.  These  furnaces  have 
been  constructed  according  toGorini's  plan.  It  has  been 
estimated  that  three  of  tliese  fonii  cremntorii  cMettin 
cotdd  incinerate  ten  thousand  bodies  in  three  days. 

A  movable  crematorium,  on  wheels,  intended  for  an 
army  in  the  tield.  or  for  localities  in  which  crematory 
temples  do  not  exist,  has  been  invented  by  Captain  Key. 
of  the  Italian  army,  and  has,  upon  trial,  given  perfect 
Siitisfaction.  This  apparatus,  which  can  be  easily  drawn 
by  two  horses,  does  not  cost  over  3.000  francs  (S600). 

The  main  object  of  cremation  societies,  for  some  time 
to  come,  should  be  to  enlighten  public  opinion,  to  remove 
all  prejudices  against  cremation,  and  to  prove  that  it  can 
be  practised  without  in  the  least  wounding  religious 
sentiment  or  susceptibilities.  For.  with  so  many  power- 
ful sanitary,  philosophical,  and  economical  arguments  in 
favor  of  cremation,  why  is  it  that  this  es.sentially  useful 
and  hygienic  measnie  is  not  more  generally  adopted  in 
our  country?  Is  it  not  simply  on  account  of  the  ignor- 
ance, bigotry,  and  prejudice  that  surround  us?  Is  it  not 
the  duty  and  mission  of  hygienists.  philosophers,  and 
sanitarians  to  attempt  to  enlighten  the  people,  to  advise 
legislation,  to  remove  prejudice  and  false  ideas,  to  pre- 
pare public  opinion  for  the  adoption  of  one  of  the  great- 
est sanitary  reforms  of  the  age.  which  is  intended  to 
bring  sanitary  residts  of  incalculable  importance?  Let 
our  people  understand  and  appreciate  the  immense  benefit 
of  cremation;  let  prejudice  and  bigotry  be  conquered. 
Cremation,  once  known,  will  become  popular  among  us, 
and  science  will  have  made  one  more  great  step  forward. 

Principal  Cbem.\tiox  Societies  Existixg  in  Italy,  with  Date 
OF  Their  ORiiA.MZATiox. 


Milan 1876 

L<'dl   (municipal 
Instftutloni  ...  1S~ 

Cremona 1S77 

tdine  1S79 

Rome 1879 


Varese IRSI) 

Domodossola Issi  i 

romo ISSI 

Bolopna 18K1 

MoUena.  ISSl 

Pavla 18S1 


Padua 18SI 

Codogno 1881 

Venire 18,s2 

Plaisance 18S3 

Leghorn 1882 

Novara. 1882 


Ancona 1882 

<ieni)a 1882 

Florence 1882 

Bre.scla 1882 

Turin 1882 


Parma 1882  I  Plstoja 1883 

Vercina 1882    Slnmi 1883 


Pisa 
Carpi.. 

Asti... 


18.S2 

1882 
1883 


SI.  Kemo 1883 

Intra 1884 


Felix  Formento. 
DEAD  FINGERS.     See  H,iml  and  Fingers. 

DEAF-MUTES. —DEFfNiTioN  and  Classification. 
The  word  "deaf mules  ■'  signifies,  strictly  speaking,  per- 
sons who.  having  been  born  deaf  or  having  lost  their 
hearing  in  early  life,  have  not  ac(|uired  the  power  of 
speech.  There  is  usually  no  defect  in  the  vocal  organs, 
except  such  imiierfection  of  development  as  may  be  the 
result  of  lack  of  exercise;  muteness  is  simply  the  conse- 
([Uence  of  deafness.  Ordinary  children  learn  tospeak  bj' 
hearing  and  imilating  the  sounds  made  by  others;  the 
deaf  child  docs  not  hear  such  sounds,  therefore  does  not 
imitate  them,  therefore  remains  mute. 

The  term  "deaf-mutes'"  seems  to  have  originated  in 
the  l'nited  States  within  the  present  century.  The  syn- 
onymous term  generally  employed  in  England  and  still 
fri'(juently  usecl  in  this  country,  is  "deaf  and  dumb." 
Of  these  two  designations,  "deaf-mute"  is  the  prefer- 
able one:  for  (1)  the  words  "deaf  and  dumb  "  tend  to  per- 
petuate the  popularcrror  that  dcafnessand  dumbness  are 
two  distinct  phy.sical  defects,  instead  of  standing,  as 
above  explained,  in  the  relation  to  each  other  of  cause 
and  eflfect;  and  (2)  the  word  "dumb"  is  open  to  the  fur- 
ther objection  that  it  carries  with  it  an  implication  of 
stuiiidity  and  brutishness.  being  associated  in  the  minds 
of  many  people  with  disparaging  allusions  to  the  lower 
animals,  as  in  the  Scriptural  expression  "dumb  dogs," 
and  in  Longfellow's  reference  to  "ilumb.  driven  cattle." 

There  are  many  persons  usually  spoken  of  as  "deaf- 
mutes,"  or  "deaf  and  dumb,"  and  educated  in  institu- 
tions established  for  the  instruction  of  this  class,  who  are 
not  properly  described  by  either  of  these  terms.  Some 
of  them,  having  lost  their  heaiing  by  accident  or  dis- 
ease, after  they  had  learned  articulate  language,  still  re- 
tain their  speech  notwithstanding  their  deafness;  others, 
formerly  mute,  have  acquired  the  art  of  sjieech  through 
the  instruction  of  skilful  teachers  of  articulation.  Such 
persons  are  not  really  "dumb"  or  "mute,"  and  their  im- 
proper classification  as  such — especially  in  the  case  of 
those  who  have  learned  to  speak  before  losing  their  hear- 
ing— gives  rise  to  serious  errors  in  the  mind  of  the  public 
concerning  the  nature  of  deaf-mute  education  and  its  re- 
sults. The  strictly  correct  designation  for  the  whole 
class  of  persons  under  consideration  in  this  article  is  "the 
deaf":  the  term  "deaf-mute"  should  be  applied  only  to 
persons  deaf  from  birth  or  infancy,  who  have  not  ac- 
quired the  use  of  articulate  speech. 

Some  deaf-mutes  are  either  born  deaf,  or,  losing  their 
hearing  in  early  infancy  from  unobserved  causes,  are 
supposed  to  have  been  so  born;  others  become  deaf  from 
various  diseases  or  from  accidents.  The  deaf  are  thus 
divided  into  two  great  classes:  the  "congenitally  "  and 
the  "adventitiously"  deaf,  or,  as  they  are  often  called, 
"congenital  deaf-mutes  "  and  "adventitiousdeaf-mutes." 
Excejit  when  hearing  is  known  to  have  existed,  it  is  im- 
possible to  say  positively  to  which  of  these  classes  a  deaf- 
mute  belongs  (.see  Proportion  of  Congenital  and  Adven- 
titious Cases,  infra);  the  distinction  nevertheless  is  an 
important  one. 

Among  the  adventitiously  deaf,  a  large  proportion  lose 
their  hearing  in  early  childhood,  before  they  have  learned 
articulate  language ;  in  other  cases  in  which  some  progress 
in  speaking  has  been  made,  the  length  and  severity  of 
the  disease  that  causes  deafness,  often  temporarily  affect  ■ 
ing  the  brain  at  the  same  time,  seem  to  efface  the  lan- 
guage previously  aci|uircd;  and  in  others  the  neglect  of 
parents  and  friends  to  aid  and  encourage  the  deaf  child 
in  the  extraordinary  elTorts  necessary  for  the  retention  of 
speech  after  hearing  is  lost,  produces  the  same  result. 
Such  persons  are  sometimes  called  "  quasi-congenital  deaf- 
mutes."  Speech  as  well  as  hearing  is  gone,  and  they  as 
truly  belong  to  the  class  of  "  deaf-mutes  "  as  if  they  had 
never  heard. 
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Many  persons  have  lost  tlieir  liearing  by  accident  or 
disease,  after  liaving  acquired  tlie  use  of  articulate  speech, 
xind  retain  this  speech  more  or  less  perfectl.y  notwith- 
standing their  deafness.  If  tlie  loss  of  hearing  occurs  in 
adult  life,  they  usually  escape  the  improper  classilicatiou 
witli  deaf-mutes  above  referred  to ;  but  if  it  happens  in 
•childhood,  so  that  they  cannot  be  educated  in  the  usual 
manner  of  hearing  children,  but  must  be  sent  to  special 
schools  for  instruction,  they  are  erroneously  includefl 
among  deaf-mutes.  Many  of  the  processes  of  deaf-mute 
instruction  are,  it  is  true,  equallv  applicable  to  persons 
•of  this  class,  and  they  may  therefore  properly  be  asso- 
ciated with  deaf -nuites  for  the  purpose  of  education;  but 
they  differ  from  deaf-mutes  essentially,  not  only  in  hav- 
ing the  ability  to  express  themselves  orally,  but  still  more 
in  their  natural  mode  of  thought,  which  is  in  words  and 
not  in  gestures.  This  difference  is  fully  recognized  by 
all  teachers  of  the  deaf,  who  in  this  country  distinguish 
the  members  of  this  class  by  the  useful  and  convenient, 
though  not  accurately  descriptive,  title  of  "semi-mutes." 

The  deaf  may  be  further  classilied  according  to  the 
degree  of  their  deafness.  Deafness  varies  all  the  way 
from  a  slight  difficulty  in  hearing  to  the  inability  to  per- 
ceive the  loudest  sounds.  Persons  in  wliom  the  defect  is 
so  slight  as  to  allow  of  their  education  through  the  ear  in 
ordinary  schools,  are  not  regarded  as  deaf  mutes,  and  do 
not  come  within  the  scope  of  the  present  article;  they 
may  be  designated  as  simply  "hard  of  hearing."  The 
whole  class  of  the  deaf,  aside  from  the  hard  of  hearing, 
are  divided  into  "the  totally  deaf"  and  "the  semi-deaf." 
The  totally  deaf  may  belong  either  to  the  congenital  or 
to  the  adventitious  clas.ses.  and  the  same  is  true  of  the 
•semi-deaf. 

The  term  "  mute  "  is  often  used  as  synonymous  with 
deaf-mute,  but  it  should  be  avoided  as  less  e.\act,  since  it 
may  also  refer  to  jiersons  who  hear,  but  are  not  able  to 
speak  on  account  of  feeble  mental  power  or  of  some  de- 
fect in  the  vocal  organs.  It  is  o)ien  to  the  further  objec- 
tion that  it  suggests  to  many  minils  an  undertaker's  as- 
sistant at  a  funeral.  Persons  "mute"  or  "semi  mute," 
but  not  deaf,  are,  of  course,  not  to  lie  included  among 
deaf-mutes,  and  are  not  suitable  Ciimlidatesfor  admission 
to  schools  for  the  deaf.  If,  as  is  usually  the  case,  their 
deafness  is  due  to  defective  mental  power,  they  may 
properly  be  sent  to  a  school  for  the  feeble-minded,  wliere 
the  skilful  efforts  of  devoted  teachers  often  succeed  in 
awakening  the  dormant  intellect,  imparting  speech,  and 
restoring  the  child  to  society. 

Extent  of  De.vf-mitism. — For  a  large  part  of  the 
■world  we  have,  of  course,  no  statistics  of  deaf-mutism; 
but  during  several  decades  most  of  the  countries  of 
Europe  and  North  America  have  included  such  statistics 
in  their  census  returns.  The  returns  from  different  coun- 
tries, and  from  different  parts  of  the  .same  country,  show 
remarkable  ditTerences  in  the  extent  of  deaf-mutism. 
These  differences  are  doubtless  due  in  part  to  the  greater 
accuracy  with  which  the  census  is  taken  in  some  places 
than  in  others;  but  it  is  iirobable  that  place  of  residence, 
race,  and  modes  of  living  have  considerable  influence. 
Mountainous  regions  give  a  larger  proportion  of  deaf- 
mutes  than  low,  level  countries;  the  Caucasian  than  the 
African  race;  Jews  than  Cliristiaus;  the  poor  and  igno- 
rant than  the  intelligent  and  well-to-do  classes,  Switzer- 
land has  the  largest  proportion  of  any  count ly  of  which 
we  have  returns,  2,402  deaf-mutes  in  every  million  in- 
habitants; Australia  has  the  lowest.  371  in  every  million. 
In  the  United  States,  according  to  the  census  of  IStttl,  the 
proportion  is  (OS  in  every  million. 

Proportion  of  M(ttrs  fuid  Females. — In  each  million  of 
population  of  the  United  States,  of  the  .same  sex,  accord- 
ing to  the  census  of  1890,  there  were  T02  male  and  59.5 
female  deaf-mutes.  Out  of  each  thousand  deaf-mutes 
there  were  5.52.5  males  and  44T.5  females.  The  census 
returns  of  all  other  countries  show  a  similar  excess  of 
male  over  female  deaf-mutes.  The  greater  liability  of 
male  children  to  ear  and  brain  disease  has  been  assigned 
as  a  reason  for  this  excess,  but  the  reason  for  such  greater 
liability,  if  it  really  exists,  has  not  been  explained. 


Proportion  of  Congenital  and  Adtentitious  Cases. — The 
census  returns  of  1890  give  41.5  per  cent,  of  the  total 
number  of  deaf-mutes  in  the  United  States  as  congenitally 
deaf.  .50.5  per  cent,  as  adventitiously  deaf,  and  8  per  cent, 
as  unknown.  This  result  differs  from  that  of  all  previ- 
ous United  States  censuses,  which  make  the  congenitally 
deaf  in  the  majority,  as  do  also  the  censuses  of  foreign 
countries.  On  the  other  hand,  statistics  of  pupils  in 
schools  for  the  deaf,  in  America  and  Europe  alike,  give 
an  excess  of  adventitious  over  congenital  cases.  Of  23,- 
931  pupils  in  American  schools  for  the  deaf,  9,842,  or  41 
per  cent.,  were  reported  as  congenitally  deaf,  and  14,089, 
or  .59  per  cent.,  as  adventitiously  deaf.  These  school 
statistics  are  unquestionably  more  trustworthy  than  cen- 
sus returns  in  general,  inasmuch  as  the  inquiries  made 
by  heads  of  schools  on  the  admission  of  pupils  are  more 
intelligent  and  careful  than  those  of  the  census  enume- 
rators. 

It  should  be  remembered,  however,  that  all  statistics 
concerning  congenital  and  adventitious  deafness  are  some- 
what questionable,  for  the  fact  of  congenital  deafness 
cannot  be  determined  with  absolute  certainty  in  any 
case.  At  the  moment  of  birth  it  isimpossible  to  find  out 
whether  the  power  of  hearing  exists  or  not.  though  a  few 
days  later,  jirobalily,  this  can  be  ascertained  by  applying 
proper  tests.  Generally,  the  fact  of  deafness  is  not  dis- 
covered unlil  the  child  arrives  at  the  age  when  children 
usually  begin  to  talk;  at  that  time  it  is  impossible  to  say 
wlielherthe  deafness  has  existed  from  birth  or  has  oc- 
curred at  some  subsequent  period.  If  the  child  has  suf- 
fered from  some  unmistakable  disease  that  is  known  to 
be  a  frequent  cause  of  deafness,  the  case  is  likely  to  be 
recorded  as  adventitious;  it  may  possibly,  however,  have 
been  congenital.  If,  on  the  other  hand,  no  .such  disease 
has  been  observed,  the  case  is  likely  to  be  recorded  as 
congenital;  but  it  is,  perhaps,  quite  as  likely  that  the 
hearing  has  been  lost  in  consequence  of  some  unnoticed 
intlanunalion  of  the  mucous  membrane  of  the  tympanic 
cavity  or  of  the  air  passages  occurring  soon  after  birth, 
or  at  .some  subsequent  time  before  the  deafness  was  dis- 
covered. Deafness  truly  congenital  is  probably  of  much 
rarer  occurrence  than  is  indicated  by  even  the  most  trust- 
worthy statistics,  and  the  only  adventitious  cases  of 
which  we  can  be  sure  are  those  of  persons  of  whom  it  is 
known  that  they  have  heard  at  some  period  of  their  lives. 
It  is  to  be  understood,  therefore,  that  "  congenitally  deaf," 
as  a  rule,  really  means  "svipposed  to  be  congenitally  deaf." 
and  that  "ailventitiously  deaf,"  in  some  cases,  means 
"supposed  to  be  adventitiously  deaf."  Of  the  adventi- 
tiously deaf  a  large  proportion  lose  their  hearing  under 
five  years  of  age. 

C.\t"sES  OF  De.xf-mitism. — The  immediate  cause  of 
mutism,  in  the  great  majority  of  persons  who  do  not 
speak,  is  simply  deafness.  (See  Definition  and  Classifica- 
tion, s'lprn.)  Where  this  is  not  the  case,  as  occasionally 
occurs  in  children  improperly  lirought  to  .schools  for  the 
deaf,  there  is  usually  some  mental  defect  which  has  pre- 
vented the  development  of  speech.  Such  mutism  "is 
the  result  of  the  absence  either  of  ideas  or  of  reflex  action 
in  the  motor  organs  of  speech.  In  the  former  case,  im- 
beciles have  nothing  to  say ;  in  the  latter,  they  feel  no 
desire  to  speak."  Very  rarely,  indeed,  it  happens  that 
muti.sm  is  due  to  some  defect  or  paralysis  of  the  vocal 
organs  that  interferes  with  articulation.  But  as  neither 
of  these  groups  of  "hearing  mutes"  belongs  to  the  cla.ss 
of  deaf-mutes,  they  do  not  come  within  the  sco])e  of  the 
|)resent  tojiic.  Since  deafness  is  the  immediate  cause  of 
mutism  in  all  deaf-mutes,  in  order  to  ascertain  the  causes 
of  deaf-mutism  we  must  inquire  into  the  causes  of  deaf- 
ness. 

The  causes  of  deafness  may  be  divided  into  direct  and 
indirect  causes.  The  direct  causes  are  the  defects  in  the 
organ  of  hearing,  whether  congenital  or  adventitious, 
which  prevent  the  perception  of  sound.  The  indirect 
causes  are  the  circumstances  of  environment,  disease,  or 
accident,  either  ante-natal  or  post-natal,  or  both,  accom- 
panj'ing  or  preceding  deafness  in  so  large  a  number  of 
cases  as  to  give  us  reason  to  suppose  that  they  have  an 
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important  influence  in  producing  tliose  defects.  The 
causes  of  whicli  I  shall  speak  are  those  that  have  been 
observed  by  teachers  of  the  tkaf.  or  satlieritl  by  them 
from  the  statements  of  the  parents  and  friends  of  the 
children  brought  to  them  for  instruition. 

In  discussinsr  this  subject  it  has  until  recently  been 
usual,  settim;  out  with  the  elassitication  of  ih'af-nnites 
into  eongenilal  and  adventitious  cases,  to  ascrilie  all  the 
former  to  antenatal,  and  all  the  latter  to  post-natal, 
causes.  This  distinction  cainiot  be  maintained.  There 
are  probably  both  congenital  and  adventitious  cases 
(though  a  much  smaller  number  of  the  former  than  is 
genendly  sup]iosedl,  anil  there  are.  doid)lless,  both  ante- 
natal and  iiost-iiatal  causes;  but  (see  Proportion  of  Con- 
genital and  Adventitious  Cases,  xnjini)  it  is  impossible 
in  any  case  of  siipjiosed  congenital  deaf-mutism  to  sjiy 
certainly  that  it  is  not  adventitious,  while,  as  will  appear 
below,  thi're  is  reason  to  believe  that  ante-natal  causes 
often  combine  with  post-natal  to  produce  adventitious 
<leafiiess.  Every  ease  shoidd  be  considered  by  itself; 
just  as  careful  inquiry  should  be  made,  on  the  one  hand, 
conceriung  all  possible  ant<'-natal  causes  in  cases  known 
to  be  adveiuitious  as  in  those  snp]iosed  to  be  congem'tal. 
and.  on  the  other,  concerning  all  possible  l)ost-natal 
<'auses  in  cases  supposed  to  be  congenital  as  in  those 
known  to  be  adventitious.  This  has  not  usually  been 
done;  when  it  is.  we  may  expect  to  arrive  at  a  much 
clearer  undei-standing  of  the  causes  of  deafness  than  has 
yet  been  reached. 

I/irnliti/. — The  first,  and  probably  tlie  most  effective, 
indiiect  cause  of  deaf-mutism  is  heredity.  This  is  some- 
times miestioned.  for  the  reason  that  <leaf-mute  Jiarents 
ilo  not.  as  a  rule,  have  deaf-mute  children;  but.  aside 
from  the  fact  that  the  exceptions  to  this  rule  are  of 
themselves  numerous  enough  to  establish  the  principle 
of  heredity,  its  existence  is  clearly  proved  by  the  large 
luimber  of  deaf-mutes  who  are  related  to  one  another  by 
blood.  Out  of  1T.S33  pupils  who  attemh'd  American 
schools  for  the  deaf.  7..")1G.  or  4'3  per  cent.,  were  rejiorted 
as  having  deaf  relatives.  Many  of  these  cases  had  more 
than  one  deaf  relative,  making  the  ,trroupsof  related  deaf- 
mutes  much  fewer  than  the  total  numberof  related  deaf- 
mutes  reported;  but  they  none  the  less  forcibly  illustrate 
the  tendency  of  deafness  to  prevail  in  certain  families — 
a  tendency  which  can  be  explained  only  by  the  principle 
of  heredity.  As  Prof.  W.  K.  Brooks  has  profoundly 
observed,  "an  inherited  characteristic  may  or  may  not 
have  been  manifested  by  the  parents  or  other  ances- 
tors. If  it  is  more  common  either  among  the  ancestors 
or  the  brothers  and  sisters  and  cousins  of  the  organ- 
ism than  it  is  in  the  race  at  large,  it  is  an  inherited 
characteristic." 

Of  2.24.5  deaf  persons  reported  as  congeuitally  deaf. 
1.461,  or  6.5  per  cent. .  had  deaf  relatives ;  of  3.9-53  reported 
as  adventitiously  deaf.  794.  or  20  per  cent.,  had  deaf  rela- 
tives. The  large  proportion  of  cases  supposed  to  be  con- 
genital, among  those  having  deaf  relatives,  indicates  that 
the  hereditary  tendency  to  deafness,  where  it  exists,  is 
generally  so  strong  as  to  produce  the  result — whether 
independently  or  in  conjunction  with  some  other  indirect 
cause  that  is  not  observed — either  before  or  soon  after 
birth;  while  the  considerable  immber  of  known  adventi- 
tious cases  having  deaf  relatives  shows  that  the  iidierited 
tendency  not  infreipiently  awaits  the  concurrence  of  some 
disease,  perhaps  not  hereilitary  in  its  character,  before 
manifesting  itself.  It  should  be  remembered  also  that, 
though  we  speak  of  hereditaiy  deafness,  what  is  inher- 
ited in  any  case  of  deafness,  whether  congenital  or  ad- 
ventitious, is  not  really  deafness,  but  some  anomaly  of 
the  auditory  organs  or  of  the  nervous  system,  or  the 
tendency  to  some  disease,  of  which  deafness  is  but  the 
residt  or  the  symptom. 

While  the  principle  of  heredity  is  thus  clearly  estab- 
lished as  an  indirect  cause  of  deafness,  it  is  the  fact  that 
in  a  great  majority  of  cases  the  defect  is  not  transmitted 
by  deaf  parents  to  their  children.  Still,  marriages  of  the 
deaf  are  more  likely  to  result  in  deaf  offspring  than  ordi- 
nary marriages.     Of  3,0TS  marriages  of  deaf  persons  in 


America,  one  or  both  of  the  partners  being  deaf,  the  re- 
sidts  of  which  are  known,  300,  or  nearly  10  per  cent., 
resulted  in  deaf  olTspring;  of  the  6, 7.'<2  children  born  of 
these  marriages.  .5SS.  nr  H.5  per  cent.,  were  <leaf.  The 
percentage  nf  ordinary  marriages  resulting  in  deaf  off- 
spring is  not  known;  it  is  cerlaiidy  less  than  one  per 
cent.  The  residts  above  stated  are  in  accordance,  on  the 
one  hand,  with  the  law  of  heredity  that  a  l>hysical  anom- 
aly or  an  uiuisual  liability  to  ceriain  disea.ses  existing  ia 
the  parent  tends  to  be  transmitted  to  the  olTspring,  and, 
on  the  other  hand,  with  the  law  of  heredity  that  the  off- 
spring tend  to  revert  to  the  normal  type. 

For  the  herc'ditary  transmission  of  the  physical  condi- 
tion that  results  in  deafness,  it  is  not  necessary  that  both 
of  the  |>artners  in  marriage  shoidd  be  deaf.  On  the  con- 
trary, taking  the  deaf  as  a  whole,  without  regard  to  the 
character  of  the  deafness,  marriages  in  which  both  of  the 
partners  are  deaf  are  not  more  liable  to  result  in  deaf 
offspring  than  those  in  which  one  of  the  partners  is  deaf 
an<l  the  other  a  hearing  person.  Of  2,377  marriages  in 
which  both  partners  were  deaf,  220,  or  9.2.5  ]ier  c<'nt., 
resulted  in  deaf  offspring;  of  599  marriages  in  wliic-h  one 
jxirtner  was  deaf  and  the  other  heating.  75.  or  12.5  per 
cent.,  resulted  in  deaf  olTsijring.  Of  5.072  children  horn 
of  the  marriages  in  which  both  ]iartners  were  deaf,  429, 
or  8.5  per  cent,,  were  deaf;  of  1..532  children  born  of  the 
marriages  in  which  one  partner  was  deaf  and  the  other 
hearing.  151.  or  nearly  10  per  cent.,  were  deaf.  These 
residts  are  not.  as  it  nught  appear  at  first  sight,  incon- 
sistent with  the  .sreueral  law  of  heredity  that  tin-  liability 
to  the  transmission  of  any  characteiislic  existing  in  the 
parent  is  increased  by  the  union  of  "  like  with  like  " ;  for, 
as  has  been  stated  above,  when  the  deafnessof  the  parent 
appears  in  the  offspring,  the  characteristic  transmitted  is 
not  deafness,  but  is  some  anomaly  of  the  auditory  organs 
or  of  the  nervous  system,  or  the  tendency  to  .some  dis- 
ease, of  which  deafness  is  but  the  result  or  the  symptfrni. 
Ina.smuch  as  these  anomalies  and  diseases  resulting  in 
deafness  are  many  and  various,  it  is  probable  that  in 
most  marriages  of  deaf  persons  the  pathological  condi- 
tion that  results  in  deafness  is  not  the  same  in  one  part- 
ner that  it  is  in  the  other,  and  their  marriage,  therefore, 
is  not,  from  a  physiological  point  of  view,  a  union  of 
"like  with  like."  On  the  other  hand,  where  the  patholog- 
ical condition  of  the  two  partners  is  the  same,  as  it  prob- 
ably is  in  the  majority  of  con,s;inguineous  marriages  of 
deaf  persons,  there  is  doubtless  an  intensification  of  the 
liability  to  deaf  offspring.  Of  31  consanguineous  mar- 
riages of  deaf  persons,  14.  or  45  per  cent.,  residted  in 
deaf  offspring,  and  of  100  children  born  therefrom,  30 
were  deaf.     Fortunately  such  marriages  are  rare. 

C'ongenitally  deaf  persons,  whether  they  are  married 
to  one  another,  to  adventitiously  deaf,  or  to  hearing  part- 
ners, are  far  more  liable  to  have  deaf  offspring  than  are 
adventitiously  deaf  persons.  The  liability  is  greatest 
when  both  of  the  partners  are  congeuitally  deaf.  Of 
335  marriages  in  which  both  partners  were  reported  as 
congeuitally  deaf,  83,  or  25  per  cent.,  resulted  in  deaf 
offspring;  "and  of  the  779  children  born  from  those  mar- 
riages. 202.  or  26  per  cent.,  were  deaf. 

MaiTiages  of  adventitiously  deaf  persons  arc  more  lia- 
ble to  result  in  deaf  offspring  than  ordinary  marriages, 
but  when  both  of  the  partners  are  advenlitiously  deaf  or 
one  of  them  is  a  hearing  person  the  liability  is  slight.  Of 
845  marriages  in  which  both  partners  were  adventitiously 
deaf.  30.  or  3.5  per  cent.,  resulted  in  deaf  offspring;  of 
the  1,720  children  born  from  these  marriages,  40,  or  3 
per  cent.,  were  deaf.  Of  310  marriages  in  which  one 
partner  was  adventitiously  deaf  and  the  other  hearing, 
resulting  in  713  children,  the  percentages  of  marriages 
resulting  in  deaf  offspring  and  of  deaf  children  born 
therefrom  were  nearly  the  same  as  in  the  marriages  in 
which  both  partners  were  adventitiously  deaf.  The 
greater  liabilitv  to  deaf  offspring  in  marriages  of  the 
congeuitally  deaf  than  in  those  of  the  adventitiously  deaf 
is  in  accoi-dance  with  the  generally  accepted  law  of 
heredity  that  congenital  or  innate  characteristics  are  far 
more   likely   to   be   transmitted   to   the    offspring    than 
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acquired  characteristics.  When  the  deafness  of  adventi- 
tiously deaf  parents  does  reappear  in  the  offspring  we 
may  suppose  that  the  phj-sical  anomalj'  or  tendency  to 
disease  of  -nhicli  deafness  was  the  result  was  probabh' 
congenital  in  tlie  parent,  though  actual  deafness  did  not 
appear  until  some  period  later  in  life. 

Deaf  persons  having  deaf  relatives,  however  thej'  are 
married,  and  hearing  persons  having  deaf  relatives  and 
married  to  deaf  partners,  are  verj-  liable  to  have  deaf 
offspring.  (Probably  hearing  persons  having  deaf  rela- 
tives and  married  to  hearing  partners  are  suliject  to  the 
same  liability,  but  while  many  instances  of  marriages  of 
this  kind  resulting  in  deaf  offspring  have  been  observed, 
no  thorough  and  systematic  investigation  of  them  has 
yet  been  made.)  However  the  marriages  of  the  deaf 
are  classified  with  respect  to  the  deafness  or  hearing  of 
one  or  both  of  the  partners,  or  with  respect  to  the  con- 
genital or  adventitious  character  of  the  deafness,  the  per- 
centage of  marriages  resulting  in  deaf  offspring  and  of 
deaf  children  born  therefrom  is  almost  invarialily  high- 
est where  both  of  the  partners  had  deaf  relatives,  next 
highest  where  one  of  them  had  deaf  relatives  and  the 
other  had  not,  and  least  where  neither  had  deaf  relatives. 
Where  neither  of  the  partners  has  deaf  relatives,  even 
though  both  of  them  are  congenitally  deaf,  the  liability 
to  deaf  offspring  is  very  slight,  perhaps  not  greater 
than  in  ordinary  marriages.  While  congenital  deafness, 
then,  may  be  a  priiiut  facie  indication  of  a  liability  to 
deaf  offspring,  it  is  not  to  be  accepted  as  a  conclusive 
evidence  of  such  liabihty  ;  but  the  possession  of  deaf  rela- 
tives does  seem  to  be  a  trustworthy  indication  of  a  liabil- 
ity to  deaf  offspring.  If  a  deaf  person,  whether  congen- 
itally or  adventitiously  deaf,  has  deaf  relatives,  that 
person,  however  married,  is  liable  to  have  deaf  offspring, 
the  liability  being  much  greater,  however,  in  the  case  of 
the  congenitally  deaf  than  of  the  adventitiously  deaf; 
and  if  a  deaf  person,  either  with  or  without  deaf  rela- 
tives, marries  a  person,  whether  deaf  or  hearing,  who 
has  deaf  relatives,  the  marriage  is  liable  to  result  in  deaf 
offspring.  If  both  partners  have  deaf  relatives,  the  phys- 
ical conditions  tending  to  produce  deafness,  whatever 
they  may  be.  are  liable  to  be  transmitted  from  both 
parents,  and  the  probability  of  deaf  offspring  is  there- 
fore largely  increased;  but  even  where  only  one  of  the 
partners  has  deaf  relatives  the  liability  to  deaf  offspring 
is  still  considerable. 

The  following  table  gives  a  summary  of  the  3.078  mar- 
riages having  one  or  both  of  the  partners  deaf,  from 
which  the  conclusions  above  stated  are  derived.  The 
table  shows  the  number  of  marriages  of  each  class,  the 
number  and  percentage  of  each  class  resulting  in  deaf 
offspring,  the  number  of  children  born  from  the  mar- 
riages of  each  class,  and  the  number  and  percentage  of 
them  that  were  deaf.  The  fifth  and  si.\th  columns  of 
this  table,  giving  the  percentage  of  marriages  resulting 
in  deaf  offspring  and  the  i)ercentage  of  deaf  children 
born  therefrom,  indicate  at  a  glance  the  comparative  lia- 
bility to  deaf  offspring  of  the  several  classes  of  marriage. 
The'extremes  of  liability  are  found  in  the  two  classes  last 
named  in  the  table. 


NTmber  of 

Marriages. 

Number  of 
Children. 

1 

Per- 

CE.XTAGE. 

Marriages  of  tlie  deaf. 

'4 

t 

.=  c  ?• 

a  3  - 
^^1 

1 
3 

■g 

s 

a 

One  or  both  partners  deaf 

Both  partners  dnaf 

One    partner  deaf,    the  other 

3.078 
2,377 

599 
1,477 
2.212 

335 

300 

220 

75 
194 

lat 

83 

6,782 
5,072 

1,532 

3.401 

4,701 

779 

588 
429 

151 

413 

199 

203 

9.7 
9.2 

12.5 

13.1 

5.6 

24.7 

8.6 

8.4 

98 

One  or  both  partners  congeni- 
tally deaf  

12  1 

One  or  both  partners  adventi- 

42 

Both     partners     congenitally 
deaf 

25.9 

Marriages  of  the  deaf. 


One  partner  congenitally  deaf, 
the  otber  adventitiously  deaf 

Both  partners  adventitiously 
deaf 

One  partner  con^euitally  deaf, 
the  other  hearing 

One  partner  adventitiously 
deaf,  the  other  hearing. 

Both  partners  had  deaf  rela- 
tives  

One  partner  had  deaf  relatives, 
the  other  had  not 

Neither  partner  had  deaf  rela- 
tives  

Both  partners  congenitally 
deaf;  both  had  deaf  relatives 

Both  partners  congenitally 
deaf:  one  had  deaf  relatives, 
the  other  had  not 

Both  partners  congenitally 
deaf ;  neither  had  deaf  rela- 
tives  

Both  partners  adventitiously 
deaf;  both  hail  deaf  relatives 

Both  partners  advt^nlitinusly 
deaf;  one  had  dwif  rcialives, 
the  other  had  not 

Both  partners  adventitiously 
deaf ;  neither  had  deaf  rela- 
tives  

Partners  coDsanguineous . 


Number  of 
Marriages. 

Number  of 
Children. 

H 

S  = 

ST 

1 

1 

i 

814 

66 

1,820 

119 

845 

30 

1,730 

40 

191 

28 

528 

63 

310 

10 

713 

16 

437 

103 

1,060 

222 

541 

36 

1,210 

78 

471 

11 

1.044 

13 

n: 

49 

429 

130 

49 

8 

105 

31 

14 

1 

24 

1 

57 

10 

114 

11 

167 

7 

357 

10 

284 
31 

2 
14 

550 
100 

2 

30 

Per- 
centage. 


8.1 
3.5 

14.6 
3.2 

23.5 
6.6 
2.3 

28.4 

16.3 

7.1 
17.5 

4.1 


.7 
45.1 


6.5 
2.3 

11.9 
3  3 

20.9 
6.4 
1.3 

30.3 

30.0 

4.1 
9.6 


.3 

30.0 


Consanguinity  of  Parents. — Heads  of  schools  for  the 
deaf,  observing  that  a  considerable  number  of  their 
pupils  are  the  children  of  parents  related  by  blood,  gen- 
erally believe  that  consjinguiueous  marriages  are  a  fre- 
quent cause  of  deaf-mutism.  Of  13,271  pupils  in  Amer- 
ican schools,  1,028,  or  7.7.5  per  cent.,  were  the  children  of 
first  cousins.  AVe  do  not  know  the  proportion  of  mar- 
riages of  first  cousins  to  all  marriages,  but  it  is  probably 
considerably  less  than  7.7.J  per  cent. ;  if  so.  we  may  con- 
clude that  such  marriages  are  more  likely  to  result  in 
deaf  offspring  than  orilinary  marriages.  The  reason  is, 
probably,  not  that  consiinguincous  marriage  in  itself  is  a 
true  caiise  of  deaf-mutism,  but  that  in  some  families 
there  exists  a  tendency  to  deafness,  and  when  two  per- 
sons belonging  to  sucli  a  family  marry,  the  tendency  is 
transmitted  to  their  offspring  with  increased  intensity, 
and  deaf-mutism  is  the  result.  The  disastrous  effects  of 
deaf-mutes  marrying  their  relatives  are  shown  in  the  31 
cases  above  citeil.  4.")  per  cent,  of  which  resulted  in  deaf 
offspring,  producing  30  deaf  children  out  of  100.  In  18 
of  these  cases  one  of  the  partners  was  a  hearing  person ; 
if  the  other  partner  had  also  been  hearing,  but  a  member 
of  the  same  family,  the  results  would  probably  have  been 
equally  unfortunate.  Even  when  no  hereditary  ten- 
dency to  deafness  is  known  to  exist  in  a  famil}-.  relatives 
should  generally  be  advised  not  to  marry ;  for.  as  >Ir. 
George  H.  Darwin  suggests,  no  man  knows  with  cer- 
tainty, until  toward  the  end  of  life,  what  ills  may  lie 
hidden  in  his  edition  of  the  family  constitution. 

Sacidl  Circumstances.  —  Unfavorable  social  circum- 
stances, povert}',  and  ignorance  may  probablv  be  classed 
among  the  indirect  causes  of  deaf-mutism,  since  the  pro- 
portion of  deaf-mutes  among  these  classes  seems  to  be 
greater  than  in  the  whole  community.  This  is  a  matter 
of  common  observation  rather  than  of  statistical  record, 
but  it  is  certainly  reasonable  to  suppose  that  negligence, 
damp  and  ill-ventilated  dwellings,  insufficient  nourish- 
ment, the  lack  of  proper  medical  treatment,  and  other 
evils  springing  from  poverty  and  ignorance,  may  com- 
bine with  more  direct  causes  to  produce  deafness. 

Mountainous  Bef/ions. — The  large  percentage  of  deaf- 
mutes  in  Switzerland,  as  compared  with  all  other  coun- 
tries of  which  we  have  statistics  (see  Extent  of  Deaf- 
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Mutism,  supra),  and  of  the  more  mountainous  regions  of 
Switzerland.  Austria,  France,  Spain,  and  Germany,  as 
compared  witli  the  lower  and  more  level  districts  (43  in 
lO.OUO  in  Berne.  Lucerne,  and  Wallis.  to  24.5  in  the 
whole  of  Switzerland;  *l.(i  in  Sal/.tnirir.  Steiermark,  and 
Carinthia.  to  9.7  in  all  Avistria;  -4."i  in  the  Alpine  depart- 
ments of  France  to  (Viti  in  tin- whole  country:  1(1,4  in 
South  Germany  to  (>,!).")  in  Nurth  Germany)  shows  that 
there  must  he  some  intiuence  in  mountainous  countries 
wliicli.  in  some  manner,  tends  to  cause  deaf-mutism. 
The  opponents  of  consjin.iruiueous  niarriaires  charge  the 
result  to  the  kinship  of  the  parents,  who  are  sjiid  to  be 
more  likely  to  be  related  to  each  other  than  in  the  low- 
lands, on  account  of  the  scanty  means  of  conimimication 
between  difTerent  districts;  others,  who  attach  much  im- 
portance to  social  conditions,  ascribe  it  In  the  poverty  of 
mountainous  regions,  and  the  close,  unhealthy  houses  in 
which  the  people  live  in  winter:  others  to  the  dampness 
and  coldness  of  the  climate:  others  to  the  use  of  certain 
waters,  which,  it  is  sjud,  are  also  a  cause  of  the  goitre. 
cretinism,  and  other  anomalies  often  found  in  Switzerland 
in  the  sjinie  families  wilh  deaf-niutism.  We  must  await 
a  fuUi'r  knowledge  of  all  the  causes  of  deaf-mtitisni.  and 
of  all  the  circumstances  tpf  mountaineers,  before  wc  can 
explain  this  phenoim-non  sjitisfactorily. 

Otiur  Ueiiwte  Cuiinei!. — Other  remote  causes  which  ap- 
pear to  have  some  inrtuence  in  producing  deaf-nnilism  are 
general  debility,  alcoholism,  and  syphilis  in  one  or  both 
of  the  parents,  and  influences  exerted  during  pregnancy. 
It  is  ditticult  to  prove  any  of  these  causes  statistically, 
because,  as  Hartmann  and  Mygind  have  remarked,  the 
reports  are  often  uncertain,  and  aLso  because  we  have  no 
statistics  as  to  other  large  groups  of  individuals  with 
which  to  draw  comparison.  It  seems  probable,  however, 
that  deaf-mutism,  as  Fere  insists,  is  often  the  result  of 
diseases  of  the  nervous  system,  and  that  diseases  of  this 
character  in  the  parent  may  alTect  the  offspring  in  such 
a  way  as  not  only  to  produce  congenital  deafness,  but  also 
to  render  the  ciiildren  more  likely  to  become  deaf  from 
other  diseases  after  birth.  Alcoholism  especially  has 
been  noted  in  a  good  many  parents  of  deaf  children,  both 
of  tlKise  congenitally  and  of  those  adventitiously  deaf: 
probably  the  proportion  of  persons  addicted  to  drink  who 
have  deaf  children  is  greater  than  the  proportion  of  persons 
thusaddictedisto  the  community  at  large.  Granting  that 
a  connection  exists  between  alcoholism  and  deaf-mutism, 
the  question  .still  remains  whether  the  cause  of  the  deaf- 
mutism  is  alcoholism  or  a  morbid  condition  of  the  nervous 
system  of  which  the  alcoholism  is  a  symptom  and  result. 

Fright  or  some  other  influence  acting  on  the  mind  of 
the  mother  during  pregnancy  is  frequently  a.ssigned  bj' 
parents  or  friends  as  a  cause  of  deaf-mutism,  and  striking 
narratives,  especially  with  respect  to  gesticulating  deaf- 
mutes  seen  by  the  mother  for  the  first  time  during  that 
period,  are  related  in  support  of  the  theory.  Inasmuch, 
however,  as  further  inquiry  usualh'  brings  to  light  other 
causes  which  seem  to  be  adequate,  we  need  not  accept 
this  as  a  true  cause.  On  the  other  hand,  injuries  to  the 
mother  producing  abnormal  compression  of  the  embryo 
and  thus  arresting  the  development  of  some  parts,  may 
perhaps  occasion  deaf-mutism.  Dr.  Saint-Hilaire  at- 
tributes some  cases  of  deafness  in  illegitimate  children  to 
the  mother's  efforts  tocouccal  hercondition  by  extremely 
tight  lacing  during  pregnancy. 

Di-vixufit  mid  Acfideiits. — Turning  to  the  causes  wliich 
more  unmistakably  produce  deafness  after  hearing  is 
known  to  have  existed,  statistics  show  that  it  so  often 
follows  certain  diseases  and  accidents  as  to  leave  no  room 
for  doubt  that  these  diseases  and  accidents  may  be 
counted  as  true  causes,  though  there  are  probably  often 
ante-natal  influences  which  combine  with  these  causes  to 
produce  the  result.  The  a.ssigned  causes  of  16.769  cases 
of  adventitious  deafness,  according  to  the  census  of  1S90, 
were  as  follows: 

InOammation  anil  atiscess  of  the  ear .' 1,033 

Other  diseases  of  the  ear 1.57 

Smallpox 73 

Measles \.Kl 

Scarletfever 4.799 


Diphtheria 222 

WhiKipiiiK-coiiKh 361 

Mumps 106 

Malarial  and  lypliuiU  fevers 771 

I'anihsis 132 

Sinifula 337 

Menlnsllls 3,278 

llMlriK-.plialns «1 

OIliirdi>.ases"(  ihe  brain fflO 

Diseitscs  I'f  the  thniat  and  air  passages l.'S^t 

All  iitller  diseases 2,H4o 

Blows  and  falls 671 

other  aicidenis WO 

Quinine 147 

Scarlet  fever  is  the  most  frequently  assigned  cause  for 
deafness,  including  more  than  one-fourth  of  the  whole 
number  for  whom  the  causes  are  repented.  Next  come 
meningilis  and  hydrocephalus,  being  about  18  per  cent. 
Other  percentages  are;  Diseases  of  the  throat  and  air 
pa.s.sages,  7.5  percent.:  measles,  5,5  per  cent,;  malarial 
and  typhoid  fevers,  4  per  cent. ;  scrofula,  2  per  cent.; 
whooping-cotigh.  2  per  cent.;  diphtheria,  1  per  cent.; 
mumps.  0.6  per  cent. :  accidents.  7  per  cent. 

In  a  list  of  the  causes  of  deafness  of  12.380  pupils  who 
have  atlended  American  schools  for  the  deaf,  meningitis, 
instead  of  scarlet  fever,  stands  at  the  head  with  24  iier 
cent,,  and  scarlet  fever  comes  next  with  23  per  cent. 
Other  causes  do  not  differ  greatly  from  the  percentages 
given  above. 

Curreliition  ofDenf-mutivn  trit/i  lilindnemi.  etc. — Accord- 
ing to  the  census  of  1890.  295  persons  in  the  United  States 
were  deaf-mute  and  blind.  409  deafniuteand  insane.  1.373 
deaf-mute  and  feeble-minded.  ti2  dejif mule,  blind,  and 
in.sane,  and  137  deaf-mute,  blind,  and  feeble  minded.  It 
is  probable  that  a  considerabli'  niimlier  of  those  returned 
as  deaf-mute  and  feeble-minded  were  not  really  deaf,  but 
were  mute  from  mental  incapacity:  that  some  of  tho.se 
reported  as  deaf  mute  and  blind  were  persons  whose 
hearing  or  sight  or  both  had  failed  in  their  old  age;  and 
that  many  reported  as  deaf-mute  and  insane  were  unedu- 
cated deaf-mutes  whose  social  condition  and  environment 
were  such  as  would  tend  to  produce  insanity. 

There  is  no  doubt,  however,  that  there  does  really  exist 
in  a  considerable  number  of  cases  a  correlation  between 
deaf -mutism  and  these  other  misfortunes,  which  is  perhaps 
to  be  attributed  to  a  diseased  condition  of  the  nervous  sys- 
tem inherited  from  neuropathic  or  alcoholic  parents.  Even 
when  deafness  alone  appears,  the  other  defects  referred  to 
are  sometimes  found  in  other  members  of  the  same  family. 

Another  circumstance  bearing  upon  this  question  is 
brought  out  in  a  table  of  the  census  returns  of  1890 
showing  that  the  ratios  of  the  congenitally  deaf,  the  con- 
genitally blind,  and  the  congenitally  feeble-minded  in- 
crease or  decrease  together  in  a  majority  of  the  several 
States  and  Territories  of  the  L'nion.  Virginia  and  North 
Carolina,  for  instance,  which  stood  highest  of  all  the 
States  in  the  nitio  of  deaf-mutes,  were  also  among  the 
highest  in  the  ratios  of  the  blind  and  feeble-minded, 
while  the  States  and  Territories  west  of  the  Rocky  Moun- 
tains had  the  lowest  ratio  of  all  three  classes. 

This  correlation  of  deaf-mutism  with  other  misfortunes 
in  the  same  person  or  in  other  members  of  the  family  has 
led  Dr.  Saint-Hilaire  to  regard  deaf-mutism  as  a  form  of 
degeneracy,  and  Dr.  Fere  has  observed  in  the  pu|iils  of 
the  Paris  Institution  and  other  deaf-mutes  who  have 
come  under  his  observation  some  of  the  recognized  marks 
of  degeneracy.  No  doubt  thereare  deaf-mules  who  may 
[iropcily  be  classed  as  degenerates,  but  we  do  not  find  in 
the  facts  presented  by  these  writers  any  sutticieiit  reason 
for  regarding  deaf-mutism  in  general  as  a  form  of  de- 
generacy. 

Mkntai>  Cosditiox  axd  Characteristics. — With  re- 
spect to  mental  condition  and  characteristics,  the  division 
of  the  deaf  into  several  distinct  classes,  mentioned  at  the 
beginning  of  this  article,  is  of  the  greatest  importance. 
Semi-mutes,  who  have  acquired  an  idiomatic  use  of 
spoken  language  before  healing  was  lost,  retain  to  a 
greater  or  less  degree  the  modes  of  thought  and  mental 
characteristics  of  hearing  persons.  They  think  in  words 
and  express  themselves  easily  and  naturally  in  the  lan- 
guage of  their  childhood.    In  the  course  of  time,  especially 
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if  they  are  not  encouraged  to  use  the  voice  in  conversing; 
with  others,  they  may  lose  their  memory  of  sound  and 
may  cease  to  pronounce  words  mentally;  but  even  then. 
if  they  have  learned  to  read  and  write,  words  in  their 
written  or  printed  form  will  serve  them  as  natural  and 
convenient  instruments  of  thought. 

Since  semi-mutes,  on  account  of  their  deafness,  cannot. 
as  a  rule,  be  educated  in  common  schools,  and  their 
number  in  any  community  is  usually  too  small  to  justify 
the  establishment  of  special  schools  for  them,  they  are 
educated  with  deaf-mutes,  many  of  the  processes  of  in- 
struction beyond  the  elementary  stage  being  equally  ap- 
plicable to  both  classes;  but  the  semi-mute  always  has  a 
great  advantage  over  his  deaf-mute  classmate  in  his  com- 
mand of  language-  This  distinction,  though  it  is  often 
explained  by  candid  teachers,  is  not  always  understood 
by  visitors  to  the  school-room :  and  the  public  are  thus 
sometimes  misled  as  to  the  actual  attainments  of  deaf- 
mutes.  In  mental  vigor,  and  in  the  acquisition  of  gen- 
eral knowledge,  the  true  deaf-mute,  notwithstanding  he 
is  heavily  handicapped  in  respect  to  language,  will  not 
infrequently  surpass  the  semi-mute;  but  most  of  the 
cases  of  remarkable  facility  in  composition  and  of  great 
success  in  articulation  that  astonish  the  undiscriminating 
public  at  exhibitions,  belong  to  the  class  of  semi-mutes, 
as  do  also  nearly  all  the  deaf  persons  who  have  distin- 
guished themselves  in  later  life  as  authors  and  poets. 

Between  the  semi-mute  and  the  congenital  deaf-mute, 
but  more  closely  allied  with  the  latter  than  the  former, 
stands  the  "  quasi-congenital  "  deaf-mute.  He  retains  no 
conscious  memory  of  words;  lie  must  acquire  written 
language  or  vocal  speech  by  the  same  laborious  processes 
as  if  he  had  never  heard;  in  his  attempts  at  composition 
he  makes  the  same  curious  mistakes  as  the  congenital 
deaf-mute:  and  yet  it  is  a  fact  often  observed  by  teach- 
ers that  children  of  this  class  do  learn  language  more 
easily  and  successfully,  and  atiapt  themselves  more 
readily  to  the  modes  of  thought  of  hearing  persons,  than 
those  who  are  born  deaf  or  lose  their  hearing  soon  after 
birth.  Wlien  we  remember  how  vivid  are  the  impressions 
of  childhood,  how  full  a  vocabulary,  and  how  much  fuller 
a  comprehension  of  language  as  spoken  by  others,  a 
bright  child  obtains  during  the  tirst  two  or  three  years 
of  his  life,  it  is  not  strange  if  the  mental  condition  of  one 
who  loses  hearing  when  he  has  reached  this  age  is  essen- 
tiallj'  different  from  that  of  one  who  has  ne\er  heard. 
The  wonder  is  rather  that,  of  the  immense  mental  and 
linguistic  acquisitions  he  has  made  through  the  sense  of 
hearing,  so  little  appears  to  remain. 

The  uneducated  deaf-mute  who  has  never  heard,  or 
■whose  hearing  has  been  l<jst  in  early  infancv,  has  no 
knowledge  whatever  of  the  language  of  words.  This 
lack  of  language  is  the  kev  to  his  mental  condition  and 
characteristics.  He  has  an  intelligent  mind  ;  he  observes, 
reasons,  and  forms  conclusions;  but  his  train  of  thought, 
being  carried  on  by  means  of  mental  pictures  and  rude 
gestures,  is  imperfect  and  incomplete,  while  his  reason- 
ing, being  based  upon  his  own  limited  range  of  obser- 
vation >incorrected  by  the  superior  wisdom  and  wider 
experience  of  othere,  is  apt  to  lead  him  to  erroneous  con- 
clusions. Careful  inquiries  made  of  educated  deaf-mutes 
with  respect  to  their  ideas  before  instruction  have  elicited 
the  fact  that,  although — like  young  children  in  general 
— they  usually  accept  the  phenomena  of  nature  as  a  mat- 
ter of  course,  and  do  not  trouble  themselves  concerning 
their  origin,  yet  they  do  sometimes  reflect  on  these  sub- 
jects and  frame  for  themselves  various  fanciful  explana- 
tions of  the  means  by  which  the  more  striking  natural 
phenomena  are  produced;  as,  for  instance,  that  the  wind 
is  blown  from  a  great  bellows,  that  the  rain  is  poured 
down  through  small  holes  in  the  sky,  that  snow  is  ground 
out  like  flour  from  a  celestial  mill,  that  thunder  and 
lightning  are  the  discharges  of  cannon,  that  the  stars  are 
candles  or  lamps  lighted  every  evening,  that  death  is 
caused  by  the  medicine  administered  to  the  sick  person, 
etc.,  etc.  None  seem  to  have  arrived  at  the  idea  of  the 
existence  of  the  soul,  nor  of  a  God,  nor  of  immortality; 
and  there  are  only  two  instances  on  record  in  which  they 


have  reflected  at  all  upon  the  origin  of  the  world  and  its 
inhabitants.  One  girl,  who  had  reached  the  age  of  flfteen 
before  coming  to  school,  said  that  she  "had  tried  to  think 
about  it,  but  could  not ";  she  "thought  the  people  came 
from  the  South";  and  one  very  intelligent  boy,  at  the 
age  of  nine  years,  having  gained  from  his  own  observa- 
tion an  idea  of  the  descent  from  parent  to  child,  the 
propagation  of  animals,  and  the  production  of  plants 
from  seeds,  struggled  long  and  earnestly  with  the  ques- 
tion whence  came  the  tirst  man,  the  first  animal,  and  the 
first  plant:  but.  like  many  wiser  men,  without  reaching 
any  satisfacttiry  conclusicm. 

The  deaf-mute  very  early  invents  a  language  of  signs 
suflicient  for  the  expression  of  the  common  wants  of  his 
every-day  life,  and  if  he  has  intelligent  friends  who  are 
ready  to  aid  his  attempts  at  the  exchange  of  ideas  in  this 
way.  or  if  he  associates  with  other  deaf-mutes,  this 
language  will  be  extended  and  elaborated  to  a  high  de- 
gree. It  becomes  his  u.sual  mode  of  thought;  and  while 
he  may.  after  long  years  of  effort  by  his  teachers  and 
himself,  learn  to  think  more  or  less  in  spoken  or  written 
words,  the  language  of  signs  always  remains  his  easiest 
and  most  natural  method  not  only  of  expression  but  of 
thought.  The  language  of  words  written  or  spoken  is- 
for  him  something  strange,  foreign,  artificial;  he  may 
master  it  as  the  hearing  student  masters  a  foreign  tongue, 
so  that  he  will  think  in  it  to  some  extent,  use  it  with 
considerable  freedom,  and  read  it  understandingly  and 
profitably ;  but,  except  in  very  rare  cases  of  peculiar 
education  and  environment,  the  language  of  gesture  is, 
and  always  remains,  the  vernacular  of  the  deaf-mute. 

The  language  of  words  being  a  foreign  language  to  the 
deaf-mute,  he  is  liable,  even  after  years  of  instruction, 
to  make  mistakes  in  its  use.  Such  mistakes  of  course 
become  less  frequent  as  his  education  advances:  but  the 
deaf-mute  who  has  never  heard,  or  who  has  lost  his  hear- 
ing in  early  infancy,  rarely,  if  ever,  acquires  such  a. 
mastery  of  language  as  to  employ  it  in  speech  or  writing 
with  the  same  readiness  and  freedom  as  persons  who  leain 
to  speak  in  childhood  through  the  hearing.  The  peculiari- 
ties in  his  phraseoloffj'  are  sometimes  called  "  deaf-mut- 
isms," and  their  origin  has  been  ascribed  by  some  writers 
to  the  inversions  of  the  sign  language:  but  their  main 
cause,  like  that  of  the  blunders  of  foreigners,  is  merely 
an  incomplete  knowledge  of  tlu-  language  of  words. 

The  characteristics  of  an  uneducated  deaf-mute,  espe- 
cially when  in  unfavorable  social  circumstances  his  natu- 
ral language  of  signs  has  not  been  developed  beyond  its 
most  rudimentary  stage,  are  what  might  be  expected. 
Cut  otT  from  communication  with  his  kind,  misinterpret- 
ing alike  the  order  of  nature  and  the  actions  of  his  fel- 
low-men. he  is  ai)t  to  become  melancholy,  suspicious, 
treacherous,  and  cruel.  The  neglect  on  flic  part  of  pa- 
rents and  friends  which,  from  any  motive  whatever. 
allows  the  deaf-mute  child  to  grow  up  in  this  condition, 
when,  as  in  the  United  States,  the  benefits  of  education 
are  freely  offered  to  all.  is  .simply  criminal. 

A  wisely  conducted  education,  giving  the  deaf-mute 
writing  or  speech  as  a  means  of  conununication.  and  im- 
parting just  views  of  his  relations  to  God  and  his  fellow- 
men,  tends  to  correct  the  defects  above  mentioned,  and 
enables  him  to  take  his  proper  place  in  the  world  as  an 
active  and  useful  member  of  society. 

MoRniDiTV. — Since  the  maladies  that  cause  deafness 
are  in  some  cases  the  result  of  an  imperfect  physical  con- 
stitution, and  in  others  leave  a  previously  sound  constitu- 
tion debilitated  and  impaired,  we  should  expect  to  find 
the  percentage  of  morbidity  in  persons  of  this  class  higher 
than  among  hearing  persons.  We  have  few  records  on 
this  point  except  those  of  our  schools,  and  the  latter  not 
in  a  statistical  form :  but  it  is  the  general  testimony  of 
the  heads  of  schools  that  their  pupils,  as  a  rule,  enjoy 
excellent  health — cjuile  as  good  as  the  average  health  of 
hearing  children.  This  is  probably  due  to  the  regular 
habits,  wholesome  food,  well-^'entilated  rooms,  good 
sanitary  arrangements,  and  out-of-door  exercise  afforded 
by  institution  life,  which  counteract  any  unfavorable 
constitutional  tendencies  that  mav  exist. 
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Tuberculosis  was  formerly  regarded  as  a  disease  to 
■wliitli  (leaf-mutes  were  peculiarly  liable,  since  statistics 
collected  by  Porter  and  Peet  in  this  country,  Wilde  in 
Ireland,  and  Midler  in  Germany  showed  that  a  huire  pro- 
portion of  deaths  were  due  to  this  eause,  l>ut  within 
recent  years  tuberculosis  has  not  been  observed  to  be 
especially  prevalent  among  the  deaf.  The  mortality  from 
this  cause  in  former  times  was  probably  due  to  bad  sjini- 
tary  conditions  and  to  infection. 

It  is  sometimes  asserted  that  the  lungs  of  deaf-mutes 
are  ill  devclopeil  on  account  of  their  lack  of  e.xercise  iu 
speech.  Hut,  aside  from  the  fact  that  deaf  children  do 
generally  use  their  voices  considerably,  making  a  great 
variety  of  soimds,  the  expansion  of  the  lungs  in  resjiira- 
tion,  as  Hartmann  says,  really  sutliccs  for  their  proper 
development.  A  careful  examination  of  the  lungs  of  the 
students  of  Gallaudet  College  at  Washington,  with  a 
view  to  cautioning  them  against  violent  gynmastic  exer- 
cises in  case  of  pulmonary  weakness,  showed  only  one 
out  of  lifty  with  any  tendency  in  that  direction. 

MoHTAi.rrv. — There  are  no  conii)arative  tables  on  a 
scale  s\itliiiently  extended  to  enable  us  to  form  a  detinite 
conclusion  as  to  the  mortality  of  deaf-mutes  as  comjiared 
■with  hearing  people.  In  Denmark  during  the  years 
18T9-ISW  the  mortality  among  adult  deaf-mutes  corre- 
sponded pretty  nearly  to  the  mortality  among  the  labor- 
ing classes  in  Copenhagen,  whose  death  rate  was  the 
highest  of  any  class  iu  Denmark;  a  result  which  Mygind 
attributes  to  their  unfavoral)le  social  and  Siinitary  con- 
ditions. The  total  numbers,  however,  were  too  small  to 
be  conclusive.  At  lirst  thought  it  might  be  supposed 
that  deaf-mutes  are  more  liable  than  hearing  persons  to 
fatjil  accidents  in  the  street,  on  the  railway,  etc.,  on  ac- 
count of  their  inability  to  hear  warnings  of  danger;  but 
this  liability  is  probably  more  than  offset  by  their  greater 
habit  of  caution  in  such  places.  It  is  to  be  hoped  that 
the  necessjiry  statistics  for  determining  the  rate  of  mortal- 
ity of  deaf  nnites  may  soon  be  afforded,  for  at  present 
some  insurance  companies  refuse  to  accejit  risks  on  their 
lives  and  others  charge  them  more  than  the  usual  rates. 

M.\rhi.\i;e. — Since  the  education  of  deaf-mutes  has  be- 
come general,  marriage  among  them  has  ceased  to  be  rare, 
especially  iu  America.  Of  27,924  pupils  who  attended 
American  schools  for  the  deaf  up  to  the  year  1890,  statis- 
tics gathered  during  the  pa.st  decade  show  that  6.460,  or 
23  per  cent.,  have  been  married,  and  the  actual  per  cent. 
of  the  married  deaf  in  this  country  is  probably  much 
higher  than  that. 

Marriages  of  deaf-mutes  are  slightly  less  productive 
than  ordinary  marriages.  The  propoition  of  3.0T.S  mar- 
riages of  the  deaf  in  America  without  offspring  was  14.1 
per  cent.,  and  the  average  number  of  children  to  each 
mother  was  2.G1. 

In  72  per  cent,  of  the  marriages  of  the  deaf  recorded  in 
America  both  of  the  partners  were  deaf.  As  has  been 
shown  above  under  "  Heredity,"  marriages  of  this  kind 
are  not  more  liable  to  result  in  deaf  offspring  than  those 
in  which  one  of  the  partners  is  deaf  and  the  other  a  hear- 
ing person;  that  they  are  more  likely  to  be  happy  mar- 
riages, owing  doubtless  to  the  strong  bond  of  mutual 
fellowship  growing  out  of  the  similar  condition  of  hus- 
band and  wife,  the  ease  and  freedom  with  which  they 
communicate  with  each  other,  and  the  identity  of  their 
social  relations  and  sympathies,  is  proved  by  the  statistics 
of  divorces  and  separations.  In  the  marriages  of  the  deaf 
in  America,  where  both  of  the  partners  were  deaf,  the 
proportion  of  the  divorces  and  separations  reported  was 
2.0  per  cent.  ;  where  one  of  the  partners  was  deaf  and  the 
other  a  hearing  person,  the  proportion  was  dH  per  cent. 

In  the  case  of  deaf-mutes  having  no  deaf  relatives  there 
is  little,  if  any,  danger  that  deafness  will  reappear  in  the 
offspring  provided  they  marry  persons,  whether  deaf  or 
hearing,  who  have  no  deaf  relatives.  The  liability  to 
deaf  offspring  when  either  or  both  of  the  partners  in 
marriage  have  deaf  relatives  has  been  mentioned  above 
under  "Heredity.'' 

Occrr.\TioNs. — Uneducated  deaf-mutes  can  and  do 
jierform  unskilled  labor,  but  the  competition  here  is  so 


great,  and  they  are  at  so  much  disadvantage  in  various 
ways  as  compared  with  hearing  persons,  that,  though 
they  are  sometimes  self  sujijxirting,  they  are  often  more- 
or  less  a  burden  upon  lluir  friemlsor  upon  theconununity. 

Willi  educated  deaf  mutes  the  case  is  very  dilTcrent. 
In  all  of  the  large  -Vnieriran  .schools  the  imi)ortance  of  in- 
dustrial instruction  is  fully  recognized  and  several  hours 
of  each  day  are  devoted  to  this  purpose.  The  occujiations- 
taught  are,  for  the  l)oys,  baking,  barbering,  basket-mak- 
ing, blacksmithing.  book-bin(ling,  bricklaying,  broom- 
making,  cabinet-making,  carpentry,  chair-making,  coop- 
ery,  engraving,  farming,  tloricullure.  gardening,  glazing, 
harness  making,  horticulture,  mattress-making,  painting, 
paper  hanging,  plastering,  phoiograiihy,  printing,  sluie- 
making,  tailoring,  and  wood-turning;  for  the  girls,  cook- 
ing, domestic  and  ornamental  sewing,  both  with  and 
without  the  machine,  dressmaking,  ironing,  knitting, 
millinery,  shirt-making,  tailoring,  and  the  folding  and 
stitching  of  sheets  for  the  book  binder.  Instruction  iu 
clay-modelling,  drawing,  decorating,  etc.,  enables  some  of 
both  se.xes  to  engage  in  various  pursuits  of  industrial  art 
and  in  jnire  art.  In  some  instances  the  pupils  are  made- 
thorough  masters  of  their  trades  while  at  .school,  so  that 
they  immediately  command  remunerative  positions  upon 
graduating;  and  even  in  the  greater  nundier  of  cases  in. 
which  they  merely  acquire  the  principles  of  a  trade,  fa- 
miliarity with  the  use  of  tools,  dexterity,  and  habits  of  in- 
dustry, they  tind  it  much  easier  to  master  the  business- 
afterward,  or  to  learn  some  new  trade,  than  would  be  pos- 
sible if  no  attention  had  been  paid  to  industrial  education. 

The  list  of  occupations  pursued  by  educated  deaf- 
mutes  includes  not  only  the  industries  above  mentioned 
as  taught  at  school,  but  almost  every  pursuit  that  docs 
not  require  the  actual  use  of  hearing  and  speech.  The 
great  majority  are  engaged  in  various  branches  of  skilled 
indu.stry;  some  are  artists,  or  workers  in  industrial  art; 
while  among  the  more  intelligent  and  highly  educated, 
especially  those  who  have  enjoyed  the  advantages  of  the- 
College  at  Washington,  are  many  government  clerks, 
many  teachers  of  the  deaf,  several  clergymen  preaching- 
to  the  deaf,  and  several  editors,  publishers,  merchants, 
inventors,  chemists,  and  lawyers. 

Le(;.\i,  Rights  and  Responsibilities. — Under  the- 
Justinian  Code,  deaf-mutes  who  could  not  read  and  write 
were  classed  with  the  insane  and  idiotic,  and  had  there- 
fore no  legal  rights  nor  responsibilities.  A  better  com- 
prehension of  their  mental  condition  has  led  to  consider- 
able modilication  of  their  legal  status,  so  far  at  least  as- 
their  rights  arc  concerned.  It  has  been  decided  repeat- 
edly, both  in  England  and  America,  that  an  uneducated 
deaf-mute  who  possesses  sufficient  intelligence  to  express, 
his  ideas,  wishes,  and  intentions  by  signs  can  make  con- 
tracts, execute  ileeds,  dispose  of  property  by  gift  or  by 
testament,  and  give  evidence  in  court.  The  degree  of 
intelligence  and  faiility  of  communication  can  usually 
be  determined  liy  the  testimony  of  acquaintances  or  of 
experienced  teachers  of  the  deaf. 

The  uneducated  but  not  unintelligent  deaf-mute  -who- 
conuuits  crime  against  property — usually  theft — is  gen- 
erally and  properly  held  responsible  for  the  act;  but  in 
the  case  of  serious  crime  against  the  person — as,  ft)r  in- 
stance, homicide  under  the  provocation  of  cruelty — his- 
moraland  legal  responsibility  is  not  so  easy  to  determine. 
In  such  cases,  which  have  been  unhappily  fn-cjuent  in 
proportion  to  the  number  of  this  class  of  persons,  judges- 
and  juries,  especially  in  view  of  the  death  penalty,  have 
naturally  shrunk  from  the  decision  that  the  deaf-mute 
without  any  education  was  morally  and  legally  respon- 
sil)le.  and  he  has  either  through  an  appeal  by  his  counsel 
to  the  old  law  classing  deaf  mutes  with  the  insane  and 
idiotic  escaped  trial  altogether,  or  through  the  sympathy 
or  the  disagreement  of  the  jury  been  acquitted. 

Educated  deaf-mutes  who  can  communicate  with  others 
orally  or  by  writing,  occupy  the  same  position  before  the 
law  as  hearing  persons. 

Schools  for  the  Deaf  ix  the  United  Statf.s. — 
There  are  11.5  schools  for  the  deaf  in  the  United  States, 
containing  (November  10th,  1900)  10,608  pupils.      Fifty- 
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seven  of  these  schools,  with  9,504  pupils,  are  public 
■boarding  schools  supported  by  the  several  States;  of  the 
reniaiuiug  pupils,  708  are  in  public  da_y  schools  and  390 
in  denominational  and  private  schools.  The  various 
methods  of  instruction  used  in  these  schools  may  be 
defined  as  follows; 

I.  The  Manual  Met/tod. — Signs,  the  manual  alphabet, 
and  writing  are  the  chief  means  used  in  the  instruction 
of  the  pupils,  and  the  principal  objects  aimed  at  are 
mental  development  and  facilit_v  in  the  comprehension 
and  use  of  written  language.  The  degree  of  relative  im- 
portance given  to  these  three  means  varies  in  different 
schools:  but  it  is  a  difference  only  in  degree,  and  the  end 
aimed  at  is  the  same  in  all. 

II.  7'lie  Mani'ul  Alplialiet  Mit/iad. — The  manual  alpha- 
bet and  writing  are  the  chief  means  u.sed  in  tlie  instruc- 
tion of  the  pupils,  and  the  principal  objects  aimed  at  are 
mental  development  and  facility  in  the  comprcheusiou 
and  use  of  written  language.  Speech  and  speech-read- 
ing are  taught  to  all  of  the  pupils  in  one  of  the  schools 
<the  Western  New  York  Institution)  recorded  as  follow- 
ing this  method. 

III.  The  Oral  Method. — Speech  and  speech-reading, 
together  with  writing,  are  made  the  chief  means  of  in- 
struction, and  facility  in  speech  and  speech-reading,  as 
well  as  mental  development  and  written  language,  is 
aimed  at.  There  is  a  ditference  in  different  schools  in  the 
c.Meut  to  which  the  use  of  natural  signs  is  allowed  in  the 
«arly  jiart  of  the  course,  and  also  in  tlie  prominence  given 
to  writing  as  an  au.\iliary  to  speech  and  speech  reading 


in  the  course  of  instruction;  but  they  are  differences  only 
in  degree,  and  the  end  aimed  at  is  the  same  in  all. 

IV.  The  Auricular  Method. — The  hearing  of  semi-deaf 
pupils  is  utilized  and  developed  to  the  greatest  possible 
extent,  and,  with  or  without  the  aid  of  artificial  appli- 
ances, their  education  is  carried  on  chiefly  through  the 
use  of  speech  and  hearing,  together  with  writing.  The 
aim  of  the  method  is  to  graduate  its  pupils  as  liard-of- 
hcaring  speaking  people  instead  of  deaf-mutes.  (This 
method,  which  has  recently  been  brought  to  the  notice  of 
physicians  by  the  experiments  of  Urbantschitseh,  Bezold, 
and  others,  has  been  used  in  American  schools  for  many 
years,  but  it  is  regarded  as  desirable  for  only  a  small 
proportion  of  the  pupils.) 

V.  2'he  Vambined  Si/stem. — Speech  and  speech-reading 
are  regarded  as  very  important,  but  mental  development 
and  the  acquisition  of  language  are  regarded  as  still  more 
important.  It  is  believed  that  in  many  cases  mental  de- 
velopment and  the  acquisition  of  language  can  be  best 
promoted  by  the  Manual  or  the  IMauual  Alphabet  method, 
and,  so  far  as  circumstances  jierniit ,  such  method  is  chosen 
for  each  pupil  as  seems  best  adapted  for  his  individual 
case.  Speech  and  speech-reading  are  taught  where  the 
measure  of  success  seems  likely  to  justify  the  labor  ex- 
pended, and  in  most  of  the  schools  some  of  the  pupils 
are  taught  wholly  or  chiefly  by  the  oral  method  or  by  the 
auricular  method. 

The  following  table  gives  all  the  schools  for  the  deaf 
in  the  United  States  existing  in  the  year  1890.  with  their 
location,  date  of  opening,  and  methods  of  instruction: 


A. — PCT3I.IC  Schools  (kot  Including  Day  Schools). 


Name. 


AniHrican  Srtn.ol  for  the  Deaf 

New  Vf^rk  ln>mitti<.n  fi)r  the  Instruction  of  the  I>eaf  and  Dumb. 
Penii.>iylvunia  IM^Iltuti^.^n  for  the  Deaf  and  Dumb 


Kentuclv.v  Institution  for  tlie  Education  of  Deaf-Mutes 

Oliio  Institution  for  tlu'  Eduration  of  the  Deaf  and  Dumb 

ViriTiiiia  sci.iM.I  fur  the  Deaf  and  tile  Blind 

IndiMUii  liistitiilion  for  the  Kduoatiou  of  the  Deaf  and  Dumb 

Tennessee  Deaf  and  Dumb  School 

North  Cai-oliua  Institution  for  Educatitm  of  the  Deaf  and  Dumb  and  the  Blind. 
Illinois  lustilutiou  for  the  Educatiuu  of  the  Deaf  and  Dumb 


Georeia  Scho.ii  f,,r  the  Ii.af 

South  Carolina  Iii^tuiitioTi  for  the  Education  of  tbe  Deaf  and  the  Blind 

Miss. mil  School  f. .r  the  1  leaf 

Louisiana  Institution  for  the  Education  of  the  Deaf  and  Dumb 

Wisconsin  School  f(tr  the  Deaf 

MichlKaii  Sclc « .1  for  the  Deaf 

Mississippi  Institution  for  the  Education  of  tbe  Deaf  and  Dumb 

Iowa  Scl I  for  the  Deaf 

Texas  Deaf  anil  I  in  lab  Asylum , 

Columbia  Inst  it  iition  tor  the  Deaf  and  Dumb 

A.  Kendall  s.  h. » il  for  the  Deaf 

B.  (iall.ual.'t  ColleKe 

Alaliaiiia  Institute  for  the  Deaf 

California  liisiiiiiiion  for  the  Deaf  and  the  Blind 

Kansas  School  for  the  Deilf 

Le  Couteul.x  St.  Marv's  Institution  for  the  Improved  Instruction  of  Deaf-Mutes. 

Minnes.ita  s.l 1  fi.r  the  Deaf 

New  Yolk  Institution  for  the  Improved  Instruction  for  Deaf-Mutes 

Clarke  School  for  the  Deaf 

Arkansas  Deaf-Mute  Institute 

Marvland  Siliool  for  the  Deaf  and  Dumb 

Nebraska  liisliliile  for  the  lleaf  and  Ilullib 

SI.  .l.iseph's  liisiiiuie  for  the  Improved  Instnicti<m  of  Deat-Mutes 

West  Vliylnia  schools  for  the  Deaf  and  the  Blind 

Mystic  dial  Scli.M.l  for  the  Deaf 

Oivt;on  .Scho. .1  f, .r  Ileaf-Mutes 

Mai  viand  Scho,.i  for  the  (  oloied  Blind  and  Deaf 

Colorado  scho..l  tor  111.-  Deaf  and  tlie  Blind 

Central  New  Vork  Institution  for  Deaf-Mutes 

Western  Pennsylvania  Institution  for  the  Instruction  of  the  Deaf  and  Dumb... . 

Western  New  York  Institution  for  Deaf-Mutes 

Maine  School  for  the  iieaf 

Rhode  Island  Instiliili'  for  the  Deaf 

New  EiiL'land  Ind  list  rial  Set 1  for  Deaf-Mutes 

South  Iiakota  Sclio.,1  f,,r  Deaf -Mutes 

Pennsylvania  (iral  Si-liool  for  the  Deaf 

New  Jersev  School  for  the  lieaf 

Utah  State  School  for  the  Deaf  and  Dumb 

Northern  New  York  Iiisritution  for  Deaf-Mutes   

Florida  State  School  for  the  Blind  and  the  lleaf 

New  Mexico  Asylum  for  the  lleaf  and  the  Dumb 

Washiujjtou  School  for  Defective  Y'uuth 


Location. 


Hartford,  Conn 

New  York,  N.  Y'.  (til  

Mount  Airy,  Philadelphia,  Pa.. 


Danville,  Boyle  Co.,  Ky. 

Columbus,  tVhio 

Staunt<-in,  Va 

Indianapolis,  Ind 

KnoxvlUe,  Teun 

Raleigh,  N.  C 

Jacksonville,  111 


Cave  Sprint',  Ga 

Cedar  sprimi;,  S,  C 

Fulton.  (  allai\'ay  Co.,  Mo 

Baton  Uou^re,  La 

Delavan,  Walworth  Co.,  Wis 

Hint.  Mich 

Jackson.  Miss 

Council  BlufTs,  Iowa 

Austin.  Texas 

Kendall  Green.  WjLshincrton,  D.  C... 
Kendall  (ire)*n.  WiKshinirton,  D.  C... 
Kendall  (ireen,  Washington,  D.  C... 

Talladega,  Ala 

Berkeley.  Alameda  Co.,  Cal 

( ilathe,  Kansas 

BulTalo.  N.  Y.  (SS.'VJ  Main  Street) . . . . 

Faribault.  Rice  Co..  Minn 

New  York,  N.  Y.  (9(H-922  Lexing- 
ton Ave. ) 

Northampton,  Mass 

Little  RtKk.  Ark 

Frederick  City,  Md 

Omaha.  Neb 

Fordhara.  N.  Y'.  (h) 

Romney.  Hampshire  Co.,  W.  Va  . . . . 

Mystic,  Conn 

Salem.  Oregon 

Baltimore.  ,Md.  IW9  W.  Saratoga  St.) 
I  oh.railo  Springs,  El  Paso  Co.,  Colo. 

R ,  lllieida  Co.,  N.  Y' 

Edge\v 1  Park,  Allegheny  Co.,  Pa  . 

Rochester.  N.  Y.  (IH.i  N.  St.  Paul  St.) 

roitland.  Me.  (Tli-s.-)  Spring  St.) 

Providence,  R.  I.  (1S4  East  Ave.) 

Beverly.  .Mass 

Sioux  Falls,  Minnehaha  Co.,  S.  Dak  . 

Scranton.  Pa 

Trenton.  N.  J 

Ogden.  Utah 

Malone,  Franklin  Co.,  .N.  Y 

St.  Augustine.  Fla 

Santa  Fe.  N.  M 

Vancouver,  Wash 


isl 

ISIH 
ISU'I 


1823 
1839 
ls:» 
lst4 
IS*,-) 
IMo 
1846 

1846 
1849 
1851 
IKK 
1852 
1H54 
mil 
1S.-V) 
18,iT 
18.5T 
18,57 
1864 

law 

l.sCill 
IHlll 
IS61 
1863 

1867 
1867 
18tK 
1868 
1869 
1869 
1870 
1870 
1870 
1872 
1S.M1 
187.-.' 
1876 
1876 
1.S76 
1876 
18711 
isso 
18s:i 
l,sx:ii 

1881 
1884| 
18851 

1.8.S5i 

18861 


Methods 
of  Instruction. 


Cimihined.' 

Coinhined. 

( Iral  and  manual 

alphabet. 
Combined. 
Combined. 
Combined. 
Conihiued. 
Combined. 
Combined. 
Oral  and  manual 

alphabet. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Combined. 
Couililned. 
Combined. 

Combined. 
Combined. 
Coinhined. 
Coinhined. 
Comliined. 
Combined. 
Combined. 

Oral. 

Oral. 

t'ombined. 

Combined. 

Combined. 

Combined. 

Combined. 

Oral. 

Combined. 

Comliined. 

Coniliined. 

Coinhined. 

Combined. 

Man.  alph. 

Combined. 

Oral. 

Comliined. 

Comliined. 

I  mil. 

Coinhined. 

Comliined. 

Combined. 

Combined. 

Manual. 

Combined. 
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Deaf-mutes. 


A.— Public  Schools  (not  iNCLrDixo  Day  Sciiooi.^). —Conti/iued. 


Name. 


Location. 


cS- 


Metliods 
of  insirut'tioD. 


51   Bfuf,  Dumb,  and  Blind  Institute  for  Colored  Youth 

53  Allianv  Home  Soluxil  for  t be  oral  Instruction  of  tlie  Deaf 

53  Deaf  and  Dumb  Asylum  (of  Nortli  Dakota) 

54  Home  fur  the  Training  in.Speecli  of  Deaf  Children  before  tbey  are  of  Scliool  Age 

So  M.iiiiaiia  Sell,  ml  fur  I  leaf  and  Blind 

."iii  .Nniili  Caiiilina  Silin.il  fur  the  Deaf  ami  Dumb 

57  Oklahoma  Institute  lor  the  Deaf  and  Dumb 


Austin,  Tex ISST  Manual. 

Pine  Hills.  Albany,  N.  Y  1889  (Inii. 

Devils  Lake.  Ramsey  Co.,  N.  Dak  . . .  ISSWl  c.imblned. 

Philarielpliia,  Pa.  (c) IKiK  (iral. 

BouldiT,  Mi.i.t 181)4  Combined. 

Muriraiiti.il.  liurke  Co.,  N.  C 'W<M  Combined. 

Guthrie,  Oklahoma '1898  Manual. 


(oi  Wa.shington  Heights.  lt>3d  Street  and  Broadway.  ih)  This  institution  has  three  branches:  one  situated  at  Westchester,  another 

at  Fordbam  1772  East  18»tb  Street;,  and  another  at  Brooklyn  (113  Buffalo  .Wenue).  (c)  Belmont  Avenue,  corner  Monument  Avenue. 

B. — Public  Day  Schools. 


8 

« 
in 
U 

12 
13 
H 
15 
Iti 
17 
IS 
19 
20 
21 
22 
23 
24 
ai 
2ii 
27 
28 
SSI 
30 
31 
32 
33 
»4 
Si 
36 
37 
38 
3D 
40 
41 
42 
43 
44 


Name. 


Honice  Mann  School  for  the  Deaf 

Wic-kcr  Park  Public  Dav  Sili..nl  fur  the  Deaf 

HarlivTiin  Public  liav  s.b.'ol  f..r  the  Deaf 

Prcscolt  Public  Day  S.l I  fur  the  Deaf 

Monroe  street  Public  Dav  Scboi.l  f^ir  the  Deaf 

Yale  Public  Day  Scli....!  f..r  tlie  Deaf 

Lyman  Tnimbull  Publi.-  Day  Scbi.ol  for  the  Deaf  . 

Ki>zliiili.<k!  Public  Day  Sell. ...I  for  the  Deaf 

ScwanI  Public  Dav  Siliin.l  f..r  the  Deaf 

Darwin  Public  Day  S1I1...1I  fur  the  Deaf 

Burr  Public  Dav  Sch. .. 'I  b.r  the  Deaf 

Fniebel  Public  Dav  Sch. ...I  for  the  Deaf 

Cincinnati  Publi.-  .schuol  f...r  the  Deaf 

St.  Louis  Dav  Sch.M .1  for  the  Deaf 

Jlliwaukee  Publii-  Day  school  for  the  Deaf 

Oral  Scbo.il  of  Cincinnati 

F.\ansvillc  Day  Sch....!  f..r  the  Deaf 

M'ausau  Dav  s.h...il  fur  ihc  Deaf 

Clevelaii.l  Day  S.h.iol  f..r  the  Deaf 

Manittiwoo  Day  Schoi..!  for  the  Deaf 

Sheboygan  Day  School  for  the  Deaf 

Detri.it  Day  Schotil  for  the  Deaf 

Eau  Claire"  Dav  School  for  the  Deaf 

Fond  ilu  Lai'  Sch.«.|  tor  the  Deaf 

Marinette  School  for  the  Deaf 

OsliK..sli  s.h..ol  l,.r  Ihc  Deaf 

Appli-b.ll  S.-li....|  f.ir  th..  Deaf 

Given  Uav  Dav  Scho..l  f..r  the  Deaf 

Bla.k  Uivi'r  Falls  Sch....l  f(.rthe  Deaf 

Super!. .r  Dav  Scli.'oi  f. .r  the  Deaf 

.NcilNville  liav  Sell. I. .1  for  the  Deaf 

L..S  AiiL'eles  (Iral  Si'li.'..l  f. .r  the  Deaf 

L.iniine  c.untv  iind  Deaf  S1I1..0I 

Ashland  Day  S.'h.)..!  f.ir  Ihe  Deaf 

Stevens  P. .int  Day  s.-li....;  for  the  Deaf 

Streator  Dav  School  f..r  the  Deaf  

La  Cr(«.se  liav  s.h....l  f..r  the  Deaf 

Daybm  Seh.j..l  f..r  the  li.-af 

Derinda  S.h....|  for  rh.-  Deaf 

Oaklan.li  iral  Dav  School  for  the  Deaf 

Sparta  Hay  s.h.i..i  f.ir  the  Deaf 

Gninil  Kapjiis  Day  School  for  the  Deaf 

Muski'iron  Day  Scimul  for  the  Deaf 

Menominee  Day  School  for  the  Deaf 


Location. 


Chicago, 

111. 


I 


Boston,  Mass.  tl7S  Newbury  St.) 

'  Eveigreen  .\ve.  near  Robey  St.... 

.\rmour  .We.  near  41st  St 

WrichtH-ard  and  Ashland  Aves... 

1.57  Monroe  St 

Corner  7i)tb  St.  and  Yale  Ave 

Corner  Scdpwick  and  Division  Sts 

Corner  .i4th  St.  and  Inpleside  .Ive.. 

4ii;!4  Ashland  .\ve 

Hum.  Blvd.  and  Arinitaije  Ave... 

Ashland  Av.  near  Ntirtli  \\ve 

I  21st  St.  near  Robev  St 

Cincinnati.  Ohio  (719  W.  Si.\th  St.) 

St.  Louis.  Mo.  ki) 

Milwaukee,  Wis.  (h) 

Cincinnati,  Ohio  (719  West  Uth  St.) 

Evansville,  Ind.  (High  School  Building) 

Wausau,  Wis 

(.'leveland,  Ohio  (c)  

Manitowoc,  Wis 

Sheboygan.  AVis 

Detroit.  Mich,  (if) 

Eau  Claire,  Wis 

Fond  du  Lac.  Wis 

Marinette,  Wis.  (1532  Main  St.) 

Oshkosh,  Wis.  (Library  building) 

Applelon,  Wis 

(iieen  Bav.  Wis 

Dlaik  River  Falls.  Wis 

West  Superior,  Wis 

.\eills\  ille,  Wis 

Los  A  uyeles,  Cal 

Elyria,  Lorain  Co.,  Ohio 

Ashland,  Wis 

Stevens  Point,  Wis 

Streator.  Ill 

La  Crosse,  Wis 

Davton,  Ohio  (comer  Brown  and  Hess  Sts.; 

Derinda,  HI 

Oakland,  Cal.  (Uth  and  Jefferson  Sts.) 

Sparta,  Wis 

Grand  Rapids.  Jllch 

Muskegon,  Mich 

Menominee,  Mich 


lS(i9 
(t) 
1.879 
1879 
1875 
1896 

ism; 

l.SiiO 
1897 
1898 
1898 
18.98 
1875 
1878 
1.SS3 
1886 
188(i 
1890 
1892 
1893 


1894 
1895 
1893 
1895 
1893 
189i; 
1898 
1897 
1897 
1899 
1898 
1898 
1S98 
1898 
1898 
1899 
1899 
1899 
18SI9 
1899 
1899 
1900 
1900 


Methods 
of  instruction. 


Oral. 

Combined. 

Combined. 

Combined. 

Combined. 

Oral. 

oral. 

Oral. 

oi-al. 

Oral. 

Oral. 

Oral. 

Manual. 

Combined. 

Oral. 

Oral. 

Combined. 

Oral. 

Oral. 

Oral. 

Oral. 

Oral. 

oral. 

Oral. 

Oral. 

Oral. 

oral. 

Oral. 

Oral. 

Oral. 

Oral. 

Oral. 

Oral. 

Oral. 

Oral. 

Oral. 

Oral. 

Combined. 

Oral. 

Oral. 

Oral. 

oral. 

Oral. 

Oral. 


f(i)  Comer  Ninth  and  Wash  streets.  (h)  Corner  Seventh  and  Prairie  streets.  (c)  1304  Willson  Avenue.  of)  Wilkins  School 

rorter  Street.  Cc)  The  Ilrst  Public  Day  School  tor  the  Deaf  in  Chicago  was  opened  in  1875  in  a  rented  building  on  Van  Buien  Street. 

C— Denominational  and  Private  Schools. 


Name. 

Location. 

Methods 
of  instmction. 

1 

(icriiian  Evaneelieal  Lutheran  Deaf  and  Dumb  School   

North  Detroit,  AVayne  Co  .  Mich       

1873 
187ti 

Combined. 

2 

St.  .lol Ill's  ("athohe  Deaf-.^lute  Institute 

3 

F.  Knapp's  In^tltllIe 

Baltimore,  Md.  (.Sjl  and  83:3  HolUnsSt.1 

Chicago,  III.  (65.30  Y'ale  Ave  )       

1877  1  Oral 

4 

b 

8 

9 

10 

11 

Tile  Meiowen  Oral  School  for  Y'oung  Deaf  Children 

1883  1  Oral. 

Kphplieia  Seliool  for  the  Deaf 

Chicago,  III.  (409S.  Mayst.l 

St.  Louis,  Mo.  ( 1849  Cass  Ave.)  

West  Me.lf.ir.l.  Mass.  (93  Wobum  St.) 

1884  '  t'oiubined. 

Mari-.e  Concilia  School  for  the  Deaf 

Sarah  Fuller  Home  for  Little  Children  Who  Cannot  Hear 

Notre  Dame  School  fur  the  Deaf 

188.5  1  Combined. 
1888    Onil. 

189(1 

( "oiiibined. 

Deaf-Mute  In^titutl■  of  the  Holy  Rosan- 

189<l 

St.  Joseph's  Deaf- .Mute  Institute  for  Boys 

LoniTwood  Place,  South  St.  Louis  Mo 

18ie 
1894 
189.» 
1897 
1899 

Combined. 

Wntrbt-Humason  Sebot)! 

New  York,  N.  Y.  (42  West  76th  St.) 

North  Temescal.  Cal 

Baltimore.  Md.  (9(0  McColloh  St.) 

Oral. 

12 
13 

SI.  Ji  isejib's  School  and  Home  for  Deaf-Mutes 

St.  Francis  Xavier's  School  for  the  Deaf 

Combined. 
Combined. 

14 

Boston  School  for  the  Deaf 

Jamaica  Plain,  Mass.  (9-11  St.  Joseph  St.) 

Oral. 

Vol.  III.— 24 


(a)  Sixth  Street,  between  Sycamore  and  Broadway. 
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School  Age. — There  is  a  difference  of  opinion  among 
experienced  teacliers  as  to  the  best  age  for  sending  deaf 
children  to  scliool.  On  the  one  hand,  sucli  children  have 
so  much  to  learn  as  compared  with  hearing  children 
that  their  education  ought  to  be  begun  as  early  as  possi- 
ble; on  the  other,  there  are  obvious  objections  to  taking 
them  away  from  their  homes — as  in  the  great  majority 
of  cases  is  necessary'  in  order  that  they  may  receive  proper 
instruction — while  they  are  still  very  yoimg.  The  de- 
cision must  depend  largely  upon  the  circumstances  of  the 
individual,  and  the  facilities  offered  by  the  State  in  which 
he  resides.  Where  the  term  of  instruction  afforded  by  the 
State  is  limited  to  six  or  seven  years,  and  where  children 
are  surrounded  by  favorable  influences  at  home,  probably 
ten  or  twelve  is  the  best  age  for  them  to  be  sent  to  school, 
since  experience  has  shown  that  the  six  or  seven  years 
following  that  age  are  those  in  which  the  most  can  be 
accomplished  for  tlie  physical,  mental,  and  moral  de- 
velopment of  the  deaf-mute;  l)ut  where,  as  is  the  case  in 
some  States,  there  is  no  limit  to  the  term  of  instruction, 
where  proper  provision  is  made  for  the  care  and  teaching 
of  the  little  children  by  kindergarten  methods  apart  from 
the  older  pupils,  and  especially  where  tlie  home  influences 
are  bad,  it  is  desirable  to  send  them  as  young  as  six  years 
of  age.  From  six  to  ten  they  will  make  less  progress  at 
school  than  from  ten  to  fourteen;  but  if,  in  addition  to 
those  four  years  imder  ten,  they  remain  six  or  seven  years 
longer,  they  will  be  able  to  acquire  a  much  fuller  mastery 
of  the  language  of  their  fellow-men.  and  to  reach  a  far 
more  advanced  stage  of  education  in  all  respects,  than  if 
their  education  had  not  been  begun  until  the  years  of 
early  childhood  were  passed. 

Boarding  Schools  and  Diiy  Schools. — Within  recent  j'cars 
laws  have  been  passed  in  several  States  providing  for  the 
establishment  of  day  schools  for  the  deaf,  the  town  or 
city  desiring  such  a  school  providing  the  necessary  room 
or  rooms  and  the  State  paying  a  certain  sum  per  ciipitu 
for  the  children  taiight.  This  has  the  advantage  of  en- 
abling the  pupils  to  live  at  home  while  receiving  instruc- 
tion, but  experience  has  shown  that  the  education  thus 
given  is  less  efficient  and  successful  than  in  boarding 
schools.  The  evil  influences  that  surround  many  deaf 
children  at  home,  the  temptations  of  the  street  out  of 
school  hours,  the  danger  of  accidents  in  going  to  and 
from  school,  the  interruptions  to  progress  from  tardiness 
and  absence,  and  the  lack  of  facilities  for  industrial  in- 
struction, make  the  results  much  less  satisfactory  than 
in  the  well-organized  boarding  school,  where  the  influ- 
ences of  the  workshop,  the  playground,  and  the  evening 
study  hour,  all  combine  with  those  of  the  school  room  to 
promote  the  proper  development  and  education  of  the 
child. 

Private  Instruction  at  Home. — It  has  been  said  that 
"the  best  deaf-mute  school  is  a  school  of  one  pupil,"  but 
the  statement  is  not  to  be  received  without  some  quali- 
fication. In  order  to  attain  a  mastery  of  spoken  or  writ- 
ten language  the  more  individual  attention  the  deaf 
child  receives  the  better,  and  in  this  respect  private  in- 
struction at  home  has  a  decided  advantage  over  class  in- 
struction at  school.  On  the  other  hand,  the  child  taught 
alone  at  home,  and  thus  lacking  the  stimulus  of  associa- 
tion with  others  placed  on  an  equal  footing  with  himself, 
is  apt  to  become  listless  in  study  and  melancholy  in  dis- 
position. The  best  advice,  therefore,  to  be  given  to 
parents  whose  means  enable  them  to  provide  a  private 
teacher  is  this:  Obtain  a  competent  tutor  or  governess 
for  your  child  at  three  or  four  3-ears  of  age.  Let  the 
efforts  of  this  teacher  for  seven  or  eight  years  be  devoted 
almost  wholly  to  giving  the  child  language,  articulation, 
and  speech-reading  by  the  natural  intuitional  method, 
which  imitates  as  closely  as  the  nature  of  the  case  allows 
the  manner  in  which  hearing  children  learn  to  speak,  and 
let  the  teacher's  efforts  be  heartily  seconded  by  all  the 
other  members  of  the  family.  When  the  child  is  ten  or 
twelve  years  old  send  him  to  school  to  pursue  other 
branches  of  study  and  complete  his  education.  The 
command  of  idiomatic  language  acquired  by  the  home 
training  is  something  that  could   not  be  imparted  at 


school,  while  the  moral  and  intellectual  development  re- 
ceived at  school  could  not  be  attained  at  home. 

Intelligent  parents  and  friends,  wliose  pecuniary  cir- 
cumstances do  not  allow  them  to  employ  a  private  teacher, 
can  themselves  do  a  great  deal  in  the  way  of  preparing 
their  deaf  children  for  school  life  by  forming  in  them 
habits  of  oi'der  and  obedience,  and  by  teaching  them  the 
use  of  the  pencil  and  pen,  counting,  and  common  words 
in  their  written  forms.  If  the  cliild  alread}-  possesses 
speech  gained  before  hearing  was  lost,  great  efforts 
should  be  made  to  retain  tlie  speech  and  to  cultivate  the 
habit  of  reading  the  speech  of  others.  If  any  hearing 
exists,  it  should  be  utilized  in  practice,  the  aid  of  the 
hearing  tube,  trumpet,  and  akouphone  should  be  tried, 
and  whichever  instrument  proves  most  effective  should 
be  employed.  In  all  cases  the  deaf  child  should  be  gov- 
erned with  the  same  firmness  as  his  hearing  brothers  and 
sisters.  While  due  allowance  should  be  made  for  his  in- 
ability to  understand,  and  he  should  be  protected  as  far 
as  possible  from  the  teasing  of  playmates,  he  can  and 
should  be  taught  strict  obedience  to  parents,  and  due  re- 
spect for  the  rights  of  others. 

Higher  Education. — The  standard  of  education  in 
schools  for  deaf-mutes  at  the  present  day  corresponds  in 
general  to  that  of  the  common  schools — an  education 
fitting  the  pupil  for  intelligent  citizenship.  But  there 
are  some  among  the  deaf  who  are  capable  of  advancing 
beyond  this  standard  and  preparing  themselves  for  scien- 
tific and  literarj'  pursuits.  The  United  States  makes 
provisions  for  the  wants  of  this  class  in  Gallaudet  Col- 
lege, establislied  by  Congress  at  Washington,  D.  C.  in 
the  year  1864,  through  the  efforts  of  Edward  M.  Gal- 
laudet, Ph.D.,  LL.D.,  who  has  been  its  president  from 
the  beginning.  This  college  affords  a  course  of  training 
corresponding  to  that  of  American  colleges  in  general, 
with  such  modifications  as  seem  desirable  in  view  of  the 
peculiar  needs  of  the  deaf,  and  confers  upon  its  gradu- 
ates the  usual  academic  degrees.  Of  the  students  who 
have  been  connected  with  tlie  college  a  large  number  are 
now  engaged  in  teaching,  several  are  editors  and  pub- 
lishers, others  are  in  the  civil  service  of  the  Government, 
one  is  a  lawyer  practising  in  the  Supreme  Court  of  the 
United  States,  one  is  at  the  head  of  large  assaj'ing  works 
in  Chicago,  several  are  clerg3-nien  preaching  to  the  deaf, 
and  nearly  all  are  occupying  positions  of  a  higher  grade 
than  would  have  been  possible  without  the  educational 
advantages  conferred  by  the  college  course. 

Religious  W^ork  for  Adults. — The  moral  and  re- 
ligious instruction  given  in  most  of  tlie  American  schools 
for  the  deaf  is  of  an  unsectarian  cliaracter,  the  pupils  be- 
ing advised  by  their  teachers  to  connect  themselves  dur- 
ing their  vacations,  or  after  leaving  the  schools,  with 
the  churches  to  which  their  parents  belong.  Adult  deaf- 
mutes,  however,  can  derive  much  more  pleasure  and 
profit  from  special  services  in  the  sign  language  than 
from  ordinary  religious  exercises,  and  in  places  where 
their  numbers  are  sufficiently  large  to  form  a  congrega- 
tion, the  holding  of  such  services  is  entirely  practicable. 
The  Rev.  Thom'as  Gallaudet,  D.D..  of  New  York,  estab- 
lished a  church  for  deaf-mutes  in  that  city  in  18.52,  and 
through  his  efforts  and  those  of  other  friends  of  the  deaf, 
arrangements  are  now  made  by  which  religious  services 
in  the  sign  language  are  held  weekl_v  in  several  cities  of 
the  United  Slates,  and  at  less  frequent  intervals  in  many 
other  places.  The  Episcopal  Church,  with  which  Dr. 
Gallaudet  is  cormected,  has  been  by  far  the  most  active 
in  providingfor  the  religious  welfare  of  adultdeaf-niutes, 
but  other  churches  have  also  had  a  part  in  the  work. 
There  are  now  several  ordained  clergymen  in  the  United 
States  who  are  themselves  deaf,  and  there  aie  a  large 
number  of  deaf  laymen  who  assist  in  missionary  work. 
In  connection  with  the  religious  organizations  there  usu- 
ally exist  benevolent  and  relief  societies,  and  in  some 
cases  literary  and  social  unions.        Edward  Allen  Fay. 

DEAF-MUTES :   The  L.\ngu.vge  of  Signs,  and  the. 
Combined  System  of  Instructing  Deaf-mutes. 
I.  The  Language  of  Signs. — The  French  philosopher 
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Doaf-nutes. 
Dcaf-.'>I  utea. 


Couilillac  begins  bis  treatise.  "  Grammaire  geuerale  et 
raisounie,"  as  follows:  "The  means  of  which  men  first 
made  use  to  conmiunicate  their  thoughts  were  gestures, 
movements  of  the  counteuauce.  ami  inarticulate  sounds. 
The  combination  of  these  mav  be  called  the  laiiffuage  of 
iiction."  This  view  of  Condillac's  as  to  the  origin  of 
language  may  have  "no  sullicicnt  support  from  observed 
facts,"  as  the  distinguished  English  anthropologist  Ed- 
ward B.  Tylor  asserts;  but  it  may  certainly  be  accepted 
as  a  plausible  hypothesis,  for  the  overthrow  of  whicli  no 
"observed  facts  "  can  be  adduced.  It  is,  however,  for- 
eign to  the  purpose  of  this  article  to  inquire  what  was 
the  primitive  language.  The  aim  will  be  to  show  that 
tlieri'  is  a  true  language  of  gestures:  that  it  is  as  natural 
and  may  be  as  complete  a  veliicle  of  e.\pressi(m  as  speech ; 
that  this  language  has  great  utility  among  people  who 
hear;  that  in  the  humane  and  scientific  education  of  the 
deaf  it  is  indispensjiblc;  that  its  judicious  use  by  deaf- 
mutes  is  a  sovirce  of  great  benefit  and  pleasure  ihiring 
the  entire  period  of  their  lives:  and  that  among  this  in- 
teresting and  intelligent  class  of  the  community  nothing 
can  be  found  that  will  take  its  i)lace. 

That  there  is  a  true  language  of  signs,  history  gives 
abundant  evidence.  Quintilian,  the  Roman  orator  and 
teacher  of  rhetoric  in  the  first  century  of  our  era.  Siiys: 
"Amidst  the  great  diversity  of  tongues  pervading  all 
nations  and  people,  the  language  of  the  hands  appears 
to  be  common  to  all  men."  In  the  dajsof  Quintilian  the 
language  of  signs  was  an  important  feature  in  public 
amusements,  the  mimics  or  pantomimists  of  the  time  of 
Augustus  carrying  the  art  to  the  highest  degree  of  per- 
fection. The  famous  actors  Pvlades  antl  Bathyllus  ex- 
pressed in  mimic  language  the  greatest  variety  of  scenes 
and  incidents,  including  even  the  history  of  illustrious 
men.  Amusements  of  this  character  were  maintained  for 
more  than  five  centuries,  when  they  had  become  so  gross 
and  indecent  that  Charlemagne  put  a  stop  to  them  in  the 
name  of  morjdity. 

The  language  of  gestures  has  been  employed  in  very 
many  instances  by  pereonsof  widely  differing  nationality 
and  race,  and  utter  strangers  to  each  other  up  to  the  mo- 
ment of  resorting  ti>  this  means  of  communication.  At 
the  time  when  the  Amistad  Africans  were  in  prison  in 
Hartford,  Conn.,  awaiting  their  trial  before  the  L'nited 
States  District  Court,  a  visit  was  paid  to  them  by  the 
Rev.  T,  H.  Gallaudet,  then  principal  of  the  Institution 
for  Deaf-mutes  in  that  city.  Having  no  means  of  com- 
municating orally  with  these  negroes.  Dr.  Gallaudet 
found  no  difiicultyin  carrying  on  conversation  with  them 
by  means  of  expressive  action,  which  elicited  various  in- 
formation respecting  the  families  the)-  had  left  in  Africa, 
besides  some  particulars  of  their  ow  n  recent  history  :  all 
of  which  they  imparted  with  the  peculiar  pleasure  result- 
ing from  this  unexpected  facility  of  communication  with 
a  stranger. 

To  how  great  an  extent  the  sign  language  has  served 
as  a  means  of  comnumication  among  the  aborigines  of 
America  is  shown  by  Col.  Garrick  Mallery,  l",  S.  A., 
in  his  a<lmirable  monograph  on  "Sign  Language  among 
North  American  Indians  comiiared  with  that  among 
Other  Peoples  and  Deaf-mutes, "  published  by  the  Gov- 
ernment of  the  United  States,  under  the  auspices  of  the 
Bureau  of  Ethnology  of  the  Smithsonian  Institution. 

Enough  has  been  said  to  show  that  there  is  a  true 
language  of  signs,  and  that  it  has  been  of  great  use 
among  people  who  hear.  But  to  discover  the  field  of  its 
greatest  utilitj-,  and  to  find  it  in  its  fullest  development 
as  a  vehicle  of  expression,  one  must  become  informed  as 
to  the  service  it  performs  in  the  intellectual  and  social 
life  of  the  deaf. 

A  few  isolated  instances  are  recorded,  previous  to  the 
eighteenth  century,  of  deaf  persons  who.  \mder  favor- 
able conditions,  have  developed  for  their  own  use  a 
measurably  complete  language  of  signs.  But  it  was 
only  toward  the  middle  of  that  century  that  this  lan- 
guage was  used  by  considerable  numbers  of  deaf-mutes. 
Before  describing  this  general  use.  however,  it  is  impor- 
tant to  consider,  somewhat  carefully,  the  limitations  as 


to  means  of  communication  which  absolute  deafness  im- 
poses on  those  who  sulTer  from  it. 

The  means  of  expression  possible  to  creatures  of  intel- 
ligence, by  which  information  as  to  thought  and  feeling 
may  be  given  and  received,  are  five  in  number,  corre- 
spondinij  to  the  senses.  All  expression — i.e..  all  com- 
munication from  one  intelligent  being  to  another — must, 
therefore,  be  either  audible,  visible,  tactile,  odoric,  or 
palatal.  The  senses  of  taste  and  smell  arc  aililressed  so 
rarely  and  with  such  dilliculty,  for  the  luirpose  of  com- 
numicating  thought,  that  they  may  be  left  out  of  view. 
The  same  may  be  said  of  the  sense  of  touch,  except  that, 
in  the  case  of  persons  both  blind  and  deaf,  it  becomes  the 
main  channel  of  communication,  and  may  be  made  use- 
fid  under  certain  conditions  with  such  as  are  only  deaf ; 
as,  for  example,  in  the  dark,  or  when  it  is  desirable  to 
address  the  deaf  without  diverting  the  eye  from  some 
object — such  as  a  landscape,  a  i>a.ssing  pageant,  or  spec- 
tacle. 

Visible  expression  emiiloys  a  great  variety-  of  forms  in 
the  accomplishment  of  its  purpose,  but  these  forms  may 
be  grouped  in  two  perfectly  distinct  clas.ses:  tin- gesliiral, 
which  produce  their  effects  oidy  from  moiuent  to  mo- 
ment, having  noenduring  (piality,  and  thegivphic,  which 
are  more  or  less  permanent. 

Audible  expression,  almost  infinite  as  it  is  in  variety, 
is  susceptible  also  of  division  into  two  great  clas.ses,  (ntir- 
iilate  and  innrticnhite.  the  former  comiuising  all  forms 
of  word  utterance,  and  the  latter  including  cries,  moans, 
sighs,  music,  percussions,  and  explosions. 

Among  all  these  possible  means  of  transmitting  intel- 
ligence from  one  to  another,  it  will  readily  be  seen  that 
the  three  principal  means  of  communicating  thought  and 
feeling  made  use  of  by  man  are:  (1)  Ailictilatc  upeecli,  ad- 
dres.sed  to  the  sense  of  hearing;  (2)  yeatural :  and  (3) 
graphic  expression,  presented  to  the  sense  of  sight. 

By  gestural  expression  must  be  understood  all  positions 
and  movements  of  the  body  or  any  of  its  members,  in- 
cluding the  countenance,  and  all  noiseless  signals  such 
as  are  luade  use  of  in  military  or  engineering  operations, 
on  the  sea,  on  roads,  or  on  rivers;  in  short,  all  devices 
for  communicating  information  through  the  eye  of  man, 
which  are  not  in  any  manner  recorded  or  made  permanent. 

Graphic  expression  will  then  include  all  forms  of  writ- 
ing and  printing,  all  productions  in  the  tine  arts,  all 
marks  t)f  whatever  character  that  are  in  any  degree  per- 
manent, and  are  designed  to  communicate  information  or 
to  express  thought  and  feeling.  And  the  range  of  this 
form  of  expression  is  wide  enough  to  embrace  at  one 
extreme  the  Duomo  of  Milan,  or  Milton's  noblest  poem, 
and  at  the  other  the  cattle  brand  of  a  Texau  cowboy,  or 
theblazeof  a  backwoodsman'saxe  in  the  primeval  forest. 

In  determining  the  value  of  gestural  expression  to  the 
deaf,  it  is  necessary  to  keep  constantly  before  the  mind 
the  fact  that,  where  hearing  does  not  exist,  no  mental 
impressions  can  be  received  through  the  means  of  articu- 
late speech.  In  other  words,  that  he  who  would  com- 
municate with  the  deaf  is  limited  to  gestural  and  graphic 
means.  Even  in  cases  in  which  a  deaf  jierson  retains  the 
power  of  speech,  or  is  taught  to  speak  and  to  understand 
the  speech  of  others  by  watching  the  motion  of  the  lips, 
such  motions  are  to  him  nothing  other  than  a  certain  form 
of  gestural  expression.  The  pecvdiar  element  of  sotmd, 
the  perception  and  understanding  of  which  enable  a 
hearing  person  to  comprehend  speech  irilhoiit  seeing  the 
vocal  organs  of  the  speaker,  is  wholly  wanting  to  the 
deaf.  And  so  essential  is  the  possession  of  hearing  to  the 
free  use  and  enjoyment  of  articulate  speech  as  a  means 
of  communication  from  man  to  man,  that  to  the  deaf  this 
can  be  no  more,  at  its  very  best,  than  what  an  artificial 
leg  is  to  one  who  would  walk,  or  run,  or  dance.  Ser- 
viceable, no  doubt :  far  better  than  no  leg  at  all,  but 
never  an  equivalent  for  the  missing  member. 

Have  the  deaf,  then,  no  means  of  expression  that  can 
be  as  free  and  as  perfect  as  speech  is  to  their  more  favored 
brethren  ? 

A  distinguished  scientist  and  philanthropist,  justly 
honored  and  respected  in  the  city  of  his  adoption  (Wash- 
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ingtou,  T>.  C).  who  has  long  been  interested  in  the  edu- 
cation of  deaf-mutes,  but  who  has  had  little  experience 
in  teaching  them,  has  said  before  one  of  the  learned  so- 
cieties of  ■\Vashington : 

"Nature  has  been  kind  to  the  deaf  child;  man,  cruel. 
Nature  has  inflicted  ujion  the  deaf  child  but  one  defect, 
imperfect  liearing;  man's  neglect  has  made  him  diunb 
and  forced  him  to  invent  a  language  which  has  separated 
liim  from  the  hearing  world."  "Let  us  then,"  says  tlie 
learned  writer,  "remove  the  afflictions  that  we  ourselves 
liave  caused."  And  after  some  eminently  reasonable 
sugestions  he  adds:  "And  last,  but  not  least,  let  us  banish 
the  sign  language  from  our  scliools." 

Nature  has  indeed  been  kiuil  to  the  deaf  child,  in  that 
she  has  left  him  capable  of  using  as  freely  as  his  hearing 
brotlier  the  gestural  and  the  graphic  means  of  communi- 
cating thought;  in  that  she  has  made  it  natural  and  easy 
for  him  to  employ  a  method  of  expression  in  the  use  of 
which  he  is  at  no  disadvantage  as  compared  with  his 
hearing  brother,  and  which  is  beyond  all  dispute  the  o/i!i/ 
means  of  communication  whicli  can  be  to  the  deaf  what 
speecli  is  to  the  hearing  as  a  veliicle  of  thought.  And 
this  "language  of  action,"  which  philologists  agree  is  the 
foundation  of  all  human  intercommunication,  which  is 
the  acknowledged  vernacular  of  the  deaf,  the  distin- 
guished theorist,  and  not  a  few  others  with  him,  would 
"  banish  from  our  schools."  Of  such  an  act  of  "  kindness" 
proposed  bj"  certain  teachers  of  the  deaf  on  both  sides  of 
the  Atlantic,  one  of  the  most  eminent  and  successful  oral 
teachers  of  deaf-mutes  in  Germany  says:  "  If  this  system 
were  put  into  execution,  the  moral  life,  the  intellectual 
development  of  the  deaf  and  dumb  would  be  inhumanly 
hamjiered. " 

The  founder  of  deaf-mute  instruction  in  America,  who 
is  to  be  rankedamong  the  most  successful  teachersof  the 
deaf  in  the  world,  says  in  an  article  on  "The  Natural 
Language  of  Signs."  written  some  years  after  he  had 
completed  his  work  for  the  deaf,  and  when  he  had  had 
time  to  review  his  methods  with  calmness: 

"My  object  is  to  show  the  intrinsic  value  and.  indeed, 
indispensable  necessity  of  the  use  of  natural  signs  in  the 
education  of  the  deaf  and  dumb.  ...  In  attempting 
this.  I  wish  I  hail  time  to  go  somewhat  at  length  into  the 
genius  of  this  natural  language  of  signs;  to  compare  it 
with  merely  oral  language,  and  to  show,  as  I  think  I 
could,  its  decided  superiority  over  the  latter,  so  far  as 
resjiects  its  peculiar  adaptation  to  the  mind  of  childhood 
and  early  youth. 

"  In  what  relates  to  the  expression  of  [lassion  and  emo- 
tion, and  of  all  the  finer  ami  stronger  sentiments  of  the 
heart,  this  language  is  eminently  appropriate  and  copious. 

"So  far  as  objects,  motions,  or  actions  addressed  to  the 
s?nses  are  concerned,  this  language,  in  its  improved  state. 
is  superior  in  its  accuracy  and  force  of  delineation  to  that 
in  which  words  spelt  on  the  fingers,  spoken,  written,  or 
printed  are  employed." 

This  claim  of  the  superior  accuracy  and  precision  of 
sign  language,  as  compared  witli  words,  may  perhaps 
i'xcite  surprise  at  first  thought.  But  it  is  believed  that 
its  reasonableness  will  appear  when  it  is  remembered  that 
the  meanings  attached  to  words  are  almost  wliolly  arbi- 
trary, very  few  giving  the  slightest  hint  of  their  signifi- 
cation in  their  shape  or  sound;  while  nearly  every  gesture 
used  in  sign  language  carries  with  it  a  plain  suggestion 
of  its  meaning,  and  in  very  many  instances  gives  a  vivid 
and  easily  recognized  jiortrayal  of  the  idea  to  be  conveyed. 

Since  experience  has  piroved  that  sign  language  is  nat- 
ural to  the  deaf,  that  it  is  acquired  and  made  use  of  by 
them  more  easily  than  speech  is  by  the  hearing,  that  it 
fui'nishes  a  full  and  adequate  means  for  commimicating 
thought  and  feeling,  often  surpassing  speech  in  vividness 
and  exactness,  it  is  not  strange  that  teachers  of  the  larg- 
est experience  and  broadest  view  unite  in  ajiproving  its 
use  in  the  education  of  the  deaf. 

At  this  point  the  question  will  naturally  arise  in  many 
minds:  "Does  the  sign  language  give  the  deaf  in  these 
respects  all  that  speech  affords  to  the  hearing?  " 

The  experience  and  observation  of  the  writer  lead  him 


to  answer  the  question  with  a  decided  affirmative.  On 
many  occasions  it  has  been  his  privilege  to  interpret 
through  signs  to  the  deaf,  addresses  given  in  speech ; 
he  has  addressed  assemblages  of  deaf  persons  many  times 
using  signs  for  the  original  expression  of  thought ;  he 
has  seen  hundreds  of  lectures  and  iniblic  debates  given 
originally  in  signs ;  he  has  seen  conventions  of  deaf-mutes 
in  which  no  word  was  spoken,  and  j-et  all  the  forms  of 
[larliamentary  proceedings  were  observed,  and  the  most 
excited  and  earnest  discu.ssions  carried  on ;  he  has  seen 
the  ordinances  of  religion  administered,  and  the  full  ser- 
vices of  the  church  carried  on  in  signs;  and  all  this  with 
the  assurance  growing  out  of  his  own  complete  under- 
standing of  the  language,  a  knowledge  of  which  ilates 
back  to  his  earliest  childhood,  that  for  all  the  purposes 
above  enumerated  gestural  expression  is  in  no  r<'spect 
inferior,  and  is  in  many  respects  superior,  to  articulate 
speech  as  a  means  of  comniunicaling  ideas. 

But  the  greatest  value  of  the  sign  language  to  the  deaf, 
when  the  wliolc  period  of  their  lives  is  taken  into  account, 
is  to  be  found  in  tlie  facility  it  affords  for  free  and  un- 
constrained siuial  intercourse.  And  in  this,  as  in  the 
matter  of  ]i\iblic  addresses,  nothing  has  been  discovered 
that  can  fully  take  its  place. 

Graduates  of  schools,  from  which  the  attempt  has  been 
made  to  "banish  signs."  have  repeatedly  testified  that 
they  could  in  no  way  attain  to  such  ]ileasure  in  social  in- 
tercourse as  through  the  use  of  sign  language,  ability  to 
employ  which  they  readily  acquire  by  mingling  with 
those  inore  favored  deaf-mutes  who  have  become  familiar 
with  it  earlier  in  life. 

"But,"  say  those  who  urge  that  the  use  of  signs  is  an 
injury  lo  the  deaf,  "  they  can  use  that  language  only  with 
tlieir  fellow-unfortunates,  or  with  the  very  few  others 
wlio  learn  it  for  their  sake,  and  their  use  of  signs  tends 
to  make  them  clannish,  thus  narrowing  the  spliere  of 
their  lives,  and  leading  them  to  employ  in  excess  a  lan- 
guage other  than  the  vernacular  of  their  country." 

It  is  admitted  that,  in  the  education  of  the  deaf,  injudi- 
cious teachers  may  allow,  or  even  encourage,  too  free  a 
use  of  the  sign  language  in  the  schools, — that  such  teach- 
ers may  suffer  their  pupils  to  go  out  from  luidcr  their  in- 
fluence without  lieing  impressed  with  the  importance  of 
making  special  and  persistent  efforts  to  overcome  the 
tendency  to  clannishness  which  is  natural  to  the  deaf,  no 
matter  what  method  of  instruction  is  employed. 

It  is  not  dis]nited  that  in  teaching  the  deaf,  signs  may 
be  so  employed  as  to  affect  unfavorably  the  acquisition 
by  the  pupil  of  verbal  language,  whether  in  its  written 
or  spoken  forms. 

But  nothing  is  more  certain,  as  proven  by  the  experi- 
ence of  nearly  three-fourtlis  of  a  century  in  this  country, 
than  that  the  unfavorable  results  which  some  have 
charged  upon  the  use  of  the  sign  language,  are  attribut- 
able in  all  cases  to  its  abuse  by  injudicious,  incompetent, 
or  inexperienced  teachers.  Since  1817,  wlien  the  first 
permanent  school  for  deaf-mutes  in  this  country  was 
established,  more  than  forty  thousand  children  have  been 
educated  in  a  hundred  schools  now  in  successful  opera- 
tion, in  all  of  which  the  .sign  language  has  been  made  use 
of.  A  majority  of  these  persons  are  living  to-day.  and 
some  of  them  may  be  found  in  every  city,  probably  in 
every  county  of  the  land. 

Among  these,  thousands  could  be  named  who,  while 
associating  freely  with  their  fellow  deaf-mutes,  and  de- 
riving both  profit  and  pleasure  from  such  association, 
mingle  readily  with  jiersons  who  bear;  who  are  not  clan- 
nish to  any  degree  that  would  subject  them  to  just  criti- 
cism ;  who  use  the  vernacular  of  the  country  witji  fi-eedom 
and  reasonable  accuracy ;  who  maintain  themselves  rep- 
utably and  comfortably  by  their  own  labor;  who  are, 
in  short,  good  and  intelligent  citizens,  adding  strength, 
wealth,  and  character  to  the  communities  in  which  the}' 
reside. 

II.  The  Combined  System  of  iNSTRt'CTixo  De.\f- 
MiTES. — It  is  a  matter  of  singular  coincidence  that 
schools  for  the  deaf  should  have  been  first  established  in 
the  three  leading  nations  of  Europe  at  about  the  same 
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puiiud,  ami  us  the  result  of  entirely  imlependent  effort. 
This  occurred  very  near  the  middle  of  llie  hist  century. 

The  Alihe  de  I'Epte  iuaujrurated  in  France  what  will 
be  presently  described  as  the  manual  method.  Samuel 
Heinieke  was  the  founder  in  Germany,  as  Thomas  Uraid- 
wood  was  in  Great  Brit^iin.  of  the  oi-al  method. 

The  promoters  of  these  two  methods  were  each  earnest 
in  uririns:  the  superiority  of  his  own  over  tlie  other,  and 
forai'ull  eentury  thedeaf-nuiti'.sclioolsof  the  world  were 
either  manual  or  oral,  with  little  thought  in  the  iniud  of 
any  one  that  there  might  be  found  a  golden  mean  between 
the  two  extremes.  Within  the  past  twenty  years,  how- 
ever, it  has  been  proved  possible,  by  many  teachers  of 
no  little  prominence  in  Europe  and  America,  to  appro- 
priate the  elements  of  greatest  value  in  the  two  methods 
so  li>ng  in  conflict,  and  to  secure,  under  what  has  been 
termed  the  combined  system,  all  that  is  of  advantage  in 
the  education  of  the  deaf. 

With  such  favor  have  the  claims  of  the  combined  sys- 
tem been  received  in  this  country  that  on  December  1st 
last  (isyox  out  of  57  public  institutions  existing  in  the 
United  States,  4.'5  were  being  conducted  in  accordance 
with  this  .system,  as  against  7  oral  and  .5  manual  schools. 
In  the  4.')  combined  schools  there  were  9.8G:i  pupils;  in 
the  7  oral  schools 68.5  pupils,  and  in  the  5  maiuial  schools 
212  pupils.  During  the  last  ten  years  the  lumiber  of 
pupils  in  the  public  oral  schools  has  diminished,  while 
there  has  been  an  increase  of  40  per  cent,  in  the  num- 
ber of  pupils  in  the  public  combined  schools. 

The  principal  considerations  which  commend  this 
system  may  be  presented  in  a  few  words. 

The  experience  of  a  century  and  a  half  of  practical  in- 
struction of  the  deaf  has  established  no  conclusion  more 
clearly  than  that  it  is  impos.sit)le  to  teach  all  ileaf-mutes 
to  speak.  Some  are  found  to  be  lacking  more  or  less  in 
mental  capacity:  some  have  only  a  weak  and  inefficient 
imitative  facidty;  with  others  an  infirmity  of  vision  is 
discovered;  others  again  have  little  ciuickness  of  tactile 
perception.  And  it  is  far  from  being  true,  as  the  eminent 
scientist  to  whom  reference  has  been  made  has  affirmed, 
that  "nature  lias  inflicted  upon  the  deaf  child  but  one 
defect — imperfect  hearing. " 

In  former  times  these  doubly  or  trebly  defective  chil- 
dren were  summarily  dismissed  from  oral  schools,  with 
the  unjust  and  inhuman  condemnation  that  they  were 
imbeciles.  And  even  at  the  present  they  are  often  quietly 
dropped  from  such  schools  under  one  pretext  or  another, 
because  the  oral  teachers  are  perfectly  well  aware  that 
they  cannot  lie  edticated  under  their  method. 

The  essential  defect  in  the  oral  method  is,  then,  that  it 
pntctically  rejects  a  large  proportion  of  the  deaf  as  in- 
capable of  education, — that  it  fails  with  those  who  stand 
in  greatest  need  of  a  helping  hand. 

The  radical  deficiency  of  the  manual  method  is  that  it 
makes  no  provision  for  imparting  the  extremely  valuable 
accomplishments  of  articulation  and  lip-reading  to  the 
large  percentage  of  the  deaf  that  is  certainly  capable  of 
ac(|uiring  these  great  gifts. 

The  doors  of  the  combiued-.system  schools  are  wide 
open  to  uH  the  deaf — to  the  weaker  as  well  as  to  those 
more  richly  endowed  with  capacity  for  improvement.  In 
these  schools  no  method  or  appliance  is  rejected  that  can 
be  shown  to  be  of  practical  help  to  any  number,  however 
small,  of  the  great  class  of  the  deaf. 

The  achievement  of  imparting  speech  to  one  who  has 
it  not  comes  so  near  to  beluga  miracle  that  one  is  dazzled 
by  the  brilliancy  of  the  triumph,  and  is  apt  to  feel  that 
everything  else  in  the  education  of  the  deaf  must  be  sub- 
servient to  this.  Parents  and  friends  of  the  deaf  need  to 
be  placed  on  their  guard  against  this  grave  error,  and  to 
be  advised  that  those  schools  and  systems  best  deserve 
their  confidence  and  support  that  seek  to  give  the  broad- 
est and  most  valuable  education  possible  to  all  the  deaf. 

Within  the  past  decade  the  educated  deafnuites  in 
Europe  and  America  have  been  demanding  the  general 
adoption  of  a  combined  system  in  schools  for  their  class. 
This  attitude  on  their  part  is.  perhaps,  most  notewortliv 
in  Germany,  for  in  that  country  the  oral  method  has  been 


practised  almost  exclusively  since  tbe  establishment  of 
the  first  school  for  deaf-mutes  more  than  a  centurv  and 
a  half  ago. 

A  petition  signed  by  more  than  eight  hundred  deaf- 
mutes,  all  graduates  of  oral  schools,  was  presented  to  the 
Government,  setting  forth  the  insufficienev  of  the  oral 
method  in  many  cases,  and  praying  that"  a  combined 
system  might  be  generally  introdiiced. 

-Alany  conventions  of  educated  deaf-mutes  in  Europe 
and  America  have  adojjted,  unanimously,  resolutions 
strongly  approving  the  combined  system, "but  the  most 
notable  of  these  gatherings  was  one  in  Paris  in  August, 
19tK).  The  French  Government  invited  the  deaf-mutes 
of  the  world,  with  their  hearing  friends  and  teachers,  to 
join  in  a  "congress  for  the  study  of  questions  of  educa- 
tion and  assistance  of  deaf-mutes."  This  invitation  was 
accepted  byaliout  two  hundred  deaf-mutes  and  one  hun- 
dred hearing  ))ersous.  The  deliberations  of  the  congress 
were  carried  on  in  two  .sections,  each  adopting  resolutions 
as  to  methods  of  instruction.  The  hearing  section  voted 
in  favor  of  the  pure  oral  method,  with  opposing  votes 
from  the  Swedisli,  Danish,  German,  Swiss,  and  American 
delegates. 

The  section  of  deaf-mutes  voted  unanimously  in  favor 
of  a  combined  system.  A  large  majority  of  the  leaders 
among  these  deaf-nmtes  had  been  educated  in  pure  oral 
schools.  Nearly  all  these  men  are  personally  known  to 
the  writer  of  this  article,  who  attended  the  Paris  congress. 

These  orally  educated  deaf-mutes  are  men  of  much 
more  than  ordinary  intelligence,  and  their  testimony  as 
to  the  insufficiency  of  the  method  under  which  they  were 
educated  shoidd  be  given  the  greatest  possible  weight. 

Edirard  M.  GaUaudet. 

DEAFNESS. — As  blindness  is  the  restilt  of  an  altera- 
tion in  any  of  the  media  through  w  hich  light  is  trans- 
mitted, so  deafness  is  the  result  of  an  abnormal  change  in 
the  condition  of  any  of  the  media  through  which  sound 
is  cimducted. 

What  deafness  is  may  be  best  understood  when  we 
comprehend  what  hearing  is.  To  understand  the  philos- 
ophy of  hearing,  the  converse  of  which  is  deafness,  it  is 
necessary  first  to  consider  the  organ,  or  the  machinery, 
by  means  of  which  hearing  is  effected.  The  auditory 
apparatus,  exclusive  of  the  sensoiium,  presents  a  series 
of  agencies  for  the  reception,  conduction,  and  perception 
of  the  sonorous  vibrations,  which  agencies  stand  in  such 
nice  relation  to  each  other  that  if  the  function  performed 
by  one  be  interrupted,  the  operation  of  the  whole  is  at 
once  suspended. 

The  atniele  concentrates  the  sound  waves  and  directs 
them  to  the  external  auditory  canal  which,  by  reason  of 
its  peculiar  conformation  and  the  contained  air,  serves 
both  to  intensify  the  force  of  the  sound  waves  and  to 
regulate  their  impact  against  the  drumhead.  The  inipid- 
sion  thus  received  is  conveyed  to  the  foot  plate  of  i  he 
stirrup  (in  the  oval  window)  through  the  intervening 
ossicula  auditus  which  span  the  cavum  tympani.  This 
impression,  transmitted  now  to  the  laliyrinth.  operates  in 
turn  upon  the  labyrinthine  fluid  which  delivers  the  oscil- 
lation to  the  expansion  of  the  auditory  nerve  in  the  coch- 
lea. Thus,  we  discover  that  the  organ  of  hearing  consists 
of  an  apparatus  for  the  reception  or  collection  of  sound 
waves,  another  for  their  conduction,  and  a  third  which 
determines  their  final  disposition,  constituting  the  natu- 
ral divisions  of  an  (.i-tenutf.  a  middle,  and  an  internal  ear. 

Deafness,  then,  may  be  defined  to  be  an  interference 
with  the  auditory  function  in  any  of  the  three  parts 
which  are  essential  to  its  performance.  The  interference 
may  lie  at  the  periphery,  or  it  may  exist  centrally.  It 
may  be  consequent  upon  mechanical  obstruction  or  ref- 
erable to  pathological  changes. 

An  essential  conditifm  to  normal  hearing,  and  the  one 
most  liable  to  derangement,  is  a  vibratile  drumhead. 
This  presupposes  an  imobstructed  external  canal  and  a 
pervious  Eustachian  tube,  as  an  equal  pressure  of  air  on 
both  sides  of  the  membrane  and  an  tmallered  structure 
are  indispensable  to  its  vibratory  function. 
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The  diseases  which  most  commonly  impair  the  effi- 
ciency of  the  menibrana  tympaui,  and  so  affect  the  hear- 
ing, are  tliose  which  liavc  their  origin  in  colds  and  are 
denominated  catarrhal.  These  disorders,  affecting  first 
the  naso-jjharyngeal  mucous  inembrane,  find  in  the 
pharyngeal  mouth  of  the  Eustachian  tube  a  point  of  en- 
tr_y  to  the  ear.  When  the  inflammation  is  limited  to  the 
tube  the  simplest  form  of  deafness  results,  the  degree  of 
deafness  being  proportional  to  the  intensity  of  tlie  in- 
flammatory process  and  the  consequent  interference  with 
the  air  supply  to  the  middle  ear.  The  extension  of  in- 
flammation to  the  middle  car  constitutes  an  otitis  media 
catarrhalis  (uon-suppurativc  inflammation — Koosa).  In 
the  acute  form  this  disease  maybe  treated  as  successfully 
as  acute  iuflammatioD,  affecting  other  organs  of  the  body, 
is  treated.  Neglect  in  the  early  stage  permits  the  dis- 
ease to  become  chronic  and  leads  to  tissue  change,  the 
treatment  of  which  meets  with  success  corresponding  to 
that  realized  in  the  treatment  of  similar  conditions  in 
other  parts  of  the  body.  Compared  with  other  forms  of 
car  disease  the  relative  frequency  of  this  is  as  one  to  two 
and  a  half. 

The  ne.xt  most  frequent  cause  of  deafness  is  found  in 
the  supjiurative  inflammation  of  the  middle  ear  (otitis 
media  puruleuta  acuta  et  chronica),  which  also  has  its 
origin  in  the  pharynx  or  results  as  a  sequel  to  rhinitis. 
The  coryza  of  the  exanthemata  very  commonly  has  this 
termination.  In  view  of  the  destructive  character  of  the 
process,  and  considering  the  anatomical  peculiarities  of 
the  middle  ear  and  its  relations,  the  gravity  of  this  affec- 
tion cannot  well  be  overestimated.  Its  ravages  arc  not 
always  confined  to  the  parts  which  are  primarily  in- 
volved, but  may  invade  the  mastoid  antrum,  or  by  sec- 
ondary invasion  give  rise  to  caries,  pyemic  disturbance, 
cerebral  abscess,  and  death. 

The  following  table  indicates  how  much  more  fre- 
quently the  cause  of  deafness  is  found  to  be  located  in 
the  middle  ear  than  in  the  external  ear  or  the  labyrinth; 


RipDiier. 

Number 
ol  cases. 

External 
ear. 

Middle 
ear. 

Internal 
ear. 

Blake  

1,&52 
1,187 
1,263 

466 
279 
213 

1,128 
868 
978 

58 

Burnett 

40 

« 

It  is  thus  seen  that  the  ear  affections  which  have  their 
origin  in  inflammations  of  the  naso-pharyngeal  mucous 
raeinbrane  constitute  the  vast  majority  of  all  the  diseases 
of  the  car.  This  is  of  the  greatest  significance.  It 
shouUl  lead  to  a  more  careful  study  of  the  diseases  of  the 
nose. 

jVs  would  be  naturally  inferred,  the  constitutional 
treatment  becomes  also  a  very  important  factor  in  the 
treatment  of  deafness  having  this  origin. 

The  interferences  with  the  hearing  that  may  exist  in 
the  external  auditory  canal  are  briefly  best  classified  into 
mechanical  obstructions,  and  those  which  ailse  from  in- 
flammatory action.  Under  the  former  class  are  to  be 
placed  foreign  bodies,  accumulations  of  cerumen,  exos- 
toses, and  obstructive  deformities:  under  the  latter  the 
inflammatory  diseases  of  the  meatus. 

Diseases  of  the  internal  ear  are  rare.  They  are  of  pri- 
mary or  secondary  inflammatory  nature.  Structural 
changes  may  be  induced  as  a  consequence  of  tympanic 
disorders,  or  they  may  result  from  the  effect  of  toxic 
diseases  or  arterial  disturbances. 

Deafness  may  be  unilateral  or  bilateral.  Circumstances 
of  exposure  or  individual  habit  or  accident  determine 
the  diseased  process  to  one  side  or  to  both.  Tliis  must 
be  the  explanation,  as  is  claimed  by  some  writers,  if  one 
ear  is  found  to  be  affected  more  frequentlv  tlian  the 
other. 

For  determining  the  extent  to  which  the  hearing  is  im- 
paired, the  voice,  in  pronunciation  of  vowel  soimds,  and 
the  watch  are  the  most  reliable  tests.  For  detecting 
whether  aerial  conduction  is  obstructed  the  tuning-fork 
may  be  employed.     The  vibration  of  the  fork  being  com- 


municated through  the  tissues  of  the  head,  the  affected 
ear  will  be  the  one  which  is  sensitive  to  the  sound. 

The  greater  liability  of  children  to  those  diseases  of  the 
ear  which  give  rise  to  high  degrees  of  deafness,  and  which 
render  them  liable  to  deaf-mutism,  appeals  urgently  to 
the  medical  profession  for  a  more  general  and  accurate 
knowledge  of  this  subject.  Deaf-iuutes  are  dumb  for 
the  reason  that,  being  deprived  of  hearing,  they  are  in- 
capacitated for  the  acciuisition  of  language.  The  causes 
of  acquired  deafness  exist  largely  in  such  diseases  as 
smallpox,  measles,  tj-phus,  convulsions,  paralysis,  hydro- 
cephalus and  other  affections  of  the  brain,  and  .scarlatina, 
which  more  fre(iuently  tlian  any  other  disease  leaves  the 
patient  deaf.  Hcretlitary  transmission  may  be  cited  as 
another  cause  of  deafness.  Acquired  deafness  which  is 
of  such  a  degree  as  to  lead  to  dumbness  stands  in  relation 
to  congenital  deafness  as  forty  per  centum  to  sixty  per 
centum.  H.  N.  Spencer. 

DEARBORN    SPRING.— AVindsor  County,  Vermont. 

Posr  Ufkice. — Woodstock. 

This  spring,  formerly  known  as  the  "Old  Sanderson 
Spring."  is  located  in  Woodstock  about  three  miles  from 
the  famous  Woodstock  Inn.  A  fine  level  road  leads  to 
within  three-quarters  of  a  mile  of  the  spring,  a  good  hill 
road  covering  the  remainder  of  the  distance.  The  spring 
was  discovered  about  1S30,  and  soon  gained  a  consider- 
able reputation  among  the  neighboring  farmers  for  its 
good  effects  in  dyspepsia  and  skin  diseases.  The  water 
was  analyzed  about  18.50  by  one  of  the  professors  in  the 
Woodstock  Medical  School.  The  analysis  has  been  lost, 
but  it  is  said  tliat,  among  other  ingredients,  magnesia, 
iron,  and  sulphur  were  found.  It  is  said  to  resemble 
the  Poland  Springs  water  of  !Maine.  In  1890  the  S]irings 
passed  into  new  hands,  and  the  owner  had  it  excavated 
to  the  bed-rock,  thoroughly  cleaned  and  stoned  u]i  to 
witliiu  four  feet  of  the  surface,  and  then  tiled  and  caie- 
fully  protected  from  the  surface  water.  The  tiling  was 
extended  upward  tlirough  a  tight  floor  and  a  building 
erected  over  the  spring,  with  easy  facilities  for  raising 
the  water.  The  location  is  now  enclosed  in  a  beautifid 
park,  with  avenues  leading  to  the  spring.  Its  elevation 
is  900  feet  above  Woodstock  Park  antl  "about  1,600  feet 
above  sea  level.  The  atmosphere  is  pure  and  invigomt- 
ing.  and  a  number  of  fine  vie'ns  may  lie  had  from  tlie 
park  surrounding  the  spring.  The  water  of  the  spring 
maintains  an  even  temperature  throiighout  the  yeai\ 
which  fact  would  indicate  that  it  proceeds  from  a  great 
depth.  It  is  icy  cold  when  the  temperature  of  the  sur- 
rounding air  stands  at  90'  F.  in  the  shade. 

James  K.  Crook. 

DEATH  CERTIFICATION.— The  objects  secured  by 
a  well  devised  system  of  death  certification  are  manifold 
and  maj'  be  enumei>tted  as  follows : 

1.  Questions  relating  to  property  ci'jA^'i  arc  often  set- 
tled by  a  single  reference  to  the  record  of  a  death. 

2.  The  official  certificate  of  a  death  is  usually  required 
in  each  case  of  claim  for  lije  insuranre. 

3.  Death  certificates  settle  manj-  disputed  questions  in 
regard  to  pensions. 

4.  They  are  of  great  value  in  searching  for  records  of 
genealogy. 

5.  A  death  certificate  frequently  furnishes  valuable  aid 
in  the  detection  of  crime. 

6.  And  by  no  means  the  least  in  importance.  Each  in- 
dividual certificate  is  a  contribution  cansa  scientiit. 
Taken  collectively  they  are  of  great  importance  to  phy- 
sicians, and  especially  to  health  officers,  in  the  study  of 
disease,  since  they  furnish  valualile  information  in  regard 
to  its  causes,  its  prevalence,  and  its  geographical  distri- 
bution. 

The  following  items  should  be  recorded  in  each  certifi- 
cate, so  far  as  it  is  possible  to  obtain  them : 

The  name  of  the  deceased;  the  date  of  birth;  the  date 
of  death :  the  sex  of  the  deceased ;  the  age  of  the  deceased. 

The  color  of  the  deceased. 

The  occupation  of  the  deceased. 


374 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Dparborn  Sprlus. 
Death  Cerliflcallon. 


The  conjugal  conililion  (single,  widowed,  married,  or 
divorced). 

The  residence. 

The  place  of  birth. 

The  place  of  death. 

The  names  and  place  of  birth  of  the  parents. 

The  disease  or  cause  of  death. 

The  place  of  burial. 

To  these  it  is  customary  to  add  in  some  countries  the 
maiden  name  of  the  mother,  ami  if  the  deceased  was  a 
married  or  divorced  woman,  or  a  widow,  her  maiden 
name,  and  that  of  her  hiislitind.  In  cities  the  name  of 
the  street  and  number  slmuld  also  be  stated.  It  is  also 
customary  in  some  coimtries  to  state  the  sect  or  religious 
denomination  of  tlie  deceased.  It  also  increases  the  value 
of  a  certificate  to  state  both  primary  and  secondary  causes 
of  death  when  this  is  possible.  The  duration  of  the  last 
illness  is  sometimes  added. 

Lam  Relating  to  Diatli  Certification. — The  provisions  of 
tlie  laws  of  different  Stales  and  countries  relative  to  death 
<"ertiticates  are  ([uite  similar,  the  differences  relating  to 
nnnor  points.  That  of  England  was  enacted  in  IsSO  and 
Amended  in  18T4.  Under  the  latter  act,  personal  infor- 
mation of  every  death  must  be  given  to  the  registrar  of 
the  district,  within  live  days  of  its  occurrence,  by  the 
nearest  relatives  of  the  deceased,  present  at  the  death,  or 
in  attendance  during  the  last  illness.  The  penalty  for 
neglect  is  40«. 

A  registered  medical  practitioner  during  the  last  illness 
must  give  a  certificate  of  the  cause  of  death  to  the  Itest 
of  his  knowledge  and  belief.  He  is  liable  to  a  penalty  of 
40(1.  for  neglect,  or  £10,  or  imprisonment  for  giving  a 
false  certificate. 

Deaths  are  also  certified  by  coroners.  No  record  is 
made  of  still-births  in  England,  either  as  births  or  as 
deaths. 

The  indefinite  character  of  the  information  secured  by 
the  laws  relating  to  deatli  certificates  is  due  to  several 
causes,  namely,  the  carelessness  and  ignorance  of  the 
persons  certifying,  the  absence  of  medical  attendants  dur- 
ing the  last  illness,  and  the  indefinite  character  of  the 
disease  itself.  In  order  to  secure  an  improvement  in  ex- 
isting conditions,  a  committee  of  the  House  of  Conunons 
was  convened  in  1893,  and  after  listening  to  conclusive 
evidence  made  the  following  recommendations: 

1.  That  in  no  case  should  a  death  be  registered  without 
production  of  a  certificate  of  the  cause  of  death  signed 
by  a  registered  medical  practitioner  or  by  a  coroner  after 
inquest,  or  in  Scotland  by  a  procurator  fiscal. 

2.  That  in  each  sanitary  district  a  registered  medical 
practitioner  should  be  appointed  as  public  medical  cer- 
tifier of  the  cause  of  death  in  cases  in  which  a  certificate 
from  a  medical  practitioner  in  attendance  is  not  forth- 
coming. 

3.  That  a  medical  practitioner  in  attendance  should  be 
required,  before  giving  a  certificate  of  death,  personally 
to  inspect  the  body:  but  if,  on  the  ground  of  distance 
or  for  other  sufliicieut  reason,  he  is  unable  to  make  this 
inspection  himself,  he  should  obtain  and  attach  to  the 
certificate  of  the  cau.se  of  death  a  certificate  signed  by 
two  persons,  neighbors  of  the  deceased,  verifying  the 
fact  of  death. 

4.  That  medical  practitioners  should  be  required  to 
send  certificates  of  death  to  the  registrar,  instead  of  send- 
ing them  to  the  representatives  of  the  deceased. 

5.  That  a  form  of  a  certificate  of  death  should  be  pre- 
scribed, and  that  in  giving  a  certificate  a  medical  practi- 
tioner should  be  req\iired  to  use  such  form. 

<i.  That  it  should  be  a  penal  offence  to  bury  or 
otherwise  dispose  of  a  body,  except  in  time  of  epi- 
demic, without  an  order  from  the  regi.strar  stating  the 
place  and  mode  of  disposal,  which  order,  after  it  has 
been  acted  upon,  should  be  returned  to  the  registrar 
who  issued  it. 

7.  Tliat  it  shotild  be  made  an  offence  to  retain  a  dead 
body  miburied  or  otherwise  legally  disposed  of  beyond  a 
period  not  exceeding  eight  days,  except  by  permission  of 
a  magistrate. 


8.  That  the  practice  of  burial  in  pits  or  common  graves 
should  be  discontinued. 

9.  That  still-birtlis  which  have  reached  the  stage  of 
development  of  seven  montlis  should  be  registered  upon 
the  certificate  of  a  regisiercd  medical  practitioner,  and 
that  it  should  not  be  jicrmitled  to  bury  or  otherwise  dis- 
pose of  tlie  still-birth  until  an  order  for  burial  has  been 
issued  by  the  registrar. 

10.  That,  subject  always  to  the  discretion  of  the  Crown 
Office,  the  result  of  jirecognitiotis  taken  by  procurators 
fiscal  in  Scotland,  or  the  precognitions  themselves,  should 
be  conun\inicatcd  to  the  representatives  of  the  deceased 
when  ajiplication  is  made  for  the  sjime.* 

In  Austria  the  burial  of  a  corpse  before  death  is  ofli- 
cially  registered  is  forbidden.  Deaths  must  be  imme- 
diately notified  to  the  authorities.  Each  connuune  nom- 
inates a  TJcsc/c/Hf;' who  must  be  either  a  physician  or  a 
surgeon,  whose  duty  it  is  to  examine  whether  the  person 
is  really  dead,  whether  there  is  evidence  of  violent  death, 
or  whether  death  was  caused  by  an  infectious  disease. 
If  there  is  suspicion  that  the  death  is  only  apparent, 
measures  nuist  at  once  be  taken  to  restore  animation,  and 
a  certificate  luust  not  be  given  in  such  case  till  decompo- 
sition has  begun.  If  the  deceased  has  had  medical  care, 
the  attending  physician  must  make  a  certificate  of  death 
and  send  it  to  the  registrar. 

In  Belgium  no  biuial  can  take  place  before  the  death 
has  been  verified  by  a  divisional  physician,  after  a  com- 
plete and  careful  examination  of  the  body.  This  verifi- 
cation and  the  identification  of  the  decea.sed  must  be 
certified  in  accordance  with  a  given  scheme.  For  those 
who  die  at  birth,  the  certificate  must  state  whether  death 
occurred  before,  during,  or  after  delivery,  and  in  the  lat- 
ter case,  how  long  the  infant  lived  after  its  birth. 

In  Deniuark  everv  death  is  reported  to  the  parish  clerk, 
and  to  the  clergyman  of  the  parish  where  it  occurred, 
and  is  included  in  the  ])arish  register,  whether  the  de- 
ceased belonged  to  the  parish  or  not.  No  burial  can  tjike 
place  before  a  medical  man.  or  an  official  qualified  to  in- 
spect corpses,  has  issued  a  certificate. 

The  following  items  are  called  for  by  the  death  certifi- 
cates of  Berlin : 

1.  Full  name,  sex,  and  condition  of  deceased.  If  a 
child,  the  names  and  condition  of  the  parents.  If  the 
mother  has  an  occupation,  it  should  be  stated. 

2.  Residence  of  deceased.  In  what  story,  and  whether 
in  front  or  rear  part  of  house.  If  in  a  public  institution, 
the  last  residence  of  the  deceased. 

3.  Age  of  deceased.     Date  of  birth. 

4.  Day  and  hour  of  death. 

5.  Personal  signature  of  physician  or  surgeon  who  had 
attended  the  deceased,  or  inspected  the  body. 

6.  Whether  the  deceased  was  personally  known  to  the 
phvsician. 

T.  AVhat  certain  signs  of  death  were  observed. 

8.  Disease  or  cause  of  death. 

9.  Whether  any  marks  of  violence  were  found  on  the 
body. 

10.  Whether  the  cause  of  death  was  an  infectious  dis- 
ease. 

11.  Whether  any,  and  what  measures  are  advisable  for 
preventing  the  spread  of  infection. 

12.  Whether  measures  for  resuscitation  were  employed 
in  any  case  when  they  were  indicated. 

13.  Religious  belief  of  deceased. 

14.  Remarks.} 

Certificates  of  death  are  now  required  by  law  in  each 
of  the  New  England  States,  in  New  York,  New  Jersey, 
Delaware,  Michigan,  Minnesota,  and  Indiana. 

They  are  also  required  in  nearly  all,  if  not  in  all,  of  the 
large  cities  of  the  United  States. 

In  several  of  the  largest  cities  it  is  a  common  practice 
to  issue  blank  certificates,  bound  in  books  of  one  hundred 


♦  Heport  of  Select  Committee  on  Deatb  Certiflcation  (Bridsh  Par- 
liament). I,ondon.  1898. 

-^''Oeneralbericbt  liber  das  Medizinal-  and  Sanltatswesen  der  Stadt 
Berlin." 
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or  more,  for  the  use  of  physicians.  Upon  the  cover  is 
printed  a  set  of  instructions  having  reference  to  the  sub- 
ject of  causes  of  death  and  the  best  methods  of  stating 
such  causes. 

In  the  State  of  Michigan  special  attention  has  been 
given  in  recent  years  to  the  subject  of  registration,  and 
a  decided  advance  has  been  made  in  the  appointment  of 
an  intelligent  ph3-sician  whose  duty  it  is  to  supervise  the 
collection  and  publication  of  vital  statistics  throughout 
the  State,  and  therefore  to  act  in  the  capacity  of  a  regis- 
trar-general for  the  State. 

The  following  certificate  of  death  has  been  recently 
adopted  in  Michigan,  and  is  a  very  good  model: 


Count T . 


Township 

Village 

City CERTIFICATE  AND  RECORD  OF  DEATH. 


The  causes  which  result  in  the  permanent  suspension 
of  circulation  and  respiration  operate  directly  upon 
their  mechp-jism,  or  remotely  through  the  nerve  cen- 
tres which  regulate  their  action.  So  important  indeed 
to  the  proper  continuance  of  these  functions  is  the 
maintenance  of  an  uninterrupted  action  of  tlie  nerve 
centres  of  organic  life  that  it  is  customary  to  adopt  the 
classification  of  Bichat  and  to  speak  of  death  beginning 
at  the  heart,  death  beginning  at  the  lungs,  and  death 
beginning  at  the  head.  For  practical  purposes  this  is 
sufficiently  accurate,  and  it  must  lie  admitted  that  any 
attempt  at  a  more  definite  classification  is  merely  theo- 
retical.    The  phenomena  attending  each  of  these  modes 

[The  Registrar  should  number 
each  cerlillcate received  (7(  ohpc, 
in  .space  hclow,  liepinning  witli 
"No.  1 "  for  each  year.] 


michigan 
Department  of  State 

LANSING 

Vital  Statistics  Division. 


registered  no. 


1  Location  I 

I   in  city   1 Ward;  No. 


.St. 


Full  Name Date  of  Death. 


Month. 

Day. 

Tear. 

1 

1  Hospital,    institu- '.  1  How  lonp  an  in- 1, 

'f  tion  or  transient  ( *  mate  nr  resident  i 

1  Late  or  home  f.  *       Sinele.  married.      (_ 

(     i-esidence      I )  widowed  or  divorce<l  )' , 


a 

a  ■"" 

f^  I 

>    be 

3  1 

O   ^ 

s 


( If  married,  age  at  (first)  marriage years. 

I  Parent  of children,  of  whom are  living. 


( Occupation,  If  over  I 

"i     10  years  of  age.     f 

1     Birthplace    j 
(  Name  of  I  -i  father  (State  > 

I     father)     1 (  (or  Country)  I 

(  Maiden  |  \  Birthplace   of  1 

-.  name  of  ^  -  mother  (State  > 

(  mother  ( /    or  Country    I 

(   Date  of  burial  I  t  Place  of  burial  I 

I      or  removal      1 (      or  removal      i . 


Sex 

Color 

Tears. 

Months. 

Days. 

Age 

Date  of 

Tear  of  birth. 

Month. 

Day. 

birth. 

1 

Birthplace  | 
(State  or  ^ 
Country.)    \  . 


Certificate  of  Keporter. 
The  personal    and    family   particulars 
herein  given  relative  to  deceased  are  true 
to  the  best  of  my  knowledge  and  belief. 


(  Signature  of  I  (  Address  of  I 

)  undertaker,  f "i  undertaker  f  . 


(Signed)  .. 
(Address). 


MEDICAL  CERTIFICATE  OF  CAUSE   OF  DEATH. 

I  HEREBY  CERTIFY  that  I  attended  deceased  from 1 to 1 , 

that  I  Inst  saw  h alive  on 1 ,  that died  on  1 

about  o'clock M.,  and  that  to  the  best  of  my  knowledge  and  belief  the  CAUSE  OF  DEATH  was  as  hereunder 

written : 

Disease  causing  death  * 

Immediate  cause  of  death 


Contributory  causes  or  complications.  If  any . 


Post-mortem. 


J  Place  where  disease  causing  death  was  I 
.  I     contracted,  if  other  than  place  of  death,     i  . 


Duration  of  each  cause. 


*  In  case  of  a  Violent  Death,  state  (1) 
mode  of  injury  and  whether  accidental, 
suicidal  or  homicidal :  C-)  what  was  the 
nature  of  the  injury  and  the  immediate 
cause  of  death:  Ci)  contributory  causes  or 
con<litions.  c.  {/.,  septiciemia.  Also  whether 
operation  was  performed,  etc. 

In  deaths  from  tuberculosis,  cancer,  etc., 
always  specify  what  organ  or  part  of  the 
body  was  affected.  In  septicaemia,  give 
cause,  especially  If  puerperal. 

Upon  the  back  of  this  certificate  instructions  to  the  un- 
dertaker arc  printed,  together  with  an  extract  from  the 
registration  laws  of  the  State.  Samuel  11'.  Abbott. 

DEATH,  MODES  OF. —  Life,  whether  systemic  or 
molecular,  depends  upon  the  proper  performance  of  the 
functions  of  circulation  and  respiration;  so  death, 
whether  the  result  of  disease,  of  violence,  or  of  senile 
decay,  is  due  ultimately  to  the  cessation  of  these  func- 
tions. 


Witness  my  hand  this day  of 1 

( Signature  of  physician,  I 

)  health  oOlcer,  or  coroner  i M,D. 


(Address) , 


of  dissolution  are  at  least  sufficiently  distinct  to  merit 
separate  consideration. 

Cessation  op  the  Cikculation  may  be  sudden  or 
gradual.  The  former  is  witnessed  in  deaths  from  syn- 
cope and  shock;  the  latter,  in  those  from  asthenia.  The 
chief  force  in  the  maintenance  of  the  circulation  is  the 
normal  difference  in  pressure  of  the  blood  in  the  arteries 
and  veins.  Any  influence,  therefore,  that  overcomes  this 
difference  will  cause  the  circulation  to  stop.  As  the 
maintenance  of  this  blood  pressure  is  due  chiefly  to  the 
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action  of  tlie  heart,  the  lesions  that  produce  a  fatal  in- 
terruption of  it  are  found  for  the  most  part  in  tliat  organ. 
They  may  lie  found  also  in  the  vessels. 

In  tid  Iliiiit. — Wlien.  from  the  occurrence  of  any  or- 
ganic or  structural  lesion,  the  heart  is  rendered  no  longer 
capable  of  propellinj;  its  contents  into  the  arteries,  the 
circulation  is  obliterated  and  deatli  ensues.  The  move- 
ments of  the  heart  may  be  suddenly  and  permanently 
arrested  also  by  either  direct  central  impulses,  as  by  a 
"•unshot  injury,  a  blow  upon  the  head,  or  such  violent 
emotion  as  of"  fright,  joy.  or  grief;  by  such  direct  or 
rellex  impressions  as  those  resulting  from  a  blow  upon 
the  lower  chest  or  epigastrium,  or  from  the  rupture  of 
abscesses,  cysts,  or  the  gravid  uterus;  by  the  action  of 
corrosive  poisons  on  the  mucous  membrane  of  the  stom- 
ach, or  even  by  the  ingestion  of  cold  li(iuids  in  excess  or 
when  the  body  is  in  an  overheated  condition.  Crile's  re- 
cent experimental  research  leads  him  to  the  conclusion 
that  collapse  or  death  from  violence  applied  upon  the 
lower  chest  or  abdomen  is  due  mainly  to  the  loss  of 
rlivthmic  contraction  from  the  mechanical  irritation  of 
such  violence  exerted  on  the  heart  muscle  itself;  that  the 
solar  plexus  may  be  disregarded  as  a  factor  in  it,  and  that 
the  vagal  ternunal  mechanism  in  and  near  the  heart  may 
contribute  to  it  in  a  minor  degree. 

Syncope  may  be  transient,  however,  as  in  fainting. 
There  is  (hen  a  momentary  cessation  of  the  heart's 
action,  producing  an  ana-mia  of  the  cereliral  centres, 
resulting  in  a  brief  period  of  unconsciousness  and  ap- 
parent death. 

In  a  fatal  syncope  the  individual  suddenly  turns  pale, 
a  cold  sweat  manifests  itself,  he  becomes  dizzy,  the  pupils 
(lilate,  vision  becomes  dim,  the  pulse  slow,  irregular, 
tuckering,  and  in  an  instant  life  is  gone.  Or,  the  indi- 
vidual niay  suddenly  become  pale,  make  two  or  three 
convulsive"  gasps  and  drop  dead.  When  the  death  is  a 
litl  le  less  sudden,  as  in  fatal  cases  of  hemorrhage,  or  when 
the  perforation  of  an  intestinal  ulcer  takes  place,  we  may 
observe  great  restlessness,  tossing  to  and  fro,  labored  res- 
pirations, muttering  delirium,  and,  as  the  scene  closes, 
single  or  repeated  convulsions. 

In  the  VexMls. — When  the  cause  of  a  sudden  failure  of 
the  circulation  is  situated  in  the  blood-vessels,  it  generally 
proves  to  be  a  rupture  of  their  coats  and  the  rapid  reduc- 
tion of  blood  pressure  by  the  resulting  hemorrhage.  A 
condition  closely  allied  to  this  sometimes  results  from  an 
extreme  dilatation  of  the  blood-vessels  of  a  single  region. 
The  most  notable  example  of  this  is  seen  in  the  state  of 
collapse  that  follows  severe  blows  upon  the  abdomen,  in 
which  case  the  abdominal  vessels  are  so  distended  as  vir- 
tuall}'  to  remove  the  greater  part  of  the  blood  from  the 
general  circulation,  and  the  heart  soon  ceases  to  beat 
from  a  lack  of  its  normal  stimulus.  The  individual  is 
then  said  to  die  of  shock.  Shock  differs  from  syncope 
in  that  the  victim  may  for  some  time  retain  his  conscious- 
ness; there  may,  however,  be  associated  with  shock  a 
syncope  due  to  the  reflex  inhibition  of  the  heart,  in  which 
instance  we  have  combined  the  s_ymptonis  of  each.  Shock, 
like  syncope,  may  be  transient,  the  vitality  being  grad- 
ually regained  alter  a  longer  or  shorter  period  of  great 
depression. 

A  GR.\Dt:.\L  Failtiee  op  the  CiRcrL.\TioN  is  the 
usual  termination  of  a  large  number  of  diseases,  particu- 
larly those  of  a  chronic  character.  The  heart  ceases  then 
on  account  of  a  failure  of  its  own  contractile  power. 
This  ma}'  result  from  degenerations  of  the  muscular  fibres, 
produced  by  continued  high  temperature,  senile,  fatty, 
or  atrophic  changes,  the  action  of  the  micro-organisms 
of  the  infectious  diseases,  or  of  the  poisons  wliich  they 
develop,  or  from  such  toxic  sedatives  as  aconite,  digi- 
talis, and  tobacco.  In  this  category  are  classed  also 
deaths  from  cholera,  acute  peritonitis,  and  such  wasting 
affections  as  phthisis,  diabetes,  and  cancer,  as  well  as 
inanition  and  exposure  to  intense  cold. 

In  this  mode  of  death,  the  most  prominent  symptoms 
are  great  muscular  debility  and  a  feeble,  rapid  pulse. 
The  intellect  may  remain  clear  to  the  last;  but  this,  as 
well  as  the  presence  or  absence  of  many  other  symptoius. 


must  depend  largely  on  the  character  of  the  disease  upon 
which  the  death  ensues. 

Cessation  of  thk  Uksitkatiox. — Death  from  this 
cause  is  known  as  death  by  apnu'a  or  asphyxia,  and  may 
be  sudden  or  gradual. 

SiitUlcn  failure  of  the  respiration  is  due  to  a  nundjer  of 
influences  operating  within  or  without  the  respiratory 
organs.  The  former  class  includes  all  obstructions  and 
occlusions  of  these  organs  and  all  paralyses  of  their  mus- 
cles as  a  result  of  injury  or  disease,  local  or  central  in 
character.  Causes  external  to  the  resiuratory  organs  in- 
clude all  obstructions  by  foreign  bodies  or  by  pressure 
upon  any  part  of  the  res])iratory  passage,  as  in  suffoca- 
tion, strangulation  by  hanging  or  drowning,  and  the 
action  of  noxious  gases. 

The  phenomena  attending  this  mode  of  death  are,  vio- 
lent efforts  at  respiration,  followed,  we  are  told,  by  sen- 
sations of  pleasure  and  a  brief  period  of  remarkable  clear- 
ness of  intellect.  The  expiratory  elforts  become  violent, 
unconsciousness  and  convulsions,  or  a  few  irregular 
twitchings  of  the  muscles  suiiervcne,  the  face  becomes 
swollen  and  cyanotic,  the  eyeballs  protrude,  then  follows 
a  period  of  relaxation,  interrupted  by  occasional  deep  in- 
spirations which  finally  become  spasmodic  gasps,  and 
last  of  all,  the  heart  stops. 

^■1  gradually  fatal  apnn-a  is  a  common  result  of  disease. 
It  is  produced  by  any  morbid  process  which  gradually 
obliterates  the  himen  of  the  respiratory  passages,  en.. 
papillomata  and  other  neoplasms  of  the  larynx,  redema 
of  its  mucous  membrane,  false  membranes  of  the  trachea 
and  bronchi,  cedema  of  the  lungs,  and  the  pneumonic 
exudation.  Failure  of  the  respiration  is  occasionally  the 
prominent  symptom  in  death  from  phthisis  (catarrhal 
pnemuonial,  and  it  may  result  from  the  pressure  of  large 
abdominal  tumors  or  ascites. 

Individuals  dying  in  this  manner  exhibit  much  the 
same  series  of  symptoms  as  those  whose  death  is  more 
sudden,  but  the  struggle  is  less  pronounced. 

DEATir  FROM  Central  Paralysis. — Paralysis  of  the 
vital  nerve  centres,  or  "death  beginning  at  the  head." 
operates  by  causing  a  failure  of  the  circulation  or  respi- 
ration. Diseases,  whether  primary  or  secondary,  and  in- 
juries located  in  the  cerebrum  or  the  cerebellum,  may 
result  fatally  through  extension  of  the  inflanmiation  lo 
the  pons  or  "medulla  or  through  the  production  of  abnor- 
mal pressure  upon  them.  Deaths  from  electric  shock, 
lightning  stroke,  and  electrocution  belong  to  this  class. 
Such  poisons  as  the  toxins,  ptomains,  and  leucomains, 
and  certain  drugs,  especially  the  narcotics,  impress,  as 
a  rule,  both  cerebral  and  spinal  centres  and.  when  in 
sufficient  ciuantity,  ultimately  overcome  respiration  and 
circulation. 

The  most  prominent  symptom  indicative  of  apjiroach- 
ing  death  from  this  cause  is  unconsciousness,  or  coma, 
when  death  is  not  instantaneous.  All  reflex  movements 
soon  cease;  the  respiration  becomes  stertorous,  gradually 
more  slow  and  labored,  and  at  last  stops,  tranquilly,  or 
after  convulsive  manifestations. 

Finally,  it  should  be  remembered  that  the  instances  in 
which  a"  death  can  be  clearly  traced  to  the  failure  of  a 
single  group  of  organs  is  the  exception  and  not  the  rule. 
On  the  contrary,  it  will  generally  be  observed  that  with 
the  ebbing  of  life,  the  failure  of"  one  system  follows  so 
closely  upon  that  of  another  as  to  render  it  extremely 
difficult  to  determine  which  of  the  vital  functions  is  the 
last  to  cease.  Death  beginning  at  the  lungs  may  be  de- 
layed by  the  employment  of  artificial  respiration,  death 
be'ginning  at  the  head  may  for  a  time  yield  to  the  influ- 
ence of  appropriate  remedies;  but  when  the  heart  has 
been  stilled  no  human  power  can  restore  it  to  action. 

James  M.  French. 

DEATH,  PHYSIOLOGICAL   THEORIES  OF.— Living 

thiuL'S.  in  the  forms  most  familiar  to  us,  at  least,  all  grow 
old  and  die.  We  infer  that  this  fate  is  universal  with 
something  of  the  same  certainty  with  which  we  prophesy 
that  a  stone  thrown  into  the  a"ir  at  any  spot  whatsoever 
will  fall  back  to  the  earth's  surface.     On  the  other  hand, 
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it  is  equally  a  commonplace  of  obserTation  that  the  death 
of  the  iudividual  does  not  mean  the  death  of  the  race, 
and.  inasmucli  as  every  living  thing  is  directly  sprung 
from  a  preceding  form — omne  viviim  e  m-o — we  maj-  as- 
sume that  the  continuity  of  life  has  never  been  inter- 
rupted, and  never  will  be.  If  the  environment  remains 
as  favorable  in  the  future  as  it  has  been  in  the  past,  liv- 
ing things  will  continue  in  imbroken  succession  for  all 
time.  From  this  standpoint  we  may  speak  justly  of  liv- 
ing matter  as  possessing  immortality,  or,  at  least,  poten- 
tial immortality,  since  it  has  unlimited  powers  of  propa- 
gation. It  is  one  of  the  final  aims  of  biological  speculation 
to  reconcile  these  two  apparently  paradoxical  properties 
of  living  matter;  to  furnish  a  satisfactory  hypothesis  that 
shall  explain  the  occurrence  of  old  age  and  death  in  tlie 
individual,  and  at  the  same  time  account  for  the  possi- 
bility of  unending  existence  for  the  race  that  is  implied 
in  the  fact  of  reproduction. 

In  speculations  of  this  character  we  must,  moreover, 
keep  clearly  in  mind  that  forms  of  living  matter  are  not 
stable,  in  the  same  sense  that  forms  of  dead  matter  are. 
A  given  animal  exists  for  a  period  of  five  years ;  but  we 
are  all  perfectly  well  aware  that  no  portion  of  the  living 
substance  of  this  animal  has  necessarily  remained  actu- 
ally the  same  throughout  this  time:  i.e.,  the  atoms  of 
C,  H,  O,  N,  S,  P,  that  constituted  the  living  matter  in 
the  beginning,  may  have  been  replaced  very  early  by 
others  brought  in  with  the  food.  What  has  remained 
unchanged  through  the  individual's  life  has  been,  on  the 
pliysiological  side,  a  form  of  aetivit}-,  and,  on  the  mor- 
phological and  chemical  side,  a  material  substratum  of  a 
jiractically  definite  composition.  However  familiar  this 
fact  may  be.  it  is,  after  all,  the  great  distinctive  feature 
of  life — or  rather,  f)f  living  matter.  We  express  in  the 
single  word  assimilation,  or  nutrition,  that  property 
which  most  distinctly  sejiarates  living  matter  from  dead. 
As  long  as  any  particle  of  matler  is  in  the  living  form, 
just  so  long  has  it  the  creative  power  of  converting  dead 
food  into  living  substance  like  itself.  Throughout  its 
period  of  existence  there  is  a  steady  stream  of  dead  mat- 
ter coming  to  it  to  be  rearranged  into  the  living  form, 
and  an  equally  continuous  outllow  of  dead  material  that 
had  once  been  in  the  living  form.  Nothing  can  make 
this  conception  clearer  than  Huxley's  simile  of  tlie  whirl- 
pool at  Niagara — which  fits  so  well  as  an  illustration  of 
the  ever-changing  particles  that  make  up  the  unchang- 
ing form  of  liife.  From  this  point  of  view  we  may  say 
that  living  matter  is  never  actually  the  same,  yet  it  must 
be  evident  that,  in  respect  of  any  given  mass  of  that  body 
wliich  we  call  protoplasm,  it  can  repioduce  itself  only 
in  its  offspring  by  transmitting  a  portion  of  its  actual 
substance.  The  formation  of  a  new  organism  from  this 
transmitted  germ  is  therefore,  from  a  diemical  stand- 
point, no  more  a  creation  of  a  new  being  or  of  new  liv- 
ing material  than  is  the  continued  existence  of  the  parent 
form  throughout  its  period  of  natviral  life. 

As  far  as  the  mere  external  phenomena  of  senility  are 
concerned  they  may  be  observed  and  recorded.  In  the 
human  being  this  has  been  done  with  more  or  less  care. 
The  coming  on  of  the  signs  of  old  age  in  the  diilerent 
tissues,  the  rate  of  its  normal  development,  and  the  con- 
ditions that  hasten  or  retard  its  development,  are  known 
to  a  certain  extent,  though  they  have  not  been  investi- 
gated with  the  carefulness  of  detail  that  scientific  exact- 
ness requires.  We  cannot  expect  any  solid  advance  in 
our  knowledge  of  the  development  of  old  age  until  the 
statistics,  which  may  be  determined  by  experiment  and 
observation,  have  been  recorded.  The  superficial  signs 
of  old  age  are  spoken  of  usually  in  the  text-books  of 
physiology.  In  the  old,  the  bones  become  more  brittle 
because  of  a  continually  increasing  excess  of  deposits  of 
inorganic  salts;  the  cartilages  become  more  rigid  and 
calcareous  foi'  the  same  I'eason;  the  elasticity  of  the  lens 
of  the  eye  decreases,  bringing  on  imperfect  accommoda- 
tion ;  the  muscles  atrophy  and  lose  their  physiological 
mobility,  as  shown  by  the  lessened  vigor  of  their  contrac- 
tions and  their  diminished  elasticity;  the  nuclei  of  the 
nerve  cells  decrease  in  size  and  show  other  signs  of  de- 


terioration; the  hairs  lose  their  pigment,  etc.  It  is  im- 
portant to  notice  that  these  signs  of  deterioration  in  the 
machinery  of  life  do  not  make  their  appearance  first  dur- 
ing or  after  the  period  of  maturitj',  but  begin  to  develop 
from  the  time  of  birth,  or  possiblj'  before.  At  ten  years 
of  age  the  near  point  of  distinct  vision  is  7  cm.  from  the 
eye,  at  twenty  it  has  lengthened  to  10  em.,  at  forty  years 
of  age  it  is  23  cm.,  at  sixty  years  it  is  100  cm.,  and  so  on. 
The  long-sightedness  of  old  age  begins  to  develop  in 
early  childhood,  and  results  physiologically  from  a  con- 
tinual diminution  in  the  elasticity  of  the  fens.  We  ob- 
tain similar  facts  if  we  measure  the  rate  of  growth  of  the 
bod_v  throughout  life.  According  to  the  somewhat  un- 
reliable statistics  of  Quetelet,  the  average  male  child 
weighs  at  birth  6A  pounds.  At  the  end  of  the  first  year 
it  will  weigh  18i  pounds,  a  gain  of  13  pounds.  At  the 
end  of  the  second  year  it  will  weigh  23  pounds,  a  gain  of 
only  4i  pounds.  And  so  on  to  full  maturity  the  rate  of 
increase  each  year  falls  rapidly.  If  we  measure  the  7'ate 
of  growth  by  the  increase  in  height  instead  of  by  the 
increase  in  weight,  we  find  that  in  the  first  year  the" gain 
is  148  mm.,  in  the  second  year  it  has  fallen  to  93  mm.,  in 
the  third  to  73  mm.,  from  the  twentieth  to  the  twenty- 
fifth  year  it  averages  12  mm.,  and  from  the  twenty-fifth 
to  the  thirtieth  year  only  0.8  mm.,  while  in  extreme  old 
age  it  becomes  a  negative  quantity. 

In  a  valuable  paper  Jlinot  has  given  the  results  of  a 
laborious  research  upon  the  growth  of  guinea-pigs, 
which  show  much  moje  clearly  and  accurately  the 
same  general  fact  of  a  decreasein  the  rate  of  growth 
beginning  shortly  after  birth.  Minot  bases  his  figures 
upon  observations  taken  daily.  He  defines  the  term 
"rate  of  growth"  with  an  exactness  not  hitlicrto  em- 
ployed, in  that  he  calls  attention  to  the  fact  that  usu- 
ally, in  considering  the  rate  of  increase,  the  actual 
increment  at  different  periods  is  given  instead  of  tlie 
proportionate  increment.  In  other  words,  if  an  animal 
in  successive  pei'iods  gains  in  absolute  quantities  only 
the  same  amount  in  weight  or  height,  its  rate  of  growth 
is  in  reality  decreasing,  since  proportionately  to  the 
weight  of  the  whole  animal  the  increase  has  been  less  and 
less.  Making  use  of  his  short  periods  of  twenty-four 
hours,  and  expressing  the  rate  of  growth  as  the  fraction 
of  weight  added  during  that  period,  he  finds  that,  after 
the  animal  recovers  from  a  short  post-natal  retardation 
of  growth,  the  rate  of  growth  diminishes  during  life,  at 
first  rapidly,  and  afterward  more  slowly.  The  curve, 
however,  is  not  by  any  means  a  regular  one,  the  steady 
decline  is  marked  by  irregidar  ascents,  the  most  notable 
and  regular  of  which  is  the  acceleration  at  the  time  of 
puberty.  It  follows  from  these  facts  that  what  we  may 
call  the  creative  power  of  growth,  or  better,  the  creative 
power  of  assimilation,  which  measures  the  capacity  of 
living  matter  to  form  matter  like  itself,  decreases  steadily 
from  birth.  Like  a  stone  projected  upward,  the  initial 
velocity  begins  to  fall  from  the  outstart.  As  the  height 
to  which  the  stone  travels  may  be  taken  as  a  measure  of 
the  force  with  which  it  was  thrown,  so  the  length  of  life 
in  any  individual  may  be  taken  as  a  measure  of  the 
power  or  capacity  of  assimilation  with  which  the  germ 
of  that  individual  started  its  career.  When  the  power 
of  assimilation  is  insufficient  to  replace  the  wastes  of 
nutrition  then  death  for  that  tissue  is  at  hand.  What- 
ever may  be  the  internal  causes  which  lead  to  this  dimin- 
ution, and  thus  serve  to  bring  on  old  age,  we  are  safe  in 
saying  that  they  begin  to  make  themselves  felt  in  the 
very  first  years  of  post-natal  life.  The  curve  of  vitality 
— to  use  a  much-abused  but  convenient  word — does  not 
rise  from  birth,  reach  its  maximum  in  the  vigor  of  ma- 
turity, and  fall  in  old  age,  but  begins  to  fall  steadily, 
though  not  uniformly,  from  the  beginning  of  life.  Tliis 
statement  applies  to  the  massof  livingmatterin  the  body, 
but  the  same  general  conception  holds  good  for  the  or- 
ganization of  this  mass  into  physiological  mechanisms, 
such  as  the  brain,  the  circulation,  etc.  These  mechanisms 
are  incomplete  at  birth  and  become  more  perfect  toward 
adult  life,  the  maximum  efficiency  being  reached  at  dif- 
ferent periods,  that  for  the  neuromuscular  apparatus, 
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for  example,  being  attiiiueil  at  an  earlier  age  than  that 
for  the  brain.  E.xact  data  are  lacking,  but  we  may  sup- 
pose that  the  percentage  of  increase  towanl  this  maxi- 
mum shows  also  in  each  ca.se  a  declining  curve  with  ad- 
vancing years. 

To  mankind  as  individual  organisms  old  age  and  death 
are  inevitable,  but  it  is  interesting  to  inquire  what  may 
be  considered  the  longest  possible  life  tmder  the  most 
favorable  conditions  this  world  is  likely  to  afford.  We 
can  answer  this  only  by  searching  the  records.  If  we 
put  aside  the  oldest  accounts  on  the  ground  of  uncer- 
tainty as  to  the  unit  of  tim<>,  and  make  our  estimates  on 
the  basis  of  comparutivi-ly  moilern  statistics,  we  may 
put  the  nia.\inuim  age  as  lying  somewhere  between  one 
hundred  and  twenty  and  one  hundred  and  eighty  years. 
Perhaps  the  most  celebrated  case  of  longevity  is  that  of 
Thomas  Parr,  an  account  of  whose  life,  together  with  the 
results  of  a  post-mortem  examination  made  by  Harvey. 
may  be  found  in  the  third  volume  of  the  "  Philosophical 
Transactions."  p.  SS6.  The  account  relates  "that  he  was 
a  poor  coimtryman  of  Shrojishire,  whence  he  was  brought 
up  by  the  Right  Honorable  Thomas,  Earl  of  Arundel 
and  ,Surrcy,  and  that  he  died  after  he  liad  outlived  nine 
princes,  in  the  tenth  year  of  tlie  tenth  of  them,  at  the 
ageof  one  hundred  and  tifty-twoyearsand  nine  months." 
Other  interesting  extracts  from  the  letter  of  Harvey  arc 
as  follows:  "The  cartilages  of  the  sternum  were  not 
more  bony  than  the  others,  but  flexile  and  soft."  The 
cause  of  his  death  was  imp\ited  chietly  to  the  change  of 
food  and  air;  "  forasmuch  as  coming  out  of  a  clear,  thin, 
and  free  air,  he  came  into  the  thick  air  of  London,  and 
after  a  constant,  plain,  and  homely  coimtry  diet,  he  was 
taken  into  a  splendid  family  where  he  fed  high  and  drunk 
plentifully  of  the  best  wines."  "He  was  able,  even  to 
the  hundred  and  thirtieth  year  of  his  age.  to  do  any  hus- 
bandman's work,  even  threshing  of  corn."  It  is  also 
stated  that  he  married  a  widow  when  one  hundred  and 
twenty  years  of  age.  and  from  her  own  statement  had 
frequent  sexual  intercourse  with  her.  In  an  essay  by 
Prtliger  on  macrobiotics,  he  refers  to  other  recorded  cases 
of  unusual  longevity.  II.  Jenkins,  a  native  of  Yorkshire, 
died,  in  1670,  at  the  age  of  one  hundred  and  sixty  nine. 
It  is  related  that  on  one  occasion,  when  brought  before  a 
justice  to  testify  witli  reference  to  an  event  which  had 
occurred  one  hundred  and  forty  years  before,  he  appeareil 
accompanied  by  his  two  sons,  aged  one  hundred  and  two 
and  one  hundred  years,  respectively.  A  more  remark- 
able case  still  is  that  of  Kentigern.or  Saint  Mungo.  founder 
of  the  Cathedral  of  Glasgow,  who  reached  an  age  of  one 
hundred  and  eighty-five,  if  we  may  trust  the  accounts  of 
his  life  ou  record.  Among  the  exceptional  cases  recorded 
some  are  stated  to  have  been  imusually  temperate  in  their 
habits  of  life,  while  others  paid  no  regard  to  such  pre- 
cautions. In  this  last  category  Pfli'iger  mentions  one 
Brawn,  who  reached  an  age  of  one  hundred  and  twentv, 
although  his  tombstone  records  the  fact  that  he  was  a 
confirmed  drunkard.  Outside  of  such  evidence  as  this. 
it  is  evident  that  exceptional  longevity  cannot  be  referred 
solely  to  careful  observance  of  hygienic  conditions.  We 
must  explain  it,  in  general  terms,  as  due  to  an  unusual 
power  of  assimilation  in  the  living  substance  composing 
the  tissues,  and  that  this  tendency  to  long  life  is  inherited 
may  be  accepted  as  demonstrated  by  the  statistics  of  life 
insurance.  At  the  present  day  we  have  numerous  cases 
of  persons  passing  the  hundred-year  mark  by  a  few  years, 
so  that  this  age  cannot  be  regarded  as  very  unusual 
Sir  C.  Brown,  for  example,  in  his  interesting  paper  on 
old  age,  states  that  in  1889  the  deaths  of  sev'enty-six  re- 
puted centenarians  were  rejiortcd  in  England  and  Wales. 

However,  leaving  aside  the  reproductive  cells,  death 
sooner  or  later  conies  to  the  rest  of  the  cells  of  the  body, 
no  mutter  how  favorable  the  environments  of  life  may 
be.  It  is  not  altogether  hopeless  to  inquire  into  the  causes 
which  bring  this  about,  though  naturally  any  such  in- 
vestigation is  largely  made  up  of  speculation  of  a  very 
general  character.  We  may  define  death  as  a  cessation 
of  life.  In  order,  therefore,  to  arrive  at  even  a  general 
conception  of  its  cause  one  must  first  define  as  clearly  as 


possible  TPhat  is  meant  by  life,  Spencer's  definition  is 
perhaps  the  one  most  familiar  to  educated  persons.  Ac- 
cording to  him  life  istlie  continual  adjustment  of  internal 
to  external  relations.  When  jiroperly  analyzed  the  defi- 
nition includes  a  great  deal,  and  it  is  dilHcidt  to  criticise 
it  justly.  But  the  physiologist  will  certainly  object  to 
it,  because  it  attempts  to  present,  in  the  most  general 
terms,  only  the  ensemble  of  properties  manifested  bv  liv- 
ing matter  without  pretending  to  trace  these  properties 
in  any  causative  way  to  the  physical  sutjstance  that  mani- 
fests them.  It  is  as  tliough  one  defined  light  by  enumer- 
ating its  chemical  and  physiological  effects  fustead  of 
referring  it  to  vibrations  of  the  ether.  For  the  physiol- 
ogist an  adequate  definition  of  life  must  be  one"  that 
connects  its  phenomena  with  the  structure  of  living 
matter.  As  the  chemist  may  deduce  the  chief  properties 
of  a  salt  from  a  knowledge  of  the  structure  of  its  mole- 
cule, so  the  physiologist  believes  that  a  scientific  explana- 
tion of  life — that  is.  of  the  idienomena  of  as.similationand 
reproduction — can  be  obtained  only  by  discovering  the 
essential  structure  of  living  matter."  To  this  end  all  bio- 
logical work  tends.  The  adjustment  of  internal  to  ex. 
ternal  relations,  and  the  interaction  of  the  different 
organs  that  brings  about  this  adjustment,  should  lie 
deducible  from  the  chemical  structure  of  living  matter  in 
somewhat  the  same  way  that  the  adjustments  or  reactions 
of  benzene  to  different  external  conditions  may  be  fore- 
told from  a  knowledge  of  its  molecular  structure.  That 
this  kind  of  explanation  of  life  is  not  inconceivably  re- 
mote is  demonstrated  by  the  fact  tliat  several  chemical 
theories  have  been  seriously  proposed  and  applied  in  some 
det.ail,  Pflilger,  for  example,  suggests  that  the  essential 
difference  between  dead  and  living  proteid  lies  in  the 
grouping  of  the  nitrogen  in  the  molecule.  In  dead  pro- 
teid it  may  exist  in  the  form  of  an  ammonia  compound, 
while  in  proteid  that  is  living  it  occurs  in  part,  at  least, 
in  the  cyanogen  grouping.  As  something  approaching 
scientific  evidence  for  this  view  he  asserts  tliat  the  oxida- 
tion products  of  dead  albuiuinous  bodies — that  is.  as  far 
as  the  nitrogen  is  concerned — arc  always  ammonia  com- 
pounds, amines,  or  amido-acids,  while  the  end  products 
of  the  oxidations  of  living  substances  may  be  classed 
among  the  cyanogen  bodies.  Moreover,  the  cyanogen 
compounds  are  characterized  by  their  instability,  and 
this  is  likewise  one  of  the  most  prominent  phenomena 
exhibited  by  living  substances;  it  is  doubtless  the  chem- 
ical cause  of  what  is  known  as  the  irritability  of  living 
things.  Cyanogen  compounds  also  exhibit,  in  a  striking 
way,  a  tendency  to  polymerize,  and  Pflilger  suggests 
that  this  property  of  polymerization  may  be  the  essence 
of  what  we  speak  of  in  general  as  assimilation  or  nutri- 
tion, b_v  which  the  living  molecule  takes  into  itself  the 
molecule  of  dead  proteid.  Indeed,  says  Pflilger,  we 
may  look  upon  the  molecule  of  cyanic  acid  as  sluiwing 
properties  intermediate  between  those  of  living  and  dead 
matter,  as  a  half-living  substance.  In  a  siiuilar  way 
Loew  and  Bokorney  attempt  to  explain  the  peculiar 
properties  of  living  matter  on  the  supposition  that  its 
molecule  contains  an  aldehyde  group.  They  find  that 
living  protoplasm,  in  certain  plant  cells  at  least,  has  the 
property  of  reducing  silver  nitrate  from  alkaline  solu- 
tions, while  dead  proteid  has  no  such  action.  They  infer 
that  this  reducing  power  is  caused  by  the  presence  of 
an  aldehyde  group,  and  they  give  a  schema  showing  that 
formic  aldehyde,  by  union  with  ammonia,  may  produce 
aspartic  aldehyde,  and  this,  bj-  condensation  and  reduc- 
tion, with  the  addition  of  S.  might  give  a  compound  of 
the  molecular  formula  of  proteid,  wliich  as  long  as  it  re- 
tained the  aldehyde  grouping  would  be  living  proteid. 
and  woidd  form  the  basis  of  living  protoplasm,  Latham 
attempts  to  combine  the  theories  of  Loew  and  Pflt'iger 
by  supposing  that  living  proteid  is  composed  of  a  chain 
of  cyan  alcohols,  united  to  a  benzene  nucleus,  thus  ex- 
plaining the  irritability  or  instability  of  living  proteid,  as 
well  as  its  reducing  action.  However  inadequate  and 
premature  such  hypotheses  may  .seem  at  present,  they  at 
least  serve  to  demonstrate  the  fact  that  the  physiologists 
and  chemists  are  looking  forward  to  a  definition  of  life 
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based  upon  a  knowledge  of  tlic  chemical  structure  of  the 
substance  throuirh  which  it  is  made  manifest. 

Proceeding  from  his  conception  of  what  constitutes 
life,  Spencer  defines  natural  death  as  a  want  of  corre- 
spondence between  the  internal  and  external  relations. 
Perfect  correspondence  would  mean  eternal  existence. 

If  the  organism  could  adapt  itself  to  every  change  in 
its  environment,  old  age  and  death  would  be  impossible. 
It  is  difficult  to  understand  the  full  significance  of 
Spencer's  language.  Taken  literally  it  seems  to  assert 
nothing  more  than  that  death  is  a  cessation  of  life.  It 
adds  nothing  at  all  to  our  knowledge  of  the  causes  lead- 
ing to  this  cessation,  nor  does  it  indicate  any  fruitful  line 
of  investigation.  If,  liowevcr,  Spencer  means  that  the 
fatal  want  of  correspondence  may  come  from  without ; 
that  is.  from  changes  in  environment  to  which  no  ade- 
quate adaptation  can  be  made  by  the  oi-ganism.  an<l  in 
many  passages  this  seems  to  be  implied,  tlien  liis  view  is 
opposed  to  that  accepted  by  most  physiologists.  Thev, 
the  physiologists,  believe  in  general  that  although  the 
environment  were  perfect  and  unchangeable,  yet  by  vir- 
tue of  inherent  changes  in  the  organism  itself  the  assimi- 
lative powers  would  inevitably  grow  weaker  and  finally 
cease  with  death,  or  as  the  same  idea  is  expressed  by 
Brown:  "The  causes  of  death  are  not  to  be  fovmd  in  the 
summation  of  many  external  injuries,  but  are  already 
established  within  the  organism  itself,  and  death  is  sim- 
ply the  natural  end  of  development.''  In  want  of  a  more 
exact  knowledge  of  the  structure  of  the  living  molecule 
and  the  changes  in  structure  that  come  on  in  old  age,  the 
phjsiologist  expresses  his  ideas  of  the  general  nature  of 
these  changes  by  similes  and  metaphors  more  or  less  apt. 
We  may  compare  livingmatter  toaclock,  the  mainspring 
of  which  is  so  constructed  that  in  couse(iuence  of  slowly 
developing  molecular  changes  it  suffers  a  gradual  loss  of 
elasticity.  In  such  a  mechanism  there  will  come  a  time 
when  ■■  winding  the  clock  up  "will  no  longer  make  it 
run,  since  energy  can  no  longer  be  stored  in  the  spring. 
We  may  imagine  this  loss  of  elasticity  to  develop  grad- 
ually, giving  stages  that  may  be  roughly  compared  to 
the  periods  of  lite.  To  carry  out  the  simile,  it  is  the 
food  we  eat  and  tlie  o.xygen  we  breathe  that  take  the 
place  of  the  winding  force.  In  conse(iuence  of  a  slowly 
developing  molecular  change  in  the  organism,  this  energy 
is  less  efficiently  utilized  as  the  individual  grows  older. 
The  clock  runs  more  feebly  and  needs  relatively  more 
frequent  winding,  until  at  last  the  elasticity  is  gone,  the 
power  of  assimilation  is  insufficient,  and  we  have  what 
we  call  natural  death.  In  complex  organisms  like  our- 
selves this  faihn-e  of  assimilation  maj'  come  first  to  some 
one  organ,  such  as  the  heart  or  the  nervous  system,  and 
through  its  collapse  the  organism  as  a  whole  cease  to 
exist.  In  the  nature  of  the  case  natural  death  cannot 
come  to  ever}-  organ  of  the  body  at  the  same  time,  so 
that  the  death  of  a  portion,  perhaps  from  the  standpoint 
of  weight,  the  larger  portion  of  the  body,  nmst  always 
be  accidental,  as,  for  example,  from  a  shutting  off  of  the 
blood  supply  due  to  natural  death  of  the  heart.  But  this 
consideration  does  not  affect  the  general  conception  i>f 
the  liability  of  all  the  organs  to  a  similar  fate.  Riglitly 
or  wrongly,  it  is,  or  has  been,  a  wellnigli  universal  belief 
that  every  organism  and  every  bit  of  living  matter  in  an 
organism  has  only  a  limited  duration  of  life,  no  matter 
how  favorable  the  external  conditions  may  be. 

In  striking  opposition  to  this  view.  Weissmaun,  in  a 
recent  series  of  essays  upon  the  duration  of  life,  has  at- 
tempted to  demonstrate  the  essential  inunortality  of  liv- 
ing matter,  or,  in  other  words,  to  sliow  that  death  is  not 
an  inherent  necessity  of  life,  but  an  acquisition  or  adap- 
tation on  the  part  of  living  things.  These  essays  have 
aroused  a  widespread  interest  and  discussion  among  biolo- 
gists, and  are  probably  the  most  important  speculations 
of  recent  times  upon  the  origin  and  meaning  of  death. 
Weissmaun  carries  the  problem  back  to  the  lowest  forms 
of  life,  the  unicellular  organisms  or  protozoa.  Whatever 
in  this  regard  is  true  of  them  must  be  looked  upon  as 
being  or  as  having  been  true  for  living  things  in  general, 
since  modern  biological  doctruies  trace  the  evolution  of 


life  from  these  forms,  and  modern  morphology  has  de- 
monstrated that  all  complex  forms  i>f  life  are  in  fact  mere 
colonies  or  collections  of  unicellular  organisms.  If  we 
stud}'  one  of  the  protozoa,  the  ama?ba,  for  instance, 
which  has  always  been  taken  as  the  archetype  of  life,  we 
find  that  it  is  a  complete  cell;  that  it  feeds,  and  assimi- 
lates, and  excretes;  that  it  increases  in  size,  and  finally 
reproduces  by  simple  fission,  forming  two  new  individ- 
uals, or  daughter  cells.  In  this  last  process  we  have  the 
disappearance  of  one  old  individual  and  the  formation  of 
two  new  ones,  nevertheless  there  is  no  death.  To  speak 
of  the  disiippearance  of  the  parent  cell  as  an  example  of 
death,  as  some  have  done,  is  a  mere  figurative  use  of  lan- 
guage. There  is  no  death  in  such  a  change,  because  as 
Weissmaun  puts  it,  there  is  no  corpse.  If  we  consider 
the  two  daughter  cells  produced  by  the  fission,  we  find 
not  only  that  they  are  similar  morphologically,  but  that 
each  (if  them  has  possibilities  of  growthand  reproductidu 
equal  to  those  shown  by  the  parent  form — there  is  appar- 
ently no  reason  why  such  a  process  should  not  go  on  in- 
definitely. AracebiB,  as  we  find  them  under  the  micro- 
scope, show  no  signs  of  old  age ;  the  daughter  cells  are 
not  less  capable  of  reproduction  than  is  the  parent  cell. 
It  is  permissible  to  suppose  that  if  a  single  amrelja  were 
given  a  favorable  environment  it  would  in  time  produce 
an  intinite  number  of  descendants,  each  of  them  possess- 
ing in  turn  the  same  unlimited  possibilities  of  multiplica- 
tion. This  is  precisely  the  hypothesis  that  Weissmaun 
makes  when  he  says  that  living  matter  is  potentially 
immortal.  It  is  an  alternative  hypothesis  to  the  one  usu- 
ally adopted,  and  Weissmann's  contribution  to  the  sid)- 
ject  comes  not  so  much  from  his  adoption  of  this  view 
as  from  the  application  he  makes  of  it  in  considering  the 
higher  forms  of  life  in  which  deatli  is  an  indisputable 
reality.  Weissmann's  theory  of  the  origin  of  deatli 
among  the  metazoa  is  developed  directly  from  his  h}poth- 
esis  that  living  matter  was  originally  incapable  of 
natural  death.  His  direct  statement  that  the  simplest 
unicelluhir  forms  of  life  to-day  probably  retain  this  primi- 
tive constitution  of  protoplasm  has  not,  however,  passed 
unchallengeil.  Maupas  has  made  an  experimental  test 
of  the  statement  in  some  very  interesting  observations. 
He  set  himself  to  observe,  throughout  an  extended  period, 
certain  unicellular  animals  when  placed  under  the  most 
favorable  conditions  for  growth  and  multiplication.  The 
infusoria  were  chosen  for  experiment.  After  making 
careful  observations  upon  the  best  conditions  of  tempera- 
ture and  food,  an  individual  was  selected,  placed  upon 
a  microscopic  slide  in  a  suitable  moist  chamber,  and  kept 
under  the  most  favoralilc  conditions  possible  for  projia- 
gation.  A  faithful  record  was  kept  each  day  of  the  in- 
crease in  number,  through  multiplication  by  division,  of 
the  specimen  chosen  for  study.  After  the  increase  had 
reached  some  hundreds  of  individuals,  one  of  them  was 
again  isolated  and  allowed  to  multiply,  and  so  on  until 
unmistakable  signs  of  what  he  calls  a  senile  degeneration 
became  apparent  in  the  offspring.  His  experiments 
lasted  for  a  variable  time.  In  no  case  were  the  observa- 
tions carried  over  less  than  fourteen  days,  and  in  the  case 
of  stylonichia  pustulata,  upon  which  the  most  careful 
experiments  were  made,  the  successive  progeny  were  cul- 
tivated for  nearly  five  months. 

The  rate  of  growth  in  some  of  the  species  was  incredi- 
bly fa.st.  Maupas  estimates  that  in  six  and  one-half  days 
a  single  stylonichia.  at  a  temperature  of  25'  to  '^6'  C., 
might  produce  by  repeated  fissions  a  body  of  protoplasm 
weighing  1  kgm.,  and  in  thirty  days  a  mass  of  proto- 
plasm a  million  times  larger  than  the  sun.  He  was  able 
to  observe  that  after  a  certain  muuber  of  generations  the 
progeny  began  to  show  signs  of  a  physiological  decline. 
The  new  animals  formed  were  smaller  than  normal, 
seemed  weaker,  were  not  so  well  provided  with  cilia,  and 
the  nuclei  contained  within  them  gave  microscopical  evi- 
dence of  pathological  changes.  Maupas  looks  upon  this 
result  as  ju-oof  of  a  genuine  senility  which  would  have 
resulted — had  the  process  of  isolation  been  continued 
sufficiently  long— in  the  natural  death  of  all  the  descend- 
ants, despite  the  most  favorable  conditions  for  living. 
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After  a  colony  began  to  show  signs  of  old  age  he  found 
that  if  one  of  tlie  animals  was  taken  out  and  mixed  with 
another  lot  having  a  dilTerent  ancestry,  conjugation  took 
jilace.  The  weakeneii  infusorian  uiiiteil  se.xually  with 
one  of  the  more  voiithrul  forms,  anil  rejuvenescence  was 
thereby  secured.  The  descendants  of  this  pair  multiplied 
again  with  the  original  vigor  and  gave  rise  to  normal 
hi'althy  olTspring.  Weissniann  takes  exception  to  these 
experiments.  The  infusoria  are  the  most  highly  devel 
oped  of  tlie  unicellular  animals,  showing  a  marked  degee 
of  specialization  of  structure.  Furthermore,  they  are 
known  to  conjugate  at  certain  periods  in  their  life  his- 
tory. A  pair  will  come  together  and  exchange  a  portion 
of  their  nuclear  material,  after  «  liieli  each  begins  to  mul- 
tijily  by  simple  tission  with  reneweil  vigor  for  a  certain 
iimlctermiiied  perioil.  It  may  be  that  in  so  highly  a  dif- 
ferentiated form  the  inimitive  reproductive  power  of 
protoplasm  has  been  specialized  in  a  ])artictdar  structure 
of  the  cell,  as  in  the  higlier  animals  it  has  l)een  reserved 
only  to  the  germ  cells;  so  that  in  this  regard  the  infusoria 
might  be  clas.sed  with  the  metazoa  rather  th.iii  with  the 
jirotozoa.  Moreover,  it  may  be  doubted  whether  Maupas 
really  kept  his  captive  infusoria  under  ]>erfectly  normal 
conditions.  Outside  the  mere  (juestion  of  food  the  possi- 
bility of  not  retaiinng  a  perfectly  normal  balance  in  the 
inorganic  constituents  of  the  mediiun  suggests  itself  at 
once.  In  some  more  recent  experiments  of  the  same 
character  reported  by  Joukowsky  results  more  favorable 
to  Weissmaun's  views  were  obtained.  Joukowsky  used 
several  species  of  infusoria.  Ilis  method  was  to  isolate 
an  individual  in  a  moist  chamber  and  feed  it  carefully. 
After  several  days  this  individual  by  tission  had  given 
riseto  acolonyof  perhaps  sixty  toone  hundred  olfspring. 
One  of  these  was  then  isolated,  treated  in  the  sjtme  way. 
and  this  process  was  kept  up  in  some  cases  for  many 
months.  His  most  striking  results  were  obtained  with 
I>leurotrichia  lanceolata,  which  he  observed  during  eight 
months  and  through  four  hundred  and  fifty  eight  gen- 
erations. During  this  time  no  conjuiratious  were  seen, 
and  no  signs  of  degeneration  or  senescence,  such  as 
Maupas  described,  were  noticed.  Granting,  however, 
that  no  excejition  can  be  taken  to  the  e.xperiments  as 
made  by  Manjias.  and  that  his  results  are  correct,  Weiss- 
manu  contends  that  in  the  more  primitive  forms,  in  which 
ie])roductiou  is  always  by  simple  fission  and  anything 
approximating  sexual  conjugation  is  unknown,  his  fun- 
damental hyjiothesis  must  still  be  true — death  can  occur 
only  by  accident,  and  not  by  natural  decay.  In  the 
amietja',  bacteria,  and  similar  forius  of  life  no  conjuga- 
tion has  been  discovered.  While  the  conditions  of  fife 
are  favorable,  growth  and  multiplication  go  steadily 
on.  When  the  conditions  of  life  are  unfavorable — 
e.g.,  when  moisture  is  withdrawn  —  forms  like  the 
aiuceba  may  become  encysted  and  cease  to  show  the 
properties  of  living  matter  until  more  favorable  con- 
ditions prevail.  Gotte  has  seized  upon  this  process  of 
cncystment  as  the  equivalent  of  death,  but  we  shall 
speak  of  the  theory  of  this  author  after  Weissmann's 
theory  has  been  stated. 

Let  us  assume  that  Weissmann  is  right  in  his  funda- 
mental hypothesis,  and  that  the  first  forms  of  life  were 
potentially  immortal,  as  the  simplest  forms  of  life  are  to- 
day. What.  then,  has  become  of  that  immortality  in  or- 
ganisms like  ourselves?  What  was  the  origin  of  death? 
Weis.smann  makes  the  supposition  that  in  the  higherani- 
mals  we  have  two  kinds  of  living  matter,  one  composing 
the  mass  of  the  body,  which  unquestionably  is  subject 
to  a  natural  death,  and  one  composing  the  reproductive 
cells,  which  is  evidently  possessed  of  potential  immortal- 
ity, since  if  fertilized  and  kept  under  proper  conditions 
it  will  give  rise  to  an  infinite  number  of  descendants. 
The  former,  the  mortal,  he  speaks  of  as  somatoplastn,  the 
latter,  the  immortal,  as  germ  plasm.  Furthermore,  he 
supposes  that  the  germ  plasm,  constituting  the  reproduc- 
tive cells  in  any  indivi<lual,  is  directly  derived  from  the 
fertilized  ovum  from  which  that  individual  tieveloped. 
The  fertilized  ovum  is  a  single  cell;  by  cell  division  it 
multiples  a  billion-fold  and  more  to  make  the  body.     Of 


this  infinite  number  of  cells  those  which  make  up  the 
muscles,  skin.  etc..  although  directly  derived  from  the 
ovum,  have  become  .specialized  physiologically  as  well 
as  morphologically  to  fit  them  for"  the  performance  of 
their  s])e(  ial  functions,  and  at  the  .same  time  they  have 
lost  the  potential  ])ower  of  immortality  which  character- 
ized the  germ  plasm  of  the  ovum.  But  among  this  in- 
finite number  of  cells  there  are  always  certain  ones  that 
do  not  undergo  specialization;  they  remain  like  theovuni 
from  which  they  were  formed;  they  retain  a  portion  of 
the  germ  i)lasm  with  its  powers  of  iniinortality.  and  these 
cells  become  the  ova  and  spermatozoa  from  which  new 
organisms  may  be  developed  in  turn.  If  we  carry  back 
this  conceptiim  through  the  line  of  ancestral  forms  from 
which  man  has  been  developed,  it  involves  tfie  idea  that 
the  germ  plasm  has  been  actually  coniinuous  throughout 
the  history  of  living  things,  and  that  it  represents  the 
immortal  luotoplasm  of  the  unicellular  forms  from  which 
the  metazoa  were  evolved.  This  is  the  doctrine  that  goes 
by  the  name  of  the  "continuity  of  the  germ  plasm.''  and 
in  the  form  in  which  it  is  presented  luakes  one  of  the 
most  original  contriliutions  given  to  biology  within  re- 
cent years.  The  c|Ueslion  as  we  have  it  before  us  now 
maybe  stated  in  tliis  way:  The  unicellular  forms  are 
potentially  iiiunortal;  the  many  celled  animalscontain  an 
immortal  germ  plasmand  a  mortal  somatoplasm,  and  yet 
the  many celled  animals  have  been  directly  derived  from 
the  unicellular  forms.  In  the  first  many-celled  animals 
produced,  the  different  cells  must  have  had  similar  jirop- 
ertics;  they  must  all  have  been  equivalent  to  rejiroduc- 
tive  cells.  But  sulise(|Ucntly,  after  specialization  of 
structure  and  physiological  division  of  labor  had  become 
established,  it  happeueil  that  the  vast  majority  of  the 
cells  of  the  body,  all  those  in  fact  that  had  undergone 
differentiation  in  structure  and  function,  lost  the  power 
of  perfect  nutrition,  and  became  subject  to  old  age  and 
death.  L'pon  what  biological  grounds  can  we  explain 
this  variation?  Weissmann  refers  it  to  the  operation  of 
the  law  of  natural  selection,  and  states  his  theory  briefly 
in  siiying  that  death  is  an  adaptation,  acquiredbecause 
of  its  utility  to  the  race  on  the  one  hand,  and,  on  the 
other  hand,  because,  after  the  beginning  of  a  dilferentia- 
tion  in  function  among  the  cells,  the  possession  of  i:n- 
mortality  by  all  the  cells  was  no  longer  of  any  value  to 
the  race,  and  therefore  was  not  brought  under  the  pre- 
serving influence  of  natural  selection.  " 

With  reference  to  the  first  of  these  reasons,  the  utility 
of  death  to  the  race,  it  must  be  borne  in  mind  that  the 


'  operation  of  the  law  of  natural  selection  is  directed  en- 
j  tirely  toward  the  perpetuatitm  of  the  species.  Anything 
!  that  endangers  this  perpetuity  will  be  discarded,  and  the 
i  duration  of  life  of  the  individual  is  a  point  worth  fight- 
ing for,  or  against,  only  in  so  far  as  it  influeucesthe 
struggle  for  existence  of  the  species.  If  natural  death 
had  not  appeared,  and  creatures  could  have  been  de- 
stroyed only  by  fatally  adverse  changes  in  their  environ- 
ment, then  we  may  imagine  that  every  species  woidd 
have  been  burdened  in  its  fight  for  existence  by  in- 
dividuals whose  physical  value  had  been  impaired  b.v 
previous  minor  accidents,  such  as  loss  of  limbs,  etc. 
There  would  have  been,  from  the  pitiless  standpoint  of 
natural  selection,  many  useless  mouths  to  feed.  Weiss- 
luann  was  inclined  in  his  first  essays  to  lay  great  stress 
upon  this  point,  but  in  later  years  lie  emphasized  chiefly 
the  second  of  the  reasons  given  above,  namely,  that  im- 
mortality was  lost  to  the  non  reproductive  cells  because, 
being  of  no  direct  value  in  the  perpetuation  of  the  spe- 
cies, it  was  not  acted' upon  and  preserved  by  natural 
selection.  The  tendency  of  structures  to  retrograde  and 
disjijipear  when  their  value  to  the  species  becomes  nil, 
even  though  they  may  not  be  actively  injurious  or  bur- 
densome, because  natural  selection  no  longer  acts  to  pre- 
serve them,  is  something  of  a  new  idea  in  biology. 
Weissmann  attaches  great  importance  to  it.  and  has  coined 
for  it  the  termpannuxia.  A  simjile  example  of  its  action 
is  .seen  in  the  absence  of  e.ves  in  the  cave-inhabiting  ani- 
mals. Many  of  the  Crustacea  living  in  the  dark  caves 
;  have  lost  their  eyes — by  panmixia,  Weissmann  would 
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say ;  that  is,  in  tbeir  peculiar  environracnt  their  eyes  are 
no  longer  of  use.  and  they  have  therefore  degenerated 
and  disappeared,  in  the  course  of  generations,  by  the 
lack  of  the  direct  preservative  influence  of  natural  selec- 
tion. So  Weissniann  thinks  that  the  original  immortal- 
ity of  living  matter  became  lost  to  the  non-reproductive 
cells  in  the  man^'-celled  animals  because,  being  of  no 
value  to  the  species,  indeed,  on  the  contrary,  threatening 
the  species  with  an  unnecessary  burden,  natural  selection 
let  it  alone.  To  the  writer's  mind  this  kind  of  argument, 
indeed,  the  whole  idea  of  panmixia,  seems  to  be  very 
incomplete,  it  lacks  all  suggestion  of  a  specific  cavise.  In 
physiology  we  are  familiar  with  many  examples  of  retro- 
gression of  structure  following  upon  disuse.  A  muscle 
or  gland  thrown  cut  of  function  by  severance  of  its 
motor  nerve,  or  a  nerve  cell  cut  off  from  its  normal  con- 
nections, atrophies  from  disuse.  But  the  explanation 
given  is  specific  to  the  extent  that  it  refers  the  atrophy 
to  an  altered  metabolism.  Functional  activity  in  spe- 
cialized tissues  seems  to  be  necessary  for  their  normal 
metabolism,  and  lack  of  activity,  as  in  the  paralyzed 
muscle,  is  followed  by  a  perverted  metabolism  that  re- 
sults in  the  destruction  of  the  tissue.  In  the  same  way 
the  loss  of  perfect  nutrition  in  the  somatoplasm  might 
readily  be  referred,  as  in  AVeissmann's  first  exjilanation, 
to  an  altered  metabolism  that,  arising  spontaneously,  was 
subsequently  preserved  by  natural  selection,  because  it 
proved  advantageous  to  the  species, 

!Mauy  eminent  biologists  have  found  a  logical  difficulty 
ia  understanding  how  from  cells  originally  immortal  cells 
that  were  mortal  could  have  been  derive*!  by  differentia- 
tion of  any  kind.  They  hold  that  natural  selection  can 
operate  only  upon  a  structure  that  exists,  it  cannot  create 
a  thing  outright.  If  living  matter  was  all  originally  im- 
mortal, how  could  natural  selection,  by  negative  or  posi- 
tive action,  produce  mortalitj',  if  in  some  degree  this  lat- 
ter property  was  not  already  inherent  in  living  matter. 
As  one  of  the  objectors  (St.  George  ^livart)  puts  it.  the 
diiliculty  is  to  understand  the  first  step,  the  beginning  of 
something  from  nothing.  Objections  of  this  kind  are  of 
course  fallacious:  it  is  curious  that  they  should  have  been 
si'riously  made  by  eminent  men.  The  words  mortality 
and  immortality  do  not  stand  for  definite  things;  they 
are  not  substances  or  entities,  or  whatever  term  of  this 
kind  one  may  choose  to  use.  On  the  contrary,  they  are 
in  this  case  merely  convenient  phrases  to  express  the  kind 
of  nutrition  going  on  in  living  things,  whether  it  is  self- 
perpetuating  or  self-limiting.  They  are  properties  that 
are  connected  with  the  physical  or  chemical  structure  of 
living  matter,  and  this  latter  is  a  thing  that  does  exist 
and  may  be  acted  upon  and  modified  by  natural  selection 
in  many  ways.  Weissmann's  conception  of  an  early  dif- 
ferentiation in  the  developing  embryo  of  a  somatoplasm 
and  a  germ  plasm  has  not  seemed  to  meet  with  favor  in 
the  eyes  of  manj-  competent  biologists.  These  have 
claimed  that  in  the  early  segmentation  of  the  ovum  the 
separate  cells  that  are  formed  are  essentially  equivalent: 
that  a  complete  embryo  may  be  formed  from  a  half  or 
quarter  of  the  egg,  and  that  the  nuclei  first  arising  may 
be  changed  about  experimentally  "like  a  heap  of  billiard 
balls"  without  altering  the  course  of  development.  In 
thus  denying  that  the  orderly  course  of  development  is 
controlled  entirely  from  within,  by  a  system  of  differen- 
tiating divisions  of  the  ovum,  these  authors  are  led  to 
lay  more  stress  upon  what  may  be  called  external  forces. 
As  Hertwig  expresses  it;  "I  regard  the  divergent  differ- 
entiation of  cells  as  a  reaction  of  the  organic  material  to 
unlike  impelling  forces."  This  point  of  view  would 
seem  to  be  incompatible  with  the  conception  of  a  con- 
tinuity of  the  germ  plasm,  and  it  has  been  said  with 
much  force  that  the  truth  of  this  latter  hypothesis  has 
not  been  actuall}-  demonstrated.  However,  those  who 
oppose  Weissmann's  views  become  involved  themselves 
in  numerous  undemonstrated  assumptions,  and  seem 
often  to  miss  the  physiological  truism  that  continuity  of 
living  matter  does  not  imply  an  unchanging  organiza- 
tion, but  rather  a  perpetuity  of  nutrition,  a  perfect  metab- 
olism whereby  waste  is  completely  repaired,  senescence 


is  made  impossible,  and  death  is  conceivable  only  as  the 
result  of  accidental  causes. 

In  accepting  or  refusing  Weissmann's  theory  of  the 
origin  of  death,  everything  seems  to  depend  upon  the 
validity  of  his  fundamental  hypothesis  with  regard  to  the 
absence  of  natural  death  among  the  primitive  forms  of 
life.  If  we  admit  that  there  are  simple  organisms,  such  as 
the  bacteria  or  the  amoeba;,  that  do  not  propagate  by  con- 
jugation or  by  any  method  of  multiplication  other  than 
simple  fission,  it  would  seem  logically  impossil.ile  for  such 
a  species  to  be  perpetuated  unless  its  protoplastn  is  e\ 
empt  from  senility.  If  we  do  not  accept  this  solution, 
then  we  must  suppose  either  that  there  is  some  kind  of 
sexual  rejuvenation  that  has  not  yet  been  discovered  in 
these  particular  forms,  or  that  there  is  some  process  of 
molecular  rejuvenation  occurring  at  periods  in  the  life 
history  of  such  forms  that  brings  the  living  substance 
back  to  its  primitive  constitution  and  nutritive  vigor. 
Gotte  has  clearly  recognized  this  necessity,  and  has  pro- 
posed a  theory  that  is  logically  acceptable.  According 
to  Gotte,  death  is  a  necessity  immanent  in  life.  As  re- 
gards the  imicellular  forms  of  life,  he  avoids  the  difficulty 
that  has  just  been  described  by  assuming  that  the  process 
of  encystment  is  the  death  of  the  old  individual  and  the 
beginning  of  a  new  one.  Encystment,  of  course,  is 
known  to  occur  among  the  unicellular  forms.  During 
the  process  the  visible  evidences  of  life,  such  as  move- 
ment, come  to  an  end.  to  be  renewed  again  after  a  certain 
period,  or  under  more  favorable  conditions.  Gijtte  be- 
lieves that  during  the  encystment  a  change  of  molecular 
structure  takes  place.  There  is  first  a  dissociation  or  dis- 
solution, which  is  an  actual  death,  inasmuch  as  the  prop- 
erties of  living  matter  are  lost.  This.  Iiowever,  is  suc- 
ceeded by  a  stage  of  reconstruction  with  the  formation 
of  new  protoplasm  possessed  of  the  primitive  powers  of 
assimilation,  and  capable  of  developing  and  multiplying 
for  a  certain  period.  This  is  obviously  an  hyjiothesia 
that  it  is  practically  impossible  to  test  by  chemical  in- 
vestigations. To  the  jihysiologist  it  will  probably  not  be 
acceptable  on  theoretical  grounds  becau.se  of  the  difficulty 
of  conceiving  how  matter  once  in  the  dead  form  can  again 
pass  into  the  living  form,  as  the  result  of  spontaneous 
molecular  activities,  and  without  the  aid  of  an  exciting 
or  liberating  force.  Dead  matter,  as  we  know  it,  is  con- 
verted into  the  living  form  only  by  the  process  of  assimi- 
lation on  the  part  of  matter  already  living,  whereas  the 
hypothesis  of  Gotte  calls  upon  us  to  believe  that  the 
transition  may  take  place  by  virtue  of  the  intermolecular 
movements  in  the  dead  matter  itself.  Encystment,  then, 
according  to  the  theory  of  GOtte,  represents  at  the  same 
time  the  primitive  form  of  natural  death  and  the  primi- 
tive method  of  reproduction.  As  themetazoa  have  been 
derived  from  the  unicellular  forms,  he  further  assumes 
that  among  the  former  both  natural  death  and  reprodtic- 
tion  have  been  acquired  by  direct  inheritance.  As  in 
the  protozoa  reproduction  and  death  stand  in  a  causiil 
relationship,  so  in  the  simpler  forms  of  metazoa,  e.(i..  in 
the  orthonectidie,  this  connection  is  still  maintained,  in- 
asmuch as  the  liberation  of  the  ova  results  in  tlie  death 
of  the  individual.  Among  the  higher  forins  the  relation- 
ship between  reproduction  and  death  is  not  so  evident, 
though  the  theory  demands  always  a  causal  connection 
between  the  two  processes. 

It  will  be  evident  from  this  brief  statement  of  Gotte 'a 
views  that  he  differs  from  Weissniann,  not  only  in  his 
belief  of  the  necessity  and  tmiversality  of  death,  but  also 
in  respect  of  the  discontinuity  of  life.  Among  the  pro- 
tozoa, that  propagate  by  encystment,  his  theory  denies 
that  the  new  individual  is  directly  sprung  from  the  living 
substance  of  the  parent  cell.  On  the  other  hand,  the 
general  belief  has  been  that  in  some  way  the  continuity 
of  life  is  maintained.  Darwin's  theory  of  pangenesis, 
which  was  formulated  to  explain  the  phenomena  of 
heredity,  implies  a  continuity  of  living  matter  between 
parent  and  child.  It  will  be  remembered  that  in  this 
theory  the  ova  and  spermatozoa  are  supposed  to  contain 
minute  germs,  gemmules,  thrown  off  from  the  different 
cells  of  the  bodv  and  collected  in  the  germ  cells.     Under 
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the  proper  physiological  stimulation,  the  gemmulcs  de- 
velop into  organs  like  those  from  which  they  were  de- 
rived. The  gemmules  must  be  regarded  as  living  mat- 
ter; hence  the  theory  implies  a  direct  carrying  over  of 
living  substance  from  parent  to  child,  a  coutiuuitv  of 
living  matter  at  least.  In  contrast  with  this  the  theory 
of  Weissmanu  supposes  a  direct  continuity  of  germ 
plasm,  the  essential  part  of  the  germ  cells  of  the  child 
being  an  actual  portion  of  the  germ  protopla.sm  of  the 
reproductive  cells  of  the  parents.  The  immortality  of 
the  germ  plasm  and  the  direct  continuity  of  the  germ 
plasm  are.  then,  the  fundamental  jiarts  of  Wcissmann's 
theory,  and  his  hypothesis  of  the  origin  of  death  as  re- 
gards the  somatoplasm  follows  naturally  if  we  acceiit 
these  premises.  It  will  be  observed,  however,  that  Dar- 
win's pangenesis  theory  may  also  be  regarded  as  imply- 
ing the  essential  immortality  of  the  material  composing 
the  genu  cells,  although  neither  Darwin  himself  nor 
those  who  have  made  use  of  his  theory  have  ever  made  a 
specific  statement  of  this  kind. 

In  the  older  treatises  upon  the  nature  of  death  a  dis- 
tinction was  often  made  between  molecular  death  and 
somatic  death.  The  former  term  was  meant  to  include 
those  changes  of  disassimilation  or  katabolism.  to  use  a 
more  modern  woi-d,  which  are  supposed  to  be  in  play  in 
every  bit  of  living  matter,  and  to  lead  to  the  formation 
of  dead  waste  material,  such  as  tu'ca,  carbon  dioxide,  and 
water.  Somatic  death  was  used,  as  it  is  at  the  present 
time,  to  describe  the  linal  cessation  of  all  vital  activities 
in  the  body  at  large.  It  was  supposed  that  we  had  here 
the  production  of  dead  from  living  matter  by  two  entirely 
different  methods.  The  term  molecular  death  is  obvi- 
ously an  unhappy  one,  and  has  fallen  into  disuse,  al- 
though it  is  possible  that  it  is  an  accurate  statement  of 
what  takes  place.  The  essential  nature  of  the  physiolog- 
ical oxidations  which  lead  to  the  formation  of  the  prod- 
ucts of  disassimilation  is  at  present  a  subject  of  discussion, 
and  will  probably 
remain  so  for  a  long 
time.  Treating  the 
subject  in  the  most 
general  way,  it 
seems  evident  that 
in  disassimilation 
one  of  two  things 
may  take  place,    ff. 


off,  and  lost  from  the  cell  as  dead  material,  while  the 
remainder  of  the  molecule  reconstruct.s  itself  from  the 
food  material  of  the  cell  juices  into  the  originally  com- 
plex molecule  of  living  matu-r.  This,  in  fact, 'is  the 
hypothesis  of  physiological  oxidation  which  has  been 
proposed  by  Ptliiger  with  special  reference  to  the  metab- 
olisms of  muscle  during  functional  activity.  His  the- 
oretical views  have  much  to  reconunend  them,  and  some 
account  of  them  is  usually  given  in  the  text-books  of 
physiology.  W.  U.  Uoicell. 
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DEATH,     SIGNS     OF. 

See  Cadaver,  Legal  Status 
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D  E  C 1  D  U  A.— The  de- 

cidua  is  the  mucous  mem- 
brane of  the  uterus,  which. 


¥^^.^-:-':-.- 


m. 


for  the  sake  of  simplicity,  we  confine 
our  attention  to  a  single  cell,  then  it 
is  possible,  on  the  one  hand,  that  the 
formation  of  the  wastes  of  nutrition  is 
brought  about  by  the  actual  death  anil 
disintegration  of  portions  of  the  cyto- 
plasm, their  places  being  supplied  by 
new  living  material  formed  in  other 
parts  of  the  cytoplasm  or  in  the  nucleo- 
plasm. Or,  on  the  otl^'r  hand,  it  is 
equally  possible  that  in  normal  disas- 
similation no  single  living  molecule 
undergoes  total  destruction.  The  proc- 
ess of  dissociation  may  be  such  that 
only  a  portion  of  the  molecule  is  split 


Fig.  1.577.- uterus  about  Forty  Days  Ad- 
vanced in  Pregnancy,  (.\fter  Coste.) 
Muse.  Muscularis:  Dr.  decidua  vera : 
D.  ref.  decidua  retle.xa :  ((r.  ovary: 
Uvd.  Fallopian  tube :  Liil.  round  liga- 
ment ;  t'o,  vagina.  The  uterus  has 
been  opened  by  cutting  through  the 
anterior  wall,  and  reflecting  the  sides. 


under  the  intluencc  of  pregnancy,  has 
undergone  marked  changes  to  fit  it  for 
the  implantation  and  nutrition  of  the 
ovum.  It  owes  its  name  to  the  fact  that 
it  is  cast  off  after  labor.  The  older 
wiiters  usually  distinguished  between 
the  decidua  of  menstruation  and  that  of 
pregnancy ;  but  as  the  most  recent  work 
upon  menstruation  has  shown  that  only 
a  miniiual  portion,  if  any,  of  the  endo- 
metrium is  cast  off  at  that  time,  the  em- 
ployment of  the  former  term  does  not 
appear  to  be  justified. 

We  are  not  able  to  state  exactly  when 
the  decidual  formation  commences,  but 
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it  must  be  almost  immediately  after  the  fertilization  of 
the  ovum,  as  fairl_y  well-marked  decidua'  were  present 
in  uteri  described  by  Peters  and  Leopold,  which  were 
sespeetively  three  and  seven  days  prejiuant.  Under  the 
iutluence  of  pregnancy,  whether  occurring  in  the  uterus 
or  tubes,   the  smooth,   velvety  endometrium    becomes 


Fig.  1578.— Seiiii-I)i:i}.'raiiiiiialii-  (iiiilii f  nn  Antero-PustiTior  Sertlon 

of  theUraviil  rtirusaiid  (nuiimf  Km-  Weeks,  (.\fiii  Alh-n  Tlmiii- 
soil.)  a,  AliliTior  suifact';  /'.  i'i.>tcrinr  surface  :  »(.  iiiusriilaris;  (/. 
inner  margin  nf  iiirjaiii'pi|.hi'sril  niiirosa  ;  .v  to  s.  arua  of  tlfi'iiliut 
serritina;  alUliei'arts  nf  tin.  Tiiucosa  ailliori'iit  to  tln' uterine  walls 
not  in  tlie  area  of  ilic  st.Ti>tina  cnnsiitnlf  ttie  licriilua  vfra;  c/j, 
cliorion,  witliin  wlnrh  is  tlif  i-Milnvo  oni-losi'fl  in  Ilie  amnion,  and 
attacli.^l  to  tlic  walls  of  the  r-hnnon  :  aiiprndi'il  to  the  ouiliryo  is  tlie 
lona-slalki'il  yolk  sac;  llie  cliorion  is  cmoivil  in  liy  tlie  arching  e.\- 
tension  of  the  mucosa,  wbich  is  the  ikcitliui  /■crtc.ri,  r,  ?\ 

markedly  thicker  and  its  surface  marked  by  numerous 
irregular  furrows  which  give  it  a  maramillated  ap- 
jjearance,  and  under  the  magnifying  glass  numerous 
small  openings  can  be  distinguished,  wliieh  represent  the 
months  of  the  uterine  glands.  The  decidual  formation 
is  limited  to  the  body  of  the  uterus  and  does  not  extend 
below  the  internal  os;  though  in  rare  instances,  as  stated 
by  Franciue  and  von  Weiss,  isolated  decidual  cells  may 
be  found  beneath  the  epithelium  of  the  cervical  canal. 

It  is  customary  to  describe  the  decidua  as  consisting  of 
three  portions:  the  general  lining  of  the  cavity  of  the 
uterus — the  decidua  vera;  the  portion  immediatel}' be- 
neath the  ovum — decidua  serolina;  and  the  portion  sur- 
rounding the  ovum  and  shutting  it  oil  from  the  rest  of 
the  utei-ine  cavity — the  decidua  reflexa  (Figs.  15T7  and 
1.578).  The  terms  retlexa  and  serotina  date  *rom  the 
time  of  AVilliam  Hunter.  In  the  explanatory  text  to  his 
Atlas,  which  was  edited  by  his  Itrother  John  and  Mat- 
thew Baillie,  it  was  stated  that  the  decidua  icpreseuted 
a  fibrinous  exudate  from  the  lining  membrane  of  the 
uterus,  which  formed  a  complete  cast  of  its  cavity  and 
completely  covered  the  tubal  openings.  Accordingly, 
when  the  fertilized  ovum  reached  the  uterine  end  of  the 
tube,  it  found  its  passage  opposed  by  the  decidua  vera, 
which  it  was  o.bligcd  to  invaginate  before  it  in  order  to 
gain  access  to  the  uterine  cavity,  whence  the  term  "re- 
flexa." By  the  pushing  forward  of  this  structure,  the 
portion  of  uterus  behind  it  became  denuded  of  decidua, 
and  a  new  membrane  was  developed  at  that  point,  which 
was  designated  as  the  new  or  scrotinal  decidua,  to  which 
the  ovum  became  attached. 


This  conception  of  the  decidua  was  maintained  until 
1840,  when  "Weber  and  Sharkej-  demonstrated  that  it  con- 
tained glandular  structures,  which  they  identified  with 
uterine 'glands.  This  being  the  case,  it  became  necessary 
to  explain  the  formation  of  the  decidua  reflexa  inadilfer- 
ent  manner,  and  it  was  suggested  that  the  ovum,  upon 
reaching  the  uterus,  found  its  entire  cavitj'  lined  b}-  de- 
cidua v^'ia,  to  which  it  became  attached  at  a  point  some- 
where in  the  neighborhood  of  the  fundus.  Immetiiateiy 
afterward  the  vera  began  to  proliferate  and  form  a  «all 
around  the  ovum,  which  gradually  increased  in  heiglit 
until  it  completeU'  encapsulated  it.  Notwithstanding 
this  change  of  view,  the  terms  reflexa  and  serotina  were 
retained  until  1895,  when  His  suggested  that  they  be  re- 
placed by  the  terms  capsularis  and  basalts  respectively. 

We  are  indebted  to  the  work  of  Hegar  and  Maier, 
Fiiedlander,  and  Kundratand  Engeliuann,  for  our  earlier 
knowledge  concerning  the  microscopical  structure  of  the 
decidua  vera.  Fiiedlander,  in  1870,  pointed  out  that  it 
was  composed  of  two  layers:  a  compact  layer  adjoining 
the  uterine  cavity,  and  a  spongy  or  glandular  layer 
adjoining  the  muscular  wall  of  the  uterus,  the  latter 
making  up  the  greatest  thickness  of  the  membrane.  He 
showed  that  the  former  was  composed  of  large,  round, 


FIG.  1.579.— Decidua  Vera,  Fourth  Month.     X   16.     (From  Author's 
"Textbook  of  Obstetrics,"  Appleton  &  Co.,  New  York,  1901.) 

oval,  or  polygonal  cells,  with  large,  lightly  staining  vesic- 
ular nuclei — the  decidual  cells;  while  the  latter  was 
made  up  of  the  dilated  and  hyperplastic  uterine  glands 
(Fig.  1.579). 

The  decidua  vera  increases  markedly  in  thickness  dur- 
ing the  first  few  months  of  pregnancy,  and  by  the  end 
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of  the  fourth  month  has  attained  a  thickness  of  8  to  10 
mm.  After  this  iieriod,  owing  to  the  marked  increase  in 
the  size  of  the  uterus,  it  gradually  beeomes  thinner,  so 
that  at  the  end  of  presnaney  it  is  rarely  more  than  2 
mm.  thick.  Under  the  microscope  the  compact  layer  is 
seen  to  be  made  up  of  large,  ro\ind,  oval,  or  polygonal 
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Fic  l.VHI.— Sei'tiiin  throuffli  (Duipiut  I.avcT  of  Decidua.  X  420. 

AppletoD  &  Co.,  New  York.  ISKJI.) 

cells,  which  are  distinctly  epithelioid  in  appearance,  and 
po.ssess  round,  vesicular  nuclei  wldcli  stain  but  lightly 
with  the  ordinary  reagents  (  Fig.  l.'iSO).  AVhen  the  tissue 
has  been  spread  apart  by  lienionliage  or  <edema.  or  in 
teased  s()ecimens,  it  is  seen  that  many  of  the  cells  present 
a  stellate  appearance,  and  are  supplied  with  long  proto- 
plasmic processes  which 
anastomose  with  similar 
processes  from  neighbor- 
ins  cells.  In  the  early 
months  of  pregnancy  the 
compact  layer  is  traversed 
by  the  ducts  of  the  uterine 
glands,  which,  however, 
gnidnally  disjippear,  all 
trace  of  them  being  lost 
after  the  third  or  fourth 
month. 

The  spongy  layer  is 
formed  by  the  distended 
and  hyperplastic  glands 
of  the  endometrium, 
w  hich  are  separated  from 
one  another  by  a  minimal 
amount  of  stroma.  In 
a  good  many  instances 
the  glandular  hyperplasia 
is  so  marked  and  the 
glands  assume  such 
irregular  shapes  that  this 
layer  suggests  an  adeno 
ma  in  appearance.  And  on 
several  occasions  I  liavc 
seen  competent  micro- 
scopists  diagnose  adeno- 
carcinoma of  the  body  of 
the  uterus  from  the  nor- 
mal scrapings  obtained  by  curetting  the  pregnant  organ. 

In  the  early  months,  the  glands  of  the  spongy  layer  arc 
lined  by  a  single  layer  of  characteristic  cylindrical  epithe- 
lium. This  graduailj-  becomes  more  cuboidal  in  shape  and 
undergoes  fatty  degeneration,  and  is  cast  otT  in  great  part 
into  the  lumina  of  the  glands,  though  a  small  part  of  it 
Vol.  III.— 2.5 


remains  intact  throughout  pregnancy,  and  from  it  the  en- 
dometrium is  regenerated  after  labor.  In  many  instances 
the  formation  of  decidual  cells  is  almost  entirely  limited  to 
the  compact  layer,  while  the  stroma  lietween"the  dilated 
glands  closely  resendiles  that  of  the  non  pregnant  uterus. 
Klein  directed  attention  to  the  fact  that  the  epithelial 
cells  covering  the  surface 
of  the  decidua  graduall}' 
lose  their  cy  lindrical 
sliapeand  become  cuboid- 
al and  even  Hattened,  and 
siinietimes  resemble  endo- 
thelial cells.  He  eonsid- 
ereil  this  condition  quite 
as  characteristic  of  preg- 
nancy as  the  development 
of  the  decidual  cells 
themselves. 

Fig.  1580  represents  a 
section  through  the  com- 
jiact  layer  of  the  decidua 
Vera  at  the  fourth  month, 
anil  Fig,  1.5S1  a  section 
through  a  gland  and  its 
surrounding  stroma  from 
a  non-pregnant  uterus, 
drawn  under  the  same 
magnification;  and  on 
comparing  them  it  is 
readily  seen  that  the  de- 
cidua differs  from  the 
non -pregnant  endo- 
metrium by  a  marked  in- 
crease in  the  size  of  the 
stroma  cells,  and  a  marked 
decrease  in  the  size  of  the  epithelial  cells. 

As  a  result  of  the  work  of  Hegar,  Maier,  Leopold,  Minot, 
and  many  other  observers,  it  is  now  generally  admitted 
that  the  decidual  cells  are  derived  from  the  stroma  cells 
of  the  endometrium,  and  are  therefore  of  connecti  ve-tissiie 
origin.     The  change  consists  of  an  hypertrophy  of  the 
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pre-existing  cells,  rather  than  an  actual  increase  in  their 
number. 

The  connective-tissue  origin  of  the  cells  in  question 
was  still  further  conlirmed  by  finding  that  similar  cells 
are  formed  in  the  stioma  of  the  folds  of  the  ttibe  in 
tubal  pregnane}-,  and  in   the  subperitoneal  connective 
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tissue  iu  normal  pregnancy.  For  Scliraorl,  Kjnoshita, 
and  others  have  shown  in  women  dying  jnst  after  child- 
birth that  the  peritoneum  covering  the  posterior  surface 
of  the  uterus,  Douglas'  cul-de-sac,  and  the  anterior  sur- 


ahout  the  second  month,  when  it  -is  from  2  to  3  mm. 
thicli.  Sections  througli  it  at  tliis  lime  show  that  it  is 
made  up  of  typical  decidual  cells,  and  is  covered  on  its 
exterior  by  a  single  layer  of  flattened  or  cuboidal  epi- 
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Fig.  1583.— Decidua  and  Membranes  Outside  of  Placental  Site.    Am.ep.,  Amniotic  epithelium;  .4. C  amniotic   connective  tissue;    C.  C, 
chorionic  connective  tissue ;  C.  ep.,  chorionic  epithelium ;  Dec,  lused  decidua  vera  and  reflexa ;  V.,  degenerated  chorionic  villi. 


face  of  the  rectum,  is  frequently  studded  by  small  nod- 
ules, some  of  which  are  just  visible  to  the  naked  eye, 
while  others  are  1  or  3  mm.  in  diameter,  which  are  com- 
posed of  cells  which  do  not  differ  from  the  decidual  cells 
in  appearance,  and  are  undoubtedly  derived  from  the 
subperitoneal  connective  tissue. 

Before  their  true  nature  was  definitely  demcmstrated, 
vai'ious  theories  were  advanced  as  to  the  origin  of  the 
decidual  cells.  Hennig  and  Langhans  believed  that  tliey 
were  derived  from  leucoc\'tes:  Frommel  and  Overlaeh, 
from  the  uterine  epithelium,  and  Ercolani,  from  the  en- 
dothelium of  the  blood-vessels ;  but  at  present  these  views 
are  of  interest  only  from  an  historical  standpoint. 

Decidua  Eeflexn. — E.\cept  for  the  lirst  few  hours  after 
its  entry  into  the  uterus,  the  ovum  is  completely  shut  off 
from  the  rest  of  the  uterine  cavity  by  the  decidua  refle.xa, 
which  forms  a  distinct  capsule  around  it.  In  the  early 
months  of  pregnancy,  this  structure  does  not  completelj' 
fill  the  uterine  cavity  so  that  a  space  of  varying  sizee.vists 
between  the  vera  and  the  refle.xa.  But  after  the  fourth 
month  the  reflexa.  distended  by  the  growing  ovum,  comes 
in  contact  with  the  veia.  so  that  the  uti'rine  cavity  l)e- 
comes  completely  obliterated.  In  a  short  time  the  two 
structures  fuse  together,  after  which  the  refl,'.\u  grad- 
ually degenerates  and  disappears.  This  view  was  first 
advocated  by  Minot,  and  appears  to  be  well  founded,  for 
sections  through  the  wall  of  the  full-term  uterus  outside 
of  the  placental  site  show  that  the  entire  decidua  is  only 
from  3  to  3  mm.  thick,  and  in  it  no  trace  of  the  reflexa 
can  be  discovered  (Fig.  1.582). 

The  reflexa   usually  attains  its   greatest  thickne?,g  at 


theliura;  while  its  interior  is  in  contact  with  the  villi  of 
the  chorion  Iceve,  and  at  no  time  .shows  any  trace  of  epi- 
thelium. In  its  lowest  portion,  where  it  is  connected 
with  the  vera,  an  occasional  gland  may  be  found,  and 
when  their  ducts  are  present  they  are  seen  to  be  open 
only  upon  the  iwterior  of  the  membrane. 

Until  very  recently  it  was  liclirved  that  the  decidua 
reflexa  was  formed  in  the  mamicr  which  I  have  already 
iudicated.  But  Selenka  pointed  out  that  it  was  not 
so  developed  iu  monkeys  and  other  animals:  but  that  the 
ovum,  immediately  after  its  implantation  upon  the  vera, 
penetrated  the  surface  epithelium  and  sunk  down  into 
its  stroma,  and  that  therefore  the  reflexa  was  simply  the 
portion  of  vera  which  covered  the  ovum.  Peters,  iu  1899, 
described  what  he  considered  to  be  a  three-days'  human 
ovum  in  contact  with  the  uterine  wall,  and  clearly  showed 
that  it  had  burrowed  down  into  the  vera  in  the  manner 
demonstrated  by  Selenka,  and  therefore  concluded  that 
the  reflexa  represented  the  portion  of  decidua  vera  which 
covers  the  o\um,  and  was  not  due  to  the  proliferation 
of  the  vera,  as  was  previously  supposed  (Fig.  1.583).  I 
have  not  had  an  opportunity  to  examine  the  pregnant 
uterus  in  its  earliest  stages,  but  iu  several  very  early 
cases  of  tubal  jiregnancy  I  have  seen  conditions  which 
tend  to  confirm  Peters'  theory  as  to  the  mode  of  implan- 
tation of  the  ovum  and  the  development  of  the  decidua 
reflexa. 

Decidua  Serotinn. — The  decidua  serotina  is  the  portion 
of  the  decidua  which  lies  immediately  beneath  the  ovum 
and  is  in  contact  with  the  chorion  frondosum,  and  it  is  by 
the  union  of  the  two  structures  that  the  jilacenta  is  de- 
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veloped,  the  clioriou  froudosum  giving  liso  to  its  fortal, 
ami  tlie  dfcidua  scrotiua  to  its  matunial  portion. 

Geuerally  speaking,  tlie  dccidua  scrotina  presents  tlie 
siime  general  structure  as  tlie  vera.  e.\eept  that  it  never 
attains  the  same  thickness,  and  rarely  e.xceeds  3  mm.  As 
pointed  out  in  my  article  ujion  the  C/iofioii.  after  the 
lirst  few  days  of  pregnancy  il  does  not  consist  entirely  of 
decidual  cells,  but  is  invaded  by  large  numbers  of  cells 
derived  from  the  truiilmblastic  layer  of  the  ovum,  and 
accordingly  its  .superficial  portions  are  conqiosed  of  a 
nii.vtnreofdecidual  cells  and  f(etal  ectoderm.  On  casual 
examination  it  is  extremely  dillieult  to  distinguish  be- 
tween the  two  varieties  of  "cells,  but  after  more  careful 
studv,  particularly  when  groups  of  cells  are  examined, 
thiir  characteristic  ditTerences  can  readily  be  appreciated. 
Usuallv  a  laver  of  canalized  tibrin  occupies  a  part  of  the 
deciduii  sero'tina.  and,  as  a  rule,  forms  the  boundary  line 
between  f(etal  and  maternal  tissue:  the  tissue  internal  to 
it  being  composed  almost  entirely  of  fvttal  ectoderm, 
with  aslight  admixtureof  decidual  cells:  while  the  tissue 
external  to  it  is  made  up  almost  entirely  of  decidual  cells 
with  only  isolated  areas  of  ftetal  tissue. 

About"  the  midiile  of  pregnancy  numerous  giant  cells 
may  be  distinguished  in  thelleeper  layers  of  theserotina. 
Fri"edlander  aiid  Leojiold  believed  that  they  were  derived 
from  the  decidual  cells  and 
made    their   way  into    the 
venous  sinuses,  and  caused 
thrombosis.     But  more  re- 
cent  work   tends   to  show 
that   they  are   simply  por- 
tions of  syncytium   which 
have  wand(  red   down   into 
the    fleeper    layers   of    the 
deeidua    and   are  therefore 
of  foetal  origin. 

One  of  the  characteristic 
features  of  the  decidua  sero- 
tina  is  the  presence  of  large 
numbers  of  blood-vessels. 
The  arteries  pursue  a  spiral 
course,  and  gradiuilly  lose 
their  characteristic  walls  as 
they  approach  the  free  sur- 
face of  the  decidua.  where 
they  open  into  the  intervil- 
lous spaces.  The  veins  be- 
come markedly  dilated,  and 
form  large  venous  sinuses. 
and  careful  examination  of 
serial  sections  will  show- 
that  they  communicate  liy 
large  funnel  shaped  open- 
ings with  the  intervillous 
spaces. 

In  the  third  stage  of  labor 
the  placenta  and  fecial 
membranes  become  separat- 
ed friim  tlie  uterus  and  are 
cast  olT  as  the  afterbirth. 
Microscopical  examination 
shows  that  the  fietal  sur- 
face of  the  placenta  and 
the  membranes  is  covered 
by  a  thin  layer  of  decidual 
tis.sue,  which  corresponds 
to  its  compact  layer  and  the 
npjier  portion  of  the  spongy 
layer,  and  that  the  separa- 
tion takes  place  in  the  up- 
per portion  of  that  layer, 
all  above  it  being  cast  off 
with  the  afterbirth,  and  all 
below  it  being  retained  in 
the  uterus.  During  the  first 
few  days  of  the  puerperiura 
the  greater  portion  of  the 
spongy    layer,    which    has 


remained  in  utero,  is  cast  off  with  the  locliia.  and  only 
its  deepest  portion  remains  behind,  from  the  epithelium 
of  which  the  new  endometrium  is  regenerated. 

J.   Whilridgc  W'Hliiims. 
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glands;  t'ajw.,  decidua  rellexa ;  Ir.,  trophoblast ;  Bl.  i..  blood  spaces ;  iC.^.,  embryonic  area. 
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DECIDUA.  (PATHOLOGY.)— The  pathological  changes 
occurring  in  tljc  dcciilua  iliiriiig  the  course  of  preguaucy 
arc  Imt  little  kiiowu.  although  they  play  a  very  impor- 
tant part  ill  the  production  of  abortion  and  iu  various 
pathological  conditions  of  the  fa'tus.  The  niajority  of 
the  decidual  changes  which  have  been  described  as  path- 
ological have  been  in  reality  physiological  phenomena. 
It  must  be  borne  in  mind  that  the  decidua,  as  well  as  the 
chorion,  is  to  be  regarded  in  the  latter  mouths  of  preg- 
nancy as  a  senile  structure  which  presents  various  evi- 
dences of  physiological  degeneration.  Many  of  these, 
such  as  fatty  degeneration,  calcification,  thrombosis,  etc., 
have  been  mistaken  for  signs  of  disease,  and  the  literature 
of  decidual  pathology  is  largely  made  up  of  such  mis- 
conceptions. The  true  pathology  of  this  membrane  re- 
mains iov  the  greater  part  an  unexplored  lield. 

Physiiilfijjirdl  Chiiiif/es. — As  in  the  case  of  the  chorion, 
I  he  eariiest  changes  of  senility  occur  iu  the  vessels.  As 
earlj'  as  tlie  seventh  month  large  thrombi  are  formed  in 
the  sub  placental  sinuses.  These  grow  slowly  toward 
the  serotina  and  the  intervillous  spaces,  but  rarely  extend 
far  into  the  latter.  The  number  of  sinuses  thus  throm- 
bosed is  always  relatively  small  under  normal  conditions. 
Giant  cells  lire  usually  found  iu  the  veins  so  alTected,  ap- 
pearing as  early  as  the  fifth  month.  These  may  be  few 
in  number  or  may  completely  fill  the  liimeuof  the  vessel. 
FriedUinder  regarded  these  giant  cells  as  being  of  decidual 
origin  and  entering  the  siuuses  by  diapedesis.  After  en- 
trance into  the  vessels  he  believed  that  they  adhered  to 
the  endothelium  and  induced  t)ie  thrombosis.  Further, 
he  held  that  the  progressive  stagnation  of  the  blood  in 
the  maternal  sinuses  led  to  a  delicient  oxygenation  of  the 
fcetal  blood  which  became  the  exciting  cause  of  the  onset 
of  labor.  Other  writers  believe  that  the  giant  cells  arise 
either  from  the  syncytial  layer  of  the  chorion,  or  from 
the  endothelium  of  the  sinuses.  During  the  kit  ler  months 
of  pregnancy  tliere  is  ii  proliferation  of  the  intima  in 
many  of  the  sub-]ilac,'Utal  vessels  leading  to  the  gradual 
ol)literatiou  of  a  certain  number  of  the  siuuses.  even  be- 
fore the  beginning  of  labor.  Since  the  sub  placental  si- 
nuses are  as  much  temporary  structuresas  is  the  placenta 
itself,  they  are  unneces.sary  after  labor;  and  like  the 
jilaceuta,  they  begin  to  show  signs  of  their  disiipiieaiance 
and  decay  as  early  as  the  .seventh  month. 

Aside  from  the  thrombosis  occurring  in  some  of  its 
cavernous  spaces,  the  deeper  layer  of  the  serotina  does 
not  show  much  change  in  the  last  months.  Its  cells  are 
somewhat  smaller  than  iu  the  earlier  stages,  and  are  more 
closely  packed  togi'lher.  Scattered  areas  of  fatly  ilegen- 
eration  are  found  iu  them.  The  upper  compact  layer 
shows  more  change.  Its  nucl<-i  have  largely  disappeared, 
and  the  cell  outlinesare  indistinct.  With  ordinary  stains 
it  is  difficult  to  distinguish  the  boundary  line  between  the 
decidua  and  the  overlying  fibrin  deposit;  but  nith  Wei- 
gerl's  fibrin  staiu  the  necrotic  cellsof  the  uppermost  layer 
are  shown  to  be  surrounded  and  separated  from  each 
other  by  a  delicate  Hue  of  fibrin.  The  source  of  this  in- 
tercellular fibrin  is  not  yet  clear,  though  it  is  claimed  bj- 
many  to  be  a  product  of  the  cell  degeneration.  Simple 
necrosis,  liquefaction,  fatty  degeneration,  and  a  colloid- 
like change  may  all  be  found  in  the  ilecidual  cells  of 
the  upper  layer  and  iu  those  of  the  processes  extending 
into  the  chorion.  The  fatty  degeneration  of  the  decidua 
is  often  visiljle  to  the  eye  as  small  whitish  areas.  Lime 
suits  are  not  infrequently  deposited  in  such  degenerated 
cells.  Small  areas  of  leucocyte  infiltration  are  occasion- 
ally seen  scattered  throughout  the  lower  portion  of  the 
compact  layer.  They  are,  however,  much  less  numerous 
than  in  the  young  serotina.     The  degenerative  changes 


are  most  marked  in  the  superficial  layer  of  cells,  which 
may  be  almost  entirely  replaced  by  fibrin.  Beneath  this 
the  change  is  less  advanced,  and  well-preserved  decidual 
cells  may  be  seen.  It  is  apparent  from  the  careful  study 
of  these  changes  that  they  begin  in  the  most  superficial 
la.yers.  and  gradually  exteniling  deeper  involve  the  whole 
of  the  compact  layer.  Ou  the  serotinal  surface  there  lies 
usually  a  thick  layer  of  fibrin  derived  from  the  maternal 
blood.  The  superficial  cells  of  the  deciilual  processes 
extending  into  the  chorion  suffer  a  similar  necrosis,  and 
there  is  a  formation  of  fibrin  about  and  between  them. 
The  cells  iu  the  inner  portions  of  these  processes  undergo 
a  liijuefaction  necrosis,  resulting  in  the  formation  of  c\-s- 
toid  spaces  filled  with  a  finely  granular  material. 

It  is  evident  tliat  the  degeneration  of  the  compact  layer 
of  the  serotina  is  coincident  with  the  Ihronibosis  of  the 
sub  placental  sinuses,  and  that  the  two  processes  advance 
together,  increasing  toward  term.  In  the  last  stages  the 
placental  arteries,  as  well  as  the  venous  siuuses,  become 
obliterated  or  obstructed,  and  the  degeneration  of  the 
serotina  advances  most  rapidly  during  this  time.  There 
can  be  no  doubt  that  the  decidual  degeneration  is  brought 
about  by  these  vascular  changes  in  the  same  way  that 
chorionic  infarction  is  dependent  upon  the  changes  in  the 
chorionic  vessels.  It  is  to  be  noted,  however,  that  in  the 
chorion  the  small  arteries  are  first  affected,  while  iu  the 
ease  of  the  serotina  the  primary  and  chief  changes  arc 
iu  the  venous  siuuses.  The  non  fibrinous  infarct  of  the 
choi'iou  may  possibly  be  exidained  by  the  late  throm- 
bosis of  the  placental  arteries.  As  a  result  of  .such 
tliromliosis  a  jiortion  of  the  iutervillous  spaces  are  de- 
prived of  blood,  auil  the  neighboring  villi  are  crowded  to- 
gether to  such  a  degree  as  to  obliterate  the  intervillous 
sjiacesand  to  obstruct  the  circulation  in  the  vessels  of  the 
villi.  These  changes  lead  to  necrosis  of  the  affected  villi 
without  an  intervillous  formation  of  fibrin. 

Ciiriihiloi)!  Dixtiirhiincts. — The  condition  of  the  circu- 
lation in  the  sub-placental  vessels  and  serotina  is  largely 
dependent  u])on  the  general  state  of  the  maternal  circu- 
lation. In  ana-mias  and  various  forms  of  general  hyiier- 
;vinia  of  llje  mother  the  circulation  in  the  maternal  pla- 
centa will  show  a  similar  condition.  Local  aua.'mia  and 
congestion  of  the  placental  arteries  and  sinuses  may  be 
the  result  of  partial  obstruction  or  obliteration  of  certain 
of  the  vessels,  or  I  hey  may  be  secondary  to  pelvic  or  portal 
congestions.  ^  Hemorrhage  from  the  decidua  is  of  fre- 
ijuent  occurrence.  It  may  follow  the  death  <if  the  fietus 
and  the  subsequent  detachment  of  the  idacenta.  or  it  may 
be  the  exciting  cause  of  such  detachment.  It  is  iu  many 
instances  imiiossible  to  fix  the  true  relation  existing  be- 
tween hemorrhage  and  abortion.  Tiiecau.ses  of  decidual 
hemorrhage  are  manifold:  trauma,  external  violence,  me- 
chanical alteiniits  at  abortion,  maternal  congestions, 
thrombosis  of  |ilaceutal  siuuses,  rupture  of  the  blood 
spacesof  the  serotina.  excessive  heart  action,  syncope,  ma- 
ternal alliuniiiiuria,  syphililic  changes  in  the  decidua,  de- 
cidual hyperplasia,  endometritis  decidiialis,  etc.  Large 
hemorrhages  into  the  decidua  may  occur  during  labor. 
These  are  especially  dangerous  in  the  case  of  placenta 
pi'icvia.  In  the  early  months  of  pregnancy  the  hemorrhage 
is  most  frequently  due  to  rupture  of  the  thin-walled 
blood  vessels  surrounding  the  chorionic  villi.  The  large 
collections  of  blood  and  blood  clot  found  so  frequently  in 
the  iutervillous  spaces,  the  so-called  "  jilacental  ajio- 
plexy."  are  not  in  reality  a  hemorrhage  since  the  blood 
lies  iu  a  blood  space.  In  many  cases  the  condition  repre- 
sents only  an  extreme  congestion  of  a  portion  of  the  inter- 
villous spaces,  while  in  others  the  collection  of  blood 
may  be  due  to  a  true  hemorrhage  into  the  iutervillous 
spaces  arising  from  ruptured  vessels  in  the  serotina. 
Some  of  the  so  called  "red  infarcts"  are  apparently 
formed  in  a  similar  manner.  Occasionally  extravasations 
nia.v  burrow  down  between  the  layers  of  the  decidua  and 
escape  from  the  uterus.  The  effects  upon  the  ffptus  will 
depend  upon  the  amount  of  blood  extra vasated.  In  hirge 
hemorrhages  the  villi  may  be  compressed  and  the  ftetus 
asphyxiated,  or  the  placenta  may  be  partially  or  wholly 
stripped  from  the  uterine  wall,  and  the  fcetus  prematurely 
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expelled.  Smaller  hemonbages  may  lead  to  disturbances 
of  fu'tal  development  without  causing  its  death.  Such 
an  extravasation  may  become  <irganized,  partly  absorbed, 
or  encapsulated.  In  the  latter  case  the  liquefaction  of 
the  clot  gives  rise  to  a  cyst  which  contains  either  a  red, 
or  a  brown,  or  a  clear  lliiid. 

After  the  death  of  tlie  firtus  the  placenta  may  be  re- 


If  hemorrhages  occur 
of  the  blood  thick  de- 
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Fig.  1.')84.— Endometritis  Deuiduie. 


singly  or  coincidently, 
ovum  maj'  be  attached 


tiiined  for  a  long  jieriod  of  time, 
into  tlie  nienil)ranes  witli  clnttin, 
posits  <if  tilirin  may  be  formed  on 
and  between  the  layers,  leading 
to  the  production  of  a  tlesh-liUe 
mass  which  is  known  as  fihiin 
male  or  flcs/ii/  mule.  The  foinia 
tion  of  such  a  mole  may  begin 
before  the  death  of  tlie  fietus, 
and  may  be  the  e.Nciting  Ciiu.se  of 
abortion.  If  the  dead  fcetus  is 
not  exiielled  it  may  be  absorbed; 
afterthistlie  growth  of  the  fietal 
membranes  may  continue  witli 
or  without  successive  hemor- 
rhages. In  the  latter  case  ii 
solid  tlesli  like  cast  of  the  uter- 
ine Ciivity,  niiide  up  of  tibrin 
and  remains  (if  the  fietal  mem- 
branes, may  ultimately  be  ex- 
pelled. A  similiir  process  may 
take  place  in  the  case  of  retained 
placenta  after  delivery  at  full 
term,  but  it  is  of  most  fi'equeut 
occurrence  in  the  earliest  stages 
of  pregnancy. 

Ii'itr'/(/rii(li  C/miii/ix. — Atrophy 
of  thedecidua  has  been  described, 
but  is  of  rsire  occurrence.  Either 
the  decidvia  serotiua,  or  vera,  or 
reflexa  niiiy  show  this  change. 
As  a  result  of  such  atrophy  the 

to  the  utei'ine  wall  by  a  slender  pedicel,  wliieli  may 
become  so  stretched  that  the  ovum  comes  to  lie  in 
.great  part  within  the  cervical  canal.  In  other  cases  its 
membranes  may  rupture  and  its  coutents  be  discliarged 
from  the  uterus.  The  changes  taking  place  in  the  atro- 
phic membrane  are  similar  to  those  occurring  in  the  de- 
eidua  retle.xa  in  the  physiological  atroph.y  jof  this  portion 
of  the  decidua  in  the  latter  mouths  of  pi-egnancy.  The 
retrograde  changes,  such  as  fatty  degenei'atiou,  necrosis, 
calcification,  etc..  which  occur  as  physiological  changes 
in  the  last  months,  may  have  pathological  signiticance 
when  they  appear  at  an  earlier  pei'iod  or  are  more  ex- 
tensive than  usual.  They  are  usually  the  result  of  a 
premature  tbi-ombosis  of  the  subplacental  sinuses,  and 
iire  found  especially  in  connection  with  maternal  syphilis, 
nephritis,  and  other  cachexias.  Local  iuHanimatory 
changes  in  the  endometrium,  hyperplastic  conditions  of 
the  decidua.  etc.,  likewise  lead  to  a  premature  degenera- 
tion of  the  serotina.  These  changes  when  exten.sive  and 
when  they  occur  at  an  early  stage  of  pirgnancy  may  lead 
directly  to  death  of  the  ftetusand  abortion,  but,  as  a  rule, 
they  give  rise  to  hemorrhages  which  become  the  direct 
exciting  cause  of  abortion.  Pathological  fatty  degener- 
ation never  occurs  in  the  decidua  to  any  gieat  extent, 
though  slight  degiees  of  this  change  are  almost  constantly 
present  in  the  physiological  ilecay  of  this  membrane. 
Necrosis — both  the  simple  form  and  liquefiictiim  necrosis 
— is  the  most  common  retrograde  change  found  in  the  de- 
cidual membranes.  By  many  writers  the  death  of  the 
decidua  is  regarded  as  being  more  of  theuiitureof  a  coag- 
ulation necrosis  in  which  tibrin  is  formed  from  the  de- 
generating decidual  cells.  It  is.  however,  moi-e  pi-obable 
that  the  tibrin  is  derived  from  the  maternal  blood,  being 
formed  upon  and  between  the  cells,  so  that  the  necrosed 
cells  come  to  lie  in  a  network  of  tibrin  which  completely 
reidaces  the  intercellular  substance.  The  cells  them- 
selves do  not  slain  like  tibrin.  but  in  the  majority  of  cases 
have  a  hyaline  apiiearance  and  stain  in  a  manner  similar 
to  colloid  (so-called  hyaline  degeneration).     As  the  inter- 


cellular fibrin  contracts  the  cells  become  smaller  and  grad- 
ually disappear.  Premature  necrosis  of  the  siiperticial 
layer  of  the  serotina  occurs,  especially  in  syphilis  ae(|uircd 
during  the  early  months  of  pregnancy'iuid  in  albumi- 
nuria. Calciticiition  rarely  isextensive  enough  to  possess 
pathological  signiticance,  but  occurs  more  frequently  in 
syphilis,  albuniinuria.  etc.  I)e|iosilsof  liloiul  ]iigmeiil  may 
occasionally  be  found  as  the  remains  of  old  licmorrhages. 
Progirwire  Changes. — Hyperplasia  of  the  di cidua  not 
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^mail-cell  iiillllration  of  tlie  uppermost  layei"s  of  the 
i.After  Oebliardt.) 


infrequently  occurs  in  the  form  of  diffuse  or  circum- 
scribed thickenings.  The  latter  are  most  common,  and 
are  usually  associated  with  chronic  endometritis.  The 
general  tliickening  occurs  in  association  with  defective 
development  of  the  foetus.  Nodular  and  diffuse  fibrous 
thickenings  have  also  been  described.  The  physiologi- 
cal atrophy  and  blending  of  the  decidua  retlexa  with  the 
vera  may  not  take  place,  and  the  former  remains  as  a  dis- 
tinct and  thickened  membrane.  These  changes  are  con- 
sidered by  many  writers  to  be  of  intlammatory  origin. 
Hemorrhages  and  various  retrograde  changes  are  usually 
associated  with  the  different  foims  of  hyperplasia. 

Inftiimmation. — In  tlie  early  months  of  pregnancy  small 
areas  of  leucocyte  intiltration  are  ver}'  frequently  found 
in  the  lower  layer  of  the  serotina.  In  the  later  stages  of 
development  they  are  less  common.  Purulent  inflamma- 
tion of  the  decidua  during  the  course  of  pregnancy  is  not 
of  rare  occurrence.  It  may  be  the  result  of  gonorrluval 
infection  or  of  infection  with  pyogenic  organisms  follow- 
ing attempts  at  abortion  or  during  prolonged  labor.  In 
these  cases  pus  may  be  formed  in  the  serotina  and  vera 
;.s  well  as  in  the  chorion;  a  thin  layer  of  ]uis  covering 
the  entire  vera  is  sometimes  found.  The  small  cell  infil- 
tration is  found  usually  only  in  the  superficial  layer, 
while  at  a  greater  depth  only  isolated  collections  of  leu- 
cocytes are  seen.  Acute  inflammation  of  the  decidua  may 
occur  in  the  course  of  cholera  and  other  infections,  es- 
pecially in  the  exanthematous  diseases;  al.so.  following 
attemptsatabortion,  trauma,  etc.  In  cholera  thedecidua 
may  be  thickened,  of  a  dark  purple  color,  and  contain 
numerous  extravasations  of  blood  (endometritis  decidu- 
alis  luemorrhagiea).  It  is  pi'obable  that  the  same  con- 
dition may  Vie  found  in  other  acute  infections.  In  the 
exanthemata  premature  expulsion  of  the  fa-tus  not  infre- 
quently occurs  at  the  time  of  the  appearance  of  the  erup- 
tion, and  this  has  been  explained  by  Klotz  as  being  the 
result  of  an  exanthematous  inflammation  of  the  endome- 
trium and  decidua. 

The  chronic  forms  of  decidual  inflammation  are  more 
frequently  seen.  They  partake  more  of  the  nature  of 
hyperplasias  than  of  true  inflammatory  processes.     They 
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form  the  most  common  pathological  condition  of  the  pla- 
centa, and  are  the  most  frequent  cause  of  aljortiou.  In 
general,  they  are  characterized  b_v  an  overgrowth  of  the 
decidua  or  some  of  the  constituent  elements  of  the  endo- 
metrium. The  origin  is  almost  always  from  a  pre-e.\ist- 
ing  endometritis,  of  either  gouorrlia>al,  or  syphilitic,  or 
non-infective  nature.  In  some  cases  the  death  of  the  foetus 
ma}-  be  the  exciting  cause,  the  decidual  changes  being 
secondary-  to  this  event.  Five  forms  of  chronic  decidual 
endometritis  occur:  the  diffuse,  polypoid,  catarrhal,  ade- 
nomatous, and  cystic.  In  the  diffuse  form  there  is  an 
increase  in  all  of  the  elements  of  the  decidua  leading  to 
the  formation  of  a  membrane  many  limes  thicker  tlian 
the  normal  decidua.  in  the  case  of  rapid  hyperplasia 
deatli  of  the  embryo  may  occur  as  the  result  of  deficient 
n\itrition,  or  extensive  liemorrhages  into  the  hyperplastic 
decidua  may  take  place,  either  separating  the  membrane 
from  the  uterine  wall  or  lireaking  through  it  into  the 
foetal  membranes.  The  embryo  may  be  alisorbed  and  the 
decidua  and  remnants  of  fVetal  membranes,  together  with 
masses  of  fibrin,  may  be  expelled  later  as  a  fleshy  mole. 
If  the  hyperplasia  is  of  slow  development  pregnancy 
may  go  on  to  full  terjn,  and  a  living  child  be  delivered. 
Various  evidences  of  deficient  development  are,  however, 
very  common  in  these  cases.  The  hyperplastic  decidua 
shows  a  great  increase  in  the  number  of  decidual  cells, 
many  of  which  are  spindle-shaped,  resembling  connective 
tissue  more  closely  than  decidua.  Areas  of  fibrous  con- 
nective tissue  are  found  throughout  tlie  memliraue,  and 
newly  formed  unstriped  nuiscle  isdescribed  as  occurring. 
Either  the  cellular  or  the  conneclive-tissue  liyperplasia 
may  predominate.  If  the  latter  takes  place  to  a  very 
marked  degree  the  condition  may  be  termed  scirrhous 
inflammation  of  the  decidua.  The  effects  of  chronic  de- 
cidual endometritis  upon  both  motherand  foetus  are  very 
imiiortant.  The  hemorrhages  may  prove  fatal  to  the 
former  as  well  as  to  the  latter.  After  the  expulsion  of 
the  foetus  portions  of  the  hyperplastic  decidua  usually 
remain  attached  to  the  wall,  and.  Iliese  coiitiiuiing  to 
prow,  may  either  give  rise  to  furtlier  hemorrhages  or  to 
the  develoiinient  of  a  malignant  tumor,  or  through  de- 
composition produce  toxaemia,  or  lead  to  infection. 

In  the  polyi)(iid  form  there  is  in  place  of  the  diffuse 
thickening  a  localized  hyperplasia  in  the  form  of  scat- 
tered nodules  or  outgrf)Wths  (endometritis  decidualis 
polyposa  s.  tuberosa).  On  the  inner  surface  of  the  de- 
cidua there  are  villous-like  projections  2  to  .5  cm.  in 
length,  very  \'ascular,  and  liaving  a  smooth  surface. 
Between  these  >may  be  seen  the  openings  of  the  uterine 
glands,  many  of  which  ate  srreatly  dilated.     The  entire 


Fig.  1.58.5.— Subinvolutio  Deoiduie.  \n  island  of  decidual  cells  in  the 
midst  of  tissues  of  the  endometrium  which  liave  undei'gODe  com- 
plete invoIuIiOD.     (After  Gebhardt.J 

membrane  is  thickened,  and  there  is  an  apparent  new 
formation  of  blood-vessels.  On  microscopical  exam- 
ination the  outgrowths  are  found  to  consist  of  decidual 
cells,  many  of  which  are  larger  than  u.sual  and  possess 


very  large  nuclei.  Bands  of  connective  tissue  are  found 
throughout  the  membrane,  especially  about  the  glands 
and  blood-vessels.  This  foriu  occuis  only  in  the  early 
stages  of  pregnancy,  and  is  freijuently  associated  with  a 
myxomatous  degeneration  of  the  chorion.  Abortion  usu- 
ally occurs  before  the  fourth  month.  Sypliilis  was  for- 
merly supposed  to  be  the  cause  of  this  disease,  but  it  is 
found  in  cases  of  chronic  endometritis  in  which  no  syph- 
ilitic history  can  be  obtained.  The  gonococeus  has  been 
foimd  in  a  number  of  cases. 

A  catarrhal  endometritis  nia}'  either  prevent  concep- 
tion or  hinder  the  development  of  the  fertilized  ovum  in 
the  uterus  through  deficient  formation  of  the  decitlua. 
The  vera  and  reflexa  nia_y  fail  to  unite,  and  the  serotina 
may  be  ver.v  small  or  attached  to  the  ovum  in  the  form 
of  a  pedicel.  Tlie  catarrhal  secretion  of  the  uterine 
glands  in  the  shape  of  a  thin,  watery  mucus  may  collect 
between  the  vera  and  reflexa,  preventing  their  union 
(hydiorrhu'a  gravidarum).  This  fluid  may  be  expelled 
from  the  uterus  in  sudden  gushes,  or  it  may  dribble  away 
for  a  long  time  without  seriously  att'ecting  the  course  of 
pregnancy.  If  a  large  cpiantity  of  fluid  collects  uterine 
contractions  are  usually  .set  up  and  abortion  residts.  The 
condition  is  rare,  occurring  moi'e  frequently  in  multip- 
ara\  and  begins  usually  in  the  third  or  fourth  month. 

The  adenomatous  form  of  decidual  endometritis  takes 
its  origin  from  cases  of  chronic  glandular  endometritis. 
With  tlie  beginning  of  tiie  formation  of  the  decidua  there 
is  at  the  same  time  a  glandular  hyperplasia  which  may 
be  so  marked  as  to  a.ssume  the  character  of  an  adeiuuna. 
It  may  be  general  or  localized.  This  change  takes  place 
very  early,  and  leads  very  quickly  to  abortion.  The  en- 
dometrivnn  is  greatly  thickened;  on  microscopical  exam- 
ination the  surface  of  tlie  endometrium  is  seen  to  consist 
of  a  thin  layer  of  decidua  beneath  which  lie  the  hyper- 
plaslic  uterine  glands.  The  latter  are  greatly  enlarged 
and  increased  in  number  witli  but  liflle  intervening 
stroma,  so  tliat  the  appearance  of  an  adenoma  is  pre- 
sented. A  similar  condition  occurs  in  the  case  of  retained 
decidua  after  abortion  or  delivery,  very  frequently  iu 
cases  of  subinvolution.  If  there  is  an  excessive  secretion  in 
the  glands,  and  if  this  be  prevented  from  escaping,  cystic 
dilatation  of  the  gland  spaces  may  result  (endometritis 
decidualis  cystica).  In  these  cases  the  decidua  is  thick- 
ened from  an  increase  of  decidual  cells,  connective  tissue, 
and  fibroblastic  tissue.  Numerous  small  cysts  are  scat- 
tered through  it,  corresponding  to  the  dilated  glands. 
The  cystic  form  is  found  only  in  the  eaily  stages  of  preg- 
nancy, but  it  is  probable  that  it  pi'ecedes  the  diffuse 
hyperplastic  form,  tlie  glands  being  obliterated  as  the 
process  ailvances. 

The  prognosis  in  all  forms  of  chronic  decidual  endo- 
metritis is  very  unfavorable  for  the  f<etus,  and  not  wholly 
favorable  for  "the  mother.  The  disturbance  of  IVetal  nu- 
trition and  the  tendency  to  hemorrhage  render  the  chances 
of  escape  from  abortion  very  slight.  As  a  result  of  the 
firmer  attachment  of  the  decidua  to  the  ut<'rine  wall,  re- 
tention of  the  membrane  after  abortion  or  deliveiy  is  es- 
pecially likely  to  occur;  and  in  this  lies  the  source  of 
greatest  danger  to  the  mother  in  the  form  of  repeated 
hemorrhages  and  infection  following  the  necrosis  of  the 
retained  material.  Treatment  ihiring  pregnancy  is  of 
course  impossible.  Since  the  ca\iseof  these  chronic  forms 
lies  in  a  ]ire-existing  chronic  endometritis  their  ]ireven- 
tion  sliould  be  attempted  tlirough  the  cure  of  the  latter. 
The  gonococeus  is  proliably  the  most  important  etiologi- 
cal factor,  either  directly  or  by  paving  the  way  for  sec- 
ondary infections.  The  treatment  of  gonorrhoea  will  be, 
therefore,  the  chief  means  of  prevention  of  these  condi- 
tions. 

Endometriti.1  Decidualis.  Post-AboHum  s.  Pofd-Ptirtmn 
(Reteiitio  decidiuT,  Stibinwlutio  decidua). — After  normal 
termination  of  ]iregnancy  the  decidua  undergoes  an  in- 
volution into  the  normal  uterine  stroma.  This  involution 
under  normal  circumstances  progresses  uniformly  over 
the  entire  endometrium.  Under  certain  conditions,  the 
causes  of  which  are  as  yet  unknown,  portions  of  the  de- 
cidua fail  of  iuv(}luti(ui  and  retain  their  character  long 
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after  tlic  expulsion  of  the  fa^us  and  plaeenlu.  This  is 
of  iiuicli  more  frequent  ocenrrenee  after  al)orlii>n.  iu 
•\vliieli  case  portions  of  the  ehorion  are  usually  retained. 
Persistence  of  the  decidua  may.  however,  occur  without 
retention  of  the  fcetal  niemliranes,  tlioush  this  is  ques- 
tioned by  some  writers.  On  tlie  olhi'r  hand,  retention  of 
the  chorion  is  always  associated  with  iiersislence  of  tiie 
decidua.  Thoujj,li  the  name  retcntio  decidme  has  been 
applied  to  this  condition,  it  is  junperly  a  suliinvolution 
and  not  a  retention,  as  under  normal  circumstances  the 
entire  decidua  is  not  expelled  from  the  uterus  but  be- 
comes chanjred  back  into  uterine  stroma.  To  the  naked 
eye  the  endometrium  shows  but  little  chanire  in  some 
cases,  but  often  it  is  dilTusely  or  irregularly  thickened, 
and  may  jircsent  a  polypoid  appearance.  Under  the 
microscope  two  ditT<'rent  forms  may  bedisliniruished,  but 
these     are     freciuently  ^ 

combined.  In  the  tirst 
form,  groups  of  large 
decidual  cells  arc  found 
scattered  through  the 
stroma  of  the  endome- 
trium which  has  re- 
simied  its  normal  char- 
acter. The  cells  in  the 
central  portion  of  the 
groups  are  the  largest. 
and  best  preserve  their 
decidual  characteris- 
tics, while  those  at  the 
periphety  are  smaller 
and  pass  gradually  into 
the  .surrounding  stro- 
ma tissue  SI)  that  no 
definite  point  of  transi- 
tion can  be  made  out. 
The  groups  of  decid- 
ual cells  lie  for  the 
greater  part  in  the 
upper  layers  of  the 
endiimctritnn.  but  are 
covered  by  surface  epi- 
thelium from  which 
they  are  separated   b)' 

a  more  or  less  thick  layer  of  stroma.  This  form  of  reten- 
tion of  the  decidua  is  distinguished  frcmi  those  forms  of 
cln'onie  endometritis  iu  wliich  the  stnmia  cells  increase  in 
size  and  more  or  less  resemble  the  decidual  cells,  by  the  fact 
that  the  true  decidual  cells  He  in  gnnqis  and  are  not  dif- 
fusely scattered  throughout  the  entire  endometrium.  In 
the  second  form  the  decidual  cells  lie  in  the  lower  portion 
of  the  endometrium,  extending  even  into  the  muscle  and 
into  tlie  walls  of  the  blood-vessels.  This  form  is  easily 
distinguished  from  the  changes  of  chronic  endometritis 
by  the  relation  of  the  decidual  cells  to  the  large  blood- 
vessels, as  iu  chronic  endometritis  changes  of  this  kind 
do  not  take  place.  In  both  forms  of  retentio  decidus 
the  endometrium  shows  cither  a  glandular  or  an  interstitial 
inflammation.  In  mauv  cases  it  becomes  impossible  to 
decide  as  to  which  is  the  primary  process.  The  frequent 
and  severe  hemorrhages  which  form  the  chief  symi^toms 
of  retention  cannot  be  explained  bj'  the  microscopical 
findings.  In  the  early  sta.ges  of  retention  of  the  fcetal 
and  decidual  membranes  infection  with  saprophytic  or 
pyogenic  organismsis  likely  tooccur,  giving  risetoeither 
putrid  or  sejilie  inflammatdry  processes  (endometritis 
puerperalis  pulrida  s.  septica).  The  putrid  form  is 
caused  by  various  anaerobic  bacteria,  the  Proteus  vul- 
garis, colon  bacillus,  etc.;  the  septic  form  is  dependent 
cluefly  upon  the  streptococcus  and  staphylococcus.  The 
latter  condition  not  infrequently  assumes  the  character  of 
a  diphtheritic  inflammation. 

I'libeirido^is. — Tubercle  bacilli  have  been  demonstrated 
in  the  placental  sinuses  when  no  tuberculous  lesions  were 
present  in  the  jdacental  tissues.  In  the  case  of  decid- 
ual formation  in  a  tuberculous  endometrium  the  tuber- 
cles may  gradually  invade  the  decidua  and  later  the 
chorion.     In  acute  miliary  tuberculosis  of  the  mother 


miliary  tubercles  containing  numemus  -liant  cells  may 
appear  in  the  serotina  ami  later  extend  iiuci  the  decidual 
processes  between  the  villi,  idlimatcly  involvini;  the  lat- 
ter. As  regards  their  formation  and  develoimii'nt  de- 
cidual tubercles  arc  in  all  ways  similar  to  tuli(icl<-s  found 


w 
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Fig.  1.>S6.— lienign  Decirtuoina;  Section  of  Periptierv  of  Tumor,  a,  (Jiaiifls;  h,  blood  spaces;  c,  lympli  sinus; 
((,  arteriole ;  e,  capill  irie.s:  /,  junction  of  capillaries  and  blood  space;  i;,  island  of  decidual  tissue  iu 
blood  space.    (After  Klotz,  Arch.  f.  Gun.,  vol.  xxix.) 


elsewhere  in  the  bod_v.     The  lesion  is  probably  of  more  fre- 
quent occurrence  than  is  generally  supposed. 

Si/philis. — Almost  all  of  the  physiological  changes, 
such  as  fatty  degeneration,  calcification,  etc.,  have  been 
ascribed  to  syphilis.  The  changes  in  the  .sub-placental 
sinuses  have  likewise  been  considered  to  be  <lue  to  the 
same  cause.  There  is,  however,  no  definite  relation  be- 
tween the  occurrence  of  these  changes  and  syphilitic  in- 
fection. They  bear  the  same  relation  to  nephritis  and 
other  cachexias,  in  that  in  all  of  these  conditions  they  are 
more  extensive  than  they  slioidd  be  normally.  It  is  to  be 
noted  that  in  well-marked  cases  of  syphilitic  infection, 
both  of  motherand  of  child,  no  changes  may  be  found  in 
the  decidua.  Further,  the  sy])liilitic  nature  of  many  of 
the  su]ipo.sedly  specific  changes  iu  the  decidua  is  very 
doubtful.  A  diffuse  hyperplastic  endometi'itis  serolina 
has  been  described.  The  decidua  is  thickened,  cloudy, 
and  yellowish  iu  color,  and  its  consistence  is  greatly  in- 
creased. In  its  general  character  this  form  of  decidual 
hyperplasia  (endometritis  decidualis  syphilitica)  cannot 
be  distinguished  from  the  hyperplastic  form  of  decidual 
endometritis  occurring  without  syphilis.  It  is  ]vrobable 
that  the  relation  is  one  of  coincidence.  A  form  of  decid- 
ual hyperplasia  associateil  with  the  development  of  gum- 
mata  (endometritis  decidualis  g\immosa)  has  also  been 
described  by  a  few  observers.  Throughout  the  hyper- 
plastic deciilua  there  are  scattered  miliary  or  larger  nod- 
ules which  have  a  caseating  centre  with  a  periphery  of 
leucocyte  infiltration  or  connective  tissue.  The  larger 
nodules  are  for  the  greater  jiart  composed  of  firm  con- 
nective tissue  or  granulation  tissue,  in  thecenlreof  which 
there  is  a  finely  granidar  detritus.  It  is  jirobable  that 
fibrin  masses,  placental  infarcts,  necrotic  areas,  etc.,  have 
been  mistaken  for  gummata,  as  the  descriptions  given  in 
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some  of  llie  reported  cases  are  not  conclusive.  In  a  gen- 
eral way  the  changes  in  the  maternal  placenta  that  can 
be  ascribed  to  syphilis  are  of  the  same  nature  as  tliose 
occurring  iu  the  f(Ptal  jilacenta;  they  are  of  the  character 
of  senile  changes  occurring  either  prematurely  or  to  a 
much  greater  degree  than  normally.  Of  these  extensive 
thrombosis  of  the  subpUicental  sinuses  is  the  most  im- 
portant, as  it  gives  rise  to  the  retrograde  changes  in  the 
scrotina,  and  also  most  probably  plays  a  part  in  chorionic 
infarction. 

]^ew  Growths. — Hyperplastic  conditions  of  the  decidua 
are  found  iu  either  a  diffuse  ora  polyjioid  form,  before  or 
after  the  expulsion  of  the  fii'tus,  but  occurring  most  fre- 
quently in  subinvoluticm  of  the  decidua  after  abortion. 
They  are  also  of  frequent  occurrence  in  the  various 
forms  of  decidual  inflammation  either  of  specific  or  non- 
specific origin.  To  this  class  of  simple  decidual  hyper- 
plasia the  majority  of  the  so-called  decidual  polyps  or 
benign  deciduomata  belong.  It  is  doubtful  if  these 
should  be  regarded  as  neoplasms,  but  no  distinct  line 
of  separation  can  be  drawn  between  such  simple  hyper- 
plasias and  those  whose  overgrowth  is  so  extensive  as  to 
warrant  their  being  classed  as  tumors.  They  differ,  how- 
ever, from  the  true  decidual  neoplasms  in  that  they  are 
almost  alwaj'S  spontaneously  expelled,  or  undergo  invo- 
lution. If  operated  upon  they  do  not  recur,  provided 
the  removal  has  been  complete.  On  the  other  hand,  the 
true  neoplasms  arising  from  the  decidua  show  a  progres- 
sive growth,  and  do  not  lend  to  spontaneous  expulsion 


structure,  therefore,  resembles  that  of  the  serotina.  This 
growth  is  analogous  to  the  adenoma  in  its  general  man- 
ner of  growth.  It  is  benign,  in  that  it  does  not  produce 
mestastases,  but  may  recur  after  operation  if  not  thor- 
oughly removed.  It  does  not  undergo  spontaneous  in- 
volution or  expulsion,  but  shows  a  progressive  growth 
for  months  after  the  abortion  or  delivery  which  gave  it 
origin.  In  a  few  cases  a  much  longer  period,  from  one  to 
two  years,  has  been  observed.  The  growth  takes  its  origin 
from  the  islands  of  decidual  tissue  found  in  subinvolution 
of  the  decidua.  To  this  form  the  term  deciduoma  has 
been  usually  applied,  but  the  simple  intiammatory  hyper- 
plasias, subinvolutions,  etc.,  as  well  as  the  new  growths 
arising  from  the  chorionic  epitheliiun.  have  also  been 
called  by  this  name.  JIuch  confusion  has  therefore  arisen 
out  of  the  unsettled  state  of  the  terminology  of  the  neo- 
plasms arising  from  the  decidua  and  chorion.  In  the 
majority  of  the  latest  text-books  the  term  deciduoma  is 
used  as  a  synonym  for  s_vncytioma,  though  the  latter 
tumor  arises  from  the  syncj'tial  layer  of  tlie  chorion,  is 
epithelial  in  character,  and  has  nothing  in  common  with 
the  decidua,  which  is  of  mesoljjastic  origin.  To  clear  up 
this  confusion  it  has  been  suggested  by  Siinger  that  the 
term  deciduoma  be  dropped,  and  the  decidual  neoplasm 
be  known  by  the  term,  decidual  adeiwimi  or  adenoma  de- 
ciduale.  It  seems  to  the  writer  that  this  use  of  the  word 
ailenonia  is  also  of  danger  in  that  a  wrong  conception  of 
the  structure  of  the  decidual  growth  may  be  given,  since 
the  present  use  of  the  wortl  adenoma  is  restricted  almost 
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Fig.  1587.— Sarcoma  Uteri  Declduo-cellulaiB.    Uterus  opened  in  ttie  anterior  median  line,  showinsr  many  tumor  nodules  (1.  2,  3,  4).    T,  Tumor; 
Cc,  uterine  cavity  ;  Oi,  internal  os ;  C,  cervix  ;  U.vagina;  SO,  serosa  of  uterus.     (After  Sanger, -Ircfi./.  «y/i.,  vol.  xliv.) 


or  involution.  Two  forms  of  decidual  neoplasms  have 
been  so  definitely  described  that  their  position  in  oncol- 
ogy may  be  said  to  be  securely  fixed.  The  first  of  these 
is  composed  of  decidual  tissue  and  contains  nteiine 
glands  or  new  glandular  tissue  derived  from  tliese.     Its 


wholly  to  epithelial  tumors.  In  view  of  this  it  would 
seem  better  to  retain  the  use  of  the  word  deciduoma,  ap- 
plying it  only  to  this  growth  in  the  form  of  deciduoma 
behigniiiii.  Clinically,  this  growth  is  " 
severe    hemorrhages, 


^_  chai'acterized  by 

secondary   infections,    etc.      The 
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ticatnieiit  consists  of  thorough  and  deep  curetting.  This 
will  produce  a  cure,  if  malignant  changes  have  not  al- 
ready taken  place. 

The  second  form  of  decidual  neoplasm  hears  the  type 
of  a  sarcoma  and  contains  no  glands.  To  it  the  names 
of  deciduo-sjirconia  or   sarcoma   dcciduo-cellulare   have 

»,       f^H  ■    ''  V         ,-, Ai    •..    -jy 
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Fig.  1.5S8.— Section  of  Tumor  Nodule  from  I'terus  Pictured  in  Preced. 
ing  Figure  (Sarcoma  I'teri  l>eciduo-ix'llularp|.  a^  N'est  of  decitUia, 
like  cells  intlltrating  muscularis ;  h.  h,  smaller  nests ;  c,  intt-rimiscu 
lar  connective  tissue;  i(,  muscle;  c,  hemorrhage,  (.^fter  Sanger' 
Arch.f.  Gun.,  vol.  -xliv.) 

been  given.  These  terms  express  very  satisfactorily  the 
origin  and  character  of  the  growth.  This  possesses  the 
structure  of  a  sarcoma,  consisting  of  large  oval  or  spindle- 
shaped  cells  with  occasional  giant  cells,  and  having  a 
very  .scant)'  intercellular  substance.  The  cells  bear  a 
very  close  resemblance  to  decidual  cells,  ami  in  some  cases 
the  origin  of  these  cells  from  the  deciduacan  be  definitely 
made  out.  The  tumor  may  form  a  diffuse  growth  over 
the  endometrium  or  may  develop  scattered  nodular 
masses.  These  frequently  undergo  ulceration.  It  may 
extend  into  the  uterine  wall  by  expansion  or  infiltration. 
Jletastases  are  very  quickly  set  up ;  these  are  most  fre- 
quent in  the  vaginal  walls  and  kings.  It  is  one  of  the 
most  malignant  forms  of  sarcoma  on  account  of  its  rajud 
diffusion.  "  Retention  of  the  chorion  with  or  without 
pathological  changes  in  the  chorionic  villi  may  or  may 
not  take  place  in  association  with  this  growtii.  Clini- 
cally, this  tumor  is  characterized  by  its  development  fol- 
lowing delivery  or  abortion,  severe  hemorrhages,  second- 
ary infections,  rapidly  developing  cachexia,  evidences 
of  metastases  iu  lungs,  etc.,  and  very  rapid  course,  the 
majority  of  the  patients  dying  within  si.x  or  seven  months. 
The  disease  is  very  often  mistaken  for  cancer  or  puer- 
peral sepsis.  The  differential  diagnosis  must  depend 
entirely  upon  the  microscopical  examination  of  portions 
of  the  growth  removed  from  the  uterus.  Because  of  its 
very  rapid  growth  a  cure  can  be  effected  only  by  the 
earliest  possible  recognition  of  the  condition  and  the  re- 
moval of  the  uterus.  The  prevention  of  the  growth  may 
be  accomplished  liy  the  complete  removal  from  the  uterus 
of  all  portions  of  retained  placenta  after  delivery  or  abor- 
tion. This  is  of  especial  importance  in  the  case  of  hy- 
datid mole,  since  in  many  cases  the  decidual  sarcoma 
appears  to  follow  this  condition. 

Aldred  Scott  Wiirt/iin. 

DECIDUOMA.  See  C'ltorion.  (Path).;  Decidua.  (Path.); 
ami  .'<i/iiri/ti'iiii,i. 

DEEP  ROCK  SPRING.— Oswego  County,  New  York. 

Post  ( IKFII  !■;.  —  Oswego.      Hotel. 

Oswego  is  located  on  Lake  Ontario,  about  fifty  miles 
south  of  the  head  of  the  St.  Lawrence  River.  It  is 
reached  by  the  Delaware.  Lackawanna  and  Western. 
Rome,  Watertown  and  Ogdensburg,  and  the  New  York, 
Ontario  and  Western  railroads.     The  Deep  Rock  Spring 


was  opened  to  the  public  and  the  water  placed  on  the 

market  in  the  spring  of  1«7I,  Since  that  time  it  has  had 
an  extensive  sale,  competing  fairly  in  tlie  markets  wit-li 
the  most  popular  waters  of  lhc"time.  The  following 
analysis  was  made  by  Prof.  Silas  H.  Douglass,  of  the 
rniversity  of  .Michigan: 

<)NK  U.MTKD  STATKS  GALLO.S  C0.NTA1.VS: 

Solids.  Grains. 

Sodium  chloride :Kis.ls 

Poiassiuui  chloride 14>J.08 

Magnesium  chloride 10.™4 

Calcium  chloride 18.19 

Silica 71.70 

Sulphuric  acid Trace. 

Iron  protoxide Trace. 

Loss 1.78 

Total ,5.59.17 

Carbonic  acid  ga.s.  not  determined. 
Temperature  of  water,  .511°  F. 

The  water  is  strongly  saline  and  actively  diuretic  with- 
out cathartic  effects.  It  is  useful  in  rlieuniatism  and 
some  forms  of  kidney  and  bladder  troubles.  It  is  claimetl 
that  the  water  contains  a  greater  jiroportion  of  potassium 
chloride  than  does  any  other  known  spring.  A  valu- 
able sulphur  spring  has  been  discovered  in  a  ledge  of  rocks 
fifty-seven  feet  above  the  source  of  Deep  Rock,  and  it  is 
intended  to  utilize  this  for  both  drinking  and  bathing  pur- 
poses. The  city  of  Oswego  offers  unusual  attractions  as- 
a  place  of  residence  during  the  summer.  The  well-knowii 
Doolittle  House,  adjoining  the  springs,  has  accommoda- 
tions for  one  himdred  and  fiftj'  guests. 

James  K.  Crook. 

DEERS-TONGUE.     See  Comnarin. 

DEFECATION.— The  residue  of  food  digestion  and 
otlier  deliris  from  the  alimentary  canal,  after  acct;mulat- 
ing  iu  the  colon  and  sigmoid  flexure,  are  discharged  at 
more  or  less  regular  intervals. '  This  discharge  constitutes 
defecation.  The  rectum  is  onlinarily  a  closed  tube,  the 
descent  of  fa-cal  matter  into  itiieing  prevented  by  the  so- 
called  third  or  superior  spliincter.  Its  distention  by  fa'cal 
matter  produces  the  normal  stimulus  to  peristaltic  con- 
traction and  a  sensation  which  is  recognized  by  the  in- 
dividual as  a  call  for  evacuation.  If  the  call  be  not 
jn-omptly  responded  to,  the  rectal  contents  pass  back, 
probably  by  a  reversed  peristalsis,  into  the  sigmoid  flex- 
ure, and  the  desire  for  evacuation  temporarily  ceases. 
Ordinarily  the  call  is  repeated  at  short  intervals  and  with 
increasing  urgency  until  it  is  res])onded  to;  habitual 
neglect  of  it  begets  a  tolerance,  and  the  rectum  becomes 
also  a  reservoir  of  fttcal  matter,  and  its  evacuation 
as  a  result  becomes  difflcidt. 

From  this  it  is  evident  tliat  defecation  is  largely  under 
the  control  of  the  will,  but  it  is  not  wholly  so.  It  is,  in 
fact,  a  refle-X,  involuntary  act.  aided  or  prevented,  as  the 
case  may  be,  by  voluntary  impulses.  The  extrusion  of 
fa?cal  matter  is  accomplished  chiefly  through  the  peri- 
staltic movement  of  the  bowel,  both  longitudinal  and  cir- 
cular muscular  coats  taking  part  in  it.  The  contraction 
of  the  circular  filMcs  produces  the  peristaltic  wave,  while 
that  of  the  longitudinal  fibres  gives  support  to  the  rec- 
tum and  tendsto  diminish  its  length.  The  anal  orifice 
is  guarded  by  two  sphincters,  the  outer  one  a  voluntary 
muscle,  the  inner  involuntary,  being  formed  by  a  strong 
band  of  the  unstriated  circular  coat  of  the  bowel.  The 
external  sphincter  is  composed  of  striated  fibres:  but  it 
is  only  to  a  certain  extent  under  control  of  the  will,  for 
it  reUi.xes  when  the  impulse  to  evacuate  becomes  imper- 
ative. The  musculature  of  the  rectum  is  under  the  con- 
trol of  both  motor  and  inhibitory  nerve  fibres.  Some  of 
these  fibres  come  from  the  lumbar  plexus  and_  others 
from  the  sympathetic  ganglia  of  the  region,  Jhe  inferior 
mesenteric  and  the  hypogastric  plexuses.  The  physio- 
logical centre  in  the  lumbar  cord  is  known  as  Budge's 
centrum  anospinale.  There  exists  also  a  nervous  con- 
nection with  one  or  more  cerebral  centres.  Tliere  is,  un- 
doubtedly, an  inhibitory  centre,  supposed  to  lie  in  the 

393 


Degenerations  and 
Deposits. 


REFERENCE  HANDBOOK   OF  THE  .AlEDICAL   SCIEXCES. 


optic  tlialami.  whose  action  is  in  part  at  least  to  prevent 
the  reflex  closure  of  the  sphincter  under  the  stimulation 
of  the  sensory  nerves  of  the  rectum  by  the  tlesceut  of 
fiPces.  In  the  infant  defecation  is  probably  entirely  in- 
voluntary, lu  certain  diseases  of  the  brain  or  spinal  cord. 
in  sleep,  or  in  intoxication,  involuntary  evacuation  some- 
times occurs,  and  certain  psychic  states,  the  disturbance 
of  the  emotions  as  by  fright  or  fear,  are  capable  of  in- 
ducing it.  Such  accidents  are  attributable  either  to  the 
removal  of  some  cerebral  control  or  to  the  action  of  the 
inhibitory  centre. 

Defecation  begins  ordinarily  ■with  the  voluntary  inhibi- 
tion or  withdrawal  of  the  action  of  the  e.xternal  sphinc- 
ter. This  inhibition  is  of  limited  duration,  however.  It 
may  be  terminated  voUmtarily,  but  it  cannot  be  contin- 
ued indefinitely  by  the  action  "of  the  will;  a  rather  sharp 
contraction,  as  a  rule,  follows  the  passage  of  a  faecal  mass. 
Relaxation  of  the  sphincter  is  accompanied  by  a  contrac- 
tion of  the  abdominal  nmsclcs  and  a  variable  action  of 
the  diaphragm,  corresponding  to  the  amount  of  expulsive 
force  renuired.  The  sensation  produced  by  the  disten- 
tion of  the  rectum  is  peculiar  and  should  not  be  disagree- 
able, but  in  some  disea.sed  conditions  of  the  bowel  it 
becomes  exaggerated  into  a  painful  tenesmus.  If  the 
peristaltic  actron  has  been  strong  and  the  demand  for 
evacuation  imperative,  the  diaphragm  is  not  necessarily 
brought  into  requisition,  but  when  additional  force  is  re- 
quired, as  in  constipation,  the  diaphragm  is  depressed, 
causing  full  inspiration,  and  its  ascent  is  prevented  by  a 
closure  of  the  glottis.  In  this  way  and  by  the  subse- 
quent contraction  of  the  abdominal  muscles,  not  onl}-  is 
tlie  rectum  emptied,  but  the  passage  of  the  contents  of 
the  colon  and  sigmoid  flexure  into  the  rectum  is  a.ssisted. 
Defecation  is  assisted  ahso  by  the  levator  ani  muscles. 
wlio,se  contraction  tends  to  draw  the  sphincters  upward 
over  the  fa-cal  mass.  The  rectal  peristalsis  can  be  in- 
creased also  by  repeated  voluntary  contractions  of  this 
muscle  and  the  external  sphincter.  During  defecation 
the  mucous  membrane  of  the  anus  is  slightly  everted, 
especially  when  the  expulsive  force  is  strong.  After  the 
completion  of  defecation  the  sphincters  relax  to  some 
extent,  as  their  contraction  is  not  required  to  retain  the 
closure  of  the  anus  in  the  intervals  between  the  acts  of 
<lefecation. 

It  is  generally  admitted  that  defecation  shoidd  occur 
once  in  twenty-four  hours,  yet  it  may  occur  twice  or 
tinice  within  that  limit  of  time  or  only  once  in  two  or 
tlnee  days  with  apparently  normal  regularity.  Its  fre- 
quency is  largely  a  matter  of  habit  with  the  individual. 
In  cases  of  habitual  constipati<m  evacuations  may  occur 
as  .seldom  as  once  in  a  week,  but  in  inflammatory  diseases 
of  the  intestine  they  may  occur  at  intervals  of  only  a  few 
minutes.  The  frequency  and  character  of  defecation  are 
often  valuable  factors  in  diagnosis. 

Jame.1  .V.  FreiicJi. 

DEGENERATIONS  AND  DEPOSITS,  PATHOLOG- 
ICAL.— Among  the  most  important  retrograde  changes 
are  those  clas.sed  as  the  degenerations  and  the  deposits. 
While  the  term  tissue  degeneration  is  very  often  loosely 
applied  to  all  kinds  of  retrograde  changes,  it  is  also  used 
in  a  specific  sense  to  indicate  that  particular  class  of  ret- 
rograde change  which  is  characterized  by  the  formation 
of  new  substances  out  of  the  cell  protoplasm.  These 
substances  may  be  retained  within  the  cell  or  discharged 
from  it.  Any  pathological  increase  in  the  production  of 
sulistances  normally  manufactured  by  the  cell  would  he 
included  under  this  head.  To  avoid  the  confusion  aris- 
ing from  the  loose  use  of  the  term  degeneration,  it  might 
be  of  advantage  to  class  these  changes  as  the  true  de(jeii- 
<i-(itit>iis.  The  depositu  or  iufiltrutions.  on  the  other  hand, 
are  characterized  by  the  deposit  in  the  tissues  of  patho- 
logical substances  which  have  either  formed  within  the 
body  or  have  been  introduced  into  it  from  without.  The 
deposit  is  often  a  result  of  degeneration  either  at  the  point 
of  deposit  or  elsewhere  in  the  body,  or  it  alone  may  repre- 
sent the  chief  feature  of  the  pathological  change.  It  is 
very  difficult  sometimes  to  draw  a  distinct  line  between 


Amyloid.  3.  Hyalin.  4.  Cal- 
urates,  etc.  (i.  Cholestcrin, 
Glvcogen.      8.    Pigment.      9. 


degeneration  and  deposit,  since  identical  or  similar  sub- 
stances may  be  both  formed  within  the  cell  out  of  its 
own  protoplasm  or  be  brought  to  it,  and  deposited  either 
in  it  or  about  it.  Some  substances  such  as  fat,  melanin, 
glycogen,  etc.,  thus  pla_v  the  role  of  both  degeneration 
and  deposit;  while  others  such  as  mucin,  pseudomucin, 
amyloid,  etc.,  occur  in  but  one  form,  either  tliat  of  a  de- 
generation or  that  of  a  deposit  as  the  case  may  be.  !Mauy 
of  the  substances  which  are  regarded  as  deposits  are  usu- 
ally found  in  or  near  the  walls  of  the  smaller  blood-ves- 
sels, suggesting  the  posssibility  of  their  formation  through 
changes  in  the  secreting  cells  of  the  vessel  wall.  The 
new  substances  are  either  taken  out  of  the  blood  by  the 
endothelial  cells  or  are  formed  by  the  protoplasm  of  the 
latter,  and  passed  out  into  the  lymph  spaces  of  the  sur- 
ro\mding  tissue  after  the  manner  of  a  secretion.  Both 
amyloid  and  hyalin  ajjpear  to  be  formed  in  this  way. 

True  Degeser.\tions. — 1.  Cloudy  swelling.  2.  Hy- 
dropic degeneration.  3.  Fatty  degeneration.  4.  Col- 
loid degeneration.  5.  ilucin.  (i.  Pseudomucin.  7. 
Cholesterin.  8.  Epithelial  hyalin.  9.  Coruification. 
10.  Colloid-like  bodies.  11.  Pigments  formed  by  cell 
activity.     12.  Glycogen. 

Deposits.—!,  Pat.  2. 
cification.  5.  Uric  acid, 
cystin,  xanthin,  etc.  7. 
Extrinsic  substances. 

True  Degexer.\tions — Cloudy  Sirdliiif/  (Parenchy- 
matous, Granular,  or  Albuminous  Degeneration). — This 
is  the  most  common  form  of  the  true  degenerations  and 
is  characterized  by  the  splitting  up  of  the  cell  protoplasm 
into  fluid  and  albuminous  granules.  These  granules  are 
soluble  in  acetic  acid,  insoluble  in  alkalies  and  ether,  and 
arc  not  affected  by  osmic  acid.  Their  presence  gives  to 
the  cell  a  cloudy  granular  appearance;  it  is  swollen  and 
its  normal  form  and  structure  are  lost.  In  slight  degrees 
of  this  change  the  nuclei  sho^v  but  little  evidences  of  dis- 
organization, but  in  severe  cases  there  are  disintegration 
and  loss  of  staining  power  of  the  chromatin.  Recover}' 
from  the  moderate  degrees  of  this  degeneration  is  possi- 
ble, but  after  diffusion  of  the  nuclear  chromatin  the  cell 
undergoes  complete  destruction,  breaking  up  into  a 
finely  granular  debris.  Cloudy  swelling  occurs  in  the 
cells  of  the  parenchymatous  organs,  particularly  in  the 
liver  and  kidneys,  in  the  cour.se  of  the  acute  infectious 
diseases,  severe  intoxications,  etc.  It  is  the  chief  lesion 
in  the  kidneys  in  the  acute  degenerative  nephritis  oc- 
c\irring  in  .scarlatina,  septicaemia,  eclampsia,  variola, 
erysipelas,  diphtheria,  typhoid  fever,  etc.  ;  and  in  such 
intoxications  as  mercuric  chloride,  carbolic  acid,  phos- 
phorus, arsenic,  cantharides,  etc.  To  the  naked  eye 
the  affected  organs  appear  larger,  swollen,  less  shining 
than  normal,  and  of  a  grayish  color.  In  severe  cases  the 
organ  has  the  appearance  of  having  Ijeen  boiled,  and 
possesses  a  color  and  consistence  simiiarto  that  of  putty. 
Fatty  degeneration  is  often  associated  with  cloudy  swell- 
ing. 

Hydropic  Degeneration. — In  hydropic  degeneration 
there  is  a  partial  liquefaction  of  the  protoplasm,  leading 
to  the  formation  of  clear  vacuoles  within  the  cell.  The 
nucleus  may  be  similarly  affected,  being  indicated  by  the 
presence  of  a  large  clear  globule  consisting  of  the  nuclear 
membrane  distended  bj*  fluid.  This  degeneration  occurs 
most  frequently  as  a  precursor  to  liquefaction  necrosis, 
and  is  found  in  blisters  of  the  skin,  tumor  cells,  severe 
fedema,  inflammatory  processes,  etc.  It  is  distinguished 
from  oedema  in  that  the  staining  power  of  the  nucleus  is 
affected,  and  from  liquefaction  necrosis  in  that  in  the 
latter  the  nucleus  is  entirely  lost. 

Fatty  Degeneration. — This  form  of  degeneration  is 
characterized  by  the  formation  of  fat  out  of  the  albumin 
of  the  cell  body.  Cells  which  are  in  a  state  of  fatty 
degeneration  contain  small,  colorless,  highly  refracting 
droplets  which  are  soluble  in  alcohol  and  ether,  insoluble 
in  acetic  acid,  and  stain  black  with  osmic  acid.  These 
droplets  are  very  irregular  in  size  and  shape,  but  are 
usually  small  except  in  severe  cases,  in  which  they  may 
become  confluent,  forming  larger  drops.      The  parenchj'- 
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jnatous  organs,  liver,  kidneys,  etc..  are  chiefly  affected, 
but  tlieilegciieratioD  occurs  also  very  frequently  in  heart 
muscle,  voluntary  muscle,  connective-tissue  cells,  and 
leucocytes.  Fatty  deseneratlon  occurs  in  a  great  variety 
of  pathological  conditions:  acute  infectious  diseases  such 
as  diphtheria,  jnieumonia,  septicicmia.  etc. :  |ioisoning 
by  phos|ihorus.  arsenic,  chloroform,  camphor,  etc.  ;  acute 
aiKi'inia  resuUiug  from  severe  hemorrhage;  chronic  an;e 
miaaud  leukainia;  chronic  congest  ion  :  diminished  blood 
supply  caused  by  sclerosis,  thmmbosis,  etc. :  chronic 
pulmonary  tuberculosis,  nephritis,  chronic  alcoholism, 
etc.  The  degeneration  is  dependent  partly  upon  elianges 
in  the  nutrition  of  the  cell  and  partly  upon  a  lowered 
vitality  of  the  cell.  The  chief  factor  is  a  diminished 
sujiply  of  oxygen  to  the  cells,  which  ri-stdts  in  an  in- 
creased breaking  down  of  the  cell  albumin,  partly  into 
fat  and  partly  into  nitrogenous  products  which  are  c.\- 
oreted  by  way  of  the  urine.  In  the  infectious  diseases 
the  degeiieiation  must  be  attributed  primarily  to  the 
effects  of  the  poisons  produced  in  these  diseases,  or  to 
the  effects  of  fever.  Prolonged  high  tem|>eraturcs  lead 
to  extensive  fatty  degeneration,  especially  of  the  heart 
muscle.  Cells  out  of  their  normal  environment,  tumor 
cells,  pus  cells,  etc..  also  undergo  fatty  degeneration. 
C'louily  swelling  and  hydropic  degeneration  are  very  fre- 
quently associated  with  fatty  change. 

Colh'id  Defjeneratinn. — Colloid  is  a  more  or  less  tirm, 
hyaline,  icily -like  substance,  clear  or  slightly  colored, 
and  is  produced  by  the  cells  of  the  thyroid  follicles. 
Its  chemical  nature  is  unknown;  it  is  probably  an  al- 
buminous body  containing  iodothyiiu.  It  is  not  precipi- 
tated by  alcohol  or  acetic  acid.  AVhen  formed  in  cxces 
sive  amount  the  follicles  become  distended  and  the  gland 
enlarged  (colloid  degeneration  of  thyroid,  colloid  goitre 
or  bronchocele).  This  pathological  accumulation  may 
occur  both  in  the  normal  gland  and  in  tumors  arising  from 
it.  Substances  similar  to  thyroid  colloid  are  found  in 
various  conditions  of  the  kidneys,  prostate,  parotid,  etc. 
Since  their  chemical  nature  is  not  identical,  they  are 
classed  as  ciUoid-like  bodies. 

Mueiii,  Paeudomuciti. — The  pathological  formation  of  a 
stringy,  gelatinous  fluid  from  epithelial  cells  or  connec- 
tive tissiies  is  known  as  mucous  or  my.xomatous  degen- 
eration. This  change  has  a  physiological  protolyjie  in 
the  formal  ion  of  mucus  in  mucous  membranes  and  glands, 
and  in  the  umbilical  cord,  tendons,  bursse.  and  synovial 
membranes.  In  mucous  membranes  the  jiroduction  of 
mucus  takes  jilace  in  goblet  cells.  These  are  swollen 
epithelial  cells  whose  protoplasm  has  become  altered 
into  a  clear  substance  containing  small  granules  or  strings. 
In  mucous  degeneration  of  epithelium  the  number  of 
goblet  cells  Ijecomes  greatly  increased  (catarrhal  inflam- 
mation). Pus  cells,  the  epithelium  of  cystadenomata. 
and  carcinoma  cells  very  frequently  undergo  mucous 
change.  In  mesoblastic  structures  the  intercellular  sub- 
stance undergoes  a  mucous  change,  becoming  altered 
into  a  gelatinous  mass.  The  cells  of  the  tissue  may  also 
be  converted  into  mucus.  This  change  occurs  in  librous 
connective  tissue,  cartilage,  bone,  bone  luarrow,  and  fat, 
and  especially  in  the  ease  of  the  mature  connective-tissue 
tumors  and  the  sjircomata.  In  severe  cases  the  entire 
tissue  may  become  changed  into  a  clear,  translucent  mass. 
The  chemical  nature  of  mucus  \aries  .creatly  in  different 
cases,  and  at  present  but  little  is  known  of  its  real  com- 
position. Its  chief  constituents  are  known  as  mucin  and 
pseudonuicin.  and  several  varieties  of  these  are  described, 
so  that  it  is  ]irobal)le  that  they  do  not  represent  single 
chemical  substances.  .Mucin  is  precipitated  by  acetic 
acid  while  pseudomucin  is  not.  From  both  mucin  and 
pseiKlomucin  a  carbohydrate  may  be  formed,  from  whidi 
fact  one  is  .justified  in  classifying  them  as  giyco  |irotcids. 
Pseudomucin  is  found  especially  in  the  cystadenomata  of 
the  ovary  and  is  the  product  of  the  epithelial  cells  lining 
the  cysts.     It  is  found  also  in  mucous  carcinomata. 

Vhiileileriii. — This  occurs  as  a  pathological  degenera- 
tion in  tissues  and  exudates  which  are  in  process  of  fatty 
degeneration.  Its  source  is  not  clearly  understood,  but 
it  is  probably  an  intermediate  product  in  the  siilittiug 


tip  of  proteids.  It  occurs  in  the  form  of  thin,  rhombic 
plates  having  usually  a  notched  corner,  in  atheroniata. 
fatty  degeneration  of  sclerotic  vessels,  old  extravasations, 
and  piMiileiit  exudates. 

Ei>itlitli(d  Ili/iiliii. — Under  this  head  may  be  grouped 
all  of  the  sidistances  that  arise  from  the  degeneration  of 
e])ithelial  cells  anil  that  have  a  structure  like  that  of  the 
colloid  of  the  thyroid.  These  sniistanccs  are,  however, 
very  different  in  origin  and  chemical  nature  and  cannot 
be  re.garded  as  being  identical  in  kind.  It  is  therefore 
better  to  restrict  the  use  of  the  term  hyalin  to  those  de- 
generation products  of  epithelial  cells  wldc-li  reseml)le  the 
hyalinof  connective  tissue  in  that  theystain  wiih  fuchsin. 
Those  substances  which  resemble  colloid  may  then  be 
classed  as  the  colloid-like  bodies.  As  epithelial  hyalin 
may  be  considered  the  hyaline  .granules  and  globules 
foiuul  especiall.y  in  cancer  cells.  These  have  been  held  to 
be  jiarasites,  but  they  are  formed  as  the  result  of  degen- 
erative changes  in  the  cancer  cell. 

Colhnd-like  Bodies. — Those  jiathological  substances 
found  in  various  portions  of  the  body  which  bear  a 
close  resemblance  to  the  colloiil  of  the  thyioid.  and  which 
like  it  are  the  ]iroducts  of  c'pithclial  cells,  mav  be  classed 
as  colloid-like  bodies.  The  chemical  conqiosition  of  these 
bodies  cannot  be  identic-al ;  their  grou|iing  together  into 
one  class  is  based  upon  general  resemblances  only.  They 
represent  transformed  (iroducts  of  epitheliiun.  and  in 
commcm  are  hyaline,  gelatinous  substances  whidi  do  not 
stain  like  mucin.  Such  bodies  occur  pathologically  in 
the  kidney  tubules  (casts),  ovaiian  and  parovarian  cysts, 
retention  cysts  in  mamm.iry  ghinds,  parotid,  skin  .elands, 
pancreas,  kidneys,  endometriimi.  etc.  Similar  substances 
are  found  also  in  the  prostate,  hypophysis,  central  ner- 
vous system,  lungs,  etc.  They  occur  partly  in  the  shape 
of  homogeneous  hyaline  bodies  and  partly  in  the  foriu  of 
laminated  concretions.  Some  of  the  latter  give  a  reac- 
tion resembling  that  of  amyloid  (corpora  amj'lacea). 
Since  in  the  majority  of  cases  these  bodies  are  found  in 
gland  spaces,  they  must  be  regarded  as  a  modified  epi- 
tlielial  product  which  is  formed  tmder  conditions  very 
dilTerent  from  those  attending  the  de|)osit  of  amyloid, 
and  though  occasionallv  giving  a  similar  reaction  cannot 
be  considered  as  being  identical.  The  colloid  like  bodies 
found  in  the  nervous  system  are  derived  either  from  de- 
generating neuroglia  cells  or  from  fragments  of  axis 
cjlinders. 

Cornifieation. — Pathological  cornification  occurs  in  a 
great  variety  of  conditions.  Hyperplasia  of  the  horny 
layer  of  the  entire  skin  mav  occur  (ichthyosis,  lichen 
pilaris,  etc.).  or  local  thickening  may  take  place  (ichthy- 
otic  warts,  callosities,  corns,  etc.).  Tliese  changes  may 
be  included  under  the  general  term  of  hyperkeratosis. 
Pathological  cornification  also  occurs  in  regions  of  the 
body  wiiere  normally  it  does  not  take  place  at  all  or  but 
to  a  very  slight  degree.  The  ducts  of  the  skin  glands 
may  be  so  affected;  cornitication  may  also  occur  in  the 
mucous  membrane  of  the  luoiuli.  middle  ear,  vagina, 
urinary  passages,  in  the  mastoid  cells,  etc.  Further, 
keratoliyalin  is  formed  in  tumors  of  the  skin,  meninges, 
brain,  etc.  In  all  of  these  conditions  the  process  is  a  true 
cell  degeneration,  the  keratin  being  formed  by  the  cells 
at  the  "expense  of  their  nuclei.  As  the  keratohyaliue 
granides  are  formed  and  escape  from  the  cells  there  is  at 
the  same  time  a  shrinking  of  the  nuclei,  leading  ulti- 
mately to  their  disappearance. 

Cell  Aetiriti/. — The  pigments  which  are  formed  by  cell 
activity — melanin,  ha;mofusein,  and  li|iochrome — may  all 
be  iiroiUiced  in  excessive  amounts  under  certain  patho- 
logical conditions.  This  increase  of  pigment  manufac- 
tme  is  analogous  to  the  increased  production  of  mucus, 
colloid,  etc.  ;"and  for  this  reason  it  may  be  classed  with 
the  true  degenerations.  An  excessive  formation  of  mel- 
anin occurs  in  local  melanosis  of  the  skin  (pigmented 
moles,  sun-bum.  etc.);  in  general  melanosis,  in  Addison's 
disease,  and  in  severe  cachexias.  Melanin  degeneration 
occurs  also  in  the  cells  of  melanotic  sarcomata.  In  these, 
death  of  the  cell  usually  follows  the  formation  of  the 
pigment.     Hamofuscin  is  produced  in  excessive  amount 
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in  the  atrophy  of  lieart  and  uustripeil  muscle.  Lipo- 
chrome  is  formed  to  such  an  extent  in  certain  forms  of 
sarcoma  as  to  jrive  tliem  a  green  color  (diloroma). 

Glycvf/cri. — Glycogen  is  formed  in  excess  in  certain  cells 
and  tissues  iu  a  number  of  pathological  conditions — in 
pus  cells,  in  the  leucocytes  iu  certain  cachexias,  and  in 
tumor  cells  of  various  kinds.  It  is  not  clear  whether  in 
these  cases  the  glycogen  is  derived  as  such  wholly  from 
the  blood  or  is  manufactured  by  the  cell  from  carbo- 
hydrates or  albimiin. 

Deposits. — Fdt. — A  pathological  deposit  of  fat  may 
take  place  in  tissues  where  fat  is  found  normally  or  in 
those  in  which  it  is  not  a  normal  constituent.  In  exces- 
sive accumulation  of  fat  the  subcutaneous  and  subserous 
adipose  tissue,  bone  marrow,  and  liver  are  tiret  affected ; 
later,  the  intermuscular  connective  tissue  of  the  heart  and 
voluntary  muscles,  endocardium,  etc..  may  become  the 
seat  of  deposit.  The  fat  is  deposited  iu  the  shape  of 
small  droplets  which  become  continent  into  larger  drops, 
so  that  ultimately  the  entire  cell  body  may  be  replaced 
by  it  and  converted  into  a  glolnilar  mass  of  fat.  Fatty 
intiltration  occurs  in  general  obesit}',  congenital  and  ac- 
quired; in  chronic  ana;mia  and  cachexia;  iu  chronic  alco- 
holism, etc.  The  causes  of  pathological  accumidations 
of  fat  are:  excess  of  nutritive  material  takeu  into  the 
body,  inability  on  the  part  of  the  body  to  break  down 
the  fat  received  into  it  or  already  stored  there,  deficient 
oxygenation  of  the  blood  and  tissues,  chemical  substances 
reducing  the  metabolic  activity  of  the  cells,  etc. 

Amyloid. — The  terms  amyloid  and  lardaccous  degenera- 
tion have  been  applied  to  the  deposit  of  a  hyaline,  homo- 
geneous, wax-like  substance  in  the  walls  of  the  smaller 
Mood-vessels.  It  may  occur  in  almost  every  part  of  the 
body,  but  is  most  commonly  found  in  the  spleen,  kidneys, 
and  liver;  less  frequently  in  the  intestine,  stomach, 
lymph  glands,  pancreas,  adrenals;  and  rarely  in  the 
muscles,  ovaries,  uterus,  respiratory  tract,  etc.  As  a  re- 
sult of  an  extensive  deposit  of  amyloid  the. affected  or- 
gans become  eidarged,  translucent,  waxy  and  more  re- 
sistant. The  amyloid  substance  gives  a  reaction  with 
iodine  somewhat  resembiing  that  of  starch,  and  for  this 
reason  it  was  once  regarded  as  a  body  closely  related  to 
cellulose  or  starch;  hence  its  name  aiuyloid.  Later,  its 
nitrogenous  nature  was  discovered,  and  it  is  sujiposed  to 
be  a  coagulat<'d  albuminous  body  intermediate  between 
the  proteids  on  the  one  hand  and  fat  and  cholesterin  on  the 
other.  It  is  very  resistant  to  the  action  of  chemicals  and 
the  a.sents  of  putrefaction.  With  certain  of  the  aniline 
dyes  amyloid  exhibits  a  metachromatic  reaction.  Amy- 
loid is  never  deposited  in  living  cells,  but  is  foinid  in  the 
interstices  of  the  connective  tissue  in  or  near  the  walls 
of  the  smaller  blood-vessels.  In  the  early  stages  of  the 
deposit  it  lies  always  just  outside  of  the  endothelium. 
It  is  therefore  probable  that  it  is  formed  by  the  secreting 
cells  of  the  vessel  walls  and  depo.sited  in  the  lymph 
spaces  in  and  near  the  vessels.  But  little  is  known  con- 
cerning its  significance  and  etiology.  It  occurs  most 
frequently  in  the  vaiious  cachexias,  esiiecially  in  pul- 
luonary  tuberculosis,  chronic  suppuration,  syphilis, 
chronic  dysentery,  levika-mia.  etc. 

IlynUii. — Closely  related  to  amyloid  in  its  general  ap- 
pearances and  mode  of  formation  is  the  homogeneous  de- 
posit fotmd  in  the  walls  of  blood-vessels  and  in  the  inter- 
stices of  connective  tissue  which  is  known  as  hyalin. 
It  dilfers  from  amyloid  chiefiy  in  that  it  does  not  give  the 
characteristic  reactions  of  the  latter.  That  there  exists 
a  very  close  relationship  between  the  two  substances  is 
shown  by  the  fact  that  amyloid  organs  often  contain 
hyaline  areas  which  do  not  give  the  amyloid  reactions, 
and  that  pieces  of  amyloid  when  introduced  into  the 
peritoneal  cavity  of  animals  lose  their  characteristic  reac- 
tions. In  further  contradistinction  hyalin  stains  a  deep 
red  with  Van  Gieson's  method,  while  amyloid  stains  a 
pinkish  yellow  or  brown.  Hj'aline  deposit  is  found 
chiefly  in  the  walls  of  blood-vessels  (sclerosis),  endocar- 
dium, connective  tissue  of  the  thyroid,  lymph  glands, 
ovaries,  chronic  inflammations  of  the  kidneys,  and  in  the 
connective  tissue  of  many  forms  of  tumois.     In  the  con- 


nective tissue  of  certain  organs,  especially  in  that  of  the 
conjimctiva.  hyalin  appears  to  be  more  of  the  nature  of 
a  degeneration  than  of  a  deposit.  The  connective-tissue 
cells  may  undergo  a  change  into  a  hyaline  substance  con- 
taining no  nuclei,  or  the  hyaline  formation  may  owe  its 
origin  to  a  secretory  activity  on  the  part  of  the  connective- 
tissue  cells.  Conjunctival  hyalin  appears  to  be  formed  in 
this  way.  Iu  other  cases  hyalin  partakes  both  of  the  na- 
ture of  a  degeneration  and  of  that  of  a  deposit,  the  connec- 
tive-tissue spaces  being  first  filled  with  a  clear,  homoge- 
neous substance  into  which  the  cells  are  gradually  fused, 
the  whole  ultimately  becoming  converted  into  hyalin. 
The  small  hyaline  granules  (fuchsinophile  bodies)  found 
in  connective  tissue  are  also  included  by  some  writers 
under  the  head  of  hyalin.  They  are  partly  the  restdts  of 
cell  degeneration  and  jiartly  derived  from  intlammatory 
i  exudates.  The  deposit  of  hyalin  occurs  under  conditions 
similartotho.se  in  which  amyloid  develops;  it  is  found 
in  old  age.  syphilis,  vaiious  cachexias,  chronic  iullam 
mations,  etc. 

Cdleificatinn. — The  deposit  of  lime  salts  in  the  boily 
tissues  is  of  very  f  re(iuenf  occurrence.  Such  deposits  may 
consist  either  of  granular  and  amorphous  masses  or  of 
crystals.  They  iua_\  occur  in  the  tissues  which  form  a 
normal  part  of  the  structure  of  the  body,  or  an  incrusta- 
tion may  be  dejiosited  around  tissues  which  have  been 
separated  from  their  normal  snrrotmdings;  or  foreign 
substances  wjiich  have  entered  the  body  luay  become 
the  centre  of  deposit.  In  the  first  case  the  process  is 
spoken  of  as  calcification  of  tissue;  in  the  latter  as  the 
formation  of  concretions  and  calculi.  Calcification  never 
takes  place  in  jierfectly  normal  tissue.  It  is  usually  pre- 
ceded by  some  degenerative  change;  cloudy  swelling, 
fatty  degeneration,  hyaline  change,  necrosis,  etc.  Dying 
tissiu'  which  has  imdergone  more  or  less  change  apjiears 
to  possess  a  certain  attraction  for  the  lime  sidts  held  in 
solution  within  the  body  and  to  cause  their  precipilation. 
Connective  tissue  which  has  undergone  hyaline  change 
is  especially  likelv  to  become  calcified.  Calcification 
occurs  also  in  areas  of  caseation  in  any  iiart  of  the  Ixidy. 
in  tissues  showing  fatty  <legeneration  or  heginniiig 
necrosis,  as  in  the  renal  eiiithelium  in  cases  of  poLsoning 
by  mercuric  chloride,  aloin.  and  bismuth.  In  old  age 
extensive  calcification  luay  occur  in  tissues  which  show 
but  little  change.  This  takes  place  to  the  greatest  extent 
in  cases  showing  marked  osteoporosis.  The  lime  salts 
removed  from  the  bones  are  deposited  iu  the  capillary 
walls  in  the  lung,  kidneys,  and  mucosa  of  the  stomach,  as 
well  as  in  the  intima  of  the  smaller  cerebral  vessels.  Cou- 
eretionsof  lime  saltsare  luet  with  in  the  meninges,  caseat- 
ing  areas,  ps;uiuuoma1a,  nodular  growths  in  coimeelive 
tissues,  organizing  thrmnlii,  etc.  Calculi  coni|)osed 
partly  or  wIkpIIv  of  lime  salts  may  be  found  under  vary- 
ing conditions  in  all  of  the  ducts  and  cavities  of  the  body 
(salivary,  bronchial,  urinary,  biliary,  prostatic,  etc.,  cai- 
culi).  All  of  these  possessau  organic  liasis  arotmd  which 
the  deposit  has  taken  place.  The  calcium  salts  found  in 
the  body  are  either  the  phosphates,  the  carbonate,  or  the 
oxalate.  Magnesium  .s;\lts  are  not  infrequentl\'  found  in 
combination  with  these.  Other  substances  such  as  tiric 
aiid.  bile  jdgment.  <tc. .  are  al.so  foimd  mixed  with  lime 
salts  in  variiius  forms  of  calculi. 

Uric  Acid.  Cintct. — A  deposit  of  uric-acid  salts  takes 
place  in  gout,  chiefiy  in  the  form  of  sodium  urate,  with 
which  small  quantities  of  calcimu  phosphate  and  car- 
bonate are  coiubined.  These  deposits  occur  in  the  kid- 
neys, skin,  subcutaneous  tissues,  tendon  sheaths,  tendons, 
ligaments,  synovial  membranes,  and  articular  cartilages. 
The  great  toe  is  a  favorite  seat  of  deposit.  In  marked 
cases  every  organ  in  the  body  may  be  affected.  Fine 
acicular  crystals  of  sodium  urate  are  found  in  the  tissues, 
which  .show  at  the  seat  of  deposit  a  more  or  less  advanced 
necrosis.  The  larger  deposits  about  the  joints  are  called 
tophi.  Uric  acid  and  urates  are  found  in  the  kidney 
tubtdes  in  the  condition  known  as  uric-aciil  infarct,  which 
is  of  rather  frecpient  occurrence  in  the  new  born.  Calculi 
of  the  same  substauces  are  found  frequently  in  thettdudes 
and  pelvis  of  the  kidney,  the  ureters,  and  in  the  bladder. 


396 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


De«:<'iieratl4>nN  and 
Dccliilllloii.    [DcpohllH, 


Pure  uric-acid  calculi  are  small,  bard,  and  reddish  in  color. 
Calculi  of  urates  are   usually  partly  composed  of  lime 

SilltS. 

C/iolesterin.  Cystiii.  etc. — Cliolesterin  is  found  as  a  de- 
posit in  gall  stones.  These  may  consist  of  jiure  choles- 
Icrin  or  be  combined  with  bile  pigment,  lime  salts,  etc. 
Cystin  calculi  are  found  in  rare  conditions  when  cystin  is 
excreted  by  tlie  kidneys  as  the  result  of  peculiar  meta- 
morphoses of  alliumiu  iiroduced  in  ilie  iiilcsline  through 
the  action  of  bacteria.  Cyslin  calculi  are  yellowish,  soft. 
andwa.xy.  Calculi compo.sed of  .\antliiuare  found  rarely 
in  the  bladder.  They  are  red  in  color,  and  of  a  soft, 
friable  consistence. 

Oli/i'i'f/en. — In  diabetes  excessive  amounts  of  glycogen 
are  conveyed  by  the  blood  to  certain  organs  where  it  is 
deposited  in  the  |)areiichymatous  cells.  This  lakes  place 
to  the  most  marked  extent  in  the  kidneys  where  the 
glycogen  isdeposited  in  tlif  epithelium  of  llenle's  loops, 
especially  in  the  isthmus  of  these  where  the  cells  are  al- 
most entirely  tilled  with  it.  It  appears  in  the  cells  in  the 
form  of  hyaline  droplets  which  are  usually  collected  near 
the  nuclei.  After  the  glycogen  lias  been  dissolved  out 
by  water  clear  vacuoles  are  left  in  the  cell. 

Pigment. — Jlelanin  may  occur  as  a  deposit  in  various 
organs,  especially  in  the  spleen,  lyniiih  glands,  and 
kidney,  in  the  case  of  necrosing  melanotic  Siircomata  in 
which  the  pigriient  is  either  set  fri-e  in  the  blood  or  lymph 
or  carried  there  by  leucocytes.  It  may  also  aj^liear  in  the 
urine,  and  casts  of  melanin  may  be  found  in  the  renal 
tulndes.  In  icterus  the  bile  pigment  may  be  deposited 
in  all  of  the  tissues  and  organs  of  the  liody ,  giving  to  them 
a  yellow  or  greenish  color.  Ila-matogcnous  pigments, 
liiiematoidin  and  lurmosiderin,  are  found  in  the  tissues  as 
remains  of  hemorrhages.  The  pitrmcnt  granules  may  be 
taken  up  by  leucocytes  and  carried  to  the  spleen,  lymph 
glands,  bone  marrow,  etc. .  being  deposited  in  I  hese  organs 
in  the  shape  of  yellow  or  brown  granules  which  may  be 
so  numerous  as  to  impart  a  distinct  color  to  the  part.  In 
many  of  the  acute  infectious  diseases,  malaria,  ]Krnicious 
ana'mia,  leukaemia,  various  forms  of  poisoning,  etc, 
large  numbers  of  led  blood  corpuscles  may  be  broken 
down  and  an  increased  amount  of  blood  pigment  be  car- 
rieil  to  the  spleen,  liver,  kidneys,  etc.  This  nia_v  Ije  com- 
pensated for  by  an  increased  activity  on  the  part  of  the 
liver  in  the  formation  of  bile,  but  if  the  amount  of  hemo- 
globin is  too  great  to  be  disposed  of  in  this  way  pigment 
may  be  deposited  in  the  liver  cells  and  in  other  organs 
and  tissues.  Such  organs  become  yellow  or  brown  if  the 
deposit  is  at  all  marked,  and  to  this  condition  the  term 
hsemochromatosis  has  been  applied.  Since  hfemosiderin 
is  the  pigment  most  commonly  found  it  is  proper  to 
siieak  of  the  pigmentation  as  a  h;rmosidero.sis.  In  the 
liver  cells  hwrnatoidin  is  usually  deposited  in  the  central 
zone  of  the  lobule,  while  h.Tmosiderin  is  found  in  the 
periphery  of  the  lobide.  In  the  kidneys  the  pigment 
is  deposited  chielly  in  the  cells  of  the  convoluted  tubules; 
in  the  spleen,  lymph  glands,  and  bone  marrow  it  is  con- 
tained chiefly  within  the  endothelial  cells  lining  the  blood 
spaces.  Through  the  absorption  of  hydrogen  sulphide 
from  the  intestine,  organs  containing  hjiemosiderin  in  ex- 
cess may  become  black  in  color  (|iseudo-melanosis).  In 
addition  totheha?motogenous  pigments  formed  in  malaria 
through  the  destruction  of  the  red  blood  cells,  the  pig- 
ment formed  b_v  the  Plasmodia  themselves  may  collect  in 
the  smaller  arterioles  and  capillaries.  It  is  black,  con- 
tains no  iron,  and  its  exact  chemical  nature  is  unknown. 

Extrimrie  Subxtanees. — Foreign  substances  may  be  in- 
trodticed  into  the  body  from  without  and  be  deposited  in 
the  tissues.  The  variety  of  such  substances  is  very  great 
and  their  mode  of  entrance  into  the  body  is  also  greatly 
varied.  Insoluble  substances  may  be  introduced  through 
open  wounds  of  the  skin  (tattooing,  trauma).  The  lungs 
are  the  most  frequent  point  of  entrance:  through  them 
coal  dust,  stone  and  iron  dust.  soot,  etc,  enter  and  are 
deposited  in  the  lung  tissues  and  in  the  lironchial  lymph 
glands.  Under  certain  conditions  (tuberculous  casea- 
tion, etc)  these  substances  mav  get  into  the  general  cir- 
culation and  be  deposited  in  the  liver,  spleen,  bone  mar- 


row, etc.  Soluble  metallic  salts,  such  as  those  of  silver 
and  lead,  may  be  taken  in  through  the  stomach  and  in- 
testine, and  deposited  in  certain  organs  and  tissues  in  an 
insoluble  form. 

The  causes  leading  to  the  pathological  degenerations 
and  deposits  may  be  either  intrinsic  "or  extrinsic.  The 
former  may  be  inherited  or  it  may  arise  by  jirimary  germ 
varialion.  For  the  greater  partboth  degenerations  and 
deposits  ari'  pnnluced  by  injurious  extrinsic  inHuenceS 
to  which  ilu'  body  is  exposed  during  life.  Disturbances 
of  nutrilinn,  detieient  (pxygenation,  circulatory  disturb- 
ances, intoxications,  infections,  etc.,  play  the  chief  part 
in  their  lu-oduction,  but  any  external  force  which  may 
injure  the  body  may  lead  likewise  to  pathological  altera- 
tions of  its  organs  or  tissues  which  may  assume  either 
the  form  of  a  degeneration  or  that  of  a'deposit.  These 
changes  may  be  of  limited  extent  or  the  entire  organism 
may  sulTer  as  the  restdt  of  general  disturbances  of  nutri- 
tion. Deposits  ma}'  be  followed  by  secondary  retrograde 
changes,  such  as  atrophy,  fatty  degeneration,  etc.,  as 
the  result  of  pressure  or  diminished  blood  suppl}'.  No 
general  statements  can  be  made  regarding  the  course  and 
symptomatology  of  the  degenerarions  and  deposits,  as 
these  vary  witlnn  the  widest  limits  according  to  their 
etiology  and  association  with  other  pathological  condi- 
tions.    (See  ;\ho  A  III  !//o!d.  VnUiihl.Cuncretions,  etc) 

Ahlred  Scott  Wart/iin. 

DEGLUTITION.— Deglutition  is  the  physiological  act 
or  jirocess  by  which  food  is  conveyed  to  the  stomach. 
There  are  two  principal  theories  in  regard  to  its  mechan- 
ism, one  based  upon  the  descrijition  of  Magendie,  the 
other  upon  the  investigations  of  Kronecker  and  .Meltzer. 

Following  Magendie.  it  is  customary  to  describe  the  act 
of  swallowing  as  occurring  in  three  stages,  each  represent- 
ing the  |iassage  of  the  food  through  one  of  the  three 
anatomical  regions  involved,  namely,  the  mouth,  the 
pharynx,  and  the  n'Sopliagus.  After  the  food  has  been 
masticated  and  collected  into  a  bolus,  the  mouth  is  closed 
and  the  jaws  are  brought  together.  Deglutition  then 
begins  with  the  elevation  of  the  tongue  against  the 
palate,  its  tip.  middle,  and  base  pressing  upward  in  suc- 
cession, through  the  action  of  its  intrinsic  muscles  and 
the  styloglossus.  The  bolus  is  thus  forced  backward 
through  tlie  isthmus  of  the  fauces  into  the  pharynx. 
During  its  passage  the  soft  palate  is  elevated  by  the  con- 
traction of  the  levator  palati  muscles  and  is  made  tense 
by  the  tensor  palati ;  the  pillars  are  made  straight  and 
tense  through  the  action  of  the  palato-pharyngeus.  which 
also  as.sists  in  the  closure  of  the  posterior  nares.  There 
is  at  the  same  time  a  slight  protrusion  forward  of  the 
posterior  wall  of  the  pharynx  through  the  contraction  of 
the  salpingo-pharyngeus.  and  the  uvula  is  elevated  by 
the  azygos-uvuhe  to  complete  the  closure  of  the  passage 
into  the  ]iosteri<ir  nares. 

This,  the  first  stage,  is  regarded  as  voluntary  in  char- 
acter: but  it  is  not  fully  under  control  of  the  will,  for  in 
the  absence  of  a  moist  bolus  or  of  fluid  to  be  swallowed 
the  act  becomes  difficult  and  cannot  be  repeated  indefi- 
nitely ;  the  presence  of  dry  food  or  of  a  dry  powder  on  the 
tongue  exerts  an  inhibitory  intiucnce. 

The  second  stage  consists  in  the  pas.sage  of  the  food 
through  the  pharynx,  which  is  accomplished  by  a  num- 
ber of  rapid  muscular  movements.  The  contraction  of 
the  stylo  pharyngeus  and  palato-pharyngeus  muscles 
raises  the  pharynx  like  a  funnel  and  tends  to  draw  it  over 
the  descending  bolus,  which  is  now  seized  and  carried 
rapidly  downward  by  the  constrictors  of  the  pharynx. 
The  approximation  of  the  anterior  pillars  of  the  fauces 
through  the  action  of  the  palato-glossi  prevents  its  re- 
gurgitation. The  other  muscular  movements  which  ac- 
company these  have  for  their  object  the  closure  of  the 
glottis.  This  is  accomplished  by  the  elevation  of  the 
thyroid  cartilages  behind  the  hyoid  bone  through  the 
action  of  the  laryngeal  muscles:  the  approximation  of 
the  arytenoid  cartilages  an<l  the  vocal  cords  by  the  lateral 
cricoarytenoids  and  the  constrictors  of  the  glottis:  and 
the  depression  of  the  epiglottis,  which  is  sometimes  ac- 
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complished,  peiiiaps,  ia  a  purely  mechanical  way,  but  is 
noniially  brought  about  b.y  the  coucerted  action  of  the 
thyrohyoids,  digastrics,  genio-hyoids.  mylohyoids,  and 
the  libres  in  the  aryteuo-epiglottic  folds. 

The  third  stage  is  a  much  slower  movement,  requiring 
six  seconds  for  its  completion.  The  food  enters  the 
CESophagus  with  great  rapidity  and  continues  to  move 
rapidly  through  its  upper  third,  the  part  supplied  with 
striated  muscle  libres.  Through  the  lower  two  thirds 
the  movement  is  slower,  depending  solely  upon  the  in- 
voluntary musculature. 

The  Kronecker-Meltzer  theory  attributes  the  most  im- 
portant part  in  deglutition  to  the  contraction  of  the 
my  lo-hy old  muscle  and  is  based  upon  carefully  conducted 
e.xperiments.  After  the  bolus  of  food  has  been  collected 
on  the  dorsum  of  the  tongue  and  its  passage  forward  has 
been  prevented  by  the  elevation  of  the  tip  against  the 
palate,  these  muscles  contract  with  force  and  put  so  great 
pressure  upon  the  bolus  that  it  is  shot  through  the 
pharyn.v  into  the  oesophagus,  the  action  being  assisted 
by  the  .simidtaneous  contraction  of  the  hypoglossi  which 
draw  the  tongue  backward  and  downward  and  thus  in- 
crease the  pressure.  This  action  also  serves  to  depress 
the  epiglottis  and  to  protect  the  laryn.x.  Soft  or  liquid 
food  passes  rapidly  through  the  wsophagus  to  the  cardiac 
orifice  of  the  stomach,  the  time  required  for  its  descent 
being  uot  more  than  one  tenth  of  a  second.  The  peri- 
staltic wave  of  the  lesophagus  is  regarded  as  a  reserve 
movement  intended  for  tlie  removal  of  such  fragments 
as  lodge  in  descent  or  for  the  completion  of  deglutition 
when  the  bolus  is  not  of  a  proper  cliaracter  for  rapid  de- 
scent. It  is  needed,  however,  in  many  individuals  to  force 
the  food  through  the  cardiac  constriction.  Si.\  seconds 
are  required  for  the  completion  of  the  act  in  this  manner. 
The  a'sopliagus  contracts  in  three  successive  segments. 
The  lirst  is  about  6  cm.  long  and  is  the  neck  portion,  the 
part  endowed  with  striated  muscle.  It  begins  to  contract 
in  about  one  or  one  and  two-tenths  seconds  after  the  be- 
ginning of  deglutition  and  requires  two  seconds  for  its 
completion.  The  second  segment,  the  upper  thoracic 
portion,  is  about  10  cm.  in  length;  its  contraction  begins 
about  one  and  eight-tenths.secondsafter  the  tirst  segment 
begins  to  contract  and  lasts  for  from  si.x  to  seven  seconds. 
The  remaining  third  portion  begins  to  contract  about 
three  seconds  later  than  the  second  and  continues 
for  from  nine  to  ten  seconds.  The  act  of  deglutition  is 
thus  divided  into  five  instead  of  three  stages,  cor- 
responding to  the  contraction  of  the  mylohyoids,  the 
constrictors  of  the  pharyn.x,  and  the  three  a'sopliageai 
segments.  A  single  act  of  swjdlowing  requires  si.\ 
seconds  for  its  completion,  as  stated ;  but  if  the  act  be 
repeated  within  this  time,  it  was  observed  that  the  peri- 
staltic wave  is  arrested  and  that  the  bolus  is  carried  to 
the  stomacli  by  a  subsequent  wave  which  is  completed 
S).\  seconds  after  the  beginning  of  the  last  deglutition. 

yermiis  Control. — Deglutition  is  a  reflex  act.  A  cer- 
tain stimulus,  as  that  of  food  or  drink  or  a  few  drops  of 
saliva,  seems  to  be  required  for  the  perfect  accomplish- 
ment of  even  the  first  stage,  the  most  voluntary  |iart  of 
it.  The  afferent  impulse  is  conveyed,  presumably  from 
the  mucous  membrane  of  the  mouth  or  pharynx,  to  the 
deglutition  centre  by  the  glossopharyngeal,  trifacial,  and 
pneumogastrie  through  the  internal  branch  of  its  superior 
laryngeal  division.  No  deglutition  centre  has  been  defi- 
nitely located,  but  it  is  supposed  to  lie  near  the  anterior 
surface  of  the  medidla.  It  probably  comprises  parts  of 
the  nuclei  of  origin  of  the  nerves  employed  in  the  act  of 
swallowing,  namely,  the  hypoglossal,  facial,  trifacial, 
glossopharyngeal,  and  pneumogastrie,  and  is  not  an  in- 
dividual collection  of  cells. 

!Mosso  found  that  when  an  entire  segment  of  the  Q?soph- 
agus  is  removed  the  contraction  of  the  part  below  the 
injury  takes  place  in  its  natural  order  as  though  the  tube 
were  intact.  Kronecker  and  ileltzer  observed  the  sjtme 
action  after  ligature  or  division.  This  is  made  possible 
by  the  manner  in  which  the  tube  is  innervated  by  branches 
of  the  pneumogastrie  and  sympathetic.  These  form  a 
plexus  between  the  muscular  coats  in  which  are  groups 


of  ganglion  cells  and  another  in  the  submucous  layer. 
Although  the  part  taken  by  each  of  these  cannot  be  ex- 
actly described,  the  imptdses  are  conveyed  through  them 
in  such  a  manner  that  the  wave  of  contraction  travels 
downward  from  the  upiier  portions  to  the  lower  regard- 
less of  the  integrity  of  the  tube.  James  J/.  French. 

DELIRIUM. — The  term  delirium  does  not  indicate  any 
special  disease,  but  a  psychopathic  condition,  which  may 
be  observed  during  the  course  of  a  great  many  mental 
diseases.  This  condition  is  characterized  by  an"  incoher- 
ence in  the  chain  of  conceptions,  and  by  the  appearance 
of  symptoms  of  psycho-sensory  and  psycho-motor  irrita- 
tion. The  incoherence  of  conceptions  is  evident  in  the 
disconnected  and  confused  speech  and  in  the  aimless 
luovements  of  the  patient.  Halluciualions  are  produced 
by  the  psycho-sensory  irritation,  and  the  psycho-motor 
irritation  is  responsible  for  the  impulsive  movements 
sometimes  manifested  in  a  very  high  degree. 

As  is  well  known,  delirium  appears  most  frequently  in 
the  course  of  the  acute  infectious  diseases.  One  must, 
however,  bear  in  mind  that  not  every  psychical  distiub- 
ance  during  these  diseases  must  necessarily  be  a  delirium. 
Isolated  delusions,  maniacal  excitation,  and  acute  halluci- 
nations appear  here  just  as  frequently  as  delirium,  and 
it  is  well  to  distinguish  sharply  between  these  conditions 
asthey  may  each  haveaditTerent  significance.  A  genuine 
delirium  indicates  often  a  state  of  inanition  and  demands 
energetic  stimulation. 

Delirium  may  ajipear  in  the  course  of  various  mental 
diseases,  and  in  such  instances  always  indicates  general 
exhaustion.  It  is  of  bad  jirognosfic  siguiticance  when  it 
develops  gradually  tmder  these  circumstances,  and  is  not 
infreiiuently  the  first  sign  of  approaching  death.  There 
seems  to  be  a  special  tendency  toward  the  development 
of  delirium  in  tlie  course  of  functional  psychoses  whicli 
are  complicated  by  some  organic  disease,  such  as  a  val- 
vular lesion  of  the  heart,  a  chronic  nephritis,  etc.  Fre- 
quently delirium  arises  in  organic  diseases  of  the  brain 
as  a  seipiel  to  some  acute  lesion  of  the  brain  .substance, 
such  as  ntiiuite  hemorrh.-iges,  eudioli,  or  O'dema. 

When  a  delirium  suddenly  develops  without  warning 
in  a  previously  healthy  person,  a  correct  judgment  of 
the  case  becomes  much  more  ditlicult  than  when  it  ap- 
pears in  the  course  of  certain  diseases.  These  are  the 
cases  which  the  general  luactitioner  sees  in  relative  fre- 
quency. A  pers<in.  who  has  heretofore  been  perfectly 
well,  suddenly  becomes  confused  in  siieeeh,  runs  aim- 
lessly about  his  room,  and  apjiears  to  recognize  no  one 
abotit  him.  The  nearest  physician  is  sent  for  and  recog- 
nizes an  acute  delirium.  The  question  then  is:  What  is 
the  nosological  .significance  of  such  un  acute  delirium? 
Is  it  an  independent  disease,  which  has  suddenly  de- 
veloped, or  is  it  but  a  complex  of  symptoms,  which  may 
be  evoked  by  different  diseases,  and,  if  so.  what  means 
have  we  at  our  disposal  to  clear  up  the  pathological 
conilifion? 

The  relative  frequency  of  acute  delirium  gave  rise  to 
the  idea  that  these  attacks  were  due  to  a  special  form  of 
disease,  which  was  described  under  the  name  of  "delirium 
acutum."  This  view,  however,  has  been  proved  to  be 
erroneous.  An  acute  delirium  does  not  constitute  a 
morbus  sui  r/eueria.  but  represents  only  a  transitory  con- 
dition of  the  most  varied  mental  disorders.  Let  us, 
therefore,  consider  the  various  diseases  which  may  be 
responsible  for  an  attack  of  acute  delirium  and  attempt, 
at  the  s;ime  time,  to  bring  out  the  different  jioints  which 
may  lead  us  to  a  correct  diagnosis  in  every  individual  case. 

The  previous  history  of  the  patient  may  be  of  great 
value  in  our  conclusions  concerning  an  acute  delirium. 
A  history  of  previous  epileptic  attacks,  for  example,  may 
put  us  upon  the  right  track  of  the  etiology.  The  psychic 
epileptic  state  is.  as  is  well  known,  mainly  characterized 
by  a  disturbance  of  consciousness,  and  even  though  this 
disturbance  does  not.  as  a  rule,  produce  a  delirious  con- 
dition, still  it  is  not  so  very  rare  for  the  clinical  picture 
of  a  delirium  to  appear  during  the  life  of  an  epileptic  in- 
dividual.    The  relation  of  a  delirium  to  a  true  epileptic 


39S 


REFERENCE  HANDBOOK  OF  TPIE  JIEDICAL  SCIENCES. 


nt^liriiiiii. 
D4-llrilliil. 


seizure  may  Iw  varied  in  particulars.     The  (ielirium  may 

I'itlior  follow  or  jirfcedc  the  attack.  In  sonii>  instances 
llicc|iilc|itieeoiivulsionsma_v  be  wholly  absent  and  tlie  dr- 
liriiini  may  taUe  iheir  place  as  any  other  psychical  eiiuiva- 
lent  of  a  iicuuine  seizure.  Delirium  may  sometimes  be  the 
only  syni]itom  in  those  cases  which  are  known  as  larvated 
or  "psychic  epilepsy.  The  diairnosis  must  be  made  in 
these  instances  by  the  periodicity  of  the  seizures,  by  tlie 
sudden  disturbance  of  consciousness,  by  aura  like  ajipcar- 
ances.  by  the  stuporous  condition  following' the  attack, 
by  liereditary  taint,  as  well  as  by  certain  neurotic  symp- 
toms, showing  themselves  in  the  intervals,  and  by  the 
well  known  epileptic  character  of  the  individual. 

The  history  of  a  recent  acute  infectious  disease  may 
lead  to  the  correct  judjrment  of  an  acute  delirium.  It  is 
a  well  known  fact  that  the  acute  febrile  diseases  play  an 
important  factor  in  the  etiology  of  mental  disttn-bances. 
Theclinical  form  of  the  psychoses  belongiusrto  this  group 
is  very  variable,  and,  in  fact,  the  changeability  of  the 
various  psychojiathic  states  is  characteristic  for  these 
diseases.  The  [latient  may  rapidly  pass  from  a  melan- 
cholic to  a  maniacal  condition,  and  soon  manifest  all  sorts 
of  psychopathic  symptoms.  The  mental  dislurbances  in 
ca.ses  of  this  kind  are  frequently  interrupted  by  lucid  in- 
tervals, or  by  intermissions,  lasting  for  several  days.  The 
begimung  of  the  psychic  disturbance  in  tliis  grouii  may 
not  manifest  itself  for  weeks  or  months  after  the  termina- 
tionof  the  infectious  disease.  Occasionally  the  psychosis 
may  start  with  an  acute  delirium. 

In  general,  the  prognosis  of  this  groui)  of  psychoses 
is  favorable.  Those  cases,  however,  in  which  delirium 
constantly  jiredominates  usually  represent  a  state  of  in- 
anition, which  occasionally  may  prove  fatal,  particidarly 
in  weak  persons.  This  form,  on  the  other  hand,  is  not 
nearly  so  ajit  to  run  into  a  secondary  chronic  psychosis 
as  another  type,  in  which  a  regular  set  of  delusi(ms  is 
dcveUiped  soon  after  the  outburst  of  the  delirium,  as,  for 
instance,  in  acute  hallucinatory  paranoia. 

Besides  the  acute  infectious  diseases,  such  as  typhoid 
fever,  malaria,  inliuenza,  pneumonia,  pleurisy,  multiple 
neuritis,  articular  rheiunatism,  erysipelas,  scarlatina,  etc., 
acute  poisoning  may  produce  psyclioses  which  l)elong 
to  the  class  under  discussion.  Deliriinn  has  been  observed 
after  large  doses  of  salicylic  acid,  cannabis  indica.  bella- 
donna, couium,  ergot,  etc.  It  has  also  been  .seen  after 
tlie  use  of  iodoform  in  and  about  wounds,  and  sometimes 
after  a  lengthy  administration  of  ether  or  chloroform. 
The  inhalation  of  poisonous  gases,  such  as  carbonic  oxide, 
hydrogen  sulphide,  carbon  disidphide.  nitrogen  mono.x- 
ide,  etc.,  may  have  as  a  sequel  psychic  disturbances  of 
the  kind  described. 

Psychopathic  phenomena  beginning -with  delirium  may 
develop  from  chronic  toxic  conditions  produced  by  the 
abuse  of  chloral  and  chloroform,  or  b.y  the  habitual  use 
of  opium,  morphine,  cocaine,  absinthe,  and,  above  all, 
alcohol.  The  predominance  of  delirium  over  all  other 
psychic  symptoms  is  responsible  for  the  origin  of  the 
well-known  term  (UUrium  tremens,  so  frequently  seen  in 
clirouic  alcoholism.  Here,  too,  delirium  is  seen  only  in 
connection  with  other  existing  conditions.  The  delirium 
it.self  may  sometimes  be  onlv  of  minor  importance  and. 
indeed,  may  be  tcjtally  absent,  being  then  replaced  by 
such  iihenomena  as  hallucinatory  confusion  or  maniacal 
exaltation.  An  acute  delirium  in  the  course  of  chronic 
poisoning  may  arise  without  direct  cause,  it  may  imme- 
diately follow  excesses,  or  it  may  appear  as  a  sequel  of 
abstinence. 

Chronic  forms  of  metallic  poisoning  are  sometimes 
characterized  by  similar  psychic  derangements.  The 
principal  features  of  saturnine  encephalopathy  arc  of  an 
acute  delirious  nature.  Cases  of  so-called  "  tran.sitory  lead 
mania"  have  been  observed  frequently.  Mercurial  psy- 
clioses, too,  are  mainly  characterized  by  delirious  condi- 
tions. Further,  it  is  proper  to  place  in  this  category  those 
cases  of  lyssa  the  psychical  disturbances  of  which,  as  a 
rule,  take  the  form  of  an  acute  delirium.  A  compara- 
tively large  percentage  of  acute  delirium  is  formed  by  the 
puerperal  psychoses.     Acute  delirium,   following   even 


minor  operations,  has  been  frequently  described,  Trati- 
matic  injuries,  es|iccially  those  affecting  the  skidl,  may 
also  evoke  deirium. 

Those  cases  which  have  been  descril)ed  under  the  name 
of  (inite  (/eneral  pmrsi^  begin,  as  a  rule,  with  an  acute  de- 
lirium, and  end  fatally  within  a  few  days  or  weeks. 
These  instances  form  a  large  proportion  of  the  cases  de- 
.scril)ed  as  (hliriinn  ucut'im.  If  one  examines  carefully 
the  previous  history  of  such  iiatients,  it  will  almost  al- 
ways appear  that,  altli<iui;h  the  patient  was  in  seeming 
good  health,  a  series  of  derangements  will  be  found  which 
are  characteristic  of  r/i  iki-hI  /luirfiin.  The  relativi's  will 
state  that  the  patient  had  shown  changes  in  character 
for  .some  time  past,  that  he  had  become  inditTercnt  to 
things  which  had  previously  interested  him,  that  he  fre- 
([Ucntly  forgot  important  things,  that  his  dealings  ap- 
peared to  be  queer  and  without  motive,  etc.  The  au- 
topsy in  such  cases  shows  ]iatli(ilogi<'al  changes  of  some 
duration,  whose  influence  had  remained  latent,  such  as  a 
chronic  interstitial  enceiihalitis,  atmiiliy  and  softening  in 
isolated  cortical  areas,  thickening  of  the  dura,  etc. 

Despite  the  most  carefid  research,  it  may  i)rove  impos- 
sible, in  a  certain  ntmiber  of  cases  of  acute  delirium,  to 
draw  any  conclusions  regarding  the  pathogenesis  from 
the  history  of  the  patient.  In  this  event,  we  may  have 
to  deal  with  a  .sudden  attack  in  a  previously  perfectly 
healthy  individual.  Here  a  thorough  examination  of 
the  internal  organs  may  give  some  clew  as  to  the  origin 
of  the  ilisease. 

I  have  already  alluded  to  a  twofold  relation  between 
delirium  and  the  acute  infectious  diseases,  I  have  men- 
tioned the  delirium  arising  during  a  febrile  disease  ami 
that  accompanying  a  psychosis  which  is  the  result  of 
such  an  ailment.  I  shall  now  consider  a  third  group, 
which  shows  a  relation  between  tlu'  two  condili<iiis.  .V 
person,  previously  in  perfect  health,  may  suddenly  be 
thrown  into  a  state  of  agitation  and  confusion.  An  acute 
psychosis  is  diagnosticated,  and  the  patient  may  Ijc  trans- 
ferred to  an  institution.  After  a  while  it  appears  that 
he  is  suffering  from  typhoid  fever  or  some  other  infec- 
tious disease.  Acute  delirium  of  this  nature  without  any 
prodromes  occurs  especially  in  erysipelas  and  acute  ar- 
ticular rheumatism,  in  typhoid  fever,  and  in  meningitis. 
But  even  minor  infectious  diseases,  such,  for  example,  as 
a  follicular  tonsillitis,  have  given  rise  to  similar  phe- 
nomena. 

The  diagnostic  and  therapeutic  importance  of  a  careful 
phj'sical  examination  in  these  cases  is  self-evident.  A 
number  of  cases,  no  doubt,  starting  with  elevated  tem- 
perature, and  diagnosticated  as  so-called  (kliri'iin  acntiim, 
may  belong  in  this  category.  The  diagnosis  of  meningitis 
usually  offers  no  great  difficulty  on  account  of  the  typical 
symptoms  on  the  part  of  the  cranial  nerves.  In  typhoid 
fever,  the  enlarged  spleen,  the  quality  of  the  dejections, 
and  the  presence  of  a  roseola  will  lead  to  the  correct 
diagnosis,  although  all  these  symptoms  may  sometimes  re- 
main absent  for  a  considerable  time.  The  correct  somatic 
diagnosis  of  acute  rheumatism  is.  as  a  rule,  not  difliciilt. 

The  examination  of  the  urine  in  a  case  of  delirium  of 
acute  origin  must  never  be  neglected.  Although  it  is  a 
well-known  fact  that  in  the  course  of  iisychoses.  and 
specially  during  delirium,  albunun  and  hyaline  casts  may 
be  found  in  the  urine  with  no  post-mortem  changes  in  the 
kidneys,  yet  it  is  not  rare  for  an  acvite  delirium  to  start  a 
psychosis  which  is  dependent  upon  a  chronic,  jiossibly 
latent  nephritis.  Occasionally  the  cerebral  features  f)f  a 
uraemia  may  present  the  clinical  picture  of  acute  delirium, 
although,  as  a  rule,  they  are  characterized  by  epileptiform 
seizures  or  comatose  conditions. 

The  cerebral  symptoms  of  some  other  forms  of  dis- 
turbed metabolic  proces.ses  may  a.ssume  the  form  of  de- 
lirium. Now  and  then  an  aci'ite  delirium  may  take  the 
place  of  the  familiar  diabetic  coma,  and  it  may,  in  fact, 
be  the  first  svmptom  of  an  overlooked  diabetes. 

So  then  I  "may  conclude  by  saying  that  (Ielirium  con- 
stitutes an  independent  psychopathic  condition,  which, 
however,  does  not  form  a  morbus  sui  generis,  but  occurs 
during  the  course  of  a  great  many  mental  diseases.     A 
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correct  conception  of  the  pathological  nature  of  this  con- 
dition is  of  the  greatest  importance  in  diagnostic,  prog- 
nostic, and  therapeutic  respects.  William  Ilirsch. 

DELPHINIUM.     &ee Larkspur,  under  Poisokons  Phihts. 

DELUSIONS.     See  Iiuaitity,  and  Paranoia. 

DEMULCENTS  (from  Latin  demulcere — to  soothe)  are 
liland  sulistances  of  a  mucilaginous  or  oleaginous  char- 
acter, which  e.vert  a  soothing,  softening,  or  protecting 
influence  on  the  parts  to  which  they  are  applied.  In  the 
|iast  the  terms  demulcent  and  emollient  have  hecn  used 
somewhat  vaguely,  and  to  a  large  extent  interchange- 
iihly:  but  in  the  present  instance  denudcent  is  limited  to 
substances  applied  internally,  to  mucous  membranes:  in 
■opposition  to  emollients,  which  are  applied  to  the  skin 
<see  article  Eniollieiils).  The  cliief  action  of  demulcents 
is  mechanical  and  physical ;  inflamed  surfaces  are  pro- 
tected from  suh,>tances  which  iu  passing  over  them  would 
irritate  them:  and  a  protective  coating  is  afforded  to  any 
mucous  surface  wliich  lequires  lubrication  when  the 
iiatuial  secretion  fails.  Thus  the  lespiratory,  gastro-in- 
testinal,  and  gcnito-iuinary  tracts  are  chiefly  amenable  to 
the  action  of  demulcents.  The  medicinal  action,  if  any, 
is  very  slight.  The  chief  denudcent  is  water:  and  the 
various  substances  which  are  dissolved  in  it  act  mainly 
as  so  many  means  of  increasing  the  adhesiveness  of  the 
water.  Demulcents  allay  inflammation,  relieve  irritation, 
and  quench  thirst:  and  in  the  genitourinary  tract  by  di- 
luting the  urine  tliey  diminish  its  concentration,  lessen  its 
acidity,  and  thus  jirotect  the  mucous  membrane  of  the 
bladder  and  urethra.  In  the  digestive  tract,  suljstances 
like  bread  and  potatoes,  if  swallowed  after  the  ingestion 
of  pointed  articles,  afford  protection  by  producing  a  soft 
mass  in  which  the  foreign  substances  can  become  em- 
bedded, and  in  the  indigestible  residue  of  which  they  can 
travel  througli  the  iuteslines  without  causing  injury,  and 
possibly  with  little  or  no  inconvenience. 

Next  to  water,  the  principal  demulcents  are:  Acacia, 
almond,  almond  oil,  althea,  barley,  bread,  cassia,  cetraiia, 
chondrus,  elm,  flaxseed,  tigs,  glycjrrhiza,  honey,  ice, 
isinglass,  lichen,  linseed,  milk,  olive  oil,  sassafras,  syrup, 
tamarind,  tragacanth,  wheat,  w-hite  of  egg. 

P.  J.  E.  Scott. 

DENGUE  FEVER.— Definitio.v.— The  name  dengue 
has  been  given  to  an  acute,  febrile,  eruptive  disease  which 
generally  occurs  as  an  epidemic  in  hot  climates — though 
occasionally  sporadic  cases  are  seen.  Dengue  is  ordinarily 
abrupt  in  development.  V)Ut  may  occur  after  several  days 
of  proilromal  symjitoms.  Tlie  initial  symptoms  are 
severe  frontal  headache,  pain  iu  the  eyeballs,  intense 
pain  with  swelling  of  the  muscles  and  joints — the  pains 
wandering  from  part  to  part  of  tlie  body.  A  cutaneous 
eruption  occurson  or  about  the  third  day  in  the  majority 
of  cases  of  dengue ;  it  commences  on  the  palms  of  the 
hands,  and  rapidly  extends  over  the  entire  body.  As  a 
rule,  dengue  is  a  fiisease  of  one  feljrile  paroxysm — with 
or  without  remissions:  though  in  severe  cases  two  or 
more  paroxysms  of  fever,  with  distinct  intermissions, 
have  repeatedly  been  observed,  and  verified  by  the  ther- 
mometer, the  intermissions  being  of  variable  duration. 

Synonyms. — Thisdisease  has,  from  its  first  appearance, 
been  known  by  different  names,  which  have  varied  ac- 
cording to  the  views  held  by  different  writers,  who  often 
have  associated  it  with  an  idea  of  the  prominent  symp- 
tom, or  with  some  fancied  agency  of  causiition,  or  with 
.some  indefinite  idea  of  jjathology:  while  with  other 
writers  the  name  was  associated  with  some  locality  in 
which  the  disease  frequently  prevailed,  or  from  which  it 
was  imported.  Hence  we  find  dengue  called  as  follows: 
"African  fever."  so  called  from  the  fact  that  it  first  ap- 
peared after  the  arrival  of  a  cargo  of  slaves  from  Africa: 
"dandy  fever."  a  name  given  to  it  by  the  English  negroes 
on  the  island  of  St.  Thomas,  in  consequence  of  the  affected, 
stiff  gait  of  those  seized  by  the  disease.  In  Cuba  the 
word  dandy  was,  upon  the  appearance  of  this  fever  there, 
corrupted  in  Spanish,  and  pronounced  Dunga  or  Dengue. 


It  is  also  called:  Scarlatina  rheumatica,  Cock:  break- 
bone  fever:  stiff-necked  fever:  broken-wing  fever;  erup- 
tive epidemic  fever  of  India:  neuralgic  fever:  eruptive 
articular  fever:  eruptive  rheumatic  fever:  giraffe,  so 
called  from  the  s_vmptom  of  stiff  neck:  Aden  fever,  so 
named  because  it  was  thought  to  have  been  imported 
from  Aden,  Arabia:  sun  fever:  date  fever,  etc. 

History-. — The  liisory  of  dengue  can  be  traced  only  to 
the  latter  part  of  the  eighteenth  century.  This  disease 
has  occurred  sporadically,  or  epidemically,  in  India.  Bur- 
mah,  Persia.  Egypt,  West  Indies,  and  in  North  and  South 
America.  It  has  never  prevailed  in  England.  Epidemics 
of  dengue  prevailing  over  vast  tracts  of  country  have 
from  time  to  time  been  observed,  and  the  history  of  each 
epidemic  recorded.  In  America  all  writings  on  this  sub- 
ject prior  to  those  of  Dr.  Samuel  Henry  Dickson,  then  of 
Charleston,  S.  C.  afterward  of  Philadelphia,  were  unre- 
liable. Dr.  Dickson's  first  ]iubiication  on  dengue  ap- 
peared in  Bell's  "Medical  Library."  ISW;  the  paper  was 
founded  on  his  experience  in  the  epiilemic  of  1828,  in 
Charleston,  S.  C.  From  this  first  publication  of  Dr. 
Dickson  his  name  has  been  inseparably  connected  with 
the  subject  of  dengue,  and  he  is  to  this  day  authority  on 
the  subject.  The  first  notice  of  dengue  in  America  is 
from  the  peu  of  Dr.  Rusli,  giving  a  history  of  the  ejii- 
demic  in  Philadelphia,  which  prevailed  in  the  summer 
and  fall  of  1780.  This  nuthor,  writing  of  "Bilious  Re- 
mittent Fever,"  ssiys:  "The  disease  was  commonly  called 
break-bone  fever,  in  consequence  of  the  violence  of  its 
attendant  pains." 

According  to  Zuelzer,  our  fii-st  knowledge  of  this  affec- 
tion dates  from  the  year  1TT9.  Dr.  Brylon,  at  the  time 
one  of  the  most  ilistinguished  physicians  of  Java,  writes 
of  an  epidemic  disease,  called  knoekelkoorts  ("bone 
fever"),  which  attacked  the  Batavians.  In  addition  lo 
Dr.  Rush's  history  of  tlie  epidemic  of  1780,  in  Philadel- 
phia, Wise  recorded  his  observations  of  epidemics  in 
Coromandel,  Arabia.  Persia,  Africa,  and  Thibet.  Aitken 
informs  us  that  dengue  prevailed  in  Calcutta  in  1834.  and 
the  epidemic  was  so  generidly  prevalent  that  but  few 
persons  out  of  a  population  of  five  hundred  thousjuid 
escaped  the  disease.  In  1827-28  it  prevailed  as  an  epi- 
demic on  the  islands  of  Santa  Cruz  and  St.  Thomas  to 
such  an  extent  that  but  few  individuals  out  of  a  popula- 
tion of  twelve  thousand  escaped  infection. 

Hirsch  says:  "The  epidemic  of  dengue  in  1827  first 
showed  itself  in  Septemlier  upon  the  island  of  St.  Thomas, 
and  the  next  month  in  St.  Croix :  it  went  thence  in  one 
direction  over  the  Antilles  toward  the  mainland  of  North 
America,  in  the  other  over  the  Carilibean  Islands  toward 
Colond)ia.  and  lasted  until  September,  1828,  at  which 
time  it  had  reached  Savannah.  Ga..  and  sporadic  cases 
were  found  in  many  of  the  larger  cities  of  the  L'nited 
States,  notably  in  Boston,  ilass. ,  and  New  York." 

In  1850  an  epidemic  of  dengue  prevailed  in  the  South- 
ern Slates,  and  attacked  the  inhabitants  of  Charleston, 
S,  C. :  Savannah  and  Augusta,  Ga, ;  Mobile,  Ala.  :  New 
Orleans  and  New  Iberia.  La.  :  and  extended  into  the  State 
of  Texas.  This  epidemic  was  noted  forits  general  preva- 
lence in  the  above  named  cities.  In  Charleston.  Dr. 
Wragg  says,  eight-tenths  of  the  inhabitants  had  dengue 
within  a  period  of  six  weeks.  Dr.  Henry  F.  Campbell,  of 
Augusta,  Ga.,  who  Avitnessed  the  epidemic  of  is.50,  and 
has  written  an  interesting  history  of  it,  says  that  fully 
eight  thousand  out  of  a  total  population  of  eleven  thou- 
sand were  infected. 

In  1873  an  epidemic  of  dengue  prevailed  in  the  Gulf 
States,  and,  like  that  of  1850,  was  noted  for  its  general 
prevalence.  In  New  Orleans,  forty  thousand  inhabitants 
contracted  the  disease  within  a  few  weeks. 

The  most  recent,  and  probably  the  most  widespread, 
epidemic  of  dengue  in  America  was  that  of  1880.  Among 
other  places  visited  during  that  epidemic  were  Charles- 
ton, Beaufort,  Port  Royal,  Columbia,  Summerville,  Aiken, 
Branchville,  Midway,  Blackville,  Bamberg,  and  George- 
town, in  South  Carolina:  Wilmington,  N.  C. :  Augusta 
and  Savannah  in  Georgia;  Key  West,  Fla. :  Biloxi,  Miss. : 
Bay  St.  Louis,  Mo. ;  New  Orleans  and  Vidalia  in  Louis- 
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iana:  ami  Navasota,  Tex.  This  disease  also  prevailed  in 
Ejrypt  ill  lyyOasan  epidemic.  Ou  Octolur  Utii,  isso.  Dr. 
Neroustsos  Bey.  President  of  the  General  Hoard  of  Health 
of  Egypt,  reported  an  epidemic  of  denjrue.  wliieh  began 
411  Cairo  and  soon  spread  over  the  whole  of  Egypt.  In 
<'airo  more  than  fifty  per  cent,  of  tlie  entire  jiopulation 
liad  the  disease — the  mortality  was  reported  as  small. 

However  interesting  it  might  be  further  to  trace  the 
rise  and  progress  of  epidemics  of  dengue,  and  attempt  to 
track  the  infection  from  place  to  place,  no  such  effort 
will  be  made,  as  the  limits  of  this  paper  will  not  permit 
it.  It  is  proper  to  add  that  it  lias  been  found  impossible 
to  stale  delinitely  the  source  of  the  epidemic  of  dengue 
in  this  country  in  1S80. 

Etiology  .\xd  Pi!oi".\g.vtion. — It  is  impossible  to  state 
detinitely  tlie  origin  of  dengue  fever.  That  it  is  an  in- 
fectious disease,  there  can  be  no  (piestion.  That  the 
poison  or  germs  of  this  disease  possess  the  quality  of 
portability,  there  can  also  be  no  cjuestion,  for  I  might 
cite  innumerable  instances  in  Avliich  infected  articles  of 
wearing  apiiarel.  bedding,  or  air  confined  in  trunlis,  care, 
or  vessels,  had  served  as  the  media  for  scattering  dengue 
from  an  infected  into  a  healthy  locality.  At  the  present 
time  it  is  impossible  to  determine  whether  or  not  it  is 
contagious,  in  the  ordinary  meaning  of  llie  teriu.  Such 
competent  observers  as  Samuel  Henry  Dickson  and  il. 
Sheriff  adhere  to  the  doctrine  of  contagion.  Others  of 
equal  opportunity  for  accurate  observation,  and  of  equal 
professional  reputation,  deny  that  it  is  a  contagious  dis- 
ease. The  majority  of  physicians  who  have  encountered 
epidemics  of  dengue  are  undecided  as  to  whether  or  not 
it  be  contagious.  Dickson,  one  of  the  highest  authorities 
on  this  disease,  Siiys:  "But  no  pestilence  whatever, 
neither  smallpox,  nor  plague,  nor  yellow  fever,  nor 
cholera,  ass;iils  so  large  a  jiroportion  of  any  population 
as  dengue  has  done  on  the  two  oeca.sions  of  its  prevalence." 
He  is  decided  in  opinion  that  it  is  a  contagious  affection, 
and  cites  the  following  history  of  his  own  hou.sehoId:  In 
the  epidemic  of  1828  all  of  the  members  of  his  family, 
himself  inchided.  were  attacked.  Of  his  household  in 
l^.")!),  himself  and  his  cook,  who  alone  escaped,  were  the 
only  ones  who  remained  of  those  who  composed  his 
family  in  1828,  his  children  being  away  and  his  kitchen 
tilled  with  new  occupants.  In  1828  his  household  num- 
bered 12 :  in  18.50.  30.  Dickson  supposed  that  the  pro- 
fession admitted  the  contagiousness  of  dengue.  This  view 
has  been  combated  by  various  writers,  among  whom  is 
Dr.  AV.  T.  Wragg,  of  Charleston.  S.  C,  himself  an  his- 
torian of  the  epidemic  of  18.50.  Dr.  ^Vragg  cites  the  fol- 
lowing considerations  which  induced  him  to  believe  the 
disease  to  be  non-contagious:  1.  Its  rapid  and  almost 
simultaneous  diffusion,  precluding  the  idea  of  personal 
communication.  2.  The  very  limited  extent  to  which  it 
prevailed  in  the  vicinity  of  Charleston,  and  the  absence 
of  evidences  of  its  having  been  transported  into  the  in- 
terior, although  the  city  was  thronged  with  persons  from 
all  parts  of  the  neighboring  country  on  business.  3.  The 
incredibly  short  period  of  incubation,  on  the  supposition 
of  a  contagious  miasm  having  been  imbibed.  To  tliese 
considerations  another  important  one  should  have  been 
added,  i.e..  the  short  and  uniform  career  of  the  epidemics 
in  places  where  the  disease  prevailed,  and  their  entire 
and  speedy  disappearance.  It  should  also  be  remembered 
that  dengue  is  dependent  more  or  less  upon  climate,  sea- 
sons, and  atmospheric  conditions.  All  of  these  considera- 
tions militate  against  the  idea  of  dissemination  by  con- 
tagion. 

To  show  the  portability  of  the  poison  or  germs  of  den- 
gue, and  the  rapidity  of  dissemination  under  favorable 
conditions,  the  following  is  quoted  from  Zuelzer: 

"  As  a  result  of  the  constant  communiciition  with  ports 
ill  the  southern  seas,  tlie  disease  was  carried  in  1871  to 
Zanziljar  and  other  )iorts  on  the  African  coast.  .  .  . 
Furthermore,  it  was  imported  directly  into  Bombay  and 
Cananore  by  two  troop-ships  (M.  Sheriff).  Thence  the 
epidemic  extended,  in  1872.  through  all  India,  though 
confined  at  first  to  the  Madras  and  Bombay  Presidencies, 
•especially  along  the  railroads.  Even  in  other  English 
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stations  in  Burmah,  China,  and  Nejiaul.  cases  of  this 
highly  remarkable  epidemic  were  found.  In  its  diffusion 
the  disease  was  as  widespread  as  it  was  intense.  In  some 
of  the  cities  attacked  scarcely  an  inhabitant  remained 
exempt.  It  prevailed  most  violently  and  most  exten- 
sively in  iladras,  wiiere  not  a  housee.scaiied.  and  it  at- 
tacked equally  both  sexes  and  all  ages  (the  oldest  patient 
was  eighty  years,  the  youngest  two  months  old),  and 
persons  of  every  condition,  even  up  to  the  highest  classes." 

Symptoms. — Dengue  is  generally  sudden  in  its  invasion, 
the  patient  liaving  been  in  usual  health  up  to  the  time  of 
the  initial  symptoms.  The  period  of  incubation  varies 
from  forty  eight  lumrs  to  five  days.  In  the  majority  of 
cases  the  initial  symptoms  are  cephalalgia,  photophobia, 
lassitude,  anorexia,  nausea,  chilliness  with  occasional 
flushesof  heat,  achingor  intense  ]iaiii  in  the  limbs,  joints, 
or  muscles.  The  fever  ranges  from  IIU  to  107'  F.,  and 
is  usually  coincident  with  the  affection  of  the  muscles 
and  joints.  The  pulse  is  rapid,  full,  and  bounding,  vary- 
ing from  9.5  to  140  beats  per  minute.  The  face  is  flushed, 
and  the  eyes  are  red,  wild,  and  watery.  These  symp- 
toms persist  for  from  a  few  hours  to  several  days,  when, 
in  the  majority  of  cases,  an  eruption  appears  ou  the 
surface  of  the  body.  The  eruption  is  not  uniform  in 
character — a  large  portion  of  the  various  types  being 
represented.  AVliile  in  a  number  of  cases  it  has  the  ap- 
pearance of  a  simple  erythema,  in  others  it  more  nearly 
resembles  that  of  scarlatina,  rubeola,  lichen,  urticaria, 
etc. 

In  the  vast  majority  of  cases  of  dengue  attended  by 
me  in  the  epidemic  in  Augusta  in  1880 — more  than  five 
hundred  in  all — there  seemed  to  be  but  one  febrile  par- 
oxysm, which  ordinarily  lasted  for  from  four  to  seven 
days.  Remissions  in  temperature  were  commonly  ob- 
served, but  intermissions  of  fever  were  very  rare.  After 
ce-ssation  of  the  fever  the  temperature  in  several  cases 
descended  to  97.5°  F.  My  observations  with  the  ther- 
mometer in  dengue  confirmed  the  statement  of  D'Aquin, 
of  New  Orleans,  that  there  was  a  continuous  and  steady 
rise  in  temperature  until  the  highest  point  was  reached 
on  the  first,  second,  or  third  day  of  the  attack  (most  gen- 
erally in  my  experience  on  the  second  day);  then  a  short 
stadium  of  a  few  hours;  then  a  remission,  soon  to  be  fol- 
lowed by  another  rise  in  temperature,  but  never  reaching 
the  point  of  first  maximum  Iieat.  AVith  the  rise  of  tem- 
perature a  corresponding  rise  of  pulse  will  be  observed, 
and  a  decrease  in  frequency  of  pulse  with  a  decline  of 
fever.  At  the  height  of  the  fever  the  respiration  is  in- 
creased in  frequency — usually  preserving  the  ratio  to 
frequency  of  pulse  and  height  of  temperature.  During 
the  height  of  the  fever  the  skin  is  dry  and  "burning  hot." 
The  bowels  in  the  early  course  of  the  disease  are  con- 
stipated, but  diarrhoea  is  the  rule  after  the  crisis  is  reached. 
The  urine  is  generally  high-colored,  free  from  albumin, 
and  never  suppressed 

There  is  always  a  marked  tendency  to  the  occurrence 
of  hemorrhages,  the  hemorrhage  being  from  the  nose, 
gums,  bowels,  stomach,  or  lungs,  and  in  females  from 
the  womb.  In  pregnant  women  there  is  imminent  dan- 
ger of  abortion  or  miscarriage.  I  have  seen  two  cases 
of  black  vomit  similar  in  appearance  to  that  of  yellow- 
fever;  I  have  seen  three  cases  of  alarming  hemorrhages 
from  the  bowels — one  of  these  persisted  for  several 
nKmths,  and  finally  caused  the  death  of  the  patient. 
Nasal  hemorrhages  are  frequent,  and  occasionally  it  is 
impossible  to  stanch  the  flow  of  blood  until  an  instrument 
is  introduced  and  the  nose  plugged.  In  fully  seventy- 
five  per  cent,  of  the  cases  of  dengue  in  my  practice  an 
eruption  was  seen  by  me  or  by  some  person  in  attendance. 
The  time  of  its  appearance,  as  well  as  the  kind,  varied 
with  individual  cases.  It  was  ordinaiily  attended  with 
great  heat  and  itching.  The  palms  of  the  hands,  the 
face,  neck,  and  chest  were  usually  invaded  in  the  order 
here  given.  Wherever  it  began  it  soon  spread  over  the 
whole  body.  In  many  casesit  was  extremely  light  and 
transient— lasting  only  a  few  hours;  in  others  it  was 
severe,  and  persisted  for  several  days.  Desquamation  is 
frequently  seen.     The  eruption  usually  appears  as  the 
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fever  begins  to  decrease,  ■which  is  ordinarily  on  the  third 
day.  With  its  appearance  the  Ij'mphatic  glands  of  the 
neck,  a.xillw.  and  groins  become  enlarged.  These  en- 
largements of  the  glands,  and  the  soreness  of  the  muscles 
and  joints,  oftentimes  persist  for  weeks  and  mouths  after 
the  eruption  and  fever  have  disappeared.  In  many  cases 
the  prostration  continues  for  months,  and  totally  dis- 
qualifies the  subject  for  mental  or  physical  exertion.  I 
have  known  both  physical  and  mental  prostration  to  per- 
sist for  si.x  months  after  all  symptoms  of  dengue  had 
vanished.  It  may  be  truthfully  affirmed  that  wellnigh 
invariably  the  convalescence  is  slow  and  wearisome,  and 
altogether  out  of  proportion  to  what  is  witnessed  iu  any 
other  disease  so  non-fatal  in  its  issue.  During  the  entire 
course  of  dengue  insomnia  is  frequently  encoimtered. 
It  is  persistent  and  intolerable,  and  whatever  sleep  is  ob- 
tained is  unrefreshing,  and  the  patients  long  for  more. 
But  that  which  particularly  characterizes  the  whole 
course  of  dengue,  and  which  gives  to  the  patient  an  ex- 
perience never  to  be  forgotten,  is  the  pain.  It  is  dispro- 
portionate to  all  other  symptoms.  It  is  intense,  insuffer- 
able, persistent :  by  day  and  by  night  the  patient  is 
tortured  and  harassed  Ijy  agonizing  pains  in  every  por- 
tion of  the  body — pain  in  the  head,  limbs,  back,  joints, 
muscles,  and  apparently  in  the  very  substance  of  the 
bones :  pains  which  are  stabbing,  boring :  at  one  time  fixed, 
at  another  fugitive:  hard  to  bear  when  the  body  is  quiet, 
intolerable  when  a  limb  is  gently  moved;  pain  which  no 
attitude  of  the  body  can  assuage  and  no  medicine  of  the 
physician  wholly  subdue  causes  the  subject  of  dengue  to 
declare  that  this  is  the  sum  total  of  human  misery.  From 
personal  experience  I  testify  to  the  truthfulness  of  the 
assertion. 

Relapses  are  occasionally  observed — sometimes  after 
an  interval  of  two  or  three  weeks  from  the  original  at- 
tack. As  a  rule  the  relapse  runs  a  milder  course  than  the 
primary  attack. 

P.vrnoi.OGic.\L  Anatomy. — Dengue  being  proverbially 
a  nonfatal  disea.se  the  pathological  processes  occuriing 
during  its  course  are  wholly  imknown. 

Prognosis. — The  prognosis  is  almost  invariably  favor- 
able. Death  from  dengue  is  extremely  rare,  save  wlien 
it  attacks  very  young  or  feeble  children,  or  very  old  and 
debilitated  individuals.  When  death  is  observed  during 
the  course  of  dengue  the  fatal  result  is  almost  invariably 
due  to  some  complication,  such  as  convulsions,  diarrhoaa, 
hemorrhage,  or  abortion,  or  it  is  the  result  of  some  inter- 
current disease. 

DiFFEKENTi-iL  DIAGNOSIS. — From  1828,  when  Dr.  Os- 
good wrote  a  description  of  dengue  as  seen  by  him  in  the 
epidemic  in  Havana,  till  the  present  day,  the  idea  that  it 
and  yellow  fever  were  identical,  or,  at  least,  that  dengue 
was  modified  yellow  fever,  has  continued  to  find  advo- 
cates among  a  goodly  number  of  reputable  physicians 
who  have  studied  these  diseases  at  the  bedside.  While 
they  have  some  features  and  characteristics  which  are 
common  to  both,  there  can  be  no  question  that  in  most 
important  particulars  they  are  essentially  and  radically 
diffeient.  and  that  each  disease  is  siii  generis,  having  its 
own  specific  poison,  and  producing  its  own  kind.  The 
following  is  a  brief  summary  of  the  points  of  similarity 
and  dissimilarity  in  dengue  and  yellow  fever: 

In  time  of  iiii]>earance.  and  generally  in  geographical 
distribution  (but  not  in  pathological  lesions,  so  far  as 
known"),  they  seem  related  to  one  another.  Dengue, 
however,  has  prevailed  iu  Asia,  Egypt,  and  India,  where 
yellow  fever  is  unknown.  Both  disorders  are  arrested  by 
severe  frost.  Both  dengue  and  yellow  fever  are  diseases 
characterized  by  one  febrile  paroxysm.  Iu  dengue,  how- 
ever, the  fever  rises  regularly  until  the  acme  is  reached, 
when  a  short  stadium  of  a  few  hours  occtirs,  followed  by 
remission,  when  a  second  rise  of  temperature  takes  place, 
but  never  reaches  the  height  observed  prior  to  remission. 
In  yellow  fever  the  tem))erattire  rises  steadily.  In  den- 
gue the  pulse  increases  in  frequency  with  the  rise  of 
temperature ;  in  yellow  fever  the  pulse  becomes  slower 
while  the  temperature  rises.  Duration  of  the  fever  in 
dengue  is  from  five  to  eight  days;  in  yellow  fever  it  lasts 


seventy-two  hours.  In  dengue  vomiting  is  rare :  in  yel- 
low fever  vomitiug  is  frequent.  Dengue  is  characterized 
by  an  eruption  in  the  vast  majoritj'  of  cases;  iu  yellow 
fever  an  eruption  is  extremely  rare.  In  dengue  jaundice 
is  extremely  rare;  in  yellow  fever  jaundice  is  almost  in- 
variably present.  In  dengue  the  urine  is  generally  high- 
colored,  normal  in  quantitj-,  free  from  albumin,  and 
never  suppressed :  in  yellow  fever  the  urine  is  scanty, 
albuminous,  and  often  suppressed.  In  dengue  there  is  a 
decided  tendency  to  hemorrhages  from  nose,  gum,  bowels, 
lungs,  and  womb,  with  occasionally  black  vomit,  but 
these  hemorrhages  are.  as  a  rule,  insignificant :  while  iu 
yellow  fever  they  are  frequent,  alarming,  and  often  fatal. 
Dengue  is  proverbially  a  non  fatal  disease;  yellow  fever 
is  very  fatal.  Dengue  is  not  protective  against  yellow 
fever,  nor  yellow  fever  against  dengue.  One  attack  of 
dengue  is  not  protective  against  a  second;  one  attack 
of  yellow  fever  is  usually  protective  against  another. 
Finally,  dengue  runs  a  more  protracted  course,  and  is 
followed  by  a  more  prolonged  period  of  convalescence 
and  by  fre(|uent  recurrence  of  pains,  while  yellow  fever 
is  shorter  in  duration,  with  more  rapid  convalescence, 
and  freedom  from  recurrences  of  pains.  From  the  above- 
named  considerations  I  have  no  hesitancy  in  avowing 
that  yellow  fever  and  dengue  are  radically  and  essentialh' 
different  diseases.  It  is  true  that  dengue  often  prevails 
concurrently  with,  or  precedes,  or  follows,  an  epidemic 
of  yellow  fever,  but  in  my  opinion  these  epidemic  visita- 
tions simply  indicate  coincidences  of  time  and  locality. 

77ie  lidation  nf  Dengue  to  Malarial  Fecers. — There  is 
no  evidence  to  demonstrate  that  these  diseases  are  related 
otherwise  than  in  time  of  prevalence  and  geographical 
distribution.  However,  dengue  prevails  where  malarial 
fever  is  unknown.  Iu  the  epidemic  of  1880  cases  were 
seen  at  Summerville  and  Aiken,  S.  C,  where,  according 
to  the  local  jihysicians,  malaria  does  not  occur.  The 
thermoinetrical  observations,  together  with  the  arthritic 
and  muscular  pains,  eruptions  and  glandular  enlarge- 
ments of  dengue,  will  readily  establish  the  difierential 
diagnosis.  The  cachexia  of  malaria  is  also  an  important 
diagnostic  point.  Detection  of  Laveran's  Plasmodium 
malarise  will,  of  course,  establish  the  existence  of  malarial 
fever. 

From  acute  articular  rheumatism  dengue  differs  in  that 
effusions  iuto  synovial  cavities  are  extremelv  rare,  while 
peri-articular  enlargements  frequently  accompany  or  fol- 
low the  disease.  The  pain  is  not  confined  to  the  joints, 
as  in  articular  rheumatism,  but  extends  to  the  head,  back, 
and  limbs.  The  inflammatory  processes  in  the  heart  or 
its  coverings,  so  frequent  in  rheumatism,  are  almost  un- 
known in  dengue.  The  phjsical,  mental,  and  nervous 
prostration  of  dengue  is  also  almost  tmknown  in  rheu- 
matism. Finally  the  eruption,  the  enlargement  of  the 
lymphatic  glands,  and  the  epidemic  nature  of  dengue  add 
to  the  certainty  of  diagnosis  between  dengue  and  articular 
rheumatism.  From  muscular  rheumatism  dengue  is  to 
he  differentiated  by  the  more  localized  fixation  of  the 
pains  in  the  former,  and  by  the  symptoms  of  dengue 
above  given. 

From  scarlatina  dengue  may  readily  be  diagnosticated. 
These  diseases  iu  the  beginning  have  great  resemblance, 
but  they  may  be  diagnosticated  by  the  intense  muscular 
and  arthritic  pains,  and  glandular  enlargements  of  den- 
gue, and  the  diversified  eruptions  of  scarlet  fever. 

Complications  are  comparatively  rare.  Abortion  in 
pregnant  women  and  convulsions  among  children  were  the 
most  important  complications  met  with  in  the  epidemic 
in  Augusta  in  1880. 

Seqiel.e. — ilarked  mental  and  physical  prostration, 
persistent  and  annoyiug  insomnia,  over  wliich  narcotics 
had  not  the  usual  control;  ansmia.  palpitation  of  the 
heart,  with  no  organic  disease  thereof;  marked  nervo;is- 
ness.  trying  and  debilitating  neuralgias,  severe  diarrhoea, 
furuncles,  abscesses,  partial  paralysis  of  one  or  more  of 
the  limbs,  etc.,  constituted  the  sequela;  of  dengue,  as 
observed  in  my  practice.  In  the  practice  of  some  of  my 
friends  insanity,  which  persisted  for  several  months,  was 
in  three  instances  observed  in  aged  subjects. 
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Tkkatmknt. — Quiniue  is  claimed  to  be  ii  propliylactic 
against  dengue  wlieu  taken  in  ilosesof  from  ten  tii  fifteen 
grains  daily.  From  tliis  view  I  most  nucnialiliedly  dis. 
sent.  I  tested  it  in  my  own  person — tooiv  from  ten  to 
fifteen  grains  daily  f<ir  about  two  weeks — and  at  tlie  very 
time  when  my  system  was  llioroughly  and  unpleasantly 
Siiturated  with  quinine,  I  was  taken  ill  witli  dengue  of 
marked  febrile  intensity,  tlie  temperature  on  the  sieond 
day  reaching  l().5t  F.  1  have  witnessed  repeated  failures 
of  tlie  alleged  prophylactic  powers  of  quiuiue  in  this  dis- 
ease. 

Some  writers,  believing  in  the  contagiousness  of  den- 
gue, demand  isolation  of  the  sick,  disinfection  of  infected 
clothing,  bedding,  etc. — in  short,  such  preventive  meas- 
ures as  are  enforced  against  smallpox,  scarlet  fever,  and 
other  contagious  diseases.  I  am  by  no  means  satisfied 
that  this  is  a  contagious  disease.  If,  however,  in  future 
it  be  demonstrated  to  be  contagious,  ami  amenable  to 
isolation  and  disinfection,  we  need  never  expect  to  see 
these  preventive  measures  put  in  operation  against  it. 
It  being  almost  invariably  a  non-fatal  disease,  the  aver- 
age citizen  can  never  be  induced  to  adopt  preventive 
measures,  even  if  such  were  definitely  known. 

While  it  is  true  that  we  know  of  no  preventive  measures 
nor  prophylactic  medicaments  against  dengue,  it  is  un- 
questioned that  judicious  .symptomatic  treatment  can  do 
much  to  abbreviate  the  disease,  or  at  least  mitigate  the 
high  fever  and  extreme  sulTcring  which  so  debilitate  and 
emaciate  the  patient. 

One  of  the  first  and  most  important  indications  for 
treatment  in  severe  cases  of  dengue  is  to  repress  the  fever. 
For  this  purpose  antipyretics,  in  the  form  of  warm  baths, 
packingsor  spongings.  and  the  internal  administnition  of 
drugs  which  are  known  to  have  the  power  of  reducing 
fever,  are  to  be  resorted  to.  Either  of  these  metliods.  or 
a  combination  of  them,  will  be  found  serviceable  in  the 
treatment  of  this  dl.sease.  A  very  high  temperature  is 
not  infrequently  observed  in  dengue.  I  have  several 
times  seen  it  reach  106  F.  The  hydropathic  treatment 
will  be  found  advantageous  in  these  cases.  Some  phy- 
sicians prefer  a  cold  bath,  i.e.,  from  60'  to  70'  F..  for 
periods  of  ten  minutes,  and  repeated  or  not  according  to 
circumstances.  I  am  not  an  advocate  of  the  cold  bath. 
I  have  seen  great  damage,  in  the  form  i>f  shock,  result 
from  the  cold  bath  when  used  in  typhoid  and  other  fevers. 
I  prefer,  and  have  used  with  marked  beuetit,  in  dengue 
and  various  febrile  diseases,  the  warm  or  hot  bath.  If 
the  temperature  of  the  body  is  104'  F..  I  use  the  bath  at 
a  temperature  of  99'  to  101"  F..  thus  abstracting  from 
three  to  four  degrees  of  heat,  and  thereby  avoid  the  risk 
of  shock  so  imminent  when  the  cold  bath  or  pack  is  used. 
Hot  foot-baths,  frequently  repeated,  will  often  reduce 
the  fever  two  degrees,  and  greatly  relieve  the  head  symp- 
toms. Sponging  the  bodj-  with  cool  or  tepid  water,  for 
ten  to  twenty  minutes  at  a  time,  aud  repeated  if  it  seems 
to  be  required,  will  likewise  reduce  the  fever.  In  treat- 
ing children  in  this  and  other  febrile  diseases,  the  prompt 
reduction  of  the  fever  is  neces.s<iry  to  prevent  convulsions. 

Of  I  he  various  drugs  administered  for  antipyretic  effect. 
I  know  of  none  equal  to  quinine.  I  am  aware  that  some 
observers  deny  its  efficacy,  but  the  failures  are  due  rather 
to  the  method  of  using  the  medicine  than  to  its  lack  of 
energy.  To  obtain  the  antipyretic  effects  of  quiniue  it 
must  be  given  iu  large  doses,  ('.<■.,  gr.  xsx.  to  xlv.. 
within  from  two  to  four  hours,  to  adults,  aud  to 
children  proportionate  doses  according  to  age.  Within 
six  hours  after  taking  full  doses  of  quinine,  a  marked 
diminution  of  the  fever  will  be  verilieil  by  the  ther- 
mometer, and  in  twelve  hours  the  reduction  of  heat  to 
the  minimum  will  have  occurred.  The  effects  of  large 
doses  of  quinine  usually  persist  forfrom  twelve  to  twenty- 
four  hours.  Even  in  typhoid  fever  such  dosesof  fiuiniue 
will  rarely  fail  to  reduce  the  temperature  two  or  three 
degrees.  The  repetition  of  the  drug  is  to  be  indicated 
by  the  height  and  persistency  of  the  fever.  It  is  only  in 
severe  cases  of  dengue  that  this  treatment  will  be  neces- 
sary. Another  important  indication  for  treatment  in 
dengue  is  the  mitigation  or  relief  of  pain.     Hypodermics 


of  morphine  act  more  promptly  and  lastingly  than  any 
other  method  of  exhibiting  the  drug. 

When  arthritic  pains  are  severe,  administration  of 
moriihine  with  salicylate  of  sodium,  together  with  coun- 
ter-irritation to  the  spine  and  seat  of  pain,  is  indicated. 

Hydrate  of  chloral  with  bromide  of  potassium  should 
be  given  for  iiis<ininia. 

Threatened  aliortion,  nasal  and  other  hemorrhages, 
diairhiea.  convulsions,  etc.,  are  to  be  treated  upon  general 
priucijiles. 

The  ])ractice  of  indiscriminately  prescribing  purgatives 
is  to  be  condemned.  In  my  experience,  troublesome 
diarrhu'a  is  frequently  encountered  iu  the  later  course  of 
dengue. 

Jlental  aberration  followingdengue  is  generally  caused 
by  anamiia  or  insomnia,  and  is  to  lie  combated  by  hyp- 
notics, chalybeate  tonics,  and  full  and  nutritious  diet. 

Eugene  Foster. 

DENTITION.  DISORDERS  OF.— A  distinguished  au- 
thority upon  cliildicirs  (liMii.ses  recently  expressed  to  the 
writer  decided  incredulity  regarding  the  propriety  of  the 
nosological  distinctiou  implied  by  the  above  title.  This 
gentleman  doubtless  gave  expression  to  the  view  held  by 
a  large  jiroportion  of  the  medical  profession,  in  accord- 
ance with  which  morliid  conditions  other  than  those  con- 
fined to  the  buccal  cavity  are  in  no  sense  dependent  upon 
perverted  dental  evolution,  and  their  appearance,  during 
teething,  is  a  pure  coincidence.  The  writer  believes  that 
the  wide  prevalence  of  this  doctrine  is  susceptible  of  easy 
explanation  by  the  application  of  the  psychological  prin- 
ciple underlying  all  reactions  from  extreme  erroneous. 
opinions.  Our  great-grandfathers  unnecessarily  bled 
their  patients  to  the  verge  of  syncope.  Our  fathers.  ^ 
warned  by  the  demonstrated  inefficacy  of  their  ancestors' 
methods,  abjured  the  use  of  the  lancet.  The  present 
generation,  wisely  adopting  the  goldeu  middle  course, 
regards  phlebotomy  as  a  dangerous,  yet  valuable,  thera- 
peutic resource.  Again,  the  success  which  homoeopathy 
at  first  attained  may  be  considered  a  protest  against  the 
officious  interference  of  early  practitioners  with  the  ben- 
eficent and  efficient  vis  medicntrix  n<ttiir(i>.  And  these 
examples  might  be  multiplied  to  show,  by  analogy,  how 
the  current  professional  scepticism  regarding  the  exist- 
ence of  constitutional  disorders  bearing  to  teething  the 
relatiou  of  effect  to  cause  is  a  logical  sequence  of  exag- 
gerated notions,  still  prevalent  with  the  laity,  concerning 
the  potency  of  dentition  in  the  causation  of  disease.  This 
modern  incredulity  has  subserved  an  extremely  useftil 
purpose  by  calling  attention  to  the  fact  that  compara- 
tively few  constitutional  disturbances  are  really  depend- 
ent upon  teething,  and  in  doing  away  with  the  en-oncous 
belief  that  the  checking  of  these  disorders  would  exert  a 
harmful  effect  upon  the  natural  course  of  dentition.  Dr. 
J.  Lewis  Smith  remarks,  in  regard  to  this  subject;' 
"Every  physician  is  called,  now  and  then,  to  cases  of 
serious  disease,  inflammatory  and  others,  which  have  been 
allowed  to  run  on  without  treatment  in  the  belief  that 
the  symptoms  were  the  result  of  dentition.  I  have  known 
acute  meningitis,  pneumonia,  and  enterocolitis,  even 
with  medical  attendance,  to  be  overlooked  during  the 
very  time  when  appropriate  treatment  was  most  urgently 
demanded.  Many  lives  are  lost  iu  this  manner,  especially 
from  neglected  enterocolitis,  the  friends  and  physicians 
believing  the  diarrhoea  to  be  symptomatic  of  dentition,  a 
relief  to  it,  and  therefore  not  to  be  treated.  Such  mis- 
takes are  traceable  to  the  erroneous  doctrine,  once  incul- 
cated iu  the  schools  and  still  held  by  many  of  the  laity, 
that  dentition  is,  directly  or  indirectly,  a  common  cause 
of  infantile  diseases  and  derangements."  Dr.  Yale  aptly 
says:''  "The  difference  of  opinion  is.  then,  not  a  simple 
dispute  of  terms,  but  one  which  has  a  real  interest  in  the 
nursery.  If  the  parents  believe  that  dentition  causes  all 
the  ailments  attributed  to  it,  they  arc,  as  we  daily  see, 
prone  to  consider  the  ailments  as  nearly,  if  not  quite  as 
much,  a  matter  of  course  as  the  natural  teething  proces.s, 
aud  they  consiilcr  it  useless  to  try  to  cure  them  until 
teething"  is  complete.     As  a  result  of  all  these  errors  and 
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cnufusious.  it  too  freciUfiitly  happens  that  disorders 
winch  might  have  beeu  very  traetable  at  the  outset  are 
allowed  to  progress  unopposed,  until  they  reach  a  serious 
stage.  If,  on  the  contrary,  we  assume  that  teething  is 
rarely  the  real  cause  of  disease,  the  parent  will  seek  some 
other  reason  for  any  disturbance  of  the  s.ystem  that  may 
exist,  and  will  endeavor  to  remove  it." 

Dr.  Holt  says-':  "Speaking from  impressions,  not  from 
statistics,  I  should  say  that,  in  my  experience,  about  one- 
half  of  the  healthy  children  cut  "their  teeth  without  any 
visible  symptoms,  local  or  general ;  in  the  remainder  some 
disturbance  is  usiially  seen,  and  though,  in  most  cases,  it  is 
slight  and  of  short  duration,  it  may  last  for  several  days  or 
even  a  week."  In  discussing  the  jilace  of  dentition  as  an 
etiological  factor  in  children's  diseases.  Dr.  Holt  further 
writes:  "At  the  present  time  many  good  observers  deny 
that  dentition  is  ever  a  cause  of  s3-mptoms  in  children : 
some  even  going  so  far  as  to  .say  that  tlie  growth  of  the 
teeth  causes  no  more  symptoms  than  the  growth  of  the 
hair. 

"Although  I  strongly  believe  that  the  importance  of 
dentition,  as  an  etiological  factor  in  di.sease  has.  in  the 
past,  been  greatly  exaggerated,  and  although  I  have 
formerly  held  the  opinion  that  simple  dentition  did  not 
and  eoidil  not  produce  symptoms,  within  the  past  few 
years  I  have  been  compelled  by  clinical  observations  to 
change  my  opinion  u])on  this  subject;  and  I  am  now 
willing  to  admit  that  dentition  may  produce  many  reflex 
symptoms,  some,  even,  of  quite  an  alarming  character." 

Having  thus  clearly  indicated,  by  the  above  quotations, 
the  cogent  reasons  for  the  exercise  of  cautiim  in  attribut- 
ing to  dentition  an  active  agency  in  the  development  of 
any  constitutional  disease  occurring  coincidently  with  it, 
the  writer  still  advocates  the  retention  of  the  term  dis- 
orders of  dentition.  This  he  does  because,  in  the  opinion 
of  many  competent  observers,  functional  and  organic  ail- 
ments do  sometimes  occur  at  points  remote  from  the  seat 
of  morbid  local  processes  incident  to  teething,  as  the  re- 
sult of  these  processes,  although  none  of  the  disorders  in 
(piestion  can  be  regarded  as  pccviliar  to  dentition.'  It 
would  indeed  seem  e(iually  proper  that  the  collective 
title  of  these  diseases  should  indicate  the  etiological  rela- 
tions existing  between  them  and  the  processes  of  denti- 
tion, as,  for  example,  that  the  disorders  incident  to  utero- 
gestation  should  bear  the  generic  name,  "  Diseases  of 
Pregnancy,"  although  each  individual  affection  embraced 
under  this  heading  may  at  times  be  developed  in  con- 
nection with  various  morbid  processes  instead  of  simul- 
taneously with  a  single  physiological  one.  The  writer, 
therefore,  designates  by  the  title  disorders  of  dentition 
all  morbid  states,  whether  local  or  general,  which  are 
visibly  dependent  upon  local  deviations  from  the  normal 
course  of  physiological  dentition. 

The  disorders  of  dentition  embrace:  I.,  Anomalies  of 
Development,  and  II.,  Disorders  of  Eruption.  Under 
the  former  liead  are  included  anomalies  relating  to  the 
time  of  the  eruption  of  the  teeth,  to  their  n\iinber,  their 
position,  their  direction,  their  form,  and  their  texture, 
or  their  structure.  These  anomalies  deserve  attention  as 
constituting  frequent  exciting  causes  of  the  disorders  of 
eruption.  The  disorders  of  eruption  may  manifest  them- 
.selves  either  at  the  first,  or,  more  rarely,  at  the  second 
dentition,  being  either  local,  and  due  to  tlie  dire  -f  irritant 
etTect  of  |iervcrted  dental  development,  or  sympathetic, 
and  produced  by  the  intervention  of  reflex  nervous 
mechanisms. 

I.  Anomalies  of  Develop.mext. — 1.  Anoimdiesin  the 
TiTne  of  Ernption.  Dentition  is  sometimes  notabh'  re- 
tarded in  rachitic,  strumous,  syphilitic,  and  tuberculous 
children,  or  in  those  suffering  from  marasmus  induced 
by  chronic  or  acute  disease.  Malformaticms  of  the  .iaw 
also  constitute  a  rare  cause  of  tielayi-d  dentition.  "The 
evolution  of  the  teeth,"  says  Dr.  William  II.  Day.-"  "tests 
the  vigor  of  the  child,  and  the  more  tardy  and  lingering 
the  process,  the  less  its  strength  and  vitality."  In  some 
unusual  cases  the  first  teeth  have  not  appeared  until  the 
third  year,  or  even  later.  Steiner^  reports  a  case  in  point, 
observed  by  himself,  in  which  the  eruption  of  the  teeth 


did  not  occur  until  the  child  was  four  years  old.  The 
milk  teeth  may,  on  the  other  hand,  be  prematurely  de- 
veloped, even  attaining  their  complete  growth  before 
birth,  as  in  the  cases  of  Louis  XIV.  and  of  Jlirabeau, 
but  their  roots  are  generally  rudiiuentary,  and  they  soon 
fall  out  or  decay,  while  early  dental  development  is  not 
an  indication  that  the  growth  of  the  entire  organism  will 
be  more  rapid  or  vigorous  than  usual.  Cases  have,  how- 
ever, been  reported"  in  which  deciduous  teeth,  especially 
tlie  canines  and  molars,  were  present  and  well  preserved 
in  persons  thirty  years  of  age  or  upward.  In  these  eases 
the  dental  follicles  of  the  permanent  teeth  were  either 
never  developed  or  remained  rudimentary. 

Irregularities  in  tlie  ordinaiy  succession  of  the  teeth 
are  sometimes  otiserved.  the  upper  incisors,  usually  tlie 
lateral  ones,  aiipearing  before  the  lower  incisors,  and, 
very  infrequently,  the  canines  before  the  molars.  Al- 
breclit  is  of  the  opinion  (lor.  cit.)  that  cases  of  reputed 
third  dentition;;  are  best  explained  by  the  assumption  that 
certain  teeth  may  be  retained  in  the  jaw  until  theatrophj- 
of  the  alveolar  prficess,  incident  to  advanced  age,  exjioses 
the  previously  hidden  alveoli.  Should  the  eruption  of 
the  teeth  be  delayed  beyond  the  ninth  month,  diligent 
search  for  the  cause  of  the  retardation  of  dentition  must 
be  instituted,  and,  if  possible,  appropriate  remedial 
measures  promptly  adojited. 

2.  Anoinitlics  in  yiiniher. — In  certain  rare  cases,  alluded 
to  by  Charles  Sarazin,'  neither  deciduous  nor  permanent 
teeth  were  ever  dcvelojied.  This  fact  was.  perhajis.  ref- 
eralile  to  entire  absence  of  the  elementary  dental  follicles, 
or  to  their  early  destruction  by  alveiilar  disease.  Syni- 
metrical  absence  of  two  incisors,  canines,  molars,  or  wis- 
dom teeth  has  been  reported,  but  failure  in  ilevelopment 
of  a  given  pair  of  deciduous  teeth  does  not  necessarily 
presuiipose  a  similar  deficiency  in  the  iiermanent  set.  On 
the  other  hand,  the  tirst  set  may  be  complete,  and  the 
second  deficient.  Superniinieran/  teeth,  eitlier  deciduous 
or  permanent,  are  frequently  ob.served.  Their  develop- 
ment may  sometimes  be  due  to  accidental  segmentation 
of  a  primary  dental  follicle.*  cjr,  again,  to  the  existence 
of  supernumerary  follicles.  Supernumerary  teeth  of  the 
first  dentition  are  generally  developed  in  positions  not 
normally  occupied  by  teeth,  and  are  distinguished  from 
prematurely  developed  permanent  teeth  liy  their  rela- 
tively small  size,  and  bj'  their  conical  crowns.  Super- 
numerary teeth  of  the  second  dentition,  which  closely 
resemble  the  supernumerary  milk  teeth  as  reganls  size 
and  shape,  often  appear  at  an  I'arlier  date  than  the  jier- 
manent  teeth,  and  may  usurp  the  jilace  of  the  latter. 
which  are  consequently  forced  into  an  unnatural  position. 
They  frequently,  however,  make  their  appearance  be- 
tween the  first  incisors  or  to  the  inner  side  of  the  latter. 
Sometimes  they  perforate  the  palate  bone  in  the  vicinity 
of  the  wisdom  teeth.  On  account  of  their  abnormal 
position,  these  teeth  may  injure  the  tongue  and  interfere 
with  articulation,  in  which  case  their  removal  is  urgently 
indicated. 

3.  Anomalies  in  Position  and  Direction. — These  anoma- 
lies are  occasioned  either  by  the  development  of  the 
rudimentary  dental  follicles  in  an  abnormal  position,  or 
by  the  interposition  of  some  obstacle  in  the  path  of  the 
normally  located  follicle,  liy  which  the  latter  is  forecil  to 
assume  an  unnatural  position.  The  latter  cause  affects 
the  deciduous  teeth  only.  If  the  former  cause  be  opera- 
tive, the  teeth  niav  be  developed  far  from  their  natural 
site,  the  wisdom  tooth  of  the  lower  jaw  sometimes  ap- 
pearing in  the  ascending  ramus,  even  so  high  as  the 
border  of  the  coronoid  process  or  near  the  condyle,  and 
the  teeth  of  the  superior  maxilla  effecting  their  exit  in 
the  centre  of  the  hard  palate,  or  even  occasionally  pro- 
jecting into  the  nasal  fossa'.  Dentigerous  cysts  occur  in 
various  situations  remote  from  the  jaw,  notably  in  the 
ovaries.  The  direction  of  the  teeth  becomes  faulty  when 
obstacles  oppose  themselves  to  the  growth  of  the  per- 
manent set.  These  obstacles  may  consist  of  milk  teeth 
which  have  too  long  retained  the  places  destined  for  their 
successors.  Again,  a  milk  tooth  may  have  been  removed 
before  the  permanent  one  wassutliciently  matured  to  take 
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its  place.  UinUr  these  circumsUiuces  the  deciduous 
tooth  folliele  may  have  beeoiiie  ossilied.  thus  erecting  an 
ira|)assal)le  barrier  liefiirc  the  tardily  developed  pernia- 
neut  tooth  In  still  other  eases  abnormal  narrowness  or 
shortness  of  the  alveolar  border  may  cause  the  teeth  to 
deviate  from  their  natural  direction,  and  the  .same  result 
may  lie  jiroduced  by  a  faulty  direelinn  of  the  eiuire  al 
veolar  process.  Reference  should  lu're  be  made  to  an 
anomalous  position  sometimes  assumed  by  the  root  of  a 
deciduous  tooth,  at  the  lime  of  the  second  dentition.  If 
teething  progress  naturally,  this  root  is  gradually  ab- 
sorbed over  its  enliri'  surface  by  the  advancing  perma- 
nent tooth,  which  thus  gnidually  elTects  the  extrusion  of 
its  predecessor.  Should  the  advance  of  the  permanent 
tooth  be  irregular,  uniform  absorption  of  the  deciiluous 
root  does  not  occur,  and  the  runt,  pressing  against  the 
alveolar  process,  causes  ab.snrplion  nf  the  latter,  jiresents 
itself  on  tlu'  lateral  surface  of  the  process,  and,  by  con- 
stant friction  and  ])ressure  upon  the  neighboring  soft 
parts,  causes  intlammatiou  and  ulceration  of  the  gums, 
the  tongue,  or  the  cheek.  The  direction  of  tile  teeth 
should  be  either  vertierd  or  slightly  inclined  inward,  the 
superior  incisors  overlapping  the  inferior  on<'s.  The 
operation  of  either  of  the  last  nienlioned  conditions  may 
eau.se  all  the  inf<'rior  incisors  li>  project  beyond  their  fel- 
lows of  the  upper  .j;iw,  the  canines  and  bicuspids  being 
inclined  outward  (lateral  deviation).  The  opposite  con- 
dition, viz..  inversion,  sometimes  obtains.  These  de- 
formities affect  individual  teeth  alone,  provided  the  ob- 
stacle be  a  single  nulk  tooth,  too  long  retained  in  its 
socket,  or  the  ossification  of  a  vacant  <leciduous  follicle. 
Single  teeth  may  even  be  twisted  in  such  a  manner  as  to 
stand  at  right  angles  to  their  normal  po.sitions. 

4.  Aii'iniri/itx  ill  Size  iiii'l  Furiii. — An  entire  tooth  oc- 
casion.illy  attains  abnormally  large  dimensions,  thus  oc- 
casioning displacement  of  its  fellows.  The  crown  may 
be  alone  hypertrophied,  or  the  root  be  sinuous  and  unu- 
sually elongated.  In  rare  instances,  certain  teeth  are  so 
distorted  as  not  to  present  a  vestige  of  their  natural  form. 
Several  adjoining  teeth,  usually  the  incisors,  may  be 
united  thnnighout  and  covered  by  cummon  coats  of  en- 
amel and  of  cement.  Abnormal  divisions  of  single  teeth 
are  also  rarely  eneoimtered. 

5.  Ani'iiiiifiix  ill  Sti-iii-tiire. — Histological  anomalies  of 
the  milk  teeth  are  generally  referable  to  morbid  constitu- 
tional conditions,  such  as  struma  and  rachitis,  leading  to 
perversion  in  dental  development,  and  affect  either  the 
enamel,  which  may  be  soft,  opaque,  thin,  crumbling,  and 
even  ab.sent.  or  the  ivory,  which  is  abnormall_y  friable, 
although  often  of  unnatural  thickness,  and  is  very  prone 
to  decay.  Acute  infantile  diseases,  particularly  the  ex- 
anthemata and  typhoid  fever,  the  abu.se  of  mercurials. 
and  stomatitis,  occasion  morbid  histological  changes  in 
the  pernniueut  teeth,  which  being  inadequately  supplied 
with  enamel,  are  soft  and  inclined  to  decay,  are  furrowed 
horizontall}',  separated  by  abnormally  wide  intervals, 
and  present  a  repulsive  yellow  discoloration.  The  most 
interesting  pathological  processes  affecting  the  jierma- 
nent  teeth  are  produced  by  congenital  syphilis,  and  were 
first  exhaustively  stvidied  by  Mr.  Hutchinson,  with  whose 
name  the  appearances  about  to  bo  described  are  insepara- 
bly associated.'  Syphilitic  teeth  may  present  any  or  all  of 
the  changes  described  above  as  incident  to  various  in- 
fantile diseases.  The  incisors,  and  sometimes  the  canines, 
may  also  be  deformed  and  dwarfed,  being  "narrow, 
rounded,  and  peg-like,  their  edges  jagged  and  notched." 
The  morbid  conditions  pathognomonic  of  inherited 
syphilis  are.  however,  positively  characteristic,  and  affect, 
according  to  Mr.  Hutchinson,  the  permanent  median 
upper  incisors,  which  often  present  the  peculiar  sy  idiilitie 
deformity  when  the  other  incisors  are  of  normal  shape. 
M.  Fournier  is.  however,  siiid  by  Dr.  J.  William  White'" 
to  believe  that  the  deciduous  teeth  arc  affected  by  svphilis 
exactly  as  are  the  permanent  ones,  but  that  the  disease  is 
overlooked  in  the  majority  of  cases.  The  characteristic 
syphilitic  teeth  are  separated  by  an  imnaturally  wide  in- 
terval, but  their  crowns  are  generally  convergent,  rarely 
divergent.     The  teeth  are  abnormallj'  short  and  narrow, 


their  corners  are  rounded,  anil  they  present  a  broad  verti- 
cal notch  at  their  edges,  at  the  liotlom  of  which  the  den- 
tine is  exposed.  Sometimes  a  shallow  furrow  jiasses  up 
ward  from  this  notch,  on  both  the  posterior  and  anterior 
surfaces  of  the  tooth,  reaching  nearly  or  (iinle  lo  the  gum. 
The  anterior  surface  of  these  teeth  looks  upward.  They 
areof  erescentie  form,  their  convexity  bi'ing  also  directed 
upward.  The  teeth  may  present  the  ap]iearanees  char- 
acteristic of  mercurial  poisoning  sinniltane<]usly  with  the 
lesions  dur  to  syphilis.  Dr.  Thomas  liarlow  and  M.  C. 
Mac Xamara '"  state  that  only  one  of  the  upper  central 
]iermanent  incisors  may  be  characteristically  deformed, 
the  other  being  normal  or  presenting  disea.sed  appear- 
ances not  peculiar  to  syphilis.  These  authors  also  ein- 
pha.sizcthe  facts  that  the  pathognomonic  syphilitic  tooth 
possesses  a  single  vertical  notch,  an<l  not  a  serrated  bor- 
der, andtbat  "  the  c.xisteiieeof  normal,  permanent  upper 
meilian  incisors  by  no  means  excludes  the  existence  of 
hereditary  syphilis."  Constitutional  treatment,  appro- 
priate for  syphilis,  should  be  promjitly  adopted  as  soon 
as  the  diagnosis  of  syphilitic  dental  disease  is  fully  estab- 
li.sbed. 

II.  Disorders  of  Eriptiox. — A.  Ij)cal  Disorders  of 
(lie  First  Dentition. — We  mav  better  appreciate  the  nature 
of  these  morbid  processes  and  their  adeciuacy  to  the  ex- 
citation of  rellex  nervous  phenomena  by  recalling  some 
of  the  abnormal  conditions  occasioning  them. 

Any  nnusual  obstacle  to  the  eruption  of  the  first  feeth 
is  capable  of  leading  to  morbid  local  processes.  Among 
these  obstacles  may  be  mentioned  narrowing  of  Ihedenlal 
furrow  and  alveoli  by  the  approximation  id'  the  labial 
and  linirual  borders  of  the  alveolar  i>roeess.  This  may  be 
occasioned  by  the  compression  of  these  com|iaratively 
yielding  structures,  especially  in  rachitic  ehihlren,  by  the 
constant  activity  of  the  ttmgue  and  lij)  muscles.  The 
gum  may  also  be  abnormally  thick  and  of  cartilaginous 
density.  In  either  case,  the  growing  tooth,  encountering 
an  unnatural  obstruction,  exerts  abnormal  pressure  upon 
the  exquisitely  sensitive  branches  of  the  fifth  nerve,  in 
its  matrix,  anil  occasions  odontalgia,  which  may  become 
exceedingly  severe.  Intlammatiou  of  the  folliele,  result- 
ing from  congestion  in  the  matrix,  is  also  produced  by 
the  abnormal  jiressure  of  the  tooth,  and  may  residt  in 
gingivitis,  ending  in  idceration  and  complicated  by  severe 
stomatitis.  In  mild  cases  the  inflammation  does  not  reacii 
so  extreme  a  degree,  and  results  oidy  in  slight  exaggera- 
tion of  the  normal  local  infiannnatory  changes  elsewhere 
enumerated,  and  often  incident  to  the  simultaneous  erup- 
tion of  several  teeth,  with,  possibly,  otalgia,  fever,  and 
some  of  the  milder  reflex  phenomena  soon  to  be  described. 
In  the  worst  cases,  however,  alveolar  periostitis,  even  of 
sufficient  gravity  to  occasion  necrosis  of  the  alveoli  and 
destruction  of  the  teeth,  and  submaxillary  and  cervical 
adenitis  and  abscess  of  the  cheek  may  be  ob.served.  The 
ordinarily  mild  local  idienomtna  then  give  place  to  those 
characteri.stic  of  the  above-mentioned  iufiammatory  proc- 
ess. The  gums  are  swollen  and  tense,  or  uli'erated  and 
sloughing,  the  tongue  and  buccal  mucous  membrane 
are  swollen  and  hypera-mic,  or  sometimes  aphthous  and 
idcerated,  the  cheeks  are  red  and  tumefied,  the  Sitliva  is 
abundant  and  lopy.  The  child  has  a  remittent  form  of 
fever  attended  by  jactitation,  insonniia.  and  .anorexia,  or 
by  somnolency  and  asthenia. 

B.  Sympathetic  Disunhrs  of  the  First  Dentition. — The 
principal  diseases  usually  embraced  under  this  title  are 
enteritis,  gastro-enteritis,  enterocolitis,  otitis,  conjuncti- 
vitis, cory/.a,  bronchitis,  cutaneous  eruptions,  such  as 
urticaria,  herpes,  eczema,  and  prurigo,  retention  or  in- 
continence of  urine,  dysnria,  nervous  cough,  laryngismus 
stridulus,"  subsnltus  tendinum,  and  eclampsia.  JIany 
authors  deny  that  dentition  plays  any  essential  role  in 
the  production  of  the  disorders  just  enumerated,  unless 
there  exist  a  predisiiosition  to  their  development.  The 
nature  and  cause  of  this  predisposition  are  not  generally 
more  closely  defined,  but  are  inferentially  stated  to  con- 
sist in  a  dyscrasia,  or  diseased  constitutional  state,  We.st 
Siivs,  in  tins  connection:'-  "The  period  of  teething,  like 
that  of  puberty,  constitutes  one  of  the  great  epochs  of 
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life :  it  is  a  time  when  great  changes  are  going  on  in  the 
whole  organism, — when,  the  animal  machine  being  in  a 
state  of  increased  activity,  its  parts  are  more  than  usuall.y 
apt  to  get  out  of  order.  Statistics  embracing  the  largest 
numbers  prove  the  dangers  of  this  period.  .  .  .  The  error 
which  has  been  committed  witli  reference  to  this  matter, 
not  merely  by  the  vulgar,  but  by  members  of  our  own 
profession  also,  consists  not  in  overrating  the  liazards  of 
the  time  when  changes  so  important  are  being  accom- 
plished, but  in  regarding  only  one  of  the  manifestations 
— though  that,  indeed,  is  the  most  striking  one — of  the 
many  important  ends  which  nature  is  then  laboring  to 
bring  about.  The  ei)Ocli  of  dentition  is  to  be  looked  at 
just  in  the  same  way  as  tliat  in  whicli  we  regard  the 
epoch  of  puberty.  Constitutional  disturbance  is  more 
common,  and  serious  disease  more  frequent  at  tliese  times 
than  at  others;  but  their  causes  lie  deeper  than  the  tooth 
which  irritates  the  gum  that  it  has  not  yet  pierced,  in  the 
one  case,  or  than  the  womb  whicli  has  not  yielded  the 
due  discharge  of  blood,  in  the  other."  The  writer  admits 
that  these  diseases  may,  in  many  cases,  especially  in  those 
attended  by  slight  local  inflauunation,  be  entirely  acci- 
dental complications  of  dentition,  the  gastrointestinal 
disorders  being,  for  instance,  referable  to  insufficient  or 
improper  food,  great  summer  heat,  and  to  the  develop- 
ment of  the  digestive  tract,  and  the  cutaneous  diseases 
to  hereditary  predisposition.  In  the  graver  forms  of 
disease,  howevei-,  the  writer  believes  that  the  local  in- 
flammation due  to  perverted  dental  development  itself 
pl.ays  the  part  of  both  predisposing  and  exciting  cause 
of  the  sym])athetie  disorders.  Some  of  the  above-men- 
tioned diseases  cannot,  perhaps,  lay  valid  claims  to  the 
title  of  sympathetic  disorders,  but  may  be  due  to  ex- 
tension of  intiammatiou  from  contiguity  of  tissue.  This 
remark  might  apply  to  coryza,  otitis,  conjunctivitis,  and, 
possibly,  to  the  bronchitis. 

Vogel '-  refers  the  bronchitis  to  the  wetting  of  the  chest 
by  dribbling  saliva,  and  the  diarrhoea  to  the  laxative 
effect  of  the  saliva  which  is  swallowed;  but  this  view  is 
opposed  by  the  fact  that  these  symptoms  occur  when  the 
chest  has  been  well  jirotected,  and  when  the  quantity  of 
saliva  is  not  excessive.  Throwing  the  diseases  possibly 
due  to  extension  of  local  inflammation  out  of  account, 
we  must  still  explain  the  etiology  of  the  graver  sympa- 
thetic nervous  disturbances,  above  enumerated,  and  the 
occurrence  of  those  ailments  sometimes  due  to  extensive 
inflammation  when  the  latter  causation  cannot  be  de- 
monstrated. 

The  writer  is  of  the  opinion  that  their  predisposing 
cause  lies  in  the  gradual  tlepreciation  of  nervous  energy 
by  the  continued  local  irritation,  and  that  the  intluence 
directly  precipitating  them  is  a  nervous  reflex  act,  the 
centripetal  impression  for  which  is  conveyed  through  the 
exquisitely  sensitive  fifth  pair,  and  is  converted,  at  the 
motor  or  vasomotor  centres,  into  centrifugal  impulses 
affecting  the  organs  in  which  the  sympathetic  disease  is 
located.  '■■ 

Barrier  refers  eclamp.sia,  when  excited  by  dentition,  to 
the  causes  just  assigned  b_y  the  writer,  and,  in  addition, 
to  the  participation  of  the  whole  cerebral  vascular  system 
in  the  hypencmia  existing  around  inflamed  dental  fol- 
licles. The  enumeration  of  the  symptoms  constituting 
the  clinical  history  of  the  sympathetic  diseases  of  teeth- 
ing would  entail  useless  repetition  of  details  to  be  found 
in  the  articles,  in  this  Handbook,  descriptive  of  these 
affections,  since  their  course  is  essentially  the  same  as 
when  they  are  not  complications  of  dentition. 

The  general  character  of  the  graver  nervous  phenomena 
may.  however,  be  alluded  to.  The  convulsive  move- 
ments cither  affect  isolated  groups  of  muscles  or  are  gen- 
eral. They  vary  greatly  in  severit}',  and  either  occur 
suddenly  or  are  preceded  by  premonitions,  such  as  un- 
usual restlessness,  fretfulness,  and  general  discomfort, 
together  witli  evidences  of  great  local  disturbance.  The 
attacks  are  single  or  multiple.  In  the  latter  case  the  in- 
tervals are  of  variable  duration.  The  entire  paroxysm 
may  be  limited  to  a  few  minutes,  or  may  be  protracted 
over  several  days.     One  of  the  milder  types  of  eclampsia 


consists  in  such  a  contraction  of  the  facial  muscles  that  a 
smiling  expression  of  countenance  results.  In  othercases 
the  respiration  is  merely  quickened,  the  pupils  dilate,  the 
eyes  assume  a  staring  aspect,  and  the  face  grows  pale  or 
livid.  In  graver  cases  laryngismus  stridulus  occurs,  and 
all  the  muscles  may  be  successively  or  sinudtancously 
tetanized.  The  circulation  and  respiration  are  obstructc(i, 
and  asphyxia,  cerebral  congestion,  or  syncope  may  entail 
a  fatal  issue.  A  lethal  result  is  usually  produced  by  a 
series  of  paroxysms  rather  than  by  a  single  convulsion. 
Partial  paralysis,  idiocy,  strabismus,  and  cerebrospinal 
meningitis  are  stated  to  have  sometimes  followed  eclamp- 
sia, but  their  etiological  dependence  on  the  convulsions 
is  not  established. 

Di.vGNOsis. — Since  the  constitutional  diseases  induced 
bj'  dentition  are  often  referable,  even  when  develoi)ed 
simultaneously  with  teething,  to  other  causes,  these  must 
be  diligently  sought  in  every  doubtful  case.  If  no  mor- 
bid condition  of  the  giun  or  of  the  jaw  be  discoverable, 
the  inference  that  the  disease  in  question  is  due  to  other 
causes  is  justiliablc.  Should  the  disorder,  however, 
manifest  itself  at  each  epoch  of  dental  eruption,  subsid- 
ing after  the  completion  of  the  latter  process,  its  etio- 
logical dependence  upon  dentition  will  be  unmistakable. 

Treiitment. — This  emt)races  prophylactic  and  curative 
measures,  which  are  either  local  or  general.  1.  Local 
proph\'laxis  consists  in  frequent  cleansing  of  the  buccal 
cavity  with  a  solution  of  borax  containing  gr.  xx.  to  an 
ounce  of  water,  or  some  similar  detergent  lotion,  in  order 
to  prevent  thrush  or  simide  stomatitis;  in  gentle  friction 
of  the  intlanu-d  gums  with  the  ball  of  the  finger,  a  smooth 
bone,  or  the  smooth  handle  of  a  silver  spoon;  and  in  pro- 
viding the  little  patient  with  a  harb-rubber  object  for  the 
maxillary  gymnastics  to  which  he  is  naturally  inclined. 

3.  General  prophylaxis.  This  aimsat  the  maintenance 
of  the  general  health,  and  embraces  all  riMjuired  hygienic 
measures.  Tlie  child  should  spend  a  large  part  of  the 
daj"  in  the  open  air,  whenever  the  weather  is  suitable. 
The  diet  should  be  carefully  supervised,  and  especial  at- 
tention given  to  the  care  of  tlie  liottlesof  hand-fed  babies. 
Too  frequent  nursing  must  be  discountenanced.  The 
bowels  should  be  regulated,  rliubarb  and  calomel  and 
enemata  being  used  for  constipation,  and  chalk  mixture, 
with  bismuth  subnitrate  and  a  few  drops  of  tr.  opii 
eump/i.  in  each  dose,  in  case  of  diarrhoea.  Salol,  either 
alone  or  in  combination  with  the  remedies  just  mentioned, 
has,  in  the  writer's  experience,  proved  very  efficacious 
in  checking  diarrha'a  or  tympanites.  If  flatulence  ex- 
ist, a  carminative,  preferably  a  mixture  of  spts.  hiirind. 
CO.,  spts.  card,  co.,  syr.  zinyih.,  and  nq.  menth.  pip.,  in 
e(|ual  parts,  should  be  employed  in  rrix.  to  xx.  doses. 
If  there  be  considerable  febrile  disturbance,  spts.  (ether, 
nitrosi,  in  doses  of  ti^x.  each,  may  be  administered 
to  a  child  one  year  old,  or  tincture  of  aconite,  f/tt. 
ss.-i.,  may  be  given,  at  intervals  of  one  hour,  until  from 
four  to  sis  doses  have  been  taken.  Restlessness  and  jac- 
titation may  be  best  combated  by  a  mixture  containing 
bromides.    Dr.  Da}- "  recommends  the  following  formula : 

If  Potass,  bromid gr.  ij. 

Potass,  iodid gr.   J. 

Spts.  amnion,  aromat iii    ij. 

Syrup Ttv  XX. 

Aqus q.  s.  ad  fl.  3  i. 

M.  Sig. :  To  be  taken  every  four  hours.  For  children 
one  year  old. 

Small  doses  of  phenacetin,  phenocoll,  or  antipyrin 
may  properly  be  emploj-ed,  in  many  cases,  instead  of  the 
bromide  mixture  suggested  by  Dr.  Day. 

With  a  view  of  diminishing  cerebral  congestion,  and 
thus  preventing  eclampsia,  Vogel  "  recommends  affusions 
of  cold  water,  repeated  at  intervals  of  from  one  to  two 
hours,  and  Espine  and  Picot "  extol  tepid  baths  for  the 
fulfilment  of  the  same  indication.  The  head  may  prop- 
erh'  be  bathed,  in  common  with  the  rest  of  the  body,  and 
warm  head  coverings  should  be  discarded. 

3.  Local  curative  treatment  is  required  for  the  relief  of 
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aiilitlinus  ulccralioiis  of  tlic  buccal  mucous  nicmbniiic, 
pirdy  for  alisccsscs  in  I  lie  buccal  paiictcs.  for  iultauicil 
jinil  i>aiiiful  iruuis  plainly  rcmlcrcil  so  by  obstructed  ilcn- 
Jal  uruptiou.  and  for  alveolar  periostitis.  I'lcerations  of 
tlic  mucous  ini'nibrane  reciuire  strict  cleanliness,  olitaiiied 
by  thorough  rinsing  of  the  mouth  with  tepid  water,  and 
by  the  use  of  U)tions  containing  ten  grains  of  bonix  to  an 
ounce  of  glycerin.'-"  West  "  approves  the  internal  use 
of  ijotassiuni  chlorate,  in  doses  of  gr.  iv.  every  four 
"hours,  for  a  child  aged  one  year.  In  graver  forms  of 
rtilceration,  nitrate  of  silver  solution,  containing  tifteen 
^niins  in  an  luiiice  of  water,  may  be  ])ainted  over  the 
ulcerated  .stirfaces.  and  leeches  may  he  aiiplicd  at  the 
Angle  of  tlie  jaw.  PiM-oxide  of  hydrogen  or  pirmanga- 
jiate  of  potash  may  also  be  employed  as  a  mouth  wasli. 
Absces.ses  in  the  cheek  luust  be  promptly  evacuated. 
A'ery  painful  and  intlamed  gums  are  best  and  (juickesl 
relieved  by  free  incisions,  executed  with  a  scalpel,  a 
lancet,  or  a  curved  bistoury,  so  guarded  as  to  avoid  in- 
jury to  any  but  the  intlami'il  parts.  The  lancet  is  not  to 
be  used  sjivc  for  gocnl  and  sutficient  reasons,  but  must  be 
wii'lde<l  with  decision,  if  required  at  all.  The  child's 
head  is  held  between  the  knees  of  the  operator,  tlie  jaws 
being  kept  open  by  his  disenga.ired  hand.  The  incisions 
should  extend  (|uite  down  to  the  tooth,  and  should  be 
longer  than  the  advancing  dental  crown.  The  cuts  should 
be  crucial  for  the  luolars  and  linear  for  the  cuspids. 
Sometimes  a  wedge-shaped  piece  of  the  gum  may  be  ad- 
vantageously removed,  if  this  be  the  otlending  tis.sue.  If 
severe  alveolar  periostitis  exist,  the  dental  follicle  may 
have  been  so  far  disintegrated  as  to  have  occasioned 
necrosis  of  the  tooth,  which  must  then  be  extracted.  The 
measures  just  described  effect  almost  immediate  relief  of 
local  symptoms  by  reduction  of  tension  in  the  inflamed 
tissues,  and  by  their  depletion.  In  children  of  an  hemor- 
rhagic diathesis  the  lancet  must  Ije  avoided,  and  reliance 
placed  in  the  local  and  general  preventive  and  curative 
tieatment.  If  the  above  measures  be  adopted  as  soon  as 
the  gums  arc  markedly  inflamed,  the  graver  sympathetic 
disturbances  will  usually  be  averted.  Hence,  lancing  of 
the  gums  is  both  curative  of  the  local  morbid  state  and 
prophylactic  as  regards  the  sympathetic  affections  of 
dentition.  For  local  preventive  and  curative  treatment 
of  otitis,  conjunctivitis,  coryza,  bronchitis,  cutaneous 
eruptions,  and  incontinence  or  retention  of  urine,  consult 
the  articles  in  this  H.\xdbook  treating  of  these  subjects, 
4,  General  Cunttire  Treatment. — The  therapeutic  meas- 
ures embraced  under  this  head  are  intended  to  take  the 
place  of  local  surgical  interference  with  the  gums,  when 
the  condition  of  the  latter  is  not  such  as  to  warrant  the 
use  of  the  lancet.  These  measures  must  be  directed  to 
the  cure  of  whatever  constitutional  symptoms  appear  in 
a  given  case,  and  are  identical  with  those  required  for  the 
relief  <if  similar  symptoms  when  not  complicating  denti- 
tion. The  reader  is.  therefore,  again  referred  to  the  ap- 
propriate articles  in  this  Haxdbook.  The  bromides  and 
chloral  are  second  onh'  in  value  to  incision  of  the  gums, 
in  the  convulsions  of  dentition,  and  are  employed  with 
great  benelit  in  cases  not  adapted  to  the  use  of  the  lancet. 
Five  grains  of  the  bromide  of  potassium  may  lie  given 
to  a  child  one  year  old,  by  mouth,  or  ten  grains  by  rectum, 
if  the  patient  be  unable  to  swallow,  and  the  dose  repeated 
tvery  quarterof  an  hour  until  the  convulsions  cease,  after 
which  occasional  doses  may  be  given  as  required.  At 
the  respective  ages  mentioned,  equal  quantitiesof  chloral, 
dis,solvcd  in  one-half  ounce  of  lukewarm  water,  should 
be  given  by  the  rectum,  if  the  bromides  have  no  effect, 
and  may  be  repeated  after  an  hour,  if  necessary.  Chloro- 
form may  be  cautiously  given,  by  inhalation,  to  control 
the  convulsions  until  a  sufficient  ([uantity  of  the  bromide 
and  chloral  has  been  absorbed  to  fulfil  this  indication. 
Cold  to  the  head,  hot  mustard  baths,  a  cathartic,  prefer- 
ably castor  oil,  and  warm  laxative  enemata,  are  valuable 
adjuvant  therapeutic  agents, 

C.  The  Local  Disorders  op  Second  Dextitios. — 
Etinhtf/!/. — The  chief  cause  of  these  local  diseases  which, 
although  rare,  greatly  predominate  over  the  sympathetic 
pr  constitutional  disorders  of  second  dentition,  is  obstruc- 


tion to  the  iiatund  eruption  of  the  permanent  teeth.  The 
chief  obstacles  to  {•ruption  are  either  deciduous  teeth 
which  have  been  too  long  retained,  ossitieation  of  deciilu- 
ous  follicles  from  which  the  teeth  have  been  too  earlv  re- 
moved, m-  narrowness  or  shortness  of  the  iilve<ilar  border, 
by  which  the  advancing  teeth  are  forced  fiom  their  nat- 
ural jiositions  and  obliged  to  effect  their  exit  through 
bony  tissues  instea<l  of  tlirfiugh  the  gum.  in  the  direction 
of  tlieir  alveoli.  Faulty  directicjii  of  the  original  follicle, 
its  development  ill  an  abnormal  position,  fibroid  indiini- 
tion  of  the  gum.  and  tlu'  gr(]Wth  of  supernumeraiy  teeth 
are  other  causes  of  obstructed  eruption.  Any  of  the  pri- 
mary teeth  may  encounter  these  obstacles. "but  the  so- 
called  (liiiliK  xii/iieiiticr.  or  third  molars,  are  peculiarly 
liable  to  do  .so.  since  the  remaining  teeth  have  attained 
their  full  development  at  the  time  of  the  appearance  of 
the  wisdom  teetli,  and  in  many  cases  have  encroached 
upon  the  hitters  domain.  The  wisdom  teeth  of  the  in- 
ferior maxilla  are,  from  their  jiosition  in  proximity  to  the 
ascending  ramus  and  the  coiisecjuent  limiti'd  sjiace  af- 
forded them  for  development,  usually  the  starting-points 
of  the  morbid  processes  about  to  be  described. 

Symptoms. — Encountering  one  of  the  obstacles  just 
mentioned,  the  teeth  aredirected  eitheragainst  the  neigh- 
boring teeth  or  against  the  cheek  or  the  tongue,  and  ex- 
cite either  simple  ulcerative  or  suppurative  stomatitis, 
glossitis,  gingivitis,  or  cervical  adenitis,  while  the  exces- 
sive pressure  within  the  follicles  may  occasion  alveolar 
periostitis,  exostosis,"'  osteitis,  and  caries  or  necrosis  of 
the  teeth  themselves.  These  diseases  of  the  jaw  and  teeth 
apparently  owe  their  origin,  in  some  ca.ses,  to  extension 
of  the  iutlammatory  process  from  the  gums  to  the  osseous 
structures,  rather  than  to  excessive  pre.s.sure  within  the 
follicles.  Should  abscesses,  developing  in  the  gums, 
tongue,  or  cheeks,  be  left  to  nature's  direction,  the  pus 
effects  its  exit  either  into  the  buccal  cavity  or  upon  the 
surface  of  the  cervical  or  maxillary  regions.  In  some 
cases  the  purulent  matter  may  widely  infiltrate  the  sub- 
cutaneous or  intermuscular  cellular  tissue  of  the  cervical 
region,  producing  sinuous  sinuses  and  fistiilw.  Other 
and  rarer  inflammatory  complications  of  the  second  den- 
tition are  tonsillitis,  pharyngitis,  otitis,  rhinitis,  conjunc- 
tivitis, and  cervical  erysipelas.  The  symptoms  of  these 
diseases  need  not  be  here  enumerated,  and  allusion  will 
be  merely  made  to  the  difficulties  of  articulation  and  mas- 
tication, to  the  dysphagia,  the  deafness,  otorrhoca,  coryza, 
profuse  salivation,  and  the  febrile  disturbance  which  may 
result  from  the  inflammatory  conditions  above  referred  to, 

D,  Stmi'.\tuetic  Disorders  of  the  Second  Denti- 
tion,— The  principal  sympathetic  diseases  incident  to  the 
second  dentition  are  neuralgia  of  the  fifth  nerve,  which, 
beginning  as  an  odontalgia  in  the  affected  teeth,  may  de- 
velop into  hemicrania,  tic  douloureux,  or  spastic  contrac- 
tion of  the  muscles  of  mastication,  leading  to  a  tight 
closure  of  the  jaws.  Other  and  rarer  reflex  disorders, 
included  by  some  authors  in  this  categorj-,  are  facial  pa- 
ralysis, nystagmus,-'  otalgia,  aphonia,  hysteria,  tetanus, 
chorea,-'  and  even  epilepsy.'" 

Treatment. — 1.  Prophylactic:  AVith  a  view  to  the  pre- 
vention of  ossitieation  of  deciduous  follicles  and  conse- 
quent obstruction  to  the  exit  of  permanent  teeth,  the 
milk  teeth  should  be  prevented  from  decay  b.v  appro- 
priate hygiene,  and  if  carious,  should  be  tilled,  instead  of 
being  early  extracted.  Supernumerary  permanent  teeth, 
or  those  developed  from  misplaced  original  follicles, 
should  be  removed  before  their  pressure  shall  have  dis- 
placed the  growing  regular  teeth,  or  shall  have  exerted 
injuiious  pressure  on  the  soft  parts.  If  the  jaw  be  too 
small  for  the  accommodation  of  a  full  .set  of  permanent 
teeth  possessing  normal  dimensions,  or  should  unnatural 
size  of  certain  teeth  lead  to  injurious  pres-sure.  a  sufficient 
number  of  teeth  must  be  sacrificed  to  make  room  for  the 
remainder.  If  ossification  of  a  deciduous  follicle  be  the 
cause  of  detaining  a  permanent  tooth  in  the  alveolar 
process,  the  only  resource  is  the  trephine,  after  which 
extraction  of  the  included  tooth  may  become  necessary, 

2.  Curative  treatment :  Prompt  aiid  efficient  local  treat- 
ment will,  in  most  cases,  speedily  relieve  both  the  local 
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and  the  sj-mpatbetic  disorders  of  the  second  dentition. 
Should  the  root  of  a  deciduous  tootli  prove  to  be  the 
obstacle  to  the  exit  of  its  successor,  it  must  be  at  once 
extracted. 

If  the  gum.  over  a  wisdom  tooth  which  is  about  to 
make  its  appearance,  be  seriously  inflamed  or  vilcerated. 
it  should  be  incised  or  partiall,v  excised,  the  borders  of 
the  incision  being  then  cauterized,  in  order  that  imme- 
diate union  shall  not  occur.  Should  the  crown  of  the 
tooth  be  carious,  or  its  direction  so  abnormal  as  to  threaten 
injury  to  the  tongue  or  lips,  the  tooth  must  be  removed. 
If  it  be  impossible  to  find  the  dens  sapientiiv  after  incision 
of  the  gum.  owing  to  its  deep  mclusiou  in  the  alveolar 
process,  the  second  molar  may  be  removed  and  place 
thus  be  made  for  the  advancing  wisdom  tooth.  In  tlie 
event  of  the  formation  of  abscesses,  in  the  cheek,  the 
gum.  the  tongue,  the  cervical  connective  tissue,  or  the 
cervical  glands,  they  should  be  promptly  opened.  The 
remaining  possible  intiammatory  and  reflex  complications 
of  the  second  dentition,  enumerated  above,  are  to  be 
treated,  after  the  adoption  of  the  local  measures  advised, 
in  accordance  with  the  principles  enunciated  in  the  ap- 
propriate articles  of  this  Handbook.  The  spastic  con- 
traction of  the  jaws,  already  alluded  to.  occasionally 
simulates  trismus,  sometimes  greatly  interferes  with  the 
local  treatment,  and  mav  best  be  overcome  by  anaesthesia. 

William  H.  Flint. 

'  A  Treat,  on  the  Dis.  of  Infancy  and  Childhood,  p.  651, 1881. 
'  Babyhood,  p.  W,.  March,  1.S8.5. 

'  Meitrs  and  Pepper:  A  Prac.  Treat,  on  the  Dis.  of  Children,  pp.  412, 
4+5.  Philadelpliia,  ISSi.    3.  L.  Smith  :  Ojj.  cit.,  p.  tn3. 

*  The  Dis.  of  Children,  3d  edition,  p.  liT,  Philadelphia.  lf>81. 

'  Compend.  of  Children's  Dis..  Tail's  Translation,  p.  223,  New  York, 
1875. 

*  Albrecht :  Real-Encyclop.  d.  sesammt.  Heilknnde,  Bd.  iv.,  .54. 

'  \ouveau  Diet,  de  Med.  et  de  Chinirg.  Prat.,  xi..  p.  149,  Paris,  1869. 
»  Littre  et  Roliin  ;  Diet.  deMed..  p.  431,  Paris.  l.S~(. 

*  Lancet.  IS76.  pp.  .56.  .5:55.    Reynolds :  System  of  Med.,  vol.  i.,  p.  441, 

Philadelphia,  1879. 
'°  A  Svs.  of  Prac.  Med.,  'WilUam  Pepper  and  Louis  Starr,  vol.  U.,  p. 

294,  Philadelphia,  1885. 
^^  Meigs  and  Pepper :  Op.  cit..  p.  .578. 
"  Lect.  on  Dis.  of  Infancy  and  Childhood,  pp.  162,  452,  Philadelphia, 

1866. 
"  Dis.  of  Children.  Raphael's  Translation,  p.  109,  New  York,  1873. 
**  J.  I,ewis  Cohen  :  Dis.  Mouth  and  Tongue.  Pepper's  Syst.  Prac.  Med., 

vol.  li.,  p.  374, 1885. 
>5  Op.  cit..  p.  72. 

"  Dis.  Children,  Raphael's  Translation,  p.  107,  New  York,  1873. 
"  Manuel  Prat,  des  Mai.  de  I'Enfance,  p.  9,  Paris,  1884. 
's  Eustace  Smith  :  Quain's  Diet,  of  Med.,  p.  343,  New  York,  18SJ. 
"  Op.  ci(.,  p.  457. 

"">  Thos.  H.  Tanner :  Prac.  of  Med.,  p.  316,  Philadelphia,  1866. 
"'  Magitot.  Littre  et  Robin,  Diet,  de  Med.,  p.  4-32,  IVTi. 
^-  Tanner:   Loc.  cit. 
=3  L.  Emmett  Holt :  The  Dis.  of  Infancy  and  Childhood,  p.  243,  244. 

DENVER.— The  city  of  Denver,  Colorado,  latitude  39° 
■i')  N..  longitude  IO.d"  W..  lies  upon  the  South  Platte 
River,  3.5  miles  from  the  main  range  of  the  Rocky  Moun- 
tains, and  1-t  miles  east  from  their  outlying  foothills — on 
the  western  limit  of  the  great  plains  which  stretch  away 
to  the  Missouri  River.  Its  elevation  above  sea  level  is 
5. 290  feet. 

Besides  being  the  capital  and  chief  business  city  of 
Colorado.  Denver  is  the  most  important  railroad  and  dis- 
tributing centre  for  the  entire  Rocky  Mountain  region. 
The  citj-  is  built  upon  both  sides  of  the  river,  but  chiefly 
on  the  right  bank  of  the  stream  which,  flow'ng  north, 
bends  in  the  middle  of  the  city  to  the  northeast.  The 
westerly  bank  rises  in  a  sharp  slope  about  one  hundred 
and  fifty  feet,  while  on  the  cast  this  elevation  is  not 
reached  till  about  two  miles  from  the  river,  the  rise  being 
gradual  and  easy.  The  immediate  river  valley  is  given 
over  to  industrial  occupation,  the  residence  districts  lying 
to  the  east,  south,  and  west.  The  streets  are  wide,  and 
in  the  business  portion  of  the  city  paved  with  asphalt,  as 
are  three  of  the  main  avenues  into  the  residence  district, 
where  the  streets  are  bordered  by  parked  sidewalks 
shaded  by  trees.  There  are  164  miles  of  electric  street 
railway  reaching  to  every  part  of  the  city.  The  build- 
ings are  substantial,  and  throughout  the  city  built  wholly 
of  brick  and  stone.  The  residence  districts  are  notice- 
ably those  of  homes,  there  being  vei'y  few  blocks  or  tene- 


ments. The  public-school  system  is  excellent  and  pro- 
gressive, and  the  city  is  well  provided  w  ith  theatres  and 
churches  of  all  denominations.  There  is  a  good  public 
librarj-  and  a  medical  library  of  six  thousand  volumes. 

There  are  five  hospitals  in  Denver:  the  Arapahoe 
County  Hospital,  one  hundred  and  eighty  beds:  St. 
Luke's  (Episcopal),  seventy  beds;  St.  Joseph's  and  St. 
Anthony's  (Roman  Cathohc),  each  ninety-eight  beds:  and 
the  National  Jewish  Hospital  for  Consurajitives.  "  The 
Home ''is  a  beautifully  equipped  establishment  for  the 
reception  of  invalids  with  tuberculosis.  Hotel  accommo- 
dations are  numerous  and  of  a  high  order.  The  ]iublic 
parks  have  an  area  of  five  hundred  acres.  There  is  a 
system  of  public  sewers  which  empty  into  the  Platte 
River  below  the  city.  The  i)ublic  water  is  supplied  by 
a  private  corporation  and  is  of  excellent  quality  and 
ample  supply. 

The  poimlation  is  about  135,000.  The  health  of  the 
conimimity  is  good,  there  being  a  notable  absence  of 
diarrhieal  and  infectious  diseases  other  than  tuberculosis 
contracted  elsewhere. 

The  early  reputation  of  Denver  as  a  health  resort,  es- 
pecially fcir  those  suffering  from  pulmonary  tuberculosis, 
has  been  steadily  maintained,  and  while  the  rapid  growth 
of  the  city  and  increase  in  industries  of  late  yeai'S  have 
necessarily  rendered  the  heart  of  the  city  unsuited  for  an. 
invalid,  the  outlying  residence  districts  are  free  from 
contamination,  and  the  city  still  holds  its  place  among 
the  health  resorts  of  the  Rocky  Mountains. 

Climatimllji.  Denver  should  be  clas.sed  as  a  high-alti- 
tude resort,  with  a  diy.  eml  climate  of  considerable  ex- 
tremes of  temperature  and  abundant  strong  sunshine. 

Allitude.— Denver  is  one  mile  above  sea  level,  and  has 
a  mean  barometric  pressure  of  24.74  inches.  It  is  not, 
however,  in  the  mountains,  but  lies  upon  the  open  plains 
fifteen  miles  east  from  the  foothills.  This  open  situation 
frees  it  from  the  diurnal  up-and-down  draught  of  a  moun- 
tain valley,  and  the  long  day  of  sunshine  is  unbroken  by 
the  shadows  of  surrounding  peaks.  This  distinct  ad- 
vantage over  most  high-altitude  resorts  has  a  very  prac- 
tical relation  to  the  daily  life  of  an  invalid.  In  Davos- 
Platz,  the  most  noted  of  the  Swiss  high-altitude  resorts, 
which  lies  at  the  same  elevation  as  Denver,  but  in  a  valley 
protected  by  surrounding  mountain  heights,  the  sim  does 
not  rise  on  January  1st  till  10:  03  A..M..  and  sets  at  3  p.m. 
In  Denver,  on  January  1st,  the  sun  rises  at  7: 19  .^.M.,  and 
does  not  set  till  4:49  p.m.,  giving  nine  hours  and  a  half 
of  daylight.  Speaking  of  Davos,  Dr.  AVise  .says;  "Aq 
additional  hour's  sunlight  during  the  short  days  of  De- 
cember and  January  is  an  inconceivable  delight."  In 
Denver  the  eastern  horizon  is  low  and  level  andolTers  no- 
delay  to  the  warm  cheering  of  daylight.  On  December 
1st  the  sun  rises  at  7  a.m.  ;  on  January  1st  at  7: 19,  and  on 
February  l,stat7;07.  Nor  is  the  day  shortened  in  the 
afternoon,  the  fifteen  miles  "  set  out "  from  the  mountains 
distinctly  lengthening  the  day. 

Sunsfiine. — A  reference  to  Table  I.,  column  R,  will 
show  the  total  number  of  hours  of  possible  sunshine  at 
Denver  during  each  month  of  the  year.  Even  in  the 
months  of  shortest  days,  December  and  Januarv,  there 
are  over  nine  hours  and  a  half  of  possible  sunshine  each 
day. 

The  percentage  of  the  total  possible  sunshine  actually 
realized  is  high,  being  in  the  3'early  average  over  seventy 
per  cent,  as  shown  by  the  records  of  the  Weather  Bureau 
over  the  last  ten  years.  This  large  proportion  of  actual 
sunshine  is  quite  evenly  distributed  throughout  the  year, 
as  will  be  seen  by  Table  I.,  columns  S,  Trand  U,  where 
the  mean  total  percentage  of  sunshine  is  shown,  together 
with  the  highest  and  lowest  monthly  record  during  the 
period  of  observation.  It  will  be  noted  that  the  least 
amount  obtained  in  any  month  during  the  ten  years  was 
51  per  cent.,  or  over  half  the  total  possible,  with 
the  exception  of  the  very  unusual  month  of  May,  1893. 
when  the  sunshine  record  was  only  42  per  cent,  and 
the  precipitation  was  8.57  inches.  A  reference  to  Table 
I.,  columns  M  and  N,  shows  that  this  is  equally  excep- 
tional.    In  the  other  vears  of  observation   tiie  rainfall 
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anil   sunshine  records  have  fallen   within   the   line  of 
averages. 

During  the  winter  months  from  December  to  JIarcli 
the  average  percentage  of  simshiue  obtained  in  Denver  is 
68  with  a  minimum  record  of  HG,  while  the  average  ob- 
tained in  Philadelphia  for  the  same  mouths  is  37. 

Tlie  average  number  of  wholly  cloudy  days  in  a  year 
in  Denver  is  but  4.1.  while  112  are  partly  cloudy,  and  208, 
or  si.\  elevenths  of  the  entire  year,  are  wholly  clear  from 
sunrise  to  sunset.  The  112  days  recorded  as  partly  cloudy 
must  not  be  considered  unsuiled  for  outdoor  life,  for  the 
cloudiness  is  often  light  and  even  a  grateful  change  frfim 
the  intense  brilliancy  of  a  cloudless  day.  Table  I.,  col- 
umns V,  W,  and  X."  shows  the  general  evenness  of  the 
distribution  throughout  the  year  with  the  slight  increase 
in  the  partly  cloudy  days  in  the  spring  months  due  to 
the  occasional  showers  during  that  period,  as  will  be  seen 
by  comparing  the  same  months  in  column  M, 

Humidity. — The  relative  humidity  at  Denver  is  very 
low,  being  but  58  per  cent,  at  6  a.m.".  and  38  per  cent,  at 
6  P.M..  wUh  a  yearly  mean  of  49.4  per  cent,,  varying  in 
monthly  means  from  4,5  to  ,54.2  per  cent.  The  absolute 
humidity  is  also  very  slight,  being  but  1.89  grains  of 
moisture  to  the  cubic  foot.  This  constant  dryness  of 
the  air  has  a  decided  effect  upon  the  sensible  temperature 
of  the  air.  rendering  the  recorded  heat  of  the  summer 
months  not  comparable  to  similar  figures  in  cities  upon 
the  seaboard.  Evaporation  from  the  skin  is  rapid  in 
simimer,  leaving  the  body  dry  and  cool,  while  in  winter 
the  sjime  dryness  of  the  air  makes  the  low  readings  of  the 
thermometer  less  realized.  It  affects,  too,  the  intensity 
of  the  sunlight,  causing  a  variation  between  the  air  and 
solar  temperalures  of  from  40  to  fiO'  throughout  the  year. 
Temperature. — The  climate  at  Denver  is  cool.  The 
mean  annual  temperature  is  49'  F. .  the  mean  for  January 
being  28'  and  for  July  72'.  The  range  between  the 
highest  mean  temperature  of  any  month  and  the  lowest 
mean  for  the  same  month  is  not  great,  and  is  remarkably 
even  throughout  the  year,  as  shown  in  Table  I.,  columns 
C  and  D.  The  extremes  of  temperature  during  the  year 
appear  great,  but  the  average  variation  of  the  monthly 
mean  maxima  and  mean  minima  seen  in  Table  I.,  col- 
umns E  and  F,  is  not  great  when  the  balancing  effects  of 
dry  air  and  sunshine  are  considered.  Columns  E  and 
F  represent  the  average  for  twenty-eight  years  of  the 
monthly  mean  maximum  or  minimum  temperatures  of 
all  the  days.     Columns  G  and  H,  on  the  other  hand,  rep- 


resent the  average  for  twenty-eight  years  of  the  single 
highest  or  lowest  temperatures  recorded  in  the  month ; 
while  columns  I  and  J  give  the  absolute  maximum  and 
minimum  temperatures  during  the  entire  period  of  obser- 
vation. 

In  comparing  these  three  sets  of  columns  with  the  mean 
for  the  month  during  the  whole-period  column,  the  in- 
fluence of  single  high  or  low  readings  is  discerned.  For 
instance,  in  the  month  of  January,  while  a  maximum  day 
temperature  of  76'  has  been  recorded  and  a  reading  of 
—29'  may  occur,  yet  the  experience  of  twenty-eight  years 
shows  that  the  average  highest  temperature  will  be  but 
61.8°  and  the  average  lowest  only  —2',  while  the  average 
during  twentveight  years  of  the  mean  maxima  for  the 
thirty -one  days  of  the  month  is  41.7'  with  a  correspond- 
ing minimum  of  1.5..5. '  In  summer  a  similar  influence  is 
exerted  by  an  occasional  high  temperature,  but  in  con- 
sidering the  absolute  maximum  records  of  July  and 
August  in  colunm  I,  it  should  be  noted  that  in  the  entire 
period  of  twenty-eight  years  the  thermometer  has  been 
100°  or  over  but  five  times  in  July  and  only  twice  in 
August.  The  direct  sun  in  summer  is  very  hot.  but  the 
mean  temperature  of  the  air  at  1  p.m.  is  only  8,5'  in  July, 
81°  in  August,  and  72'  iu  September.  The  sensible  tem- 
perature Ts  even  less,  for  the  relative  humidity  of  the 
summer  months  in  Denver  is  but  46.. 5  per  cent,  as  com- 
pared with  71  per  cent,  in  Boston,  74  per  cent,  in  Xew 
York,  and  76  per  cent,  in  Chicago.  The  shade  is  always 
comfortable. 

Table  II.— Mea.n  Temperatures  at  1  p.m. 
(Degrees  Fahrenheit.) 
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6,5.3 

.58.3 

March    

66.7 

58.3 

67.0 

57.1 

juiv                  

61.3 

62.3 

60.3 

Oc'titlHT             

55.3 

58.7 

54.7 

In  winter  while  the  air  is  cold,  perhaps  for  a  number  of 
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Table  III. 


Bad  year.— 

November.  I811S 

December,  189t( ^ 

Jamiarv,  1899 

February.  1899 

March,  1899 

Good  year.— 

November,  1899 

December.  189!i 

Janiiarv.  19(K) 

February.  19ll() 

March,  1»I0 


St 


c  = 


4S. 0  22.0 
39.3!l2.3 


44.3 
31.2 
45.9 

.58 

43.1 

48.7 

42.8 

55. 


16.6 
4.0 
30.6 

31.0 

17.5 
23.9 
17.6 
29.6 


I3I^ 

-  S^ 

III 

III 

1^ 

2 

16 

14 

20 

10 

17 

13 

15 

13 

16 

14 

14 

17 

15 

13 

16 

13 

19 

8 

14 

16 

61 


-20 

-  5 
—23 

—  5 

22 

—  0 

-  2 
-10 

14 


10 


12 


13 


14 


13 


:^    a,  "x        • 


""^ll  ,1^ 


-  4.0 

-  8 
+  3 
-14 

-  6 

+6 
-2 

+7.7 
-2 

+4 


0.85 

7 

.99  4 

.6.51  7 

.58  9 

1.10 

10 

T. 

0 

,72 

6 

.13 

3 

..55 

« 

.63 

1 

232 
248 
232 
335 
363 

343 
311 
237 
222 
7  SI 


16 


17 


74  I  15 

71  I  20 


10 


10 


18 


19     20 


.5.908 
6.0^ 
6.7.31 
5,98H 
6,693 


i  15,800 
4  .  6.802 

3  I  6,141 

4  I  6,4a5 
3  I  6,U3 


3   S 


days  intensely  so  [see  later  paragrapli  concerning  Table 
III.],  it  is  dry  and  the  great  flood  of  penetrating  sunshine 
enaliles  the  invalid  to  remain  out  of  doors  comfortably. 
The  low  readings  of  the  night  which  are  recorded  in 
columns  F  and  J  do  not  affect  the  patient  who  is  then 
housed.  The  marked  contrast  between  sun  and  shade 
before  noted,  a  difference  of  over  40°,  is  of  great  value  in 
winter,  for  one  has  but  to  step  from  the  cold  air  of  the 
shade  into  the  sunshine  to  tind  the  great  warmth  of  its 
rays,  always  40'  and  often  60  higher.  Table  II.  shows 
this  difference  between  the  solar  and  air  temperatures  ami 
the  help  it  offers  to  the  invalids'  outdoor  life  in  winter. 

There  are  many  days  in  winter  when  a  thin  coat  is 
.sufficient  in  the  middle  of  the  day  and  but  few  nights  in 
summer  when  a  blanket  is  not  accepfcible.  The  clothing 
required  in  Denver  is  such  as  is  worn  in  New  York  or 
New  England,  except  that  in  winter  the  heaviest  overcoat 
is  less  constantly  needed,  and  in  summer  a  light  coat  is 
necessary  after  sundown. 

Preeipitatimi.— Denver  has  an  annual  precipitation  of 
less  than  lifteen  inches,  the  average  total  for  twenty- 
seven  years  being  14.3.5  inches.  This  is  about  one-third 
that  of  Boston  or  New  York,  less  than  half  that  of  Chicago, 
and  three-tenths  that  at  Jacksonville,  Florida.  Of  the  total 
amount  a  little  over  nine  inches  fall  during  the  months  of 
April.  May.  .Tunc,  July  and  August,  in  about  even  pro- 
portions each  month,  while  the  autumn  and  winter  months 
from  September  to  JIarch  inclusive  divide  the  remaining 
live  inches  also  in  approximately  even  distribution. 

Columns  P  and  Q  of  Table  I.  show  the  tendency  for 
the  rainfall  to  be  below,  oftener  than  above  the  mean. 
In  these  tables  the  mean  for  Jlay  has  been  seriously  raised 
by  the  totally  exceptional  rainfall  of  8.57  inches  in  1893, 
as  have  the  corresponding  figures  in  the  calculation  of 
sunshine.  Baning  this  unusual  year,  the  greatest  pre- 
cipitation in  any  May  has  been  4.8  inches. 

The  rainfall  is  in  short  downpours,  a  prolonged  storm 
being  the  exception.  Especially  in  summer  it  comes  in 
sharp  thunder  showers  in  the  late  afternoon  or  earl}'  even- 
ing. It  falls  too  upon  a  drj',  porous  soil  which  rapidly 
absorbs  any  moisture,  so  that  within  a  very  short  time  the 
ground  is  dry  and  hard  again — the  roads  often  being 
dusty  within  twenty-four  hours  after  a  rain. 

The  snowfall  during  the  winter  months  is  light  and 
lasts  but  a  short  time.  There  is  no  accumulation  on  the 
ground,  for  the  sun  and  dry  wind  evaporate  it  with  visible 
rapidity  without  its  melting  into  slush  or  icy  pools.  As 
there  is  no  accumulation  there  is  no  long  melting  season 
in  the  spring  to  be  avoided  as  at  Davos. 

The  precipitation  during  the  spring  months,  especiallj- 
in  April,  is  apt  to  come  in  a  snow  storm  or  heavy  rain  :  but 


with  the  mean  temperature  of  47°  and  strong  sunshine  it 
disappears  quickly,  often  in  less  than  twenty-four  houis. 
ir/nrf. — The  mean  total  annual  movement  of  wind  in 
Denver  is  OS. 621  miles.  This  is  less  than  that  of  any  of 
the  large  cities  in  the  United  States,  save  Washington. 
D.  C.  which  has  .58.41.5  miles.  Boston  has  101.907;  New 
York.  96.769;  Chicago.  136.4.54;  St.  Louis,  96.016;  San 
Francisco,  79.206;  StT  Paul,  63.000.  The  distribution  of 
the  wind  is  very  regular,  showing  but  few  and  sliglit 
variations  from  the  mean.  The  average  velocity  is  7.3 
miles  per  hour,  which  is  quite  evenly  maintained  through- 
out the  entire  day  as  registered  by  hourly  periods.  This 
steady  presence  of  the  wind  even  at  this  modeiate  veloc- 
ity gives  the  impression  of  greater  movement  than  is  had 
in  a  region  of  irregular  calm  broken  by  violent  winds. 
There  are  occasional  high  winds  in  Denver,  the  maximum 
velocitv  during  any  five-minute  record  in  the  winter 
months  in  the  years  1898-99  and  1899-1900 being  53  miles 
per  hour.  Such  velocities,  however,  arc  the  exception, 
and  Tables  I.  and  III.  show  that  in  a  period  of  six  years, 
the  maximum  velocity  of  the  wind  maintained  for  one- 
hour  periods,  between  8  a.m.  and  8  p.m.  is  only  15.1 
miles.  The  average  of  these  maximum  hourly  velocities 
throughout  the  year  is  only  12.3  miles. 

Together  with  the  velocity  must  be  taken  into  .account 
the  greater  lightness  of  the  air  at  this  elevation,  a  decided 
factor  in  the  force  of  the  wind. 

The  dryness  of  the  soil  after  long  periods  without  rain 
makes  it  easily  blown  by  the  wind  if  high.  These  occa- 
sional dust  storms  are  unplea.Sitnt  but  much  less  frequent 
than  popular  accounts  would  indicate.  Moreover,  they 
seem  to  depend  upon  some  peculiarity  of  the  angle  at 
which  the  air  current  strikes  the  ground,  rather  than 
upon  the  velocity,  forevery  high  wind  by  no  means  brings 
a  dust  storm. 

The  foregoing  discussion  with  its  references  to  Table  I. 
has  dealt  with  the  average  climatic  conditions  as  seen 
over  a  considerable  series  of  years.  Due  reference  was 
made  to  the  occurrence  of  extremes.  As  it  is  the  weather 
conditions  of  single  winters  which  often  concern  the  pa- 
tient, or  the  physician  in  selecting  a  resort  for  an  invalid, 
a  table  [No.  III.]  has  been  prepared  which  will  repay  a 
careful  study.  It  gives  the  details  of  the  weather  con- 
ditions during  the  live  winter  months  of  two  years,  one 
of  them  (1898-1899)  selected  for  its  seveiity,  as  it  was  the 
worst  winter  for  five  years  and  one  of  the  most  trj'ing  for 
an  invalid  in  twenty -five.  In  comparison,  are  placed  the 
details  for  the  corresponding  months  of  the  j'ear  1899- 
1900,  which  was  an  open,  pleasant  winter,  somewhat 
above  the  average.  That  the}'  are  consecutive  years 
adds  to  the  value  of  the  juxtaposition. 
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The  table  needs  little  explanation.  The  mean  tenipera- 
ture  in  Dceember,  1898,  was  lowered  by  one  day  on  wliieli 
thenia.xinuini  tiniperature  was  5  and  the  lowest  —'.JO  F. 
A  refeiini-c  to  Table  III.,  eoluinns  4  and  •"),  will  show  that 
the  number  of  days  warmer  than  t hi' mean  was  double 
tliatwliieli  was  less  than  the  averasje ;  in  other  wonls.  the 
slalistieal  table  was  inHueneed  by  a  single  very  cold  day. 

In  February,  18i»i).  a  sinular  intlnenee.  b\it  to  a  more 
marked  degree,  was  e.xerled  by  a  spell  of  tive  very  cold 
days,  I  he  rest  of  the  month  being  very  nearly  of  average 
temperature.  Four  of  these  live  days  occurred  iu  suc- 
cession, two  had  a  ma.\inium  temperature  of  0  F..  two 
of.")  and  one  of  (!  F.  The  tifth  day  occurring  later  iu 
the  moMili  had  a  ma.\imum  temperature  of  only  —  .">  ,  The 
im toward  inlluenceof  these  ilays  on  the  total  temperature 
for  the  month  is  emphasized  by  column  8,  where  it  is  seen 
that  excepting  these  days  there  were  but  seven  on  which 
the  ma.ximum  was  below  freezing.  All  of  these  tive 
days,  however,  were  among  the  fourteen  wholly  clear 
days,  so  that  the  cold  was  nioditied  by  the  diminished 
humidity  and  the  intense  sunshine — factors  always  to  be 
borne  in  mind  in  interjireting  Denver  weather  .statistics. 

In  the  data  for  the  following  year  attention  need  be 
called  only  to  the  figures  in  column  8,  showing  a  total  of 
only  eight  days  from  November  to  April  on  which  the 
temperature  was  below  freezing  all  day.  A  study  of 
these  tables  in  conjunction  witli  the  means  of  twenty- 
eight  years  in  Table  I.  will  emphasize  the  general  facts 
already  given. 

In  selecting  Denveras  a  resort  for  an  invalid  with  pul- 
monary disease  the  physician  should  bear  in  mind  that  it 
is  a  city  of  considerable  size,  but  surrounded  by  a  wide 
e.Ment  of  open,  very  sparsely  populated  country.  The 
residence  portions  of  the  city  stretch  out  into  this  open 
region  ami  the  street  car  system  extends  to  e\ery  portion 
of  it.  The  patient  can,  therefore,  by  living  in  the  outly- 
ing districts  enjoy  all  the  benefits  of  the  ctimate  in  pure 
air  and  sunshine,  and  yet  be  within  easy  reach  of  the  ad- 
vantages, material  and  mental,  of  a  modern  progressive 
city.  Oirroll  E.  Edson. 

DEODORANTS.— The  sense  of  smell  is,  no  doubt,  a 
most  important  sanitary  monitor,  although,  so  far  as  we 
know,  the  offensive  volatile  jiroducts  given  off  from  or- 
ganic material  undergoing  putrefactive  decomposition  are 
not  the  direct  cause  of  any  specific  disease.  We  cannot, 
thi'refore,  adopt  the  popular  usage  which  makes  disin- 
fectant and  deodorant  synonymous  terms,  for,  as  pointed 
out  in  the  article  on  Disinfectants,  we  reserve  the  former 
title  for  those  agents  which  have  the  power  of  destroy- 
ing the  infectious  properties  of  infective  material. 

Deodorants  act  either  (a)  physically  or  (h)  chemically. 

(«)  In  the  tirst  group — absorbents — the  most  prominent 
place,  from  a  pi-aetical  point  of  view,  belongs  to  dry 
earth.  i;ven  the  lower  animals — dogs  and  cats — cover 
their  excreta  with  earth,  and  from  the  earliest  ages  man 
has  depended  mainly  upon  burial  in  the  earth  as  a  means 
of  disposing  of  organic  material  of  an  offensive  character. 
or  of  that  which  is  likely  to  become  so  as  a  result  of 
putrefactive  decomposition.  In  proof  of  the  efficacy  of 
this  method  of  disposing  of  putrescible  material  we  need 
only  point  to  our  cemeteries.  The  "earth  system"  of 
disposjil  oi  excreta,  which  has  been  advocated  as  a  sub- 
stitute for  the  "water  system."  and  which  some  years 
since  was  largely  practised,  especially  in  England,  has 
led  to  numerous  experiments  which  have  lixed  very  deti 
nitely  the  neutralizing  power  of  different  kinds  of  earth. 
In  the  tirst  rank  comes  well-diied  garden  loam:  clay. 
and  especially  brick  clay,  is  excellent;  while  sand  and 
gravel  are  compan\tively  worthless.  Buchanan  has 
shown  that  loam  which  has  been  used  once  may,  after 
two  or  three  months,  be  dried  in  the  sun  or  in  an  oven 
anil  used  again,  and  that  this  may  be  repeated  over  and 
over  again  without  any  perceptible  loss  of  deodorizing 
power.  The  quantity  renuired  to  render  inoffensive  a 
single  dejection  has  been  lixed  by  the  English  authoiities 
— Radcliffe  and  Buchanan — at  one  and  a  half  pounds. 
The  same  amount  is  said  to  be  required  to  neutralize  half 


a  pint  of  urine.  Vallin,  the  highest  French  authority, 
believes  this  amount  to  be  insullicienl.  He  says:  "It 
will  be  .seen  that  it  is  much  easier  to  neutralize  the  150 
gm.  of  solid  matter  discharged  in  twenty-four  hour.* 
than  Ihe  l.-'(HI  to  I.soOgm.  of  urine.  The"  principle  of 
the  method  is  indeed  the  alisence  of  moisture,  the  rela- 
tive dryness  of  the  mixture  when  tirst  made.  We  can 
say  at  the  outset  that  the  feeble  point  in  the  earth  sys- 
tem is  the  dilticnlly  of  neutralizing  the  urine.  There  is 
no  great  dilticulty  in  disinfecting  and  rendering  inert  the 
solid  material,  but  the  admixture  of  the  urine  is  a  source 
of  dilliculty  almost  insurmountable,  because  of  the  enor- 
mmis  jimount  of  earth  which  this  lii|uid  rii|nires."  * 

ClitirriHil. — The  deodorizing  power  ot  charcoal  depends 
upon  its  capacity  for  absorbing  gases.  It  also  prevents 
putrefaction  by  absorbing  moisture  from  organic  mate- 
rial over  which  it  is  freely  spread.  When  once  saturated 
with  moisture,  or  with  the  gases  given  off  from  ])utrefy- 
ing  material,  the  deodorizing  power  of  charcoal  is  to  a 
great  extent  lost.  The  cajjacity  of  recently  made  r  bar- 
coal  for  absorbing  various  gases  is  shown  in  the  following 
table: 

One  volume  of  charcoal  ab.sorbs:  i)()  volumes  of  am- 
monia. 65  volumes  of  sulphur  dioxide,  .55  volumes  of 
sulphureted  hydrogen,  35  vobunes  of  carbonic-acid  gas, 
9.42  volumes  of  carbonic  oxide,  9.25  of  oxygen. f 

(A)  CiiE.\iic.\L  DKDOit.^xTS.  —  CAtoc/HC.  —  Not  every 
disinfectant  is  a  deodorant — e.g.,  mercuric  chlorid<',  anci 
many  deodorants  are  not  disinfectants — c.//.,  ferric  siil- 
jihate  or  sodium  chloride:  but  in  chlorine  we  have  an 
agent  which  is  both  a  disinfectant  and  a  deodorant.  The 
deodorizing  power  of  this  gas  de])ends  iqion  its  attinity 
for  hydrogen.  "It  decomposes  sulphureted  hydrogen, 
phosphureted  hydrogen,  ammonia,  and  volatile  organic 
compoimds,  by  taking  possession  of  their  hydrogen,  and 
the  hydrochloric  acid  which  is  formed  also  neutralizes  a 
certain  quantity  of  ammonia"  (Vallin).  Commercial 
chloride  of  lime,  which  is  largely  used  as  a  deodorant, 
has  the  advantage  of  gradually  giving  off  chlorine. 
When  it  is  spread  upon  the  surface  of  decomposing 
organic  matter,  it  neutralizes  the  offensive  gases  as  soon 
as  they  are  formed.  This  gradual  evolution  of  chlorine 
is  due  to  the  presence  of  carbonic  acid  in  the  atmosphere, 
which  replaces  the  liypochlorousacid  of  the  hypochlorite 
of  lime— the  salt  to  which  "bleaching  powder"  owes  its 
deodorizing  and  disinfecting  properties.  A  more  abun- 
dant and  rapid  evolution  of  chlorine  may  be  obtained  by 
pouring  a  dilute  mineral  acid  upon  chloride  of  lime.  For 
use  in  the  sick-room,  a  solution  of  chloride  of  lime  in 
water — four  ounces  to  the  gallon — is  to  be  recommended, 
both  as  a  deodorant  and  as  a  disinfectant:  or  Labar- 
raiiue's  solution  of  hypochlorite  of  soda — Liquor  sodm 
r/iloriiKita- — may  be  substituted  for  the  cheaper  prepara- 
tion. 

ForniaUMind  gas  is  an  excellent  deodorant.  It  com- 
bines with  various  ill-smelling  gases,  such  as  hydrogen 
sulphide,  mercaptan.  and  ammonia,  forming  compounds 
that  are  not  offensive  to  the  sense  of  smell. 

Metallic  Salt^. — Vallin  says:  "  Nearly  all  the  salts  which 
have  for  base  a  metal  capable  of  forming  with  sulphur 
an  insoluble  sulphuret,  may  be  used  indifferently  as  dis- 
infectants," i.e.,  as  deodorants.  The  ssime  author  says 
of  these  agents  that  "they  are  disinfectants  in  the  pop- 
ular sense  of  the  word:  they  diminish  or  cause  to  disap- 
pear bad  odors,  but  their  action  is  limited  to  the  neutral- 
ization of  ammoniaand  the  decomposition  of  sulphureted 
hydrogen  and  sulphydrate  of  ammonia."  According  to 
Virchow,  the  first  effect  of  sulphate  of  iron,  when  thrown 
into  a  latrine,  is  often  to  prodvice,  temporarily,  an  in- 
crease in  the  foetid  odor  given  off  from  its  contents,  on 
account  of  the  liberation  of  volatile  fat  acids — butyric, 
valerianic,  etc..  which  had  previously  been  in  combina- 
tion with  ammonia.  The  relative  power  of  metallic  sul- 
phates to  fix  ammonia  has  been  given  by  M.  Fcrmond  as 
follows  :  Sulphate  of  copper,  90  to  lOO;  sulphate  of  zinc, 


•  "  Tralte  des  D^infeotants,  etc.,' 
+  Vallin:  Op.  cit.,  p.  33. 
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70  to  80 ;  sulphate  of  iron.  30  to  2!).  This  is.  perhaps,  a 
fair  estimate  of  tlieir  relative  value  as  lieoiiorauts. 

A  solution  of  ehlDride  of  tine,  known  as  "  Burnett's 
fluid,"  has  been  largely  used  in  England  and  Germany  as 
a  "disinfectant,"  and  in  our  own  country  "Piatt's  clilor- 
ides  "and  other  similar  preparations  have  received  the 
indorsement  of  many  leading  physicians  for  "  disinfect- 
ing" purposes.  There  can  be  no"  doubt  as  to  the  value 
of  solutions  of  zinc  chloride  as  a  deodorant  and  antiseptic, 
but,  as  pointed  out  in  the  article  Gcfiuiciiiex.  the  disin- 
fecting power  of  tliissalt  has  been  greatly  overestimated. 
A  two-per-cent.  solution  ma_v  be  used  as  a  deodoiant  in 
the  sick-room.  It  lias  the  advantage  of  being  odorless, 
and  of  not  staining  articles  of  clothing  immersed  in  it, 
and  is  cjuite  chciVp.  Vallin  says;  ""When  a  spray  of  a 
solution  of  chloritle  of  zinc  is  thrown  into  an  infected 
apartment  by  means  of  a  S]iray  apparatus,  all  bad  odor 
is  neutralized  almost  immediately,  in  less  than  two  min- 
utes. This  proves  that  the  salt  acts  less  as  a  caustic  or 
antiseptic  than  as  an  absorbent." 

Among  the  useful  ileodorants,  potassium  permanga- 
nate deserves  to  be  mentioned.  It  is  more  especially  aji- 
plicable  as  a  deodorizing  wash  for  foul  ulcers,  ozitua, 
foetid  feet,  etc.,  and  may  be  freely  used  in  the  projiortion 
of  1  to  1,000.  Its  effect,  however,  is  quite  transient,  as 
it  is  quickly  decomposed  by  contact  with  organic  matter. 
For  tliis  reason  it  is  not  available  for  deodorizing  masses 
of  material  in  privy  vaults,  etc. 

Caustic  lime  is  a  valuable  deodorant  as  well  as  a  cheap 
ind  useful  antiseptic  and  germicide.  The  use  of  milk  of 
lime  for  the  disinfection  of  fajces  in  the  sick  room  or  in 
latrines  is  to  be  recommended,  not  only  because  it  may 
be  relied  upon  to  destroy  the  "  germs  "  of  cholera,  typhoid 
fever,  and  other  infectious  maladies,  but  also  because  it 
neutralizes  the  bad  odors  given  off  from  the  alvine  dis- 
charges. George  M.  Sternberg. 

DERMATALGIA.or  Dcrmalgia  (Greek,  iVpun,  skin,  and 
V.yr.  [laiii),  refers  to  painful  sensation  in  the  skin,  other 
than  itching,  occurring  independently  of  any  recognized 
disease  or  alteration  of  structure;  it  is  known  also  as 
neuralgia  cutis,  and  is  a  rare  affection. 

The  sensations  in  dermatalgia  are  variously  described 
as  of  a  raw,  t)urning,  stinging,  and  often  of  a  darting, 
boring  character;  the  suffering  therefrom  may  vary  from 
moderate  discomfort  to  positive  agony.  The  affected 
skin  has  all  the  appearance  of  health,  and  remains  normal 
during  the  existence  of  the  disease,  unless  altered  by 
outward  applications  or  injury;  but  the  surface  of  the 
affected  part  may  be  so  exquisitely  sensitive  that  the 
slightest  touch  causes  great  distress,  although  linn, 
moderate  pressure  may  relieve  the  painful  sensations. 
The  extent  of  area  affected  varies,  but  generally  only  a 
small  patch  is  painful,  and  that  may  change  position; 
sometimes  there  are  several  tender  places,  and  occasionally 
the  entire  surface  is  the  seat  of  more  or  less  cutaneous  ]iain. 

Etiology. — The  disease  occurs  mainly  in  middle  life, 
and  is  more  frequent  in  females  than  in  males,  but  is  by 
no  means  confined  to  hj'sterical  or  nervous  individuals. 
The  real  cause  is  often  extremely  difHcult  to  determine; 
in  many  cases  it  is  impossible  to  (ix  upon  any  organic  fir 
other  lesion  which  could  occasion  it.  Such  instances  are 
often  spoken  of  as  idiopathic,  but  it  is  quite  possible  that 
in  some  of  them  careful  investigation  and  advanced 
knowledge  may  trace  an  efficient  cause  in  lesions  of  the 
brain  or  spinal  cord,  as  locomotor  ataxia,  etc. ;  in  certain 
cases  it  appears  to  be  reflected  from  ovarian  or  uterine 
disorder.  It  has  been  called  rheumatism  of  the  skin,  and 
ascribeil  to  the  presence  of  this  poison  or  to  that  of  uric 
acid:  undoubtedly  in  a  certain  nundier  of  cases  it  occurs 
as  a  pure  neuralgia,  in  connection  with  an;vmia,  chlorosis, 
malaria,  etc. 

DrAGNOsis. — This  is  usually  easy  to  establish,  no  other 
condition  presenting  the  features  described  without  .skin 
lesions:  when,  however,  applications  to  relieve  the  pain 
have  altered  the  overlying  skin,  the  diagnosis  ma_y  be 
obscured.  It  is  to  be  remembered  that  the  painful  sensa- 
tions are  very  superficial,  in  well-defined  areas  of  the  skin 


itself,   and  not   deep-seated,  as  in  ordinary  neuralgia, 
muscular  ilieumatism,  etc. 

Trk.\tmi:xt. — The  general  treatment  will  vary  with 
the  case.  Ana'iuic  and  neurotic  subjects  must  be  treated 
on  general  principles:  the  rheumatic  or  .gouty  state  must 
be  counteracted,  if  past  or  present  history  reveals  it; 
special  diseases  in  females  must  be  remedied,  and  careful 
study  must  be  given  to  trace  any  condition  cajjable  of 
exciting  reflex  nerve  disorder,  such  as  a  loaded  colon  or 
rectum,  etc.  Locally,  considerable  difficulty  may  be  ex- 
perienced in  obtaining  much  or  permanent  benefit.  Gal- 
vanism alTords  some  relief,  and  it  has  been  recommended 
toapply  blisters,  with  morphine,  to  the  part.  The  surface 
feels  most  comfortable  when  firmly  bound  with  a  dressing 
which  pre\ents  all  friction  and  an  ointment  of  tar  and 
zinc,  with  belladonna  or  aconite,  spread  thickly  on  lint, 
will  often  serve  to  keep  the  part  free  from  pain  wliile 
applied.  L.  Dniieiui  Bnlklei/. 

Beau  :  Arch.  gen.  de  im'fi.,  t.  xii.,  Paris,  l.^Ul,    Diilirintr:  "Diseases 
ol  the  Slcin,"  p,  577,  Phil.,  1S82. 

DERMATITIS,   BLASTOMYCETIC— In  view  of  the 

fact  tliat  the  recognition  of  tliis  cdiidition  is  of  relatively 
recent  origin,  although  the  literature  is  now  rapidly  iii- 
creasHig.  a  brief  review  of  the  results  obtained  up  to  the 
present  time  will  not  be  out  of  place  here. 

Thisdisease  is  not  only  impurtantas  a  newly  described 
affection  of  the  skin,  but  is  also  of  value  in  that  it  was 
demonstrated  for  the  first  time  through  the  investigation 
of  thisdisease  that  blastomycetes  were  pathogenic  in  man. 

On  May  30th.  1894,  at  a  meeting  of  the  American  Der- 
matological  Society,  the  writer  showed  microscojiical 
sections  illustrating  an  hitherto  undescribed  disease  of 
the  skin.  The  patient  had  been  treated  by  Dr.  Louis  A. 
Duhring,  who.  from  a  clinical  standimint.  liad  regarded 
the  ease  as  a  typical  example  of  chrimic  scrofuhiderma. 
The  writer's  sections,  however,  proved  conclusively  that 
no  form  of  tuberculosis  was  present,  but  that  the  condi- 
tion represented  oneof  which  no  accountajjpeared  in  the 
literature.  The  principal  histological  features  were  a.s 
follows:  (ii)  A  luarked  benign  hypertrophy  of  the  epi- 
dermis; (/()  the  presence,  throughout  the  epidermis  and 
upper  part  of  the  eorium,  of  numerous,  scattered  miliary 
abscesses,  varying  in  size,  some  of  which  communicated 
Avith  the  stirface;  (c)  large  numbers  of  [ilasma  cells  pres- 
ent chietty  in  the  eorium  but  also  found  in  the  miliary 
abscesses ;  and  lastly,  ((7)  foi-mations  in  the  coriiun  slightly 
suggestive  of  tubercles.  Many  giant  cells  were  also  pres- 
ent. Furthermore,  the  writer  discovered  in  the  abscesses 
and  also  in  the  eorium  nmuerous  doubly  contoured,  highly 
refractive  bodies,  which  develojied  by  budding  and  were 
identified  later  as  blastomycetes.  Usually  only  three  oi 
four  of  these  bodies,  but  iu  one  instance  as  many  as  fifteen, 
were  found  in  a  single  abscess.  They  had  a  diameter 
of  from  10  to  16  /j,  a  coarse  and  finely  granulated 
protoplasm,  and  were  vacuolated.  On  the  addition  of 
li(|uor  potassa'  to  the  sections  the  organism  became  more 
refractive  and  could  moi-e  easily  be  detected.  The  de- 
velopment of  l)uddingcinild  easily  be  followed  out  in  the 
sections.  The  author  held  that  the  formation  of  the  ab- 
scesses was  due  til  the  presence  and  growth  of  these  or- 
ganisms— an  opiniiin  which  he  subsequently  confirmed 
by  later  work.     No  cultures  were  obtainable". 

As  a  residt  of  his  investigations,  Gilchrist  applied  later 
the  term  blastomycetic  dermatitis  to  this  newly  discovered 
condition. 

Six  weeks  after  the  exhibition  of  the  above-described 
sections.  A.  Buschke,  at  a  meeting  of  the  Greifsvvald 
Medical  Society,  held  on  July  7tb,  1894.  referred  toaca.se 
of  skin  disease  in  which  he  had  found  coecidial  bodies. 
The  whole  subject,  however,  was  elucidated  by  Otto 
Busse,  who  recognized  the  case  as  one  of  infection  by 
a  saccharomyces.  A  full  report  by  Busse  appears  in 
Virchow's  Archie  under  the  title  of  "Saccharomyces 
hominis. " 

The  patient,  a  woman,  thirty-one  years  of  age,  of  a 
distinctly  scrofulous  diathesis,  presented  on  the  left  tibia 
a  swelling,  which  clinically  suggested  a  gumma  or  a  soft 
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sarcoma.  She  was  very  unn;inic,  and  mauy  of  her  glan(ls 
were  eularajed.  Busse  found  in  tlie  tumor  a  pathogenic 
veast-like  organism,  whicli  he  cla.ssed  a.s  a  blastomyees. 
"The  disea.se  gradually  advaneed  and  roundish  ulcerations. 
witli  swollen  edges,  wliich  gradually  lieeame  eonlluenl. 
appeared  on  the  iaee.  The  same  oriranism  was  ol)iain<'d 
from  these  ulcers.  Other  lesions  and  swellinirs  appeared 
ill  various  parts  of  the  body,  and  ihc  patient  died  of  c.\- 
iiaustion.  At  autopsy  noduh^s  w<-re  fotinil  in  the  spleen 
and  left  lung,  ab.scess'es  in  both  kidneys,  and  a  tumor,  the 
size  of  an  egg,  in  the  ain'X 
of  the  right  lung.  Large 
numbers  of  blaslomycetcs 
were  present  in  all  the 
lesions.  In  cultures,  they 
<leveloped  as  a  whitish 
growth  and  caused  fer- 
mentati«n  in  grape-sugar 
bouillon. 

By  inoculation  local  ab 
scesses  were  reiuviducid 
in  dogs.  mice,  and  rabbits. 
One  rabbit,  however,  dii-d 
on  the  third  day,  ami  in 
the  case  nf  white  mice, 
■which  were  killed,  the  or 
ganisms  were  found  in 
the  blood.  The  blaslo 
inycetes  measured  from  7 
to  14  n  in  diameter,  they 
were  doubly  contoured, 
very  refractive,  and  were 
found  both  within  and 
outside  of  cells. 

Busse  regarded  his  case 
as  one  of  chronic  pya'mia. 
in  which  there  occurred 
purulent  destruction  of 
portions  of  the  skin,  knee 
joint,  kidneys,  spleen,  and 
lungs. 

A  case  somewhat  sim 
ilar  to  Busse's  was  re- 
corded by  >I.  F.  Curtis  in 
France,  and  he  compared 
the  tumor-like  growth 
■which  occurred  in  a  man 
to  myxomatous  tinndis. 
He  was  able  to  pro\e  that 
the  lesions  were  due  to  a 
pathogenic  blastomyees. 

The  tirst  case  of  a  purely  localized  blastomyeetic  der- 
matitis which  was  investigateil  from  a  cultund  and  ex- 
perimental, as  well  as  from  a  clinical  and  histological 
standpoint,  is  that  published  by  Gilchrist  and  Stokes 
(July,  is>j(>,  and  .lanuary,  1!S9S).  "  The  patient,  a  slender 
but  "wiry  man.  thirty-three  years  of  age.  had  suffered 
from  a  peculiar  skin  disease  for  over  eleven  years.  The 
lesion  began  as  a  small  "iiimiile."  which  was  situated  on 
the  neck  behind  the  left  ear.  and  soon  became  pustular. 
It  spread  forward  gradually  and  tinally  involved  about 
two-thirds  of  the  face.  It  always  showed  a  tendency  to 
heal  spontaneously,  leaving  behind  at  first  an  hyper- 
trophic and  later  on  an  atroiihit^scar.  (The  accomjiany- 
ing  photogrjiph  shows  the  extent  of  the  lesion  and  tlie 
condition  present,  when  the  patient  was  tirst  seen  by  the 
authors.)  A  second  similar  lesion  appeared  one  nicmth 
after  the  primary  invasion,  on  the  back  of  the  right  hand. 
This  healed  at  the  end  of  four  years,  caustics  having  been 
used.  Six  months  after  the  appearance  of  the  first  lesion. 
the  patient  noticed  a  third,  on  the  right  side  of  the  scro- 
tum. This  gradually  increased  in  size  fora  yearand  then 
healed  spontaneously.  A  fourth  lesion  appeared  on  the 
left  thigh,  and  a  fifth  on  the  back  of  the  neck,  both  being 
probably  line  to  auto  inoeulaticm.  They  grew  slowly  for 
a  yearand  then  healeil  s]iontaneously.  The  lesion  on  the 
face,  which  had  been  diagnosed  as  an  unusual  example 
of  lupus  vulgaris,  presented  the  following  features:  The 
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whole  diseased  patch  had  a  well-defined  margin;  the 
upper  border,  which  extended  transversely  over  the  fore- 
head, consisted  of  a  relatively  narrow  inllammatorj'  zone 
of  red  superlicial  tdceration.  covered  by  a  scanty  scab. 
Along  the  right  eyebrow  it  presented  a  firm  papillomatous 
app<'aninee.  These  papillomatous  growths  coidd  be 
separated,  and  .som<-timcs  a  minute  quantity  of  pus  could 
be  scpieezed  out  fron\  bet  ween  them.  These  lesions  were 
partially  covered  by  thin  scabs.  The  right  border  of  the 
diseased  patch  measured  about  2. .5  mm.  in  breadth:  it 

presented,  more  particu- 
larly in  its  lower  portion, 
a  markedly  papillomatous 
character,  lieing  dry  and 
scaly.  The  papilhe  were 
all  closely  aggregated,  the 
largest  being  of  the  .size 
of  large  pinheads.  The 
lower  border  presented  a 
sujierficial  vilcerative  inai'- 
gin  similar  to  that  in  the 
iijilH-r  border,  except  at 
the  lower  angle  on  the 
left  side  of  the  face,  where 
it  was  again  markedly 
1 1  a  |5  i  1 1  o  m  a  t  o  u  s.  The 
whole  area  enelossed  by 
this  irregular  border  con- 
sisted of  one  continuous 
atrophic  scar,  which  was 
whiter  and  less  dense  than 
the  normal  skin.  The  eye- 
lids on  both  sides  were 
liractically  destroyed,  so 
that  the  patient  coidd 
not  cover  the  eyeballs. 
Around  the  left  eye  the 
patch  presented  a  raw, 
red  surface,  which  was 
moist  and  bled  ea.sily. 
'I'lie  tears  were  contiuti- 
allv  running  over  the 
lesions.  The  patient  said 
that  the  disease  was  not 
jiartieidarly  painful.  The 
general  health  was  good; 
there  was  no  cough  and 
no  enlarged  glands  were 
noted.  There  was  no  his- 
tory of  syphilis  or  of  tu- 
berculosis. 

In  arriving  at  the  diagnosis,  the  authors  emphasized 
the  fact  that  each  lesion  began  as  a  papule,  which  soon 
became  pustular;  later,  superficial  ulceration  or  markedly 
papillomatovis  lesions  were  noted.  Again,  they  pointed 
out  that  in  this  case  there  was  an  entire  absence  of  the 
nodules  so  characteiisticof  lupus  vulgaris,  and  that  pap- 
illomatous lesions,  although  they  are  sometimes  iDct  with 
in  lupus,  are  never  fotmd  on  the  face  in  such  cases. 

Sections  from  the  cutaneous  lesions  showed  budding 
vegetable  organisms,  somewhat  resembling  yeast  bodies, 
which  wereproven  to  be  blastomycetes.  The  other 
pathological  findings  were  similar  to  those  described  by 
the  writer  in  his  first  case,  viz.:  marked  epithelial  hyper- 
trophy, numerous  miliary  abscesses  .scattered  throughout 
the  epidi-rmisand  corium.  large  numbers  of  plasma  cells, 
and  in  many  .sections  almost  typical  tubercles  in  the 
corium.  (A  drawing  of  a  microscopical  section  and 
numerous  blastomycetes  found  in  sections,  as  well  as  a 
micro-jdiotograph  of  an  epidermal  miliary  abscess,  are 
represented  in  Figs.  ].59(J  and  l-j'.U.) 

The  organismsin  the  tissues  were  mostly  spherical, 
unicellular  bodies,  having  a  diameter  of  from  10  to  20  ,«  ; 
thev  consisted  of  a  doubly  contoured  membrane  en- 
closing a  coarse  and  finely  granular  protoplasm  ■(vith 
an  occ'asional  vacuole.  Many  budding  forms  in  various 
stages  were  found,  but  no  nucleus  could  be  demonstrated 
and  neither  mycelium  nor  hyphic  could  be  found  in  the 
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tissues.  For  the  most  part  the  parasites  were  extracellu- 
lar, although  a  few  were  euclosed  in  giant  cells.  The 
organism  was  obtained,  in  pure  culture,  from  two  parts 


%M^g^ff'l 


M^Ai 


.v:^ 


Fig.  1.590. — Represents  a  Microscopic  Sectinn  of  Rlastoniycetic  Dermatiti: 
ous  miliary  abscesses  UTt  whicli  contain  parasitic  organisms  ip) 
giant  cells  (Or)  and  parasites  (p).     (Original.) 


of  the  cutaueous  lesions,  from  the  pus  squeezed  out  from 
between  the  papillomatous  areas.  The  organism  grew 
on  all  tlie  ordinary  media,  but  especially  well  on  potato 
and  beerwort  agar.  The  cultures  showed  budding  forms 
and  also  a  fairly  profuse  mycelium.  Older  cultures, 
carried  tlirough  many  generations,  consisted  chiefly  of 
mycelium.  The  organisms  in  the  cultures  were  roundish 
or  ovoid,  doubly  contoured,  refractive  bodies,  varying 
from  10  to  20  u  in  diameter.  Dogs,  a  horse,  a  sheep, 
and  guinea-pigs  were  successfully  inoculated,  the  most 
striking  features  being  nf)dules  microscopiciilly  simu- 
lating tumors  and  pseudo-tubercles  in  tlie  lungs.  The 
organism  was  also  a  pus- producer.  This  case  was 
identified  as  a  second  instance  of  blastomycetic  dermatitis, 
similar  to  the  one  reported  by  the  writer  in  1894.  and  the 
organism  was  termed  hlastomyces  dermatitidis  b\'  the  au- 
thors. 

A.  Buschke,  to  whom  reference  has  already  been  made, 
has  lately  done  some  excellent  work  upon  this  subject. 
He  described  in  minute  detail  the  changes  noted  in 
Busse's  case,  and  also  reproduced  the  lesion  experimen- 
tally upon  the  patient.  On  the  forehead  there  was  a 
roundish,  sharply  indented  ulcer,  the  size  of  a  lentil, 
which  showed  a  raised  edge,  only  slightly  infiltrated,  but 
somewhat  undermined,  and  a  livid  areola.  The  base  of 
the  ulcer  was  flat,  granular,  and  covered  with  a  tenacious, 
reddish-gray  secretion.  Near  by  were  acne-like  nodides. 
about  as  large  as  hemp  seeds.  Round  the  hairy  part  of 
the  neck  were  four  or  five  small  acneiform  ulcers.  "While 
the  patient  was  under  observation  the  ulcers  graduallj' 
increased  in  size,  but  some  of  them  healed.  More  ulcers 
of  a  similar  character  appeared  upon  the  face,  and  a  new 
tumor  grew  near  the  elbow-joint,  which,  however,  broke 
down  and  formed  an  ulcer. 

The  skin  disease  was  partly  chronic,  partly  subacute. 
The  primary  lesion  resembled  an  acne  infiltratifm,  which 
broke  down  at  the  suiumit  and  formed  crateriform  ulcers 
with  undermined  edges  and  livid  areola?.  Bu,schke  found 
blastomycetes  in  the  skin  lesions  and  also  in  the  patient's 
blood  eight  weeks  before  death.  The  organisms  were 
also  cultivated  from  the  ulcers.  In  describing  the  histo- 
logical features  Buschke  says  that  the  blastomycetes  liad 
entered  the  skin  from  without  and  then  set  up  an  inflam- 
mation, which  had  led  to  a  melting  away  and  complete 
destruction,  in  the  course  of  which  were  formed  giant 
cells  wliile  beyond  them  there  was  formed  a  marked  pro- 
liferation of  fixed  connective-tissue  cells.  The  epidermis 
was  affected  secondarily,  being  in  parts  hypertrophied 
and  in  parts  destroyed. 

The  skin  of  the  patient  was  inoculated  with  some  of 
the  blastomycetes,  and  on  the  fifth  da}'  there  appeared 


showing  hypertrophied  epidermis  (c),  nuraer- 
In  the  corium  tc)  are  pseudo-tubercles  (n)  with 


acne-like  nodules;  the  summits  of  these  soon  became 
necrotic  and  crateriform  ulcers  resulted.  Blastomycetes 
alone  were  found  in  the  secretion,  no  other  bacteriabeing 

present.  One 
ulcer  arising 
from  an  inocu- 
lation into  the 
arm  healed  In 
ten  days. 

Since  the  pub- 
lication of  these 
four  cases  fifteen 
others  have  been 
reported,  all 
from  this  coun- 
try, and  eleven 
of  them  occur- 
red in  jC'liicago, 
the  othei's  be- 
ing widely  dis- 
tributed. Jlost 
iiuportant  con- 
tributions have 
been  made  to  the 
subject  by 
Hyde.  Ilektoen, 
aud  Montgom- 
ery. Here  it  is  only  possible  to  refer  bilefiy  to  these 
fifteen  cases  aud  to  say  that  all  were  characterized  by  a 
marked  similarity  as  regards  the  onset  of  the  disease,  the 
clinical  appearances,  the  histologicopathological  feat- 
ures, and  the  morphology  of  the  organism. 

To  summarize  briefly,  then,  blastomycetic  dermatitis,  or 
blastomycosis,  is  a  disease  of  the  skin  occurring  in  adults 
of  between  tliirty 
and  sixty  years  of 
age.  The  lesion  be- 
gins as  a  papule  or 
a  nodule  which  usu- 
ally becomes  pus- 
tular and  then 
breaks  down  with 
the  formation  of  an 
u  1  c  e  r.  After  the 
ulcer  has  reached  a 
fair  size,  it  usually 
prescnts{in  eighteen 
out  of  nineteen  cases 
reported)  a  papil- 
lomatous or  verru- 
ciform appearance, 
which  is  especially 
marked  and  may 
be  of  a  fungoid 
character  in  very 
chronic  lesions.  In 
m  any  cases,  in 
wliich  the  patches 
were  extensive  and 
were  situated  upon 
the  extremities,  the 
lesions  weie  mark- 
edly elevated,  in  one 
case  forming  a  cau- 
liflower-like mass 
an  inch  in  height. 
The  vdcers  not  in- 
frequently had  a 
foul  odor.  There 
was  usually  a  thin 
mucoid  discharge ; 
scabs  would  form, 
be  thrown  off,  and 
replaced  by  others. 
The  lesions  were 
always  somewhat 
superficial,  involv- 
ing only  the   skin. 


Fig.  1.591. — Represents  Some  of  the  Indi- 
vidual Blastomycetes  Found  in  Sections 
like  that  Shown  in  Fig.  1.590.  Nos.  2-11) 
represent  various  budding  forms  :  Nos.  8 
and  9  show  blastomycetes  with  some  form 
of  abrous  coating.    (Original.) 
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The  jisipilhc  are  about  the  size  of  pinheads;  they  can 
iilwiivs  be  separated,  and  pus  can  be  squeezed  out  from 
l)etu"eell  tllclll. 

In  the  very  chronic  lesions  there  is  always  some  at- 
tempt at  spontaneous  healing,  usually  with  tlie  formation 
of  atrophic  scars.  In  many  cases  the  ordinary  jnis  or- 
ganisms are  also  found  in  tlic  lesions,  but  examination  of 
the  pus  squeezed  out  from  between  the  papilUu  readily 


Tlie  diseased  patcli  always  lias  a  welldetined,  raised 
edge  and  is  slightly  iiifiltraled.  The  clinical  appearance 
has  generally  been  suggestive  of  tuberculosis,  usually  of 
the  papillomatous  or  verruciform  variety.  Dyer's  case, 
however,  reminded  the  observer  of  the  yaws."  The  Gil- 
christ-Stokes case  siinidaled  lupus  vulgaris. 

The  disease  is  auto-inoctdable,  ami  more  than  one  lesion 
is  usually  [)resent.     The  organisms  in  all  the  cases  except 
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Fig.  1593.— Pli.itii-niiin.irraph  from  tlje  First  Case  of  Bliistomycetic  Dermatilis.  iGilehnst.)  It  sbowsoneof  Ibe  STiialler  niilKiry  abscw-  ■  nn- 
laiiu'd  in  ilif  e;tnii-niii.-i.  Knoloseii  in  tlie  atjscess  are  two  bla.«iomyceies.  one  of  wbioh  belongs  to  ibe  lanre  ttudilin^r  varieiy  (s.et-n  a  lilile  to 
tlie  riirbt  of  the  centre  of  tbe  Held),  wbereas  tbe  otber  is  a  younger  detaebed  form  wbicb  isseen  directlV  below  the  former.  These  bodies 
are  similar  to  those  represented  in  Fig.  1591. 


shows  the  presence  of  the  doubly  contoured,  refractive, 
budding  bodies — the  blastomycetes.  The  organisms  are 
Well  lirought  out  by  the  addition  of  liquor  potassfe  to 
the  pus.  In  many  cases  there  is  no  mi.xed  infection, 
cultures  from  the  "pus  giving  a  pure  growth  of  the  or- 
ganism. Ilcktoen  has  shown  in  cases  of  mi.xed  infection 
that  if  a  weak  solution  of  potassium  iodide  be  added  to 
the  media  a  pure  culture  of  the  blastomycetes  will  be 
obtained,  the  ordinary  pus  organisms  having  been  killed.   1 


one  (Hessler's)  were  very  similar.  They  averaged  about 
1"3  //  in  diameter,  although  occasionally  they  reached 
30  .H  in  the  fresh  pus  (Buschke).  In  the  sections  the 
organism  was  doubly  contoured,  stained  fairly  well, 
had  a  tine  or  coarsely  gniiiulated  protoi>lasm.  usually 
presenting  a  vacuole.  E.xcept  in  one  doubtful  instance 
no  nucleus  could  be  detected.  The  histological  features 
were  similar  in  all  the  cases.  The  epidermis  presented 
a  marked  hypertrophy,   sometimes  so   pronounced  that 
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one  observer  (Coates)  termed  it  epitheliomatous:  never- 
theless tlie  overgrowth  is  distinctly  benign  in  character. 
A  special  feature  of  the  disease  is  offered  by  the  numer- 
ous miliary  abscesses  scattered  throughout  the  epidermis, 
and  also  through  the  upper  part  of  the  corium.  They 
vary  in  size  from  an  area  equal  to  that  represented 
b)-  three  epidermal  cells  up  to  5  mm.  in  diameter.  "When 
the  disease  is  subacute,  a  few  giant  cells  ajipear  in 
the  corium,  as  well  as  numerous  plasma  cells  and  miliary 
abscesses.  In  more  chronic  lesions  there  is  a  distinct 
tendency  to  the  formation  of  pseudo-tubercles.  In  one 
oiit  of  nineteen  eases  ( Jlontgomerj-'s)  tubercle  bacilli  were 
found,  but  their  presence  was  sho\vn  to  be  due  to  a 
secondary  infection,  from  tuberculous  sputum,  super- 
added to  the  blastomycetic  invasion.  Out  of  the  nineteen 
recorded  cases,  only  one  patient  (Busse-Buschke's)  died  of 
the  di.sease.  In  the  remainder  the  lesions  were  limited  to 
the  skin.  It  is  worthy  of  note  that  with  the  exception 
of  two  cases  (Buschke  and  Coates)  there  was  no  glandular 
enlargement,  not  even  when  the  disease  had  implicated 
almost  the  whole  surface  of  the  lower  extremity  (An- 
thony-Herzog).  Moreover,  in  one  of  the  exceptions 
(Coates)  the  enlargement  in  all  probabilitj*  was  not  con- 
nected with  the  disease.  In  some  cases,  especially  in  that 
of  Gilchrist  and  Stokes,  there  was  to  be  noted  a  distinct 
tendency  to  spontaneous  recovery.  Another  remarkable 
feature  of  the  disease  is  the  undisturbed  condition  of  the 
general  health,  even  when  the  cutaneous  lesions  were 
very  extensive;  and  the  comparative  absence  of  pain. 
Thus  in  the  Anthony-Herzog  case,  where  the  process 
had  implicated  the  skin  of  almost  the  whole  left  lower 
extremity  and  was  of  twenty  years'  duration,  the  tem- 
perature and  pulse  were  practically  normal,  the  thora- 
cic and  abdominal  organs  had  remained  soiuid,  there 
was  no  cachexia,  and  no  urinary  changes  were  discover- 
able. 

So  far  as  may  be  judged  from  the  cases  reported,  the 
•distribution  of  the  lesions  in  cases  of  blastomycetic  der- 
matitis may  affect  the  face,  neck,  extremities,  and  occa- 
sionally the  scrotum. 

So  far  as  treatment  is  concerned,  Bevan  noted  thatiuliis 
case  the  internal  administration  of  the  iodide  of  potassium 
proved  to  be  distinctly  curative;  while  other  observers 
have  seen  much  benefit  from  the  use  of  this  drug.  Ex- 
cision of  the  smaller  lesions  and  thorough  curetting  of 
the  larger  areas,  to  be  followed  by  the  application  of  sil- 
ver nitrate,  are  the  therapeutic  measures  indicated. 

Protozoic  Infection. — In  this  connection  it  seems  suitable 
to  refer  to  six  cases  of  protozoic  infection  of  the  skin  and 
other  organs,  which  have  been  reported  since  1893.  Four 
of  these  cases  were  observed  in  the  United  States.  In  all 
instances  the  disease  proved  fatal.  Clinically  as  well  as 
histologically,  the  lesions  are  strongly  suggestive  of  those 
of  blastomycetic  dermatitis.  In  the  first  of  the  two  re- 
ported by  Rixford  and  Gilchrist  the  lesion  on  the  back 
of  the  neck  of  a  man,  aged  fortj",  was  ver3'  chronic  and 
presented  a  papillomatous  and  verruciform  ajjpearance. 
Pus  could  be  readily  S(iueezed  out  from  between  the 
papilla;.  Pathologically,  also,  there  were  the  typical, 
marked  epithelial  liypertrophy,  the  numerous  miliary 
Abscesses  in  which  the  organisms  were  present,  and  the 
tuberculous-like  formations  in  the  corium,  as  well  as  the 
numerous  plasma  cells.  The  organisms  were  identified 
as  protozoa  by  Wernicke  who  described  the  first  case, 
and  by  Rixford  and  Gilchrist.  They  developed  by  sporu- 
lation,  the  organism  dividing  rip  gradually  into  al)out 
one  hundred  spores,  which  were  liberated  by  the  burst- 
ing of  the  capsule. 

Oi^huls  obtained  a  fungus-like  growth  from  his  case, 
and  found  that,  when  animals  were  inoculated  with  this 
fungus,  the  si^orulating  forms  were  reproduced.  !More- 
over,  when  these  were  obtained  fresh  from  the  animals 
and  observed  in  a  hanging  drop  in  bouillon,  a  growth  of 
mycelium  was  seen  to  develop  from  them.  Ophuls' 
work,  then,  would  go  to  show  that  these  cases  previovisly 
described  as  instances  of  protozoic  dermatitis  belong 
rather  to  a  class  more  closely  allied  to  blastomycetic 
■dermatitis.  T.  Caspar  Gilchrist. 
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DERMATITIS   CALORICA.  —  Definition.  —The 

changes  produced  in  the  skin  by  its  exposure  to  heat  or 
to  cold.  These  changes  vaiy  in  grade  from  a  simjile, 
transitory  hypera'tnia  to  the  absolute  destruction  of  the 
part,  and  in  many  instances  are  follow-ed  b_v  the  death 
of  the  individual. 

Symptoms. — Writers  upon  this  subject  have  been  ac- 
customed to  treat  of  dermatitis  calorica  under  three  sub- 
divisions, viz. :  dermatitis  ambustiouis  (seucongelationis) 
erythemato.sa,  bullosa,  and  escharotica.  This  is,  perhajis, 
an  arliitrary  classification,  but  in  the  main  one  well  war- 
ranted b}-  clinical  experience. 

Dermatitis  Ambiistionis. — The  first  grade  of  burns  (from 
physical  causes)  results  from  the  subjection  of  the  skin 
to  a  prolonged  temperature  not  exceeding  60°  C.  or  from 
a  momentary  exposure  to  a  higher  degree  of  lieat.  Thus 
we  see  that  a  few  hours  of  a  summer  sun  or  a  fraction  of 
a  second  of  Hamcs  or  of  steam  or  of  molten  metal  will 
bring  forth  an  erythema  in  the  part  thus  exposed.  This 
is  not  a  tijiusitory  condition  and  we  find  that  ]iressure 
tipon  the  skin  will  not  produce  its  accustomed  whiteness 
but  rather  a  brownish-yellowish  hue,  and  on  microscopical 
examination  we  note  that  the  superficial  vessels  are  en- 
gorged with  blood  and  that  some  oedema  and  white-cell 
extravasation  are  present. 

Subjectively,  the  skin  feels  very  hot  and  often  ex- 
tremely painful.  Within  the  next  twenty-four  to  forty- 
eight  hours  the  surface  assumes  a  rather  brownish  tint, 
feels  very  itchy,  and  soon  begins  to  be  cast  olt  in  lamella 
of  vaiying  sizes,  leaving  exposed  a  slightly  pigmented 
surface  which  persists  for  some  time. 

The  treatment  for  this  erythematous  dermatitis  consists 
in  soothing,  cooling,  mild  applications  such  as  zinc  oxide 
and  starch  powder  (  I  ss.-  3  i.),  mild  lead  lotions  ora  wash 
of  carbolic  acid  3ss.,  zinc  oxide  3SS.,aci.  calcis  §  viij. 

The  second  grade  of  dermatitis  ambustionis  is  produced 
by  the  sulijection  of  the  skin  to  a  heat  greater  than  60° 
C— a  condition  most  commonly  seen  following  contact 
with  very  hot  water,  melted  sealing  wax,  extremely  hot 
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sun.  or  the  momi'utary  touch  of  flanu'S  or  of  hot  metal. 
VesicU'.s  and  bulla'  form  inuiieiliatcly  or  ilurinsr  the  next 
few  hours  and  the  ]ialifnt  cxperii'Mcfs  jmat  pain. 

Patholoirk-ally.  the  roof  of  the  fully  developed  blister 
is  foriued  by  th<'  stratum  i-orneuni  or  by  the  whole 
epidermis,  while  the  iiajiillary  layer  of  the  eorium  con- 
stitutes the  floor.  Continrd  wiihin  these  walls  we  find 
serum  and  at  times  epithelial  debris  and  shreds  of  tibrin. 
At  times,  when  the  heat  has  been  less  intense,  the  bullous 
fiirnialion  is  not  so  comiilete.  and  the  process  somewhat 
resembles  the  "cavity  formation  "  and  the  "  ballonization  " 
seen  in  the  \uistule  of  smallpox.  Filaments  of  epithelium 
remain  ccinnectinix  the  sejiarated  layers  of  the  skin  and 
a  irelatinous  material  tills  the  interstices.  Thechanfres  in 
the  eorium  are  produced  accordini;  to  Unua  by  chemo- 
taxis  resulting  from  the  products  of  the  lun-n  and  consist 
of  vasodilatation,  considerable  u'dema,  and  cell  e.xtrava- 
Siition  in  the  u,.per  half  of  the  derma,  swollen  and 
flattened  papilhe.  and  detrenerated  elastic  fibres. 

The  treatment  in  these  cases  consists  in  the  openinir  of 
the  bulla' at  their  junction  with  the  more  normal  skin: 
the  application  of  lead  water,  of  carron  oil.  or  of  carbolic 
acid  in  olive  oil  (gr.  xv.-Jviij.);  the  exclusion  of  the 
air  and  thorough  asepsis.  When  the  roofs  of  the  bullaj 
are  broken  and  i-aw  surfaces  are  left  exposed,  mild  dust- 
ing iKiwders  of  zinc  oxide  or  of  bicarbonate  of  .soda  or 
bland  ointments  of  zinc  oxide  or  of  boracic  acid  are  ac- 
ceptable. If  the  exposed  papilla'  show  any  tendency 
toward  hypertrophy,  a  daily  application  of  the  nitrate 
of  silver  stick  is  of  great  benetit.  When  the  burns  are 
extensive  the  continuous  water  bath  of  Hebra  forms  the 
best  means  of  fulfilling  all  the  above-mentioned  indica- 
tions and  spares  the  patient  the  tortures  of  repeated 
dressings  and  manipulaticms.  The  temperature  of  the 
water  should  be  about  31  C.  at  first,  and  later  it  should 
be  raised  to  41'  or  42    (Kajiosi). 

The  progncsis  of  burns  of  the  first  or  of  the  second  de- 
gree depends  almost  entirely  upon  the  extent  of  the  body 
surface  affected.  Thus,  in  an  infant  a  burn  of  a  very 
small  area  often  produces  death,  while  in  an  adult  a  burn 
covering  a  half  of  the  body  is  almost  always  fatal,  and  a 
burn  even  of  a  third  of  the  body  frequently  leads  to  a 
similar  result. 

After  an  extensive  though  superficial  burn  the  patient 
sutfers  great  pain  and  becomes  frequently  wild  and  de- 
lirious from  his  agony.  The  temperature  rises  and  the 
urine  is  suppressed.  Even  catheterization  fails  to  pro- 
<luce  anything  but  a  few  drops  of  liquid,  sanguinolent 
and  heavily  loaded  with  albumin.  This  is  the  stage  of 
congestion  and,  if  the  patient  lives,  is  succeeded  usually 
in  from  five  to  six  hours  by  a  complete  change — that  of  in- 
flammatory reaction.  The  pain  subsides  and  in  the  fatal 
cases  the  patient  becomes  somnolent  and  soon  falls  into 
a  st\ipor  accompanied  by  profound  sighing,  rales  in  the 
Inngs,  vomiting,  clonic  contractions  and  finally  opisthot- 
onos, loss  of  consciousness,  and  death.  This  is  the  second 
stage  and  is  due  to  the  involvement  of  the  internal  organs. 
Death  usually  supervenes  after  the  lapse  of  from  eighteen 
to  forty  eight  houi's.  and  at  the  autopsy  many  lesions  are 
often  found,  including  hemorrhagic  erosions  of  the  duo- 
denum or  of  the  stomach,  granular  degeneration  of  the 
vessels,  muscles,  and  parenchymatous  organs,  hyperemia 
of  the  meninges  and  nephritis  (Kaposi). 

In  case  the  patient  survives  the  first  shock  and  is  not 
carried  off  tiy  the  internal  processes  of  the  first  few  days, 
he  is  still  exposed  for  several  weeks  to  the  dangers  of 
erysipelas,  tetanus,  pyiemia.  exhaustion,  pneumonia,  or 
nephritis. 

[For  a  descrijition  of  bm-ns  of  the  third  degree  and  of 
burns  produced  by  acids  and  by  caustic  alkalis  see  article 
on  Biiriif:.] 

Drrmtititis  ConficJittionii). — Here,  as  in  dermatitis  am- 
bustionis,  writers  are  wont  to  speak  of  the  effects  of  the 
cold  upon  the  skin  inider  three  headings,  viz. :  dermatitis 
congelatiouis  erythematosa,  bullosa,  and  escharotica. 
The  first  or  erythematous  grade  constitutesthat  condition 
which  is  known  as  pernio  or  chilblain.  This  is  most  fre- 
quently observed  in  children — especially  little  girl.s — and 
Vol.  III. --3; 


to  a  less  extent  in  aniemic  adults,  and  is  always  pro- 
duced by  the  too  sudden  warming  of  the  skin  after  ex- 
posure to  cold.  The  parts  most  susceptible  to  chilblains 
are  those  most  exposed  to  the  cold  and  at  the  same  time 
those  farthest  removed  from  tlu'  centre  of  circulation. 
('.('.,  the  fingers,  toes,  ears,  and  cheeks.  The  individual 
enters  a  warm  room  or  approaches  a  fire  and  immedi- 
ately the  jiart,  but  a  moment  previously  chilled  and 
blanched  and  numb  from  the  cold,  becomes  very  red  and 
experiences  a  tingling  sensation.  In  a  healthy  person 
these  changes  soon  give  way  to  normal  conditions  and 
no  barm  has  been  done,  but  in  the  young  and  ana'uiic  a 
further  ])athological  process  ensues,  passive  congestion 
and  (edema  follow,  and  as  a  result  the  part  presents  cir- 
cumscribed reddish  areas,  often  with  purplish  centres, 
upon  an  (edematous  base,  accompanied  by  intense  tin- 
gling, burning,  and  itching. 

As  treatment  we  should  iiaint  the  lesions  with  tincture 
of  iodine,  camphorated  alcohol,  iodized  glycerin,  tincture 
of  myrrh,  or  a  wash  of  carbolic  acid,  oxide  of  zinc,  and 
lime  water.  Against  furthcrattacks  we  should  warn  our 
patient  to  rub  the  part  with  snow  or  iced  water  before 
entering  the  house,  should  advise  warm  coverings  for  the 
exposed  parts  of  the  body,  and  should  administer  iron 
internally. 

As  a  rule  chillilains  are  a  harmless  affair,  but  at  times 
they  may  slough — the  capillaries,  previously  emptied  by 
the  cold,  are  too  greatly  distended  by  the  inrush  of  blood 
when  the  heat  has  been  too  great  and  sudden,  and  an 
idcer  results.  Such  an  ulcer  proves  itself  slow  to  heal 
and  demands  stimulating  treatment  internally  and  ex- 
ternally. 

A  second  variety  of  dermatitis  congelationis  of  the  first 
grade  is  the  common  frostbite  which  affects  most  fre- 
quently the  ears,  cheeks,  forehead,  nose,  or  chin.  This 
ccrastitutes  a  deeper  process  than  that  of  pernio  and  as  a 
result  a  solid  cake  is  foi;med  with  the  skin  blanched  and 
cold.  After  a  few  hours  in  a  warm  atmosphere  the  skin 
becomes  erythematous,  swollen,  and  very  painful.  The 
tenderness  and  burning  persist  for  a  day  or  two,  and  the 
cake  gradually  disappears  followed  by  desquamation  of 
the  ei)idermis,  and  in  the  case  of  the  ears  it  is  often  ob- 
served that  they  remain  distinctly  lai'ger  and  more  sus- 
ceptible to  the  cold  for  several  weeks.  Treatment  con- 
sists in  friction  with  snow  or  with  cold  water  for  ten  or 
fifteen  minutes  and  during  the  subse(iuent  stages  the 
application  of  cooling  washes  (zinci  oxid.  3  ss.,  acid,  car- 
bol.  3  ss.,  aq.  calcis  3  viij. :  or  calamin  3  ss.,  acid,  car- 
bol.  i)i.,  glycerin.   Sij..  aqua;  3  viij.). 

The  second  or  bullous  grade  of  dermatitis  congelationis 
is  seldom  observed  alone  but  usually  accomjianies  the 
less  severe  or  the  more  intense  forms  of  frost-bite.  When 
seen  the  part  is  an^Tmic  and  on  thawing  vesicles  or  bullie 
with  serous,  sero-.sanguinolent.  or  hemorrhagic  contents 
may  de\eIop.  These  rarely  heal  in  a  few  days  but  more 
often  break  down  into  indolent,  circumscribed  ulcers. 

The  third  or  escharotic  degree  of  frost  bite,  when  en- 
countered in  our  large  Eastern  cities,  generally  follows  a 
drunken  sleep  during  very  severe  weather.  On  the  other 
hand  cattle-tenders,  shepherds,  trainmen,  soldiers,  sailors, 
and  explorers  are  frequently  exposed  to  intense  cold 
when  they  are  powerless  to  iirevent  a  part  or  the  whole 
of  the  body  from  being  congealed  to  the  hardness  of  ice. 
In  such  conditions  the  individual  at  first  feels  the  stimu- 
lating effect  of  the  cold,  and  the  exposed  parts  appear 
red.  "  As  the  length  of  exposure  or  the  degree  of  cold  in- 
creases the  part  becomes  painful  and  later  anaemia  and 
some  loss  of  sensation  develop.  This  in  time  gives  way 
to  drowsiness  and  numbness  and  an  increasing  desire  for 
rest  and  sleep.  This  is  the  critical  moment,  and  if  the 
man  yields  to  this  craving  he  runs  the  greatest  possible 
risk. 

A  thoroughly  frozen  part  presents  always  the  same 
characteristic  signs.  To  the  touch  the  skin  is  intensely 
hard  and  cold,  insensible  to  stimuli  and  of  the  whiteness 
of  marble.  If  improperly  subjected  to  the  heat  of  a 
warm  room,  the  part  within  a  few  hours  assumes  a  bluish- 
purplish  hue  with  possible  formation  of  bulhc.  and  within 
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from  twelve  to  twenty-four  hours  gangrene,  either  moist 
or  dry.  follows.  When  of  the  moist  variety  the  process 
may  be  so  deep  and  so  intense  that  the  bones  themselves 
share  in  the  disintegration  and  death  may  result  from 
septic  absorption  even  before  the  line  of  demarcation  has 
appeared.  When  it  is  of  the  dry  type,  which  is  much  less 
common,  the  usual  changes  of  mummification  ensue. 

Tre-VTMENT. — This  is  a  matter  of  the  greatest  import 
and  demands  the  utmost  skill  on  the  part  of  the  physician, 
for  upon  the  slowness  with  which  the  blood  is  allowed  to 
return  to  the  vessels  depends  the  future  of  the  frozen  part. 

To  produce  this  gradual  thawing  out,  the  part  should 
first  be  rubbed  with  snow  until  the  ic.v  hardness  has  in 
part  disappeared,  then  iced  water  should  be  applied  and 
the  patient  put  to  bed  in  a  cold  room  with  plenty  of 
blankets  to  cover  all  but  the  affected  area,  near  which  ice 
bags  should  be  placed.  The  temperature  of  the  room 
should  lie  very  slowly  elevated.  These  precautions  are 
perhaps  all  that  can  lie  taken,  and  in  a  few  days  the  ex- 
tent of  the  injury  will  manifest  itself  by  the  appearance 
or  not  of  gangrene.  In  the  mean  while,  absolute  rest  in 
bed  and  stimulation  must  be  insisted  upon,  and  when  once 
the  line  of  demarcation  is  clearly  marked  the  surgeon 
shoidd  interfere  to  avoid  as  much  as  possible  the  dangers 
of  septicaemia.  Such  measures  are  frequently  highly 
successful  and  one  is  often  surprised  at  the  slight  loss  of 
substance  even  after  the  most  solid  and  extensive  freezing. 

C/uirki  J.  n'hiie. 

DERMATITIS  EPIDEMICA.— Definition.— An  acute, 
contagious  dermatitis,  attacking  preferably  the  aged, 
often  universal  in  extent,  subject  to  one  or  more  re- 
lapses, accompanied  bj'  great  prostration,  frequently 
fatal  in  result,  and  always  followed  by  desquamation. 
Pathologically  a  parakeratosis. 

Synonym. — Savill's  disease. 

Symptoms. — The  existence  of  this  disease  is  denied  by 
many  and  ignored  by  others.  It  was  first  observed  by 
Saviil  in  the  Paddington  Infirmary  of  London  in  1891, 
and  from  that  year  until  1895  about  five  hundred  cases 
were  recorded.  Since  189.5  the  disease  in  epidemic  form 
has  sunken  into  obscurity,  but  several  possible  sporadic 
cases  have  been  observed  by  Colby  and  by  Fordyce. ' 

The  cutaneous  outbreak  of  the  disease  is  preceded  by 
a  feeling  of  local  irritation  which,  within  twenty-four 
hours,  is  followed  by  one  of  three  types  of  initial  lesion: 
first,  papular;  second,  erythematous;  or,  third  and  very 
rarely,  circinate.  In  almost  half  of  the  cases  these  first 
lesions  appear  upon  the  arms,  the  face,  or  the  scalp,  con- 
tinue for  from  three  to  eight  days,  and  are  succeeded  by  a 
more  or  less  generalized  eruption  with  constant  desqua- 
mation, which  continues  with  frequent  exacerbations  and 
remissions  for  five  or  six  weeks.  This  secondarv  stage 
a,ssumes  a  moist  type,  resembling  eczema  madidans  in 
sixty-six  per  cent,  of  the  cases  and  in  the  remaining  in- 
dividuals appears  as  a  dry.  jiapular  eruption  closely 
simulating  pityriasis  rubra  of  Hebra.  At  this  period  the 
patient  experiences  great  burning,  itching,  and  tender- 
ness and  intense  prostration  and  anorexia.  The  third 
stage  of  the  disease  is  that  of  subsidence,  when  the  skin 
assumes  a  hard,  drawn,  brownish  appearance,  the  hair 
and  nails  may  fall,  and  the  patient  is  left  weak  and 
prostrate.  During  the  epidemic  of  1891,  12.8  per  cent, 
of  the  people  alflicted  succumbed.  The  ttmperature 
rarely  goes  above  99°  F.,  and  albuminuria  is  not  present 
except  as  a  slight  trace  during  the  height  of  the  disease. 

ETiOLOCiY. — The  cause  of  this  affection  is  still  obscure. 
Saviil  and  Russell,  however,  independently  isolated  from 
the  scales  and  from  the  blood  of  the  heart  a  diplococcus 
which  resembled  in  many  ways  the  Staphylococcus  pyo- 
genes albus,  but  which  failed  to  liquefy  gelatin. 

Old  age  and  chronic  invalidism  play  an  important  part 
as  predisposing  factors,  and  it  was  observed  that  men 
were  attacked  almost  twice  as  frequently  as  women  in 
the  first  epidemic. 

Pathology. — The  microscopical  appearances  resemble 
very  closely  those  found  in  chronic  eczema.  The  rete  is 
hypertropliied,  the  keratohyalin-bearing  cells  disappear, 


the  papillae  are  swollen,  and  a  few  cells  surround  the 
superficial  vessels  of  the  corium — in  other  words,  a  para- 
keratosis. According  to  Echeverria.-  the  one  important 
change  not  observed  in  eczema  lies  in  the  homogeneous 
degeneration  of  the  more  superficial  rete  nuclei — a  proc- 
ess which  he  has  termed  peridiaphania. 

Di.\GNOsis. — When  an  acute,  practically  afebrile,  pap- 
ular or  erythemato-papular  dermatitis  breaks  out  among 
the  inmates  of  an  institutiim.  shuns  the  young  and  at- 
tacks the  old,  continues  with  one  or  more  relapses  for  from 
four  to  eight  weeks,  reduces  the  vital  forces  almost  to  a 
minimum,  is  accompanied  by  a  continued  and  almost 
imiversal  exfoliation  of  the  epidermis,  and  produces  a 
mortality  greater  than  that  of  scarlet  fever,  then  we 
should  recall  to  our  minds  the  peculiar  epidemic  which 
was  first  described  by  Saviil  in  1891.^ 

From  eczema  I  think  one  should  differentiate  this  dis- 
ease on  account  of  its  proneness  to  attack  the  aged  and 
on  account  of  the  prostration,  the  epidemicity,  the  con- 
stant exfoliation,  and  the  high  death  rate  accompanying 
it.  Erysipelas,  jiityriasis  rulira,  aud  scarlatina  are  the 
other  diseases  which  one  must  exclude,  bvit  I  think  the 
reader  can  readily  appreciate  the  great  differences  be- 
tween them  and  (lemiatitis  epidemica. 

Prognosis. — The  mortality  in  the  first  epidemic  was 
12.8  per  cent,  and  was  much  greater  in  men  than  in 
women.  In  the  last  epidemic  the  death  rate  fell  to  seven 
per  cent.  Thus  the  disease  is  certainly  one  to  be  dreaded. 
As  a  rule,  when  the  disease  begins  with  papules  the  out- 
look is  better  than  in  those  cases  in  which  erythema  con- 
stitutes the  initial  stage. 

Tre-vtmext. — Saviil  found  that  daily  baths  of  creolin 
of  twenty  minutes'  duration  rendered  the  greatest  service. 
Localized  lesions  were  often  controlled  by  applications 
of  collodion,  and  tar.  ichthyol.  and  oxide  of  zinc  proved 
of  service  in  allaying  the  subjective  symptoms  and  in 
keeping  the  patient  comparatively  clean.  Internally, 
sustaining  treatment  was,  of  course,  necessary  in  the 
severer  cases.  Charles  J.  Wliite. 

'  Monatsliefte  fur  praktis^'he  Dermatolopie,  vol,  xix..  p.  476. 
^  Jour.  Cut.  and  Gen.-L'rin.  Dis..  vol.  xvi.,  p.  73,  and  vol.  xv.,  p.  141. 
^  Britisb  Journal  of  Dermatolo(ty,  vol.  Iv.,  pp.  35,  Ufl.  10.5.    Jour. 
Cut.  and  Gen.-Urin.  Dis.,  vol.  xii.,  pp.  381-339. 

DERMATITIS  FROM  ROENTGEN  RAYS.— The  imme- 
diate, almost  uiiivcrs;il  adcptinn  nf  Professor  Roentgen's 
discovery  in  1^96  was  soon  followed  by  reports  from 
different  countries  of  a  peculiar  dermatitis  resulting  from 
the  action  of  .c-rays  upon  the  skin.  For  the  first  two  or 
three  years  the  number  of  recorded  cases  was  ever  in- 
creasing owing  to  the  more  widespread  experimentation 
and  to  the  ignorance  of  the  cause  of  the  resulting  inflam- 
mation: but  now  that  in%-estigators  have  learned  to  avoid 
too  powerful  currents  and  have  exercised  caution  in 
placing  the  Crooke's  tube  at  sufficient  distance  from  the 
skin,  the  instances  of  reported  accidents  are  happily  dis- 
tinctly infrequent. 

To  gain  a  clearer  conception  of  the  alterations  induced 
in  living  tissues  we  may  divide  the  resulting  inflamma- 
tions into  two  classes — "those  occurring  in  individuals  ex- 
perimented upon  and  those  observed  upon  the  experi- 
menters themselves.  The  symptoms  which  are  now  to 
be  described  are  those  which  occurred  in  about  fifty  cases 
recorded  here  in  Boston,  in  Baltimore,  and  in  Europe. 

First,  the  accidents  to  patients.  This  class  constitutes 
the  great  majority  of  cases  found  in  literature  aud  is  rich 
in  the  variety  and  in  the  intensity  of  its  lesious. 

Erythema  is  perhaps  the  most  frequent  symptom  ob- 
served, usually  occurring  with  ill-defined  outlines  and 
appearing  sometimes  within  a  few  hours  or  at  varying 
intervals  up  to  the  sixteenth  day. 

The  condition  of  dermatitis  manifests  itself  in  many 
ways,  and  in  our  list  we  find  the  following  qualifying 
adjectives:  acute,  weeping,  suppurating,  chronic,  and 
deep.  Papular  and  pustular  forms  are  the  rarest,  while 
the  vesicular  and  the  bullous  (the  latter  sometimes 
hemorrhagic)  types  are  much  more  frequently  observed. 
Often  the  dermatitis  is  signalized  simply  by  swelling  or 
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by  ii-ritation.  Very  frequently  the  dermatitis  is  much 
severer,  and  we  lind  the  disease  assuming  a  more  virulent 
type,  forming  eseliars ;  or  ulcers,  whieli  are  often  deep  and 
accompanied  by  intense  pain,  appear  usually  in  three  or 
four  weeks  a-id  sometimes  require  weeks,  months,  or  even 
one  or  two  years  to  cicatrize.  At  times  the  healing  is 
interrupted  by  relapses. 

Disturbances  in  tlie  nutrition  of  the  appendages  of  the 
skin  are  also  freiiueut  sequehe,  and  the  application  of 
I -rays  is  not  rarely  followeil  by  a  loss  of  hair  in  an  area 
which  has  been  subjected  to  tlus  peculiar  influence.  The 
alopecia  is  usually  observed  from  the  tentli  to  the  thirtieth 
day  and  the  hair  returns  slowly,  sometimes  requiring 
even  months  before  complete  restoration  has  been  effected. 
Among  the  rarer  complications  of  the  hair  noted  we  lind 
canities. 

Changes  in  the  nails  are  not  uncommon,  and  I  have  ob- 
served such  disturbances  as  pigmentation,  persistent  pain, 
and  total  loss  of  the  nails. 

When  we  examine  the  later  changes  which  follow  the 
various  types  of  dermatitis  we  find  that  e.\foliation  and 
desquamation  or  pigmeutjition  are  the  commonest,  while 
leucoderma  is  a  rarity,  but  in  all  cases  we  are  struck  by 
the  peculiarly  slow  restoration  to  health. 

8uch  are  the  objective  conditions  observed,  and  refer- 
ring to  the  subjective  symptoms  we  must  first  mention 
pain,  which  is  characterized  in  different  cases  as  slight. 
intense  and  deep,  neuralgic  even  after  a  lapse  of  six 
months,  or  lancinating  and  persistent.  After  pain,  but 
with  far  less  frequency,  writers  have  described  sensa- 
tions of  burning,  of  irritation,  of  prickling,  of  pruritus, 
of  hyperesthesia,  or  of  partial  ana'Sthesia. 

Disturbances  of  internal  organs  are  not  unknown  and 
several  instances  of  nausea,  usually  supervening  in  from 
two  to  three  hours,  have  been  recorded,  while  vomiting 
within  a  few  moments  and  pain,  which  has  persisted  for 
two  months,  are  other  examples  of  involvement  of  the 
stomach.  Among  other  internal  complications  a  feeling 
of  oppression  about  the  heart,  with  or  without  palpi- 
tation, and  dyspncea  have  been  mentioned. 

Trom  this  short,  purely  descriptive  list  we  see  how 
many  and  how  varied  are  the  possible  lesions  resulting 
from  the  exposure  of  the  body  surface  to  the  J-rays,  and 
considering  now  the  possible  accidents  which  may  befall 
the  operator  we  find  rather  different  conditions.  Here 
we  see  the  effect  of  prolonged  and  oft-repeated  exposure 
to  this  strange  influence.  An  experimenter  may  subject 
himself  for  weeks  with  impunity  to  the  daily  action  of 
Roentgen  rays,  and  then,  without  warning,  the  hands  may 
become  intensely  painful  or  pigmented,  the  nails  may 
darken  or  may  fall  never  to  return,  the  hair  may  disap- 
pear, ulcers  may  form — in  a  word,  all  the  graver  effects 
which  we  have  noted  in  patients  may  come  to  theexperi- 
menler.  with  these  peculiarities,  however:  the  parts 
affected  are  almost  always  the  hands,  and  their  restora- 
tion to  health  is  almost  invariably  an  exceedingly  slow 
and  painful  process. 

AVhat  causes  these  unfortunate  accidents?  This  is  a 
question  which  has  not  yet  been  definitely  answered. 
Professor  Thompson's  theory  (which  is  perhaps  the  most 
plausible  yet  given)  is  that  ultra-violet  rays  are  at  fault, 
and  he  has  proved  the  strength  of  his  argument  by  the 
results  of  experimentation.  He  allowed  .r-rays  to  fall 
upon  the  skin  and  found  that  that  area  was  affected 
■which,  by  the  interposition  of  blue  glass,  was  subjected 
to  the  action  of  violet  i-ays  only.  Professor  Trowbridge. 
in  a  recent  article,  claims  that  the  x-rays  are  really  a 
light  far  lower  in  the  scale  than  the  violet  rays,  thus 
adding  weight  to  Professor  Thompson's  theory. 

Another  idea  (that  expressed  by  Tesla)  is  tiiat  the  ill- 
effects  of  the  Roentgen  rays  are  due  to  the  action  of  ozone 
and  that  the  greater  the  heat  and  the  moisture  of  the  skin 
the  greater  the  resulting  damage. 

A  third  theory  (also  emanating  from  Tesla)  is  that  dur- 
ing the  subjection  of  the  part  to  the  .r-rays  certain  mi- 
nute particles  are  discharged  from  the  tube  and  find  lodg- 
ment in  the  skin,  and  this  action  is  especially  marked 
when  the  tube  is  of  aluminum.     Other  views  have  been 


expressed  by  foreign  writers,  among  which  we  may  men- 
tion that  which  makes  the  cathode  rays  the  i)rincipal 
agent,  or  the  ingenious  theory  tliat  the  organic  liquiils  of 
the  liody  are  decomposed  and  thus  proiiuce  the  grave 
conditions  which  we  have  been  studying. 

The  histology  of  dermatitis  from  Roentgen  rays  has 
not  been  investigated  thoroughly.  Darier  gives  us  the 
best  descriptions,  but  his  work  applies  chiefly  to  the 
milder  forms  of  inflammation.  He  found  that  "the  cells 
of  the  stratum  corneum  were  greatly  thickened  but  re- 
tained tlieir  normal  structure:  that  "the  stratum  granu- 
losum  was  markedly  increased  in  depth  by  hyperplasia 
and  by  hypertrophy  of  the  cells,  which  contained  many 
large  and  numerous  eleidin  granules;  that  the  cells  of  the 
slratmn  spinosum  were  also  both  hypertrophic  and  hy- 
pei  'ilastic.  showed  mitoses,  and  contained  some  migratory 
cells:  and  that,  with  the  exception  of  some  extravasated 
cells,  the  important  changes  in  the  corium  were  associated 
with  the  pilo-sebaceous  apparatus  where  onlj-  vestiges 
of  hair  follicles  appeared,  while  the  hairpapilUe,  musculi 
arrectores,  and  sebaceous  glands  were  quite  gone. 

TnF..\TMEXT. — p*ropliylaxis  is  naturally  the  first  con.sid- 
eration  and  a  safe  rule  to  follow  is  this :  never  use  a  current 
stronger  than  from  six  to  eight  milliamptres  and  never 
place  the  tube  nearer  to  the  body  surface  than  from  l.i  to 
20  cm.  For  the  milder  accidents,  such  as  erythema,  pruri- 
tus, vesicles,  or  bulhf,  use  a  wash  of  zinc,  o.xid.  3  ss. ,  acid, 
carbol.  3ss.,  aq.  calcis  3  viij. :  a  dusting  powder  of 
zinc.  oxid.  3  ss..  amyl.  maidis  3  i. ;  and  a  paste  of  zinc, 
oxid.  3ss.,  amyl.  maidis  and  vaselin.  aa  3  ss.  For  the 
cases  in  which  ulcerations  have  occurred,  try  at  first  a 
wash  of  hydrarg.  chlorid.  niit.  3  ss.,  aq.  calcis  3  viij.  or 
one  of  fern  et  potass,  tartrat.  3  i.,  alcohol  ri..  aqua;  3 
vij.,  the  zinc  oxide  paste  above  mentioned,  and  a  powder 
of  nosophen  or  of  ferri  ^ubcarb.,  amyl.  maidis.  aa  3  ij. 
Where  there  is  a  broken  surface  associated  with  intense 
pain  an  ointment  containing  from  five  per  cent,  to  ten  per 
cent,  of  orthoform  has  proved  of  benefit.  When  all  rem- 
edies liave  apparently  failed  to  cicatrize  a  stubborn  ulcer 
we  may  resort  to  skin-grafting,  to  the  use  of  static  elec- 
trical baths,  and  to  the  application  of  oxvgen  to  the  part. 

CfiarUs  J.  White. 
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DERMATITIS  HERPETIFORMIS.— (Synonyms:  Der- 
matitis multiformis.  Dermatite  polymorphe  douloureuse 
[Brocqj,  Pemphigus  pruriginosus  [Cazenave],  Hydroa 
bulleux  [Bazin] ;  Herpes  gestationis  piilton],  Hydroa 
herpetiforme  [Tilbury  Fox  J,  etc.) 

Defixitios. — A  chronic,  relapsing  dermatitis,  marked 
by  successive  outbreaks  of  erythema,  papules,  vesicles,  or 
bulla?,  accompanied  by  itching  and  tending  to  disappear 
in  the  course  of  months. 

Symptoms. — The  cutaneous  eruptions  of  dermatitis 
herpetifonnis  are  usually  preceded  by  a  feeling  of  malaise 
or  are  ushered  in  by  chills  or  by  fever.  The  patient  soon 
notices  that  his  body — especially  the  arms — is  mottled 
with  brilliant  macules  which  in  a  few  days  develop  into 
irregular,  flattened,  scarlet  papules  which  in  their  turn 
are  capped  by  vesicles.  In  the  course  of  a  few  days 
these  vesicles  coalesce  and  become  bullre  or  remain  iso- 
lated and  soon  become  ruptured  or  are  infected  and  be- 
come pustules.  Associated  with  these  changes,  which 
may  require  a  week  for  their  completion,  the  patient  ex- 
periences a  feeling  of  intense  pruritus.  Each  of  these 
lesions  may  not  develop  synchronously  with  its  neighbor, 
and  therefore  the  same  individual  may  present  upon  his 
body  macules,  papules,  vesicles,  pustules,  or  bull.T.  and. 
on  account  of  his  itching,  scratch  marks  and  crusts  and 
later  in  the  disease  pigmentation.  It  is  this  great  vai'iety 
of  lesions  occurring  at  any  given  moment  which  has  sug- 
gested the  title  of  dermatitis  multiformis. 

Once  arrived  at  its  full  development  the  disease  may 
gradually  improve  and  in  a  few  weeks  the  skin  may  be 
restored  to  its  original  state,  but  far  more  frequently  the 
patient  will  experience  repeated  attacks,  each  one  pre- 
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ceded  by  the  usual  prodromes  of  malaise  or  of  fever  aud 
attended  by  severe  itching.  As  a  rule  tlie  disease  lasts 
for  two  or  three  months,  but  many  cases  are  observed 
which  persist  even  for  many  years. 

We  have  thus  far  described  tlie  so-called  typical  ex- 
ample, but  let  us  now  consider  the  anomalous  case,  which, 
curiously  enough,  is  more  commonly  seen.  Instead  of 
malaise  or  chills  or  fever  we  may  have  jiaiu,  burning, 
itching,  insomnia,  dyspncea,  or  intense  hypera'sthesia  as 
precursors  of  tlie  disease.  From  an  objectix'c  point  of 
view  we  may  note  that  the  disease  omits  the  macular  and 
papular  stages  and  begins  with  an  attack  of  vesicles  with 
or  witliout  a  halo  of  erythema.  These  vesicles  are  usu- 
ally small  and  flat  with  irregular  outlines  and  are  often 
grouped,  thus  .suggesting  herpes — the  condition  which 
Duhring  considered  most  characteristic  of  the  disease. 
Again,  pustules  may  form  as  such  without  passing 
through  the  earlier  stages,  but  many  autliors  deny  that 
such  a  condition  is  possible  and  assert  that  pustules  are 
always  secondary  to  vesicles  antl  are  the  products  of 
infection.  Again,  bulla  may  be  the  first  outward  mani- 
festation of  the  process,  may  appear  on  the  mucous 
membranes,  and  may  reach  the  size  of  a  twenty -five-cent 
piece.  They  are  usuall.y  unilocular  and  their  serum  soon 
becomes  turbid.  Again,  tlie  disease  may  assume  an 
urticarial  type  and  appear  in  circinate  forms  with  or 
without  secondary  vesicles.  Frequently,  as  the  result 
of  scratching,  furuncles,  lymphangitis,  and  adenitis  are 
produced:  aud  lastly,  as  rarities,  we  may  meet  with  kera- 
toses of  the  palms  and  soles  or  papillomatous  growtlis 
about  the  articular  folds  of  the  body.  It  is  doubtful, 
however,  whether  these  last-named  cliaracteristics  e.xist 
independently,  for  in  the  former  condition  we  can  never 
positivelj'  exclude  the  effects  of  arsenic  which  has  usu- 
ally been  administered,  and  in  the  latter  we  cannot  deny 
that  irritation  and  infection  have  not  produced  the  hy- 
pertrophy. 

When  a  patient  has  endured  the  disease  for  any  length 
of  time  his  body  presents  a  striking  appearance.  In  the 
severe  cases  there  is  hardly  aspot  upon  the  whole  surface 
which  appears  normal.  Interspersed  among  innumerable 
small  pigmented  macules  appear  the  acute  lesions  of  the 
disease,  suchas  papules,  vesicles,  orbulhe  in  various sta.ees 
of  development  or  of  retrogression.  The  patient  is  apt 
to  be  emaciated  from  loss  of  sleep,  but  in  other  respects 
the  records  of  the  case  will  show  no  important  deviations 
from  health.  Possibly  a  mild  diarrlia>a  or  a  slight  even- 
ing rise  of  temperature  may  have  existed,  but  nothing 
more  serious,  except  in  the  very  severe  cases,  in  which  we 
may  have  "dvspnfea,  endocarditis,  bronchitis,  angina, 
pulmonary  congestion,  or  htemoptysis"  (Brocq)  to  con- 
tend with. 

Pathology. — The  histological  changes  in  dermatitis 
herpetiformis  are  mostly  those  of  diapedesis,  most  accent- 
uated in  or  near  the  papilUe.  In  this  region  of  t  he  coriuin 
the  vessels  are  dilated,  o'dema  is  present,  and  the  swollen 
meshes  of  the  connective  tissue  contain  lymphocytes, 
eosinophiles,  and,  later,  polynuclear  leucocytes.  The 
deeper  layers  of  the  corium  are  normal,  while  in  the  rete 
we  find  a  few  eosinophiles  and  some  hyperplasia  (acan- 
thosis). As  the  disease  progresses  and  approaches  the 
vesicular  or  bullous  stage,  the  rete  cells  are  vacuolated, 
a  few  polynuclear  leucocytes  appear,  and  o  ilema  becomes 
more  marked.  In  the  papilla>  similar  changes  are  occur- 
ringuutil  finally  the  two  layers  separate  and  tliftcpidermis 
is  raised,  forming  a  liquid  chamber  containing  fibrin, 
coagulated  albumin,  and  many  eosinophiles. 

The  blood  changes  are  extremely  interesting  and  have 
been  studied  especially  by  lieredde,  who  claims  more 
than  otlier  investigators  are  willing  to  admit.  Leredde 
asserts  that  eosinophilia  is  constantly  present  aud  in- 
creases very  jierceptibly  with  the  appearance  of  a  fresh 
outbreak  of  vesicles  or  bulla?.  According  to  his  figures 
the  percentage  of  cosinojihilous  cells  is  generally  from 
eight  to  fifteen  and  may  run  up  to  from  twenty  to  forty, 
while  the  polynuclear  leucocytes  are  reduced  to  forty  or 
fifty  per  cent.  In  a  bulla  occurring  in  one  of  Dr.  White's 
cases  in  Boston,  Cabot  found  eosinoiihilcs  present  to  the 


amount  of  ninety  per  cent.     From  the  results  of  tliese 
studies  Leredde  wishes  to  call  this  disease  hematodermite. 

Di.\Gxosis. — Before  asserting  positively  that  a  patient 
is  afflicted  with  dermatitis  herpetiformis,  one  must  ex- 
clude the  possibility  of  er_ythema  multiforme,  eczema, 
Ijemphigus,  dermatitis  medicamentosa,  impetigo  herpeti- 
formis, aud  possibly  urticaria  Inillosaand  hydroarestivale. 
Such  a  differential  diagnosis  is  by  no  means  always  simple, 
and  in  many  cases  it  is  only  after  careful  questioning  and 
a  supervision  of  the  case  for  a  sufficient  period  of  time 
that  the  physician  can  be  sure  that  his  diagnosis  of  der- 
matitis herpetiformis  is  correct. 

Space  does  not  permit,  in  this  resume  of  the  subject,  to 
go  minutely  into  the  details  of  all  these  possibly  conflict- 
ing diseases,  but  let  us  remember  that  if  we  are  consulted 
by  a  person  who  has  a  dermatitis  which  presents  a  multi- 
formity of  lesions,  among  which  vesicles  and  bulla'  are 
especiallj'  prominent,  and  which  are  accompanied  b)-  great 
pruritus,  we  must  surely  consider  it  probable  that  we  are 
dealing  with  a  dermatitis  herpetiformis.  And  if  the  dis- 
ease has  lasted  many  weeks  and  is  marked  by  successive 
outbreaks  of  grouped  vesicles  preceded  by  fever  and 
malaise  and  followed  by  intense  itching  and  no  other 
bodil}^  disturbance,  then  we  ma,y  feel  almost  positive  of 
the  correctness  of  our  diagnosis. 

Tre.vtmest. — At  all  periods  of  the  disease  we  must 
try  to  alleviate  the  distressing  pruritus,  and  in  all  prob- 
ability one  of  the  following  prescriptions  will  prove  of 
benefit:  I{  Zinc.  oxid.  ;ss.,acid.  carbol.  3ss.,  aq.  calcis 
jviij.:  I?  Pulv.  calamin.  3SS.,  acid,  carbol.  3ss., 
glycerin.  3ij..  aqua;  |viij.;  or  IJ  Zinc.  oxid.  3ss,, 
sulph.  pra'cip.  3  ss.,  lanolin,  §  i. :  and  internally  we  may 
try:  B  Potass,  acetat.  ^i.,  aipia^  3  viij.  S.  Table- 
spoonful  in  water  t.i.d.,or  R  Phenacetin,  gr.  x.  t.i.d. 
\Ve  must  advise  a  mild,  nourishing  diet  and  forbid  all 
exciting  foods  aud  drinks. 

When  the  disease  has  established  itself,  internal  ad- 
ministration of  arsenic,  quinine,  ergotin,  atropine,  iron, 
or  strychnine  and  a  mild,  supporting  diet  and  rest  in  bed 
often  aflfoid  relief. 

Piiouxosis. — In  almost  all  cases  we  can  assure  our  pa- 
tient of  an  ultimate  recovery:  but  he  must  prepare  him- 
self for  many  vexatious  setbacks  and  delays.  If,  how- 
ever, the  patient  is  old  and  feeble  and  the  di.sease  has 
assumed  the  flistinctly  chronic  phase  we  must  not  be  too 
hopeful,  for  inanition  from  the  effects  of  the  disease  and 
from  loss  of  sleep  or  intercurrent  diseases  may  carry  him 
off  despite  our  most  careful  treatment. 

ClinrJenJ.   White. 

DERMATITIS,  MALIGNANT  PAPILLARY;  PAGET'S 
DISEASE. — DKFrNiTiON. — A  very  chronic,  finely  papular 
deriuatitis.  usually  of  the  female  nipple,  associated  with 
oozing  and  crust  formation  and  in  course  of  years  de- 
generating into  carcinoma. 

Symptoms. — In  1874  Sir  James  Paget  published  a  de- 
scription of  fifteen  cases  of  the  i)eculiar  affection  which 
has  since  borne  his  name.  The  disease  may  liegin  with 
an  unusual  plugging,  with  horny  concretions,  of  the 
follicular  upenings  about  the  nipple,  or  it  may  first  ap- 
pear as  a  mildly  desquamating  dermatitis  of  the  areola. 
This  condition  is  soon  followed  by  a  slight  oozing  with 
consequent  adherent  crusting,  aud  this  appearance,  in 
turn,  yields  to  exulceration.  Thus  the  disease  is  fully 
established,  and  with  a  gradually  increasing  circumfer- 
ence it  may  remain  in  this  stage  for  years.  It  is  usually 
in  this  stage  that  the  physician  first  sees  his  patient  and 
on  examination  will  note  the  following  characteristics: 
he  will  find  a  dermatitis,  iisuall_v  of  one  breast,  very 
rarely  of  both,  varying  in  size  from  the  area  of  the  areola 
to  one  involving  the  whole  breast  with  the  nipple  as 
its  centre:  he  will  find  the  lesion  round  or  elliptical  in 
shape,  with  a  delicately  raised,  finely  serpiginous  border 
about  which  may  be  seen  minute  vascular  twigs;  he  will 
be  peculiarly  struck  with  the  very  brilliant  redness  of  the 
part,  which  a]i pears  as  a  raw  surface  covered  with  minute 
papules,  some  of  which  are  tipped  with  newly  formed 
epithelium,  and   producing  a   "copious,   clear,  yellow, 
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viscid  exudation "  which  dries  and  forms  crusts :  and 
linally  he  will  recognize,  on  jrvaspini;  the  lesion  between 
his  lingers,  a  feeling  of  delicate  resistance,  as  though  a 
piece  of  cardboard  or  a  thin  layer  of  metal  were  embedded 
in  the  skin. 

CoMMected  with  these  outward  signs  the  patient  will 
complain  of  iiain.  wliich  may  be  neiualgic  or  lancinat- 
ing, and  wjii-n  the  disease  is  well  advanced  iiruritus  will 
develop  and  frecpiently  become  annoying,  leading  to 
scratching  and  conseipient  tissuriiig  of  the  skin. 

The  disease  will  thus  progress  slowly  with  gradual 
destruction  and  retraction  of  the  nipple,  and  in  the  end, 
which  may  not  be  for  twenty  years,  will  dcgcnenite  into 
carcinoma,  which  always  begins  in  the  region  of  the  nip- 
ple and  may  remain  superticial  or  may  involve  the  whole 
organ  and  surrounding  tissues  and  lead  to  melastasis. 
These  arc  the  .symptoms  of  Paget 's  disease,  which,  as  a 
rule,  attacks  the  female  nipple,  but  it  has  been  observed 
by  Crocker  upon  tiie  s<r(itum  and  by  Pick  upon  the 
glans  ])enis. 

Etioi.o(;v. — Age  plays  an  ini]iortant  role,  and,  althougli 
an  example  of  the  disease  has  lieen  observed  in  a  (latient 
of  twenty-eight,  the  vast  majority  of  cases  occur  between 
the  ages  of  forty  and  sixty  years.  Sex  also  proves  a  de- 
ciding factor,  as  but  few  cases  thus  far  have  been  observed 
in  men.  As  to  the  actual  determining  cause  of  this  dis- 
ease, the  pathologists  are  at  present  iiucerlain.  In  18i<9- 
90.  when  Wickham  and  Darier  published  their  excellent 
monogra|)h  (wliich  to-day  remains  the  best  we  have  upon 
this  subject),  the  theory  was  accepted  that  coccidia  or 
psorosjiernLs — a  subdivision  of  the  sporozoa — were  the 
luidinilited  cause.  To-day,  we  must  hold  our  decision  in 
abeyance,  awaiting  the  tinal  settlement  of  the  question  as 
to  whether  these  peculiar  bodies  are  really  living  para- 
sites or  merely  strangely  degenerated  epithelial  cells. 

Pathology. — The  microscopical  study  of  Paget  s  dis- 
ease is  extremely  interesting.  Darier  and  AVickhara 
divide  the  lesions  into  three  stages: — first,  that  of  hyper- 
trophy; second,  that  of  atroph}-;  and  third,  that  of 
cancer. 

Flint  Stage. — Here  the  horny  layer  is  thin  and  com- 
po,sed  of  delicate  lamelUie,  the  granular  layer  is  slightly 
increased  in  thickness,  and  the  mucous  layer  appears  to 
be  two  or  three  times  thicker  than  normal.  This  layer 
contains  at  the  same  time,  in  varying  abundance,  the  pe- 
culiar bodies  which  ditfer  in  ju-otojilasm,  in  shape,  and  in 
size  from  normal  epithelium,  and  are  enveloped  in  a 
double,  highly  refractile.  hyaline  membrane.  At  times 
the  intcrpapillary  down-growths  are  composed  entirely 
of  these  bodies.  The  derma  presents  two  distinct  layers, 
the  upper  of  which  is  formed  of  den.se,  parallel,  straight 
fibres,  which  receive  faintly  the  coloring  reagents  and 
contain  in  their  interstices  fusiform  or  flattened  connec- 
tive-tissue cells,  Unna  holds  an  entirely  different  con- 
ception of  this  layer  and  claims  that  it  is  all  a  pure 
plasmoma.  From  this  region  all  elastic  fibres  have  dis- 
appeared, but  the  blood  and  lymph  vessels  persist  as 
straight,  vertical,  enlarged  tubes,  and  much  inflammation 
is  visible  about  the  sel)aceous  glands.  The  lower  layer 
of  the  derma,  including  the  sweat  glands,  remains  normal 
in  all  respects. 

The  Second  Stage. — This  is  in  reality  a  condition  of 
atrophy,  and  we  find  the  horny  and  granular  layeis  com- 
pletely absent  in  places  and  the  rete  Malphighi  either  also 
gone  or  reduced  to  two  to  three  layers  of  cells,  which  in 
turn  are  almost  entirely  composed  of  the  peculiar  psoro- 
«perm  ( '!)  bodiesand  extra vasated  leucocytes.  The  derma 
presents  the  same  characteristics  as  in  tlie  first  stage. 

T/ie  Third  ■'^tage. — A  detailed  description  of  this  stage 
woidd  carry  us  beyond  our  limits,  but  let  us  only  say 
that  the  cancer  usually  makes  its  first  appearance  in  the 
surface  epithelium,  where  it  assumes  the  alveolar  type,  or 
it  may  begin  in  the  lactiferous  ducts  or  at  times  in  the 
breast  tissue  itself. 

It  is  interesting  to  note  that  the  so-called  coccidia  can 
he  demonstrated  by  scraping  gently  the  surface  of  the 
lesion  and  examining  the  scales  under  the  microscope 
after  thej'  have  been  soaked  for  a  few  moments  in  tinc- 


ture of  iodine  or  in  bichromate  of  potash  or  in  liquor 
potassa'. 

Di.\(iNosis.— There  is  only  one  disease  to  be  excluded 
before  making  a  diagnosisof  malignant  papillary  derma- 
titis and  thai  is  eczema.  Eczema  of  the  nip|]le  appears 
during  the  child-bearing  period,  while  Paget's  disease  is 
most  unusual  before  the  age  of  forty  years.  In  eczema 
we  find  a  soft  area  having  an  ill-defined  border  and  char- 
acterized by  the  presence  of  vesicles,  pustules,  (edema, 
and  pruritus,  and  when  the  disease  has  Ijccome  chronic 
we  find  frequent  imjuovemenls  or  exacerbations.  In 
Paget  s  disease  none  of  these  cliaracteristics  is  present  and 
in  their  stead  we  sec  an  area  that  is  frequently  painful  to 
the  touch,  is  brillianlly  red  in  color,  has  a  granulaling 
surface,  yields  but  rarely  to  medical  trealment.  and  con- 
stantly increases  in  size  Ihrough  years  and  years. 

Tkk.\tmi;.nt. — Authorities  dilTerin  their  views  in  regard 
to  the  trcatmenl  of  Paget's  disease.  The  English  believe 
in  mild  applications,  and,  if  no  improvement  ensues  after 
sutficiciit  trial,  they  advocate  thorough  extirpation  as 
soon  as  the  diagnosis  has  been  confirmed  by  the  nucro- 
sct)pe. 

The  French,  on  the  other  hand,  try  first  their  mild 
measures  and  resort  to  the  knife  onlj'  when  more  active 
means — such  as  applications  of  from  five-  to  ten-percent, 
pyrogallicacid.  or  ten-percent,  iodoform,  or  thirty-three- 
percent,  chloride  of  zinc— have  failed. 

Prognosis. — So  far  as  the  life  of  the  individual  is  con- 
cerned the  future  is  comparatively  hopeful,  for  ample 
warning  is  given  the  surgeon  to  reach  a  correct  diagnosis 
and  to  remove  the  new  growth  before  metastases  have 
been  formed.  As  to  the  future  of  the  original  disease, 
it  is  only  proper  to  tell  the  patient  that  if  she  neglects  the 
new  tissue  change  she  must  inevitably  expect  to  suffer 
for  her  rashness.  Charles  J.  White. 

DERMATITIS  MEDICAMENTOSA.— By  this  term— in 
the  strict  sense  of  the  word — is  meant  a  congestion  or  in- 
flammation of  the  skin  resulting  from  the  action  of  drugs 
taken  into  the  system  through  the  digestive  tract.  Those 
eruptions  which  result  from  the  direct  application  of 
drugs  to  the  cutaneous  system  constitute  the  condition 
known  as  dermatitis  venenata,  and  these  will  be  discussed 
in  a  later  article.  A  true  drug  eruption  is  not  of  common 
occurrence,  and  when  it  is  encountered  it  is  usually  the 
result  of  some  idiosyncrasy.  It  may  be  due  to  an  acute 
poisoning  following  an  overdose  of  the  given  drug,  or  it 
may  be  the  natural  sequence  of  a  cumulative  action  of 
the  drug  due  to  a  retarded  action  of  the  emunctories.  In 
the  idiosyncratic  cases  the  eruption  may  follow  a  single 
small  dose  of  the  drug,  which  may  then  be  regarded  as  a 
poison  to  the  individual  in  question. 

As  to  the  nature  of  the  eruption,  it  varies  greatly.  By 
far  the  most  common  form  is  a  more  or  less  diffuse  er}'- 
thema  or  blush,  while  scarlatinoid  and  urticarial  rashes  are 
by  no  means  infrequent.  More  rarely  will  purpuric  spots 
be  noted,  or  bulla'  and  nodular  eruptions,  while  again 
pustular  dermatitis  characterized  liy  true,  more  or  less 
minute  abscess  formations,  will  result  from  the  action  of 
certain  drugs,  as  quinine  and  potassium  iodide.  The  in- 
dividual lesion  in  these  cases  does  not  differ  materially 
or  even  at  all  from  the  simple  form  of  the  eruption,  and 
is  recognized  as  resulting  from  the  drug  action  only  be- 
cause of  its  appearance  after  the  administration  of  the 
drug,  or  because  it  is  present  in  greater  numljers  than  in 
the  uncomplicated  condition  or  in  unusual  locations.  The 
theories  as  to  the  development  of  the  eruption  vary. 
According  to  some,  they  follow  a  marked  vaso-motor 
action,  as  in  the  cases  of  the  erythematous,  urticarial, 
and  scarlatinoid  rashes.  In  these  cases  there  nuist  ensue 
a  paralysis  of  the  vasomotor  system  either  locally  or 
affecting  the  entire  system,  when  the  spinal  vasomotor 
centre  is  involved.  According  to  Morrow,  the  eruption 
may  result  from  some  irritation  of  the  sensory  nerves  of 
the  gastrointestinal  mucosa.  Again,  the  trophic  centres 
regulating  the  nutrition  of  the  skin  may  be  the  parts 
primarily  affected :  but  whatever  the  etiology  a  peculiar 
idiosyncrasy  undoubtedly  exists  in  many  cases. 
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Proceediug  now  to  a  stud}'  of  the  various  forms  of  drug 
eruption  tliat  have  been  noted,  we  And  tlie  following 
given  in  their  alpliabetic  order : 

Abscess  or  Pustulof  Lenmititis. — Quinine  has  been 
found  to  give  rise  to  single  or  multiple  abscess  formation 
in  certain  instances,  as  recorded  by  Morrow,  Neumann, 
Schuppert,  and  others. 

Bulla. — A  number  of  drugs  will  produce  a  bullous 
eruption.  Thus,  very  rarelv.  bromine  may  so  act,  as  in 
a  case  reported  by  Wigglesworth.  the  eruption  appearing 
on  the  trimk  and  the  blebs  varying  in  size  from  a  split 
pea  to  the  linger  tip.  Other  drugs  so  acting  are  aconite 
(Panas),  quinine,  chloral,  copaiba  (Hardy),  morphine 
(Kirn),  phosphoric  acid  (Hasse),  cannabis  indica  (Hyde), 
and  iodine  (Fox  and  Hyde). 

Cyanosis. — Blueness  of  the  skin  has  been  frequently 
noted  after  the  administration  of  large  doses  of  the  coal- 
tar  products,  notably  antifebrin  or  compounds  of  that 
body,  such  as  monobrom-acetanilid.  The  skin  is  anjeniic 
and  slaty  colored  in  most  of  the  instances.  E.xamination 
of  the  blood  in  these  cases  shows  it  to  be  of  a  dark  blue 
color. 

Desquamation. — Marked  and  persistent  desquamation 
has  been  recorded  by  Koeljner  after  tlie  use  of  quinine, 
and  this  occurred  subsequently  to  the  appearance  of  an 
erythematous  nish.  Jloderate  desquamation  usually 
follows  the  erythema  produced  liy  quinine  ingestion. 

Eeihyma. — IBromine  has  rarely  given  -rise  to  an  ecthy- 
matoid  eruption,  as  recorded  by  -Van  Harlingen  and 
Voisin. 

Eezona. — Various  drugs  may  produce  an  eczematous 
rash,  notably  anacarilium,  chrysarobin,  borax  (Fere  and 
Larrey),  potassium  bicarbonate,  iodoform  (Ncisser),  and 
rarely  bromine  (Voisin). 

Erythtmn. — A  great  variety  of  drugs  have,  when  in- 
gested in  large  iiuantities.  given  rise  to  a  more  or  less 
diffuse  erythema.  Among  these  may  be  mentioned  aci- 
dum  benzoicum,  acidum  boricum,  anacardiimi.  antipyrin. 
arsenic,  acidum  salicyliciuu,  belladonna,  bromine,  chloral 
hytlrate,  chrysarobin.  copaiba,  cubebs,  iodoform,  mor- 
phine, potassium  chlorate,  stramonium,  strychnine,  sul- 
phonal,  tar,  tartarus  boraxatus,  terebene,  tuberculin,  and 
turpentine. 

Fut'iiui-le. — Small  boils  or  furuncles  have  been  noted 
after  the  ingestion  of  certain  drugs,  as  arsenic,  bromine, 
quinine,  and  potassium  iodide.  It  is  a  common  manifes- 
tation of  iodism. 

Gangrene. — This  rare  trophic  sUindistmbance  has  been 
observed  after  the  use  of  arsenic,  ergot,  potassium  iodide, 
and  quinine  (Schuppert). 

Herpes. — Salicylic  acid  maj'  produce  an  herpetic  erup- 
tion. 

Pigmentation. — A  darkening  or  discoloration  of  the 
skin  may  follow  the  use  of  arsenic,  acidum  picricum,  and 
the  silver  salts  (argyria). 

Pityriasis. — A  form  of  pityriasis  rubra  has  occurred 
from  the  use  of  potassium  bichromate. 

Psoriasis. — Borax  and  potassium  bichromate  in  indi- 
viduals so  predisposed  may  produce  a  psoriatic  eruption. 

Purpura. — A  number  of  drugs  have  caused  a  pur- 
puric eruption,  notably  salicylic  acid,  chloral  hydrate, 
chloroform  (by  inhalation),  the  iodides,  quinine,  and  sul- 
phonal. 

Pustules. — Aconite,  arsenic,  salicylic  acid,  bromine, 
chloral,  and  iodine  have  given  rise  to  pustular  forma- 
tions. 

Urticaria. — Anacardium.  bromine,  copaiba,  iodine, 
resin,  quinine,  salol,  and  santonin  may  produce  an 
eruption  of  lu-ticarial  wheals. 

Vesicula. — Vesicul*  have  been  noted  after  the  inges- 
tion of  many  drugs,  mainly  salicylic  acid,  aconite,  can- 
nabis indica,  chloral,  copaiba,  iodine,  morphine,  oleum 
morrhua^  quinine,  and  turpentine. 

Zoster. — Arsenic  may  produce  an  eruption  of  zoster. 

Of  all  the  drugs  that  may  give  rise  to  lesions  such  as 
are  recorded  in  the  foregoing  list,  there  are  but  two. 
the  bromides  and  the  iodides,  which  are  common  and 
persistent.     These  are  so  well  known  that  a  more  detailed 


description  at  this  place  will  not  be  necessary.  The  ex- 
anthematous  rashes  produced  by  manj'  drugs  are  purely 
vasomotor  in  origin.  All  of  the  various  symptoms  are 
prone  to  occur  in  clearly  defined  groups,  without  any 
features  that  would  diflerentiate  them  from  the  erup- 
tions resulting  from  other  causes.  Their  course  may  be 
slightly  atypical  in  that  there  may  be  an  absence  of  some 
of  the  symptoms  usually  associated  with  the  eruption, 
or  the  presence  of  a  symptom  not  generally  noted,  but, 
as  a  rule,  the  course  and  duration  conform  to  the  ordi- 
nary, and  the  diagnosis  must  be  made  from  the  history 
of  the  case,  from  the  disappearance  of  the  eruption  on  the 
withdrawal  of  the  drug,  and  from  its  ]irompt  reappearance 
when  the  treatment  is  resumed.  The  subjective  symp- 
toms vary  with  the  eruption.  Frequently  there  is  a  sen- 
sation of  burning,  tingling,  or  itching,  this  often  being 
associated  with  the  peculiar  physiological  manifestations 
of  the  drug.  Often  no  symptoms  are  present  beyond  the 
appearance  of  the  characteristic  eruption. 

The  treatment  of  drug  eruptions  consists  in  the  imme- 
diate withdrawal  of  the  drug  and  in  the  application  of 
some  healing  substance,  as  theglycerite  of  tannin  (1  to  3), 
boric-acid  ointment,  ichthyol  ointment  (in  lanolin  oranti- 
phlogistin),  or  simple  cold  cream  or  vaseline.  Antipru- 
ritics, as  carbolic-acid  .solution,  may  give  relief,  and  alka- 
line diuretics  are  often  useful.  In  certain  cases  in  which 
an  eruption  is  feared  from  the  use  of  a  given  drug,  it  is 
possible  so  to  combine  the  remedy  with  other  substances 
as  to  ward  off  the  unfavorable  manifestation.  Thus,  the 
mineral  acids  may  be  given  to  prevent  the  rash  which  fol- 
lows the  use  of  pj-rogallol  and  chrysarobin.  Liquor  po- 
tassii  arsenitis  in  small  doses,  given  with  potassiiuu  iodide 
or  potassium  bromide,  appears  to  modify  acneiform  erup- 
tions. The  number  of  drugs  capable  of  producing  a  der- 
matitis venenata  is.  figuratively  speaking,  legion,  and  it 
is  manifestly  impossible  in  an  article  of  this  size  to  enu- 
merate them  all,  Emmanuel  J.  Stout. 

DERMATITIS  PAPILLARIS  CAPILLITII.— (Synonyms: 

Dermatitis  Pajiillcimatosa  Capillitii,  Acne-Keloid  or  Acne 
Cheloidienue  [Bazin];  Sycosis  Capillitii  [Rayer];  Sycosis 
Framba>sia  [Hebra] ;  Mycosis  Frambasioides  or  Plan 
Ruboide  [Alibert].) 

Kaposi  was  the  first  to  describe  this  affection  under 
the  above  title.  It  is  regarded  as  a  very  rare  disease,  al- 
though the  author  has  had  the  opportunity  of  observing 
five  cases  in  five  years,  three  of  which  occurred  in  negroes 
and  two  in  white  individuals.  Different  opinions  exist  as 
to  its  exact  character.  Thus  Brocq  regards  it  as  a  form  of 
folliculitis  decalvans;  Hebra  calls  it  sycosis  frambirsi- 
formis;  Bazin  has  given  it  the  name  acne-keloid;  and 
Alibert  has  described  the  process  as  plan  ruboide.  Ka- 
posi looks  upon  the  disease  as  being  entirely  independent 
of  syphilis  and  not  originating  in  the  follicles,  and  be  re- 
gards it  as  an  idiopathic  inflammatory  condition,  which 
usually  begiuson  the  back  of  tlie  neck  at  the  lower  hairy 
margin  and  extends  upward  toward  the  vertex. 

Symptoms. — The  disease  first  manifests  itself  in  the 
form  of  papules,  the  size  of  a  pin's  head,  which  are  iso- 
lated at  first,  but  soon  become  closely  crowded  and  form 
cicatricial,  keloidal,  pale  or  red  plaques  which  are  very 
tirm.  Later,  exceedingly  vascular,  papillomatous  vege- 
tations, consisting  of  granulation  tissue,  develop  in  the 
occipital  region.  These  growths  project  from  2  to  3  cm. 
above  the  level  of  the  skin,  bleed  easily,  are  covered  with 
crusts,  and  exude  an  evil  smelling  secretion.  At  times 
abscess  formation  and  destruction  of  tissue  occur.  After 
the  process  has  continued  for  years  the  growths  are  re- 
placed by  cicatricial  formation,  kehiidal  in  character,  and 
pronounced  atrophy  of  the  hair  follicles  results.  Bald 
patches  are  visible  here  and  there  and  the  hairs  are  ar- 
ranged in  tufts  on  the  cicatricial  tissue— conditions  which 
are  characteristic  of  the  affection.  The  hairs  are  removed 
with  difficulty;  they  are  brittle,  twisted,  and  tortuous. 
When  the  nodules  are  incised  with  a  scalpel,  distinct 
creaking  can  be  detected  and  the  cut  surface  shows  nu- 
merous bleeding  points.  Small  pustules  are  observed 
here  and  there.     Slight  tenderness  and  decided  pain  at 
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times  may  be  experienced  by  the  patient;  these  sj'mp- 
toms,  liowever,  may  be  lacking.  The  disease  pursues  a 
very  slow  course,  but  continues  to  progress. 

ETioLOiiy. — The  cause  of  the  affection  is  unknown.  It 
is  said  toappear  at  any  time  of  life  and  in  either  se.x  ;  tlie 
cases  observed  by  tlie  author  were  all  in  males,  ranging 
from  twenty-two  to  thirty  years  of  age.  three  of  tliem 
being  negroes.  The  situation  of  the  lesions  has  led  some 
to  attribute  the  occurrence  of  the  disease  to  irritation 
from  collar  or  shirt  buttons. 

P.VTHOLOOY. — According  to  Kaposi  the  affection  con- 
sists in  a  chronic  intiammation  of  the  corium.  in  couse- 
([uence  of  which  a  free  production  of  connective  tissue, 
of  blood-vessels,  and  of  papillary  outgrowths  from  the 
skin  ensues.  The  pressure  of  the  new  connective  tissue 
causes  destruction  of  the 
sudoriparous  and  sebace- 
ous glands  and  atrophy  of 
the  hair  follicles. 

Di.\GNosis. — The  loca- 
tion of  the  disease  upon 
the  back  of  the  neck,  the 
peculiar  hardness  of  the 
growths,  the  presence  of 
hair,  arranged  in  tufts,  on 
sclerosed  tissue,  are  cliar- 
acteristic  of  the  affection. 
In  sycosis  the  two  latter 
features  are  not  present, 
and  the  pustules  are  pen- 
etrated through  their  cen- 
tres by  a  hair;  in  acue- 
keloid.  however,  tliis  is 
not  the  cast.  Yenuca 
and  papillomata  are  not 
so  lirm  to  the  touch,  they 
pursue  a  different  course, 
and  the  keloidal  condition 
is  absent. 

PnoGNOsis.  —  The  gen- 
eral health  does  not  ap- 
pear to  be  influenced  by 
the  affection;  it  is  quite 
rebellious  to  treatment 
and  prone  to  recur  after 
removal.  The  course  of 
the  disease  is  steadily  pro- 
gressive and  shows  no 
tendency  to  spontaneous 
recovery. 

Tke.\tmext. — This  is 
quite  unsatisfactorj'.  Re- 
moval with  the  knife, 
curetting,    application    of 

caustics  or  the  actual  cautery,  have  all  been  tried.  In 
two  cases,  which  the  author  had  an  opportunity  to  ob- 
serve, the  disease  returned  after  thorough  e.xcisiou. 
Kaposi  speaks  of  emplastrum  hydrargyri  being  effect- 
ive. He  advises  removal  of  the  papillary  and  keloidal 
growths  with  scissors  and  knife.  The  resulting  hemor- 
rhage is  controlled  with  cotton  tampons  and  the  addi- 
tional application  of  silver  nitrate,  1  to  1,  or  the  Paqueliu 
cautery.  Thorough  cauterization  of  the  base  is  impera- 
tive after  removal.  The  galvano-cautery  has  been  em- 
ployed by  Hebra,  Jr.,  who  entertains  a  high  opinion  of 
this  method  of  removing  the  growth. 

The  author  is  indebted  to  Dr.  H.  W.  Stelwagon  for  the 
accompanying  illustration.  Emmanuel  J.  Utout. 

DERMATITIS  REPENS.— DEFrs-ixioN.— A  dermatitis, 
acute  in  type,  chronic  in  character,  arising  from  a  wound 
of  the  hands  or  of  the  feet,  spreading  always  peripher- 
ally and  dependent  probably  upon  some  nerve  disturb- 
ance. 

Symptoms. — Dermatitis  repens  was  first  described  bv 
RadcUffe  Crocker*  in  1888,  and  in  1896  and  in  1897  by 

*  "  Diseases  of  the  Skin,"  3d  edition,  p.  180. 


Fig.  1-593.— Dermatitis  Papillaris  Oaplllitil  In  a  Negro.     (Case  ot  Dr. 
H.  W.  Stelwagon.l 


Stowers*  and  by  Fr6che+  respectively,  who  described 
conditions  which  correspond  in  many  ways  with  Crocker's 
original  cases.  Since  then  no  writer,  to  my  knowledge, 
has  added  to  this  small  list  of  ca.ses. 

The  origin  of  the  disease  can  almost  always  be  traced 
to  a  wound  of  an  extremity — usually  the  hand.  The 
[latient  notices  that  the  injury  is  slow  in  healing  and 
gradually  realizes  that  the  disease  is  increasing  in  extent. 
This  slow  but  persistent  spread  has  been  watched  from 
its  original  seat  at  the  finger  tip  over  the  entire  hand,  up 
the  arm.  across  the  shoulder  and  down  the  opposite  arm. 
The  original  lesion  is  a  vesicle  or  a  bulla  which  ruptures, 
leaving  a  moist,  intensely  red,  exposed  base.  By  an  in- 
definite repetition  of  this  primary  process  the  disease 
spreads,    producing  a  sodden,  raised,   and    undermined 

border  which  leaves  in  its 
wake  either  a  moist,  ooz- 
ing, erythematous  area  or 
a  dry,  glistening,  pinkish 
skin  devoid  of  the  homy 
layer. 

The  progress  of  the  dis- 
ease is  very  slow  and  the 
rate  of  spread  varies  from 
one-eighth  to  one-fourth 
inch  a  week.  The  longest 
duration  of  the  entire  pro- 
cess yet  recorded  is  eight 
month.s.  The  health  of 
the  patient  is  not  affected 
and  the  temperature  re- 
mains normal.  Subject- 
ive symptoms  are  practi- 
cally wanting. 

Etiology. — Our  knowl- 
edge of  the  origin  and  the 
subsequent  progress  of 
this  rare  condition  is  at 
present  merely  one  of  con- 
jecture and  depends  upon 
no  bacteriological  or  his- 
tological investigations. 
Crocker  argues  from  its 
manner  ot  growth  by  peri- 
pheral extension  only  tliat 
it  is  bacterial  in  origin, 
and  from  its  chronicity 
and  from  its  resistance 
even  to  the  strongest  bac- 
tericidal chemicals  that 
some  disturbance  of  nu- 
trition favors  the  progress 
of  the  disease. 

Pathology. —  Unfortu- 
natel}',  dermatology  has  received  thus  far  no  data  upon 
the  microscopical  conditions  associated  with  .this  alJec- 
tion. 

Di.\GSOSis. — Eczema  madidans,  a  late  syphilide,  and 
ringworm  are  the  three  conditions  to  be  excluded  be- 
fore committing  oneself  to  the  unusual  diagnosis  of 
dermatitis  repens.  The  probability  of  the  first  disease 
could  be  eliminated  by  the  chronic  and  obstinate  continu- 
ance of  the  process,  by  peripheral  extension,  by  the 
absence  of  subjective  symptoms,  and  by  the  healtliy 
influence  of  such  powerful  agents  as  sulphate  of  copper, 
permanganate  of  potassium,  etc.  A  dry,  scaling  syphilide 
could  be  ruled  out  probably  by  therapeutic  tests,  by  the 
superficial  character  of  the  lesion,  and  by  the  possibilities 
of  wide-spread  extension  exhibited  by  the  disease.  And 
lastly,  all  possibility  of  the  affection  being  caused  by  a 
trichophyton  fungus  could  be  dispelled  by  the  aid  of  the 
microscope. 

Tre-\tment. — The  rational  treatment  suggested  by 
clinical  observation  consists  in  the  local  application  of 
drugs  sufficiently  powerful  to  destroy  the  possible  active 

•Slowers:  Brit.  Joum.  DermatoloKy,  vol.  vlll..  p.  1. 
+  Fr^he  :  Annales  de  Dermatoloifle  et  de  Syptullgraplile,  vol.  vlil., 
p.  491. 
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agent  at  work  in  the  moist  periphery  of  the  disease,  and 
therefore  such  chemicals  as  nitrate  of  silver,  sulphate  of 
copper,  lactate  of  lead,  and  permanganate  of  potassium 
were  employed  in  Crocker's  cases  after  the  raised, 
surrounding  border  had  been  removed. 

Prognosis.- — The  checking  of  the  disease  and  restora- 
tion to  health  are  at  times  very  slow,  but  in  the  end  the 
patient  can  well  expect  a  complete  recovery  and  need 
have  no  fear  of  subseciuent  relapse. 

Charles  J.  White. 

DERMATITIS  VENENATA.— Under  this  title  are  em- 
braced the  various  dermatitides  resulting  from  irritation 
of  toxic  agents  be- 
longing to  the  aiin- 
eral,  vegetable,  and 
animal  kingdoms. 
The  dermatitis  as- 
sumes various  ap- 
pearances; it  may  be 
erythematous,  urtica- 
rial, papular,  vesicu- 
lar, pustular,  bullous, 
or  gangrenous  in 
character.  Among 
mineral  substances 
the  aniline  dyes, 
which  are  used  large- 
ly in  the  dyeing  of 
wearing  apparel, 
such  as  drawers,  flan- 
nel shirts,  colored  un- 
derskirts, and  the  lin- 
ings in  hats  and 
shoes,  are  verj'  prone 
to  produce  an  ccze- 
matous,  pruritic 
eruption  of  the  parts 
with  which  they  come 
in  contact.  Usually 
the  inflammation  is 
papular ;  it  ma}-, 
however,  be  of  a  ves- 
icular or  pustular 
type,  and  excoria- 
tions and  ulcerations 
may  result.  The  dis- 
ease is  usually  con- 
fined to  a  limited 
area,  but  it  may  ex- 
tend to  some  distance 
beyond  the  parts  tirst 
involved;  it  is  attrib- 
uted to  the  arsenic 
in  the  dye.  Paper 
collars  and  cuffs  are 
also  at  times  a  source 
of  mischief  to  the 
skin  owing  to  the 
sizing  containing  ar- 
senic. Morrow  has 
observed  dermatiti- 
des of  an  eczematous 

character  on  the  face  which  he  attributes  to  the  wearing 
of  mourning  veils  of  crepe. 

Potassium  bichromate,  which  is  employed  in  certain 
trades,  is  apt  to  produce,  in  those  who  handle  it  and  are 
employed  in  its  manufacture,  eruptions  of  various  char- 
acter. B.  W.  Richardson  reports  cases  of  poisoning  with 
potassium  bichromate  resembling  jntyriasis  rubra;  in 
one  case  acute  eczema  of  the  arms  and  an  eruption  invol- 
ving the  palms,  resembling  psoriasis,  occurred ;  the  other 
cases  bore  a  resemblance  to  psoriasis,  eczema,  or  pityriasis. 
According  to  Richardson  the  nasal  mucous  membranes 
ma.y  ulcerate  and  perforation  of  the  .septum  may 
result.  He  states  that  the  iuflammation  at  times  becomes 
very  marked  and  destructive  and  is  accompanied  by  sup- 
puration and  ulceration,  which  maj'  extend  to  the  bone. 


Fig.  1594.— Dermatitts  Venenata.     (Case  of  Dr.  H.  W.  Stelwagon.) 


An  interesting  case  of  this  kind  came  under  the  author's 
notice  in  November,  1898,  in  a  workman,  employed  in 
the  manufacture  of  the  drug,  who  exhibited  three  ulcers: 
two  on  the  right  index  finger  extended  almost  to  the  bone, 
while  the  other,  more  suiierficial  in  character,  was  on  the 
index  finger  of  the  left  hand.  It  is  stated  that,  owing  to 
the  air  being  impregnated  with  the  salt  in  buildings  where 
it  is  manufactured,  the  poison  gains  entrance  through 
the  minutest  excoriation.  Crocker  speaks  of  a  French 
polisher  who  had  repeated  pustidar  eruptions,  sur- 
rounded by  an  areola,  on  the  palms.  Ungueutum  hy- 
drargyri,  when  used  carelessly  and  too  energetically, 
locally,  occasionally  produces  an  erythematous  or  vesicu- 
lar eruption,  "mercu- 
rial eczema,"  and 
even  dermatitis  ex- 
foliativa universalis. 
The  author  has  not 
in  f  req  uen  t  l.y  ob- 
served an  erythema- 
tous and  vesicular 
eruption  follow  the 
too  vigorous  appli- 
cation of  mercurial 
ointment  for  the  pur- 
pose of  destroying 
pediculi  pubis.  This 
eruptiiin  was  not  lim- 
ited to  the  pubic 
region  alone,  but  ex- 
tended over  the  an- 
terior part  of  the 
chest  to  the  manu- 
brium sterni,  and  was 
accompanied  by 
symptoms  of  mer- 
curial poisoning. 
The  application  of 
croton  oil  and  tartar 
emetic  for  the  pur- 
pose of  counter-irri- 
tation may  give  rise 
to  a  vesicular  and 
pustular  eruption, 
and  iicrmanent  scar- 
ring may  result.  Ex- 
amples of  this  kind 
are  seen  when  one 
makes  examinations 
of  the  chest.  Mus- 
tard, cantharides,  tur- 
pentine, .savin,  and 
mezereon  all  jiossess 
the  jiower  of  setting 
up  cutaneous  inflam- 
mation. The  local 
use  of  tincture  of 
arnica,  formerly  a 
popular  remedy  for 
slight  injuries,  may 
be  followed  by  a  pap- 
ular and  vesicular 
eruption  similar  to 
rhus  poisoning.  Inferior  articles  of  soap  not  infre- 
quently produce  a  dermatitis.  Sapo  viridis  possesses 
caustic  properties  and  acts  as  an  irritant  when  inju- 
diciously api>lied.  Face  powders  and  lotions  for  the 
complexion,  containing  lead  or  arsenic,  and  rouge,  which 
is  prepared  from  saft'ron,  are  apt  to  produce  cutaneous 
irritation.  There  exists  a  form  of  dermatitis  among 
workmen  who  handle  paraffin;  it  affects  principally  the 
dorsum  of  the  hands.  Individuals  who  handle  lime, 
flour,  and  sugar  are  verj-  prone  to  develop  an  eruption, 
known  as  "  trade  eczema. "  The  most  frequent  and  se- 
vere form  of  dermatitis  venenata  is  that  occasioned  by 
poisonous  species  of  the  rhus  family.  Rhus  toxicoden- 
dron, known  as  poison  ivy  or  poison  oak,  is  very  common 
in  the  United  States;   it  grows  along  fences  and  hedge- 
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rows,  and  around  trees  to  which  it  is  attached  by  rootlets ; 
it  is  also  met  with  as  a  shrub  or  low  tree,  when  it  is 
kiKuvu  as  poison  oak.  All  parts  of  the  plant,  jiarticu- 
larlv  the  leaves  anil  root,  contain  a  jioisonous  juice.  As 
it  is  likely  to  lie  mistaken  for  I  be  Viririnia  creeper,  it  is 
well  to  add  that  I  be  poison  ivy  has  but  three  leallets, 
whereas  the  former  has  tive  leallets. 

Rhus  venenata,  poi.son  ash  (or  elder,  or  sumach), 
swamp  sumach.  |ioison  dottwood — a  shrub  or  tree,  vary- 
inj;  in  heiirht  from  six  to  eighteen  feet,  and  having  a 
trunk  from  one  to  tive  inches  in  diiuueter — generally  grows 
in  swamps.  It  possesses  more  ]iiiisonfius  jiroperties  than 
rhus  to.xicodendron.  The  leavisare  pinnate,  the  leallets 
oblong  or  oval,  entire  or  sometimes  slightly  .sinuated  and 
pointed,  anil  number  from  one  lo  thirteen.  The  iioison- 
ous  principle  is  atlributed  to  the  presence  of  an  oil,  to 
whi<h  Franz  PfalT  has  given  the  name  toxicodendrol. 

Another  very  poisonous  shrub  is  rhus  diversiloba,  the 
poison  oak  of  the  Pacilic  Coast.  Although  it  resembles 
rhus  toxicodendron  to  a  marked  degree,  it  dilfers  from 
the  latter  by  being  iirnvided  with  acuminate  li'allets. 

Rhus  pinnila,  dwarf  sumach,  growing  in  North  and 
South  Carolina,  is  regarded  by  some  as  the  most  poison- 
ous species.  It  is  a  low,  procumbent  shrul)  with  from 
eleven  to  thirteen  oval  or  oblong,  acute,  serrate  leaflets. 

Rhus  veruix  or  vcrnicifeni.  known  as  walnut-leaved 
sumach.  Japan  lacc|Uer.  or  varnish  tree,  looked  upon  by 
some  as  being  identical  with  rhus  venenata,  grows  in 
China  and  Japan.  It  furnishes  Japan  varnish  and  pos- 
sesses poisonous  properties. 

Susceptibility  to  the  poisons  of  these  different  plants 
varies  greatly  in  individuals.  There  are  well  authenti- 
cated cases  on  record  illustrating  the  susceptibility  of  cer- 
tain persons;  thus  some  individuals  are  even  poisoned  by 
passing  the  plants  or  when  exposed  to  the  smoke  of  burn- 
ing vines.  This  is  so  well  known  that  in  the  country  even 
the  poorer  class  of  people  ref\ise  to  burn  the  wood  in  their 
stoves  or  lire-places.  Even  the  handling  of  Chinese  lac- 
quer work,  the  varnish  for  which  is  obtained  from  the  rhus 
vernix,  as  stated  above,  produces  a  dermatitis  venenata 
in  some.  The  severity  of  an  attack  varies  from  an  ery- 
thematous and  vesicular  condition  to  a  severe  eruption, 
which  is  frequently  accomjianied  by  swelling.  The 
period  of  incubation  varies  from  a  few  hours  to  several 
days.  The  symptoms  which  usher  in  the  disease  are 
burning,  heat,  and  itching  which  may  be  very  intense. 
These  conditions  are  generally  first  observed  on  the  face 
and  hands  (lateral  surfaces  of  the  fingers),  as  they  arc 
most  exposed.  From  the  hands  the  eruption  may  extend 
to  the  wrists  and  up  the  arms  to  other  pans  of  the  body. 
Not  infreiiuently  the  swelling  is  so  severe  as  to  cau.se  clo- 
sure of  the  eyelids,  and  the  genitalia  are  frequently  in- 
volved, owing  to  the  poison  being  conveyed  by  the  hands 
to  these  parts.  In  very  severe  cases  the  oedema  may  be 
so  great  as  to  interfere  with  motion,  and  the  subjective 
symptoms,  consisting  of  itching  and  burning,  may  be  so 
pronounced  as  to  render  sleeping  impossible  and  to  re- 
quire the  administration  of  narcotics.  The  eruption  may 
be  erythematous  in  character;  the  eczematous-type,  how- 
ever, is  most  frequent.  Vesicles,  the  size  of  a  pin's  head, 
situated  on  an  erythematous  base,  develop  rapidU';  they 
may  become  pustules  or  may  attain  the  size  of  blebs. 
The  vesicles  rupture  spontaneously  or  arc  destroyed  by 
scratching  or  rubbing  and  exude  a  yellowish,  sticky  fluid 
that  dries  into  yellowish  crusts.  Usually  the  disease  runs 
its  course  in  a  fortnight,  but  maybe  prolonged  for  several 
weeks.  Very  severe  attacks  are  sometimes  accompanied 
by  slight  rise  of  temperature,  coated  tongue,  and  consti- 
liation.  Although  rhus  poisoning  cannot,  in  the  strict 
sense  of  the  word,  be  regarded  as  contagious,  there  are 
ca.ses  on  record  in  which  the  poison  has  been  couveyed  to 
others  by  persons  w  ho  had  come  in  contact  with  the  plant 
without  being  poisoned  themselves.  The  poison  maybe 
conveyed  from  the  hands  to  the  penis  while  urinating, 
which  would  explain  the  frc(|Uency  with  which  the  geni- 
talia are  attacked.  There  exists  a  pojiular  belief  that  der- 
matitis venenata  is  apt  to  recur  repeatedly  during  several 
years;  but  this,  accoi-ding  to  White,  is  due  to  renewed 


exposure.     Eczema  is  very  prone  to  follow  an  attack  of 
rhus  poisoning. 
J)i.\(;xosis. — The  diagnosis  is  generally  not  diflicult.  as 

it  is  nearly  alw;iys  ]io.ssible  to  get  a  history  of  exposure 
to  the  poisonous  plants.  There  are  certain  points  by 
which  rhus  poisoning  may  be  dilTcrcntialed  froju  vesicu- 
lar eczema:  the  eruption  is  more  irregular  and  more  scat- 
tered, and  it  occurs  in  streaks  or  patches,  suggeslive  of 
contact  with  poisonous  plants. 

Pno(iN(isis. — Till'  cutaneous  eruption  always  has  a 
favorable  ternunation.  (iravc  systemic  clTccts  are  rare; 
a  fatal  case,  however,  attributable  to  the  poison,  has  been 
reported. 

TiiK.VTMKNT. — The  remedies  brought  forward  for  the 
treatnunt  of  this  disea.se  are  very  tuimerous.  It  will  be 
suHlcienl  to  mention  those  which  have  proved  useful. 
Sodium  bicarbonate  or  borax  (sodii  boras)may  Ix- applied 
in  powder  form  to  the  alTcctcd  i)arts.  Alkaline  lotions 
will  be  found  ellicient.  suili  as  the  saturated  solution  of 
sodium  bicarbonale  or  solution  of  chlorinated  soda  (li(|Uor 
sod.i' cliloiala'.  also  known  as  I,abarra(|Ue's  solution),  to 
be  applied  in  half  strength  <iu  cloths.  A  sjiturated  solu- 
tion of  .sodium  hyposulphite  (K  S(ulii  hyposulph.  X  i., 
aquic  dest.  3  i.).  constantly  applied,  is  a  very  good 
remedy.  Liquor  plumbi  subacetatis,  in  the  proportion 
of  one  part  to  three  of  water,  is  also  serviceable.  Its 
use,  however,  is  contraindicaled  w  hen  the  skin  is  Ijrokcn. 
Black  wash,  lotio  nigra,  used  on  cloths,  makes  a  very 
good  application;  it  nnist.  however,  not  be  used  ovcrtoo 
large  a  surface,  as  it  may  lieabsorlu'd  and  produce  symp- 
toms of  mercurial  poisoning.  Decoction  of  white  oak 
bark  will  also  be  fountl  serviceable.  A  very  reliable 
remedy  is  grindelia  robusta  (extractum  grindelia^  ro- 
busta'  rtuidum)  I  ij.-iv-.  to  aq.  dest.  O  i.  The  following 
formula,  recommended  by  Ilardaway.  may  be  used  ad- 
vantageously : 

^  Zinci  suiphatis J  i. 

Aq.  dest O  i. 

M.     S.  Apply  on  cloths  and  renew  every  hour. 

The  author  has  had  good  results  with  aristol,  employed 
in  powder  form  and  as  an  ointment  (  3  ss.-  3  i.). 

(Juite  a  number  of  other  plants  are  capable  of  causing 
cutaneous  inflammation.  According  to  Dr.  J.  C.  White 
not  less  than  sixty  domestic  species  possess  irritant  and 
poisonous  i>roperties  when  brought  into  contact  with  the 
skin.  As  it  is  impossible,  owing  to  lack  of  space,  to 
enumerate  in  detail  these  various  i>lants.  the  reader  is  re- 
ferred to  Prof.  J.  C.  White's  excellent  monograph,  ■"Der- 
matitis Venenata,''  Boston,  1887. 

Irritinits  Behnf/ing  to  the  Animal  Kingdom. — A  large 
number  of  insects,  as  the  mosqtiito,  flea,  bedbug, 
wasp,  bee,  caterpillar,  etc..  are  capable  of  irritating 
the  skin  by  means  of  biting  or  stinging.  Certain  lower 
forms  of  luarine  life,  as  the  jelly-tish.  notably  the 
Portuguese  man-of-war.  sea  urchins,  etc. ;  human  secre- 
tions, viz. ;  urine,  perspiration,  nasal  and  aural  secretions, 
may  give  rise  to  cutaneous  inflammatory  phenomena, 
more  or  less  luarkcd. 

The  author  is  indebted  to  Dr.  Henry  W.  Stelwagon  for 
the  accom]ianyiDg  illustration.         Emmamiel  J.  Stout. 

DERMATOL. — The  trade  name  for  the  subgallatc  of  bis- 
muth. niC-llTO:.  containing  fifty -five  per  cent,  of  the 
oxide  of  l]i-mutli.  It  is  a  line,  yellow  [lowder.  devoid  of 
odor,  quite  insoluble  in  water  or  any  of  the  ordinary  sol- 
vent.s,  free  from  iriitating  action,  and  non-poisonous. 

It  has  been  introduced  to  rc|ilace  iodoform,  on  account 
of  its  freedom  from  many  of  tlic  disagreeable  qualities  of 
that  drug. 

It  is  not  a  bactericide,  but  prevents  the  growth  of  these 
organisms,  and  in  this  way  compares  favorably  with 
iodoform  and  aristol.  Its  beneficial  action  is  said  to  be 
due  to  its  neutralizing  the  ptomains  produced.  It  is  not 
only  insoluble  but  also  repels  water,  thus  rendering  the 
part  imfavorable  to  the  growth  of  bacteria.  Recently  a 
compound  has  been  formed  by  adding  iodine  to  dermatol ; 
it  is  known  as  airvl. 
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It  is  not  so  suited  to  the  treatment  of  sloughing  or 
septic  wounds  as  iodoform,  nor  is  it  sufficiently  stimulat- 
ing in  chronic  indolent  ulcers.  It  is  most  serviceable  as  a 
means  of  promoting  cicatrization  in  healing  surfaces,  and 
in  affections  of  the  skin ;  in  burns,  scalds,  chancres,  and 
eczema,  particularly  when  characterized  by  much  dis- 
charge, it  has  been  used  with  marked  success.  In  these 
cases  the  parts  become  dry  on  the  second  or  third  day  after 
the  drug  has  been  first  applied,  and  the  relief  is  very 
marked.  If  the  part  is  previouslj'  washed  with  an  anti- 
septic lotion  the  action  of  the  remedy  is  greatly  assisted. 
It  may  be  applied  by  dusting  on  the  part,  or  in  the  form 
of  an  ointment  of  one  part  in  ten.  It  may  with  advantage 
replace  oxide  of  zinc,  starch,  etc.,  as  a  dusting  powder  for 
scalded  and  denuded  surfaces.  In  chronic  gonorrhrea  the 
following  emiUsion  has  been  used  with  success:  Der- 
matol, 2;  gum  acacia,  2;  distilled  water,  25  parts. 

In  doses  of  gr.  x.\x.  to  xc.  it  has  been  given  internally, 
as  a  substitute  for  thesubnitrate,  for  diarrhoea  in  children, 
in  phthisis,  typhoid,  etc.,  with  good  results.  It  may  be 
given  in  wafers  or  as  an  emulsion.       Beaumont  Small. 

DERM ATOLYSIS.— (Synonyms:  Cutis  laxa,  pendula, 
pensilis:  pachydermatocele;  elephantiasis  mollis;  chala- 
zodermia. ) 

Definition. — A  soft,  pendulous,  benign  tumor  of  the 
skin  composed  of  hyperplastic,  loosely  connected  fibrous 
tissue. 

Symptoms. — This  variety  of  tumor  is  in  reality  a  sub- 
division of  the  larger  class  of  new  growths  known  as  soft 
fibromata.     It  occurs  often  as  a  single  tumor  or  at  times 


Fig.  1595.— Dermatolysis.    (Author's  case.) 

in  association  with  one  or  more  smaller  growths,  and  it  has 
been  observed  arising  from  the  face,  the  ej"ebrows,  the 
occiput,  the  neck,  the  chest,  the  breasts,  the  axillse,  the 
back,  the  arms,  the  abdomen,  the  nates,  the  thighs,  and 
the  labia.  It  varies  in  size  from  its  early  microscopic 
origin  to  its  final  maximum  growth,  when  it  may  com- 
pletely hide  the  face  or  may  involve  and  surround  a 
whole  extremity  in  its  enveloping  folds,  or  it  maj'  cover 
the  whole  liack.  as  with  an  immense  pack.  The  shape 
of  the  tumor  varies  with  the  position  of  the  patient,  for 
its  consistence  is  so  soft  that  it  follows  strictly  the 
force  of  gravity.  The  soft,  spongy  consistence  is,  in- 
deed, one  of  the  most  characteristic  features  of  the  dis- 
ease and  to  the  touch  the  tumor  mass  feels  distinctl)'  soft 
and  j-ielding  and  simulates  closely  the  "feel"  of  fibroma 
molluscum.  The  skin  which  covers  the  pendulous  mass 
is  almost  always  of  a  brownish  hue  and  exhibits  varying 
degrees  of  stretching,  and  thus  we  find  the  follicles  far 
apart  and  their  mouths  patulous.  At  times  we  may  find 
growing  from  the  surface  of  the  tumor  one  or  more  scat- 


tered, marble-sized  fibromata.  A  marked  characteristic 
of  the  more  extensive  cases  is  their  tendency  to  grow  in 
folds,  which  writers  have  likened  to  the  capes  of  an  old- 
fashioned  driving  coat  or  to  the  flounces  of  a  lady's  dress. 
At  other  times  the  tumors  hang  in  long  straight  bands — 
a  form  well  illustrated  in  an  example  observed  by  Hyde. 

The  subjective  symptoms  are  usually  those  of  physical 
discomfort  due  to  the  presence  and  weight  of  the  tumor 
mass,  although  a  few  instances  of  hypercesthesia  have 
been  recorded. 

Etiology. — With  derniatol.vsis,  as  in  all  cases  of  new 
growths,  writers  rfi'e  still  in  some  doubt  as  to  the  origin 
of  the  new  formation.  Von  Recklinghausen  has  done 
much,  however,  to  unravel  the  mystery  of  all  soft  fibrous- 
tissue  tumors  and  has  demonstrated  that  they  are  direct 
outgrowths  from  the  connective  tissue  surrounding  the 
nerves,  glands,  hair  follicles,  vessels,  or  fat  globules  of 
the  skin.  What  determines  the  hyperplasia  in  cases  of 
dermatolysis  the  observer  is  usually  at  a  loss  to  account 
for.  Radcliffe  Crocker  has,  on  the  other  hand,  described 
an  instance  in  which  one  can  undoubtedly  attribute  the 
origin  to  trauma.  A  man  fell  into  the  hold  of  a  vessel 
and  received  severe  injuries  which  resulted  in  a  tedious 
ulcer  of  the  nates,  which  in  time  yielded  to  treatment; 
but  the  subsequent  history  was  that  of  a  large,  pendulous 
tumor  growing  from  the  seat  of  the  original  wound. 

Instances  have  been  recorded  in  which  dermatolysis  has 
occurred  in  several  generations  of  the  same  family  or 
again  in  members  of  the  same  generation,  and  thus  hered- 
ity seems  to  play  a  definite  role  in  a  certain  percentage 
of  the  cases.  Sex  has  no  important  bearing  upon  the 
presence  of  the  tumors. 

The  tissue  change  often  makes  its  appearance  for  the 
first  time  in  late  childhood  or  the  new  growth  may  nut 
develop  until  the  patient  is  well  advanced  in  years.  In 
the  writer's  case  (a  Syrian  woman  of  forty -five  3'ears)  the 
tumor  was  first  observed  in  the  left  breast  at  the  age  of 
fourteen,  while  the  change  in  the  right  breast  has  existed 
but  a  few  years  (Fig.  1595).  As  the  individual  grows 
older  the  tumor  increases  in  size,  and,  if  let  alone,  con- 
tinues enlarging  often  for  many  years,  when  it  finally 
reaches  its  maximum  size.  Dermatolysis  is  usually  a 
tumor  of  slow  growth,  and,  if  proper  cleanliness  is  exer- 
cised, remains  free  from  the  intercurrent  attacks  of  ery- 
sipelas incident  to  true  elephantiasis,  and,  as  a  rule,  es- 
capes the  ulcerations  which  ai)pear  in  the  later  stages  of 
sarcoma  and  of  epithelioma. 

P.\THOLOGY. — The  microscopical  appearances  of  der- 
matolysis are  characterized  principally  by  cliauges  in  the 
derma  and  in  the  hypoderma,  but  there  are,  nevertheless, 
a  few  minor  points  to  be  noted  in  tlie  epidermis.  First, 
we  find  a  slight  disturbance  of  nutrition  in  the  cells  of 
the  stratum  spinosum,  and  secondly,  a  marked  invasion 
of  pigment  granules  in  the  stratum  germinativum. 

In  the  corium  we  find  a  decided  increase  of  elastic 
fibres  which  occur  in  compact  bundles  distributed  at  in- 
tervals immediately  below  the  epidermis.  This  hyper- 
plasia of  elastic  tissue  is  not  noticed  in  the  deeper  layers 
of  the  derma  but  is  apparentlv  confined  to  the  subi);ipil- 
lary  region.  Below  this  line  we  come  upon  the  tiunor 
proper,  whicli  consists  of  loosely  connected  bundles  of 
fibrous  tissue,  rich  in  cells  (among  which  many  mast 
cells  appear)  and  enclosing  in  its  meshwork  many  blood- 
vessels and  lymph  sjiaces,  and  it  is  the  presence  of  these 
abundant  nuclei,  the  loose  formation  of  the  connective 
tissue,  and  the  interly  ing  vascular  and  13'mph  spaces  which 
render  so  marked  the  microscopical  contrast  between 
dermatoly.sis  and  keloid. 

The  counective-tis.sue  fibres  may  possibly  undergo  a 
myxomatous  degeneration,  and  at  times  large  foci  of  jelly- 
like material  may  be  formeil  within  the  tumor  mass. 

Di.^GNOsis. — The  diagnosis  of  dermatolysis  should  be, 
therefore,  an  easy  one.  A  single  tumor  of  the  skin,  usu- 
ally of  long  duration,  arising  from  almost  any  part  of 
the  body,  save  the  soles  of  the  feet  or  the  palms  of  the 
hands,  hanging  in  one  or  more  folds  or  simply  pendu- 
lously  from  its  point  of  support,  distinctly  soft  and  elastic 
in  consistence,  covered  with  a  brownish,  stretched  in- 
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tegument,  should  suggest  most  strongly  pacliycierma- 
tocele. 

The  consistence,  the  absence  of  (fdema,  the  rarity  of 
intercurrent  attacks  of  erysipelas  anil  of  other  forms  of 
dermatitis,  the  frequent  seat  of  the  lesion  on  i)arts  of  the 
body  uiikiinwii  as  piiiiils  of  dejiarture  in  true  eli'phan- 
tiasis  shoulil  render  tlie  diU'crciilial  diairiiosis  lietweeli 
dermatolysis  and  elephantiasis  Arabum  a  comparatjvely 
positive  one. 

The  large  size,  the  dependence,  the  frequent  occurrence 
in  folds  and  convolutions  should  exclude  the  probability 
of  lipoma. 

The  pendulousness,  the  brown  nillnr  than  the  dull  re<l 
or  pur|ilisli  color,  the  continued  s;(iod  health  of  the  |ia- 
tient,  the  absence  of  metastases  or  of  ulcerations  sliould 
exclude  tlie  possibility  of  sarcoma:  and,  tinally,  tlie  fact 
that  the  tumor  is  larire,  that  it  is  |)endulous,  and  that  its 
covering  is  usually  brown  should  lead  the  diagnostician 
to  place  this  new  growth  in  a  separate  division  from  the 
more  frequent  cases  of  nudliple  fibroma  which  it  so 
closely  resembles  histologically. 

Pkoonosis. — From  the  descn]ition  of  the  disease  al- 
ready given  we  can  see  that  dermatolysis  should  cause 
its  unfortunate  possessor  no  fear  of  serious  results,  for 
the  tumor  forms  no  metastases  and  umlergoes  idceration 
but  rarely.  The  jiatient  has  to  dread,  therefore,  only  the 
disfigurement  when  the  disease  exists  upon  the  head,  the 
face,  or  the  neck,  or  the  sense  of  weight  when  the  tumor 
attains  large  size,  and  finally  the  rather  remote  possibility 
of  transmission  to  his  descendants. 

It  will  be  seen  that  the  writer  has  made  no  mention  in 
this  article  of  cases  of  elastic  skin — the  so-called  cutis 
elastica  sen  hyperelastiea.  This  is  an  intentional  cnnis- 
sion.  for  the  writer  believes  that  this  condition  of  the  skin 
is  quite  apart  from  the  consideration  of  dermatolysis  and 
should  lie  considered  under  its  own  heading. 

Tre.\tmext. — There  is  only  one  form  of  treatment  and 
that  lies  in  the  removal  of  the  tumor  with  the  knife. 

Vhiirks  J.   ^Vhile. 

DERMOID  CYSTS.     See  Cysts. 

DERM0L.—Bi(C,5H9Oi)aBiiO3— bismuth  chrysophan- 
ate.  Tins  is  an  amorphous  yellow  powder  obtained  by 
precipitating  a  solution  of  chrysophanic  acid  neutralized 
by  soda  with  a  solution  of  bismuth  nitrate.  It  combines 
the  values  of  chrysarobin  and  bismuth,  and  is  used  in 
ointment  or  powder  in  such  parasitic  skin  diseases  as 
pityriasis,  favus,  ringworm,  etc.  IP.  A.  Bastedo. 

DES  CHUTES  HOT  SPRINGS.— Crook  County.  Ore- 
gon. These  springs  are  locati-d  8  miles  north  of  Warm 
Springs.  They  issue  from  the  base  of  the  cliffs  along 
the  valley  of  the  AVam-Chuck  River.  Their  number  is 
quite  large,  and  some  of  them  have  a  copious  flow. 
The  temperatures  of  two  of  them  are  respectively  143' 
and  14.t'  F.  Analysis  by  L.  il.  Dornbach  and  E.  W. 
Horsford  showed  the  following  results: 

One  tJxiTED  States  Gallon  Co.ntains  : 

Solids.  Grains. 

Sodium  carbonate 34.50 

Sodium  sulphate 9.4ii 

Calcium  sulphate 1.S2 

Sodium  chlciriilc 2iH2 

Potassium  chloride IMm 

Magnesium  chloride 1.21 

Sodium  silicate s.3u 

Iron Trace. 

Total TT.fil 

Cubic  inches. 
Carbonic  acid  gas 22.3li 

This  analysis  shows  a  valuable  combination  of  mineral 
ingredients.  So  far  as  we  are  able  to  learn,  however,  the 
springs  have  not  been  improved  as  a  resort. 

James  K.  Crook. 

DESMOID  TUMORS.— (Desmoid,  tendon-like.)  This 
designation  has  been  applied  to  that  variety  of  hard 
fibroma  which  on  section  creaks  under  the  knife,  and 


shows  a  cut  surface  resembling  more  or  less  that  of 
a  tendon. 

These  growths  form  as  a  rule  circumscribed  tumors, 
varying  in  size  from  a  mustard  seed  to  a  man's  heail  or 
even  larger;  and  are  round,  nodular,  or  lobulatcd.  They 
usually  ])osscss  a  deliiiite  ciipsule,  and  grow  enlirclv  by 
expiiMsion.  Their  ciiiisistenc  e  is  very  liiiiil  and  iirni. 
On  seclion  they  sliow  u  wliile,  glistening,  teiiilon-like 
surface  in  whicii  the  whorle<l  and  interlacing  l)tm<lles  of 
coar.se  fibres  of  connective  tissue  are  often  visible  to  the 
naked  eye.  The  cut  surface  is  dry  or  but  very  slightly 
moist.  Occa.sionally  the  color  is  pink  or  reddish.  To 
the  naked  eye  few  blood -ves.sels  are  usually  visible,  but 
mierosiiipically  these  growths  may  be  found  to  jiossess  a 
well-develiipi'il  system  of  vessels.  Occasionally  the  latter 
may  liecoine  aiigiectatic,  wliereby  the  cut  surface  of  the 
growth  is  mottled  red  and  white. 

The  finer  structure  of  these  growths  consists  almost 
entirely  of  fibrous  connective  tissue,  either  arranged  in 
coarse  fibres  or  appearing  almost  hyaline  and  homogene- 
ous. The  intercellular  substance  far  exceeds  the  cells  in 
amount,  the  latter  frequently  being  present  iti  very  small 
numbers  and  widely  separated  by  tlie  hyaline  interci-llular 
substance.  In  some  portions  of  the  growth  the  cells  may 
entirelj-  disappear,  leaving  only  the  hyaline  intercellular 
substance,  which  eventually  becomes  calcified  or  under- 
goes liquefaction.  Retrograde  changes  are  very  conunou 
in  these  growths;  hyalin,  calcification,  necrosis,  lique- 
faction following  cedema  or  myxomatous  degeneration, 
gangrene,  etc. 

Desmoid  tumors  are  found  most  frequently  in  the  sub- 
cutaueous  tissue,  intermuscular  connective  "tissue,  nerve 
sheaths,  retropeiitoneal  tissues,  serous  membranes,  etc.. 
in  which  regions  they  may  reach  a  large  size.  Small 
growths  of  a  similar  nature  occur  less  often  in  the  mam- 
mary gland,  parotid,  and  kidnejs,  and  more  rarely  in  the 
ovaries,  liver,  and  spleen.  Uterine  myotibromata  con- 
taining but  a  small  proportion  of  unstriped  mu.sde  as- 
sume the  appearance  of  desmoid  fibromata.  The  so- 
called  desmoids  of  the  abdominal  wall  are  in  realitj' 
spindle-cell  fibro-sarcomata  of  slow  malignancy,  but  dif- 
fering from  the  fibromata  in  that  they  grow  by  infil- 
tration. The  true  desmoid  is  malignant  only  by  size, 
position,  and  tendency  to  necrosis.  It  does  not  infiltrate 
nor  give  rise  to  metastases.  If  removed  with  its  capsule 
entire  it  will  not  recur. 

Aldred  Scott  Warthin. 

DES  MOINES,  IOWA.— Situated  in  the  central  portion 
of  the  State  of  which  it  is  the  capital,  upon  the  Des 
Moines  River.  It  is  of  considerable  size  and  importance. 
The  climate  is  indicated  by  the  accompanying  table: 

Climate  of  Des  Moines,  Iowa— Latitude.  41°  ai';   Longitcde, 
93°  37':  Period  of  Observations,  Five  Years  Five  Months. 


Data. 

Temperature  (ilcRrees  Fahr.)  — 

Aveni^rt'  nr  imruial 

Avei-d^re  (iailv  range 

Mean  of  warmest 

Mean  of  cnMcst 

Highest  or  maximum 

Lowest  or  miuimum 

Humidity- 
Average  relative 

Precipitation— 
.Average  in  Inches 

Wind- 
Prevailing  direction  

Average  hourly  velocity  in  miles 

Weather- 
Average  number  clear  days 

Average  nuint>Hr  fair  days 

Average  number  fair  and  clear  days. . 


January. 

July. 

20.9° 

73.8° 

19.2 

19.4 

29.4 

84.7 

10.2 

6.5.3 

63 

98.5 

-26 

52 

71.1!8 

71.2* 

1.06 

3.37 

N.W. 

S.W. 

6.3 

5.1 

11 

10.6 

11 

14.2 

22 

24.8 

49,0° 


41.35 

S.W. 
6.4 

111.2 
151.3 
262.5 


E.  0.  Otis. 

DETROIT— The  chief  city  of  Michigan,  of  over  200,000 
inhabitants,  is  situated  on  the  northern  bank  of  the  De- 
troit River,  connecting  Lake  Erie  and  Lake  St.  Clair, 
and  forming  the  boundary  between  the  United  States  and 
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Canada.     The  climate  of  Detroit  is  represented  by  the 
following  chart. 

Climate  of  Detroit,  Mich.— LATirrDE,  42°  20' :  Longitude,  83=  3' 
Period  of  Observation,  Dece.mber  1st,  1870,  to  Dece.mber 
31st,  1883. 


Data. 

Temperature  (degrees  Falir.l— 

Average  or  normal 

Average  dailv  range 

Mean  of  warmest 

Mean  of  coldest  

Highest  or  maximum 

lAiwest  or  minimum 

Humidity-  - 

.\verage  oi-  relative 

Precipitation — 

.\verage  in  inches 

Wind— 

PrevaiUng  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  number  clear  days 

Average  number  fair  days 

Average  number  of  fair  and  dear  days 


January. 


24.8° 
13.7 
31.3 
18.6 
6.5 
-1.5 

78.3* 

2.U 

s.w. 


3.8 
9.6 
13.1 


July. 


71.6° 
18.4 
81.4 
63 
100 
50 

70.0« 

4.14 

S.W. 
6.4 


14.9 
24.7 


Tear. 


71.6* 

^.41 

S.W. 
7.8 

85.9 
147.8 
233.7 


E.  0.  Otis. 

DE\TR\N.—"' Artif rial  Gum."  (CsHioOs.)— A  poly- 
s;iccharide,  of  the  same  formula  as  starch,  cellulose,  in- 
ulin.  and  lichenin.  The  name  is  applied  to  any  one  or  all 
of  the  intermediate  substances  produced  in  trdusforming 
starch  or  cellulose  into  glucose.  The  first  member  of  tliis 
series.  nmi/!odt:Ttrin,  }-ields  a  purple  color  with  iodine, 
but  all  the  others  show  no  color  with  that  reagent  which 
could  even  carelessly  Iw  mistaken  for  that  of  starch. 
Commercial  dextrin  "is  a  white  or  yellowish-white  sub- 
stance, powdery  or  compacted  into  lumps,  with  a  specific 
gravity  of  1.038  and  soluble  in  water.  It  is  produced  by 
the  action  of  either  diastase  or  dilute  mineral  acids,  aided 
bv  heat,  upon  starch.  Dextrin  itself  does  not  admit  of 
fermentation,  but  upon  being  converted  into  (Icj-tnise  by 
the  addition  of  a  molecule  of  water,  it  does  so  and  can 
then  pass  on  into  alcohol.  Dextrin  bears  a  close  relation 
to  gum  and  its  chief  use  is  to  substitute  that  article, 
much  of  such  use  being  fraudulent.  It  can  be  distin- 
guished bv  its  peculiar  odor  and  bv  the  test  given  under 
Gum.  Alcohol  precipitates  it.  It  is  highly  adhesive 
but  distinctly  inferior  to  gum,  its  solution  growing  very 
dark  with  age.  Dextrin  is  itself  very  prone  to  adultera- 
tion, especially  with  starch.  Commercial  dextrin  often 
holds  an  excessive  amount  of  water,  as  well  as  of  dirt  of 
various  kinds.  Dextrin  has  no  medicinal  properties  but, 
being  partlv  digested  starch,  it  forms  a  common  ingredi- 
ent of  artificial  foods  for  infants.  Henry  H.  Uusby. 

DIABETES  MELLITUS.— Definition-.— A  diminution 
of  the  sugar-consuming  power  of  the  body  tissues  result- 
ing in  a  more  or  less  permanent  glycosuria.  Of  the  cause 
and  nature  of  sjiccliarine  diabetes  we  are  practically 
ignorant.  We  distinguish  the  .symptom  glycosuria  from 
the  disease  diabetes.but  the  distinction  is  merely  one 
of  time,  since  we  cannot  refuse  the  title  of  diabetes  to 
any  long-standing  glycosuria,  no  matter  what  the  other 
symptoms  are.  The  weakness  of  this  position  is  obvious; 
we  are  making  the  distinction  between  a  symptom  and  a 
disease  one  wholly  dependent  upon  time. 

Temporary  glycosuria  may  be  brought  about  by  any 
one  of  a  number  of  causes,  among  which  perhaps  the 
commonest  are  profound  narcosis  (whether  produced  by 
alcohol,  ether,  or  any  other  drug),  profound  coma,  how- 
ever produced,  poisoning  by  carbonic  oxide,  nitrite  of 
amyl,  or  strychnine,  and  t"he  active  use  of  diuretics.  Such 
glycosuria  "must  be  distinguished  from  the  lactosuria 
which  sometimes  occurs  toward  the  end  of  pregnancy  and 
during  lactation,  as  well  as  from  the  dextrosuria  produced 
by  large  doses  of  chloral  or  chloralamide.  Le.ss  frequent 
causes  of  glycosuria  are  traumatic  neuroses,  alcoholism, 
delirium  tremens,  hysteria,  neurasthenia,  chlorosis, 
Graves'  disease,  and  tlie  infectious  fevers.     I  need  hardly 


say  that  glucose  must  be  distinguished  from  other  cop- 
per-reducing substances  which  are  not  very  infrequently 
present  in  the  urine  when  the  latter  is  very  concentrated 
and  after  the  ingestion  of  certain  poisons  (see,  below, 
tests  for  sugar).  It  must  not  be  forgotten  that  the  capac- 
ity of  the  individual  for  burning  up  grape  sugar  is  never 
an  unlimited  one.  Glycosuria  may  be  produced  in  any 
one  bv  the  ingestion  of  a  sufficientlv  large  amount  of 
glucose,  and  is  then  known  as  "  (di mentary  glyeosurin  :  "  it 
can  ordinarily  be  produced  by  taking  200  gin.  of  glucose 
upon  a  fasting  stomach.  In  many  persons  the  tolerance 
for  sugar  is  less  than  this. 

Although  diabetes  cannot  be  said  to  be  a  disease  of  any 
one  organ,  yet  it  is  indubitably  true  that  in  a  minority  of 
cases  some  "organic  lesion  is  to  be  found.  Thus  a  certain 
proportion  of  cases  occurs  in  connection  with  diseases  of 
the  liver  (especially  cirrhosis)  and  with  disease  or  trauma 
of  the  nervous  system,  especially  cerebral  tumors.  Those 
pressing  upon  the  floor  of  the  fourth  ventricle  are  not  by 
any  means  the  only  tumors  which  are  capable  of  being 
associated  with  diabetes.  Other  diseases  of  the  brain 
occasionally  associated  with  diabetes  are  cerebral  liemor- 
rhage,  dementia  paralytica,  and  the  various  forms  of 
meningitis. 

Of  late  j-ears  it  has  been  shown  that  diabetes  may  oc- 
cur in  connection  with  any  one  of  the  various  diseases  of 
the  pancreas.  This  connection  is  not,  however,  a  very 
intimate  one,  since  no  le.sion  of  the  pancreas  can  be  found 
in  the  majority  of  cases  of  diabetes  and  it  is  not  at  all 
uncommon  to  find  |iancreatic  disease  without  diabetes. 
Finally,  it  should  be  inentioui'd  that  gout,  obesity,  and 
arteriosclerosis  are  very  frequently  present  in  cases  of 
diabetes,  though  whether  as  cause  or  effect  of  the  diabetes, 
or  as  a  result  of  some  deeper  cause  of  which  diabetes  is 
another  manifestation,  we  do  not  at  present  know. 

The  tendency  to  diabetes  is  in  all  probability  capable 
of  being  inlieiited.  Sometimes  the  morbid  tendency 
shows  itself  in  one  member  of  the  family  as  diabetes,  as 
obesity  in  another,  and  as  gout  in  a  tliird.  The  occur- 
rences of  cases  in  husbands  and  wives  are  probably  ac- 
cidental.    All  ages  and  both  sexes  are  affected. 

All  the  etiological  factors  liitherto  mentioned,  except 
heredity,  are  concerned  only  in  a  miuoritj-  of  cases.  For 
diabetes  in  a  great  maiority  of  cases  no  cause,  no  asso- 
ciated disease,  no  inheritsmce  can  be  assigned.  The  dis- 
ease conies,  as  we  say,  of  itself. 

Svmptomatologt" — Most  of  the  symptoms  of  diabetes 
may  be  regarded  as  results  of  the  glycosuria,  but  it  is 
convenienf  to  divide  them  into  the  more  direct  and  the 
more  indirert  results.  In  the  former  class  are  hunger, 
thirst,  polyuria,  emaciation,  and  muscular  weakness. 
The  thirst  "in  well  marked  cases  is  so  great  that  the  pa- 
tient goes  to  bed  with  a  four-quart  pitcher  of  water  at 
his  side  and  empties  it  before  morning.  It  is  related  that 
a  diabetic  patient  was  paid  to  stay  away  from  a  hotel 
conducted  on  the  American  plan  owing  to  the  disastrous 
ravages  which  his  hunger  made  upon  the  bill  of  fare. 
This  anecdote,  whether  true  or  not,  gives  some  idea  of  the 
voraciousness  of  a  diabetic's  appetite.  Four  or  five 
quarts  of  urine  are  freiiuently  passed  in  twenty-four 
hours  and  tlie  amount  may  be  much  larger.  As  a  result 
of  this  drain  upon  the  tissues  the  patient  is  apt  to  emaci- 
ate rapidly  and  to  notice  great  muscular  weakness.  This 
is  especially  the  case  when  the  disease  occurs  in  persons 
under  thirty-five  years  of  age  and  in  those  whose  habit 
of  bodv  is  "spare."  In  cases"  occurring  in  fat  old  people 
there  may  be  little  or  no  weakness  or  emaciation  (see 
below). 

In  the  presence  of  these  symptoms:  tliirst,  voracious 
appetite,  emaciatinn,  muscular  ireakmss.  and  polyuria, 
or  of  any  one  of  them,  the  examination  of  the  urine  for 
sugar  is  immediately  suggested  and  imperatively  de- 
manded. 

The  test  for  sugar  is  best  perfonned  with  Fehling's 
solution,  the  formula  for  which  is  as  follows:  Dissolve 
34.64  gm.  of  pure  CuSO,  in  500  c.c.  of  water:  dissolve 
173  gm.  Rochelle  salts  and  60  gm.  sodium  hydrate  each 
in  200  c.c.  of  water.     Mix  and  add  water  up  to  500  c  c. 
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The  copper  solution  must  be  kept  in  a  separate  bottle 
and  not  mixed  with  the  alkali  until  we  are  ready  to  make 
the  test.  Equal  parts  of  the  two  solutions  are  then 
mixed  in  a  test  tube  and  the  mixture  is  boiled.  Shoidd 
an)-  jireeipitate  ajipear  on  boiliii;:,  the  solution  must  be 
rejected  and  another  portion  freshly  prepared.  If  no  pre- 
cipitate appears.  a<ld  an  amount  of  urine  equal  to  the 
amount  of  the  hot  Fehlinirsnii.vture  in  the  test  tube.  If 
sugar  is  present  in  the  suspected  urine  a  yellow  precipi- 
tate will  a])pear — usually  within  a  few  seconds.  (Kcasion- 
ally  after  the  lapse  of  some  hours.  This  precipitate  is 
due  to  the  reduction  of  th<'  co|)pcr  and  can  be  produced 
in  case  reducinir  substances  other  than  suu'ar  are  ])resent 
in  the  urine;  this,  however,  is  very  rarely  the  case. 
Large  amounts  of  uric  acid  are  cajiabie  of  reducini;  cop- 
per, but  only  in  a  solution  more  concentrated  than  often 
occurs  in  urine.  In  any  case  of  doiil)t  the  presence  of 
sugar  may  be  verilied  by  the  fermentation  test  (see 
below).  In  the  vast  majority  of  cases,  however.  Fehling's 
test  isall  suflicient  fora  i|uaiitativeexamiualiou  forsugar. 

Having  s;itisfied  ourselves  that  sugar  is  present,  we 
proceed  to  estimate  its  amount.  This  is  best  performed 
by  means  of  the  fermentation  test.  First  take  thespeeitic 
gravity  of  the  urine;  then  to  four  or  five  ounces  of  tu-ine 
add  one-half  cakeof  Fleischman's  yeast  in  an  open  beaker, 
crumbing  up  the  yeast  into  small  pieces  while  ad<ling  it. 
Set  the  beaker  asitle  in  a  warm  place  for  thirty-si.x  hours, 
tbentilter  its  contents  and  take  the  specific  gravity  of  the 
filtrate.  If  sugar  is  present  the  filtrate  will  be  found  to 
be  much  lighter  than  before  the  addition  of  the  yeast. 
To  estimate  the  percentage  of  sugar,  multiply  the  num- 
ber of  degrees  of  specific  gravity  lost  by  0.23T  and  the  re- 
sulting figure  represents  the  percenta.sre  of  sugar.  Thu.s, 
if  the  s|)ecific  gravity  of  the  urine  before  fermentation 
were  1.040  and  after  fermentation  1.020  the  resulting  loss 
of  specific  gravity  of  20  degrees  multiplied  by  0.237  gives 
us  4,74  per  cent,  of  sugar.  If  the  amount  of  urine 
passed  in  twenty-four  hours  is  previously  known,  we  can 
easily  estimate  the  twenty-fotir  hours' output  of  sugar, 
which  is,  of  course,  the  essential  point  to  be  a.scertained. 
For  practical  purposes  these  two  tests,  the  qualitative 
test  with  Fehling's  solution  and  the  quantitative  test  by 
means  of  fermentation,  are  all  sufiicient.  The  tests  for 
acetone,  for  diacetic  acid,  and  for  beta-oxybutyric  acid 
will  be  described  later. 

Indirect  Svmptoms  of  Diabetes. — The  drain  upon 
the  tissues  produced  by  the  excretion  of  large  amounts 
of  sugar  which  ought  to  be  absorbed  and  utiliz<d  in  the 
body  is  manifested  directly  in  the  symptoms  already 
mentioned,  viz.,  hunger,  thirst,  emaciation,  muscular 
weakness,  and  polyuria.  Indirectly  the  increased  vulner- 
ability of  the  boily  tissues  manifests  itself  in  some  one  or 
more  of  the  following  ways; 

1.  Lesions  of  iIk'  skin  and  mucous  membranes. 

2.  Lesiims  of  the  nervous  system. 

3.  Lesions  of  the  respiratory  system. 

4.  Lesions  of  the  circulatory  system.  Each  of  these 
will  now  be  taken  up  in  detail. 

1.  Lesions  of  the  Skiit  nnd  Mucous  Memhrnncs. 

(a)  An  abnormal  dryness  of  the  skin  and  mucous  mem- 
branes is  almost  invariably  present.  The  skin  becomes 
rough  and  harsh  and  its  appendages,  the  hair  and  nails, 
show  the  effects  of  malnutrition  in  drynessand  brittleness. 

(J)  Eezeniii  about  the  genitals  is  a  very  significant  symp- 
tom and  may  be  the  first  thing  to  suggest  the  diagnosis 
of  diabetes.  A  red  and  angry  eczema  about  the  Vulva 
should  invariably  suggest  to  us  to  test  the  urine  for  sugar. 
Balanitis  and  vulvitis  are  not  so  common,  but  they  occa- 
sionally occur.  Generalized  eczema  and  other  deriiiatoses 
are  less  conunon. 

(f)  Fnrmieiilosis  and  other  staphylococcus  affections  of 
the  skin  manifest  the  diminished  resisting  power  of  the 
cutaneous  tissues. 

(f7)  Ciifbunde  is  not  infrequently  as.sociated  with  dia- 
betes and  the  presence  of  s\icli  a  su|i|iurative  process 
should  always  suggest  a  search  forsugar  in  the  urine. 
Dialjelic  gangrene  is  considered  by  some  to  belong  in  this 
category  of  changes,  but  it  seems  to  me  best  to  consider 


it  under  the  lesions  of  the  circulator}'  system  (see  be- 
low). 

2.  Lmons  of  the  Servowt  System. 

{(i)  DiitMie  \euntis;  Seiinili/in. — Sciatica,  intercostal 
neuralgia,  trigennnal  neuralgia,  and  less  frei|ucntly 
brachial  neuralgia  ajipcar  as  residts  or  complications 
of  diabetes  and  may  be  the  first  indication  of  the  dlsea.se. 
This  is  especially  true  of  sciatica,  (//)  Muscular  crami)s. 
unusual  muscular  fatigue  on  slight  exertion,  and  deep 
muscular  [lain  are  sometimes  associated  with  diabetes. 
Twice  patients  have  come  to  me  complaining  onlv  of 
cramps  in  the  calves  and  totally  unaware  of  any  under- 
lying disease,  (ci  Loss  of  kiice-jerk  characteVizes  rel- 
ativ<-ly  late  stages  of  the  disease  in  tlu'  majority  of 
cases  and  is  probably  due  to  a  peripheral  neuritis, 
(rf)  Facial  paralysis  of  iieripheral  origin  n)ay  be  the 
first  symptom  which  leads  the  patient  to  considt 
a  physician.  Other  peripheral  paralyses  are  less  com- 
mon. (<•)  Ana'Sthesia  and  paresthesia  usually  affecting 
relatively  small  areas  are  not  at  all  uncominon.  The 
inner  and  anterior  aspects  of  the  thigh  are  not  infre- 
quently affected  and  the  disturljances  of  sensation  may 
be  associated  with  pain  (incralgia  pariesthetica).  (H 
Perforating  ulcer  of  the  foot  (mal  perforans)  is  undoubt- 
edly to  be  referred  to  a  nervous  lesion  and  is  a  fairly 
common  manifestation  of  diabetes. 

Lesions  of  the  brain  and  cord  are  much  less  common 
than  those  of  the  peripheral  nerves  and  when  present  are 
often  to  be  explained  as  results  of  the  arterio.sclerosis 
with  which  diabetes  is  so  frequently  associated.  In  one 
of  my  eases  there  was  for  manv  months  an  intense  gen- 
eralized headache  apparently  of  cerebral  origin.  Loss  of 
sexual  power  is  an  important  and  sometimes  an  early 
symptom. 

Lesions  affecting  the  special  senses  are  not  frequent,  if 
we  except  the  eye.  Among  ocular  lesions  by  far  the 
commonest  is  cataract — a  disease  which  may  give  us  the 
first  suggestion  of  the  possibility  of  diabetes.  Retinitis 
is  not  very  uncommon.  Paralysis  of  the  abducens  is  not 
infrequent  and  many  diabetics  develop  at  an  early  age  the 
far-sightedness  which  is  so  common  in  elderly  jieoiile. 
Occurrences  of  hemiplegia,  of  convulsions,  and  of  coma 
in  cases  of  diabetes  will  be  discussed  later. 

3.  Lesions  of  the  Uespiriitnru  System. 

(n)  Pidmonary  tuberculosis  complicates  from  seventeen 
to  fifty  per  cent,  of  all  cases  of  diabetes.  Between  these 
figures  the  statistics  of  different  writers  vary.  It  hardly 
ever  occurs  in  elderlj-  or  obese  diabetics  and  usually  nm's 
a  rapid  course  to  the  fatal  termination.  ILvmoptysis  is 
notably  rare  and  there  is  often  but  little  expectoration. 
In  a  young  man  who  died  after  withstanding  the  disease 
for  nine  jears  under  my  observation,  there  was  found  at 
autopsy  a  pneumonic  form  of  tuberculosis  presenting 
solidification  of  the  whole  right  lung  from  top  to  bottom 
withoiU  cavity  formation.  During  life  there  were  no 
sputa  and  practically  no  cough.  As  a  result  of  the 
swallowing  of  sputa  the  intestine  is  not  infrequently 
attacked  by  tuberculosis.  (h)  Pulmonarj-  gangrene. 
About  five  per  cent,  in  all  cases  of  diabetes  are  attacked 
by  gangrene  of  the  lung  which  may  run  a  rajiid  course 
or  drag  along  ffir  months  and  even  years,  (c)  Croupous 
pneumonia.  Diabetic  cases  of  the  severe  type  often  end 
with  an  acute  pneumonia.  In  all  cases  of  pneumonia  the 
urine  should  be  examined  for  sugar:  its  presence  greatly 
darkens  the  outlook,  (el)  The  acetone  odor  of  the  diabetic 
breath  is  a  very  characteristic  one  and  may  sometimes  be 
detected  as  soon  as  one  opens  the  door  of  a  patient's 
house;  it  has  been  variously  compared  to  the  odor  of 
chloroform,  of  rotten  apples,  and  of  new-mown  hay. 

4.  Lesions  in  t/ie  Circulator)/  Aj>j>arat>is. 
Arteriosclerosis  with  its  manifold  results  includes  all 

the  circulatory  complications  of  diabetes.  Arterioscle- 
rosis is  probablylo  be  regarded  as  a  concomitant  or  a 
possible  cause  of  diabetes  (Nauuyn)  rather  than  as  a 
result.  Diabetic  gangrene  is  usually,  I  think,  to  be 
regarded  as  a  result  of  the  arteriosclerosis  rather  than 
as  a  manifestation  of  simple  malnutrition.  The  gan- 
grene affects  the  extremities  following  the  distribution 
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of  the  smaller  arteries  as  in  ordinary  non-diabetic  gan- 
grene. 

The  other  manifestations  of  arteriosclerosis,  such  as 
myocarditis,  chronic  interstitial  nephritis  and  cerebral 
hemorrhage,  are  not  very  uncommon,  but  do  not  usually 
thrust  themselves  into  the  foreground  of  the  clinical 
picture.  I  may  mention  here  a  peculiarity  of  the  com- 
plexion in  diabetics  which  I  have  frequently  had  occasion 
to  observe.  In  mj'  experience  diabetics  are  very  seldom 
pale  and  are  quite  apt  to  show  a  beefy  red  color  of  the 
cheeks.  This  is  especially  true  of  the  cases  occurring  in 
thin,  young  people. 

Cli"nic.\l  Course  of  the  Disease. — Leaving  out  of 
account  the  rare,  acute  forms  of  diabetes,  we  ma,y  divide 
the  great  ma.jority  of  all  cases  into  two  main  types:  1. 
The  thin,  young   cases.     2.  The  old,  fat  cases. 

Occasionally  one  sees  a  patient  who  belongs  in  neither 
of  the.se  categories,  but  this  is  rarely  the  case.  Between 
these  two  clinical  types  the  difference  is  so  great  that  it 
sometimes  seems  as  if  we  ought  to  call  them  different 
diseases.  Diabetes  in  the  elderly  and  obese  ma.v  exist  for 
a  considerable  lime  undiscovered  and  when  discovered 
may  give  rise  to  so  little  inconvenience  that  we  hesitate 
to  class  it  as  a  disea.se.  Between  this  condition  and  that 
of  the  young  thin  cases  there  is  the  sharpest  possible  con- 
trast. In  thin,  young  people  poh'uria,  hunger,  thirst,  and 
emaciation  are  usually  from  the  first  intense  and  dis;t- 
bliug  and  rapidly  increase  unless  aggressive  treatment  is 
begun  orevenin  spite  of  such  treatment.  The  glycosuria 
may  be  diminished  and  for  a  time  abolished,  but  it  almost 
alwa,vs  returns  in  a  more  obstinate  form  and  this  time  to 
persist  despite  any  and  all  thcrapetitic  measures,  reduc- 
ing the  patient  within  a  couple  of  years  to  a  deplorably 
weak,  emaciated,  helpless  creature,  who  may  at  any  time 
be  seized  with  the  fatal  coma.  In  fat,  old  cases,  on  the 
other  hand,  the  amount  of  sugar  excreted  is  usually  rela- 
tively small,  the  patient  emaciates  but  little,  the  hunger 
and  thirst  are  usuallv  relieved  by  a  moderately  strict  diet, 
and  the  patient  often  lives  out  the  natural  term  of  his  life 
and  dies  of  some  other  affection.  Between  these  two 
main  types  there  are,  as  has  been  said,  occasional  inter- 
mediate forms,  i.e..  severe  cases  occurring  in  stout  old 
people,  or  relatively  mild  cases  in  the  young  and  spare, 
but  it  is  rare  for  a  case  in  which  the  disease  attacks  a  pa- 
tient before  the  thirtieth  year,  to  last  more  than  three 
years.  The  duiation  of  the  disease  depends  to  a  consid- 
erable extent  upon  the  character  and  circumstances  of  the 
patient.  If  the  sufferer  V)e  well  off  and  have  the  pluck 
and  determination  necessiiry  to  adhere  to  the  tiresome 
diet,  life  may  be  considerably  prolonged.  I  have  known 
such  a  case  which  showed  itself  at  theageof  twenty-two 
in  a  young  college  athlete  and  lasted  eleven  years  before 
the  fatal  termination. 

The  presence  or  absence  of  complications  also  deter- 
mines to  a  considerable  extent  the  duration  of  the  disease. 
All  the  complications  above  mentioned  occur  more  fre- 
quently in  the  younger  and  severer  cases,  but  are  by  no 
means  confined  to  such,  and  when  the.y  do  attack  a  patient 
who  is  suffering  from  the  milder  type  of  the  disease,  and 
who  would  therefore  naturally  be  expected  to  live  many 
years,  they  may  shorten  life  very  considerably.  Thus  a 
diabetic  gangrene  or  pulmonary  tuberculosis  may  attack 
even  the  mildest  case  and  prove  more  serious  than  the 
original  disease. 

Recovery  from  diabetes  does  occur.  On  this  point 
Xaunyn.  von  Noorden.  and  all  the  best  authorities  aro 
agreed,  but  it  is  exceedingly  rare  and  takes  ])lace  almost 
exclusively  in  cases  which  are  nipped  in  the  bud  as  a 
result  of  vigorous  treatment  imdertaken  very  early  in 
the  course  of  the  disease.  Such  early  and  vigorous  treat- 
ment it  is  very  seldom  our  fortune  to  be  able  to  administer, 
but  occasionall.v  when  the  disease  is  suspected  in  the 
children  of  diabetic  parents  and  when  l^gular  tests  of  the 
urine  are  made  at  stated  intervals,  whether  the  children 
be  sick  or  well,  the  first  advent  of  the  disease  is  noted 
and  its  course  can  then  sometimes  be  checked. 

Coma  and  Scddex  Death  in  Diabetes. — Typical  dia- 
betic coma  occurs  in  not  more  than  one-half  of  all  cases. 


Many  authors  find  it  in  a  still  smaller  percentage.  It  is 
especially  apt  to  occur  in  the  cases  of  so-called  pure  dia- 
betes, i.(.,  those  in  which  no  organic  lesion  can  be  found 
as  cause.  The  ma.iority  of  cases  occur  in  young,  thin 
patients.  Out  of  eighty-seven  cases  collected  by  Blau,* 
only  thirteen  had  passed  the  fortieth  year.  Diabetic  coma 
is  preceded  by  an  intense  dyspno?a  of  a  peculiar  type. 
The  air  on  entering  the  lungs  meets  no  resistance,  but  the 
patient  breathes  deeply  and  rapidly.  There  is  no  cyanosis. 
The  attack  is  often  preceded  by"  restlessness  or  apathy, 
fever,  indigestion,  vomiting,  headache,  and  subnormal 
temperature.  The  amount  of  sugar  in  the  mine  at  the  time 
of  the  occurrence  of  coma  may  be  either  large  or  small,  but 
most  cases  occur  while  the  patient  is  upon  a  strict  diet  and 
especially  in  those  who  have  suddenly  been  put  upon  a 
strict  diet  without  other  treatment.  The  dyspna>a  may 
cease  only  to  return  after  some  hoin-s  or  days,  but  usually 
a  coma  gradually  develops.  Diabetics  may  become  coma- 
tose without  any  of  the  features  which  we  have  been  de- 
scribing as  characteristic  of  the  diabetic  coma,  i.e. .  without 
any  of  the  typical  dyspncea.  and  there  mayor  may  not  be 
epileptiform  convulsions.  Many  diabetics  die  of  rapid 
heart  failure,  and  rarely  there  is  a  sudden  collapse  such 
as  might  occur  in  apoplexy,  yet  without  any  such  cause 
discoverable  post  mortem.  It  seems  to  be  agreed  by 
all  the  best  writers  upon  diabetes  that  death  is  brought 
about  in  a  great  majority  of  cases  through  an  acid  poi- 
soning of  the  system  (acidosis).  Beta-oxjbutyrie  acid  is 
now  believed  to  be  responsible  for  the  toxic  condition. 
The  occurrence  of  acid  substances  such  as  diacetic  acid 
in  the  urine  is  accordingh-  to  lie  considered  a  sign  of 
the  presence  of  allied  acids  in  the  blood  and  tissues  and 
so  a  sign  of  an  unfavorable  prognosis.  Treatment  di- 
rected to  neutralizing  the  abnormal  acidity  of  the  bod.v 
fluids  is  accordingly  undertaken  whenever  the  reaction 
for  diacetic  acid  is  strongly  marked  in  the  urine  (see  be- 
low). Acetone  and  diacetic  acid  do  not  usually  have 
any  direct  causative  influence  in  the  production  of  coma. 
Tliey  are  present  in  large  quantities  in  the  urine  when- 
ever the  albumin  of  the  body  is  being  destroyed,  whether 
by  reason  of  starvation  or  of  poisoning  of  the  tissues  by 
ptomains.  Acetone  and  diacetic  acid  may  be  present  in 
the  urine  for  weeks  or  mouths  at  a  time  and  yet  disap- 
pear entirely.  On  the  other  hand,  when  beta-oxybutyric 
acid  appeal's  in  the  urine,  it  is  usually  permanent  and 
shows  a  lasting  tendency  to  increase,  and  in  most  cases 
within  a  few  days  or  weeks  diabetic  coma  and  death 
ensue. 

The  test  for  diacetic  acid  is  as  follows:  A  few  drops  of 
a  strong  aqueous  solution  of  ferric  chloride  is  added  to  a 
test  tube  full  of  urine.  A  deep  Burgundy  red  shows  the 
presence  of  diacetic  acid.  Normal  urine  is  only  slightly 
tinged  by  the  brownish  tint  of  the  ferric  chloride. 

Acetone  is  present  if,  in  a  sixth  of  a  test  tube  full  of 
urine  to  which  a  crystal  of  sodium  nitro-prusside  has 
been  added,  a  purple  color  is  produced  when  we  add 
NHiOH  to  strong  alkalinity  and  shake. 

Tre.\tment. — A  year  or  two  ago  much  hope  was  felt 
that  through  the  use  of  pancreatic  extract  a  specific  etio- 
logical treatment  for  diabetes  might  be  attained  whereby 
the  cause  of  the  malady  could  be  met  and  removed.  That 
hope  has  proved  unfounded  and  the  therapeutics  for  dia- 
betics still  consists,  as  it  has  for  so  many  years,  in  careful 
diet.  Briefly  stated  the  diet  for  diabetics  is  one  as  rich 
as  possible  in  fats,  which  with  proteids  are  expected  to 
make  up  for  the  total  exclusion  of  carbohydrates  from 
the  dietary.  An  intelligent  diabetic  sometimes  asks  what 
the  purpose  of  this  diet  is.  "It  seems  to  me."  said  one 
such  patient,  "it  is  about  as  broad  as  it  is  long.  With- 
out treatment,  I  get  no  use  out  of  part  of  my  food,  be- 
cause it  is  passed  out  through  the  urine.  But  under 
your  diet.  I  also  get  no  use  from  this  portion  of  my  food, 
because  I  am  not  allowed  to  eat  it  at  all.  Why  doesn't  it 
come  to  the  s;tme  thing?"  For  three  reasons :  1.  Because 
we  hope,  through  giving  a  rest  to  the  tissues  which  have  to 
do  with  the  burning  up  of  the  grape  sugar,  to  re-establish 

»  See  Scbmidfs  Jahrbuch  for  188i,  p.  88. 
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in  these  tissues  their  normal  sugar-consuming  power. 
Patients  who  have  been  altogotlier  ileprived  of  carbo- 
hydrates for  weeks  or  mouths  sometimes  get  back  their 
powerof  absorbing  carbohydnilcs  so  that  their  glycosuria 
ceases.  2.  Because  the  .symptoms  which  arc  rendering 
the  patient's  life  miserable  can  in  a  great  majority  of 
cases  be  considerably  relieved  or  abolished.  Tlie  thirst. 
the  torturing  dryness  of  the  mouth,  the  constant  drink- 
ing and  passing  of  water,  the  cutaneous  infections  are 
almost  always  relieved  for  a  time  and  perhaps  i)ernia- 
nently.  H.  We  also  hope  to  prevent  the  occurrence  of 
complications  such  as  phthisis,  cataract,  or  gangrene 
which  might  prove  fatal  if  the  glycosuria  were  allowed 
to  persist.  Moreover,  wc  cannot  insist  too  strongly  that 
the  dietetic  treatment  of  diabetes  relies  not  merely  on 
cutting  off  certain  foods,  but  on  prescribing  an  increased 
amount  of  certain  other  foods.  ('.(..  of  fats.  In  diabetic 
diet  lists  there  should  be  three  clas.scs  of  food :  ( 1st )  those 
that  he  imiKt  take,  (id)  tliosi'  that  he  tuny  take,  and  (3d) 
those  he  >ii<iy  nut  take.  To  begin  with,  it  is  best  to  weigh 
out  for  the  patient  a  two-oiuice  lump  of  butter:  this 
amount  he  must  eat  each  day  in  one  form  or  another.  It 
need  not  be  weighed  out  each  day  if  its  bulk  is  appro.xi- 
niately  known.  Next,  we  must  insist  that  the  (latieut 
must  "put  cream  on  everything  on  which  it  is  possible  to 
eat  cream.  fSalad  dressing  made  with  olive  oil  should 
be  used  as  plentifully  as  po.>;.sil)le  with  whatever  green 
vegetables  arc  taken,  and  Situces  containing  butter  and 
olive  oil  should  be  eaten  with  tish  of  various  kinds. 
Bacon,  because  of  the  large  am(mut  of  fat  which  it  con- 
tains, should  form  a  part  of  every  diabetic's  dietary; 
with  eggs  it  makes  a  good  breakfast  dish.  Cheese,  espe- 
cially cream  cheese,  should  be  insisted  upon,  and  with  any 
meat  the  patient  takes  he  should  be  advised  to  take  as 
much  fat  as  his  appetite  will  allow  him.  Other  foods 
which  contain  a  large  amount  of  fat  are  German  s;»usage, 
mackerel,  salmon,  eels,  and  smoked  ox  tongue. 

In  the  second  group — the  foods  permitted,  though  not 
ot  as  great  value  as  the  fats — come  all  the  muscular  parts 
of  the  ox,  calf,  sheep,  pig,  deer,  wild  or  domestic 
birds,  together  with  the  tongue,  heart,  brain,  sweetbreads, 
kidneys,  and  marrow  bones.  All  of  these  must  be  served 
in  their  own  gravy,  or  with  mayonnaise,  or  some  other 
non-farinaceous  s;iuce.  All  kinds  of  fresh  or  dried  tish, 
especially  canned  lish  such  as  sardines  and  anchovies  in 
oil,  are  of  value.  Shell  fish  such  as  oysters,  crabs,  shrimps, 
and  lobsterare  allowable,  although  the  liverof  the  oyster 
contains  a  small  amoimt  of  sugar.  Among  vegetables 
only  those  that  grow  above  ground  are  permissible,  for 
example,  lettuce,  spinach,  asparagus,  cauliflower,  cab- 
bage, cucumbers,  onions,  watercress.  Bnissels  sprouts. 
olives,  sourcrout.  Clear  soups  and  broths  can  be  thick- 
ened with  eggs,  marrow,  or  with  cream.  Among  fruits 
sour  oranges  and  peaches  are  allowable.  The  diet  just 
described  is  what  is  known  as  strict  diabetic  diet,  but  we 
must  always  remember  the  aphorism  of  von  Noorden: 
"Under  all  circumstances  the  diet  in  diabetes  must  be  so 
ordered  that  the  strength  of  the  patient  may  be  thereby 
maintained  and  as  far  as  possible  increased."  If  a  dia- 
betic diet  does  not  produce  this  effect  it  must  be  modified. 
As  a  rule,  we  have  to  modify  the  regimen  during  some 
portion  of  each  year,  either  because  the  patient  cannot 
be  made  to  adhere  to  the  strict  diet,  or  because  he  does 
not  do  well  under  it.  It  is  a  good  rule,  however,  in  all 
severe  cases  to  subject  the  patient  at  least  three  times  a 
year,  and  if  possible  four  times  a  year,  to  a  course  of 
strict  diabetic  diet  for  at  least  four  weeks.  In  the  inter- 
vals restricted  amoimts  of  carbohydrates  may  be  allowed. 
How  much  is  to  be  allowed  is  to  be  settled  by  the  tem- 
perament of  the  patient  and  by  the  effects  upon  the  urine 
and  general  nutrition.  It  is  often  necessary  to  allow  the 
patient  one  or  two  slices  of  white  bread,  or  a  quart  of 
milk.  In  the  mild  forins  of  the  disease,  such  as  often 
occur  in  fat  old  patients,  it  is  not  always  necessary  to 
modify  the  diet  at  all.  I  have  seen  patients  who  got  on 
apparently  perfectly  well  for  years,  eating  the  while  ' 
whatever  they  chose,  but,  as  a  rule,  such  patients  come  to 
grief  in  a  year  or  two  and  are  led  to  put  themselves  again   , 


in  a  physician's  hands  by  the  occurrence  of  thirst,  poly- 
uria, and  emaciation,  or  by  the  presence  of  furunculosis 
or  gangrene.  In  such  cases,  when  we  have  once  freed 
the  urine  from  sugar  by  a  few  weeks  of  strict  diet,  we 
may  expcritncnt  to  discover  what  amount  of  carbohy- 
drates the  patient  can  tolerate  without  producing  marked 
glycosuria.  Many  such  cases  will  do  perfectlv  well  if 
sugar,  pastry,  rice,  preserves,  and  dishes  ma'dc  from 
flour  or  flour  preparations  are  forbidden.  The  patient 
may  then  be  allowed  to  eat  all  the  bread  and  potatoes  he 
desires.  If  the  amount  of  sugar  excreted  under  this  diet 
is  not  more  than  10  or  20  gm.  in  twenty-four  hours  and 
if  the  patient  does  not  emaciate  rapidly  it  is  not  neeessjjry 
to  put  him  on  any  stricter  diet.  The  treatment  bv  ex- 
clusive milk  diet  (not  skim  milk)  is  useful  in  mild  cases, 
but  not  applicable  in  severe  ones,  A  mananivre  which 
is  sometimes  beneficial  in  severe  cases  is  entire  abstinence 
from  food  for  a  period  of  twenty-four  hours.  I  have 
known  this  procedure  to  cause  a  "long-standing  and  ob- 
stinate glycosuria  to  disitppear  for  a  time  altogether,  al- 
though strict  diet  continued  for  many  months  had  not 
succeeded  in  producing  this  eflcct.  the  disappearance 
so  produced,  however,  is  not  usually  of  very  long  dura- 
tion. 

Diabetic  lirends. — The  great  majority  of  diabetic  breads 
in  the  market  are  frauds  and  contain  as  much  starch  as 
ordinary  wheal  bread,  or  even  more.  Bread  maile  from 
almond  meal  anil  eggs  can  be  procured,  but  it  is  not  usu- 
ally palatable  after  a  short  time.  The  Soja  bean  flour, 
judging  from  the  samples  analyzed  in  Boston,  is  not 
trustworthy  and  often  contains  considerable  amounts  of 
starch.  The  best  bread  that  I  lia\e  seen  used  is  made  as 
follows:  Take  four  ounces  each  of  Graham  flour  and  fresh 
bran  (the  latter  should  be  obtained  through  a  first -class 
apothecary  and  as  fresh  as  possible).  Mix  with  two  eggs 
so  as  to  make  a  thin  batter,  add  a  teaspoonful  of  baking 
powder,  warm  some  gem  pans  and  pour  the  batter  in 
while  the  pans  are  warm ;  it  will  then  rise  and  when 
baked  make  a  fairly  palatable  bread  containing  about 
twelve  per  cent,  of  starch,  and  enabling  a  patient  to  get 
down  much  more  butter  than  would  otherwise  be  possible. 

Alcoholic  Berernges. — All  German  writers  prescribe  al- 
cohol as  an  important  part  of  the  dietary  of  diabetics 
both  for  its  calory  value  and  as  an  aid  to  appetite  and 
digestion.  Thus."  von  Noorden.  in  his  sample  bill  of  fare 
for  moderately  severe  cases,  advises  a  glass  of  cognac  for 
breakfast,  one  half  bottle  Moselle  for  lunch,  another 
glass  of  cognac  for  five  o'clock  tea,  one-half  bottle  Bur- 
gundy with  dinner,  and  another  glass  of  cognac  at  ten 
o'clock.  For  those  used  to  drinking  wine  with  their 
meals  and  to  consuming  beer  in  the  quantities  habitually 
used  by  most  Germans,  this  amount  of  alcohol  is  no  doubt 
useful.  In  this  country  and  among  those  not  accustomed 
to  the  habitual  use  of  stimulants,  it  does  not  seem  to  me 
advisable  to  prescribe  alcohol  in  this  routine  way. 

Exerciiie. — There  is  no  question  that  muscular  exercise 
is  of  advantage  to  many  diabetics  and  that  glycosuria  is 
in  many  cases  diminished  by  muscular  work.  Unfortu- 
nately this  is  not  always  the  case,  and  it  is  only  by  experi- 
menting that  we  can  find  out  whether  it  is  best  to  advise 
muscular  exercise.  Horseback  riding,  cycling,  and  row- 
ing are  of  especial  value.  Exercise  is  best  taken  in  the 
morning  and  followed  by  a  long  rest. 

Care  of  the  Skin. — We  have  already  seen  how  frequent 
are  cutaneous  diseases  in  diabetes.  These  may  be  to 
some  extent  warded  off  by  absolute  cleanliness.  Fre- 
quent changes  of  underclothing  are  absolutely  necessary. 
A  sponge  bath  morning  and  night  shoidd  never  l)e  omitted 
and  the  genitals  should  be  cleansed  with  particular  care. 
No  rule  can  be  laid  down  regarding  the  temperature  of 
the  baths.  Some  diabetics  react  as  well  as  healthy  per- 
sons to  cold  bath:  others  do  not.  AVhen  a  good  reaction  . 
follows  a  cold  bath,  this  is  doubtless  best. 

Medicinal  Treatment. — In  cases  in  which  nervous  irri- 
tability is  associated  with  the  glycosuria,  sedative  drugs, 
such  as  the  bromides,  antifebrin.  or  suphonal.  are  in- 
directly beneficial  through  les.sening  the  nervous  irrita- 
bilit}-.     I  have  never  seen  any  good  results  from  the  use 
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of  opium  or  codeine  except  in  the  last  stages,  when  they 
may  promote  comfort  to  a  certain  extent  by  diminisliing 
the  polyuria. 

Treatment  of  Cvmplications. — All  operations  upon  dia- 
hetic  patients  are  dangerous,  for  the  wounds  heal  badly 
and  readily  become  the  stai'ting-poiut  for  wide-sjireading 
gangrene.  It  is  rarely  well  to  open  a  boil,  which  should 
be  treated,  like  furunculosis,  by  a  strict  diabetic  diet. 
Carbuncles,  however,  must  be  operated  upon  despite  the 
above-mentioned  dangers.  Ether  is  here  much  preferable 
to  chloroform  as  an  ana'sthetic. 

Should  gastro  intestinal  catarrh  attack  a  diabetic  pa- 
tient, it  may  prove  very  serious  if  not  speedily  arrested. 
Complete  starvation  for  twenty-four  hours,  and  small 
doses  of  calomel  followed  by  paregoric  are  useful.  Stimu- 
lation with  brandy  every  ifour  hours  should  lie  kept  up 
during  the  period  of  starvation.  The  treatment  of  pul- 
monary tubercidosis  in  diabetics  is  very  unsatisfactory. 
Its  occurrence  may  be  a  siitlicient  reason  for  a  change  of 
climate,  but  diabetics  do  not  bear  high  altitudes  well,  and 
the  main  point  in  changing  climates  is  to  find  one  where 
the  patient  can  be  out-of-doors  most  of  the  time. 

Treatment  of  Threatened  Diabetic  Coma. — When  we 
have  warning  that  coma  is  impending  owing  to  the  ex- 
cretion of  large  amoxmts  of  diacetic  acid  in  the  nrine, 
it  is  well  to  make  some  modification  of  the  diet.  Von 
Noorden  says  that  the  fact  of  a  change  seems  to  be  more 
important  than  the  direction  in  which  this  change  is 
maile.  If  the  patient  is  upon  a  strict  diet,  there  should 
be  given  a  certain  amount  of  carbohydrates ;  on  the  other 
hand,  if  he  is  taking  carbohydrates  in  considerable  quan- 
tities a  strict  diet  sliould  be  resorted  to.  If  constipation 
is  present,  it  should  be  relieved  by  enemata  or  mild  laxa- 
tives. Acting  on  the  now  fairly  well-established  theory 
that  diabetic  coma  is  an  acid  intoxication,  it  is  worth 
while  to  give  large  doses  of  alkalies — for  example,  two 
drachms  of  bicarbonate  soda  every  four  hours  with  a 
bottle  or  two  of  Vichy  water.  If  actual  coma  super- 
venes and  it  is  desirable  to  keep  the  patient  alive  for  a 
few  hom-s  in  order  that  he  may  make  his  will,  or  await 
the  arrival  of  a  friend,  the  intravenous  injection  of  a  litre 
of  three-per  cent,  sodium  bicarbonate  in  0.6-per-cent.  salt 
solution  maybe  followed  by  a  return  of  consciousness  of 
sufficient  duration  to  accomplish  the  desired  result. 

liichard  V.  Cabot. 

DIAMIN,  •2[(XHj),II.;S04].— Hydrazin  sulphate  diami- 
dogen.  This  is  a  powerful  antiseptic  made  by  heating 
diazoacetic  acid  with  sulphuric  acid.  It  forms  colorless 
crj'stals  soluble  in  hot  water.  IC.  .4.  Bastedo. 

DIAPEDESIS.— Gould's  Medical  Dictionary  defines  it 
as  "The  escape  of  the  elements  of  the  blood,  especially 
the  white  corpuscles,  through  the  vessel  wall." 

The  term  is  vague  and  needs  modification.  When  first 
the  phenomena  of  inflammation  were  watched  under  the 
microscope,  and  the  migration  of  the  white  blood  cor- 
puscles from  the  uninjured  vessels  were  followed  into 
the  injured  tissue,  dia])edesis  seeme<l  a  )ilain  and  simple 
process.  When  a<lditional  in\esligations  demonslrated 
that  the  same  phenomenon  takes  place  in  healthy  organs, 
and  merely  goes  on  at  a  fast<'r  rate  in  pathological  condi- 
tions, the  process  seemed  less  simiile ;  and  since  it  has  been 
asserted  that  the  white  blood  corpuscles  are  not  of  one 
kind,  but  of  several  varieties,  and  that  their  work  is  com- 
plex and  manifold,  the  term  diapedesis  at  present  covers 
a  series  of  different  phenomena.  At  the  <mtset  we  have  to 
divide  it  into  a  passive  and  an  active  form,  or  into  a  mere 
mechanical  and  a  vital  process.  The  escajie  of  plasma 
and  red  blood  corpuscles  through  injured  vessel  walls  is 
always  the  same,  and  is  determined  by  the  blood  pressure 
and  the  extent  of  the  injury;  it  is  self-liuiiting  and  stops 
as  soon  as  a  clot  is  formed  or  as  soon  as  the  pressure  in 
the  tissues  surrounding  the  injured  part  eipials  the  blood 
pressure  in  the  vessels.  This  is  a  simple  mechanical 
process.  The  escape  of  the  white  corpuscles,  on  the  other 
hand,  is  determined  ruid  limited  by  tlie  work  they  are  re- 
quired to  do,  and  varies  as  the  conditions  varj-.     Their  es- 


cape through  the  vessel  wall  is  not  due  to  blood  pressure, 
for  why  a  certain  definite  pressure  .should  drive  out  the 
white  corpuscles  when  it  leaves  plasma  and  red  corpuscles 
undisturbed  is  a  query  that  waits  for  an  explanation. 
We  call  the  locomotion  of  the  white  corpuscle  "  anKvboid 
movements,"  but  have  not  yet  fully  accepted  the  theory 
that  the  execution  of  amwlioid  movements  necessitates 
the  other  qualities  of  the  amoeba,  i.e.,  desire  for  food, 
ability  to  find,  digest,  and  assimilate  it.  etc.  From  this 
point  of  view  the  travels  of  the  white  corpuscle  are  not 
mechanical,  but  we  interpret  them  rather  as  an  evidence 
of  the  vital  activity  of  a  series  of  cells  which  combine  to 
work  for  a  certain  definite  purpose,  and  perform  tlieir 
work  or  die  in  the  attemi)t. 

It  is  misleading  to  speak  about  physiological  and  patho- 
logical diapedesis.  The  latter  represents  merely  an  accel- 
erated activity  of  the  foimer;  they  tlitfer  from  each  other 
in  quantity,  but  not  in  i(uality.  In  ph.ysiological  condi- 
tions the  white  cells  travel  constantly  from  blood  and 
lymph  vessels  into  the  surrounding  tissues,  but  the  work 
of  these  wandering  cells  is  practically  unknown,  and 
what  little  we  know  is  confined  to  the  alimentary  tract, 
where  they  aid  in  carrying  fat  globules  into  the  circula- 
tion, travelling  backward  and  forward  until  the  work  is 
done.  Diapedesis  becomes  more  active  in  manj'  of  those 
conditions  which  are  not  quite  physiological  nor  quite 
pathological,  such  as  the  smoothing  of  .sharp  hnny  edges 
or  the  absorption  of  different  forms  of  "  lumps."  Its  ac- 
tivity increases  rapidly  when  pathological  conditions  arise. 
In  the  repair  of  those  woumls  which  we  say  '  heal  by  first 
intention,"  the  white  cells  leave  the  blood-vessels  inlarge 
numbers,  and  aid,  first,  in  the  coagulation  of  the  blood 
which  unites  the  edges  of  the  wound;  after  that  they  fill 
the  wound  completely,  and  while  some  inovide  the  neces- 
sary nutriment  for  the  connective  tissue  which  is  form- 
ing, the  others  find  their  way  l)ack  again  into  the  cir- 
culation liy  way  of  the  lymphatics  when  their  .si'rvices 
are  no  longer  re(|uired.  When,  however,  bacteria  or 
irritants  have  entered  the  wound,  diapedesis  assumes  its 
most  intense  form.  Masses  of  white  corpuscles  leave  the 
vessels  and,  entering  the  tissues  which  surround  the  in- 
fection, they  pack  themselves  so  close  together  that  they 
almost  form  a  membrane  which  separates  the  healthy 
from  the  unhealthy  tissues  and  prevents  the  infection 
from  spreading.  The  white  corpuscles  which  die  in  this 
struggle  are  found  in  the  wound  as  pus  corpuscles. 

As  long  as  our  knowledge  of  the  function  of  the  white 
blood  corpuscle  is  vague,  our  exact  understanding  of 
diapedesis  will  be  more  .so,  for  the  latter  is  determined 
by  the  former.  As  long  as  we  have  not  even  agreed 
whether  the  white  cells  in  all  their  varieties  are  distinct 
histoh)gical  units  or  dilTerent  stages  of  development  f)f  a 
single  type,  we  shall  not  be  able  to  demonstrate  that  their 
activities  outside  of  the  vessel  walls  can  be  difterentiated; 
and  even  after  we  have  admitted  that  there  are  different 
kinds,  we  have  still  to  find  out  whether  one  kind  carries 
fats,  another  repels  bacteria,  still  another  absorbs  bony 
edges,  etc.,  etc.  Indeeil,  careful  researches  into  the  life 
history  of  the  white  blood  cor|iuscle  in  the  circulation  as 
well  as  outside  of  it  will  unlock  many  obscure  phases  of 
health,  immunity,  and  disease;  and  as  our  knowledge 
advances,  a  revision  of  our  nomenclature  will  accompany 
it.  Julius  Pohlnian. 
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DIAPHORETICS  are  those  drugs  and  therapeutical 
agencies  whirli  promote  pers|)iratinn.  The  name  .si/fto- 
rifics  is  etymologically  e(iuivalent.  As  a  class  of  remedies 
they  find  no  place  in  the  classification  in  various  modern 
works  on  therapeutics.  Their  use  in  medicine  is  in  full 
analogy  with  the  natural  or  physiological  [irocess  of  per- 
spiration. 

Bearing  in  mind.  then,  the  physiology  of  the  skin,  its 
thermotaxis  and  the  functions  of  its  sweat-glands,  let  us 
turn  our  attention  to  the  practical  utilization  of  these 
data  in  the  treatment  of  disease.  The  indications  for 
diaphoretics  are  found: 
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Fiist.  in  thfir  antipyretic  action,  ospptially  in  tlic  early 
staiTcs  (if  specific  fevers  and  acute  inlluinniatinns  uf  a  not 
very  severe  type;  tlieir  action  being  lliat  uf  a  revnlsive 
in  iirinjring  tlie  lilooil  to  the  snrface  by  the  enlarjrenient 
of  llie  superficial  blood-vessels  and  so  relievini:  internal 
congestion,  and  po.ssibly  at  the  Siune  time  aiding  in  the 
elimination  of  inorbilie  matter  that  has  been  retained  in 
the  system.  Illustrations  are  foinid  in  acute  nasjil  or 
bronchial  catarrh,  in  muscular  rheumatism,  and  in  sup- 
pressed menstruation. 

Second,  to  avail  of  the  vicarious  function  of  the  skin 
in  promoting  absorption  in  acute  or  chronic  nephritis 
with  unvmia  or  suppression  of  urine.  When  there  is 
dropsy,  jaborandi  or  its  alkaloid  is  the  oulj'  medicinal 
diaiihoretic  of  real  value. 

Third,  to  favor  the  passing  off  of  diseases  such  as  remit- 
tent malarial  fevers  which  natuiidly  terminate  in  a  sweat- 
ing stage. 

Fourth,  to  lielp  in  the  elimination  of  no.xions  materials 
from  till'  blood,  for  there  is  evidence  that  besides  urea  in 
cases  of  renal  diseases,  sugar  may  be  so  removed  in  sac- 
charine diabetes,  lactic  acid  in  rheumatism,  and  biliary 
products  in  obstructive  disease  of  the  bile  passages 
(Wood). 

Fifth,  to  relieve  some  forms  of  skin  diseases,  when  the 
activity  of  the  sweat  glands  is  deficient, 

77/1  piiiicijiid  tlhijili'ii-tttm.  as  groupe<l  by  the  writer  of 
thearticlein  the  Edinburgh  "EncyclopiediaMediea."  are 
warmth,  hot  drinks,  jaborandi  (pilocarpine),  liquor  am- 
moui;v  acetatis  or  eitn\tis,  potassie  citras,  potassie  nitras, 
ipecac  (Dover's  jiowder),  opium,  antimony  (pulvis  anli- 
mouialis  or  vinum  antimonii),  alcohol,  saliciu  and  the 
SJilicylates,  various  pungent  and  aromatic  substances 
when  taken  into  the  month."  Hare  says  that  the  only 
drugs  we  know  to  be  direct  stimidants  to  the  sweat  glands 
are  pilocarpus  and  Warburg's  tincture,  which  latter  is, 
ne.\t  to  jiilocarpus.  the  most  jiowerful  sweat  protlucer  we 
have.  It  might  be  considered  that  the  group  of  drugs  of 
which antipyrine  and  acetanilid  are  the  well-known  tyjics, 
should  properly  be  included  among  the  diaphoretics,  but 
it  must  be  borne  in  mind  that  the  cliief  action  which 
they  show  is  as  antipyretics,  \vhile  the  promotion  of  per- 
spiration, though  often  very  noticeable,  is  a  secondary 
result  and  may  be  checked  by  such  drugs  as  atropine  or 
agariciue,  the  fall  of  temperature  meantime  continuing 
(Cuslmy). 

liidirifliiulIHaphoreticK. — Heat  applied  externally,  either 
dry  or  moist,  is  one  of  the  readiest  and  most  efficient  means 
at  our  disposal,  and  its  etfeet  raaj'  be  heightened  by  the 
use  of  hot  diinks  either  mildly  alcoholic  or  containing 
certain  aromatics  (ginger  tea,  hot  whiskey  punch).  ^lany 
persons  resort  to  the  Russian  (moist)  orTnrkisli  (dry  heat) 
bath  for  the  relief  of  attacks  of  muscular  rheumatism, 
while  as  a  domestic  remedy  the  mustard  foot-bath  is  con- 
stantly made  use  of  in  the  onset  of  "colds,"  esjieciallj' 
when  accompanied  by  some  fever,  "'  The  dropsy  remain- 
ing after  the  earlier  stages  of  acute  nephritis,  "  says  Osier, 
"is  best  treated  by  hydrotherapy.  In  children  the  wet 
pack  is  usually  satisfactory,  and  it  is  applied  by  wringing 
a  blanket  out  of  hot  water,  wrapping  the  child  in  it,  cov- 
ering this  with  a  dry  blanket,  and  then  with  a  rubber 
clot!).  In  this  the  child  may  remain  foran  hour.  It  may 
be  repeated  daily.  In  the  case  of  adults  the  hot-air  bath 
or  the  vapor  bath  may  be  conveniently  given  by  allow- 
ing the  vapor  or  air  to  pass  from  a  fuimel  beneath  the 
bed  clothes,  which  are  raised  on  a  low  cradle.  More  etli- 
cient.  as  a  rule,  is  a  hot  bath  (temperature  of  llKr  F.. 
gradually  raised  to  possibly  IK)-  F.).  after  which  the  [la- 
ticut  is  wrapped  in  blankets.  The  sweating  produced 
by  these  measures  is  usually  profuse,  rarely  exhausting." 
It  may  be  remarked  that  profuse  sweating  is  rarely  so 
exhausting  as  purging. 

Jdhoraiuli  (pilocarpus),  with  its  preparations  and  its  al- 
kaloid pilocarpine,  stimidates  the  peripheral  ends  of  the 
secretory  nerves.  They  represent  the  most  valuable  drug 
of  this  class,  for  this  diaphoretic  may  be  used  with  ad- 
vantage not  only  in  the  onset  of  inlluenzaand  in  subacute 
rheumatic  attacks,  but  also  in  both  acute  and  chronic 
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Bright's  disease,  in  which  it  is  found  most  efficient  in  re- 
moving the  dropsical  accumulalion  and  with  it  the  urea 
which  has  been  liilil  in  solution.  The  elfusionsof  recent 
pleuritis.  hydrothorax,  and  ascites  havi'  been  (pnckly  re- 
moved by  the  drug.  Th<'  lluid  extract  of  pilocarpus  may 
be  given  in  doses  of  from  Tti  xv.  to  xxx.,  or  even  ill  Ix., 
re|Kated  once  a  day  or  once  a  week  as  rcciuircd  ;  while  the 
alkaloid,  which  is  less  ai)t  to  nauseate,  may  be  given 
hypodermically  in  doses  of  gr,  5',-^.  The  po.ssibility  of 
danger  from  its  deju-i-ssing  action'on  the  heart  should 
always  be  borne  in  mind,  especially  when  this  diiig  is  u.sed 
in  dropsy  due  to  heart  disease."  According  to  H.  C. 
Wood  the  ellects  of  the  drug  may  set  in  in  live  minutes 
after  a  hypodermic  injectiouof  iiilocarpineand  tliesweat 
may  amount  to  from  nine  to  fifteen  oiuices  by  estimation. 
He  recommends  the  following  method  of  administration: 
"(Jive  a  dessertspoonful  of  a  nii.vture  containing  pilocar- 
pine nuiriate  gr.  j',.  antipyrine  gr.  v.,  Tinct.  aconit.  rad. 
Ill  i.-ii.j.  Soak  the  feet  in  a  hot  mustard  bath.  Then  put 
the  patient  to  lied  and  give  a  teaspoonful  of  the  niiMur<' 
with  a  tumbler  of  hot  lemonade  or  whiskey  punch  and 
repeat  the  pilocarpine  mi.\ture  every  twenty  minutes  till 
he  sweats."  Pihicarpine  is  much  used  as  an  ingredient 
of  lotions  to  promote  the  growth  of  the  hair,  and  its  favor- 
able eirects  may  be  dui-  to  the  fact  that  it  increa.scs  the 
action  of  the  glands  of  the  scalp.  The  following  is  a  suc- 
cessful topical  application  in  alopecia:  V,  Ext.  11.  jiilo- 
carpi,  tl.  3  i. :  Tiiul,  cantharid..  II.  3  ss, :  I.in.  saponis 
11.  3  iiss.  M.     S. :  Rub  the  scalp  well  daily.    (Bartholow.) 

Lii/ii(ir  AiiDitoiiiii'  Aniiifis  (Spirit  us  Mindereri)  is  of  very 
moderate  utility  and  is  little  used  except  as  a  vehicle  or 
in  combination  withotherdrugs  such  as  aconite  or  ipecac. 
Nor  is  it  necessitry  to  say  more  of  the  citrate  of  atniKonia, 
the  citrdte  »f  pctassa  in  the  form  of  the  neutral  mixture 
or  effervescing,  or  of  nitrate  t>f  patuKHd. 

Donr'n  I'liinl f r  (VwXw  Ipecac.  ('om]iositus).  represent- 
ing in  combination  the  two  diapliorel  ics  ipecac  and  opium, 
was  the  best-known  and  most  set  viceable  diaphoretic 
drug  prior  to  the  introduction  of  pilocarpus.  Its  action 
is  partly  due  to  both  these  ingredients,  the  opium  adding 
to  the  ett'ects  of  the  ipecac  in  dilating  the  vessels  of  the 
skin.  Its  action  is  gentler  than  that  of  pilocarpine.  The 
dose  for  an  adtdt  is  gr.  x.,  or  do.ses  of  two  or  more 
grains  may  be  given  at  one  time  and  repeated  at  suitable 
intervals  of  one  hour  or  more.  It  has  an  established  re- 
pute for  the  relief  of  acute  catarrh  of  the  res[iiratory 
nuicous  membranes — anil  it  is  efficacious  in  many  other 
conditions  in  which  an  opiate  is  not  contraindicated. 

Antimonji,  in  the  forms  of  pulvis  antimonialis  (.lames' 
powder)  and  of  vinum  antimonii,  was  formcily  much 
more  used  as  a  diaphoretic  than  it  is  to-day.  Its  action 
is  that  of  a  pow-erful  depressant  of  the  arterial  circulation. 
It  has  a  decided  action  in  causing  perspiration  when 
given  in  doses  of  gr.  J^.  but  for  this  purpose  it  has  of  late 
years  been  superseded  by  pilocarpine. 

Alcoliot,  in  its  various  combinations  in  wines  and  beers 
and  spirits,  especially  when  the  latter  are  drunk  with  hot 
water,  stimulates  the  circulation  of  the  skin  and  dilates 
the  bloocl- vessels,  thus  leading  to  free  diaphoresis.  It 
may  l)e  used  in  considerable  dilution  as  an  adjuvant 
to  other  diaphoretic  mixtures,  as  has  been  specified  above. 
When  taken  to  excess  so  that  its  narcotic  effect  is  mani- 
fested, the  diaphoresis  which  accompanies  it  is  due,  as  in 
the  case  of  opium  and  other  narcotics,  to  the  increa.sed 
venosity  of  the  blood. 

Giiaiaeiim,  of  which  the  best  preparations  are  the 
sim]ile  and  ammoniated  tinctures,  has  had  some  rather 
questionable  repvitation  asailiaphoretic.  It  isan  ingredi- 
ent of  various  anti-rheumatic  mixtures,  and  perhaps  the 
utility  of  some  of  them  may  lie  m<asurably  due  to  its 
action  on  the  skin  as  an  aid  to  the  removal  of  the  mor- 
bific elements  from  the  affected  tissues.  The  dose  is  from 
fl.  3  ss.  to  i.  of  either  tincture.  J.  Ilacen  Emerson. 
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DIAPHRAGM.     See  Thomx,  and  C<doiii. 

DIAPHRAGM,  DISEASES   AND  INJURIES   OF  THE. 

— Since  the  (lia|iliraj;iii  is  einiiposed  iif  teiiilons  and  mus- 
cles ami  enervated  liy  anervoiisapi>ai'atiis.  uut  materially 
dilfering  from  similar  tissues  foiiud  in  nther  pai'ts  of  the 
body,  it  is  subject  to  the  diseases  common  to  such  tissues 
in  all  parts  of  the  organism.  Few  of  its  affections  are 
limited  to  its  own  tissues,  and  frequently  its  symptoms 
are  merely  a  part  of  a  general  s,ymptom  comple.v  which 
lias  its  origin  in  a  diseased  organ  more  or  less  remote 
from  the  diaphragm. 

Displacements  and  impairment  of  the  movements  of 
the  diaphi'agm  may  be  due  to  lo.ss  of  tone  and  elasticity  of 
the  niu.sciilo-tcndinous structure,  but  by  far  the  most  fie- 
quent  agent  in  pi-oducing  such  conditions  is  a  change  in 
the  balancing  of  the  intiathoracic  and  intia-abdominal 
pressures.  Increased  inti-a-thoracic  pressure  frciiuently 
depresses  the  diaphragm:  this  may  be  unilateral  or  bilat- 
eral. It  is  produced  \>y  tumors  of  the  liuig.  pleura,  or 
mediastinum,  by  collections  of  fluid  or  gas  in  the  pleura, 
and  by  loss  of  lung  elasticity  as  in  pneumonia,  emphy- 
sema, etc.  Increased  inti'a-abdominal  pi-essure  often 
raises  the  elevation  of  the  diaiihragm;  this  is  iisually  bi- 
lateral, I'arely  unilateral.  This  may  arise  from  picg- 
nancy,  cysts,  and  tumors  of  the  abdominal  viscera,  from 
ascites  and  inliamraatory  exudates  as  in  peritonitis,  sub- 
phrenic abscess,  etc.,  and  from  accumulations  of  gas,  in- 
tra-peritoneal  or  iutra-iutestinal.  Displacement  may  be 
produced  by  pleuritic,  peritoneal,  or  iiciicai'dial  adhe- 
sions, by  a  kyphosis  of  the  spine,  or  by  ihc  pull  of  an  en- 
larged liver.  With  the  change  in  jxisilion  thei-e  is  usu- 
ally associated  a  diminution  in  motion  which  may  be  so 
great  as  to  be  entirely  lost.  In  upward  displacements  there 
are  frequentlj*  signs  of  compiession  of  the  lungs  at  the 
base ;  breathing  is  embarrassed  and  tends  to  become  costal. 
Downward  displacement  is  evidenced  by  a  protrusion  of 
the  abdominal  wall  and  by  the  low  |iosition  of  the  spleen 
and  liver.  Litteu's  "diaphragm  phenomenon"  is  most 
useful  in  determining  changes  in  jiosition  and  movenicnis 
of  the  diaphragm.  It  isthusdesciibed:  When  "  ihe  patient 
is  made  to  lie  on  his  back,  his  head  but  slightly  supjioited. 
opposite  the  window-  to  which  his  head  is  turned,  while 
at  a  distance  of  thi'ee  or  four  feet  the  observer,  with  his 
back  toward  the  window,  scans  his  chest  at  an  angle  of 
4.5',"  the  height  and  movements  of  the  diaphragm  are 
marked  on  the  thoi'acic  wall  by  a  shadowv  line,  lying  at 
an  acute  angle  to  the  ribs,  denoting  its  momentary  posi- 
tion. The  excursion  of  the  shadow  under  noi'mal  condi- 
tions should  average  two  and  one  half  inches  in  forced 
respiration;  less  than  this  shows  an  abnormally  impeded 
movement.  In  uinlateral  changes  the  contiast  of  the 
shadows  of  the  two  sides  is  veiy  evident.  The  pi'ogno- 
sisand  ti'eatment  depend  upon  tiiecau.se  and  its  removal. 

Tkaitmatisms  to  the  diaphragm  rarely  occur  without 
concurrent  injuries  to  adjacent  organs,  and  the  symptom 
complex  afforded  by  the  latter  often  masks  those  of  the 
former.  Blows  ami  falls  cau.sing  rupture  or  strain  of  the 
musculotendinous  tissjne  may  occur  without  evidence  of 
injury  to  the  external  parts.  Rupture  is  frequently  the 
result  of  blows  and  wounds  to  the  lower  chest. "stab 
wounds  intended  for  the  heart  and  fractured  rilis  being 
especially  in  evidence.  Men.  as  they  are  es]ieeially  ex- 
posed to  Irauma,  are  more  commonly  the  subjects  of  this 
lesion.  On  account  of  loss  of  elasticity  of  muscle  the 
aged  are  more  liable  to  rupture.  The  left  is  the  side  most 
frequently  affected,  probalily  because  wounds  are  more 
freqiKMitly  directed  toward  this  side,  and  the  liver,  on  the 
right  side,  prevents  the  development  of  complications 
calling  attention  to  the  injury  to  the  diaphragm.  The 
symptoms  of  diaphragmatic  injury  are  usually  secondary 


in  importance  to  those  of  other  organs  coincidenth'  in- 
jured. There  is  considerable  shock,  at  times  passing  into 
collapse.  The  face  is  drawn  (risus  sardonicus).  nose 
pinched.  The  respiration  is  embarrassed  and  there  is  pain 
at  the  site  of  diaphragmatic  attachment.  Not  infre- 
quently tliere  is  a  resulting  hernia.  The  diagnosis  is  often 
overlooked  in  considering  the  trauma  to  other  organs. 
The  prognosis  is  usually  grave.  Treatment  is  as  a  rule 
necessarily  first  directed  to  the  coincident  injuries  to  adja- 
cent organs  and  to  meeting  shock  by  the  usual  methods. 
The  edges  of  the  wound  may  be  closed  either  by  suture 
to  each  other  or.  as  in  a  case  reported  b_v  Frey,  by  sutur- 
ing one  edge  also  to  the  chest  wall.  It  should  be  borne 
in  mind  that  hemorrhage  from  a  wound  of  the  chest  may 
be  from  the  diaphiagm  as  well  as  from  the  lung  and  the 
thoracic  wall. 

Hernia. — Hernia?  of  the  diaphragm  are  not  veiy  rare. 
Leichtenstein  has  collected  2.52  cases  and  Laclier  276  cases. 
By  hernia  is  understood  any  escajie  of  the  organs,  nor- 
mally lying  below  the  diaphragm,  through  the  diaphragm 
into  the  chest  cavity,  whether  the  escaped  organs  arc 
enclosed  in  a  true  hernial  sac  or  not.  In  270  cases  there 
was  a  sac  in  28  instances,  and  of  these  25  were  congenital 
hernia>.  Herniiie  may  be  either  congenital  or  acquired; 
of  267  cases  117  wei'e  congenital. 

Conrjcnitid  Ilenu'ie  are  due  to  an  arrest  of  fn?tal  de- 
velopment and  occur  usually  on  the  left  side,  since  con- 
genital defects  of  the  diaphragm  are  more  frequent  on 
the  left  side,  and  the  muscle  congenitally  deficient  ia- 
protected  on  the  right  side  by  the  liver.  In  117  con- 
genital cases  Laclier  found  98  of  the  left  side  against  19 
of  tlje  right.  The  opening  is  more  frequently  in  the  mus- 
cular than  in  the  tendinous  structure,  and  more  often  in 
its  posterioi'  portion.  The  size  of  the  aperture  varies  from 
a  small  hole  to  one  involving  one-half  of  the  diaphragm. 
Often  these  defects  of  the  diaphragm  are  associated  with 
other  congenital  defects  (hemicrania,  ancncephalia,  de- 
fective tiiigi'is,  toes,  etc.).  These  cases  are  at  times  still- 
born or  at  best  they  live  a  few  hours,  although  there  are 
rare  cases  on  record  of  the  patient's  reaching  maturity  and 
even  old  age.  Living  babies  suffering  from  this  condi- 
tion are  very  cyanotic,  and  after  a  longer  or  shorter  period 
of  labored  breathing  reach  the  fatal  termination.  If  the 
diagnosis  is  made  the  little  patient  may  be  held  erect  in 
the  hope  that  gravity  may  assist  in  bringing  about  a  re- 
duction of  the  hernia;  water  pressure  by  rectal  injection 
has  been  advocated.  No  case  of  operative  interference 
is  on  record. 

An/iiirerl  Iliriiiir  are  usually  the  result  of  a  traumatic 
rupture  of  the  diaphragm,  but  there  are  also  records  of  rare 
ca.ses  of  hernia  through  a  weak  jioint  in  the  diaphragm- 
(sometimes  coincident  with  one  of  the  natural  openings, 
e.g.,  the  aperture  fur  the  (esophagus),  following  the  ex- 
cessive intra  abdominal  pressure  of  labor,  vomiting,  and 
the  like.  They  are  mostly  found  in  men,  who  are  more 
liable  to  injury  than  women.  In  looking  over  the  litera- 
ture I  have  found  only  one  case  following  pathological' 
]ierforation.  Laclier  reports  150  cases  following  trau- 
matism; the  hernia  occurred  on  the  left  side  in  127  cases,, 
only  3  cases  being  provided  with  a  sac.  The  greater  fre- 
quency of  left-sided  hernia  is  explained  by  the  greater 
number  of  injuries  to  the  left  side  of  the  chest  and  the 
absence  of  protection  by  the  liver.  Through  the  rup- 
tured or  defective  diaphragm  any  of  the  abdominal  or- 
gans may  find  their  way  into  the  chest  cavity.  The  fol- 
lowing is  a  list  of  the  organs  (in  order  of  frequency)  thus 
found  displaced:  stomach,  omentum,  colon,  small  intes- 
tine, liver,  duodenum,  pancreas.  ca:cum.  and  kidney.  If 
the  oiieniug  in  the  diaphragm  has  existed  for  any  con- 
sidcralile  period  the  edge  is  found  smooth,  thickened,  and 
rounded.  Adhesions  between  the  displaced  organs  and 
between  these  and  the  diaphragm  are  of  exceedingly  rare 
occurrence.  An  organ  at  one  time  a  part  of  the  hernia! 
protrusion  may  find  its  way  back  to  its  normal  abdominal 
position,  thus  materially  affecting  the  clinical  jiicture. 

In  traumatic  lieinia.  injuries  to  other  organs  may  com- 
pletely mask  the  symptoms  of  the  hernia  jiroper,  but  as 
the  early  symptoms  pass  away  the  evidences  of  the  hernia- 
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usually  mako  tliemselvL'S  appaiviit.  The  ])liysical  siiins 
vary  ciiusidfralily  acccirdiiii:  to  the  visi'us  whieli  is  dis- 
placed, its  VDliuiie.  and  its  pusition.  The  lower  ehesl  u]i- 
])cars  full,  the  alidoiueu  hollow  :  res]>iratioii  is  eoslal,  the 
respiratory  niovenieiils  of  the  abdominal  wall  beiiiij;  ab- 
sent or  jrreatly  reduced.  Linen's  "diaphra,!:ni  phe- 
nomenon" indicates  movements  diminished,  absent,  or 
nnei|ual  on  the  two  sides.  Dyspniea  is  usually  an  early 
and  prominent  symptom.  Palpation  shows  iliniinished 
movements  of  the  liver,  spli'en,  and  stomach  in  inspiration, 
or  a  dis|ilaei'ment  of  these oriraris  from  their  normal  posi- 
tion. The  heart  is  frc(|U(iUly  displacc'd.  usually  back- 
ward and  to  the  rijiht.  The  hand  placed  on  the  chest 
may  often  detect  the  movcmcnls  of  the  displaced 
iiUestine.  Percussion  shows  a  compressed  or  collapsed 
luni;  replaced  by  signs  of  a  viseus  solid  or  containing 
lluid  or  gas.  By  auscultation,  in  addition  to  the  change 
in  the  lung  and  the  cmbarrasscil  eomlition  of  the  heart, 
OIK'  may  liear  the  movemeiUs  of  the  stomach  and  intestines 
and  the  s|dashingof  their  eonleiUs  within  the  chest,  often 
with  succussionand metallic  tinkle,  while  the  deglutition 
souiiils  may  show  a  wide  variation  from  the  normal, 
Abnortnal  friction  sounds  may  be  present.  Subjective 
symptoms  are  liable  to  extrcinc  variations  with  the 
change  in  the  volume  and  the  position  of  the  hernia. 
The  dysjiniea  may  be  continuous  or  paro.xysmal  and  at- 
tcndeil  by  extri'ine  cyanosis.  The  pain  may  be  consider- 
able and  is  increased  by  movement ;  it  is  usually  referred 
to  the  site  of  the  attachment  of  the  diaphragm  to  the 
body  wall.  Cough,  hiecough.  and  vague  gastric  disturb- 
ances may  e.xist.  If  strangulation  of  the  bowel  super- 
venes, the  symptoms  of  acute  intestinal  obstruction  may 
be  added  to  the  picture. 

A  number  of  cases  are  on  record  in  which  the  hernia 
e.xistcd  for  years,  some  with  very  mild  and  others  with 
severe  symptoms,  only  to  be  revealed  on  autopsy.  One 
patient  lived  tifty-two  years  after  the  oeeurreuce  of  the 
hernia.  Doubtless  many  patients  recover  without  a  dis- 
covery of  the  lesion.  In  general,  however,  the  prognosis 
is  bad".  In  83  eases  following  stab  wounds  there  was  a 
mortality  of  8S  per  cent.  It  should  be  borne  in  mind 
that  thegravity  is  greatly  augmented  by  trauma  to  some 
of  the  organs  involved  and  the  resultiiig  complications, 
ju-ominent  among  which  are  perforation  of  the  stomach 
and  empyema.  Strangulation  is  always  to  be  dreaded, 
and  may  occur  years  after  the  original  injury,  being  in- 
duced by  some  unusual  effort,  as  an  attack  of  vomiting, 
coughing,  straining,  etc.  Death  from  strangulation  of  the 
stomach  or  intestines  occurs,  according  to  Leichtenstein, 
in  fifteen  per  cent,  of  the  cases.  Another  frequent  cause 
of  death  is  the  eompres.sion  of  the  lungs  and  heart  by  the 
distention  of  the  displaced  viscera  by  gas  or  the  sudden 
passiigeof  additional  organs  through  the  hernial  opening, 

Diii'jitosix. — That  the  diagnosis  is  diflicult  may  be  in- 
ferred from  the  fact  that  in  a  collection  of  300  cases  only 
7  were  diagnoseil  during  life.  Among  the  more  important 
diagnostic  points  maybe  mentioned:  fulness  in  the  chest 
as,sociated  with  a  hollowed  abdomen,  evidence  of  move- 
ments of  the  intestine  and  its  contents  in  the  chest,  and 
the  ilisplacement  of  the  heart.  Hernia  is  most  often  mis- 
taken for  pneumothorax.  The  latter  usually  occnpii'S  the 
entire  half  of  the  thorax,  is  about  e(|ually  frc(iuent  on 
both  sides  of  the  chest,  is  absorbed  gradually  :  the  ph3'si- 
cal  signs  are  fairly  constant,  and  there  is  frequently  an 
antecedent  history  of  disease  of  the  lung  or  pleura.  Her- 
nia usually  occurs  on  the  left  side,  occupies  an  irregular 
portion  of  the  thorax;  its  voluiue  and  jiosition  change 
from  day  to  day,  affording  great  variation  in  physical 
signs,  and  the  subjective  symptoms  are  subject  to  greater 
variation. 

On  account  of  the  frequency  with  which  hernia  re- 
sults from  stab  woundS  of  the  lower  chest.  Pa,get  recom- 
mends that  every  such  wound  should  be  thoroughly  ex- 
plored as  soon  as  it  comes  under  observation  so  as  to 
exclude  positively  every  case  of  hernia. 

TriiiUiwnt. — .Vil  adjacent  organs  should  be  carefully 
examined  and  their  injuries  cared  for.  The  reduction  of 
the  hernia  can  be  accomplished  much  more  easily  from 


the  chest  cavity  than  from  the  abdomen,  and  since  the 
diaphragm  is  also  far  more  accessibli'  from  above,  the 
avenue  of  ajiproach  slioidd  be  through  the  chest  wall. 
Access  shoulcl  be  obtaineil  by  resecting  several  ribs,  thus 
allowing  a  large  llap  of  chest  wall  t<i  be  raised.  The 
prolapsed  organs,  after  being  eared  for.  are  reduced  and 
the  diaphragm  closed  by  .strong  sutures;  the  reduction 
may  necessitate  an  increase  in  the  size  of  the  diaphrag- 
matic opening.  Through  such  an  opening  it  has  been 
po.ssible  to  clo.se  a  perforation  of  the  stomach  and  cleanse 
a  large  portion  of  the  viscera,  the  case  restilling  in  recov- 
ery, Tlie  chest  wall  is  replaced,  a  sullicieiit  opeiung  being 
left  to  permit  of  a  small  drain  reaching  to  the  site  of  in- 
jury. Successful  eases  which  have  been  operated  on  are 
reported  by  Posternski,  Llobet,  Dalton,  Humbert,  Miku- 
licz, and  others. 

Di.\Piii!.\c;,MiTis, — Primary  inllanunatiim  of  the  dia- 
phragm is  an  extremely  rare  condition  and  its  existence 
is  denied  by  .several  writers.  Primary  localized  intlam- 
mation  of  its  serous  coverings  is  not  uncommon.  Wal- 
deyer  has  reported  a  ease  of  diaphragmitis  following 
puerperal  sepsis  in  which  the  Ivinphaties  of  the  diaphragm 
were  swarming  with  micro-organisms.  The  process  may 
result  in  a  fatty  degeneration  of  the  muscle  fibres.  There 
are  usuiUy  a  sense  of  constriction  in  the  epigastrium  ;  pain 
at  the  lineof  insertion  of  the  muscle,  increased  by  pressure 
on  the  ejiigastrium  and  by  the  movements  of  respiiation; 
embarrassed  breathing,  cough,  singultus,  and  fever,  A 
differentiation  between  this  and  localized  pleiuisy  or 
peritonitis  is  difficult  and  is  rarely  made  during  life. 
Treatment  consists  of  rest  and  the  administration  of  mor- 
phine for  the  pain. 

PEKFon.vTiON'. — Perforation  is  produced  by  a  localized 
suppurative  process,  usually  by  the  burrowing  of  jms  up- 
ward or  downward,  and  by  the  extension  of  neo|dasms. 
The  common  etiological  factors  are  empyema,  piuiilent 
pericarditis,  suppurative  hepatitis,  subphrenic  abscess, 
and  perforating  ulcer  of  the  .stomach.  In  2H  cases  of  \dcer 
of  the  stomach  causing  perforation  of  the  diaphr  gm,  20 
were  found  to  have  produced  this  directlj'.  and  in  only  8- 
was  a  subphrenic  abscess  formed  before  the  perforation. 
Treatment  should  be  directed  to  the  underlying  cause. 

Adhesions, — Adhesions  between  the  dia|ihra.gm  and 
neighboring  organs  (either  thoracic  or  abdominal)  are  of 
common  occurrence.  They  are  usually  the  result  of  the 
inflammation  of  the  pleura  or  peritoneum  of  this  regifni, 
and  are  commonly  elastic  bands  which  are  octasionally 
infiltrated  with  calcareous  material  acd  do  not  hold  the 
adjacent  organs  very  closely  or  firmly  together,  When 
adhesions  exist  between  the  diaphragm  and  the  peincar- 
diiim,  there  is  pidsation  vLsible  in  the  epigastrium.  Other 
adhesions  ma\'  cause  displacement  or  impede  the  move- 
ments of  the  diaphragm. 

Rheumatism, — Rheumatism  mayattaek  both  the  mus- 
cular and  the  aponeurotic  structures  of  the  dia])liragm. 
It  may  be  acute  or  chronic;  the  acute  form  may  lie  idio- 
pathic or  maj'  be  secondary  to  rheumatism  in  other  parts 
of  the  body.  The  at'ack  comes  on  suddenly,  usually 
after  exposure  to  damp  and  cold  with  chilling  of  the  body 
surface.  There  are  systemic  symptoms  only  when  this 
is  a  part  of  a  general  rheumatic  affection.  Pain  at  the 
line  of  attachment  of  the  muscle  to  the  body  wall  is 
severe  and  is  increased  by  movements  and  pressure;  it 
may  often  be  marked  out  by  palpation;  only  ntrely  is  it 
unilateral.  Food  passing  the  oesophageal  opening  may 
cause  distress.  Pain  embarrasses  the  movements  of  the 
diaphragm  and  respiration  becomes  costal.  Tlieie  may- 
be tonic  or  clonic  spasm  of  the  diaphragm  with  hiceoiigh, 
also  spasms  of  the  ivsophagus  and  larynx.  The  diagno- 
sis is  sometimes  diflicult.  The  conditions  most  frequi'ntly 
confounded  with  it  are  pleurisy,  intercostal  neuralgia, 
a.sthma,  and  angina  pectoris.  Rheumatism  in  other  parts 
of  the  body,  the  absence  of  pleuritic  rales,  and  the  loca- 
tion of  the  paui  will  aid  in  establishing  a  diagnosis.  The 
prognosis  is  nearh'  always  good.  Anti-rheumatic  treat- 
ment affords  the  most  satisfactory  results,  notably  the 
administration  of  the  sjdicylates  with  alkalies.  Physio- 
logical rest  is  important  and  may  be  assisted  by  strap- 
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ping  tlie  lower  chest  with  broad  strips  of  adhesive  plas- 
ter. Locally  cupping  and  painting  with  tincture  of 
iodine  are  of  service.  Morphine  may  be  necessary  to  re- 
lieve the  pain. 

NEOPL.\s.its. — Neoplasms  of  the  diaphragmare  second- 
ary to  growths  in  adjacent  parts.  The  diagnosis  is 
made  during  life  only  in  e.xtremelv  rare  cases ;  they  are 
in  the  main  post-mortem  curiosities.  Grancher  has  re- 
jiorted  one  case  of  primary  new  growth.  Tlie  forms  met 
include  cancer,  tuberculosis,  iiydatid  cysts,  and  calcare- 
ous deposits  associated  with  muscle  degeneration  (Otto). 
This  seems  to  be  frequently  produced  by  a  long-existing 
pleurisy.  Perforation  of  the  diaphragm  has  occasionally 
lieen  produced  by  neoplasms. 

NERvors  Affections. — The  affections  of  the  dia- 
phragm due  to  a  traumatic  or  diseased  condition  of  its 
nerve  supply  may  be  considered  under  the  lieadings  of 
neuralgias,  spasms,  paralyses,  and  atrophies.  As  the 
phrenic  nerves  convey  by  far  the  most  important  nerve 
impulses  to  and  from  this  organ,  tlie  changes  in  this 
nerve  and  in  its  centres  in  the  spinal  cord  include  the 
major  portion  of  such  affections,  while  changes  in  the 
intercostal  nerves  may  be  jjractically  disregarded  in 
this  connection. 

Neuvdlijids  are  not  uncommon  affections,  their  etiology 
being  much  the  same  as  that  of  neuralgias  of  other  nerve 
areas;  a  sudden  chilling  of  the  body,  nutritional  distur- 
bances as  in  anaemia  and  rheumatic  affections,  and  iutlam- 
matory  processes  in  adjacent  organs,  such  as  pleuris\'  and 
pericarditis,  may  be  mentioned  as  especially  prominent. 
Pain,  usually  severe,  at  the  line  of  attachment  of  the 
diaphragm  to  the  chest  wall,  sometimes  radiating  to 
the  shoulder,  is  always  present.  The  pain  may  follow  the 
course  of  the  phrenic  nerve  in  tlie  neck.  The  pain  often 
interferes  with  respiration.  There  may  be  dysphagia. 
Diaphragmatic  neuralgia  is  often  confounded  with  angina 
pectoris,  pericarditis,  and  plcuri.sy.  The  treatment  con- 
sists in  removing  the  general  causal  condition,  in  the  local 
application  of  revulsives,  and  in  the  hypodermatic  use  of 
morphine,  antipyrin,  etc. 

Spavin  of  the  diaphragm  is  rare,  excepting  when  it  is 
secondary  to  some  general  disease,  which  is  usually  a 
neurosis.  Spasms  may  be  tonic  or  clonic,  the  latter  be- 
ing far  more  common  and  less  serious  than  the  former. 
'While  rare  cases  of  idiopathic  tonic  spasms  have  been  de- 
scribed by  Ducheune  and  others,  by  far  the  greater  num- 
ber are  symptomatic  and  arc  merely  developed  in  the 
course  of  some  general  disease.  Of  these  may  be  men- 
tioned epilepsy,  asthma,  eclampsia,  rabies,  tetanus,  and 
strychnine  poisoning.  The  spasms  may  be  short  or  may 
continue  for  a  considerable  period,  the  respiration  is  al- 
tered to  the  costal  type,  the  thora.x  is  enlarged  at  the  base, 
and  the  liver  is  pushed  down.  There  are  attacks  of  dys- 
|uiu'a  and  a  feeling  of  suffocation  with  pain  encircling  the 
lioily  like  a  girdle.  As  the  suffocation  verges  on  asphyxia 
all  the  accessory  muscles  of  respiration  are  brought  into 
lilay.  There  is  a  diminished  vesicular  murmur  over  the 
lower  part  of  the  lungs.  If  the  spasm  is  short,  the  pa- 
tient soon  resumes  normal  breathing :  if  long,  he  dies  with 
the  agonies  of  asphyxia.  To  relieve  the  condition,  ener- 
getic counter-irritation  should  be  applied  to  the  thoracic 
walls,  epigastrium,  and  lumbar  regions,  the  actual  cau- 
tery, hot  compresses,  and  wet  or  dry  cups  li'ing  espe- 
cially serviceable.  The  faradic  brush.  a|)plied  along  the 
line  of  attachment  of  the  diaphragm,  has  also  accom- 
plished good  results.  As  antispasmodics  one  may  em- 
ploy chloroform,  ether,  valerian,  the  bromides,  and  the 
nitrites. 

Clonic  Spiisni  of  the  diaphragm  occurs  far  more  frc- 
qnently  than  the  tonic ;  there  is  no  idiopathic  type,  and  it 
occurs  only  as  a  symptom  of  some  causal  disease.  The 
.subjects  of  such  a  spasm  are  usually  of  a  neurotic  tem- 
perament. The  main  etiological  condition  is  an  irritation 
of  the  respiratory  centres.  This  may  be  functional,  as  in 
hysteria  and  epilepsv' ;  it  may  follow  a  central  or  spinal 
lesion  or  poisoning,  as  in  typhoid,  septica-mia,  unemia, 
etc. ;  or  it  may  be  the  result  of  reflex  irritation  from  a 
peripheral  source,  e.g.,  stricture  of  the  oesophagus,  intes- 


tinal and  gastric  affections,  overloading  of  the  stomach, 
peritonitis,  disorders  of  the  pleura,  pericardium,  liver, 
bladder,  uterus,  etc.  The  contractions  of  the  muscular 
apparatus  vary  extremely  in  force  and  frequency.  From 
one  a  minute  they  may,  as  in  some  observed  cases,  increase 
to  one  hundred  a  minute  when  the  successive  movements 
form  a  continuous  tremor.  The  diajjhragm  strikes  vio- 
lently against  adjacent  viscera  and  pushes  them  about. 
With  each  inspiration  the  whole  abdomen  is  raised  and 
there  is  often  a  peculiar  succussion  sound.  In  the  com- 
mon form  the  ordinary  hiccough  is  the  most  evident 
manifestation ;  so  common  is  it  that  many  writers  con- 
sider it  synonymous  with  clonic  spasm  of  the  diaphragm. 
Speech  is  interrupted  and  inarticulate  noises  accompany 
each  spasmotlic  movement.  A  small  group  of  these  cases 
occurring  in  patients  of  a  neurotic  disposition  may  be 
considered  true  spasmodic  tics.  There  is  the  quick,  con- 
vulsive movement  of  the  diaphragm  followed  by  an  ex- 
plosive expulsion  of  the  breath,  with  a  harsh  ras])ing 
noise.  When  the  patient  is  noticed  or  becomes  excited 
the  spasms  increase  in  frequency.  If  these  spasms  pass 
away  quickly  the  patient  soon  regains  his  normal  status; 
but  if  they  are  long-continued  (cases  lasting  several  weeks 
are  on  record),  the  patient  becomes  exhausted  with  the 
movements  and  consequent  loss  of  sleep. 

The  prognosis  depends  on  the  cause  and  the  duration 
of  the  attack.  It  is  not  as  dangerous  as  the  tonic  spasm, 
but  may  .seriously  interfere  with  the  ingestion  and 
assimilation  of  food.  Of  the  tics  it  is  said  tticy  "rarely 
shorten  life."  The  prognosis  is  bad  in  adults,  but  good 
in-  children  if  the  affection  is  taken  in  hand  early.  Treat- 
ment should  be  directed  to  the  cause,  which  should  be 
removed,  if  possible;  general  tonics,  moral  control,  with 
rest  and  massage,  have  their  place.  As  sym])tomatic 
treatment  innumerable  methods  have  many  zealous  ad- 
vocates. Among  these  are:  holding  the  breath  for  long 
periods,  pressure  over  the  phreuics  in  the  neck,  jiressure 
or  ethyl  chloride  s))ray  on  epigastrium,  galvanism  and 
faradism(one  pole  over  each  phrenic,  or  one  over  phrenic 
and  one  at  diaphragm),  and  the  administration  of  atro- 
pine, hyoscine,  anasthetics,  nitrites,  and  morphine. 

Pariilyxisof  the  diaphragm  may  follow  injuries,  inflam- 
mations, or  pressure  on  the  phrenic  nerve.  The  common 
site  of  injury  to  the  phrenic  nerve  is  in  the  neck,  where  its 
protection  is  less  than  in  other  parts  of  its  course.  A  neu- 
ritis involving  the  phrenic  may  follow  diphtheria,  beri- 
beri, influenza,  rheumatism,  and  poisoning  liy  lead,  alco- 
hol, coal-tar  products,  etf.  :  or  it  may  be  a  direct  extension 
from  neighboring  inflamed  organs  as  in  pleurisy.  Pressure 
may  be  the  result  of  tumors  of  the  neck  or  mediastinum. 
Paralysis  of  the  diaphragm  also  occurs  with  pathological 
processes  of  or  injuries  to  the  upper  cervical  segments  of 
the  spinal  cord.  Among  the  jiathological  processes  may 
be  mentioned  tumors,  liemoiThages,  tuberculous  or  other 
chronic  inflammatory  affections,  as  amyotrophic  sclerosis, 
bulbar  palsy,  ascending  myelitis,  and  progressive  muscu- 
lar atrophy.  Paralysis  also  occurs  in  hysteria  and  with 
inflammations  of  the  lungs  and  pleura;  in  the  latter  the 
movements  of  the  diaphragm  are  inhibited  by  the  re- 
flex pain.  The  loss  of  diajjhragmatic  function  may  bi; 
unilateral  or  bilateral,  and  again  it  may  be  complete  or 
partial.  In  complete  bilateral  paralysis  the  breathing  is 
costal  and  may  be  easy  while  the  patient  is  at  rest,  Imt  the 
least  exertion  induces  marked  dyspna^a;  there  is  a  feeble 
voice,  embarrassed  by  inspiration,  or  complete  a]ihonia. 
Palpation  fails  to  reveal  descent  of  the  diaphragm,  and 
the  abdominal  wall  sinks  in  inspiration  and  bulges  in  ex- 
piration. Litten's  sign  is  absent.  There  is  loss  of  vesic- 
ular murmur  over  the  base  of  the  lungs  and  the  fixing 
of  the  diaphragm  for  coughing,  straining  at  stools,  etc., 
becomes  iinjiossible.  When  the  paralysis  is  unilateral,  the 
loss  of  function  on  one  side  may  be  so  compensated  by 
the  movements  of  the  other  that  the  paraly.sis  is  not  evi- 
dent. If  the  patient  is  directed  to  take  deep  inspiratiims, 
the  difference  between  the  two  sides  will  show  plainly ; 
furthermore,  in  this  condition  the  contrast  between  the 
two  sides,  as  shown  by  the  Litten's  diaphragm  shadow, 
is  particularly  marked.     Following  the  defective  respira- 
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tioii  brnncliitis  often  develops  iu  the  lower  lobes,  and  the 
cxudati-  is  coughed  up  with  the  srrcjitcst  difficidty.  The 
diagnosis  is  at  times  easy,  at  oiher  times  extremely  dilli- 
cult:  the  ehanges  in  the  respiralory  movements,  tlie  loss 
of  IJtten's  diaphragm  idienonienon,  the  aphonia,  and  the 
■weakening  of  the  vesicular  murmur  are  ini]iortant  points 
in  ditTerentiating  this  from  other  affections.  The  prog- 
nosis, while  favorable  in^heumalism  and  hysteria,  is  ex- 
I  rcmely  grave  when  the  paralysis  arises  from  other  causes. 
It  varies  according  to  the  extent  of  muscle  involved.  If 
the  jiaralysis  is  complete,  a  fatal  as]iliyxia  may  come  with 
the  slightest  exertion:  this  is  the  tinal  tcrminaiion  of  many 
<liseas<'S  instanced  above  asamong  the  causes  of  paralysis. 
Treatment  should  bedirected  primarily  to  the  underlying 
cause.  Locally  electricity  has  iiroved  of  great  value,  in 
some  cases  faradism  and  in  others  galvanism  being  found 
most  erticacious.  One  pole  should  be  placed  over  the 
phrenic  nerve  in  the  neck,  the  other  over  the  abdomen 
jusi  below  the  diaidiragm.  A  current  pa.ssed  transversely 
tln-ough  the  diaphragm  has  also  been  found  to  work  satis- 
factorily. 

Afrnjtltii  of  the  muscle  of  the  diaphragm  may  occur  in 
any  of  the  general  diseases  which  cause  muscular  atrophy 
in  other  parts  of  the  body.  It  occurs  as  a  result  of  the  de- 
struction of  its  motor  nuclei  in  the  spinal  cord  (in  spinal 
progre.s.sive muscular  atrophy),  as  a  result  of  a  perijilieral 
neuritis  involving  the  phrenic  nerve,  and  as  a  myopathic 
condition  (in  pseudo-hypertrophic  muscular  i)ara lysis  and 
idiopathic  muscular  atrophy).  The  symptoms  diiiend 
on  the  weakness  following  the  muscular  atrophy,  which 
idlimately  results  in  comiilete  paralysis.  It  has  been  dis- 
covered post  mortem  in  patients  dying  of  bronchitis,  em- 
physema, interstitial  pneumonia,  and  pericarditis.  The 
dyspno'a  and  asphyxia,  of  which  it  is  the  cause,  are  fre- 
quently the  closing  features  of  the  diseases  above  enu- 
merated. The  prognosis  is  bad.  Treatment  has  been  of 
small  avail.  AYlien  the  spinal  disease  is  of  syphilitic  origin, 
mercury  and  potassium  iodide  may  arrest  the  disease. 
For  the  atrophy  of  myopathic  origin,  arsenic,  nitrate  of 
strychnine,  and  galvanism  have  been  recommended. 

SrBPiiiiEXic  Abscess. — Subphrenic  abscess  is  not  a 
rare  condition,  although  it  is  only  in  comparatively  re- 
cent yeai's  that  this  name  has  been  applied  to  localized 
collections  of  pus  having  the  under  side  of  the  diaphragm 
as  one  of  its  boundaries.  The  etiology  of  this  lesion  com- 
prises two  factors:  a  source  of  bacterial  infection  and  a 
localizing  agent.  It  may  be  a  part  of  a  general  infection 
as  in  pya-niia.  septicaemia,  or  tubeiculosis.  Trauuni  may 
act  as  the  localizing  agent,  while  infection  may  travel  by 
metastasis  fr<im  a  distant  infected  area,  by  means  of  the 
lymphatics  so  abundant  in  this  region,  or  h\  direct  inva- 
sions from  neighboring  organs.  Prominent  among  these 
are  ulceration  of  the  stomach,  duodenum,  and  colon,  ap- 
pendicitis, abscess  of  the  liver,  suppurating  eehiuococcus 
cysts,  perforation  of  the  gall  bladder  and  bile  ducts,  and 
empyema.  In  an  exhaustive  monograph  JIaydl  reports 
179  cases  with  the  following  clas.sitied  sources  of  infec- 
tion: Stomach  and  duodenum,  3.5;  cscuni  and  appendix, 
'i'l:  liver  and  bile  passages,  20:  internal  injuries,  IS; 
hydatid  disease,  IT:  intestines,  13:  metastasis,  11:  in- 
llainmation  aliout  the  kidney,  11:  interior  of  chest,  9, 
external,  (i:  caries  of  ribs,  ?,:  miscellaneous.  11. 

A  classitication  of  subphrenic  abscesses  naturally  ar- 
ranges them  as  intra-  or  extra-peritoneal;  the  latter  occur 
far  more  frequently  on  the  right  side.  Since  the  falci- 
form ligament  forms  a  natural  barrier,  the  abscesses  are 
visually  confined  to  one  side.  Those  of  the  right  side  oc- 
cupy the  space  between  the  diaphragm  and  the  liver: 
those  of  the  left  have  the  diaphragm  above  and  poste- 
riorly, and  for  their  other  boimdarics  some  part  or  all 
of  the  following  organs,  which  are  commonly  matted 
together  by  adhesions:  stomach,  spleen,  transverse 
colon,  and  the  left  lobe  of  the  liver.  Any  one  of  these 
may  liavc  been  the  chief  causal  factor  as  a  starting- 
point  for  the  infection.  The  abscess  may  often  be  con- 
sidered as  a  localized  encysted  peritonitis :  it  may  vary  in 
size  froni'that  of  an  egg  to  a  cavity  holding  over  two 
litres.  The  edges  are,  as  a  rule,  rou-rh  and  lined  with  tibrin- 


ous  pouches;  a  few  have  smootli  walls.  The  contents 
may  be  pus  alone  or  pus  and  gas.  The  pus  may  be  thick 
and  devoid  of  odor,  or  ichorous,  mixed  with  necrotic  tis- 
sue, putrid  and  fo'tid.  and  colored  liy  the  jiigmentsof  liile 
or  blood.  Gas  may  come  from  a  juimary  opening,  from  an 
organ  containing  gas,  from  a  secondary  opening  formed 
by  the  abscess  breaking  inio  such  an  organ,  or  from  gas- 
forming  bacteria.  Of  .Mayill's  17!l  eases 47 contained  gas; 
of  these,  20  came  from  primary  jierforations  from  the 
alimentary  tract,  is  from  secondary  perforations  (10  into 
lung  and  2  into  alimentary  tract),  and  9  from  gas-form- 
ing bacteria,  no  perforation  being  present.  Among  the 
micro-organisms  f(nnid  the  Bacillus  tuberculosis.  Micro- 
coccus tetragenes,  staphylococci,  and  the  Bacillus  coli 
communis  have  been  isolated.  Osier  considers  the  find 
ing  of  Bacillus  coli  conununis  hel|)ful  in  proving  the  ali- 
mentary tract  as  the  s(uu'ce  of  infection.  The  diaphragm 
is  pushed  up  and  is  freiiuently  adherent  to  the  lower  ribs. 
Pleurisy  and  pericarditis,  serous  or  imrulent.  may  exist  as 
cause  or  effect.  The  abscess,  if  left  to  itself,  most  com- 
monly  perforates  the  diaphragm,  infecting  the  pleural 
cavity  and  the  lung.  The  destructive  process  may  reach 
the  bronchi,  which  ma.y  afford  svitticient  drainage  for  com- 
plete evacuation  and  spontaneous  cure.  Other  paths  of 
exit  are  through  the  abdominal  wall  and  into  some  part 
of  the  alimentary  canal. 

The  clinical  features  of  subphrenic  abscess  are  greatly 
moditied  by  the  associated  lesions  and  may  accordingly 
have  extreme  variations.  While  at  times  the  respiratory 
functions  are  so  modified  as  to  make  this  aspect  the  most 
prominent,  it  is  more  usual  for  the  symptom  comiilex  to 
suggest  an  abdominal  lesion.  The  .symptoms  may  be 
obscure  and  devcUip  slowly,  or,  as  in  cjises  due  to  the  per- 
foration of  a  gastric  ulcer,  they  may  be  very  evident  and 
may  accumulate  with  extreme  rapidity.  There  is  usually 
considerable  pain  in  the  hypochondriac  or  epigastric  re- 
gion, often  radiating  to  tiie  shoulder,  with  or  without 
tenderness.  The  pressure  on  the  diaphragm  and  the  pain 
embarrass  respiration,  making  it  short  and  superficial  in 
character,  with  more  or  less  dyspno?a.  The  iutlauuualion 
of  the  peritoneum  is  evidenced  by  meteorism,  vomiting, 
hiccough,  and  general  depression,  with  iai)id,  weak  pulse. 
There  may  be  signs  of  a  general  pya'mic  infection,  with 
rigors,  fever,  and  sweating.  The  abscess  may  cause  a 
bulging  of  the  upper  abdomen  or  lower  part  of  the  chest, 
with  superficial  lieat  and  redness  associated  with  nature's 
attempt  to  form  an  exit  externally.  The  region  in  w  hich 
these  abscesses  commonly  point  is  near  the  ensiform  car- 
tilage. The  ribs  may  be  displaced,  lying  more  horizon- 
tally than  normal,  and  separated  by  broader  intercostal 
spaces.  Palpation  may  show  fluctuation  when  the  col- 
lection of  pus  is  superficially  jdaced.  friction  from  the 
surrounding  peritonitic  exudate,  a  liver  or  spleen  dis- 
placed downward,  and,  when  the  abscess  cavity  is  par- 
tially filled  with  gas,  succussion.  Percussion  elicits 
dnlness  over  the  lower  part  of  the  chest  and  uiiper  ab- 
domen continuous  with  that  of  the  liver  or  spleen,  or. 
if  gas  is  present,  amphoric  and  metallic  resonance  and 
obliteration  of  normal  hepatic  or  splenic  dulness.  Am- 
phoric breathing,  splashing,  and  metallic  tinkling  may 
frequently  be  heard,  closely  sinndatiug  the  signs  of  a 
pyopneumothorax.  The  clinical  picture  may  vary  from 
day  to  day  as  in  cases  in  which  the  ab.scess  cavity,  origi- 
nally tilled  with  pus.  is  additionally  distended  with  gas. 
Perforation  of  the  diaphragm,  with  its  resulting  em- 
pyema, rupture  into  the  lung,  and  evacuation  of  the 
cavity  through  a  bronchus,  are  features  not  infre(|nently 
added.  If  the  abdominal  adhesions  are  broken  dow  n  a 
fatal  peritonitis  rapidly  follows.  The  condition  lasts  for 
from  fifteen  days  to  several  months,  and  is  usually  fatal 
unless  relieved  by  operative  interference.  In  a  niunber 
of  cases  evacuation  may  take  place  through  a  rupture 
into  a  bronchus,  into  some  portion  of  the  alimentary 
tract,  or  externally,  the  latter  being  an  extremely  rare 
occurrence.  Death  result.s  from  general  sepsis,  empy- 
ema, rupture  of  pericardium,  or  abscess  of  the  lung,  or 
fmm  peritonitis.  This  condition  is  frequently  difticidt  to 
diagnosticate    from    empyema    and   pyopneumothorax. 
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The  exploratory  needle  maj-  assist  in  locating  the  caritr. 
but  it  should  only  be  used  when  means  are  at  hand  "to 
operate  for  the  relief  of  the  condition,  on  account  of  the 
danger  of  serious  extension  of  the  infection  along  the 
path  of  the  needle.  If  a  cannula  be  thrust  into  the  ab- 
scess, itscontentsareexpelled  in  inspiration  more  forcibly 
than  in  expiration — contrary  to  tliat  which  occurs  wlieu 
the  pus  is  above  the  diapliragm  ( Pfuhl ).  This  sign  may  be 
aljseut  when  the  diaphragm  is  paralyzed  as  a  result  of 
long  existing intlammation,  or  if  the  diaphragm  and  lung 
are  perforated.  In  subphrenic  abscess  the  upper  line  of 
dulness  usually  follows  the  convex  curve  of  the  dia- 
phra.gm,  and  the  lateral  line  of  dulness  runs  from  before 
backward  and  from  above  downward,  quite  contrary  to 
the  usual  outlines  of  an  empyema.  In  pyopneumothorax 
tlierc  is  usually  an  antecedent  history  of  disease  of  the 
lung,  the  whole  chest  is  enlarged,  vesicular  murmur  is 
entirely  lost,  and  the  heart  is  displaced  laterally,  while  in 
siibplirenic  abscess  with  gas,  the  chest  is  enlarged  only 
in  its  lower  portion,  vesicular  murmur  continues  over  the 
upper  portion  of  the  chest,  and  the  displacement  of  the 
heart  is  upward. 

Surgical  interference  is  the  only  treatment  which  prom- 
ises a  successful  outcome.  Opening  and  drainage  are  in- 
dicated as  soon  as  the  diagnosis  is  made,  it  being  contra- 
indicated  only  when  a  natural  opening  with  efficient 
drainage  has  been  established.  An  early  operation 
often  prevents  that  serious  complication,  perforation  of 
the  diaphragm,  with  its  attendant  dangers.  The  site  for 
the  incision  is  chosen  by  the  physical  signs  and  the  ex- 
ploratory pimcture;  the  abdominal  route  and  entrance  by 
means  of  a  resected  rib  have  been  about  eqiialh'  employed. 
If  the  abscess  is  situated  high  up.  one  or  more  ribs  should 
be  resected,  the  pleura  raised  and  closed  off  by  a  line  of 
sutures,  and  then  the  abscess  should  be  opened  by  an 
incision  through  the  diaphragm.  The  abdominal  route 
avoids  injury  to  the  diaphragm.  The  general  peritoneal 
cavity  is  usually  well  walled  off  by  adhesions.  The  sub- 
sequent treatment  consists  of  iiTigati(m  or  dry  dressings, 
according  to  the  demands  of  the  individual  case.  Un- 
complicated subphrenic  abscesses  heal  in  from  sixteen 
to  twenty-four  days  after  their  evacuation  by  incision 
(Maydl).  Of  76  cases  operated  upon.  39  recovered. 
Failure  after  operation  is  usually  due  to  pre-existing  com- 
plications. "  Stuart  Hart. 
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DIARRHOEA, — Tliis  is  a  general  designation  for  a  class 
of  symptoms  among  the  most  formidable  of  all  the  mani- 
festations of  sickness.  It  means  the  occurrence  of  evacu- 
ations from  the  bowels,  either  unusually  often  or  ab- 
normally fluid  in  cliaracter.  The  term  is  also  used  to 
designate  certain  pathological  states  of  the  intestines, 
which  induce  or  are  supposed  to  induce  it;  but  it  is  not 
applied  to  such  diseases  as  dysentery  and  cholera,  except 
to  characterize  a  symptom. 

In  describing  diarrhoea,  it  is  customary  to  divide  it  into 
two  forms,  the  acute  and  the  chronic;  but  the  teims  are 
arbitrary,  as  the  disorder  varies  in  duration,  from  the  brief 
moment  of  a  solitary  passage  to  a  continuous  stretch  of 
many  years.  The  line  is  usually  drawn,  liowever,  at  the 
limit  of  a  few  weeks ;  cases  continuing  longer  are  chronic, 
those  of  shorter  duration  are  acute.  In  degree  of  severity, 
diarrhtva  presents  all  shades  of  variations.  It  arises  under 
a  great  variety  of  circumstances,  and  in  conjunction  with 
many  different  diseases.  Nor  is  this  surprising  when  we 
consider  the  extensive  mucous  surface  of  the  alimentary 


canal,  the  indispensable  functions  of  the  organs  which 
compose  it,  and  the  manifold  influences  on  which  they 
depend,  and  by  which  they  are  disturbed.  The  wonder 
is  rather  that  diarrhoea  is  not  more  varied  and  frequent 
than  it  is. 

The  occurrence  of  diarrhoea  is  made  possible  by  in- 
crea.sed  irritability  of  the  bowels — inflammatory,  catar- 
rhal, or  otherwise — whereby  Uiey  become  intolerant  of 
the  jiresence  of  their  contents,  and  expel  them  with  abnor- 
mal force  and  freciuency.  or  by  the  presence  of  abnormal 
and  irritating  substances  tliat  provoke  the  intestine  to  ex- 
pel them  with  undue  haste.  And.  since  this  intolerance 
may  be  caused  by  many  different  pathological  states  of 
various  degrees,  and  the  irritating  influences  are  numer- 
ous, and  since  various  incidental  events  also  may  ensue 
from  the  conditions  named,  iliari-hiea  has  nuiltifaiious 
forms  and  varies  .irreatly  in  its  symptomatic  behavior. 

Sy-MPTCMS. — The  discharges  are  nearly  always  moie  or 
less  fluid.  Frequently  at  the  begitming  of  an  attack  only 
normal  faBcal  matter  is  voided,  but  soon  the  passages  l)e- 
come  loose  and  continue  so  to  the  end,  their  character 
changing  as  the  disorder  progresses.  Sometimes  during 
a  seizui-e  little  besides  ffecal  matter  is  passed,  this  being 
made  semi  fluid  by  the  admixture  of  serum  and  mucus. 
Occasionally,  and  more  often  in  chronic  tlian  in  acute 
cases,  the  fiecal  matter  appears  in  scybalous  masses,  often 
hard,  and  sonietimes  dark-colored  and  mingled  with  semi- 
fluid, slimy,  mucoid,  or  puriform  material.  In  such  cases 
the  scybala  rarely  appear  in  every  passage,  but  only 
occasionally,  while  the  fluid  material  originating  in  the 
lower  colon  and  rectum  ma_vbe  passed  at  short  intervals. 

'  The  stools  present  every  degree  of  fluidity,  from 
that  of  water  to  thin  paste.  They  may  be  frothy,  or 
mucila.ainous  in  any  degree,  from  that  of  slippery -elm 
water  to  a  slimy  mass  of  trembling  jelly.  Mucus,  next 
to  watery  serum,  is  the  most  common  and  constant  ad- 
mixture wilh  the  fteces  in  diarrhoea.  J-'ood,  undigested, 
partially  digested,  and  variously  changed,  is  found  at 
times  in  the  dejections.  Most  common  are  the  skins  and 
seeds  of  fruits  and  vegetables,  as  apples,  cucumbers,  and 
pickles,  but  articles  of  food  of  easy  digestibility  may  be 
unexpectedly  passed.  Thus,  tender  meats  and  well- 
cooked  and  finely  comminuted  vegetables  are  found  in 
the  passages  of  both  children  and  adults  in  diariha>a, 
while  cui'ds  of  milk,  often  green  in  color,  are  commcm  in 
the  passages  of  infants.  Certain  persons  are  unable  to 
digest  particular  articles  of  a  usual  diet,  and  invaiiably 
void  such  undigested,  '  Meat  is  sometimes  voided  in  "a 
half-digested  state,  bearing  some  resemblance  to  dead 
intestinal  wonns.  for  wiiich  it  is  occasionally  mistaken 
Blood  often  appears  in  the  dejections  of  diarrhaa.  It 
may  be  either  fluid  or  in  clots,  bright  red  or  dark  and 
venous,  chocolate-colored  or  even  black,  from  long  resi- 
dence or  wide  journejing  in  the  intestinal  canal.  It  may 
streak  the  discharges,  be  mixed  intimately  with  them,  or 
appear  independently.  Pus  is  accidentally  passed  with 
the  stools,  either  in  small  quantity  and  mixed  with 
mucus,  or,  less  often,  in  large  amount  and  nearly  pure. 
Fiit  forms  a  part  of  the  dejections  In  many  diarrho-as, 
although  usually  it  would  not  be  discovered  by  a  casual 
inspection.  Memhrams  and  pseudo-membranes  are  some- 
times voided  in  diarrha?a.  False  memtjranes  of  various 
sizes  and  shapes  are  exfoliated,  even  at  times  strips  a  foot 
or  two  in  length,  while  shreds  of  the  superficial  layer  of 
the  mucous  membrane  itself  may  be  cast  off.  Shreds  of 
undigested  meat  found  in  the  discharges  aie  sometimes 
mistaken  for  membrane.  Foreif/n  hixlks  of  unexpected 
character  often  appear  in  the  dejections  of  acute  diar- 
rhoea, especially  in  children — for  example,  strings,  stick,s, 
pins,  pieces  of  leather,  and  small  coins.  In  coh>r  the 
passages  vary.  Usualh'  yellow,  they  may  have  vaiious 
shades  of  red.  brown,  chocolate  color,  lilack  or  blackish 
and  green,  or  be  opalescent,  like  milky  watei-. 

Flatiilenee  is  a  more  or  less  common  symptom  in  diar- 
rhoea, and  the  flatus  may  be  odorless  or  fetid. 

In  severe  diaiThoea  the  appearance  of  the  patient  always 
betokens  illness.  The  countenance  becomes  haggard  and 
shrunken  if  the  attack  is  continued  or  severe,  general 
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■n-eakness  and  mi-ntal  despondency  may  ensvie,  loss  of 
appetite  usually  takes  place,  although,  for  a  brief  period 
in  ccitaiu  eases,  and  continuously  in  otliere,  the  very  op- 
posite iiiiiy  obtain. 

Ill  dianhu'a  unattended  by  inllammatii)n/fr(>c  is  a  rare 
syniptoiii :  it  does  not  occur  in  all  I  he  iutlaiiiniatory  forms, 
and  iloes  occur  to  a  liiuh  degree  even  in  some  acute 
attacks  without  intlammation.  L'sually  in  adults — less 
often  ill  children — in  the  acute  attacks  fever  is  absent, 
and  the  temperature  may  be  subnormal,  tlw  surface  and 
e.xticniities  particularly  being  cold  and  possibly  moist 
with  pcrspinilion.  Pniii  is  sildom  wholly  ab.sent ;  it  is 
often  experienced  in  the  back,  and  in  bad  ca.ses  with 
large,  watery  stools,  painful  cramps  may  occur  in  the 
muscles,  chietly  of  the  lower  extremities.  The  pain  in 
the  bowels  occurs  in  dilTereiit  localities  in  the  abdomen, 
and  assumes  many  dill'erent  forms  and  relations  to  the 
act  of  dct'ecatioii.  It  is  seldom  constant,  usually  iiilcr- 
rupled.  iiiiil  recurs  at  varyiuir  intervals,  often  asa  colicky 
sulli  ring,  and  may  be  quite  indepciuleiit  of  an  evacuation. 
Auililile  evidence  of  movements  of  gas  in  the  intestines 
may  mark  the  recurrences  of  pain.  In  relation  to  the 
movements  of  the  bowels  the  pain  may  occur  (1 )  before 
a  movement,  the  time  before  varying  from  a  moiueiit  to 
half  an  hour,  the  longer  the  period  the  higher  in  the  in- 
tesiiiial  tract  the  seat  of  pain.  The  pain  may  occur  (2) 
attlie  time  of  the  evacuation,  being  usually  in  the  rectum 
an<l  anus,  or  (8)  after  the  passage.  l)eiiig  located  in  the 
anus,  rectum,  or  descending  colon,  and  in  tissues  deeper 
than  the  mucous  membrane.  It  may  persist  for  from  a 
few  minutes  to  half  an  hour  after  the  passage.  Pain  may 
be  present  only  in  the  anus,  and  that  of  a  burning,  scalding 
character,  and  mostly  after  a  number  of  watery  passages. 
The  sulfcring  e.\ists  during  and  immediately  after  an 
evacuation,  and  is  contined  to  the  mucous  membrane  of 
the  anus,  the  cau.se  being  mainly  the  irritating  character 
of  the  stools,  but  partly  the  rough  use  of  improper  closet 
papi  r  or  worse  substitutes  for  it. 

The  abdomen  is  occasionally  tender,  particularly  over 
the  colon,  or  throughout,  and  the  patient  may  bend  the 
body  forward  in  walking  or  moving,  to  avoid  aggrava- 
tion of  the  suirering.  or  in  the  recumbent  posture  the 
thighs  and  legs  may  be  He.ved  to  the  same  end. 

T>  nipiuiiti'S  mav  be  present  in  varying  degree,  depend- 
ing cm  tlie  extent  of  inflammatory  action  and  of  nervous 
involvement.  Pain  may  occur  in  the  bladder,  in  the 
back,  deep  in  the  sacral  region,  and  in  the  thighs  and  legs. 
There  may  be  tenesmus,  an  involuntary  and  irresistible 
straining  at  stool,  with  pain  in  the  rectum  if  this  part 
is  ]).u;iculai'ly  involved.  Faintness.  nausea,  vertigo,  or 
a  sense  of  great  prostration,  or  all  together,  may  occur  in 
dianluea.  and  perspiration,  more  or  less  profuse,  may 
break  forth  at  the  time  of  an  evacuation  in  an  attack  of 
only  moderate  scverit.v.  These  symptoms  differ  accord- 
ing to  personal  idiosyncrasy  and  degree  of  involvement 
of  the  tissues  of  the  intestines. 

Viiiietiis  of  Diiirrhaii. — The  most  frequent  form  of 
diarrhcea  is  that  w  liich  occurs  in  connection  with  indif/is- 
timi.  which  itsi'lf  has  many  shapes  and  symptoms.  Oc- 
curring suddenly  after  over-eating  it  maybe  associated 
with  viimiting  (cholera  morbus).  One  or  more  free,  fecu- 
lent evacuations  are  followed  by  a  number  that  are  semi- 
fluid, and  finally  by  mucous  or  watery  ones.  Diarrha>a 
occurs  after  partaking  of  certain  articles  of  food  or  drink 
that,  fnr  the  occasion,  at  least,  if  not  habitually,  are  in- 
digestible or  disturbing  to  the  bowels.  What  affects  one 
person  may  not  another,  and  one  is  made  sick  to-daj'  by 
what  he  may  tomorrow  take  with  impunity.  From  eat- 
ing large-seeded  berries,  salads,  nuts,  cheese,  fruits,  and 
vegetables,  drinking  beer,  and  even  milk,  certain  persons 
expeiience  diarrlKia  occasionally  or  invaiiahly.  Eating 
in  a  hurry  may  cause  certain  foods,  usually  easily  di- 
gested, to  disjigree  and  bring  on  diarrhoea.  There  is  a 
diarrhoea  of  indigestion  in  which  several  loose  pa.s.s!iges 
follow  one  after  the  other  in  rapid  succession  during  the 
morning  and  then  none  again,  or  at  most  only  one  or  two, 
till  the  succeeding  morning — this  being  repeated  daily, 
sometimes  for  months.     The  intestinal  canal  in  a  condi- 


tion of  atony  or  catarrh,  or  nervous  irritability,  or  all, 
and  wearied  by  undigested  food  and  irritating  substances, 
expels  them  and  is  quiet ;  the  morning  diarrhoii  evacuates 
the  noxious  refuse  of  the  meals  of  the  previous  dav  ami 
the  disturbed  organs  rest.  In  temporary  debility  from 
any  cause,  diarrhoa  from  indigestion  may  conic  on  with- 
out dietetic  irregularities;  it  may  a.«suinc  the  form  just 
described,  or  .some  other.  The  patient  is  suddenly  liable 
to  derangements  of  the  bowels.  In  persons  nervously 
siiisitive.  diarrhd-a,  with  possibly  sick  headache,  may 
arise  from  indigestion  incident  to  sudden  strong  emotion. 
The  experience  rarely  exceeds  one  or  two  loose  passages, 
unless  the  emotional  shock  is  often  repeated,  when  the 
diarrha>a  may  become  chronic. 

Cholera  tiiorhii.i.  so  called,  is  still  another  form  of  diar- 
rhtea.  It  occurs  most  often  after  some  days  of  bilious- 
ness, mental  dulness,  headache,  luid  coated  tongue. 
Sometimes  the  attack  is  precipitated  by  a  final  <'rror  in 
diet,  a  cliill  or  an  emotion;  sometimes  it  occurs  witlmut 
any  discoverable  exciting  cause.  It  is  usually  brief,  last- 
ing only  a  few  houis  or  a  day.  its  force  being  spent  by 
a  free  evacuation  of  the  bowels.  As  in  other  sudden 
diarrhanis,  the  first  passages  are  feculent,  ami  the  later 
ones,  if  the  seizure  is  prolonged,  are  watery  and  mucoid. 
Vomiting  ma)'  or  may  not  attend  the  diarrha-a.  Bad 
cases  are  more  prolonged  and  severe,  and  may  c\cii  reach 
a  fatal  termination.  In  such,  the  dejections,  after  the 
bowel  is  once  evacuated  of  fa'cal  matter,  are  copious, 
watery,  and  odorless;  cramps  and  collapse  take  place; 
there  is  a  rapid  and  appalling  shrinking  of  the  tis.sucs; 
the  eyes  sink  in;  the  extremities  become  cold,  and  even 
the  temperature  of  the  body  is  lowered;  and  Anally 
there  are  cold  perspiration  and  huskiness  of  the  voice, 
as  in  Asiatic  cholera.  This  form  of  diarrhoa  in  in- 
fants is  true  eloiltrd  tnfauttim.  a  term  often  improperly 
applied  to  slowly  progressing  catarrhal  inflammation  of 
the  colon  and  ileum.  Choleriform  diarrhoa.  in  the  ab- 
sence of  an  epidemic,  is  usually  recovered  from  prf)m]itly 
by  vigorous  adults:  less  promptly  by  infants,  children, 
weakly  and  aged  people.  Diarrho'a  mav  follow  c/dll  of 
the  surface  of  the  body,  with  or  without  other  influences. 
This  occurs  most  often  on  the  approach  of  cold  weather, 
when  people  are  insufficiently  clad,  and  internal  conges- 
tions are  easil\'  induced.  The  attacks  are  sometimes 
severe;  a  catarrh  of  the  colon  follows  the  lirst  passive 
congestion;  blood  (Wood}'  flux)  and  much  mucus  are 
voided  with  tenesmus.  Diarrha-a  in  epidemic  form  ap- 
pears occasionally  w  hen  it  is  quite  impossible  to  discover 
any  adequate  cause  for  it.  Such  epidemics  may  be  gen- 
eral within  circumscribed  limits,  visiting  all  ages  and 
conditions  of  life,  and  may  appear  suddenly,  and.  after 
a  few  days,  as  suddenly  disappear.  Nearly  all  forms  of 
diarrha>a  may  characterize  such  epidemics,  but  the  cases 
are  rarely  fatal.  The  so-called  winter  cholera,  which  has 
prevailed  in  the  winter  season  in  several  Northern  cities, 
is  an  example  of  this  form  of  diairho'a.  Another  form 
is  that  associated  with  some  disturbing  etootion.  and 
which  occurs  without  the  additional  etiological  element 
of  indigestion.  Fright,  fear,  timidity,  bashfulness,  and 
suspense  are  capable  of  causing  sudden  diarrluea.  Some- 
times, however,  they  induce  the  opposite  condition  of 
constipation.  In  either  case  the  phenomenon  is  a  purely 
nervous  one.  The  diarrha'a  of  emotion  is  usually  trivial 
and  brief,  but  in  states  of  prolonged  mental  and  emotional 
excitement  the  looseness  may  be  chronic.  There  are 
other  forms  of  nervous  diarrhoea.  Some  persons  with 
sensitive  abdominal  nervous  organizations  must  run  to 
stool  inmiediately  after  eating  or  drinking.  This  trouble 
is  to  some  extent  imaginary — the  desire  can  usually  be 
resisted.  But  in  other  cases  there  is  a  nervous  hyper- 
peristalsis  that  results  in  diarrha-a,  and  prevents  either 
efficient  digestion  or  absorption.  Cases  of  this  kind  are 
liable  to  be  persistent,  recurring  many  times,  and  from 
the  most  trivial  causes,  but  always  chiefly  from  those 
that  affect  the  nervous  system,  and  at  limes  of  nervous 
perturbations.  In  some  persons,  this  form  of  diarrboea 
is  substantiallv  constant  ami  persists  for  years. 

Cathartic  medicines  produce  diarrhoea  in  one  of  three 
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■ways  or  by  a  coml)ination  of  them:  either  by  increasing 
the  fluid  contents  of  tlie  intestines,  or  by  increasing  the 
peristalsis  without  irritation,  or  by  irritation  of  the  mucous 
membrane.  Severe  catharsis  produces  pain,  tenesmus, 
and  a  catarrh  of  the  intestines  whicli  prolongs  the  diar- 
rha'a  sometimes  for  a  number  of  days,  the  dejections  being 
watery  and  mucoid;  but  moderate  catharsis,  especially 
after  a  period  of  constipation  or  liiliousuess.  is  followed 
b)'  buoyancy  of  spirits  and  a'sense  of  refreshment. 

Diarrhu'a,  with  or  without  vomiting,  occasionally  oc- 
curs from  the  poisonous  action  of  certain  articles  of  fiKKl 
(see  Fond  Poisans,  and  PtonuOm)  usually  bland  and  harm- 
less, but  which  happen  to  be  out  of  con<lition  or  in  a  state 
of  fermentation,  such  as  puddings,  custiirds,  pies,  sauces, 
ice-creams,  an<l  canned  meats.  The  s_ymptoms  usually 
come  on  suddenly,  an<l  from  one  to  three  hours  after  eat- 
ing the  offending  substance.  Vomiting  is  generally  .simul- 
taneous with  the  purging,  but  may  cease  before  the  latter. 
The  diarrluTa  may  continue  after  the  digestive  tube  is 
apparently  completely  evacuated  of  all  fa?cal  matter  and 
food,  and  may  even  lead  to  a  fatal  termination.  In  tlie 
severe  cases  the  later  passages  are  mucous  and  watery, 
w'ith  possibly  an  admixtm-e  of  blood,  and  pains,  cramps, 
great  prostration,  and  profuse  sweating  occur  in  varying 
degrees.  In  mild  ca.ses  all  .symptoms  cease  after  the 
evacuation  of  the  stomach  and  bowels. 

Diarrlia?a  is  a  prominent  symptom  of  many  cases  of 
iyphiiitl  fever.  The  stools  are  generally  yellowish,  ochre- 
colored,  and  semi-fluid  in  character,  and  may  contain 
blood.  Frequently  not  more  than  one  such  passage, 
rarely  five  or  si.x,  occur  daily,  while  sometimes  a  loose 
stool  may  be  passed  only  once  in  two  or  three  days.  In 
cases  in  which  only  a  few  glands  of  the  intestine  are 
inflamed  or  tilcerated.  and  these  confined  to  the  ileum,  the 
colon  is  tolerant  of  the  products  of  the  ulcers  as  well  as 
of  fiecal  matter,  and  constipation  ma}'  exist;  but  where 
the  glandular  involvement  extends  to  the  large  intestine 
diarrhiea  is  almost  certain  to  occur, 

Diarrhrca  is  a  fixMjuent  symptom  in  pulmonary  con- 
sumption. It  has  most  of  the  characteristics  of  the  diar- 
rhcea  of  indigestion,  which  it  maiidy  is.  Food  is  pa.ssed 
undigested,  evidences  of  fermentation  exist,  the  stools 
are  thin  and  water_v.  Several  passages  may  occur  in 
rapid  succession,  especially  after  eating  lieartily.  In  an 
advanced  stage  of  phthisis  a  dejection  ofteu  follows  so 
closely  upon  even  a  small,  bland  meal  as  to  suggest  the 
complete  intolerance  of  the  whole  alimentary  canal  to 
the  presence  of  food,  as  well  as  its  incapacity  for  diges- 
tion and  absorption ;  moreover,  the  food  is  much  of  it 
passed  with  slight  evidence  of  having  undergone  any 
digestive  change.  In  a  certain  pro]iortion  of  such  cases 
there  is  secondary  tuberculous  ulceration  of  the  intestines, 
bnt  this  alone  does  not  necessarily  norfretpiently  produce 
diarrha\i,  unless  the  colon  is  involved.  Numerous  tuber- 
culous ulcerations  of  considerable  size  may  exist  in  the 
small  intestine  without  aniiouncing  their  presence  bj' any 
symptom  during  life. 

A  form  of  diarrhcea  results  from  clironic  iilcer  of  the 
reetiDii.  It  consists  in  frequent  discharges  of  small  quan- 
tities of  a  slimy  mixture  of  mucus,  pus,  and  blood,  with 
little  fipcal  matter,  and  this  little  in  the  form  of  scybalous 
masses  which  are  voided  at  varying  intervals.  Tenesmus 
may  be  present,  but  frequeiuly  is  not,  and  often  there  is 
little  or  no  pain,  unless  the  ulceration  reaches  tue  anus, 
when  pain  is  always  present  at  the  time  of  defecation, 
and  for  a  few  moments  afterward. 

Diarrlufa  of  cinstijuitinii  is  a  designation  justified  by 
clinical  observation.  Pacal  matter  accumulates  in  the  co- 
lon, distends  it,  becomes  hard  and  dry,  and  finally  lights 
up,  at  the  lowest  point,  an  irritation  which  announces  it- 
self by  frequent  small  discharges  of  mucus,  serum,  and 
fragments  of  the  f»cal  mass,  possibly  with  pain  and  tenes- 
mus. It  is  not  necessary  in  these  cases  to  suppose  a  com- 
plete blocking  u]i  of  the  large  intestine;  fteces  may  ac- 
cumulate and  remain  for  months,  and  repeated!}-  allow 
small  soft  fecident  passages  to  escape  by  the  side  of  the 
indurated  mass  or  through  a  hole  in  its  centre. 

After  the  discliarge  of  a  large  mass  of  long-retained 


freces.  the  colon  is  not  infrequently  left  in  a  condition  of 
catarrh  which  may  prolong  a  diarrhoea  for  several  days. 
In  most  of  these  cases,  as  in  many  cases  of  diarrhoea"  in 
general,  there  is  failure  of  free  ilrainage  of  the  large  in- 
testine in  some  part,  mostly  below  the  central  point  of 
the  transverse  colon. 

In  general  peritonitis,  contrary  to  a  nearly  invariable 
rule,  diarrhoea  is  occasionally  present  at  some  stage  of  the 
disease.  Vomiting  nearly  always  attends  it,  and  not  in- 
frequently hiccough.  In  metroperitonitis,  on  the  other 
hand,  diarrha'a  is  frequent,  owing  presumably  to  the  in- 
volvement of  the  lower  bowel  in  the  inflammation,  as  i 
result  of  which  there  is  developed  a  catarrh  of  the  mucous 
membrane  of  this  part.  I)iarrliu>a  is  an  occasional  event  in 
several  diseases  of  the  kidneys  (<■.,'/.,  in  Bright 's  disease). 
In  desquamative  nepliritis  the  intestinal  mucous  mem- 
brane appears  to  become  anlematous  with  the  rest  of  the 
body,  and  a  free  effusion  of  serum  brings  on  occasional  par- 
oxysms of  diarrhoea.  In  iirtPmia  from  any  renal  disease, 
urea  may  be  discharged  into  the  intestine  and  cause  diar- 
rhcea,  perhaps  principally  l)y  its  conversion  into  carbo- 
nate of  ammonium  after  its  entrance  into  the  canal.  Diar- 
rluea  is  a  rare  event  late  in  contracting  dixenne  of  the 
kidneys,  due  presumably  to  ura'inia.  In  nmi/loiil  degcn- 
criition  it  is  more  common,  is  liable  to  be  irregidar.  and 
may  be  protracted,  is  occasionally  hemorrhagic,  and  al- 
ways rebellious  to  all  treatment.  TubercKlusisand  cancer 
of  the  kidneys  may  be  attended  by  diarrhwa  probably 
from  ura>mia,  and  possibly  in  the  case  of  the  former  by 
the  concurrent  existence  of  ttiberculosis  of  the  colon. 

In  intumiisception  diarrhtea  is  usually  present  in  some 
degree  at  some  stage  of  the  c<ase.  The  stools  are  few  in 
number  and  composed  of  mucus  and  blood  to  a  consid- 
erable extent,  and  there  is  frequently  tenesmus,  espcciully 
if  the  invagination  is  at  the  ileocn?cal  region  or  below 
it.  In  constriction  if  the  intestine  constipation  is  the  rule, 
but  diarrhoea  may  alternate  with  it  or  be  a  nearly  con- 
stant symptom.  Two  theories  of  this  iihenomenon  are 
advanced,  one  referring  it  to  tlie  increased  peristalsis 
provoked  by  the  constriction,  the  other  to  ulceration 
which  sometimes  supervenes  below  the  point  of  stricture. 

Diarrhoea  occurs  rarely  in  cancer  of  the  pancreas,  and 
nearly  invariably  in  cirrhosis  of  this  organ.  In  the  for- 
mer, secondary  deposits  are  sometimes  found  in  the  intes- 
tinal walls,  which  may  account  for  the  .symptoms.  In 
lenkaimic  enlargement  of  the  spleen  diarrha^i  sometimes 
occurs,  the  motions  being  bloody  and  most  of  them  puru- 
lent; they  may,  however,  be  profuse  and  watery. 

Recurring  diarrhfea  may  attend  degeneration  of  the 
suprarenal  capsules,  lirought  on  iirobaliiy  to  some  degree 
by  the  debility  which  characterizes  the  disease,  but  also 
by  the  disturbance  of  the  semilunar  ganglia  and  the 
sympathetic  which  must  ensue  from  the  marked  lesion 
which  occurs  in  them  in  many  cases  of  Addison's  disease. 

Diarrhani  makes  a  part  of  the  pathological  picture  of 
the  terthin;j  of  infants  (see  Diarrhoea.  Infantile). 

In  cirrhosis  and  other  diseases  of  the  lirer  constipation 
is  the  rule,  yet  it  may  be  varied  by  an  occasional  sharp- 
attack  of  diarrhcea.  whiel'.  for  the  time  depletes  the  dis- 
tended vessels  of  the  portal  system. 

Intestinal  catarrh  has  been  charged  with  producing 
diarrhoea  with  some  constancy,  as  though  this  symptom 
might  result  wherever  the  catarrhal  process  was  located. 
It  cannot  be  doubted  that  catarrh  attacks  all  the  different 
])ortionsof  the  alimentary  mucous  membrane.  Of  coin\se, 
catarrh  of  any  [lart  in  some  measure  interferes  with  diges- 
tion, and  in  this  way  may  indirectly  be  a  cause  of  diar- 
rhea. In  chronic  catarrh  of  the  small  intestine  constipa- 
tion is  almost  constant ;  in  the  catarrli  of  the  colon,  acute 
or  chronic,  diarrhrea  is  rarely  absent.  The  tendency  to 
chronicity  is  particularly  noticeable  in  the  diarrho'a  of 
chronic  ilysentery  and  of  general  ana?mia  from  atiy  cause, 
but  especially  from  dyspepsia,  phthisis,  and  other  diseases 
capable  of  inducing  general  cachexia. 

Etiot.ogy. — Many  of  the  general  causes  of  diarrhoea 
have  been  referred  to  already  Often,  indeed  generally, 
several  influences,  direct  and  remote,  act  together  a& 
causes.     The  remote,  the  predisposing  causes  are  any 
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and  all  influences  that  lessen  the  vital  tone  of  the  in- 
testinal canal  and  depress  the  powers  of  digestion,  and 
that  increase  the  irrituliility  of  the  nervous  apparatus  of 
the  intestines.  To  this  class  belong  the  depressing  inflvi- 
encc  of  hot  weather,  especially  on  infants  and  children : 
of  cold,  overwork,  bad  ventilation,  starvation,  worry  and 
grief  of  mind,  and  all  tlic  long  list  of  depressing  eniol  ions. 
The  innnediale  pathological  conditions  that  jiroduce 
diarrlio'a  may  be  ii;imed  undei' a  few  general  lieails;  the 
circinnslaiiees  under  which  they  occur  ari'  numero\is. 
The  following  is  believed  to  be  a  logical  classitication  of 
the  causative  conditions: 

1.  Sill  lit  i'lii  Iff  ('iiiitiiiiiiti/  and  ot/icr  iStnictvral  Dom<if/e 
to  the  Iritfutiiuil  Walls. — Ulceration,  and  the  catarrh  in 
adjacent  ti.ssue  which  it  entails,  occur  in  dilTerent  jiarts 
of  the  intestinal  trai't  and  under  dilfcrent  circiunstances: 
in  the  rectun\  and  colon,  for  examide.  in  chrnnie  dysen- 
tery :  in  any  jiart  of  the  intestine,  as  in  tubereulusis,  in 
amy  Iciid  ami  jierliaps  other  degenerations  nf  the  intestinal 
walls,  in  typhoid  fever  and  in  inlussiisception  and  con- 
striction of  the  intestines.  Intestinal  ulcers  also  develop 
as  a  residt  of  extensive  scalds  and  burns  of  the  surface 
of  the  body. 

2.  fiiflaiiimatioi).  of  the  colon  and  recttini  mainly :  proc- 
titis, cdlit  is  (dysentery);  the  intlanunation  a.ssocia'ted  with 
intussus<'i'ption,  witli  clmlera,  wilh  peritonitis,  and  with 
cancer  and  tidiereulosis  of  the  intestine. 

3.  Criiif/estiitii.  otherwise  catarrh  of  the  mucous  mem- 
brane of  the  intestine,  mainly  below  the  ileum,  without  ac- 
tual intlamniation  ;  the  catarrh  of  cholera,  cholera  morbus, 
cold-catching,  chilling  of  the  surface  of  the  body  in  whole 
or  in  ]iart,  invagination,  obstruction  to  the  portal  circu- 
lation in  cirrhosis  of  the  liver  and  cardiac  di.sease,  peri- 
tonitis, leuka'mia,  zymotic  poisons,  the  eruptive  fevers, 
a  long  list  of  general  diseases,  and  of  irritations  of  foreign 
bodies,  especially  drastic  drugs. 

4.  IncveaKfd  initaii/iti/ of  the  intestine  with  hyiierperi- 
stalsis.  This  arises  from  depressing  emotions:  debility, 
systemic  or  nervous;  bad  hygiene  in  its  imdtijde  shapes; 
tlie  reflex  effect  of  teething  and  manifold  other  influ- 
ences capable  of  reflex  action  in  this  direction,  especialh' 
dise;ises  in  other  organs;  constriction  of  the  intestine,  and 
jiersonal  idiosyncrasy. 

.5.  Jrrildtuif/  Iiitintinal  Contents. — The  results  of  (a) 
gastric  dyspe]isia,  over-eating,  impro]ier  or  improperly 
masticated  foods.  Theresultof  (Ij)  intestinal  indigestion, 
from  abninniality  of  the  liver  or  pancreas,  from  loss  of 
secreting  substance  by  previous  or  existing  ulceration, 
from  atony,  catarrh,  or  inflammation,  (c)  Cathartics  and 
oti'.er  irritating  sidjstances,  either  swallowed  or  developed 
in  the  intestines:  as,  for  example,  cathartic  medicines: 
impure  or  stronglj-  saline  drinking-water;  various  poi- 
sons, including  foods  nndergoing  fermentation  ;  excessive 
transudation  of  serum  into  the  canal,  as  in  choleraic  dis- 
orders and  in  the  colliquative  diarrha'a  of  depressing 
diseases;  pns,  blood,  or  mneus  in  cpiantity;  the  rinds, 
hulls,  and  seeds  of  fruits,  grains,  and  vegetables;  retained 
f.Tces,  the  entozoa,  the  entophyta,  urea,  as  in  renal  alTec- 
tions,  and  finally  the  special  micro-organisms  of  disease. 
Microbes  characteristic  of  diarrlirea.  as  amo-ba  coli  anil 
bacillus  dysenteria',  have  been  found  to  be  present  in 
the  intestine  in  severe  cases  of  this  disorder,  and  to  dis- 
appear with  its  subsidence;  but  whether  they  are  the 
cause  or  consequence,  is  not  established.  Excess  of  bile 
thrown  into  the  duodenum  after  the  removal  of  an  ob- 
struction may  cau.se  diarrhn>a,  but  it  is  not  known,  as 
alleged,  that  so-called  vitiated  bile  is  capable  of  doing  it. 
Ptoma'ins  developing  in  the  digestive  tube  from  decom- 
position of  ill-conditicaied  foods  may  cause  sudden  violent 
purging,  as  in  cases  due  to  old  ice-cream.  Ptomains 
probably  also  sometimes  develop  from  decomposition  of 
retained  stdjstance  in  extreme  constipation,  and  cause 
occasional  explosions  of  diarrhn?a. 

Di.voxosis. — The  simple  diagnosis  of  diarrbcea  is  easy 
enough:  the  important  and  often  difficult  thing  is  to 
learn  the  cause  and  nature  of  the  flisorder.  The  dejec- 
tions shoidd  be  inspected  for  foreign  bodies,  undigested 
food,  products  of  fermentation,  pus,  blood,  mucus,  etc. 


(See  Fares.)  As  diarrhoea  is  often  due  to  indigestion,  it 
is  important,  when  this  is  present,  to  determine  what 
part  of  the  alimentary  canal  or  what  other  organ,  if  any, 
is  at  fault.  A  consideration  of  the  i)liysiological  func- 
tions of  the  different  parts  and  of  the  "symptoms  of  the 
case  will  usually  lead  to  the  discovery  of  the  region  or 
organ  involved.  It  is  equally  im|ioi"tanl  to  learn  what 
articles  of  food  fail  of  digestion,  and  in  what  quantities 
and  under  what  circumstances  as  to  limes  fif  eating, 
methods  of  preparation,  etc.,  Ilicy  have  lu'cn  ingested. 
15y  careful  observati<in  and  by  exclusion  this  may  be  done, 
and  so  the  first  step  in  successfid  treatment  niay  be  at- 
tained. If  the  attack  is  not  due  to  indigestion,  irritation, 
or  catarrh,  inflammation  or  ulceration  of  some  part  of  the 
alimentary  canal  should  be  looked  for.  A  considerable 
degree  of  inflammation  of  the  nuicous  membrane  may 
exist  without  fever:  the  absence  of  this,  thcrerore,  does 
not  exclude  inflammatory  action.  In  a  majority  of  cases 
caused  by  the  lesions  refei-red  to,  the  trouble  is  in  the 
rectum  or  colon;  for  inflammation,  catarrh,  indigestion 
to  a  moderate  degree  rarely  cause  diarrhoea,  provided  the 
bowel  below  the  ileo-ca?cal  valve  is  normal.  The  seat  of 
the  irritation  may  often  be  known  by  the  location  and 
characteristics  of  the  pain.  Pain  in  the  region  of  the  um- 
bilicus, just  before  and  disappearing  immediately  after 
a  passage  and  Avithout  tenesmus  or  |)ain  in  the  rectum, 
locates  the  trouble,  with  fair  accuracy,  in  the  transver.se 
colon.  If  tenesmus  exists,  with  pain  in  the  region  of  the 
rectmn,  that  part  is  involved.  Tenesmus  is  a  reflex  ef- 
fect of  irritation  of  the  mucous  membrane  of  the  rectum 
— nature's  effort  to  be  relieved. — a  .symptom  having  a 
very  narrow  signification.  Pain,  on  the  other  hand, 
while  it  may  be  purely  neuralgic,  may  indicate  inflam- 
mation in  any  of  the  tissues  fif  the  rectmn  or  outside  of 
it  in  the  iielvis.  The  colicky  pain  often  exiicrienced  in 
diarrhcea  is  usually  in  the  large  intestine,  as  in  dysentery. 
Inflammation — even  extensive  ulceration — of  the  small 
intestine  is  not  ordinarily  attended  wilh  diarrho'a.  nor 
with  colicky  pains.  Pain  in  the  anus  in  the  act  of  de- 
fecation and  following  it  points  strongly  to  hemorrhoids, 
fissure,  or  ab.scess  in  the  adjacent  tissues. 

The  significance  of  blood  in  the  stools  differs  with, 
its  appearance  and  with  other  symptoms.  Bright,  fresh 
blood  indicates  a  lesion  of  some  ])art  near  the  extremity 
of  the  bowel — the  anus  (fissure,  hemorrhoids),  rectum 
(ulcer,  hemorrhoids),  or  colon  (ulceration,  or  deep  con- 
gestion, or  inflammation).  When  the  blood  simply 
streaks  the  faeces,  it  comes  generally  from  small  vessels 
inside  the  sphincter.  Fresh  clots  seldom  appear  if  the 
blood  comes  from  a  point  high  up  in  the  intestine.  In 
typhoid  fever  the  blood  of  a  hemorrhage  is  \isually  fliud 
and  mixed  with  the  faecal  matter.  Very  dark  or  lilackish 
blood  usually  comes  from  the  upper  portions  of  the  intes- 
tine or  stomach;  a  copious  bleeding  from  an  idcer  of  the 
latter,  or  from  the  duodenum,  as  in  cutaneous  burns,  may 
easily  produce  such  an  appearance.  Dysenteric  stools 
of  true  dysenterv,  of  intussusception,  and  of  ulcer  and 
hemorrhoidal  troubles,  often  bear  a  close  resemblance  to- 
each  other;  the  distinction  between  them  must  be  made 
by  other  .symjitoms.  Intussuscepticni  usually  announces 
itself  by  the  suddenness  with  which  the  symptoms  de- 
velop, of  which  colicky  pains  and  vomiting  are  sel- 
dom omitted,  and  after  a  time  the  vomiting  is  apt  to 
be  stereoraceous.  In  dysentery  the  vomiting  is  not  so 
marked  a  feature, — indeed  it  is  often  absent, — and  the 
colic  is  less  violent,  but  colicky  pains  are  rarely  absent. 
Ulcerations  and  hemorrhoidal  projections  into  the  rectum 
do  not  induce  either  colic  or  vomiting,  nor,  al  first,  much 
disturbance  <if  the  health.  The  sudden  discharge  of  pus 
in  large  quantity  indicates  the  bursting  of  an  abscess,  and 
is  rarely  unaccompanied  by  symiitoms  and  signs  indicat- 
ing the  character  and  location  of  the  latter.  Small  quan- 
tities of  pus  mixed  with  the  fa'Ces  point  to  ulceration  in 
the  lower  part  of  the  canal.  Large  watery  stools  are 
usually  the  product  of  both  the  large  and  small  intestines. 
Mucu.s  in  the  stools  always  means  cal:irrh  .somewhere  in 
the  bowel:  the  purer  and  clearer  the  mucus  the  nearer  is 
the  area  of  the  cataiThal  process  to  the  anus.     Scybala 
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besmeared  with  mucus  or  muco-pus  point  to  catarrli, 

possibly  to  ulceration  in  the  rectum,  and  certainly  to  the 
i-etention  of  the  frecal  matter  for  some  time  in  a  given 
part  of  tlie  canal. 

Dark,  blackish,  or  chocolate-colored  stools  suggest  the 
presence  of  the  coloring  matter  of  blood, — blood  arising 
from  a  iioint  high  up  in  the  canal  and  changed  by  the 
secretions  of  the  stomach  and  bowels, — or  the  effect  of 
some  medicament,  as  bismuth,  hrematoxylon,  mercury, 
or  iron. 

Green  stools  are  not  always  nor  usually  produced  b\' 
excess  of  bile,  as  is  often  supposed,  but  by  biliverdin,  an 
oxidation  product  of  bilirubin,  and  developed  in  the  in- 
testinal canal.  When  diurrho'a  arises  from  disease  of  the 
kidneys,  liver,  spleen,  pancreas,  suprarenal  capsules,  or 
from  some  general  disease  capable  of  inducing  it,  the 
symptoms  of  the  causiXtive  disease  usually  predominate 
and  identify  it.  But  diarrha'a  in  tuberculosis  is  not  evi- 
dence of  a  tuberculous  process  in  the  small  intestines, 
nor  proof  of  its  existence  in  the  colon.  In  chronic  diar- 
rhoea the  urine  should  always  be  examined  for  evidence 
of  disease  of  tlie  kidneys,  the  urine  for  twenty  four 
hours  being  secured,  if  possilde,  and  an  accurate  deter- 
mination made  of  the  urea  and  total  solids.  The  diag- 
nosis of  lardaceous  change  in  the  intestines  cannot  be 
made  from  llie  intestinal  symptoms  alone.  Chronic  dj's- 
eutery  and  chronic  catarrh  of  the  colon  of  a  severe  type 
are  imlistinguishable  by  the  s^-mptoms,  as  in  many  cases 
they  are  pathologically  identical.  Dysentery  and  procti- 
tis are  occasionally  mistaken  for  each  other.  But  the 
distinction  is  not  ditlicult  usually,  since  in  dysentery 
there  are  some  constitutional  symptoms — colicky  pains, 
borborygmi,  fever, — while  in  proctitis  the  symptoms  are. 
confined  more  to  the  rectum. 

In  tj-plioid  fever  of  sufficient  severity  to  cause  diarrhcea 
there  are  always  continued  fever,  cephalalgia,  pain  in  the 
back  and  extremities,  or  other  typhoid  symptoms,  as  well 
as  the  typhoid  "Widal  reaction.  But  an  acute  catarrh  of 
the  upper  jiart  of  the  colon  may  at  first  be  attended  with 
fever  and  otlier  constitutional  symptoms  that,  by  their 
resemblance  to  typhoid  fever,  justify  hesitation  in  adopt- 
ing a  diagnosis. 

Treat.ment. — The  majority  of  acute  diarrhfcas  are  due 
to  indigestion  of  some  sort  and  are  of  short  duratitm. 
Their  treatment  is  simple;  they  are  often  corrective  and 
remedial  in  themselves,  expelling  offending  materials  and 
subsiding  promptly  without  any  treatment.  The  resto- 
ration is  more  jirompt  if,  after  its  contents  have  been 
•evacuated,  the  intestine  can  have  a  brief  period  of  rest. 
Hence,  a  low  diet  and  fasting  are  among  the  best  of 
remedial  measures.  Absolute  fasting  is  not  necessarj', 
but  till  convalescence  is  established  the  diet  should  be 
low  Important  as  this  is  for  slight  attacks,  it  is  much 
more  urgent  in  prolonged  and  severe  ones,  especially  in 
■weakly  people  and  in  children.  The  patient  may  be 
nourished  by  gastric  digestion  as  far  as  possible,  and  thus 
the  intestine  may  be  given  rest.  Stale  bread  and  light 
crackers  are  the  best  farinaceous  foods;  corn  starch,  rice, 
tapioca,  and  arrow  root  are  less  eligible.  Milk  is  the  best 
fluid  food.  If  fresh,  it  may  be  taken  raw ;  otherwise  it 
is  better  pasteurized  (heated  to  from  160°  to  170'  F. ;  it 
should  never  be  boiled,  as  thereby  its  digestibility  is  re- 
duced.) Beef-tea  is  admissible  onh'  if  largely  composed 
of  fine  particles  of  muscular  fibre;  beef-tea  that  is  trans- 
parent throughout  is  not  good.  Beef  juice  is  highly  nu- 
tritious and  easily  assimilated;  scraped  raw  beef  is  one  of 
the  best  possible  foods  for  diarrho-a  in  any  age  or  condi- 
tion, and  may  lie  eaten  almost  ad  libitum.  It  is  rarely 
objected  to  by  the  patient,  and  if  it  is  it  can  be  easily 
made  palatable  by  the  addition  of  sugar,  salt,  pepper,  and 
spices.  Eggs,  raw  or  slightly  cooked,  are  always  allow- 
able; very  slight  cooking  adds  to  their  digestibility. 
Uncooked  white  of  egg  may  be  mixed  with  water  and 
taken  as  a  drink,  or  in  any  other  way  that  the  patient 
may  prefer.  Six  to  ten  eggs  may  thus  be  used  by  an 
adult  each  day.  Oysters,  slightly  cooked,  or  preferably 
raw.  are  digested  easily  and  rapidly  by  the  stomach,  as 
are  also  tripe  and  pigs'  feet.     Liquid  foods,  especially 


milk,  may  with  great  advantage  be  peptonized.  Pep- 
tonizing of  foods  is  an  excellent  procedure  in  anv  diar- 
rhcea in  child  or  adult.  The  time  and  frequency  of 
catin,g  should  be  regulated  carefully,  especially  iu  severe 
and  protracted  cases.  By  trial  of  small  portions  of  food 
the  (lose  should  be  foiuid  which  can  be  taken  without 
disturbing  the  intestine,  and  tliis  should  not  be  exceeded. 
Next,  by  trial,  the  greatest  frequenc_v  with  which  this 
small  meal  can  be  repeated  without  harm  is  to  be  deter- 
mined and  adhered  to  rigidly,  whether  the  dail}'  numher 
be  three  or  ten. 

In  the  simple  cases  due  to  indigestion,  beyond  the  reg- 
ulation of  the  diet,  rest  and  warmth  of  the  body,  very 
little  treatment  is  called  for.  A  slight  stomachic  stimu- 
lant or  an  opiate,  to  check  pain  and  nervous  jterturbation, 
may  be  needed  at  first,  or  later  if  the  attack  is  iimlonged. 
If  pain  is  sharp  and  i)urging  severe,  opiates  simuld  be 
.given  promptly,  and  b.y  the  hypodermic  method,  if  vom- 
iting renders  absorption  by  the  stomach  uncertain.  One 
of  the  best  combinations  of  o|)ium  for  inteinal  adminis- 
tration is  the  camphorated  tincture;  the  deodoiized  tinc- 
ture is  an  ideal  fluid  opiate;  but  the  best  preparation  of 
all  is  morphine.  Chloroform,  ether,  tincture  of  capsicum, 
aromatic  spirit  of  anunouia,  and  other  aromatics  are  fre- 
quently used  alone,  or  added  to  the  opiate  with  happy 
etfect;  but  the  opiate  alone  is  nearly  or  quite  as  u.sefui, 
and  has  the  advantage  of  simplicity.  The  subnitrate 
and  salicylate  of  bismuth  are  good  adjuvants  to  the 
opiate. 

For  the  diarrhoea  of  indigestion  and  biliousness,  it  is  a 
good  plan  of  treatment  to  give  repeated  small  doses,  or  a 
single  large  dose,  of  some  laxative,  like  castor  oil.  rhu- 
barb, or  the  salines,  with,  or  followed  by,  a  few  di'opa 
of  tincture  of  opium.  Much  of  the  good  elTect  of  this 
jilan  of  treatment  is  probably  due  to  the  free  expulsion 
of  offending  material,  inlcuding  micro-organisms  and 
ptomains.  For  the  diarrhoea  of  indigestion — especially 
the  more  chronic  cases — nothing  will  take  the  place  of 
measures  to  improve  the  digestion.  Alcoholic  liquors, 
tobacco,  and  coffee,  as  well  as  stimulating  condiments,  if 
they  have  been  used,  should  be  abstained  from  as  far  as 
possible. 

Tonics  are  indicated  for  the  general  health  and  for 
digestion,  and  the  patient  should  rest  from  labor  and 
have  the  best  of  hygienic  influences.  Of  the  general  tonics 
the  most  useful  are  quinine,  iron,  strychnine,  arsenic, 
and  mineral  acids.  One  tonic  that  deserves  to  be  more 
emi)lo_yed  for  diarrhn'a  than  heretofore  is  the  solution  of 
nitrate  of  iron  Sulphate  and  phosphate  of  sodium, 
ipecacuanha  and  euonymin  exercise  a  tonic  influence 
upon  the  digestive  fimction  of  the  intestine,  liver,  and 
possibly  the  pancreas.  Diarrhoea  produced  by  fermenting 
and  poisonous  food  tends  to  be  severe,  and  treatment 
should  be  jirompt.  It  is  usually  best  to  give  morphine 
liypodermically,  as  it  is  imsafe  to  trust  to  slow  absorption 
by  the  stomach.  A  dose  of  gr.  J,  repeated  in  thirty  min- 
utes if  necessary,  will  usually  stop  the  diarrha\a  as  well 
as  the  vomiting.  Rest  and  warmth  to  the  extremities 
must  be  enjoined. 

Acute  diarrhoea  in  children  is  usually  susceptible  of 
prompt  improvement  by  an  early  regulation  and  lower- 
ing of  the  diet.  But  lirst  the  alimentary  canal  nnist  be 
thorouglily  evacuated  of  all  undigested  food  and  irritants. 
A  slight  diarrha'a,  even  for  a  day  or  two,  is  no  proof  of 
such  evacuation.  A  laxative  like  oil  or  calomel  should 
be  given  whenever  it  is  suspected  to  be  necessary.  A 
cathartic  has  not  infiequently  removed  undigested  food 
taken  several  days  before,  with  prompt  relief  of  the  diar- 
rhoea. The  diet  should  at  once  be  reduced  to  one-third 
the  usual  allowance,  and  it  should  be  taken  in  the  form 
of  numerous  meals;  this  course  should  be  pursued,  if 
possible,  till  some  improvement  takes  place  in  the  symp- 
toms, even  if  it  requires  a  day  or  two.  Then,  as  the 
conditions  im])rove,  the  quantity  of  food  may  be  grad- 
ually increased.  Food  in  the  slightest  excess  of  the 
powers  of  digestion  is  generally  harmful  and  aggravates 
the  diarrha'a.  If  regidation  of  the  regimen  is  not  fol- 
lowed bj'  prompt  improvement,  or  if  a  catarrh  of  the 
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bowels  supervcni's,  minute  doses  of  livdrargynim  cum 
.creta,  or  of  calomel,  often  repeated,  may  lie  etlicaeious. 
A  tenth  of  a  jriain  of  calomel  or  an  eiiuivalent  dose  of 
the  other  preparation  may  lie  jjiven  ever}'  two  hours,  till 
some  improvement  shows  it.self  in  the  stools.  Next  to 
this  in  value — perhaps  superior  to  it.  for  children  as  well 
as  foradults — is  the  sulinitrate  of  bisnuith.  which,  if  ]iure, 
may  lie  taken  in  iarire  doses.  A  child  of  twci  years  may 
take  from  gr.  v.  to  i^v.  x.  every  two  to  fcuir  hours,  al- 
■thouirh  smaller  duses  are  valuable.  This  medication 
should  not  be  continued  for  a  ]ieriod  of  many  days,  for 
fear  of  the  elfects  of  retained  insoluble  liisinutli  salts. 

If  the  diarrh(va  persists,  in  sjiite  of  the  bismuth,  and 
if  the  discharges  are  of  a  watery  character,  the  milder 
astringents,  in  small  doses,  may  be  tried,  although  they 
are  n<it  very  useful  medicines.  The  best  of  them  are,  per- 
haps, kino,  catechu,  and  logwood. 

To  check  a  bloody  llux.  or  a  sudden  attack  of  diarrhoea 
as  it  occurs  in  eiiidemics,  the  licst  course  is  the  opiate 
treatment,  with  fasting.  A  hypodermic  injection  of 
morphine  is  jirubably  the  most  potent  remedy  extant  for 
•checking  an  internal  bleeduig  of  any  kind.  In  cases  of 
hemorrhage  from  the  lower  bowel  astringents  are  of  little 
■con.sequence.  and  iMgot  is  hariuful. 

Chronic  diarrluva  in  adiUts,  when  apparently  due  to 
atony,  debility,  tubercnlnsis.  or  other  constitutional  dis- 
orders, and  not  to  demonstrable  ulceration,  may  be  treated 
with  mild  astringents;  these  will  do  some  good,  but  little 
in  c<imparison  with  regimen.  Probably  a  diet  of  scraped 
raw  beef,  of  egg.  or  of  peptonized  milk,  in  minute  por- 
tions, promises  more  than  all  the  astringents  combined. 
But  in  some  of  these  cases,  even  after  the  most  careful 
regulation  of  the  diet,  and  after  a  certain  amount  of  im- 
provement in  the  digestion  has  taken  jilace.  the  diarrluea 
■continues  to  a  slight  extent.  Such  jiatients  sometimes 
feel  better,  are  more  comfortable,  and  improve  faster  if 
they  are  continually  taking  mild  astringents  or  astringent 
tonics  in  small  doses. 

When  fermentation  occurs  in  the  intestinal  contents, 
unti-fernientatives  are  indicated.  Perhaps  the  most  valu- 
able of  these  are  the  salicylates,  the  sulphites,  the  naph- 
thols,  the  carbolates.  and  sidol.  Salicylate  and  subgallate 
of  bismuth  are  rational  remedies  for  fermentjition  in  con- 
nection with  diarrhcra.  and  they  may  be  taken  in  doses 
of  from  gr.  v.  to  gr.  xx.  every  two  to  four  hours. 

In  all  cases  of  diarrhoea  that  are  severe  or  persistent  the 
body  should  lie  kept  constantly  and  consciously  warm, 
thus  lessening  internal  congestion.  The  body  should  be 
in  a  horizontal  posture  as  many  hours  as  possible  ever}' 
tlay,  since  this  favors  recovery  from  intestinal  diseases. 

The  treatment  <if  many  of  the  more  chronic  forms  of 
diarrhiva  b\'  enterocU'sis  or  by  injections  of  sterilized 
water  containing  various  medicaments  is  very  proper. 

iforman  Bridge. 

DIARRHCEA.  INFANTILE.  —  Definition-.— Diarrhcea 
is  a  term  used  to  designate  all  conditions  arising  from  an 
increased  motor  and  secretory  activity  of  the  intestinal 
tract.  It  is  thus  but  a  symptom,  and  may  be  met  with 
in  ever}-  degree  of  severity,  from  a  mere  looseness  of  the 
Ijowels  to  a  profuse  watery  drain,  exhausting  the  patient 
and  resulting  in  death  within  a  few  liours.  Infants  are 
peculiarly  susceptible  to  diarrheal  disorders,  which  tend 
in  them  to  run  a  more  severe  course,  and  to  terminate 
more  often  fatally,  than  is  the  case  in  older  children  or 
in  adults. 

Classific.a^tion. — It  is  very  difHcult  and  probably,  in 
our  present  state  of  knowledge,  impossible  to  give  a  satis- 
factory and  scientific  classification  of  the  diarrhoeas  of 
infants.  All  do  not  fall  into  any  grouping  according  to 
pathological  anatomy,  for  some  are  functional  and  leave 
no  lesion.  Booker  has  made  an  attempt  at  a  .scientific 
<'lassiIication  ba.sed  on  the  bacteriology  of  the  discharges. 
But  our  present  knowledge  of  bacteriology,  and  the  fact 
that  all  diarrho'as  arc  not  of  bacterial  origin,  render  this 
incomplete.  One  is  forced,  then,  to  make  use  of  an  enu- 
meration rather  than  a  classitication.  For  convenience 
of  study  we  would  offer  the  following : 
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DiarrlicM. 

Acute. 

1.  Non-infectious, 
(rt)  Mechanical. 

(b)  Irritative  (drugs,  etc.). 
(e)  Nervous. 
((?)  Eliminative. 

2.  Infectious. 

(«)  Acute  mycotic. 

(b)  Chcilera  infantum. 

(c)  Ileo  colitis. 
.  Chronic. 

I.  Acute  Diarrhcea. 


1.  NoN-lNFECTlors. — ((()  The  uKrluinkal  dinrvho'nsrc- 
sult  from  the  ingestion  of  foreign  bodies  or  of  foodstuffs 
which,  from  their  character  or  their  unsuitability  to  ilie 
feeble  iligesti<in  of  the  infant,  act  as  mere  foreign  bodies. 
By  directing  blood  and  nervous  energy  to  the  intestine  in 
the  absence  of  absorption,  this  material  then  produces 
diarrho'a  until  nature  or  a  purgative  empties  the  intes- 
tines. The  commonest  materials  leading  to  thisdiaiTlKca 
are  jmrlly  cooked  cereals,  the  coarser  vegetables,  unripe 
fruit,  nuts,  etc.  The  symptoms  are  tho.se  of  acute  indi- 
gestion. Following  vomiting  perhaps,  come  colic,  some 
distention,  and  diarrha'a.  An  uncomplicated  case  shows 
no  pathological  changes. 

(h)  The  above  merges  im])erceptibly  into  the  initnlire 
diai-r/iivti  where  such  irritating  substances  as  the  organic 
acids  of  fruit,  or  their  seeds,  or  various  drugs  are  added 
to  the  offending  material.  The  various  drugs,  which  in 
adults  jiroduce  diarrho'a,  do  not  fref|uently  come  into 
question,  but  too  drastic  purgatives  often  leave  a  hyjier- 
a'Sthesia  which  produces  abiKirmal  iieristalsis  and  .secre- 
tion until  .soothed  by  suitable  treatment.  Congestion  and 
catarrh  are  rapidly  iiroduced,  and  steadily  proceed  to 
ulceration  in  the  lower  bowels  if  treatment  is  not  pronijit. 
The  symptoms  are  those  of  the  previous  group  intensi- 
fied. 

{e)  Xerivi/s  diiirrJueas  form  a  large  and  iniportimt 
group  of  cases.  The  process  of  dentition  is  probably  an 
irritation  which  leads  to  diarrha-a  by  reflex  action.  There 
certainly  are  diarrhaas  which  apjiear  with  the  onset  of 
dentition,  persist  in  spite  of  ordinary  treatment,  and  cease 
on  the  eruption  of  the  teeth.  These  cases  dragon  longer 
than  the  above,  the  symptoms  vary  in  intensity  irrespec- 
tive of  careful  regular  diet,  and  the  child  remains  irri- 
table, restless,  and  sleepless. 

Fright  and  surprise  may  cause  slight  temporary  diar- 
rha'a. Fatigue  arrests  digestion,  and  so  causes  diarrhoea. 
Cold,  especially  a  sudden  drop  in  the  temperature,  is  a 
fruitful  source  of  diarrhtea  in  infants  as  in  adults,  acting 
probably  through  nervous  and  vasomotor  mechanism. 
In  the  same  way  and  by  general  depression,  extreme 
heat  is  the  all-important  cause  of  summer  diarrhoeas. 

(d)  Elimimiilre  diarrhcea  occurs  in  cases  having  an  in- 
efficiency of  excretory  organs  other  than  the  intestines, 
or  toxa'mias  of  any  kind.  Renal  inetficiency  provides 
the  commonest  example  so  far  as  we  know,  and  Holt 
suggests  that  the  diarrhoea  met  in  acute  infectious  fevers 
is  of  tills  nature.  In  this  entire  group  of  non-infectious 
diarrha-as,  if  the  condition  is  promptly  cured  by  nature  or 
b}'  treatiuent.  and  no  comjilications  are  added,  there  is 
nothing  typical  in  the  stools.  The  bacteria  found  are 
those  of  the  normal  intestine.  If  the  irritation  is  of  mod- 
erate degree  and  of  short  duration,  one  may  find  only  in- 
creased frequency  of  fairly  well  digested  stools,  i.e..  the 
only  result  is  increased  peristalsis.  Greater  or  longer 
irritation  will  produce  more  fluid  in  the  stools — increased 
secretion.  If  the  disturbance  lasts  many  hours  the  liver's 
functions  are  affected,  and  one  finds  dark  brown,  green- 
ish, or  grass-green  stools,  on  the  one  hand,  or  motions 
suggesting  clay  or  chalk  on  the  other,  as  the  biliary  func- 
tions are  variously  perverted  or  inhibited.  Foods  in  va- 
rious stages  of  digestion  are  recognized. 

3.  iNFECTiors  DiAKRUCEAs. — ((/)  Acute  Mt/cotic  (kcwie 
(Jastro-enteric  Infection). — This  is  the  great  summer  trou- 
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ble  of  infants,  occurring  as  regularly  as  does  the  heat  of 
summer.  In  this  form  of  disease  bacteria  or  their  to.xius 
make  their  way  into  the  general  circulation.  Thus  a 
grave  systemic  intoxication  is  added,  and  the  most  alarm- 
ing syn".ptoms  now  depend  on  the  poisons  which  are 
circulating  about  the  vital  centres.  These  poisons  are 
not  necessarily  introduced  as  such  from  without,  but  while 
the  heat  arrests  all  digestion,  putrefaction  produces  toxic 
material  which  is  duly  absorbed.  Thus,  any  cause  of 
arrest  of  digestion  may  liecome  the  cause  of  acute  my- 
cotic diarrha?a.  The  exciting  cause  is  f  recjuently  also  the 
direct  introduction  into  the  alimentar_v  tract  of  infection. 
Thus  both  saprophj-tic  bacteria  and  the  well-known  in- 
fecting forms  iproteus,  pneumococci,  streptococci,  etc.) 
may  be  the  immediate  cause.  Feeding  infants  upon 
cow's  milk  which  has  been  brought  from  a  distance,  and 
kept  perhaps,  in  hot  weather  and  dusty  cities,  provides 
the  ideal  conditions  for  infection.  (This  suggests  the 
cpiestion  of  contagion  as  well  as  infection :  and  disinfec- 
tion, at  least  as  much  as  we  advise  in  the  case  of  typhoid 
fever,  is  recommended.)  Predisposing  causes  are  age 
(from  birth  to  two  years),  general  feebleness  from  what- 
ever cause,  bad  hygienic  surroundings  (including  insti- 
tutional life'i.  andany  interference  with  the  barrier  formed 
by  the  normal  mucous  membrane  of  the  alimentar_v  tract. 
Thus  any  inlluence  which  damages  the  mucous  mem- 
brane is  the  all-important  predisposing  cause.  As  con- 
tinued congestion  lowers  the  nutrition  of  the  epithelium, 
probably  this  alone  prevents  tlie  perfect  protection 
again.sl  absorption  of  toxic  material.  Greater  degrees  of 
damage  are  catarrh  and  superficial  ulceration.  As  these 
are  all  produced  by  the  previously  mentioned  nouiufcc- 
tious  troubles  when  the  latter  are  not  promptly  cured, 
we  lind  that  an  uncured  attack  of  non-infectious  diarrlia-a 
is  a  very  frequent  predisposing  cause  of  acute  mycotic 
diarrhiea. 

Si/iitjitoiiin.  The  .symptoms  may,  in  mild  cases,  be  those 
of  the  previous  groujis  slowly  and  gradually  exaggerated 
and  prolonged.  Jlere  diarrhnea  may  for  a  day  or  two 
be  the  only  sj'mptom,  but  at  a  time  wlien,  in  (he  non- 
infectious cases,  recovery  takes  place,  the  child  in  this 
disease  becomes  more  peevisli  and  fever  may  appear. 
Here  time  is  often  lost  by  parents,  and  the  physician  is 
called  when  too  late  to  prevent  systemic  infection.  The 
stools  become  more  frequent  and  Huid,  and  evidences 
of  systemic  disease  become  prominent.  These  are  fever, 
restlessness,  rapid  pulse,  beginning  pallor,  and  loss  of 
weight.  Other  eases  maybe  recognized  as  mycotic  from 
the  onset,  which  is  sudden  and  severe.  Violent  vomiting, 
high  fever,  and  severe  nervous  symptoms,  such  as  stupor, 
delirium,  or  convulsions  may  usher  in  the  attack.  In- 
creasing diarrha>a  soon  appears  and  rapidly  leads  to  the 
usual  signs  of  exhaustion  of  fluids  from  (he  body,  e.;/.. 
thirst,  dry  tongue  and  skin,  sunken  eyes  and  fontanels. 
The  child's  age,  nutrition,  and  constitution  now  largely 
determine  the  course  of  the  sj-mjitoms.  Puny  infants 
succumb  in  several  days,  perhaps  in  spite  of  treatment. 
Even  mild  attacks  often  linger  a  week  or  more  with 
symptoms  of  varying  severity,  while  severe  cases  linger 
longer.  In  all  a  marked  indiscretion  of  diet  precipitates 
a  serious  and  prolonged  relapse  or  throws  the  case  into 
the  group  of  ileocolitis.  As  improvement  sets  in,  fever 
and  the  nervous  symptoms  diminish  and  disitppear  more 
rapidh*  than  the  local  manifestations. 

Piitlioloyy.  Stools  rapidly  become  fluid  and  bulky, 
containing  undigested  food  particles.  Various  tints  from 
yellow  and  brown  to  greens  appear,  and  the  motions  are 
early  characterized  by  an  unusual  otfensiveuessand  much 
flatus.  Occasionally  in  a  sudden  virulent  case  the  only 
discharge  after  the  iirst  few  evacuations  is  a  clear  yellow 
fluid.  At  least  at  the  onset,  the  stools  are  of  acid  reac- 
tion. Microscopically  one  finds  food  ]5articles,  epithelial 
cells,  scanty  leucoe>-tes.  and  hosts  of  bacteria.  The  in- 
formation from  the  stools  is  still  unsatisfactory,  and  the 
list  of  bacteria  is  as  yet  incomplete. 

The  stomach  may  show  patchy  congestion,  but  it  is  in 
the  lower  part  of  the  small  bowel  and  in  the  colon  that 
lesions  are  found.     TJie  upper  parts  of  the  small  bowel 


are  generally  emptj-  and  the  mucous  membrane  is  normal. 
The  ileum  generally  contains  such  material  as  one  finds 
in  the  stools  in  life,  or  its  mucous  membrane  shows 
an  intense  congestion,  while  the  lymphatic  structures 
(Peycr's  and  solitary)  are  congested  and  swollen.  Con- 
gestion has  gone  on  to  catarrh  in  many  parts,  particu- 
larly in  the  colon  where  mucus  frequently  adheres  to  the 
lining  membrane.  The  stomach  and  various  parts  of  the 
colon  are  often  distended  with  gas. 

(h)  Chiilcra  Infantum. — This  term  isstill  used  forthose- 
severe  vindent  infections  accompanied  by  rapid  develop- 
ment of  cholerifoiTn  diarrhoea  and  grave  depression  of 
the  heart,  the  nerve  centres,  and  the  nervous  system  gen- 
erally. The  terminal  symptoms  are  due  to  the  extreme 
abstraction  of  fluid.  In  some  cases  grave  .systemic  symp- 
toms, such  as  liigh  fever  and  general  depression,  arc  pres- 
ent liefore  any  local  symptoms  appear.  Vomiting  and 
diarrhcea  may  come  on  simultaneously,  and  very  fre- 
quent, large,  watery  discharges  occur  with  alarming  rap- 
idity leading  quickly  to  grave  prostration  and  signs  of 
extreme  abstraction  of  fluid.  The  stools  often  resemble 
rice  water  and  may  Vie  odorless,  but  are  occasionally  very 
offensive.  Thus  the  onset,  the  symptoms,  the  course, 
and  the  pathology  show  this  condition  to  be  an  example 
of  the  jtreceding  group  with  greatly  exaggerated  viru- 
lence. Cases  which  do  not  end  fatally  in  about  twenty- 
four  hours  show,  when  treated,  considerable  control  of 
the  local  symptoms,  while  the  nervous  manifestations 
linger  more  obstinately.  Those  dying  early  show  ex- 
treme collapse,  high  fever,  clammy  skin,  threadv  pulse, 
etc.,  as  in  cholera.  Patients  who  slowly  improve  maj' 
lapse  into  ileocolitis.  Holt's  experience  is  against  the 
idea  that  renal  or  cerebral  affection  accounts  for  the  ner- 
vous symptoms  or  the  fatal  tennination.  A  very  sudden- 
relapse  after  marked  signs  of  improvement,  rapidly  de- 
velops the  most  dangerous  symptoms. 

Patlwloffi/.  The  lesions  still  are  confined  to  congestion 
and  catarrh,  especially  in  the  above-mentioned  localities, 
but  the  reaction  ajipears  more  angry,  and  microscopicallj' 
one  finds  much  more  numerous  epithelial  cells  in  the  dis- 
charges. Thus  we  are  heie  just  on  the  verge  of  gross- 
loss  of  substance,  in  fact,  the  patient  generally  dies  be- 
fore the  poison  lias  had  time  to  erode  the  mucous  mem» 
brane. 

(c)  Aoite  Ileo-Colitin  (Dysenterv). — In  this  group  we 
place  those  cases  which  show  a  pathological  process  more 
advanced  than  mere  congestion,  with  exaggerated  func- 
tion (mucus  production)  and  degeneration  (shedding  of 
cells)  of  the  epithelial  lining  of  the  intestine.  "We  now 
find  all  grades,  from  a  slight  superficial  abrasion  to  large 
deep  ulcers  with  undermined  edges,  involving  perhaps 
all  coats  of  the  bowel  (dysentery). 

Etiology.  What  has  been  said  above  on  etiology  ap- 
plies here,  as  we  are  general!)'  dealing  with  an  advanced 
stage  of  one  and  the  same  process.  Typical  cases  are 
seen  up  to  five  years  of  age  or  more. 

PathiiJoriji.  Booker  found  streptococci  almost  con- 
stantly [iresent  in  the  deeper  idcerations,  but  they  may 
be  only  secondary,  Colien  and  others  have  found,  in  a 
small  number  of  cases,  the  amoeba  coli  in  the  stools  of 
t^-pical  examples.  But  such  is  not  the  cause  of  the  host 
of  cases  occurring  with  regularity  in  every  summer  and 
following  steadily  on  the  milder  forms  when  improve- 
ment does  not  occur. 

As  in  the  milder  forms,  the  lesions  are  found  in  the 
lower  ilemn  and  the  colon. 

1.  The  mildest  fonn  of  lesion  is  an  inflammatory  infil- 
tration into  the  catarrhal  area  with  swelling  of  the  mu- 
cous membranes,  and  particularly  the  solitary  follicles. 
The  infiltration  may  extend  into  the  submucosa.  and  pro- 
duce a?dema  which  gives  the  surface  a  velvety  appearance. 
Microscopically  one  finds  great  shedding  of  epithelial 
cells,  the  goblet  cells  distended  witli  mucus,  the  glandu- 
lar orifices  narrowed  or  obliterated  by  pressure,  and  a 
large  amount  of  mucous  debris,  great  congestion,  and 
occasionally  hemonhagic  areas. 

2.  A  more  advanced  stage  is  a  catarrhal  ulceration. 
which  is  extensive  perhaps,  but  not  deep,  being  limited 
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by  tlie  mucosa  and  showing  generally  a  lymph  follicle 
witliin  it.  If  the  ulci-r  is  extensive  tlie  suliiniieosa  is  iutil- 
tnited.  but  oue  does  not  see  prominent  etljres  to  tlie  nicer. 

3.  Follicular  ulceration  is  the  connnonest  lesion.  A 
small  ulcer  is  seen  on  a  solitary  follicle  in  places,  while 
in  others  the  entire  follicle  breaks  dowu  leaving  a  round 
ulcer  with  overhanging  edges,  and  often  exposing  the 
muscular  coat.  Infiltration  continues  extending  beyond 
the  follicle,  and  later  this  infiltrated  area  breaks  down 
chietly  in  the  submucosa.  thus  enlarging  the  ulcer  by 
undermining  the  mucosa.  In  severe  prolonged  cases  the 
circular  layer  of  the  muscularis  idcerates.  Perforation 
rarely  or  never  occurs.  If  recovery  takes  place  cicatriza- 
tion is  delayed  for  several  months. 

4.  Membranous  ileocolitis,  which  is  fortunately  rare, 
is  the  most  virulent  form.  Slight  pseudo-membrane  is 
seen  in  the  lower  ileum  and  tliroughout  the  colon,  of  a 
gray  or  green  color  with  deficiencies  here  and  there, 
through  which  the  mucous  membrane  may  be  seen  in- 
tensely injected,  dull,  and  rough.  Microscopically,  fibrin 
<-onlaining  small  round  cells,  red  blood  cells,  and  l>acteria. 
is  seen  to  form  the  membrane,  and  may  be  seen  invading 
the  mucosji  and  sulimucosa.  Inflammatory  infiltration, 
ledema,  and  the  pseudo-membrane  greatly  thicken  the 
bowel. 

Si/>iiptoms.  In  the  cases  due  to  inflammatory  infiltra- 
tion the  onset  is  sudden,  though  the  first  twenty-four 
hours  may  be  taken  up  by  symptoms  of  mere  indiges- 
tion, pain,  vomiting,  and  repeated  stools.  Ijiter.  the  old 
t-lassical  symptoms  of  dysentery  appear,  frequent  small 
stools  consisting  mostly  of  blood  streaked  mucus,  passed 
with  great  pain,  and  tenesmus  threatening  prolapse  of 
tlie  rectum.  The  motions  generally  become  dark  brown 
in  color,  and  tenderness  is  elicited  over  the  colon,  Hi.eh 
fever  slowly  and  gradually  becomes  moderate,  while 
prostration  slowly  increases.  Symptoms  always  remain 
severe  as  long  as  a  week,  the  first  improvement  in  the 
stools  being  the  disappearance  of  blood:  then  the  fre- 
(juency  and  tenesmus  diminish,  while  the  mucus  lingers 
for  weeks.  In  catarrhal  ulceration  all  is  more  severe,  the 
noticeable  additions  being  steady  high  fever,  very  fre- 
ijuent  stools  now  containing  much  blood,  greater  pros- 
tration, and  nervous  symptoms.  If  death  does  not  occur 
the  case  remains  obstinately  severe  for  weeks  when  com- 
plications are  likely.  Improvement  and  convalescence 
are  very  tedious,  and  recovery  is  occasionally  incomplete. 

Follicular  ulceration  may  be  ushered  in  with  sudden- 
ness or.  as  is  more  frequently  the  case,  symptoms  are 
subacute  and  gradual,  as  one  would  expect  from  lesions 
of  a  chronic  inflammation.  In  the  former  case  one  finds 
high  fever  and  in  the  latter  a  rather  steady  moderate 
fever  (about  10(V).  The  lesions  are  so  chronic  and  slug- 
gish that  blood  is  generally  absent  from  the  stools,  whose 
typical  feature  is  abundant  mucus  with  numerous  eiii- 
tiielial  cells  and  small  round  cells.  Very  steady,  though 
slow,  failure  in  nutrition,  color,  and  weight  continue,  with 
loss  of  appetite  and  grave  trophic  disturbances  (bedsores); 
ulcers  in  the  mouth,  pain,  and  absence  of  tenesmus  con- 
firm the  chronicity  of  the  local  inflammation. 

The  most  virulent  form,  the  membranous  inflammation, 
produces  a  sudden,  severe  onset  of  symptoms  with  vom- 
iting, high  fever,  and  fluid  stools.  Very  early  the  tem- 
perature may  be  lietween  102'  and  10o\  and  it  is  typi- 
cally steady  and  high.  Systemic  symptoms,  prostration, 
delirium,  etc.,  appear  at  the  onset  and  are  grave.  Pain 
and  tenesmus  are  severe,  but  wellnigh  constant,  not  in- 
termittent, as  in  the  previously  described  cases.  Prolapse 
is  frequent  and  reveals  sometimes  an  angry  mucous  mem- 
brane. su|iporting  pseudo-membrane.  Stools  show  more 
blood  than  less  virulent  cases,  and  portions  of  pseudo- 
membrane  are  to  be  looked  for.  Small  pieces,  gray  and 
■  opaque,  are  easily  recognized. 

II.    CnKOXfC   DiAERHCEA. 

Chronic  diarrhoea  completes  our  classification,  but  is 
not  a  specific  affection,  inasmuch  as  it  may  be  the  result 
of  any  lingering,  obstinate  acute  case  of  the  previous 


groups.  Thus  it  may  be  caused  by  an  acute  diarrhoea 
lapsing  into  chronicity  or,  as  it  o'ften  does  in  young 
foundlings,  it  may  result  from  months  of  indigestion 
with  the  irritation  of  jiartly  digested  food  particles.  In 
the  lattercasesatropliic  eondilidiisof  secretory  apparatus 
and  of  the  mucous  membrane  generally,  jdays  an  impor- 
tant part.  In  suili  conditions  feniientation  is  ever  pres- 
ent anil  toxic  material  is  constantly  being  absorbed,  and 
a  mild  chronic  intoxication  occui-s  and  may  lead  toward 
marasmus,  while  intercurrent  disi'ase  is  always  |irobable. 
Thes*'  are  the  cases  one  meets  with  in  puny  foundlings 
which  show  slight  gains  alternating  witli  slight  losses  or 
a  long,  slow  decline  without  any  acute  disease. 

I)fA(iX(>sis. — (Gastroenteric  symjitoms  freiiueiilly  usher 
in  almost  any  acute  disease  in  infants  in  summer.  TliLs 
is  particularly  the  case  in  luieumonia  and  tonsillitis;  hence 
in  every  case  a  careful  examination  of  the  chest  and 
throat  should  be  made. 

The  non-infectious  diarrha'as are  characterized  by  their 
mildness  and  by  the  rapidity  with  which  they  subside. 
The  infectious  forms  are  generally  characterized  by 
higher  temperature  and  more  severe  dislurbances  of  the 
nervous  system  than  is  the  rule  in  the  former  class  of 
cases.  The  infectious  forms  are  generally  marked  by 
highly  offensive  fluid  evacuations,  and  they  occur  epi- 
demically in  summer. 

Ileocolitis  can  be  recognized,  only  after  the  lapse  of 
several  days,  by  the  persistence  of  temperature  and  the 
appearance  of  blood  and  large  (luantities  of  mucus  in  the 
motions.  The  pain  and  tenesmus  are  more  marked  than 
in  any  other  form. 

Cholera  infantum  can  usually  be  recognized  without 
difficulty  Viy  the  severity  of  the  general  symptoms  and 
by  the  fluid  and  offensive  motions. 

The  onset  of  typhoid  fever  may  be  accompanied  by 
diarrhffia,  but  this  disease  is  rare  in  infancy,  and  is  not 
likely  to  occur  unless  the  disease  is  epidemic.  The  Widal 
test  may  be  resorted  to.  but  cannot  be  relied  upon  for 
diagnosis:  it  is  not  infrequently  absent  until  later  on  in 
the  disease  in  the  case  of  infants. 

Intussusception,  which  may  be  confounded  with  ileo- 
colitis, is  to  be  distinguished  by  the  absence  of  elevated 
temperature  for  the  first  few  days. 

Prognosis. — In  the  nou  infectious  forms  the  prognosis 
is  invariably  favorable,  except  in  so  far  as  they  open  the 
way  for  general  gastroenteric  infection.  In  the  infec- 
tious forms  the  prognosis  depends  on  the  general  condi- 
tion of  the  child,  the  virulence  of  the  infection,  and  the 
efficacy  of  treatment,  hygienic  and  medicinal. 

In  the  case  of  young  infants  suffering  from  chronic 
dyspeptic  troubles,  the  occurrence  of  an  infectious  diar- 
rha'a  is  an  extremely  serious  matter.  Even  an  apparently 
mild  attack  may  prove  fatal,  hence  a  guarded  prognosis 
should  always  be  given.  The  favorable  symptoms  are  a 
decrease  in  the  temperature  and  in  the  frequency  of  the 
motions  w/kh  associnted  irit/i  an  improrvment  in  the  yeiteral 
appearance  and  in  the  character  of  the  pnlge. 

The  prognosis  is  rendered  more  serious  by  the  presence 
of  a  higher  temperature,  more  watery  movements,  sup- 
pression of  urine,  sighing  and  feeble  respiration,  and  a 
weak  and  intermittent  pulse. 

Complications. — No  comiilications  are  to  be  met  with 
in  the  non-infectious  forms  of  diarrlia-a. 

Probably  the  most  common  complication  of  the  infec- 
tious forms  is  broncho-pneumonia.  Its  onset  is  generally 
very  insidious:  it  is  generally  accompanied  by  an  increase 
in  the  respirations  and  a  distinct  rise  in  the  temperature. 
The  physical  signs  are  obscure,  but  when  noted  are  gen- 
erally found  at  the  base  of  the  lungs.  Symptoms  of  cere- 
bral congestion  are  occasionally  encountered. 

Parenchymatous  nephritis  is  a  rare  complication,  but 
it  has  been  noted  in  several  instances.  Koplik  iiltdical 
Record,  April  1st,  1899)  considers  that  it  is  more  common 
than  ordinarily  supposed.  When  the  affection  is  of  a 
mild  type,  nothing  may  be  found  but  a  slight  albumi- 
nuria; when  severe,  it  is  manifested  by  restlessness  al- 
ternating with  periods  of  a  sort  of  stupor.  It  may  be 
accompanied  by  a^lema  of  the  skin  and  subcutaneous  tis- 
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sues,  and  is  generally  associated  with  more  or  less  com- 
plete suppressiou  of  urine.  The  complication  may  ap- 
pear early  or  late,  and  its  severit}"  is  not  dependent  on  the 
severity  of  the  primary  disorder. 

Prophylaxis. — The  infant  mortality  from  diarrhoea! 
disease  of  any  city  is  in  direct  proportion  to  the  ignorance 
of  its  inhabitants.  As  our  knowledge  of  the  etiology  of 
these  diseases  has  increased,  it  has  brought  with  it  in- 
creased possibility  of  prevention.  In  the  last  decade  the 
infant  mortality  returns  of  most  of  the  large  cities  in 
America  show  a  definite  downward  tendency,  due  to 
better  preventive  methods  being  adopted  on  a  large  scale, 
and  to  improved  methods  of  diagnosis  and  treatment. 

JIuch  can  be  done  in  the  way  of  prevention  by  im- 
proving the  general  hygienic  surroundings  of  children. 
In  cities  with  overcrowded  tenements  and  diit}'  streets 
these  diseases  flourish  as  soon  as  the  heat  of  summer 
makes  itself  felt. 

It  is  the  duty  of  all  civic  health  boaids  to  provide  open 
spaces  or  parks  where  children  may  play  in  the  fresh  air. 
These  parks  should  be  kept  clean,  and  shelter  should 
be  provided  by  means  of  trees  or  pavilions  from  the  di- 
rect rays  of  the  sun. 

Inspectors  should  be  appointed  whose  duty  it  should 
be  to  visit  houses  in  the  crowded  parts  of  the  city  and 
see  that  they  are  properly  ventilated  and  hygienically 
satisfactory.  By  means  of  these  inspectors  pamphlets 
may  be  distributed  giving  information  as  to  the  proper 
care  and  feeding  of  infants  and  children  during  the  hot 
season.  In  these  pamphlets  it  should  be  made  very  clear 
that  dentition  is  not  a  cause  of  diarrhoea,  and  that  loo.se- 
ness  of  the  bowels  in  infants  is  not  a  beneficial  but  a' 
hamiful  condition,  and  should  receive  prompt  attention. 

Th<-  milk  supply  of  all  cities  should  be  under  the  direct 
control  of  the  civic  board  of  health,  and  nothing  is  better 
established  than  the  relation  of  impure  milk  to  the  causa- 
tion of  diarrhoea.  It  is  not  sufficient  to  enact  that  milk 
shall  be  confiscated  and  the  vendor  punished,  when  it  is 
below  a  certain  standard  of  food  value.  Of  quite  as 
much  importance  as  the  percentage  of  total  solids  and 
fats  is  the  percentage  of  dirt  which  may  be  present. 

The  number  of  bacteria  per  cubic  centimetre  in  milk 
indicates  very  clearly  the  amount  of  dirt  present.  Jlilk 
that  contains  under  lO.O(X)  bacteria  per  cubic  centimetre 
may  be  accepted  as  pure  milk  and  fit  for  infant  feeding. 
Bitter  claims  that  the  maximal  limit  for  milk  that  is  fit 
for  food  is  50,000  bacteria  per  cubic  centimetre.  Dr. 
Turner  in  examining  one  hundred  and  seventeen  samples 
of  milk  in  Washington  found  only  fifty-two  to  contain 
less  than  .50,000  bacteria  per  cubic  centimetre;  and  some 
of  the  samples  contained  a  higher  number  of  bacteria 
than  the  sewage  water  of  the  city. 

Hence  the  importance  of  milk  inspectors  in  every  city, 
■whose  duty  it  should  be  to  examine  the  milk  and  inspect 
the  dairies,  the  cattle,  and  the  methods  of  caring  for  and 
transporting  the  milk. 

In  many  cities  noble  philanthropic  work  has  been  done, 
which  has  been  of  incalculable  value,  in  providing  the 
poor  with  a  pure,  clean  milk  at  the  sjime  price  ordinarily 
paid  for  an  inferior  article. 

In  warm  weather  particular  attention  slioidd  be  paid 
to  the  care  and  preparation  of  the  infants  food.  All 
utensils  employed  in  the  preparation  of  the  food  should 
be  sterilized  b}'  boiling  daily.  When  possible  the  day's 
supply  should  be  prepared  in  the  morning  and  kept  on 
ice.  When  possible  a  separate  bottle  should  be  provided 
for  each  feeding,  and  into  it  the  proper  amount  should 
be  put  as  soon  as  prepared.  These  should  he  stopped  with 
sterilized  cotton,  care  being  taken  to  wipe  the  mouth  of 
each  bottle  dry  before  corking.  All  nipples  should  be 
scrubbed  and  boiled  daily  and  should  be  kept,  when  not 
in  use,  in  a  saturated  solution  of  boric  acid  or  else  in  a 
solution  of  bicarbonate  of  soda  one  drachm  to  the  pint. 

During  the  summer  season  it  is  a  good  general  rule  to 
give  infants  as  little  food  as  possit)le.  A  more  dilute 
food  and  a  longer  interval  between  feedings  than  in  cold 
weather  will  be  found  to  give  the  best  result. 

Plenty  of  sterilized  water  should  be  supplied  in  warm 


weather  as  the  infant  is  far  more  likely  to  be  thirsty  thaa 
hungry. 

Over-feeding,  too  frequent  feeding,  and  the  use  of  im- 
proper foods  are  important  dangers  to  the  infant  in  warm 
weather. 

Prompt  attention  should  be  given  to  all  slight  gastro- 
enteric derangements  in  warm  weather.  A  water  diet 
for  a  few  hours  and  a  gradual  return  to  the  ordinary  food, 
may  be  all  the  treatment  necessary  to  ward  off  an  im- 
pending attack  of  diarrha^a. 

The  sterilization  of  milk  by  heating  it  to  a  temperature 
of  100°  C,  although  it  destroys  all  bacteria,  is  to  be 
avoided,  as  by  such  a  process  tlie  value  of  the  fluid  as  a 
food  is  greatly  depreciated,  and  it  is  also  altered  in  taste 
and  smell. 

When  a  perfectly  pure  milk  can  be  obtained  it  is  better 
emplo3'ed  raw,  but  as  this  is  rarely  possible  in  large  cities, 
it  is  much  safer  to  pasteurize  it.  This  may  be  accom- 
plished by  heating  to  60°  C.  (140°  F. ),  at  which  point  it 
should  be  kept  for  fifteen  minutes,  when  the  vessel  con- 
taining it  is  to  be  placed  on  ice.  This  process,  according 
to  Russell,  kills  from  98  to  99. S  per  cent,  of  all  bacteria 
present  in  milk,  without  interfering  in  anj-  way  with  the 
value  of  the  fluid  as  a  food. 

Treat.mext. — Hygienic  Treatment.  In  all  cases  of  sum- 
mer diarrhoea  fresh  air  is  of  the  greatest  importance.  The 
patient  should  be  kept  out  of  doors,  in  the  coolest  and 
shadiest  spot  available.  AVhen  this  is  not  possible,  the 
sick-room  should  be  cool,  airy,  and  not  too  bright. 
Quietness  is  essential,  for  the  little  patients  are  frequently 
highly  nervous  and  irritable. 

The  patient  should  be  left  alone  as  much  as  possible  in 
cot,  cradle,  or  perambulator,  and  should  not  be  handled 
or  petted. 

If  the  attack  does  not  yield  to  the  treatment  employed, 
the  child  should  be  removed  to  the  seaside  or  mountains, 
after  the  most  acute  symptoms  have  been  controlled, 
more  good  often  being  accomplished  by  a  change  of  air 
than  by  all  other  means. 

The  clothing  should  be  of  the  lightest  material,  a  sin- 
gle long  gown  of  thin  flannel  being  the  most  suitable 
garment.  If  there  is  much  perspiration  a  thin  linen  or 
cotton  gauze  under-vest  may  be  worn  next  the  skin. 
The  clothing  should  be  so  arranged  that  it  may  be  re- 
n\oved  without  disturbing  the  child,  and  should  be 
changed  whenever  soiled. 

The  sick-room  should  be  kept  scrupulously  clean  and 
free  from  dust.  All  soiled  clothing  and  diapers  should 
be  removed  from  the  room  immediately.  The  diapers 
should  be  placed  in  a  disinfectant  solution  forsome  hours 
before  being  washed  and  boiled. 

Bathing  is  valuable  in  that  it  allays  restlessness  and 
reduces  the  temperature  of  the  patient.  To  insure  clean- 
liness the  child's  body  may  be  sponged  with  alcohol  and 
water  several  times  daily,  but  when  it  is  desired  to  re- 
duce the  temperature  the  cold  pack  or  tub  bath  should 
be  employed. 

When  the  body  temperature  is  high  and  the  extremi- 
ties feel  cold,  the  writer  prefers  the  cold  pack.  (1)  The 
mattress  of  the  bed  or  cradle  is  to  be  protected  by  a  rub- 
ber sheet  or  oilcloth  over  which  is  laid  a  small  blanket; 
(2)  an  ordinary  large  towel  is  then  wrung  out  of  water  at 
a  temperature  of  70°  F.  and  wrapped  about  the  child's 
body  and  arms,  reaching  down  to  about  the  knees.  A 
hot-water  bottle  is  applied  to  the  child's  feet.  Cold 
water  may  be  sprinkled  from  time  to  time  on  the  towel 
without  removing  it  from  the  child's  body.  To  increase 
evaporation  the  child  should  be  briskly  fanned  while  it 
is  in  the  pack.  The  patient  may  remain  in  such  a  pack 
for  from  fifteen  minutes  to  an  hour.  As  soon  as  the  body 
temperature  has  been  sufficiently  reduced  the  pack  may 
be  removed,  and  the  child  put  into  fresh,  dry  clothing 
with  as  little  disturbance  as  possible. 

The  temperature  of  the  bath,  when  this  means  is  em- 
ployed to  reduce  the  fever,  should  be  about  10(1°  F.  when 
the  child  is  put  into  it.  When  possible  a  small  child's 
bath  should  be  used,  and  it  -should  contain  sufficient 
water  to  cover  completely  the  body  to  the  neck.     The 
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teiupcrature  of  the  water  in  tlie  bath  should  then  be  re- 
duced to  SO  or  S.")'  F.  by  addiuj;  iee.  AVhik-  the  child  is 
iu  the  bath  its  head  should  be  supported  by  the  uurse. 
and  its  body  should  be  briskly  rubbed  so  as  to  promote 
the  eircidatiou.  The  chiid  shcuild  remain  in  the  bath  for 
from  ten  to  thirty  minutes,  acconlinj;  to  the  requirements 
of  the  case.  The  child's  temperature  should  be  taken  by 
placing  the  thermometer  in  the  rectum  live  minutes  after 
it  has  been  removed  from  the  bath. 

Properly  and  carefully  given,  a  cold  bath  should  not 
frighten  or  e.xhaust  the  little  patient. 

The  bath  or  ])aek  is  iiidicat<'il  when  the  body  tempera- 
tiu-e  rises  above  lllO:  F..  and  it  may  be  repeated  as  often 
as  reipiired  to  contrcpl  the  temperature. 

K.xeoriations  of  the  buttocks  and  genitals  should  re- 
ci'ivccareful  attention.  The  iiarts.should  be  washed  with 
weak  liicarbonate  of  soda  solution,  carefully  dried  with 
cotton  wool  or  soft  linen,  anil  then  dusted  with  berated 
talcum,  simple  starch,  or  sic'arate  of  zinc. 

Dittdic  'rriiitiiii  III. — In  all  forms  of  acute  diarrh(ea  in 
infancy  food  .should  be  entiiily  withheld  during  tlie  early 
stage. "  Digestion  and  assimilation  are  practically  arrested 
at  this  time,  and  food,  instead  of  being  of  assistance  to  the 
patient,  can  only  work  harm. 

For  the  first  twenty-four  hours  boiled  water,  in  the 
quantity  of  one  or  two  ounces,  to  which  a  pinch  of  salt, 
or  a  little  milk  sugar  has  been  added,  may  be  given  at 
intervals  of  one  or  t  wo  horns.  The  object  of  the  dietetic 
treatment  is  to  sujiply  the  simplest  nourishment  in  suit- 
alile  i|uantities  and  at  regular  intervals,  iu  order  not  to 
excite  ga.stro-enteric  irritation. 

^[Hk  xliiiiiltl  he  eiitinlii  irit/i/ithl  i/t  nil  eases. 
The  foods  selected  shoulil  be  tho.se  which  require  the 
least  effort  to  digest,  and  which  leave  the  mininuim 
amount  of  residue.  The  quantity  should  be  the  mini- 
mum pos.sible.  and  it  should  be  repeated  at  intervals 
which  will  insure  jicriods  of  entire  rest  to  the  stomach. 

The  return  to  the  ordinary  diet  should  be  slow  and 
carefully  regulated. 

E.xplieit  directions  in  regard  to  the  various  details  of 
treatment  should  be  given  to  the  nurse  or  attendant  in 
writing.  Food  prescriptions  should  be  made  out  with 
the  same  care  and  attention  that  is  usual  in  the  ordering 
of  drugs.  The  iiuantity.  quality,  and  frequency  of  ad- 
ministration should  be  carefully  set  down  so  that  no 
mistake  can  arise. 

The  difficulty  generally  is  to  find  a  suitable  article  of 
diet  that  the  patient  will  like  and  take  well.  In  order  to 
be  successful  the  resourceful  physician  will  have  a  list 
of  suitable  foods  which  may  be  tried  one  after  the  other, 
until  one  is  found  which  is  acceptable  to  the  child  under 
treatment. 

In  general,  the  quantity  of  nourishment  at  each  feed- 
ing should  be  from  one-fourth  to  one-half  the  amount 
given  in  health,  according  to  the  tolerance  of  the  stom- 
ach. 

The  interval  between  feedings  should  be  as  length}-  as 
possible.  It  is  seldom  necessiiry  to  nurse  or  feed  a  sick 
child  oftener  than  every  two  hours.  No  effort  should  be 
made  to  feed  by  the  mouth  until  gastric  irritability  has 
bec-n  controlled  and  no  vomiting  has  occurred  for  six  or 
eight  hours. 

Nurslings  after  a  short  period  of  starvation,  at  least 
twelve  hours,  may  be  put  to  the  breast  for  two  or  three 
minutes.  Nursing  may  then  be  permitted  every  four 
hours.  Between  the  nursings  whey,  or  sugar  of-milk 
solution  (live  per  cent.),  may  be  given,  so  that  the  infant 
is  fed  every  two  hours. 

Before  penuitting  the  child  to  be  put  to  the  breast,  the 
mother's  milk  should  be  examined,  provided  there  be 
any  reason  to  suspect  that  its  composition  may  disagree 
with  the  patient. 

The  problem  of  supplying  a  suitable  artificial  food  to 
infants  under  five  or  six  months  of  age,  who  have  been 
the  subjects  of  diarrho?a,  is  one  of  the  most  difficult  the 
physician  has  to  solve.  But  of  recent  years  this  problem 
ha.s  been  much  .simjilified  by  the  establishment  of  prop- 
erly managed  milk  laboratories  in  several  of  the  large 


cities.  Even  under  the  best  of  circumstances,  iu  Iiot 
weather  the  difficulties  are  almost  unsurinotin  table;  hence 
when  jiossible  a  suitable  wet-nurse  should  be  secured  for 
these  cases. 

After  the  period  of  "  water  diet "  the  question  to  be  de- 
cided is  whether  to  use  albuminous  or  farinaceous  tluids. 
It  is  the  habit  of  the  writers  to  employ  farinaceous  tluids 
when  the  motions  are  partictdarly  foul,  and  the  abdomen 
of  the  child  is  distended  with  gas.  When  these  condi 
tions  are  not  marked,  resort  may  be  had  to  dilute  broths, 
and  other  albuminous  fluids,  such  as  albumin  Tiater, 
li(|uid  peptonoids,  and  panopipion. 

The  farinaceous  fliuds  may  be  made  from  barley,  rice, 
oatmeal,  tapioca,  sago,  corn  starch,  arrowroot,  or  flour 
ball.  It  is  important  to  boil  these  foods  for  at  least 
three  hours  so  as  to  prevent  trouble  from  indigestible 
starch.  These  fluids  should  be  given  cold  or  just  slightly 
wanned,  and  the  younger  the  child  the  more  dilute 
should  the  fluiil  be.  It  is  im])ortant  in  all  cases  to  strain 
farinaceous  fluids  before  using  them. 

One  of  the  best  and  cheajiest  foods  of  this  class  is  the 
old-fashioned  flour  ball.  This  is  prepared  as  follows: 
Take  one  pound  of  good  wheat  flour  (unbolted  if  obtain- 
able), tie  it  up  very  tightly  in  a  strong  piece  of  cotton, 
place  in  a  saucepan  of  water,  and  boil  constantly  for  ten 
hours;  when  cold  remove  the  cloth  and  cut  away  the 
soft  outer  covering  of  dough.  The  firm  central  part  is 
then  to  be  grated  down  to  a  powder  as  required.  A  suit- 
able quantity  of  this  powder  is  then  rubbed  into  a  paste 
with  water  until  a  creamy  mixture  is  obtained.  To  this 
a  sutticicnt  amount  of  water  is  added  to  make  the  quan- 
tity required  for  a  feeding,  and  then  boiled  for  fifteen 
minutes. 

The  albuminous  food  substances  shoidd  always  be  well 
diluted;  as  they  do  not  keep  well,  they  should  be  pre- 
pared only  in  small  quantities. 

Albumin  water  is  prepared  by  squeezing  the  white  of 
one  egg  through  a  piece  of  sterilized  gauze  into  a  tea- 
cup full  of  boiled  cold  water.  To  this  may  be  added  a 
small  quantity  of  sugar  and  a  pinch  of  salt,  and  when 
necessiiry  a  teaspoonful  or  two  of  good  whiskey  or  brandy. 
Chicken  broth  and  veal  broths  are  also  extremely  useful. 
These  may  be  reduced  to  a  jelly,  of  which  a  small  quan- 
tity may  be  added  to  any  of  the  farinaceous  fluids,  as 
required.  The  juice  of  rare  beef,  expressed  by  means  of 
a  meat  press,  may  be  employed,  diluted  hi  the  proportion 
of  one  part  of  the  beef  juice  to  ten  parts  of  water,  or  any 
of  the  farinaceous  fluids.  Liquid  peptonoids  or  pano- 
pepton  may  bo  employed  diluted  in  the  same  proportion 
as  the  beef  juice. 

The  return  to  a  milk  diet  should  not  be  attempted  until 
several  days  after  the  motions  have  become  normal.  It 
may  be  begun  by  adding  one  teaspoonful  of  cream  to  the 
farinaceous  fluid  the  patient  is  receiving.  If  this  gives 
rise  to  no  distress,  the  quantit.y  may  be  gradually  in- 
creased. When  modified  milk  is  emplojed  the  fat  and 
the  casein  should  be  greatly  reduced.  To  begin  with,  a 
formula  of  fat  1'?.  sugar  65^,  proteid  O.^K.  may  be  tried. 
This  should  be  predigested  in  the  case  of  infants  under 
four  months.  If  it  is  well  borne  the  constituents  may 
be  gradually  increased.  Instead  of  using  sugar  solution 
in  the  modified  milk  mixture,  it  may  be  replaced  by  thin 
barley  or  rice  water. 

The  same  general  principles  apply  to  the  feeding  of 
older  childrem  Kumyss  or  matzoon  may  be  allowed  be- 
fore milk  is  given. 

After  an  attack  of  enterocolitis  the  diet  should  be 
carefully  regulated  for  months,  as  relapses  are  very  easily 
excited  by  improper  articles  of  food.  Oatmeal,  potatoes, 
tomatoes,"  corn,  and  all  kinds  of  fruits  shoulcl  be  for- 
bidden. 

The  abdomen  should  be  protected  by  wearing  a  flannel 
binder,  even  at  night,  as  sudden  changes  of  temperature 
are  to  be  avoided.  Fatigue,  exhaustion,  and  nervous 
strain  of  any  kind  are  liable  to  excite  a  recurrence  of  the 
malady. 

In  chronic  diarrhooa  the  diet  most  stiitable  is  that  em- 
ployed in  the  later  stages  of  acute  cases.     Albuminous 
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articles  are  to  be  preferred,  and  starches  and  fats  avoided, 
or  given  in  small  quantities,  the  effect  of  these  on  the 
stools  being  closely  watched. 

Medicinid  Treatment.  Pinyatires :  The  lirst  indication 
of  medicinal  treatment  is  to  evacuate  the  entire  digestive 
tract. 

The  initial  vomiting  may  have  cleared  the  stomach 
more  or  less  efficiently.  If  this  is  not  the  case,  some- 
simple  emetic,  such  as  ipecac  or  zinc  sulphate,  may  be 
employed  in  older  children,  but  in  infants  nothing  is  more 
efficient  than  stomach  washing.  If  this  be  impossible, 
large  draughts  of  water  should  be  administered  and  the 
vomiting  reflex  excited  by  tickling  the  fauces. 

The  colon  may  be  emptied  liy  irrigation,  but  to  clear 
the  small  intestine  cathartics  must  be  resorted  to.  The 
best  for  this  purpose  are  castor  oil  and  calomel. 

When  vomiting  is  not  marked  castor  oil  should  receive 
the  preference,  as  its  results  are  fairly  prompt  and  certain, 
and  its  after-effects  soothing.  The  proper  dose  is  one 
•drachm  to  a  child  under  six  months  of  age.  two  drachms 
to  one  a  year  old,  and  half  an  ounce  to  one  over  three 
years  of  age. 

If  vomiting  is  a  marked  initial  symptom  calomel  should 
be  employed.  Two  grains  may  be  given  at  one  dose,  or 
better,  gr.  ^  every  hour  up  to  eight  doses  or  until  the 
characteiistic  green  motions  are  seen.  This  has  a  favor- 
able effect  upon  the  vomiting,  and  is  valuable  both  as  an 
antiseptic  and  as  a  purgative. 

If  the  motions  occur  with  great  frequency  and  are 
fluid,  all  purgatives  should  be  avoided,  stomacii  washing 
and  colon  irrigation  taking  their  place.  It  is  necessary 
to  wash  the  stomach  out  only  once  as  a  rule,  but  the 
■colon  should  be  irrigated  several  times  daily. 

Antiseptics  and  Astringents :  The  value  of  intestinal 
antiseptics  in  diarrhoeas  of  infancj-  is  open  to  question. 
Tlie  writer  cannot  claim  any  great  faith  in  those  he  has 
employed.  Salol,  resorcin.  the  sulpho-carbolates,  car- 
bolic acid,  salicylate  of  soda,  and  several  others  have  all 
given  equal  satisfaction.  Salol  and  resorcin  in  gr.  i. 
•doses  every  three  hours  to  a  child  six  months  of  age  have 
the  preference. 

But  of  all  drugs  the  most  useful  in  the  diarrhoeas  of 
infancy  is  undoubtedly  bismuth.  Most  of  its  prepara- 
tions can  be  given  in  fairly  large  doses  and  rarely  cause 
vomiting  if  i>roperl\'  administered.  The  most  satisfac- 
tory preparations  are  the  subnitrate,  the  subgallate,  and 
the  salicylate.  The  subgallate  of  bismuth  may  be  given 
in  doses  of  from  gr.  ij.  to  iv.  every  two  houre  to  a  child 
a  year  old.  The  salicylate  may  be  given  in  doses  of  gr. 
d.  to  ij..  with  the  same  interval  to  a  child  one  year  old. 

Bismuth  subnitrate  is  probably  the  most  reliable  prep- 
aration ;  it  may  be  given  in  doses  of  gr.  v.  to  x.  every 
two  liours  to  a  child  a  year  old.  It  has  been  combined 
with  the  salicylate  with  advantage  in  the  writer's  expe- 
rience, and  is  best  administered  suspended  in  mucilage, 
sweetened  with  glycerin.  It  should  be  given  in  suffi- 
ciently large  doses  to  blacken  the  stools  and  often  enough 
to  keep  them  of  that  color. 

The  objection  to  s;ilicylate  of  soda  and  also  to  salol  is 
that  they  tend  to  cause  vomiting.  The  action  of  salol 
upon  the  kidneys  should  be  closely  watched  when  large 
<loses  of  this  drug  are  employed. 

Arecnite  of  copper  is  useful  in  the  later  stages  after 
the  temperature  has  fallen  and  the  stools  are  no  longer 
offensive.  It  may  be  given  in  doses  of  gr.  ^^  every 
three  hours  to  a  child  a  year  old. 

Tanuigen  in  doses  of  gr.  iij.  every  three  hours  in  a 
•cliild  a  year  old  is  useful,  especially  when  the  diarrha^a 
teutls  to  become  chronic.  Excellent  results  have  been 
reported  from  the  use  of  tannalbin,  but  the  ■writers  have 
had  no  experience  of  its  employment. 

Aeids:  Dilute  hydrochloric  and  sulphuric  acids  are  of 
distinct  value  in  chronic  cases.  They  are  best  adminis- 
tered in  combination  with  some  digestive,  as  lacto-pep- 
tine.  shortly  after  food.  The  dose  is  from  itl  ss.  to  iij., 
according  to  the  age  of  the  patient. 

Alkalies  are  of  value  in  cases  in  which  the  stools  are 
strouglv  acid  and  cause  excoriation  of  the  buttocks  and 


genitals.  They  tend  to  alleviate  vomiting,  and  are  par- 
ticularly serviceable  in  acute  cases.  Theniost  valualile 
are  lime  water,  magnesia,  sodium  bicarbonate,  and  chalk 
mixture. 

Opiates :  Opiates  in  some  form  are  required  in  many 
cases,  particularh-  those  in  which  tenesmus,  pain,  and 
great  frequency  of  motions  are  marked. 

Opium  in  any  form  should  be  withheld  until  the  intes- 
tinal canal  has  been  cleared  by  purgatives  or  by  irriga- 
tion; it  should  not  be  given  when  there  are  cerebral 
symptoms,  associated  with  scanty,  offensive  motions.  It 
is  of  service,  however,  in  those  cases  in  which  the  admin- 
istration of  food  is  followed  by  active  peristalsis  and  fre- 
quent stools. 

Opiates  should  always  be  administered  alone  and  not 
in  combination  with  diarrhtea  mixtures,  and  their  effect 
on  the  number  of  the  stools  should  be  noted  and  the  dose 
and  frequency  regulated  accordingly. 

The  best  preparations  are  paregoric  when  it  is  to  be 
administered  by  the  mouth,  and  tTie  liq.  opii  sedativus 
(Battley)  when  given  in  an  enema. 

When  paregoric  is  used  it  is  best  to  give  small  doses 
at  short  intervals  till  the  desired  effect  is  produced.  For 
a  child  of  one  year  the  initial  dose  should  be  m  v.,  to  be 
repeated  every  one.  two,  three,  or  four  hours  as  may  be 
indicated  (Holt).  Dover's  powder  is  particularly  suited 
to  certain  cases,  but  its  taste  is  objectionable.  It  mav  be 
given  in  doses  of  gr.  i,  to  a  child  one  year  old.  every  one. 
two,  or  three  hours  as  required.  Laudanum  or  Battley 's 
solution  may  be  given  in  doses  of  th  i.  to  iij.  in  an  eneina 
consisting  of  5  iij.  of  thin  starch  solution,  and  mav  be 
repeated  as  often  as  necessary  in  order  to  control  tenes- 
mus and  pain. 

The  severe  tenesmus  occasionally  associated  with  pro- 
lapsus ani,  met  with  in  acute  ileo-colitis,  is  best  relieved 
by  means  of  a  suppository  containing  cocaine,  in  the 
dose  of  from  gr.  j-  to  i.,  according  to  the  child's  age. 

Stimulants  are  needed  in  a  great  many  cases,  but  are 
often  used  unwisely.  Alcohol'  stands  atthe  head  of  the 
list.  It  is  best  used  in  the  form  of  good  whiskey  or 
brandy.  The  daily  quantity  should  rarel}-  exceed  from 
3  ij.  toiv.,  and  is  best  administered  well  diluted  with 
sterilized  water  or  albumin  water. 

In  chronic  cases  wines,  pariirularly  claret  and  hock,  are 
of  distinct  value.  Other  stimulants  are  aromatic  spirits  of 
ammonia,  and  caffeine  in  the  form  of  cold  tea  or  coffee. 

In  cholera  infantum  the  condition  of  intoxication  is 
usually  so  severe  as  to  demand  the  most  urgent  and  active 
treatment.  The  main  indications  are:  (1)  to  clear  the 
gastro  enteric  tract:  (3)  to  support  the  heart  and  nervous 
system;  (3)  to  reduce  the  temperature;  and  (4)  to  supply 
the  tissues  with  fluid  to  compensate  the  drain  of  the  dis- 
charges. 

The  first  indication  is  best  fulfilled  by  lavage  of  the 
stomach  and  irrigation  of  the  colon. 

As  the  absorptive  processes  are  at  a  standstill  in  the 
stomach  and  intestine,  hypodermic  medication  must  be 
relied  on  to  control  the  action  of  the  toxins  on  the  heart 
and  nervous  system.  For  this  purpose  a  hj-podermic  in- 
jection of  morphine,  gr.  -j-Jt;,  and  atropine,  gr.  s  J^,  may  be 
given  to  a  child  a  year  old,  and  repeated  every  honr  till  the 
desired  result  is  obtained.  The  only  contraindication  of 
the  morphine  is  stupor  associated  with  scanty  purgation. 

To  replace  the  watery  drain,  intracellular  injection  of 
normal  saline  solution  is  indicated.  Half  a  pint  of  a  solu- 
tion of  salt  in  sterilized  water  may  thus  be  injected  into 
the  cellular  tissue  of  the  abdomen,  buttocks,  thighs,  or 
back. 

To  reduce  the  temperature  the  cold  bath  only  can  be 
relied  upon.  It  must  be  repeated  as  often  as  required  to 
keep  the  temperature  within  bounds. 

Ice-cold  water  irrigation  of  the  colon  is  also  of  great 
service  in  reducing  the  temperature,  and  the  ice  cap 
should  always  be  employed. 

Stimulants  may  be  administered  hypodermically  if  the 
vomiting  is  severe.  Wliiskey,  ether,  or  camphor  may  be 
used  freely  as  indicated.  Daritl  Janas  Evans. 

F.  Marley  Fry. 
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DIASTASE.— An  unorganized  ferment,  or  enzyme,  oc- 

cuiriiitr  in  plants,  especially  in  seeds  during  gerniinatiou, 
iiud  piissessing  the  function  of  converting  their  slarcli 
into  sugar  (maltose  an(^dex^rose).  Tlie  diastase  of  barley 
audits  relalives  is  best  known.  It  is  the  agent  which 
converts  the  starch  into  sugar  in  t  lie  manufacture  of  malt. 
It  is  not  present,  or  at  least  not  in  appreciable  quautity, 
until  germination  occurs,  when  it  is  developed  from  some 
other  liody  ]>resent.  Its  amount  inereasesup  to  a  certain 
Stage  of  germination,  when  it  begins  to  decrease.  When 
at  its  height,  it  is  equal  to  about  one  tifth  of  one  per 
cent,  of  tile  original  weight  of  the  seeds.  Like  otlier 
enzymes,  it  does  not  comliine  with  the  substance  upon 
■wliicli  it  acts,  and  is  not  itself  consumed  in  the  process, 
except  by  tlie  application  of  undue  heat  (above  12."r'  F. ). 
an<l  is  still  present  in  the  mall.  Tlie  several  forms  of 
extract  of  malt  upon  the  market,  either  .so-called or  sold 
under  fancifnl  copyrighted  names,  contain  various 
amounts  of  it.  The  extensive  use  of  diastase,  for  both 
e.xternal  and  internal  starch  digestion,  has  led  to  a  strong 
demand  for  its  introduction  into  the  Pliarmacopceia,  a 
demand  which  is  likely  to  be  comiilied  with. 

Pure  diastase,  like  pure  pepsin,  is  unknown,  but  the 
substance  known  to  us  under  this  name  is  a  white,  or 
at  most  pale  yellowish,  odorless  and  tasteless  powder, 
soluble  in  water  and  weak  alcohol,  but  pn'cipitated  by 
strong  alcohol.  Albuminous  matter  ami  sugar  are  its 
common  impurities.  The  readiness  with  which  it  digests 
starch  under  artiticial  conditions  suggests  its  aliility  to 
do  so  in  the  stomach  during  the  early  stages  of  digestion, 
before  it  is  destroyed  by  the  free  acidity  of  the  gastric 
juice,  and  experiment  has  demonstrate<l  that  such  is  the 
case.  Diastase  is  readily  subject  to  standardization,  but 
all  the  processes  are  tedious  and  i-atlier  complicated. 
They  depend  upon  the  power  of  a  standard  diastase  solu- 
tion to  digest  a  certain  amount  of  starch  within  a  specified 
time,  under  tixed  and  carefully  regulated  conditions.  It 
is  to  be  remembered  that  their  only  value  for  determin- 
ing the  relative  activities  of  different  samples  of  diastase 
lies  in  the  rigid  uniformity  of  the  conditions  of  trial. 
No  stiiteiuent  that  a  certain  diastase  or  diastasic  sub- 
stance converts  a  certain  amount  of  starch,  as  contrasted 
with  some  other,  is  of  the  slightest  value,  except  upon 
this  condition.  Tlie  dose  is  0.1  to  0.6  gm.  (gr.  ij.  to  s.), 
and  it  must  be  taken  with  the  meal,  preferably  during 
the  latter  part,  or  just  at  its  close,  when  the  hydrochloric 
acid,  having  entered  into  combination  witli  the  proteids, 
cannot  inhibit  its  action.  Henri/  II.  Rushy. 

DIASTASE.  TAKA. — Taka  diastase  is  diastase  found 
"crystallized  "  upon  the  roots  of  certain  species  of  Asper- 
giUiit  and  removed  in  water.  The  removal  of  diastase 
from  various  species  of  fungi  for  use  in  the  production 
of  fermented  liquors  has  long  been  in  vogue  in  Japan. 
Some  years  ago  Dr.  Jokichi  Takamine  studied  the  etTects 
of  these  substances  and  selected  that  derived  from  the 
above  species  for  medicinal  use.  He  named  it  as  above 
because  "taka"  means  stroitti  in  Greek,  hirjli  in  .Japane.se, 
and  forms  the  first  part  of  the  name  of  the  investigator. 
The  method  of  production  is  thoroughly  to  sterilize 
•wheat  bran,  and  to  sow  it  with  a  pure  cidture  of  the 
spores  of  the  Aspergillus.  After  about  fifty  hours'  ex- 
posure to  a  warm  and  moist  atmosphere,  there  is  an 
abundant  crop  of  the  fungus,  which  then  bears  its  highest 
percentage  of  dia.stase.  If  left  longer,  the  diastase  would 
be  consumed.  The  mass  is  now  quickly  cooled,  broken 
tip  and  percolated  with  cold  water.  The  percolate  is 
evaporated  in  a  vacuum  pan  to  a  syrupy  consistence, 
this  liquid  being  ten  times  as  strong  as  ordinary  malt. 
From  it  the  diastase  is  precipitated  by  strong  alcohol, 
removed,  and  dried  in  the  form  of  a  yellowish  white, 
wlorless  powder  of  pleasant  taste.  Under  the  most 
favorable  conditions,  it  digests  three  hundred  times  its 
own  weight  of  dry  starch,  or  ten  times  as  much  cooked 
bread  or  other  similar  stardiy  food.  Under  ordinary 
conditions  it  digests  from  one  hundred  to  one  hundred 
and  fifty  times  its  weiglit  of  dry  starch.  Experiment 
has  fully  demonstrated  that  a  similar  result  takes  place 
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in  the  stomach  during  the  first  hour  or  two  of  digestion. 
It  is  even  believed  by  some  tliat  it  can  pass  through  the 
stomach  and  continue  its  work  in  the  duodenum,  but 
undoubtedly  its  principal  work  is  performed  in  the  stom- 
ach, as  stated.  By  encasing  it  in  keratin  cajisulesor  pills, 
it  can  be  made  to  [lass  through  the  stomach  and  be  freed 
for  work  in  the  duodenum.  The  ordinary  dose  is  gr.  iiss. 
It  should  be  taken  immediately  with  the  meal. 

Uennj  II,  liunby. 

DIATHESIS. — In  proportion  to  our  increase  in  knowl- 
edge of  the  etiology  and  imthology  of  disease  does  the 
tendency  to  use  the  words  i(iio]iatliic.  dyscrasia.  and  diath- 
esis grow  less.  Text-books  and  dictionaries  which  an- 
tedate the  aceeptalicm  of  the  germ  theory  arc  filled  with 
these  terms,  while  the  authoritative  works  of  to-day  sel- 
dom use  them  except  in  connection  with  those  diseases 
concerning  which  our  knowledge  is  still  very  limited,  as, 
for  instance,  the  uric-acid  diathesis.  Even  this  most 
beloved  of  the  diatheses  is  now  often  replaced  by  lilhuria 
and  litha-mia.  A  few  decades  ago,  were  a  man  to  de- 
velop any  one  of  a  liost  of  di.seases,  it  was  explained  by 
the  fact  that  he  was  the  unfortunate  victim  of  a  peculiar 
diathesis. 

In  Foster's  Medical  Dictionary  reference  is  made  to 
nearly  seventy  varieties  of  diatheses  and  more  than 
twent_v  varieties  of  dyscrasia.  A  verminous  diathesis  is 
descrilicd  as  a  constitutional  condition  that  has  been  as- 
sumed to  favor  the  development  of  intestinal  worms. 
Such  expressions  as  bilious  diathesis,  congestive  diathe- 
sis, and  basic  aural  dyscrasia  indicate  the  earlier  uses  of 
these  terms. 

Previous  to  the  discovery  of  the  tubercle  bacillus  cases 
of  consumjition  were  usually  explained  hy  the  hereditary 
and  diathetic  tlieoiy.  We  now  know  that  the  most 
robust,  who  have  not  the  slightest  tendency  to  tubercu- 
losis, when  thoroughly  exposed  to  the  infection  may  de- 
velop the  disease.  However,  we  must  keep  in  mind  tlie 
importance  of  the  phthisical  habit  in  connection  with 
its  development.  Persons  of  this  habit  are  not  already 
tuljerculous,  but  have  tissues  which  are  more  vulnerable, 
less  able  to  resist  the  attacks  of  these  omnipresent  germs. 
Exposure  to  infection,  ratlier  than  the  presence  of  a  spe- 
cial diathesis,  is  in  many  instances  the  explanation  of  the 
development  of  disease. 

The  words  diathesis,  dyscrasia,  and  idiopathic  have 
served  for  many  years  the  purpose  of  cloaking  our  igno- 
rance. However,  their  mission  is  yearly  becoming  more 
limited. 

Diathesis  and  dyscrasia  have  frequently  been  used  as 
synonyms  meaning  predisposition.  In  many  instances 
diathesis  has  been  used  in  the  sense  of  disease,  but  the 
most  commonly  accepted  meaning  of  the  word  is  that  of 
predisposition  or  habit  of  b<:idy.  By  dyscrasia  is  meant 
a  cachectic  condition  which  has  resulted  from  the  action 
of  certain  diseases  upon  tlic  system.  The  cancerous  diath- 
esis means  a  hereditary  tendency  toward  the  develop- 
ment of  cancer,  while  bj'  cancerous  dyscrasia  is  meant  a 
cachectic  or  diseased  condition  of  the  system  which  has 
resulted  from  the  presence  of  cancer  and  the  absorption 
of  toxins  manufactured  by  the  carcinomatous  growths. 

In  a  very  limited  way  the  word  diathesis  is  still  used 
by  modem  authors.  The  following  are  the  diatheses 
which  still  cling  to  our  text  books:  The  uric-acid  diath- 
esis, though  a  common  expression,  conveys  very  little 
information.  It  is  held  by  many  physicians  to  be  re- 
sponsible for  numerous  indefinite  symptoms.  It  is  sup- 
posed to  be  due  to  fault}-  metabolism,  which  if  long  con- 
tinued may  lead  to  gout,  with  uric-acid  dc|)osits  in  the 
joints,  acute  inflammations,  and  arterial  and  renal  disease. 

The  expression  gouty  diathesis  is  practically  synony- 
mous with  uric-acid  diathesis.  It  represents  the  underly- 
ing condition  of  the  system  which  is  inherited  by  tliose 
wjio  come  of  gouty  stock  or  whicli  is  acquired  by  Ixjn 
virants  prior  to  the  "characteristic  arthritic  manifestations 
of  the  disease. 

The  tuberculous  or  scrofulous  diathesis  is  mentioned 
by  many  authors.     By  it  should  be  meant  the  inheritance 
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of  tissues  which  are  less  resistant  than  normal  to  tlie 
action  of  the  tubercle  bacillus. 

Hemorrhagic  diathesis  is  the  synonj'm  of  hiemophilia 
and  indicates  a  peculiar  constitutional  condition  in  which 
the  patient  is  prone  to  hemorrhages. 

Tlie  part  plaj-ed  by  heredity  in  its  relation  to  disease, 
thougli  greatly  limited  by  tlie  advances  of  our  knowledge 
in  recent  years,  must  not  be  underestimated.  There  ex- 
ists a  close  relationship  between  diathesis,  used  in  the 
sense  of  predisposition  or  tendency,  and  lieredity. 

It  would  seem  wise  and  in  keeping  with  the  spirit  of 
the  age  to  eliminate  as  much  as  possible  from  our  vocab- 
ulary the  woi-ds  diathesis  and  dyscrasia,  and  substitute 
for  them  words  which  will  never  become  obsolete,  viz., 
predisposition  and  cachexia.  James  R.  Arneill. 


DIAZO  REACTION  OF  EHRLICH. 

and  Tiil'i'irulmh. 


See  TyplifAd  Fever 


DIETETICS  OF  THE  SICK.— Tlie  proper  adjustment 
of  food  for  the  individual  in  heallli  yields  results,  in  the 
form  of  work  and  physical  well-being,  that  will  fully  re- 
ward the  dietetic  care  exercised.  Man  has  at  his  dispo.sal 
a  greater  variety  of  foods  than  an)-  other  animal.  The 
methods  pursued  in  the  preparation  of  the  food  will 
greatly  modify  its  taste  and  digestiliility. 

A/ww/  is  any  substance  which  can  be  utilized  in  the 
living  organism  for  structural  or  functional  purposes. 

A  complete  food  must  contain  all  of  the  substances  nec- 
essary to  construct  and  maintain  the  activities  of  the  tis- 
sues of  the  body.  Thus,  while  meat  furnishes  us  food  in 
concentrated  form,  it  is  a  simple  and  notacomplete  food. 
Slilk  is  composed  of  the  elements  necessary  to  construct 
and  maintain  the  human  economy.  Such  a  food  must 
contain  water,  mineral  matter,  nitrogenous  matter,  car- 
bohydrates, and  fats.  It  is  not  enough  that  a  substance 
possess  these  elements  in  order  to  be  reganled  as  a  com- 
plete food,  but  it  must  possess  them  in  assimilable  form 
and  of  such  a  character  that  sutlicicnt  for  nutritive  pur- 
poses may  be  ingested.  Tlie  food  recpiired  for  twenty- 
four  hours  by  a  healthy  individual  weigliing  one  hundred 
and  fifty-four  pounds,  and  doing  moderate  work,  should 
contain  t!ie  following  elements; 


Water 

Albuminoids 

Starcli,  suKiii-,  etc 

Fat 

Common  salt 

Pbospliates,  polasb,  salts,  etc 


Pounds. 

Ounces. 

5 

8 

0 

4 

U 

11 

0 

3 

0 

0 

0 

0 

Grains. 

320 
lin 

ITS 

170 


The  individual  in  health  gives  little  heed  to  proper 
combinations  of  food  elements  and  the  intake  of  nourish- 
ment sufficient  to  secure  a  condition  of  nutritional  equi- 
librium. It  is  only  when  the  viscera  concerned  with  tlie 
elaboration  and  utilization  of  food  have  been  disordered 
by  the  ingestion  of  an  excess,  or  of  unsuitable  food,  that 
dietetic  measures  are  considered. 

The  problem  of  adjusting  the  food  to  the  requirements 
of  the  individual  in  health  is  most  complex :  the  adajita- 
tion  of  the  dietary  to  diseased  oi'gans  is  yet  more  com- 
plicated. 

In  disease  there  is  an  increased  need  for  food,  and  a 
lessened  ability  to  digest  it.  The  demand  for  nourish- 
ment will  be  influenced  by  the  character  of  the  morbid 
process.  Thus  there  is  a  wide  range  of  variation  in  com- 
bustion of  nutritive  material  between  the  individual  who 
is  confined  to  bed  with  an  acute  local  inflammation,  and 
one  who  is  subject  to  an  acute  infectious  disease  or  a 
chronic  suppurative  process.  The  perverted  secretions 
and  functional  inactivity  associated  with  certain  diseases 
render  it  impossible  to  secure  the  ingestion  and  metab- 
olism of  sufficient  nourishment  for  the  production  of  the 
heat  incident  to  the  disease.  The  circulating  albumin, 
the  fat,  the  muscular  tissue,  and  finally,  the  viscera 
themselves  are  drawn  upon  to  furnish  the  needed  food  ele- 


ments for  the  morbidly  active  combustjve  process.  One 
has  only  to  look  on  the  feeble,  emaciated  convalescent 
from  an  acute  febrile  disease,  and  to  contrast  his  condition 
with  the  previously  muscular,  rounded  form,  to  realize 
the  extent  to  which  the  body  consumes  its  own  tissues 
when  it  is  unable  to  elaborate  and  annex  other  forms  of 
food  in  the  necessary  quantities.  The  intake  of  food  is^ 
intermittent,  while  the  necessity  for  nutriment  to  main- 
tain the  increased  activity'  of  this  vital  process  is  constant. 
This  condition  would  indicate  the  desirability  of  admin- 
istering nourishment,  in  assimilable  form,  in  small  ([uan- 
tities  and  at  frequent  intervals,  since  it  is  not  what  we 
eat  but  what  we  digest  and  assimilate  that  determines 
the  sufficiency  of  any  dietetic  procedure. 

The  appetite  and  digestion  will  usually  furnish  a  suffi- 
ciently reliable  guide  to  regulate  the  character  and  quan- 
tity of  food  to  be  taken  in  health.  In  di.sease,  with  a 
perversion  of  the  various  secretions,  it  is  not  prudent  to- 
rely  upon  the  patient's  desire  or  disinclination  for  food. 

The  ailmiuislration  of  food  in  disease  will  be  deter- 
mined by  our  estimate  of  the  ability  of  the  digestive 
organs  to  dispose  of  it.  A  temporary  withholding  of 
food  in  certain  instances  of  acute  disease  will  be  the  best 
dietetic  treatment.  The  administration  of  what  would 
ordinarily  be  an  excessive  quantity  of  food  is  advisable 
in  certain  chronic  suppurative  processes  attended  with 
fever.  Since  the  digestive  juices  are  influenced  by  the- 
absence  of  fever,  it  is  advisable  to  administer  foods  re- 
quiring the  greatest  digestive  power  at  that  time  of  the- 
day  when  the  fever  is  least  active. 

It  is  possible  still  further  to  adjust  the  proper  adminis- 
tration of  food  with  reference  to  existing  moi'bid  condi- 
tions by  observing  the  rule  to  select  the  food  with  regard 
to  the  affected  part.  Thus,  in  disease  which  particularly 
involves  the  stomach,  it  would  be  best  to  give  food 
whose  digestion  is  accomplished  in  the  intestines,  i.e., 
carbohydrates.  The  converse  is  equally  true.  When- 
the  intestines  are  the  seat  of  the  morbid  process,  a  food, 
requiring  gastric  digestion  would  prove  most  acceptable. 
This  ilifferentiation  is  not  absolute,  and  yet  it  is  reason- 
able and  serviceable. 

The  dietetic  treatment  of  disease  may  be  planned  with 
skill  and  care,  and  yet  iirove  inefficacious  because  of  a 
disregard  of  two  essential  factors  in  the  successful  ad- 
ministration of  food.  Dainty  service  may  be  given  first 
place.  All  that  can  be  pictured  as  implied  by  the  ex- 
pression will  prove  heliiful  in  slinuilating  and  aiding^ 
digestion.  The  glass  of  milk  placed  lieside  the  spitcup 
of  the  consumptive  patient  is  not  novel,  neither  is  it  ap- 
petizing. The  cereal  carelessly  smeared  over  the  sides 
and  edges  of  the  container,  and  served  in  a  quantity  suf- 
ficient for  a  laborer,  is  seen  more  nftc^n  than  it  should  be. 
The  food  sent  by  a  cleanly  neighbor  is  appetizing  be- 
cause it  is  served  with  the  best  china  and  linen,  and  the 
question  of  its  selection  has  not  been  discussed  with  the 
patient. 

Equally  important  is  (he  preparation  of  the  food.  Egg 
albumen  if  slightly  cooked  is  digested  with  the  greatest 
facility.  It  well  beaten  it  offers  the  digestive  juices- 
least  resistance  in  their  .solvent  action.  The  hard-boiled 
white  of  egg  is  an  example  of  a  food  difficult  of  diges- 
tion. Roasted  beef  having  a  delicious  aroma  is  far  more 
digestible  than  the  same  meat  %vheu  it  is  hashed  and 
twice  cooked.  The  chop  quickly  broiled,  so  that  it  re- 
tains its  juices  and  is  turgid,  is  more  nutritive  than  the 
shrivelled  and  dried,  slowly  fried  or  broiled  chop  from  the 
same  cut  of  the  lamb.  The  method  of  prejiaration  of 
vegetables  will  determine  their  digestibility  and  nutri- 
tive worth  quite  as  certainly  as  it  does  in  the  case  of  ani- 
mal foods.  Cereals  with  the  starch  cells  unruptured  by 
the  application  of  heat  or — equally  difficult  of  digestion 
— cooked  in  hot  fat  after  the  starch  granules  have  been 
exposed  to  the  action  of  the  overheated  fat,  are  not  of 
much  nutritive  value.  By  the  application  of  the  proper 
amount  of  heat  the  cellulose  element  of  certain  vegetable 
foods  can  be  made  tender  and  digestible,  and  their  nutri- 
tive worth  may  be  secvired  instead  of  being  lost  betweea 
the  meshes  of  the  cellular  fibres. 
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The  ordering  of  diet  will  he  simplified  by  keeping  in 
mind  the  chcinical  composition  of  the  various  foods. 

If  animal  food  is  to  he  made  a  jiart  of  the  diet,  it  be- 
comes necessary  to  select  the  form  <leemed  suitable  to 
the  difiestive  power  and  condition  of  a  jriven  ease. 

If  a  vesretable  food  is  to  be  used,  it  will  be  necessary 
to  consider  the  proportion  <if  nilroijenous  or  albuminous 
elements  conlaineil  in  it.  We  should  select  vegetables 
belonging  to  the  class  of  legumes  if  a  large  percentage 
of  nitrogenous  material  is  desireil. 

In  certain  instances  vegetable  nitrogenous  material 
propirly  prepared  will  be  found  better  adapted  to  im- 
paired digestive  power  than  the  animal  form.  If,  on 
tbeiilher  hand.  I'ciod  rich  in  carbohydrates  and  poor  in 
albuuiinoids  is  desired,  \vc  should  order  vegelables  con- 
tJiiiiing  the  ]iurcr  forms  of  starch,  .such  as  potatoes,  rice, 
corn  starch,  and  arrowroot.  The  green  vegetables,  being 
lioor  in  starch  and  nitrogen,  and  rich  in  woody  fibre  and 
antiscorbutic  elements,  are  selected  with  reference  to  the 
nee<I  and  ability  of  the  patient  todigest  this  form  of  food. 

Condimcntsshould  be  used  extensively  and  judiciously, 
being  more  important  in  sickness  than  in  health.  Tea, 
colfee,  cocoa,  and  ehocolalc  arc  v:dualil<' agents,  combin- 
ing as  they  do  food  and  therapeutic  worth. 

The  method  of  preparation  of  the  various  foods  e.\er- 
ci.ses  adetermining  influence  upiai  theirutilitj'.  Itisiiot 
enough  to  select  the  foods  that  may  be  used  in  a  given 
instance,  but  detailed  directions,  with  reference  to  the 
nielhod  of  |ireparatioii,  must  be  .supplied.  A  great  vari- 
ety of  foods  at  one  meal  may  pmve  unsuitable  to  certain 
cases,  while  a  meal  composed  of  a  sntbcient  variety  of 
food  principles  to  constitute  a  complete  food,  may  l>e 
found  to  he  easily  digested.  A  meal  made  up  of  several 
kinds  of  meat  and  one  or  more  legumes  is  likely  to  con- 
tain an  excess  of  nitrogenous  food.  It  will  probably 
serve  liest  the  purpose  in  view  to  consider  at  this  time 
the  chief  alimentary  substances,  and  .some  of  the  ways  of 
administering  them,  and  in  this  way  avoid  the  necessity 
for  repeating  certain  statements  when  directing  the  em- 
ployment of  these  food  agents  in  the  dietetic  treatment 
of  disease. 

MiLIv. 

This  food  is  the  chief  article  of  diet  in  feeding  the  sick, 
and  by  reason  of  its  availability  and  the  likelihood  of  its 
being  moderately  pure,  it  is  relied  upon  to  supply  the 
nutriment  re(|nired  in  almost  all  forms  of  disease.  When 
we  consider  how  nearly  it  is  the  idtiil  coiiijiUte  food  for  the 
invalid,  it  is  in  order  to  give  thought  to  all  the  means  at 
our  command  to  make  it  acceptable  to  the  patient.  There 
are  those  who  persist  in  the  idea  that  they  are  unable  to 
take  luilk  as  a  food.  They  point  to  the  vomited  ctird  as 
an  evidence  of  their  inability  to  digest  it.  These  people 
must  be  taught  the  fact  that  the"  milk  taken  into  the 
st(miach  always  forms  a  curd  as  a  necessary  part  of  the 
process  of  digestion.  Then  they  must  be  told  that  we 
can  so  modify  the  milk  that  the  curd  formed  will  he 
small  and  easily  digested.  Other  patients  will  object  to 
the  taste  and  odor  of  the  milk.  These  objections  must 
be  overcome  by  a  knowledge  of  i/ie  vays  in  ichich  milk 
ail)  he  maile  neeeptnUe  to  a  patient. 

Let  us  consider  the  chemical  composition  of  milk  and 
see  what  constituents  may  disjigrce  with  the  patient. 
Cow's  milk  has  the  following  composition: 

Per  cent. 

Casein 4 

Fat 4 

Sugar. 4.50 

Baeleria 

Salts 0.8 

Water 8fi.- 

It  is  the  casein  that  most  frequently  taxes  the  digestion 
by  reason  of  the  size  and  density  of  the  curd  formed. 
Therefore  the  (lUestion  of  successfully  administering 
milk  in  most  instances  is  one  of  modifying  the  curd,  so 
that  it  may  be  digested  with  greater  facility. 

The  fat  constituent  of  milk,  represented  in  the  cream, 
is  less  frecpiently  a  disturbing  clement  in  the  use  of  milk 
as  an  exclusive  diet.     The  indications  for  reducing  the 


proportion  of  fat  in  the  milk  would  be  presented  by  dis- 
ease or  perverted  function  of  the  organs  concerned  in 
digesting  and  assindlating  fat,  that  is,  in  di.sea.se  of  the 
liver,  as  jaundice,  and  in  certain  cases  of  intestinal  indi- 
gestion. 

The  presence  of  bacteria  in  milk  greatly  influences  its 
acceptability  in  casi's  of  sickness.  ( )nc"  dill'i-rciice  be- 
tween cow's  milk  and  human  milk  is  found  in  the  niun- 
ber  and  character  of  the  containeil  bacteria.  The  method 
pursued  in  handling  milk  from  the  lime  it  h'aves  thecow, 
if  not  before  that  time,  will  determine  the  number  and 
character  of  the  bacteria  jjresent.  There  is  hardly  any 
doubt  that  the  olijeclicuis  to  uiilk  are  chietly  due  U\  the 
presence  of  bacteria  and  theii-  products.  When  wc  re- 
mcndjcr  that  the  luunlirr  of  bacteria  in  a  given  milk  is 
proportionat<'  to  the  skill  and  care  with  which  it  is  han- 
dled, it  is  at  once  manifest  that  we  are  justified  in  de- 
manding that  the  nulk  supplied  .shouUl  conform  to  cer- 
tain reasonable  tests.  I  cannot  do  better  than  submit  the 
standanl  of  purity  exacted  by  tlie  Philadel]iliia  Pediatric 
Society  of  those  wh<i  would  derive  the  advantages  of  the 
certificate  of  the  Society  for  the  product  of  their  dairy. 
The  tests  ai'c  I  he  resull  of  nuich  study  on  the  jiart  of  tlie 
Society's  conunittee,  and  while  it  fixes  a  high  standard, 
it  has  i)roved  to  be  a  working  standard,  and  one  that 
can  be  obtained  only  by  the  most  painstaking  care  with 
every  detail  of  the  processes  of  feeding,  milking,  and 
bottling. 

ARTICLES  OF  AfiREEMENT  entered  Into  tlie ilay 

of 190 between  the  Milk  Commission  of  the  I'liiladel- 

pliia  IVdijitric  Stn-iety  of  tbe  Orst  part  and 

of  the  second  part. 

II  is  asfrced  hy  the  said  parties  that  these  articles  of  agreement  shall 
continue  for  a  period  of  eijrht  months  from  date. 

The  party  of  the  second  part  a-.Tees  that  the  party  of  the  tlrst  part 
shall  prix'ure  a  bacteriologist,  a  cliemist,  and  a  veterinary  inspector: 
the  bacteriologist  to  procure  a  spe4'imen  of  the  milk  either  from  the 
dairy  or  delivery  wagon  of  said  jiarty  of  the  second  part,  whenever 
the  said  party  of  the  first  part  sees  nt.  at  intervals  of  approximately 
one  niontli.  the  time  of  pr<)curintr  said  milk  to  be  without  notice  to 
the  said  parly  of  the  second  part ;  which  bacteriolo^st  shall  test  said 
milk  for  the  numtter  and  nuture  of  bacteria  present  to  the  extent 
which  the  ncfds  of  ..^afc  nillk  dftiiand,  and  to  make  a  microscopic  ex- 
amination for  pus  i-ells  and  iiijiii  inns  jrernis.  It  is  also  agreed  \\\  the 
parties  hereto  iluil  the  rcquiii-d  standard  of  purity  sliall  be  nillk  free 
from  pus  or  injurious  germs  and  having  not  more  than  ten  thousand 
germs  of  any  kind  or  kinds  to  the  cubic  centimetre. 

It  is  agreed  by  the  said  party  of  the  second  part  that  the  chemist  of 
the  party  of  the  flrst  part  shall  examine  said  milk  for  the  pen-cntages 
of  pn>teids,  fat.  sugar,  mineral  nutiter.  and  water  present;  shall  lest 
its  chemical  reaction  and  specific  pnivity:  and  shall  examine  it  for 
the  presence  of  foreign  coloring  or  other  "matters  or  cliemicals  adileil 
as  preser\'atives.  It  is  agree<l  l.y  hdUi  parlies  that  the  requireil  stand- 
ard shall  range  from  l.trjy  to  l.icu  specific  gravity,  be  neiiiral  or  \ery 
faintly  acid  in  reaction,  contain  not  less  than  froin  3..')  per  cent,  to  4.o 
per  ri-ux.  proteid,  from  4  per  cent,  to  .">  per  cent,  sugar,  and  not  less 
than  :t..5  ix'r  cent,  to  4. .5  per  cent,  fat  la  higher  percentage  in  fat  to  be 
so  specilletl  on  each  bottlei.  and  shall  t>e  free  from  all  cdntaminating 
foreign  mutter  and  fr<iiu  all  additions  of  eliemical  siibslaiiees  or  enlor- 
ing  matters;  that  liihness  of  (-ream  m  fat  shall  be  speiilled  and  shall 
vary  not  imire  than  1  per  cent,  above  or  below  the  figure  named,  and 
that  neither  nnik  nor  cream  shall  have  been  subjected  to  heat  l«'fore 
the  exanunation  nor  shall  be  at  anytime  unless  so  announced  to  the 
consumer. 

It  is  agreed  tiy  both  parties  that  the  veterinary  Inspector  shall  at 
intervals  etpial  to  those  of  the  bacteriologist  and  chemist,  and  without 
previous  warning  to  the  party  of  the  second  part  or  his  agents,  inspect 
the  cleanliness  of  the  dairy  in  genend.  the  caie  and  cleanliness  ot»- 
served  in  milking,  the  care  of  the  various  utensils  employed,  the 
nature  and  (piality  of  the  food  used,  and  all  other  imitters  of  a 
hygienic  nature  tiearing  upon  the  he;dth  of  the  cows  and  the  cleanli- 
ness of  the  milk,  including  as  far  as  possible  the  inquiry  into  the 
health  of  the  employees  on  and  about  the  dairies:  and  that  he  shall 
see  that  the  cows  are  free  from  tuU-rculosis  or  other  diseases. 

It  is  also  agreed  by  both  pariies  that  charges  shall  tie  made  hy  each 
of  the  experts  not  to  exceed  ten  dollars  for  each  exanunation, 'which 
amount  is  to  be  paid  by  the  party  of  the  second  part  at  the  time  of 
examination  and  without  reference  to  whether  the  rcpi>rt  is  favorable 
or  otherwise. 

It  is  agreed  that  all  examinations  by  the  experts  shall  be  made  only 
upon  instruction  by  party  of  the  first  part. 

It  is  agreed  by  both  panics  that  if  examinations  as  aforesaid  find 
the  milk  up  to  the  aforesaid  reqinred  standards,  the  said  party  of  the 
flrst  part  shall  give  a  certificate  to  said  party  of  the  second  part  as 
follows : 

MILK     COMMISSION     OF     THF.     PHILADELPHIA     PEDIATRIC 
SOCIETY. 

Date 


The  Veterinary  Inspector  of  this  Commission  has  examined  the 

dairv  of and  re|x>rts  It  to  be 

well  kept  and  clean  and  tbe  cows  to  be  in  a  healthy  condition. 


451 


Dietetics  of  tlie  Sick. 
Dietetics  of  the  Sick. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


The  Bacteriologist  reports  the  milk  free  from  germs  within  the 
limits  of  the  standards  of  the  Commission. 

The  Chemist  reports  that  the  milk  is  of  standard  richness  and  that 
he  has  discovered  no  impurities,  colormg  matters,  chemical  preserva- 
tives or  harmful  substances. 

The  Commissiou  certifies  to  these  statements  of  the  E.xaminei^s,  it 
being  understood,  however,  that  this  certiflcate  is  good  for  only  one 
month  from  date. 


It  is  further  agreed  by  both  parties  hereto  that  in  case  an  examina- 
tion ."ihows  the  milk  not  to  be  up  t<i  the  rettuired  standard  that  said 
party  of  the  second  part  may  have  another  examination  made  within 
a  short  time  at  the  direction  of  the  Commission. 

It  is  agreed  by  the  partv  of  the  second  part  that  the  milk  furnished 
bv  him  to  dealers  shall  be  In  glass  jai-s  hermetically  sealed  in  a  manner 
satisfactorv  to  the  partv  of  the  first  part,  and  as  a  guaranty  to  the  con- 
sumer that  the  e-\aiulnation  has  been  regularly  conducted,  be  shall 
paste  over  the  moiuh  of  each  jar  or  give  to  the  consumer  with  levery 
jar  a  label  similar  to  the  following : 

MILK     COMMISSION     OF     THE     PHILADELPHIA     PEDIATRIC 
SOCIETY. 


Date. 


Milk  from  the  dairy  of has 

been  recently  e-tamlned  by  the  Inspectors  of  this  Commission  and 
found  of  the  required  standard. 

This  certificate  is  good  for  only  one  month. 

Milk  Commission  of  the  PhilaKkJphia  Pediatric  Society. 

It  is  further  agreed  by  the  said  party  of  the  second  part  that  this 
agreement  is  entered  into  by  the  parties  hereto  solely  at  ttie  request  of 
said  party  of  the  second  part ;  that  no  liability  shall  accrue  to  said 
partv  ot  the  first  part  except  or  lieyond  that  expressly  slated  in  these 
aniclesof  agreement;  and  that  he  the  said  party  of  the  second  part 
will  assuuje  all  risk  and  be  liable  for  any  complaint  alleged  to  be 
tntceable  to  the  examinations,  issuance  of  certificate,  and  labels 
aforesaid. 

In  testimony  whereof  tbe  parties  hereto  have  hereunto  set  their 
bands  and  seals  the  date  aforesaid. 

Milk  Commission  Philadelphia 

[seal]  Pepiatric  Society. 

JNIilk  secured  under  these  conditions  will  keep  for  a 
longer  period  than  that  collected  in  the  usual  way. 

It  is  interesting  to  note  that  fermentation  changes  in 
milk  proceed  from  tlie  surface  toward  the  bottom  of  the 
container.  So  markedly  is  this  the  case  that  if  is  fre- 
C|uently  possible  to  pass  a  tube  through  an  upper  layer 
of  thick,  sour  milk  and  draw  oft  sweet  milk  until  only 
the  layer  of  thick  milk  remains.  This  condition  implies 
that  the  milk  was  jiractically  sterile  when  bottled,  and 
tliat  the  souring  has  been  due  to  a  later  entrance  of 
bacteria. 

Pasteurization  of  milk  is  accomplished  by  subjecting 
it,  by  means  of  a  water  bath,  to  a  temperature  of  167° 
F.  for  a  period  of  thirty  minutes. 

Sterilization  of  milk  is  accomplished  by  the  same 
method  followed  in  Pasteurizing,  except  that  the  temper- 
ature to  which  the  milk  is  subjected  is  212°  F. 

Both  methods  have  for  their  object  the  destruction  of 
liarmful  l>acteria.  The  consensus  of  opinion  would  seem 
to  justify  the  statement  that  Pasteurization  will  accom- 
plish all  that  can  be  attained  by  sterilization,  and  that  it 
has  the  advantage  of  impairing  the  digestibility  and  the 
nutritive  worthof  the  milk  less  than  does  the  higher 
temperature.  Infants  fed  upon  sterilized  milk  are  more 
likely  to  develop  rickets  and  scorbutus  than  are  those 
raised  upon  Pasteurized  milk. 

There  are  numerous  outfits  in  the  market  for  the  ster- 
ilization and  Pasteurization  of  milk,  and  with  each  of 
them  will  be  found  directions  for  use.  If  the  patient  is 
imable  to  procure  one  of  the  more  pretentious  devices  for 
this  purpose,  he  can  accomplish  the  object  by  placing 
the  milk  in  bottles  of  suitable  size,  plugging  them  loosely 
with  sterile  cotton,  standing  the  bottles  in  a  kettle  on  a 
plate,  piece  of  thin  wood,  or  folded  paper,  and  filling  the 
kettle  with  cold  water  to  a  point  on  a  level  with  the 
milk  in  the  bottles.  The  water  is  then  heated  until  it 
reaches  the  boiling  point,  and  if  the  kettle  is  then  re- 
moved to  the  back  part  of  the  stove,  or  the  gas  flame 
is  lowered  so  that  a  temperature  slight!}'  below  the 
boiling  point  is  maintained,  the  milk  will  be  Pasteurized 
in  thirty  minutes.     If  it  is  desired  to  sterilize  the  milk, 


the  water  should  be  kept  at  the  boiling  iioint  for  the  time 
specified.  The  milk  should  be  cooled  rapidly  and  kept 
in  a  cool  place.  The  keeping  (lualitj-  of  the  milk  will 
be  projiortionate  to  the  number  and  character  of  the  con- 
tained liacteria. 

Foreign  Bmlies  in  Milk. — An  interesting  object  lesson 
in  the  miyin  <rf  the  "cow  odor"  of  milk  can  be  obtained  by 
a  visit  to  a  creamery  where  milk,  gathered  indiscrimi- 
nately from  farms,  is  centrifuged.  Here  there  can  be  seen 
thrown  out  from  the  milk  a  layer  of  excrementitious 
material  that  has  gained  entrance  inti>  the  milk  from  the 
soiled  teats  of  the  cow,  the  dirty  hands  of  the  operator, 
and  the  dust  of  the  shed  or  pasture.  Milk  that  has  been 
properly  handled  should  have  no  odor. 

The  question  of  administering  whole  milk  may  present 
one  of  two  problems:  First,  how  to  change  the  taste  in 
order  to  make  it  acceptable  to  the  patient:  second,  how 
to  modify  the  curd  so  that  the  enfeebled  digestive  power 
may  not  "be  overtaxed  by  the  size  of  the  curd  formed. 

To  change  the  taste  it  may  be  administered  cold,  hot, 
sterilized,  "boiled,  or  skimmed,  or  with  the  addition  of 
coffee,  tea,  chocolate,  malt,  liquor,  or  a  spiced  water,  the 
latter  to  be  prepared  by  adding  boiling  water  to  cloves, 
ginger,  nutmeg,  allspice,  cinnamon,  or  a  few  bay  leaves, 
and  allowing  it  to  cool,  then  adding  suflicient  of  this  to 
the  milk  to  change  in  a  slight  degree  the  flavor.  These 
flavors  can  be  changed  at  each  feeding,  or  combinations 
of  them  may  be  used. 

A  satisfactory  way  to  overcome  the  dislike  of  the 
taste  of  luilk  is  to  have  it  taken  through  a  tube  or  a 
straw. 

To  modify  the  curd,  have  the  patient  eat  the  milk,  that 
is,  sip  it  slowly.  If  it  is  gulped  down  the  curd  formed 
will  be  large,  especially  if  there  is  excessive  acidity  of 
the  stomach  contents.  For  this  reason  the  use  of  a  straw 
in  taking  milk  is  of  advantage.  The  addition  of  an  alkali 
to  neutralize  the  excessive  gastric  acidity  will  lessen  the 
size  of  the  curd.  For  this  purpose  onemay  also  use  lime 
water  or  bicarbonate  of  soda.  Simple  dilution  of  the 
milk  will  make  the  curd  smaller,  and  this  ma)'  be  accom- 
plished b\-  the  addition  of  barley,  rice,  oatmeal,  vgg,  or 
carbonated  water. 

When  there  is  a  deficiency  of  acid  secretion,  it  will  be 
of  advantage  to  add  dilute  hydrochloric  acid  drop  by 
drop  to  thelnilk  and  give  it  with  the  flocculeut  curd  sus- 
pended. 

■\Vith  adults,  just  as  with  infants,  it  is  the  casein  of  the 
milk  which  most  frequently  taxes  digestion.  If  we  are 
unable  to  secure  the  retention  of  the  milk  by  any  of  the 
methods  considered,  it  will  be  in  order  to  change  the 
casein  into  a  more  digestible  compound  by  peptonizing 
it  to  a  point  where  its  further  digestion  can  be  accom- 
plished by  the  enfeebled  gastric  secretion. 

Peptoniziii/j  Milk: — This  is  accomplished  by  mixing  a 
powder  composed  of  five  grains  of  extract  of  pancreatin 
and  fifteen  grains  of  bicarbonate  of  soda,  or  the  contents 
of  a  peptonizing  tube,  with  two  tablespoon fuls  of  cold 
water,  and  adding  it  to  a  pint  of  milk.  The  milk  is  then 
placed  in  a  vessel  containing  water  at  a  tciuperature  of 
11.5'  F.  (or  so  warm  that  the  hand  may  be  immersed  in  it 
without  positive  discomfort)  for  five,  ten,  or  fifteen  min- 
utes, according  to  the  degree  of  digestion  desired.  There 
is  developed,  iu  the  course  of  the  process,  a  bitter  taste  pro- 
portionate to  the  time  the  milk  is  subjected  to  the  action 
of  the  ferment.  After  the  milk  has  been  peptonized  to 
the  desired  degree,  it  should  be  placed  upon  ice  or  ([uickly 
brought  to  the  boiling  point  to  check  further  digestive 
action  by  the  ferment.  It  will  be  found  satisfactory  in 
many  instances  to  mix  the  milk  and  the  contents  of  a 
peptonizing  tube,  and  allow  the  peptonizing  to  occur  in 
the  stomach.  For  this  purpose  put  two  tablespoonfuls 
of  cold  water  in  a  goblet  or  glass;  dissolve  in  this  the 
powder  contained  in  one  peptonizing  tube,  then  add 
fresh  cold  milk  to  fill  the  glass;  stir  this  mixture  thor- 
oughly and  drink  immediately,  sipping  slowly.*     Warm 

*  Acknowledgment  is  due  to  Fairchlld  Brothers  &  Foster  for  the 

formula. 
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milk  may  be  used  instead  of  cold  if  tlie  physician  so 
directs. 

The  Administration  of  MUk. — There  is  no  more  impfir- 
taiit  direction  to  be  .given  to  a  patient  than  tliat  milk 
shoukl  be  taken  slowly.  If  it  is  eaten,  and  not  gulped, 
it  will  certainly  be  digested  with  greater  facility.  In 
many  easrs  of  persistent  vomiting  milk  will  be  retained 
if  it  "is  fed  by  tlie  teaspoonful  at  sliort  intervals.  If  it 
is  desired  to  nourish  the  patient  on  an  exclusive  milk 
diet,  it  is  well  gradually  to  lessen  the  variety  and  quan- 
tity of  mixed  food,  and  at  the  same  time  increase  the 
(piantity  of  milk.  It  might  be  a  source  of  diseour- 
agenieiit  ti>  the  patient  to  announce  the  ([uantity  of 
milk  you  desire  to  have  him  take  to  the  exclusion  of 
all  other  foods;  therefore  let  the  transition  be  gradual 
and  make  it  a  matter  of  pride  with  the  individual  to 
take  the  si.x  or  nine  jiints  of  miik  that  it  is  desired  he 
should  consume  in  twenty-four  hours  as  his  only  form 
tif  nourishment. 

As  the  condition  changes  and  demands  a  less  strict 
mdk  diet,  the  transition  to  a  mi.xed  dietary  should  be 
gradual.  There  will  be  manifest  likelihood  of  harm 
being  (lone  to  the  circulation  in  any  sudden  withdrawal 
of  so  much  licpiid  from  the  food. 

The  Qmiiilit!/  iif  Milk  lier/iiirerl. — An  adult  in  bed  with 
an  acute  illness,  such  as  typhoid  fever,  shoidd  take  about 
three  i>ints  in  twenty-four  hours.  This  lias  always 
seemed  a  disproportionately  small  allowance  for  the 
adult,  when  it  is  remembered  that  the  heallhy  child  of 
one  year  of  age  is  given  two  and  a  liidf  pint-i.  Emphasis 
is  given  to  this  dis]iarity  when  it  is  remembered  that  the 
nutritive  needs  are  proportionate  to  the  amount  of  fever 
present. 

•■■We  do  not  appreciate  how  much  a  continued  high 
temperatine  alone  exhausts  a  iiatient.  Were  the  body 
composed  of  water  alone,  to  raise  the  tem|>eratiire  of  a 
]H'ison  weighing  1.50  pounds  from  98.3'  to  10:1.5  F.,  i.e., 
5  ,  to  Siiy  nothing  of  the  expenditure  of  force  needful  to 
keep  it  tliere.  requires  an  expenditure  of  force  equal  to 
nusing2s.5tons  one  foot  (150  X  .5  X  'i~~  foot  pounds).  A 
girl  of  100  jiounds  weight,  simply  lying  still  in  bed  suf- 
fering from  such  a  fever,  does  daily  the  work  of  two  or 
three  men."  *  On  the  other  hand,  the  vast  experience  of 
many  wiiters  has  demonstrated  the  sufficiency  of  three 
pints  of  milk  daily  for  a  fever  jiatient. 

The  freipiency  of  nd ministration  will  be  determined  by 
the  condition  of  the  patient.  If  eight  ounces  are  given 
every  three  hours  from  7  a.m.  to  7  p.m.,  and  twice  dur- 
ing the  night,  he  will  receive  three  pints.  If  he  is  given 
six  ounces  every  two  hours,  and  is  fed  twice  during  the 
night,  he  will  likewise  receive  three  pints.  It  is  good 
pnictice  to  have  the  milk  intended  for  the  patient  kept 
separate  from  that  for  household  use,  so  that  it  may 
serve  as  a  control  record  of  the  quantity  administered  in 
the  twenty-four  hours. 

Fortified  mill.-  is  prepared  by  the  addition  of  nutritive 
substances,  such  as  egg  albumen,  either  fresh  or  dried, 
or  whipped  cream. 

Milk  may  be  introduced  into  the  dietary  in  innumer- 
able forms,  and  with  but  little  change  in  its  character. 
Served  under  another  name,  and  slightly  ditfereut  in 
taste,  it  is  readily  accepted  by  those  who  decline  plain 
milk.  One  of  tiie  nicest  pre])arations  of  this  class  is 
plum  porridt]e,  made  as  follows: 

Kaisins,  minced,  twelve:  starch  (potato  or  corn),  one 
teaspoonful;  milk,  one  pint.  Heat  the  raisins  and  milk 
in  a  double  Vxjiler  to  the  boiling  point.  Mix  the  starch 
with  [X)ld  water  and  form  a  smooth  paste;  add  it  to  the 
milk,  keep  it  at  the  boiling  point  for  five  minutes,  strain 
and  serve.  This  preiiaration  has  a  fruity  taste,  and  is 
often  accepted  by  an  irritable  stomach.  It  is  of  service 
in  diarrhiea. 

Milk  may  also  be  administered  in  the  form  of  pap, 
junket,  w  hey,  koumys,  zoolak,  matzoon.  bonny  clabber, 
curds  and  whey,  cottage  cheese,  custards,  and  a  great 

•w.  w.  Keen:  '" Surgical  Complications  and  Sequels  of  Typhoid 
Fever."  p.  56. 


variety  of  prepared  dishes  which  have  milk  as  their  chief 
constituent. 

Koiimyx  is  prepared  by  taking  one  quart  of  milk, 
heated  toabout  100=  F.,  a  tablespoonful  of  sugardissolvecl 
in  a  cup  of  hot  water,  and  a  fifth  of  a  yeast  cake  dis- 
solved in  a  tablespoonful  of  cold  water.  .Mix  and  put  in 
strong  bottles — beer  or  citrate  of  magnesia  bottles  are 
sufliciently  strong.  Let  the  bottles  stand  in  a  warm 
place,  above  the  range,  for  twenty-four  hours;  then  place- 
on  their  sides  in  a  cool  jilaee,  e.;/..  the  cellar  in  summer, 
or  some  i>laee  where  the  tempeiatnre  will  be  about  (iO  , 
for  six  days.  The  koumys  is  then  ready  for  use,  and 
should  be  di'awn  otT  with  a  ehani]iagne  taj),  becavise  of 
the  likelihood  of  losing  a  laige  poi-tion  of  it  if  the  cork  is 
remove  d.  The  acidity  and  taste  of  the  preparation  will 
be  inlluenced  by  the  length  of  time  fermentation  has  con- 
tinued, ;ind  the  temperature  at  which  it  has  occurred.  A 
koumys  having  a  flavor  and  digestibility  suited  to  the 
Iiatient  may  usually  be  secured  by  attention  to  these  de- 
tails. 

Milk  Jelly. — Heat  one  quart  of  milk;  then  add  and  stir 
until  dissolved  one  pound  of  grantdated  sngiir;  allow  to 
boil  for  ten  minutes;  then  let  cool,  and  when  cold  add, 
with  constant  stirring,  one  oinice  of  gelatin  dissolved  in 
four  ounces  of  water;  when  well  mixed  add  the  juice  of 
three  lemons  mixed  w  ilh  a  half  cupful  of  sherry  wine  or 
good  whiskey.  Pour  into  cups,  and  keep  in  a  cool  place. 
Serve  warm  or  cf)ld. 

Junket. — Milk,  half  a  pint:  warm  to  blood  heat. 
Sweeten  and  flavor  to  taste.  Add  the  half  of  a  rennet 
tablet,  dissolved  in  a  dessertspoonful  of  water.  Stir. 
When  thickened,  place  at  once  upon  ice. 

Bonny  Cloljber. — Skimmed  milk,  preferably  in  a  glass 
dish,  is  allowed  to  thicken  spontaneously.  This  may  be 
fortified  by  the  addition  of  whipjied  cream  and  egg  albu- 
men. 

Pap. — Flour,  one  tablespoonful ;  milk,  one  pint.  Cook 
ten  nunutes.     The  white  of  an  egg  may  be  added. 

Meat. 

The  use  of  meat  in  the  dietetic  treatment  of  acute  dis- 
ease is  generally  confined  to  the  administration  of  beef, 
mutton,  or  chicken,  in  the  form  of  a  fluid  representing 
the  soluble  constituentsof  the  meat  albumen,  extractives, 
salts,  etc. 

The  method  pursued  in  the  preparation  of  these  foods 
will  determine  their  nutritive  worth.  Thus,  beef  tea  will 
be  a  stimulant  if  the  albumen  of  the  preparation  is 
strained  from  it  after  it  has  been  coagulated  by  the  ap- 
plication of  heat.  Beef  tea,  subjected  to  a  temperature 
of  212'  F.,  retains  in  .solution  only  the  salts  and  extractives 
of  the  meat,  and  to  these  constituents  it  owes  its  stimu- 
lating propert}'.  On  the  other  hand,  beef  tea  is  a  food  if 
it  is  prepared  in  a  way  to  secure  the  retention  of  the  albu- 
minoid in  the  finished  product. 

In  selecting  the  form  of  beef  for  a  patient,  we  must  be 
influenced  by  his  digestive  capacity.  Thus  we  may  give 
a  dilute  extract  of  beef  having  mildly  stimulating  prop- 
erties, or  we  may  select  preparations  having  progres- 
sively increasing  proportions  of  nutritive  worth,  even 
ordering  the  entire  beef,  in  which  case  we  should  have  to 
consider  only  the  method  of  cooking  it. 

The  digestibility  of  the  various  meats  is  determined 
by  so  many  modifying  influences,  such  as  the  age  and 
condition  of  the  animal  sui>plying  the  meat,  the  time 
that  has  elapsed  since  it  was  killed,  the  method  of 
preparation,  and  the  digestive  power  of  the  individual, 
that  it  is  not  possible  to  do  more  than  to  state  approxi- 
matel}'  the  relative  digestibility  of  the  vaiious  forms  of 
meat. 

The  order  of  facility  of  digestion,  other  things  being 
equal,  is  as  follows:  Oysters,  eggs,  sweetbread,  tripe, 
calves'  brains,  white  fish,  white  meat  of  chicken,  beef, 
mutton,  squab,  fish,  dark  meat,  game.  veal.  pork. 

The  color  of  meat  is  influenced  by  the  distribution  of 
the  contained  fat.  The  marbling  of  red  meat  is  due  to 
the  fat.     The  white  meat  of  fowls  is  very  deficient  in 
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fat;  in  this  case  it  is  collected  in  layers  and  distributed 
about  the  white  meat.  The  dark  meat  is  richer  iu  fat, 
and  requires  greater  digestive  power.  This  fact  will  in- 
fluence the  selection  of  fish,  fowls,  and  beef.  Tlie  fat  of 
mutton  has  a  higher  melting  point  than  that  of  beef 
and  fowls,  and  for  tliis  reason  it  sometimes  occasions 
indigestion.  Cold  mutton,  iu  which  the  fat  can  be 
readily  separated,  will  frequently  be  found  accept- 
able when  the  recently  cooked  mutton  cannot  be  di- 
gested. 

Taking  up  first  the  mildest  preparation  of  beef  which 
■we  are  able  to  offer  the  patient,  we  may  consider: 

Stimuliitiiig  Beef  Ten. — The  choice  of  the  cut  of  beef  in 
making  various  foods  for  the  patient  is  of  little  impor- 
tance, aside  from  the  question  of  cost.  'I'he  meat  from 
the  neck  will  give  a  preparation  quite  as  nutritious  as 
that  made  from  meat  taken  from  the  round  steak.  Take 
one  pound  of  beef  from  the  neck,  put  it  twice  through 
the  chopper,  and  place  it  in  a  porcelain-lined  kettle;  add 
one  point  of  cold  water.  Allow  it  to  macerate  iu  a  cool 
place  for  three  hours,  occasionally  stirriug  with  a  wooden 
spoon.  Heat  the  preparation  to  the  boiling  point,  and 
allow  it  to  simmer  for  one  hour.  Season  it  to  taste. 
Strain  through  a  double  layer  of  cheese-cloth,  cool  rap- 
idly, remove  the  fat,  keep  securely  covered.  If  it  is  de- 
sired to  have  a  preparation  that  is  perfectly  clear,  the 
well-beaten  white  of  an  egg  may  be  added,  and  the  tea 
heated  to  the  boiling  point  and  then  strained.  This 
preparation  is  mildly  stimulating  and  may  induce  wake- 
fulness in  those  cases  in  which  a  stimulant  would 
produce  .such  an  effect,  and  it  is  not  to  be  relied  upon 
as  a  food.  Most  of  the  beef  tea  made  from  the  solid 
extracts  of  beef  furnishes  a  product  of  small  nutritive 
worth. 

Beef  Extriict  by  the  Cold  Process. — Minced  beef,  five 
ounces;  cold  water,  a  pint;  hydrochloric  acid,  five  drops; 
common  salt  about  twenty  grains.  Macerate  in  a  cool 
place  for  three  hours,  strain  through  a  sieve,  and  wash 
the  residue  with  suflicieut  water  to  make  the  finished 
product  measure  a  pint.  Remove  the  fat,  and  serve 
warm  or  cold. 

ytitritire  Beef  Tea. — Take  one  pound  of  beef  from  the 
neck,  remove  the  excess  of  fat.  and  put  it  twice  through 
the  chopper.  Add  one  pint  of  cold  water,  and  place  in 
a  quart  jar.  JIaceratc  in  a  cool  place  for  three  hours, 
with  occasional  stirring.  Make  a  water-bath,  and  have 
the  water  of  the  bath  extend  to  the  level  of  the  beef  and 
water  iu  the  jar.  Stand  the  jar  in  the  water-bath,  and 
heat  slowly  until  the  water  in  the  water-bath  reaches  the 
boiling  point.  Lessen  the  heat  and  continue  its  applica- 
tion, not  allowing  it  to  reach  the  boiling  point,  for  a 
period  of  three  hours.  Strain  through  a  sieve,  and  wash 
the  residue  with  enough  water  to  make  the  finished 
product  measure  a  pint.  Season  to  taste,  cool  rapidly, 
and  remove  the  fat.  Keep  the  tea  as  nearly  sterile  as  pos- 
sible. Should  the  patient  tire  of  the  Havor  of  this  prepa- 
ration the  taste  may  be  modified  by  the  addition  of  vari- 
ous aromatics,  such  as  bay  leaves,  mace,  cloves,  some 
minced  celery,  or  aromatic  herbs.  This  preparation  if 
not  subjected  to  too  much  heat  should  have  a  reddish- 
gray  color,  and  possess  nutritive  worth. 

Bouillon  is  a  dilute  form  of  stimulating  beef  tea.  A 
shin  bone  is  usually  used  in  its  preparation. 

Consomme  is  bouillon  flavored  with  herbs  anil  colored 
with  caramel.  The  advantages  of  these  two  last-named 
preparations  are  that  we  are  able  to  secuie  them  from  the 
hotels  and  restaurants,  and  in  ordering  them  fora  patient 
we  apparently  make  a  concession  to  the  taste  of  the  indi- 
vidual. 

If  a  stronger  beef  preparation  is  desired,  we  may  give 
beef  juice  made  by  taking  meat  from  the  neck,  cutting 
it  in  slices  about  an  inch  thick,  broiling  it  slightly  in 
order  to  start  the  juice.s,  then  cutting  the  meat  "into 
cubes  and  subjecting  it  to  pressure  in  a  meat  press 
designed  for  the  purpose.  The  press  should  be  heated 
before  use  by  pouring  boiling  water  over  it.  so  as  not 
to  chill  the  meat;  a  warm  cup  should  receive  the  meat 
juice,  and  the  meat  should  be  fed  into  the  press  in  small 


quantities.  In  giving  the  preparation  to  diphtheria 
cases  salt  should  not  be  added,  unless  it  is  found 
necessary  to  do  so,  because  that  contained  in  the  beef  is 
quite  sufficient,  and  anj'  addition  of  s;ilt  would  cause 
smarting  of  the  inflamed  mucous  membrane.  The  neck 
or  tender  side  of  the  round  steak  will  yield  about  six 
ounces  of  juice  to  the  pound  of  steak.  If  beef  juice  is 
to  be  prepared  for  any  length  of  time,  it  is  more  econom- 
ical to  buy  a  meat  press  rather  than  yield  to  the  tempta- 
tion to  temporize  with  a  potato-masher.  This  is  a  con- 
centrated form  of  nourishment,  and  one  well  adapted  for 
administration  to  typhoid-fever  patients  with  perforation 
or  hemorrhage.  The  residue  leaves  little  to  irritate  the 
idcerated  area. 

Scraped  beef  cakes  constitute  a  more  conceutrated  as 
well  as  a  more  digestible  form  of  nourishment  than 
whole  beef.  They  are  prepared  by  taking  a  steak  from 
the  tender  side  of  the  round,  and,  with  a  knife  that  is  not 
too  sharp,  scraping  it  in  the  direction  of  the  tibre  until 
the  pulp  of  the  meat  is  removed,  leaving  the  connective 
tissue.  The  pulp  is  then  gently  pressed  into  a  cake  of 
uniform  thickness  and  is  broiled  over  the  coals  or  in  a 
dry  pan.  Seasoning  and  butter  should  then  be  adiled, 
and  the  cake  put  into  the  oven  so  that  the  seasoning  may 
become  uniformly  blended  with  the  meat  pulp.  The 
flavor  of  this  preparation  may  be  changed  by  adding 
minced  celery,  almonds,  or  pine  nuts,  and  its  nutritive 
worth  may  be  increased  by  the  addition  of  various  nuts, 
butter,  or  egg  albumen. 

Baic  Beef  Soup  may  be  made  by  taking  the  pulp  of 
beef,  prepared  as  above  stated,  and  mixing  it  with  water 
sufficient  to  give  it  the  consistence  of  a  cream  soup. 
Salt,  pepper,  or  celery  s;tlt  mav  be  added,  and  the  prep- 
aration may  be  slightly  warmed,  if  more  acceptable  to 
the  patient  in  that  condition.  This  preparation  has  a 
field  of  usefulness  in  dysentery  and  certain  forms  of 
summer  complaint. 

Minced  Meal  CrMys  may  be  prepared  by  putting  a  choice 
cut  of  beef  twice  through  the  chopper  and  making  it  into 
cakes  as  was  directed  in  the  preparation  of  scraped  beef 
cakes. 

If  we  would  give  beef  in  its  entirety,  it  would  be  best 
to  select  the  tender  side  of  a  sirloin,  which  will  be  more 
tender  than  any  other  part,  even  if  it  is  less  juicy.  The 
convalescent  is  disinclined  to  make  much  effort  in  masti- 
cating food,  and  this  neces.sitates  the  selection  of  tender 
meats,  or  the  preparation  of  them  in  a  way  that  will  re- 
quire a  minimum  amount  of  effort. 

Mutton  Broth  is  prepared  by  the  .same  method,  and  the 
meat  is  used  in  the  same  proportion  as  directed  in  the 
preparation  of  beef  tea.  The  fat  of  mutton  is  less  digest- 
ible than  that  of  the  beef,  and  care  must  be  exercised  to 
remove  every  particle  of  it.  An  additional  reason  for 
getting  rid  of  the  small  globules  of  fat  is  found  in  the 
tendenc)'  of  these  particles  to  float  on  the  surface  of  the 
tea  and  attach  themselves  to  the  lips  of  the  patient,  leav- 
ing a  disagreeable  after-taste. 

Chicken  Jelly. — In  making  chicken  broth  it  is  best  to 
select  an  old  fowl.  Crack  tlie  bones,  cover  the  meat  with 
water,  and  heat  to  the  boiling  point,  and  continue  the 
application  of  heat  a  little  below  the  boiling  point  for 
three  hours,  adding  water  from  time  to  time  to  replace 
that  lost  by  evaporation.  Strain  through  a  colander, 
wash  the  residue  with  hot  water  sufficient  to  makea  pint 
of  fluid  for  each  pound  of  chicken  used,  season  to  the 
taste,  and  pour  into  suitable  small  moulds.  When  cool 
remove  the  fat  with  a  spoon  and  damp  cloth.  Serve  cold 
in  the  form  of  cubes,  or  allow  it  to  retain  the  shape  of  the 
moulJs;  or  it  may  be  warmed  and  administered  as  a 
broth. 

Chicken  Panada. — Chicken  (white  meat.  raw),  one- 
fourth  pound— chop  and  rub  fine;  fresh  breadcrumbs, 
four  ounces;  milk,  four  ounces;  whites  of  two  eggs,  well 
beaten.     Season  and  poach  in  small  cups. 

Veal  Broth. — Veal,  chopped  fine,  one-half  pound;  cold 
water,  one  pint.  JIacerate  for  three  hours.  Water- 
bath  for  three  hours.  Strain,  season,  cool,  and  remove 
fat. 
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Eggs. 
The  chemical  composition  of  eggs  is  as  follows: 


White. 

Yolk. 

"Water 

£4.8 
12.0 
2.0 
1.2 

51.5 

Albuminates 

1.5  0 

30.0 

Slinenil  Dialler 

1.4 

2.1 

The  albuiiien  «f  the  white  is  very  easily  digested  if 
given  raw  or  so  slii;htly  cooked  as  not  to  interfere  with 
its  digestiliility.  If  well  beaten  or  hut  slightly  cooked, 
or  if  it  is  added  to  water,  it  will  be  found  more  digestible 
in  some  instances  than  milk. 

The  large^  percentage  of  oil  contiiincd  in  the  yolk 
-\viimI(1  indicate  its  value  in  those  patients  who  need  oil  and 
are  able  to  digest  it.  It  should  be  slightly  cooked.  If  it 
is  to  be  given  hard  boiled,  it  should  be  heated  until  it  is 
mealy  and  then  grated  or  passed  through  a  sieve. 

Eggs  may  be  prepared  in  many  ways.  If  fresh  they 
are  easily  digested,  and  furnish  a  concentrated  form  of 
iiomishinent. 

Kggs  should  not  be  subjected  to  a  high  temperature  in 
their  jtreparatinn,  A  satisfactory  method  for  preparing 
a  soft-boiled  egg  is  to  place  one  egg  in  a  cup  containing 
■one-half  pint  of  water  heated  to  the  boiling  point  and 
tillowing  it  to  remain  for  ten  minutes.  The  cup  should 
Bot  st«nd  on  marble  or  metal,  since  the  cooling  of  the 
"water  woidd  l)e  loo  rapid  for  the  purpose  in  view. 

A  poached  egg  .should  be  prepared  by  dropping  an  egg 
into  water  nesir  the  boiling  point  to  fix  the  albumen.  It 
jshould  then  be  basted  with  water  of  a  lower  tempera- 
ture, about  170',  until  there  is  a  veil  over  the  yolk,  and 
the  white  of  the  egg  is  jellified.  An  egg  prepared  in  this 
manner  may  be  given  when  one  poached  in  the  usual 
■way  would  not  be  tolerated. 

Albumin  WnUr. — The  white  of  one  egg  well  beaten; 
■water,  one-half  pint.  Mix  and  strain.  It  may  be  flavored 
T\ilh  sherry  or  lemon. 

K'/g  Custard. — One  egg,  beaten:  milk,  four  ounces; 
•sugar,  onetiiblespoonful.     Mix  and  put  in  cups  and  bake. 

Vhoeoliite  Custard  is  made  by  adding  sufficient  choco- 
late to  flavor  and  color  the  egg  custard. 

Caramel  Custard  is  made  by  adding  sufficient  browned 
stigar  to  impart  a  caramel  flavor  to  the  egg  custard. 

Brandy-and-Egg  ilixtiire. — Yolks  of  two  eggs:  sugar, 
one  heaping  tablespoonful ;  brandy,  two  ounces;  cinna- 
mon water,  four  ounces.  Mix.  Administer  in  table- 
spoonful  doses. 

Egg  lemonade. — White  of  one  egg.  well  beaten  :  juice 
•of  one  lemon :  sugar  sufficient ;  water,  one-half  pint. 
.Shake  thoroughly.     Strain. 

Egg  Flip. — Jlilk.  hot,  one-half  pint;  yolk  of  one  egg, 
•nell  beaten  ;  whiskey  one  ounce.     Mix. 

Egg  yog. — Put  the  yolk  of  one  egg  with  a  tablespoon- 
■ful  of  whiskey  or  brandy,  a  tablespoonful  of  Jamaica 
rum,  and  a  tablespoonful  of  granulated  sugar,  with  a 
balf  pint  of  whole  milk  into  a  pint  jar,  and  shake  thor- 
oughly until  the  sugar  is  dissolved.  Beat  the  white  and 
add  most  of  it  to  the  mixture,  and  shake  again.  Put  the 
remainder  of  the  beaten  white  on  the  top  of  the  drink, 
and  have  the  patient  take  it  through  a  tube  or  straw. 

Bartlinlnir'a  Food. — Sago,  one  ounce;  milk,  one-half 
pint.  Soak  for  ten  minutes,  then  place  in  water-bath 
until  clear.  To  this  add:  Stimulating  beef-tea,  one-half 
pint ;  yolk  of  one  egg,  beaten ;  celcrj'  salt,  sufficient. 
Mis..    This  is  a  complete  food. 

Fish. 

Tlie  digestibility  of  fish  is  influenced  by  the  kind, 
quantity,  and  distribution  of  the  oil  contained  in  the 
meat:  and  by  the  season,  the  freshness,  and  the  method 
-of  preparation  of  the  fish. 

The  blue,  dark,  and  red  meats  of  fishes  are  due  to  the 
presence  of  oil  or  fat.     In  white  fish  the  fat  is  collected 


in  local  parts,  and  for  this  reason  white  fish  may  be  given 
to  those  who  cannot  digest  the  oil  contained  in  the 
dark  meat. 

For  the  sick,  fish  should  be  broiled,  and  the  amount  of 
fat  desired  should  be  supplied  in  the  form  of  melted  but- 
ter used  as  a  dressing. 

If  the  fish  is  prepared  by  being  plunged  into  boiling 
salted  water,  and  the  process  of  cooking  is  continued 
with  the  water  at  a  slightly  lower  temperature,  it  will 
retain  almost  all  of  its  nutritive  worth. 

Oysters. 

Oysters  contain  a  small  proportion  of  nourishment,  and 
are  ea.sily  digested  if  the  "  eye  "  is  rejected.  The  juice,  pre- 
pared by  mincing  a  dozen  fat  oysters  with  a  silver  knife 
and  pulling  them  into  a  fruit  jar  and  standing  the  jar  in 
hot  water  for  a  half-hour,  is  often  accepted  by  an  irritable 
stomach  that  refuses  almost  all  other  forms  of  nourish- 
ment. 

Oyster  S<iup  should  be  prepared  by  taking  some  flour 
and  butter  and  mixing  them,  with  the  cold  milk,  gradu- 
ally added,  and  then  adding  the  li<iuor  drained  from  the 
oysters.  This  mixture  should  be  boiled  for  five  minutes, 
and  the  oysters  and  seasoning  then  a<lde<l:  the  soup 
should  be  served  at  once.  Prepared  in  this  manner  the 
oysters  should  be  plump  rather  than  shrivelled,  and  the 
soft  parts  may  be  eaten  by  the  patient  who  is  able  to 
digest  solid  food. 

Oyster  Broth. — Oysters,  twelve;  water,  two  ounces. 
Mince  the  oysters.  Place  over  water-bath  for  a  half- 
hour.     Season.     Strain. 

Cl.\ms. 

Clams  have  a  place  in  the  dietary  of  the  sick  chiefly  for 
the  juice,  which  is  very  acceptable  in  a  great  variety  of 
cases. 

To  prepare  clam  juice  take  six  large  clams,  in  the  shell, 
scrub  the  shells,  put  them  into  a  kettle,  add  a  cup  of 
water,  heat  until  the  shells  open,  pick  out  the  shells  and 
clams  with  a  fork,  strain  the  liquor  through  a  double 
layer  of  cheese-cloth,  cool  rapidly,  keep  well  corked  and 
cool,  and  dilute  with  hot  or  cold  water  to  suit  the  taste 
of  the  patient.  Some  persons  will  accept  the  juice  if  it 
is  diluted  until  it  has  only  a  suggestion  of  the  clam  flavor, 
who  would  be  unable  to  take  it  if  it  were  stronger. 

A  cream  of  clams  may  be  made  by  adding  milk  and 
enough  flour  to  give  the  density  desired. 

Vegetables. 

A  simple  though  somewhat  inaccurate  classification  of 
vegetables  is  that  which  divides  them  into  those  groiring 
abate  ground,  and  those  growing  beloir  ground. 

ABO\'E-GRorxD  Yeget.\bles. — The  green  vegetabUs 
possess  low  nutritive  worth.  They  are  diflieult  to  digest 
because  of  the  large  percentage  of  contained  woody  fibre, 
and  many  are  not  available  for  food  purposes  until  they 
have  been  cooked  They  are  valuable  for  the  volatile 
oils  and  the  large  proportion  of  water  they  contain. 

The  cereals  approach  in  character  a  complete  food  by 
reason  of  the  contained  gluten,  starch,  and  fat.  The  pro- 
portion of  nitrogen  is  not  sufficient,  however,  for  bodily 
needs  without  a  supplemental  supplj^  in  other  forms  of 
food.  The  distinguishing  advantage  possessed  by  them 
is  that  they  can  be  made  into  bread.  !Much  of  the  nitrog- 
enous worth  of  the  bread  prepared  frcmi  wheat  is  ssicri- 
ficed  to  the  desire  for  whiteness.  The  gluten  layer  of  the 
wheat  grain  is  located  directly  under  the  outer  bran  coat 
of  the  grain,  and  if  this  were  allowed  to  remain  it  woidd 
give  a  darker  color  to  the  flour  and  the  bread  prepared 
from  it.  Whole-irheat  bread  conVMWs  the  gluten  and  the 
phosphates  of  the  grain,  and  for  this  rca.son  is  darker  and 
more  nutritious,  and  because  of  a  small  proportion  of 
bran  associated  with  the  flour  is  helpful  in  overcoming 
constipation. 

legumes  contain  nitrogen  in  the  form  of  proteid,  in  ad- 
dition to  starch  and  fat,  and  are  represented  by  peas, 
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beans,  and  lentils.  They  may  be  termed  vegetable  meat 
because  of  their  large  percentage  of  nitrogen,  and  are 
more  valuable  as  foods  liecause  of  the  iron  and  sulphur 
entering  into  their  comijositiou.  It  is  very  difficult  to 
secure  all  of  the  nutriment  contained  in  them  because  of 
the  intimate  association  of  the  proteid  and  starch  with 
the  cellulose  and  tlie  dense  capsule  substance  surround- 
ing them.  For  those  having  feeble  indigestion  they 
should  be  thoroughly  cooked  and  passed  tlirougli  a  col- 
ander to  get  rid  of  a  large  proportion  of  the  associated 
woody  tibre. 

Below-Ground  Vegetables. — Roots,  tubers,  etc.,  de- 
pend upon  the  contained  starch,  sugar,  salts,  and  acids 
for  their  nutritive  worth.  Here  the  food  value  is  lower 
and  less  concentrated  than  in  the  case  of  cereals  and  le- 
gumes, and  they  are  poorer  in  nitrogen.  The  digestibility 
will  vary  according  to  the  age  and  to  the  ])roportion  of 
water  lost  by  evaporation.  The  starch  derived  from  corn 
and  potatoes,  arrowroot  and  rice,  will  tax  the  digestion 
least.  Starclies  having  a  cell  wall  are  available  as  foods 
only  after  the.y  have  been  cooked  sufficiently  to  cause 
the  rupture  of  the  retaining  membrane  so  as  to  liberate 
the  starch. 

Fruits. 

Fruits  are  valued  for  their  antiscorbutic  properties,  due 
to  the  salts,  acids,  alkalies,  volatile  oils,  ethers,  and  the 
large  percentage  of  water  which  they  contain.  They  do 
not  possess  high  nutritive  worth. 

Fungi. 

Mushrooms  arc  not  now  regarded  as  possessing  the 
high  fond  value  which  was  formerly  attributed  to  them. 
As  a  seasoning  they,  with  truffles,  serve  a  useful  purpose. 

Bre.uj. 

Bread  for  the  sick  should  be  thoroughly  baked  in 
loaves  small  enough  to  insure  the  destruction  of  thej-east 
plant  at  all  ])arts  of  the  sponge.  Freshly  baked  bread  is 
unsuitable  to  patients  needing  dietetic  directions.  Rasped 
rolls  aud  thoroughly  baked  rolls  are  better  than  bread 
cut  from  the  loaf. 

Toanted  Bread  should  be  prepared  from  stale  bread, 
slowly  heated  over  the  fire  until  it  is  cooked  throughout 
its  entire  thickness,  is  crisp  and  has  a  golden  color.  The 
crust  should  be  removed. 

Pulled  Bread  is  prepared  by  taking  a  loaf  of  Vienna 
bread,  removing  the  crust,  and  separating  the  sponge  of 
the  bread  with  two  forks,  or  the  thumbs,  in  such  a  way 
that  the  bread  is  not  crushed.  JIake  into  strips  about 
four  inches  long  and  one  inch  thick.  Place  in  a  pan.  the 
bottom  and  sides  of  which  have  been  covered  witli  paper, 
and  bake  in  the  oven  nutil  of  a  golden  brown  color  and 
thoroughly  crisp.  It  may  be  served  with  cream  or 
whipped  cream. 

Ve.rtriiiized  Bread  is  ])rcpared  by  heating  a  slice  of 
stale  bread  in  the  oven  until  it  is  of  a  dark  lirown  color. 

Torrefied  Bread  is  prepared  by  subjecting  bread  to  a 
greater  heat  for  a  longer  period  than  is  used  in  preparing 
Se.xtrinized  bread. 

Brown  Flour  Sonp. — Heat  flour  in  a  pan  until  it  has  a 
walnut  color.  Add  a  little  butter.  Form  a  smooth  paste 
by  the  addition  of  hot  water,  and  continue  the  addition 
of  liot  water  until  sufficient  has  been  added  to  make  the 
consistence  that  of  a  cream  soup.  Cook  for  Jive  min- 
utes.    Season  to  taste. 

Drinks  and  Jellies. 

There  is  a  class  of  preparations  possessing  refrigerant, 
demulcent,  diuretic,  diaphoretic,  and  astringent  proper- 
ties. They  have  a  wide  range  of  usefulness,  and  the 
variety  of  them  at  our  disposal  enables  us  to  cater  to  the 
taste  of  the  patient. 

Flaxseed  Tea. — Flaxseed,  one  tablespoonful,  to  be 
washed  with  cold  water ;   water,  one  pint.     Boil  thirty 


minutes;  sweeten;  flavorwith  lemon  peel  or  juice;  cool;. 
strain. 

Gum- Arabic  Water. — Gum  arable,  one  tablespoonful;. 
sugai'.  one  heaping  tablespoonful ;  water,  one  pint.  Dis- 
solve by  means  of  a  water  bath.  Add  lemon  juice,  one 
tablespoonful.     Strain. 

Insli-Moss  Tea. — Irisli  moss,  one  ounce,  to  be  washed 
with  cold  water;  water,  two  pints.  Mix  and  allow  to 
stand  for  fifteen  minutes;  heat  to  boiling  point;  add 
lemon  juice,  two  ounces;  sugar,  two  tablcspoonfuls. 
Strain. 

Irish-Moss  Jelly. — Irish  moss,  three  ounces,  to  be  washed 
with  cold  water;  water,  one  pint.  Allow  to  stand  fifteen 
minutes;  heat  to  boiling  point  aud  continue  at  that  tem- 
perature for  five  minutes.  Strain.  Add  sherry  wine, 
two  ounces:  sugar,  two  tablcspoonfuls.  Put  in  moulds 
to  solidify. 

Itiipcriiil  J) rinl:  — Cream,  of  tartar,  one  teaspoonful; 
boiling  water,  one  pint ;  lemon  peel  and  sugar,  of  each  a 
sufficient  quantity.     Mix.  cool,  and  strain. 

Wine  Whey. — jlilk  heated  to  boiling  point,  one-half 
pint;  sherry  wine,  two  ounces.     Mix  and  strain. 

Alum  Wlify. — Jlilk  heated  to  the  boiling  point,  one- 
half  pint ;  powdered  alum,  one  teaspoonful,  dissolved  in 
water.     Mix  and  strain. 

Lemon,  Whey. — Milk  heated  to  the  boiling  point,  one- 
half  pint ;  lemon  juice,  two  teaspoonfuls.     Mix  and  strain. 

lUce  Water. — Rice,  one  tablespoonful,  to  be  washed. 
Then  add  boiling  water,  one  pint,  and  boil  for  half  an 
hour.     Add  lemon  peel  sufficient;  cool.     Strain. 

Toast  Water. — -Toast  thoroughly  a  slice  of  bread.  Pour 
over  it  six  ounces  of  boiling  water.  Cover.  Allow  to 
stand  in  a  warm  place  for  fifteen  minutes.  Administer 
bj'  the  teaspoonful, 

Vorn  Water. — Brown  a  tablespoonful  of  corn  meal  iti 
a  pan;  add  six  ounces  of  hot  water;  boil  for  five  min- 
utes.    Strain. 

Barley  Water.  — Pearl  barley,  two  ounces,  to  be  washed  ; 
water,  four  pints.  5Iix  and  boil  to  two  pints.  Flavor, 
sweeten,  and  strain. 

Barhji  Water  with  Patent  Barley. — Patent  barley,  two 
tablcspoonfuls;    cold   water,  two   tablcspoonfuls;    salt, 
sufficient;   sugar,  one  tablespoonful;   boiling  water,  one- 
pint.     Mix  aud  boil  for  five  minutes. 

DIETETICS   FOR  PARTICULAR  DISEASES. 

Stomatitis. — Hot  water  taken  freely  an  hour  before 
meals  is  of  great  service.  If  bicarbonate  of  soda  is  added 
to  the  water  the  elTect  will  be  better.  A  milk  diet  with 
pulled  bicad  or  dcxtrinized  bread  is  best.  White  meat 
may  be  allowed  in  small  amounts.  Acids  and  fats  are  lo 
be  avoided,  as  are  foods  likely  to  undergo  fermentation. 

Tonsillitis  andPharynr/iti.i. — There  is  usually  associated 
with  these  diseases  a  mild  febrile  process,  and  the  same 
diet  is  suitable  to  both  conditions. 

Diluent  aud  demulcent  drinks,  such  as  rice  water,  bar- 
ley water,  or  oatmeal  water,  are  nutritive  and  service- 
able. Irish-moss  lea  or  jelly,  flaxseed  tea.  gum-arabic 
water  arc  soothing,  and  imperial  diink  is  refrigerant. 

The  proper  diet  should  beoue  coutainiug  a  large  quan- 
tity of  water.  Whole  or  skimmed  milk,  or  milk  with 
barley  or  rice  water,  is  to  form  the  chief  article  of  diet. 
Alum  whey  is  of  great  service  because  of  its  nutritive 
worth,  and  because  it  enables  us  to  vary  the  diet. 
Junket,  milk-jell\',  water  ice,  and  ice  cream  are  allow- 
able. Gruels  and  creams  of  various  vegetables  may  be 
given.  Animal  broths  should  be  omitted,  except  those 
prepared  from  oysters  and  clams.  The  subject  will  be 
fully  considered  in  the  section  devoted  to  the  Dietetics 
of  Diphtheria. 

Stenosis  of  the  (Esophagus  or  of  the  Cardiac  End  of  the 
Stomach. — The  character  of  the  cause  of  the  stenosis  will 
influence  the  selection  of  the  diet,  as  will  likewise  the 
degree  of  obstruction.  Milk,  plain  and  modified,  is  to  be 
considered  the  standard  diet.  A  complete  food  is  to  be 
constrncted  from  milk.  eggs,  and  cereal.  We  have  an 
example  of  such  in  "Bartliolow's  food."    Scraped  beef 
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aud  finely  minced  cliicken  can  be  combiued  witli  inilli 
iiiid.  ill  ei'ise  of  delicient  dijrestivc  power,  tliese  eoiiibimi- 
tioiis  may  be  pcptimized.  Tlie  serni-solid  foods,  sueli  us 
•\viue  .ieliy,  calfs-fout  jelly,  gelatin  pieparalions.  Bro- 
iiiaiiirelon.  junket,  and  ice  cream  are  easily  swallowed. 

Acute  (ui.'<liili.i. — The  temporary  avoidance  of  food  ad- 
ministered by  the  mouth  is  frequenily  the  i)rime  indica- 
tion. If  thestrenjrih  of  the  patient  is  exhausted,  it  may 
be  necessary  to  res<irt  to  rectal  alimentation.  Cracked 
ice  may  exert  a  (luietin.i?  intluence  upon  the  gastric  irri- 
taliilily.  Hot  water  is  of  the  greatest  service  even  when 
it  is  not  retaineil.  Jlore  acce|)table  and  likely  not  only 
to  be  retained  but  also  to  allay  vomiting,  is  clam  juice. 
For  the  earlier  stages  there  is  nothing  better  than  this 
preparation.  The  method  of  administering  it  and  all 
noiuishnient  in  this  condition  is  t|uite  as  important  as 
the  selection  of  the  parlicular  kind  of  food.  A  teaspoon- 
ful  of  liipiid  food  given  every  live  or  ten  minutes,  or 
every  minute,  until  four  or  eight  have  been  given,  is  much 
more  likely  to  be  retained  than  are  larger  (piantilies. 
After  the  irrilabilily  of  llie  stomach  has  once  liecn  allayed 
and  digestion  begins  to  be  ]ierformed,  the  interval  between 
feedings  and  the  cjuantity  and  variety  of  food  ma}'  be 
increased.  Milk  with  carbonated  water,  whey,  junket 
thai  has  been  passed  through  a  colander  or  sieve,  albu- 
min water,  koumys,  or  zoolak  may  be  given.  Toast 
water  or  corn  water  and  dry  toast  will  often  allay  vomit- 
ing. Oyster  juice  fed  very  slowly  is  serviceable  in  these 
cases;  later,  scraped  beef  and  chicken  panada,  or  the 
white  of  a  poached  egg  with  pulled  bread,  will  be  ac- 
ceptable. 

Clironic  Gastritis. — The  condition  with  which  the  gas- 
tritis is  associateil  will  intluence  the  choice  of  diet.  The 
liberal  use  of  hot  water,  or  hot  water  with  biearbonate 
of  soda  and  essence  of  peppermint,  will  facilitate  the  re- 
moval of  the  tenacious  mucus  so  constantly  present  in 
these  cases,  and  give  a  better  opportunity  for  the  gastric 
secretion  to  act. 

The  condition  is  so  constantly  associated  with  obstruc- 
tion of  the  portal  circulation  that  no  food  must  be  given 
that  would  ta.\  the  hepatic  function.  For  this  reason 
buttermilk,  which  represents  sweet  milk  with  a  large 
jiart  of  the  fat  removed,  is  regarded  by  many  as  the  ideal 
diet  for  these  cases.  Skinuued  milk  is  serviceable  for 
tlu'  same  reason.  ISIilk,  diluted  with  hot  water,  with 
carbonated  water,  or  with  a  water  prepared  from  one  of 
the  cereals,  to  render  the  curd  smaller,  is  to  be  regarded 
as  especially  indicated. 

It  is  a  safe  general  rule  in  dietetics  to  give  that  food 
which  will  tax  the  affected  organ  least— in  other  words, 
to  rest  the  disabled  viscus.  This  rule  would  indicate  the 
use  of  fats  and  starches  in  gastiitis.  Fats  are  contrain- 
dicated.  however,  for  the  reason  given.  Starches  are  of 
.service  in  many  of  these  cases,  but  their  use  nuist  be 
walihcd  because  of  the  liability  to  occasion  the  develop- 
ment of  water  brash,  or  heartburn,  due  to  lactic  or  buty- 
ric acid  fermentation.  Corn  starch,  arrowroot,  and  white 
]iotatoes  shotild  furnish  a  starch  most  easily  digested. 
It  need  hardly  be  added  that  care  and  skill  in  "the  cooking 
of  these  cereals  will  greatly  influence  their  digestibility. 

The  stimulating  beef-tea  in  the  earlier  stage,  and  the 
nimilive  beef-lea  when  the  condition  improves,  will  be 
found  serviceable.  Scraped  beef,  or  beef  reduced  to  a 
pill]!  by  means  of  a  mortar,  aud  the  fibres  drained  from 
it,  will  be  easily  digested.  The  judicious  use  of  condi- 
ments in  these  cases  will  be  of  service  in  stimulating  the 
gastric  secretions. 

One  thought  is  to  be  kept  constantly  in  mind  in  the 
treatment  of  these  cases — that  is,  that  no  food  shall  be 
given  that  is  liable  speedily  to  undergo  fermentative 
changes,  or  to  remain  long  in  the  stomach.  For  this  reason, 
spare,  cold  boiled  ham,  and  other  smoked  meats  are  often 
more  acceptable  than  other  forms  of  nouiishment. 

In  those  cases  in  which  the  disease  is  associated  with  de- 
ficient motor  power,  the  interval  between  feedings  should 
be  lengtheneii,  and  an  effort  made  to  cleanse  the  stomach 
of  the  remnant  of  the  previous  meal  before  more  food  is 
introduceii. 


Eggs  are  more  available  if  the  whites  only  are  used. 
They  should  be  poached  at  a  low  temperature,  or  well 
beaten,  ami  should  be  combiiied  with  other  formsof  nour- 
ishment. Oven-bakeil  toast,  or  luilled  bread,  will  be  the 
form  of  bread  least  likely  to  induce  lialuleiicy, 

Vi/s/icpsiti. — The  term  is  applied  to  a  group  of  symp- 
toms including  those  i)reviously  considered  imder  acute 
and  chronic  gastritis.  In  addition  to  these  lwoclas.ses  of 
gastilc  diseases  there  are  cases  with  symjitoms  so  pro- 
nounced as  to  enable  them  to  be  considereil  under  tlie 
following  heads:  Atonic  dyspepsia;  nervous  dysjicpsia, 
including  gastralgia;  intestinal  dyspepsia. 

Atonic  Dyspepsia.— Hot  water  should  be  given  imme- 
diately upon  rising  to  cleanse  the  stomach  of  accuniulaled 
mucus,  and  a  glascful  of  cold  water  before  meals  for  its 
tonic  effect.  See  to  it  that  there  are  leelh  to  perforin  the 
work  of  preparing  the  food  for  digestion.  It  is  more 
promising  to  treat  certain  dys])eptics  by  ordering  teeth 
than  liy  the  employnunt  of  coiinlless  drugs  and  diets. 
When  the  teeth  are  unsuitecl  to  grind  and  cut  the  food, 
it  nuist  be  artiticially  done  or  the  diet  will  have  to  be 
confined  to  the  foods  reciuiring  no  niaslicalion.  Each 
meal  should  consist  of  one  or  two  arti(  les  of  diet.  Beef 
combined  with  rice  will  give  a  complete  food  because 
there  is  sufficient  fat  inseparably  as.sociated  with  the  beef 
to  yield  as  much  of  this  fooil  element  as  is  likely  to  be 
digested  wilh  facility. 

Fruits  are  of  service  in  this  case,  especially  if  taken  be- 
fore the  meal.  Those  containing  a  minimum  of  acid, 
such  as  oranges,  bauana.s,  and  grapes,  if  taken  before 
breakfast  will  frequently  stimulate  digestion.  Certain 
cases  will  be  met  with  in  which  the  fruits  are  bet  ter  borne 
if  taken  at  the  close  of  the  meal.  This  is  particuiarlj' 
true  of  the  more  acid  fruits,  such  as  strawberries. 

For  breakfast  a  broiled  chop,  the  white  of  a  poached 
egg,  a  cereal,  if  thoroughly  insalivated  and  if  not  too- 
much  sugar  is  used,  combined  with  toasted  or  whole- 
wheat bread,  or  shredded  wheat,  w  oulil  make  a  suitable 
meal.  Cambric  tea  is  to  be  i)referred  to  tea  or  coffee.  For 
dinner,  a  cup  of  hot  stimulating  beef-tea,  consomme,  or 
bouillon  will  stimulate  digestion.  This  may  be  followed 
by  a  meat  cake,  preparei.1  by  passing  beef  twice  through 
the  chopper  or  by  scraping  it,  A  mealy  baked  ))Otato  is 
allowable,  and  this  may  be  made  more  digestible  by  hav- 
ing the  ])otato  removed  from  the  skin  after  baking,  in- 
corporating witli  it  butter  and  seasonin.g  and,  in  certain 
instances,  the  white  of  an  egg,  replacing  the  mass  in  the 
potato  case  and  heating  so  that  the  seasoning  may  be 
thoroughly  blended  and  the  starch  granules  sejiarated. 
Steamed  rice,  macaroni,  vermicelli,  or  any  of  the  Italian 
pastes  may  be  given,  and  when  combined  with  grated 
Parmesan  or  American  cheese  will  con,stitute  a  complete 
food.  If  the  diet  is  confined  to  one  or  two  articles  of 
f(wd  we  are  able  readily  to  determine  the  iufliicnce  of  the 
food  elements  administered  upon  the  course  of  the  dis- 
ease. This  point  is  not  sufficiently  appreciated,  aud  its 
neglect  often  results  in  failure  in  the  dietetic  treatment 
of  disease.  When  there  is  hyperacidity,  scraped  beef  as 
an  exclusive  diet  will  often  give  the  best  results.  In 
those  cases  in  which  there  is  hyperacidity  the  starches,  if 
thoroughly  insalivated,  are  apt  to  be  more  easily  digested. 

Water  with  the  meals  is  of  advantage  because  of  its 
solvent  effect  and  its  mechanical  aid  in  separating  the 
particles  of  food  and  thus  facilitating  the  action  of  the 
,i;astric  juice  upon  the  aliment,  Constijiation  is  a  less 
prominent  symptom  when  sufficient  water  is  taken.  Too 
much  water,  on  the  other  hand,  may  retard  digestion  by 
excessively  diluting  the  di.gestive  ferments. 

Nervous  Dyspepsia,— In  these  cases  the  disease  mani- 
fests itself  by  symptoms  referable  to  the  nervous  system 
aud  associated  with  these  there  are  variable  ajipetite. 
clean  tongue,  aud  a  pain  in  the  region  of  the  stomach, 
which  latter  is  often  relieved  by  taking  food.  The  ele- 
ment of  pain  may  be  so  pronounced  as  to  justify  consid- 
ering the  case  one  of  gastralgia.  According  to  the  de,gree 
of  severity  of  the  symptoms  will  be  the  ueccs.sity  for  a 
rigid  dietetic  regimen.  Rest  before  and  after  foixl  is 
most  helpful.     The  meals  should  be  taken  under  a  cheer- 
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ful  environment.  Anything  tending  to  depress,  irritate, 
•or  call  attention  to  the  patient's  invalidism  is  to  be 
avoided.  An  exclusive  milk  diet  may  be  necessary. 
Later,  fruits,  eggs  slightly  cooked,  bacon  crisp  and  dry, 
■with  de.xtrinized  bread,  should  compose  the  breakfast. 
Coffee  is  to  be  avoided,  and  tea  also,  unless  it  be  weak 
and  freshly  brewed,  and  taken  several  hours  after  the 
meal. 

Intestinal  Dyspepsia. — It  is  not  difficult  to  appreciate 
that  the  most  probable  e.xciting  cause  of  this  condition  is 
to  be  found  in  the  excessive  use  of  improperly  cooked 
starches.  Potatoes  yicWing  themselves  to  many  iiuproper 
methods  of  cooking  are  doubtless  potent  factors  in  the 
production  of  intestinal  dyspepsia.  Here  the  starch  is 
made  difficult  of  digestion  by  reason  of  the  frying  to 
■which  tliey  are  often  subjected,  and  the  fat  used  in  the 
process  has  been  heated  to  a  point  where  its  cliemical 
composition  is  changed,  when  it  becomes  unsuited  for 
food  purposes  as  is  starch  ■n-hieh  has  been  cooked  in  it. 

The  breads  usually  foimd  on  the  table  are  frequently 
■of  such  composition  or  in  such  a  condition  as  to  make 
them  a  tax  upon  digestion.  Among  the  poorer  classes 
the  meal  is  often  largely  made  up  of  bread  and  a  liberal 
allowance  of  tea  and  sugar.  There  is  another  class  of 
foodstuffs  that  have  contributed  largely  to  the  causation 
of  this  disease,  the  cereals;  the  coarse  oat -meals  that  have 
been  cooked  for  as  brief  a  period  as  a  half-hour  are  better 
adapted  for  bill-posters'  buckets  than  for  human  stom- 
achs. The  treatment  of  the  condition  after  the  elimina- 
tion of  the  exciting  cause  resolves  itself  into  the  admin- 
istration of  the  foods  that  are  digested  chiefly  in  the 
stomach.  Hot  water,  skimmed  milk,  milk  in  all  possible 
<'orabinations,  and  milk  with  the  curd  made  small,  will 
be  found  serviceable  in  all  of  these  cases. 

Clear  soup  made  from  meat,  and  scraped  or  chopped 
meat  cakes  with  dextrinized  bread,  will  stand  for  the  diet 
best  adapted  to  these  cases.  These  articles  of  diet  are 
quite  sufficient  for  a  considerable  period  of  time  if  pre- 
pared in  the  various  combinations  to  wliich  they  lend 
themselves.  Later,  slightly  cooked  egg  albumen  may  be 
added  to  the  diet,  and  as  the  condition  improves,  sweet- 
breads, calves'  brains,  squabs,  white  meat  of  chicken, 
bacon,  and  game.  The  starchy  foods  are  to  be  added 
gradually  and  the  effect  watched.  ^Macaroni,  vermicelli 
and  noodles,  steamed  rice  and  com  starch,  and  later  a 
baked  potato  may  be  added  to  the  diet. 

Tea  and  coffee,  as  they  are  usually  prepared  and  used, 
are  objectionable  in  all  forms  of  dyspepsia.  Coffee  if  di- 
luted with  hot  milk  is  less  likely  to  tax  the  digestion 
than  is  tea.  The  question  of  stimulants  and  wine  is  a 
less  pressing  one  here  than  abroad.  For  the  debilitated 
or  aged,  champagne,  or  brandy  diluted  with  carbonated 
■water,  when  taken  during  the  meal,  will  frequently  prove 
of  the  greatest  service. 

Ulcer  of  the  Stomiic/i. — The  rule  to  spare  the  affected 
part  applies  with  special  force  to  this  condition.  The 
ulcerated  gastric  mucous  membrane  must  not  be  irritated 
ty  coarse  food,  excessive  food,  or  a  free  flow  of  gastric 
juice,  because  the  likelihood  of  liemorrhage  is  increased 
by  coarse  particles  of  food,  and  by  distention  of  the 
stomach  by  food  or  gas.  Carbonated  water  is  not  to  be 
used  in  diluting  the  milk  that  is  so  large  a  part  of  the 
diet,  tmless  the  mixture  is  allowed  to  stand  imtil  effer- 
vescence has  entirely  ceased.  Jlilk,  prepared  in  this 
■way,  will  form  a  flocculent  curd.  When  hemorrhage 
has  occurred,  it  is  advisable  to  give  little  or  no  nourish- 
ment by  the  month,  and  to  use  instead  nutrient  enemata. 

From  observations  that  milk  is  capable  of  absorp- 
tion directly  without  undergoing  coagulation  and  diges- 
tion, provided  it  is  given  when  there  is  no  other  food  in 
the  stomach,  it  woiild  seem  that  we  should  in  a  great 
measure  limit  the  dietarj-  of  these  cases  to  the  adminis- 
tration of  milk. 

Since  the  administration  of  an  alkali  stimulates  the  flow 
of  the  acid  gastric  juice,  it  would  manifestly  be  wise  to 
use  the  alkali  with  caution,  and  in  .such  quantities  and 
at  such  times  that  the  acidity  of  the  gastric  juice  may  be 
neutralized.     For  these  reasons  partly,  rice,  or  albumin 


water,  will  be  more  serviceable  as  an  addition  to  the  milk. 
Curds  and  whey,  if  passed  through  a  sieve,  may  be 
used. 

As  convalescence  becomes  established,  the  patient  may 
have  cream  soups  of  the  various  vegetables,  always  ob- 
serving the  precaution  that  they  be  strained  through  the 
colander  or  sieve.  Meat  soup,  free  from  fat,  scraped 
meat  cakes,  or  minced  wliite  meat  of  chicken,  cream 
sweetbreads,  and  strained  gruels,  or  combinations  of 
these  food  elements,  may  be  <'mployed  in  these  cases. 

The  dietetic  treatment  of  a  case  of  gastric  ulcer  should 
extend  over  a  period  of  from  four  to  six  mouths. 

Cancer  of  the  Stomach. — If  the  lesion  is  situated  at  the 
cardiac  orifice  and  is  sufficient  to  prevent  the  ready  en- 
trance of  food  into  the  stomach,  it  will  become  necessary 
to  use  the  stomach  tube  in  feeding  the  patient.  If  the 
pyloric  orifice  is  the  seat  of  disease,  the  likelihood  of  gas- 
tric dilatation  and  its  attendant  catarrh  is  pnqiortiouate 
to  the  degree  of  stenosis.  The  food  in  either  instauce 
should  be  either  liquid  or  semi-solid.  Milk  combined 
with  eggs,  beef,  or  one  of  the  starchy  vegetables  will 
offer  a  sufficient  range  of  nourishment.  The  white  of 
egg  may  be  given  with  milk  or  broth.  The  yolk  can  be 
administered  with  less  objection  in  these  cases,  especially 
if  it  is  associated  with  panereatin  and  soda. 

Scraped  beef,  beef  peptonoids,  and  strained  gruels  are 
to  be  given. 

An  early,  careful  employment  of  rectal  feeding  will 
prove  a  valuable  supplemental  source  of  nourishment. 
Later,  it  will  likely  be  the  only  means  of  sustaining  the 
patient. 

Pijloric  Obstruction  and  Dilatation  of  the  Stomach.  — The 
diet  suitable  for  chronic  gastric  cataiTli  and  cancer  of  the 
stomach,  with  certain  slight  modifications,  will  be  found 
adapted  to  these  conditions. 

Constipation. — One  of  the  most  important  directions 
that  can  be  given  a  patient  with  this  troublesome  com- 
plaint is  that  a  hard-and-fast  rule  be  observed  in  the  matter 
of  having  a  fixed  hour  each  day,  at  which  an  effort  to  have 
a  bowel  movement  will  be  made.  A  glass  or  two  of  hot 
water,  sip|ied  at  intervals  during  the  progress  of  the 
toilet,  and  if  necessary,  tlie  same  quantity  of  water  taken 
before  retiring,  will  greatly  favor  a  daily  evacuation  of 
the  bowels. 

The  condition  is  constantly  associated  with  a  deficiency 
of  the  liquid  element  in  the  intestinal  contents.  Either 
there  is  a  deficiency  of  water  ingested,  or  that  taken  is 
lost  by  excessive  perspiration,  and  the  fecal  matter  in 
this  way  becomes  inspis.siited,  and  constipation  results. 

Fniitu,  either  raw  or  cooked,  and  dried  fruits  according 
to  the  dige?tive  power  of  the  individual,  are  of  the  great- 
est service  in  overcoming  constijiation.  Tliey  act  more 
by  virtue  of  the  acids  aud  the  water  contained  in  them 
than  by  their  bulk  and  mechanical  irritation  of  the  intes- 
tinal tract. 

Most  of  the  dried  fruits  are  more  easily  digested  if 
cooked.  Prunes  should  be  deprived  of  the  skin,  and 
thorough  mastication  of  the  fruits  having  much  woody 
fibre  should  be  insisted  upon. 

Ver/etables,  especially  the  green  vegetables,  e.g.,  spin- 
ach, lettuce,  peas,  beans,  celery,  and  others,  by  reason  of 
the  water  and  acids  they  contain  and  the  residue  they 
leave,  contribute  to  overcome  constipation. 

When  it  is  remembered  that  approximately  more  than 
three-fourths  of  most  vegetables  are  composed  of  water, 
it  will  be  more  readily  appreciated  how  these  foods  exert 
an  apparent  effect  by  liquefying  the  intestinal  contents. 

When  the  constipated  habit  of  the  meat-fed  dog  is  con- 
trasted with  the  semi-solid  character  of  the  evacuation  of 
the  herbivorous  animals  we  have  an  important  dietetic 
suggestion. 

Ctreoh  are  helpful  in  the  treatment  of  these  cases,  if 
they  are  prepared  in  such  a  way  as  to  leave  the  bran 
layer  of  the  grain  in  the  meal. 

In  this  way  we  secure,  by  bulk  and  mechanical  ir- 
ritation, a  stimulus  to  peristalsis.  Bran  bread,  ginger 
bread,  graham  bread,  brown  bread,  the  variovis  cereals 
comprising  the  breakfast  foods  on  the  market,  and  the 
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gluten,  friuger,  and  smaller  biscuits  of  the  shops  may  be 
used  ill  this  condition. 

.Milk  i.s  less  constipating  if  it  has  not  been  skimmed, 
tlie  fat  of  the  eieani  being  laxative.  One  of  the  best 
aperients  for  babies  is  cream. 

liacon  eooked  until  crisp  and  dry  is  serviceable,  by 
reason  of  the  fat  of  which  it  is  composed. 

Butter,  in  large  ((uantities  upon  gluten,  bran,  or  brown 
bn-ad.  will  be  of  service.  Oils,  with  green  vegetables, 
may  lie  used. 

VVhen  the  condition  is  the  result  of  dyspepsia,  it  is  im- 
portant to  avoid  inakiiig  any  pronouiieed  change  in  the 
diet  witlioiil  giving  a  ilue  consideration  to  the  digestibil- 
ity of  the  food  selected:  as  woody  vegetables,  so  service- 
al)le  in  constipation,  are  very  dillicult  of  digestion. 

Ariite  Diarrhait. — Acute  diarrho'a  is  to  be  treated  ac- 
cording to  the  Ciiuse  w  hicli  occasioned  it.  H  an  irritating 
substance  has  been  ingested  or  developed,  the  withhold- 
ing of  all  food  for  a  time  after  the  irritant  has  lieen  ex- 
pelled will  ]>rove  the  best  initial  tieatiiient. 

Albumin  water  is  servici-alile.  Boileil  milk,  skimmed 
milk,  or  milk  to  which  tlour  has  been  added  and  boiled 
(making  the  preparation  known  as  "  pap  " ).  will  prove  ac- 
ceptable. Brown-Hour  soup.  "  gebrannte  Jlehlsuppc  "  of 
the  (Jermans.  with  or  without  ginger  or  other  acceptable 
spice,  is  highly  regarded,  while  beef  scraped  or  the  pulp 
jirepared  by  pounding  the  lii'ef  in  a  mortar  with  water 
or  milk  and  then  strained,  is  to  be  given.  The  latter 
preparation  may  be  peptonized. 

Cliriniic  Uiiinhiiii. — The  condition  with  which  the 
diarrhiea  is  associated  will  intluence  the  dietetic  treat- 
ment. The  food  should  be  administered  in  small  quan- 
tities and  at  frequent  intervals.  Fermentable  foods,  and 
those  likely  to  e.xcite  diarrhcra,  are  to  be  avoided. 
Chicken  and  game  meats  are  to  be  considered  in  this 
diss.  It  is  important  that  the  intestines  shall  be  spared 
every  effort,  as  far  as  possible,  to  digest  and  assimilate 
the  food  administered.  This  means  that  egg  albumen, 
skimmed  milk,  buttermilk,  sterile  beef-tea,  beef  juice, 
and  scraped  meat  should  form  the  chief  constituents  of 
the  diet.  Koumys.  zoolak,  cottage  cheese,  and  certain 
of  the  manufactured  foods  are  also  available.  If  .ludi- 
ciously  administered,  these  articles  will  prove  an  accept- 
ahle  diet  for  a  protracted  period. 

When  the  digestive  power  increases  dextrinized  bread, 
or  Hour  soup,  cream  of  potatoes,  corn  starch,  and  "  pap  " 
may  he  given.  Farina  gruels  combined  with  whites  of 
eggs  are  suitable  to  these  cases.  Brandy  and  red  astrin- 
gent wines,  such  as  Burgundy  or  claret,  will  be  service- 
able in  certain  cases. 

Ih/seii /<!■>/. — The  acute  and  chronic  forms  require  those 
foods  which  are  tligested  and  taken  up  by  tlie  stomach 
and  leave  a  minimum  residue. 

Egg  albumen,  sterile  beef-tea,  beef  iuiee.  scraped  beef, 
gelatin  foods,  skimmed  milk,  and  milk  fortified  by  the 
addition  of  albumen,  curds  and  whey,  grated  cheese, 
koumys,  and  similar  foods  are  to  be  considered  the  chief 
articles  of  diet.  The  return  to  a  diet  containing  starch, 
sugar,  and  fats  should  be  long  deferred  and  cautious. 

Intinti  mil  Discuses  of  Cliildlitioil. — It  is  possible  to  con - 
siller  a  large  group  of  separate  conditions  under  this 
heading.  In  all  of  them  the  limit  of  bacterial  invasion 
consistent  w  ith  health  has  been  pa.sscd.  In  the  success- 
ful treatment  of  these  cases  the  first  requisite  is  to  secure 
the  closest  possible  approach  to  sterility  of  the  gastro- 
intestinal tract  and  to  introduce  no  food  that  will  carry 
re-infection  oryield  a  favorable  medium  for  the  develop- 
ment of  pernicious  forms  of  bacterial  life.  These  diseases 
are  usually  associated  with  an  inability  to  readily  digest 
the  casein  constituent  of  milk,  and  this  inabilitj'  mani- 
fests itself  by  the  occurrence  of  colic  soon  after  taking 
food  and  by  the  presence  of  curds  of  varying  sizes  in  the 
evacuation.  The  casein  should  be  lessened  by  the  dilu- 
tion of  the  milk  with  water  or  other  diluent.  In  those 
cases  in  which  there  is  a  total  inability  to  digest  casein, 
whey  will  be  found  acceptable.  Albumin  water  is  in 
favor  in  these  conditions.  Partial  peptonizing  may  en- 
able the  patient  to  digest  ordinary  milk.     The  simple 


dilution  of  the  milk  lessens  the  proportion  of  sugar,  and 
thus  the  likelihood  of  fermentative  changes  and  acid 
stools  is  lessened. 

The  fat  of  the  milk  is  likely  to  favor  diarrluea  and 
vomiting.  Skimmed  or  boiled  milk  will  be  indicated  in 
those  cases  in  which  there  is  reason  to  believe-  that  the 
patient  is  unable  to  digest  the  fat.  The  advantage  of  a 
temporary  withholding  of  food  is  not  to  be  forgotten. 
Beef  juice  diluted  with  warm  water,  mutton  broth,  veal 
broth,  or  barley  and  egg  water,  will  each  be  found  ser- 
viceable. There  is  no  dictetie  regimen,  just  as  there  is 
no  particular  food  that  is  adapted  to  every  one  of  these 
cases.  The  food  must  be  modilied  to  meet  what  we  con- 
ceive to  be  the  existing  condition  and  the  digestive  power 
of  the  parts  involved. 

Acute  Ajipciidicitiit. — An  acute  attack  of  appendicitis 
demands  a  liquid  diet.  There  should  be  no  excessive 
residue;  neither  should  there  be  so  little  residue  as  to 
favor  the  occurrence  of  constipation  with  the  attendant 
likelihood  of  extension  of  the  intlammatory  process. 
Thus  milk,  toasted  bread,  freshly  (u-epared  broths,  egg 
albumen,  and  gelatin  prei)arations  would  yield  a  suitable 
dietary. 

Chronic  Appendicitis. — Foods  which  would  yield  a 
coarse  bulky  residue,  and  imiiroi)erly  cooked  meats  are 
to  be  avoided.  Oatmeal  as  ordinarily  ]ire)iared  by  lieing 
boiled  for  as  short  a  time  as  half  an  hour  is  not  suitable 
for  food  purposes.  Caliliage,  corn,  and  fruits  containing 
seeds  or  having  dense  skins  are  to  be  omitted  because 
of  the  tendency  to  induce  intestinal  iiidigestifin  and  flat- 
ulency, and  not  becau.se  of  the  danger  of  their  entering 
the  appendix.  Thus  the  class  of  articles  to  be  avoided 
constitutes  the  chief  dietetic  direction  to  be  given  to  these 
patients.  Over-eating,  gamey  food,  the  ingestion  of  a 
large  (luantity  of  very  colil  food,  ice  cream,  or  beer,  may 
aggravate  the  disease.  The  diet  should  be  a  simple  mixed 
one,  containing  no  elements  likely  to  tax  digestion  or  to 
favor  the  development  of  intestinal  catarrh.  Thus,  the 
legumes  represented  by  peas,  beans,  and  lentiU  with 
dense  skins,  and  sulphur  as  a  constituent,  are  objection- 
able. Corn  is  more  likely  to  do  harm  in  these  cases  than 
is  cornlet  or  the  cornmeal.  Pickles,  onions,  and  highly 
seasoned  condiments  are  of  questionable  utility. 

Jaiiitdice,  Biliiin/  Calculi,  iiud  Cirrhosis  of  the  Liver. — 
In  the  dietetic  treatment  of  these  conditions  sugar  is  to 
be  eliminated  as  far  as  possible  from  the  food.  Starches 
are  to  be  reduced  to  a  minimum  because  of  their  change 
into  sugar  in  the  course  of  the  process  of  digestion.  So 
far  as  possible  it  is  well  to  administer  starches  only  in 
moderation  and  those  combined  with  gluten,  e.g..  maca- 
roni, vermicelli,  and  rolled  wheat.  Rice,  tapioca,  sago, 
and  arrowroot  may  be  given.  Potatoes  are  permissible 
if  given  in  moderation,  but  the  \egetables  poor  in  starch 
are  to  be  preferred.  Cream  soups,  spinach,  celery,  len- 
tils, peas,  and  beans  are  of  value  in  these  cases.  Fruits 
of  the  subacid  variety  are  permissible,  as  apples  and 
oranges. 

!Milk  is  allowable,  but  should  be  thoroughly  skimmed 
to  exclude  the  fat.  and  diluted  to  reduce  the  curd.  Some 
objection  has  been  made  to  the  use  of  milk  because  of  its 
sugar.  The  sugar  of  milk  is  less  objectionable,  however, 
than  the  cane  sugar  and  need  not  to  be  so  rigidly  excluded 
from  the  diet.  The  use  of  butter  is  to  lie  curtailed  or 
entirely  omitted.  The  white  of  egg  prepared  in  various 
ways  will  furnish  the  albuminoids  required  for  food  pur- 
poses: but  the  yolk  is  objectionable. 

Fish,  particularly  the  white  fish,  may  be  given:  the 
oily  varieties  represented  by  mackerel,  eels,  and  her- 
ring are  to  be  avoided.  !Meat  in  the  morning  is  per- 
missible, it  always  being  remembered  that  red  meat 
is  to  be  sparingly  used  unless  the  patient  is  expending 
energy. 

If  wines  are  demanded  the  sweet  ones  should  be 
avoidetl,  and  extra  drj-  champagne  or  Moselle  wine 
should  be  selected. 

Acute  Sephritis. — The  ideal  food  is  milk.  In  tinith  it 
seems  to  be  the  onlj'  food  suitable  to  the  condition,  and 
it  becomes  a  question  of  the  method  of  administration  of 
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milk  rather  than  of  the  selection  of  a  dietary  (see  sec-lion 
on  Millv). 

For  the  sake  of  variety,  when  the  patient  rebels  against 
a  milk  diet,  some  one  of  the  waters  prepared  from  the 
cereals  nia\"  be  given.  The  carbonated  waters  are  ser- 
viceable in  these  cases.  A  departure  from  the  exclusive 
milk  diet  should  be  regulated  liy  the  condition  of  the 
urine.  The  starchy  foods  are  to  be  added  to  the  diet 
gradually,  and  if  no  untoward  cilect  is  produced,  the 
lighter  meats  may  be  cautiously  added. 

Vhrvnic  Parenchymatous  Xephritis!^One  of  the  greatest 
dangers  for  these  patients  is  the  appetite.  The  protract- 
ed privation  of  ordinary  foods  seems  to  make  the  ap- 
petite more  voracious.  The  close  causal  relationship 
between  the  ingestion  of  meat  and  the  development  of 
urwrnie  convulsions  is  full}- establi.shed.  "The  good  re- 
sults of  the  milk  treatment  iu  cases  of  chronic  nephritis 
is  now  among  the  best  acknowledged  in  the  treatment  of 
the  malady,  as  evidenced  in  the  diminution  of  albumen, 
decline  in  dropsy,  increase  in  the  quantity  of  urine 
passed,  and  general  amelioration  of  symptoms. "  (Tyson's 
"Practice  of  Medicine,"  p.  699.)  These  patients  should 
take  from  five  to  nine  pints  of  milk  in  the  twentj'-four 
hours,  according  to  the  amount  of  energy  expended. 
When  the  fullest  measure  of  benctit  obtainable  fi'om  an 
exclusive  milk  diet  has  been  attained  the  quantity  ad- 
ministered may  be  lessened  and  starches  cautiously  in- 
troduced to  compensate  for  the  deficiency  of  this  con- 
stituent absent  from  the  milk  diet. 

Chronic  Interstitial  ]\'ephritis. — Here,  as  in  other  forms 
of  nephritis,  a  milk  diet  is  the  one  that  yields  the  most  sat- 
isfactory results.  Fortunately,  the  range  of  combinations 
■with  other  foods  is  not  so  limited  as  in  the  cases  pre\i- 
ously  considered.  To  maintain  a  condition  of  metabolic 
equilibrium  is  of  prime  importance,  even  if  there  shoiild 
result  a  moderate  increase  in  the  percentage  of  albumin 
in  the  urine.  Since  meats  are  so  closely  associated  with 
the  develojmient  of  complications  in  these  cases,  it  is  to 
be  remembered  that  a  uric-acid- free  diet  can  be  obtained 
by  seoiring  the  nitrogenous  constituent  necessary  for 
a  complete  food  from  milk  and  cheese.  Haig*  points 
out  that  a  man  weighing  one  hundred  and  forty  pounds 
■will  require  1,470  gm.  of  albumin  a  day,  and  this  may 
be  obtained  from  any  one  of  the  tables  herewith  sub- 
mitted ; 

Table  I. 

Grains. 

Ten  ounces  of  bread 8  per  cent,  of  albumms  =    SKI. 

Two  ounces  ot  oatmeal .. .        13       **  "  =     104 

Two  pints  of  milk 3       "  "  =535 

Two  ounces  of  cheese 33       "  "  =    281 

One  ounce  of  nuts 16       »»  **  _      g^ 

Eijrbteen  ounces  of  fruit 
and  vegetables,  say 0.5-  2      "  "  =152 

LITO 
Tabu:  Il.-t- 

Grains. 

Five  ounces  of  bread 16  per  cent,  of  albumins  =    310 

Two  ounces  of  oatmeal 12       "  "  =104 

One  ounce  of  gluten 80       "  "  =    344 

One  iiint  of  milk 3       "  "  =263 

Three  ounces  of  cheese 33      "  "  =421 

1,471 
Table  III. 

Grains. 

Three  ounces  of  cheese 33  per  cent,  ol  albumins  =    421 

Three  pints  ol  milk 3       "  "  =     T87 

Fourteen  ounces  of  potatoes.    2       *'  *'  =    130 

Sixteen  ounces  of  fruit 2      "  "  =    137 

1,465 

The  possibilities  of  a  meat-free  diet  are  great  and  prom- 
ise most  in  these  cases.  The  advantage  of  having  the 
diet  composed  of  few  articles  in  the  proper  proportion  is 


*  Halg:  "Diet  and  Food  in  Relation  to  Strength  and  Power  of 
Endurance,"  2d  edition. 

t  While  most  of  the  percentages  of  albumins  in  these  two  tables  are 
from  Parkes'  "Practical  Hygiene,"  5th  edition,  with  which  my  re- 
searches agree,  tlie  value  of  "Hovis"  and  of  nuts  is  that  calculated 
from  my  researches  alone. 


■well  illustrated  in  these  cases,  in  which  it  is  necessary  to 
note  the  effect  produced  by  vai'ious  food  combinations. 

UriTmia. — The  diet  suitable  to  a  case  of  acute  nephiitis. 
as  indicated  above,  will  be  tbuntl  to  be  best  adapted  to 
cases  of  ura'Uiia.  Skimmed  milk  is  the  form  best  adapted 
to  these  cases. 

Circulntiiry  Diseases. — The  success  of  all  dietetic  meas- 
ures is  dependent  upon  the  integrity  of  the  circulator}- 
mechanism.  The  activity  of  the  digestive  juices  is  de- 
tei-mincd  by  the  charnctei-  of  the  circulatory  fiuids  of  the 
body;  the  functions  of  all  of  the  organs  of  the  body  are 
influenced  by  the  character  and  the  quaulity  of  the  blood 
they  receive;  the  metabolism,  absorption, "and  nutrition 
of  all  of  the  tissues  are  proportionate  to  the  completeness 
with  which  the  heart,  the  vessels,  and  the  blood  perform 
their  physiological  functions.  It  is  the  intimate  inter- 
dependence of  the  various  functions  that  explains  the 
constant  association  of  certain  symptoms,  e.;/..  the  dys- 
pepsia, indigestion,  palpitation,  and  constipation,  which 
are  associated  with  ainemia.  It  is  iu  this  manner  that 
morbid  states  are  perpetuated.  Dropsy  results  from 
■watery  blood,  transudation  of  the  liquid  element  of  the 
blood  being  favoied  by  a  condition  of  hydra'inia;  and 
Ibis  condition  is  the  result  of  deficient  nutritive  elements. 
It  is  not  possible  to  continue  for  a  jirotracted  period  a 
dietary  unsuited  to  the  kind  of  work  being  performetl. 

Anemia. — The  form  of  this  disease  most  frequentl}- 
met  is  that  associated  with  the  period  of  puberty  iu  girls. 
At  this  time  growth  and  development  are  more  active- 
than  previously.  The  nervous  system  is  activelj'  con- 
cerned in  this  transitional  state  and  doubtless  exercises  a 
determining  influence  in  the  early  manifestation  of  diges- 
tive involvement.  The  intake  of  food  after  the  condition 
is  established  is  unsuited  in  character  and  quantity  for 
the  constructive  needs  of  the  sj'stem  at  this  time.  The 
excessive  consumption  of  the  nitrogenous  elements  is 
evidenced  in  the  increased  quantity  of  urea  elimiuated. 
The  inclination  of  the  patient  is  to  sweets  and  starches, 
if  an  actual  perversion  of  taste  does  not  exist.  In  all 
cases  in  which  there  is  a  departure  from  the  normal  com- 
position of  the  blood  the  same  dietetic  rules  will  be  found 
serviceable.  The  condition  essential  to  a  normal  blood 
supply  is  that  suflicient  food  be  taken,  digested,  and  as- 
similated. With  food  as  with  the  administration  of  iron 
in  this  condition,  the  question  is  not  so  much  how  great 
an  amount  maj'  be  taken  as  how  best  to  secure  the  as- 
similation of  the  largest  pos.sible  quantities.  A  diet  de- 
ficient in  albuminoids  has  been  found  constantly  asso- 
ciated with  a  hydnemic  condition  of  the  blood.  It  would 
therefore  seem  to  be  of  ]jrime  imiiortance  to  prescribe  in 
these  cases  a  diet  containing  the  largest  possible  quan- 
tity of  albuminoid  food.  In  the  severer  forms  it  will  be 
necessary  to  peptonize  the  food  and  to  give  small  quanti- 
ties at  frequent  intervals.  Milk  and  meat  are  the  foods 
most  suited  to  meet  the  requirements,  and  they  are  the 
forms  of  nourishment  likely  to  be  most  distasteful  to  the 
patient.  It  therefore  becomes  a  question  of  presenting 
them  in  the  forms  least  objectionable.  Scraped  meat 
cakes,  meat  powder  and  broths,  pounded  meat,  bone- 
marrow  soup  or  sandwiches,  or  sandwiches  of  gluten  or 
■wholewheat  bread  Avith  dry  crisp  bacon,  lettuce  and 
mayonnaise  dressing,  chopped  meat  with  celery,  or  pine- 
nuts  or  almonds,  offer  attractive  combinations  foi-  the 
administration  of  meat.  Cheese  combined  with  Italian 
pastes,  macaroni,  vermicelli,  or  noodles,  or  -n-ith  potatoes, 
yield  the  desired  nitrogenous  clement.  Fats  seem  to  be 
especially  helpful  in  curing  this  condition,  and  by  the 
liberal  use  of  cream  prepared  in  an  acceptable  way,  or 
of  butter  and  whole-wheat  bread,  or  by  the  administration 
of  small  do.ses  of  cod-liver  oil,  we  are  able  to  .secure  fats 
iu  an  assimilable  form.  Creams  of  the  nitrogen  and 
iron  containing  vegetables  are  not  to  be  neglected.  It 
is  held  by  some  that  the  iron  in  combination  with  vege- 
tables is  the  most  assimilable  form.  Thus  we  should 
use  carrots,  beets,  spinach,  peas,  beans,  lentils,  and  glu- 
ten meals. 

Lnryngiiis.  Tracheitis,  and  Bronchitis.  —  The  diet 
adapted  to  any  acute  febrile  process  will  be  suitable  to 
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tlicso    comiitions,    and    vill    be    discussed  under    that 
hejuling. 

Att/iiiia. — Tbc  importance  of  dietetic  measures  cannot 
])e  overestimated  in  the  treiitmcnt  of  this  condition.  The 
liropiT  preparation  of  tin-  fuml  and  of  ilic  stomach  for  its 
reception,  combined  witli  the  adjustment  of  tlie  food  to 
tlie  work  being  performed,  will  give  results  justifjing 
the  care  exercised. 

Hot  water  shoidd  be  given  an  hour  before  meals,  and 
At  bedtime.  In  certain  instances  tlie  addition  of  bicar- 
iKinate  of  soda  and  essence  of  peppennint  will  give  good 
icsult.s. 

Breakfast  should  be  composed  of  eggs  with  dextrinized 
bread,  creamed  chipped  beef,  fresh  or  smoked  tish :  a 
cereal  with  a  liberal  supply  of  milk.  < .;/. .  a  pint,  and  little 
or  no  sugar,  may  (irove  an  accei^table  meal. 

Dinner,  which  should  be  taken  at  noon,  may  consist  of 
a  clear  soup,  or  cream  of  iiotatoes  or  similar  nutritious 
vegetable:  macaroni  and  cheese,  or  some  form  of  meat, 
furnishing  the  nitrogenous  element.  The  starchy  food 
should  be  confined  to  one  vegetable,  and  it  may  be 
steamed  rice,  a  small  potato,  or  spinach  after  it  has  been 
passed  through  the  colander.  Junket,  com  starch,  or 
ai)]>le  tapioca  may  be  eaten  as  dessert. 

For  .supper  milk,  milk  jelly.  Bartholow's  food,  or  a 
cereal  will  be  suitable.  If  the  patient  is  expending  con- 
siderable energy,  some  cold  boiled  ham,  tongue,  or  sar- 
dines may  be  allowed. 

Beverages. — It  is  best  to  withhold  the  use  of  tea  and 
•cofTee  and  reserve  the  therapeutic  effect  of  these  bever- 
ages for  the  favorable  influence  they  exercise  on  the  par- 
oxysm. Water  is  not  to  be  taken  with  meals  except  in 
the  smallest  ipiantities. 

Fatty,  fenaentable,  bulky  foods  are  to  be  avoided. 
Should  the  case  present  an  excess  of  uric  acid  in  the 
urine,  the  diet  should  be  contined  to  "  uric  acid-free  " 
substances.  The  diet  composed  of  "  uric-acid-free  "  sub- 
stances is  worth  an  extended  trial.  In  so  many  instances 
the  paroxysms  occur  on  .Sunday  night,  that  one  is  forced 
to  recognize  the  probability  of  the  increased  intake  of 
food  and  the  diminished  exjienditure  of  force  on  that 
<lay  as  bearing  a  causal  relationship  to  the  development 
•of  these  attacks.  These  patients  may  take  the  follow- 
ing foods:  White  meat  of  li.sh  and  chicken,  beef  soup, 
scraped,  pounded,  or  chopped  beef,  eggs  slightly  cooked, 
green  vegetables  free  from  oxalates,  coffee,  and  water  in 
moderation.  The  cjirbohydrates  should  be  confined  to 
■one  variety  with  any  one  meal,  and  this  one  should  be  a 
form  of  easily  digested  starch. 

Asthmatic  patients  should  avoid  coarse  fermentable 
foiKls^ — indeed,  an  excess  of  any  kind  of  food ;  fats  should 
be  avoided,  or  taken  in  the  form  of  butler.  Malt  liiiuors 
should  not  be  taken. 

PneiDiiiiniii. — In  this  disease  the  only  necessary-  modi- 
fication of  the  diet  suited  to  an  acute  fever  is  the  curtail- 
ing of  the  considerable  quantity  of  fat  likely  to  be  pres- 
ent in  the  cream  associated  with  the  milk  which  consti- 
tutes such  a  diet.  When  it  is  remembered  that  fats  are 
carried  directly  to  the  lungs,  where  their  oxidation  occurs, 
it  will  be  appreciated  that  they  should  be  withheld,  and 
the  acutely  inflamed  lungs  spared  the  effort  incident  to 
the  combustion  of  fat. 

In  the  puny  youth,  or  decrepit  old  patient,  the  nutri- 
tive worth  of  the  milk  may  have  to  l)e  increased  by  com- 
bining with  it  strained  gruels  of  aiTowroot,  barley,  oat- 
meal, or  corn  starch. 

Pleiinxi/  irilh  Effn^um. — "A  dry  diet "  suggests  the  ob- 
ject sought  in  the  effort  to  influence  this  condition  by 
means  of  food.  The  amount  of  fever  present  will  deter- 
mine the  extent  to  which  the  exclusion  of  liquids  mav 
be  pusheil.  A  diet  made  up  largely  of  scraped  beef, 
minced  chicken,  cereal  foods,  cheese,  macaroni,  ver- 
micelli, curds  and  toasted  bread,  will  most  favor  the  ab- 
sorption of  the  exudate,  and  should  be  employed  if  not 
coutraindicated  by  other  conditions  present.  Vegetables 
<'ontaining  a  large  percentage  of  water,  such  as  potatoes, 
beets,  tomatoes,  etc.,  are  objectional)le. 

Putmonai-y  TuberculosU,. — The  diet  should  be  adapted 


respectively  to  each  one  of  the  three  periods  of  the  dis- 
ease. 

In  the  first  stage  any  combination  of  foods  that  will 
bring  the  patient  to  a  higher  nutritive  level,  giving  most 
fat  and  a  riirres])onding  improvement  in  the  blood  with 
a  minimum  expenditure  of  energy  in  digesting  the  food, 
is  best  suited  tn  the  ciiiulition. 

Forced  feeding — made  possible  bv  the  use  of  liittcr 
tonics  or  the  employment  of  a  stomach  tube— is  to  be 
employed  so  long  as  it  does  not  excite  gastric  calarrh. 
Fats  are  of  prime  imiiortance.  and  may  be  given  in  vari- 
ous forms:  for  example,  butter,  thickly  spread  upon 
gluten  or  whole-wheat  bread  or  biscuit,  or  U]ion  meats 
and  in  every  pussible  form;  cream  in  as  large  i|uantilies 
as  can  be  digested:  fat  of  roasted  or  of  broiled  meats; 
and  meats  containing  large  (piantities  of  fat.  e.;/.,  game 
and  squabs.  It  is  reasonable  to  attribute  a  pait  of  the 
value  of  fats  in  these  cases  to  the  exercise  given  the 
lungs,  although  their  primary  function  as  nutriment 
should  not  be  lost  sight  of. 

Milk,  if  sound,  is  second  to  no  other  food  in  these 
cases.  It  should  be  given  in  every  possible  form — whole, 
skimmed.  Inittermilk.  koumys.  nial/oon.  zoolak.  cottage 
cheese,  cream  cheese,  junket,  bonny  clabber,  puddings, 
and  in  every  possible  combination  that  mav  prove  pala- 
table. 

Red  and  dark  meats  are  jireferred  because  the  fat  is 
contained  Ijetween  the  fibres,  and  is  more  accessible  than 
when  it  forms  a  separate  layer,  as  in  the  case  of  white 
meats.  Roasts,  steaks,  chops,  beef  chopped,  scrapcfl.  or 
pounded,  beef  juice  or  nutritive  beef-tea.  beef  with 
mincvd  celery,  or  with  pine  mils,  onions  or  other  season- 
ing to  stimulate  digestion  and  aid  nutrition,  are  of  the 
utmost  value. 

Eggs  in  any  one  of  the  five  hundred  ways  in  which 
they  may  be  prepared  are  of  especial  value.  The  large 
percentage  of  oil  contained  in  the  yolk,  and  the  easy  di- 
gestibility of  the  albumen,  make  them  an  important  food. 
The  dried  white  of  egg  may  be  added  to  broths  and 
soups,  and  in  this  way  a  large  number  of  eggs  may  be 
consumed  in  a  day. 

The  cereals  and  more  easily  digested  forms  of  starch 
are  best  suited  to  furnish  the  carbohydrate  element  of 
the  food.  Fermentable  foods,  as  hot  bread,  starches,  and 
pastry  are  to  be  avoided.  Malt  extracts  are  serviceable 
as  aids  to  cligestion.  There  are  numerous  "diet  cures" 
for  tuberculosis  and,  as  in  most  instances,  the  multiplic- 
ity proves  the  inefficiency  of  any  one  system. 

In  the  second  st.ige  of  the  di.sease  the  same  dietary  will 
be  suitable,  if  care  is  taken  to  restrict  the  food  requiring 
the  most  active  digestive  processes  to  the  periods  when 
the  patient  has  the  le:ist  fever.  Regard  must  also  be  paid 
to  the  catarrhal  condition  of  the  digestive  tract  so  often 
present  in  these  cases. 

In  the  third  stage  of  tuberculosis  the  food  must  be  con- 
fined to  the  articles  that  yield  most  nutrition  and  tax  the 
digestion  least.  There  are  numerous  instances  in  which 
patients  with  advanced  tuberculosis  eat  excessive  quan- 
tities of  the  foods  least  adapted  to  their  condition  with 
apparent  impunity.  There  is  no  food  that  will  do  more 
to  prolong  the  life  of  these  cases  than  egg  albumen  in 
large  quantities.  It  seems  to  act  as  pine  shavings  to  a 
nearly  extinct  fire.  The  objection  that  holds  against  the 
administration  of  alcoholic  beverages  in  the  earlier  stages 
of  the  disease  does  not  apply  to  patients  at  this  period. 
Whiskey  and  brandy,  judiciously  administered,  are  of 
positive  value. 

Acute  liiftctioiis  Distiines. — Groves  secured  immortality 
by  the  request  that  "I  fed  fevers"  should  be  his  epitaph. 
The  careful  adjustment  of  food  to  the  febrile  condition 
would  be  a  better  reason  for  grateful  remembrance. 
There  can  be  no  doubt  but  that  much  harm  may  lie  done 
by  allowing  a  too  extensive  dietary  to  fever  |)atients.  It 
is  only  by  keeping  in  mind  certain  well-established  con- 
ditions that  we  are  enabled  properly  to  appreciate  the 
dietetic  indiciitions. 

1.  In  ferer  there  is  ezcetsite  destruction  of  tliefl'dds  and 
tissues  of  the  body. 
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{<i)  Tbe  loss  of  albuminoid  is  greatest.  It  is  indicated 
in  the  increased  excretion  of  nrea,  and  is  measured  by  the 
muscular  wasting  and  debility. 

(A)  The  destruction  of  fat  is  evidenced  by  the  emacia- 
tion and  tlie  increased  excretion  of  COj. 

(c)  There  are  marked  changes  in  the  composition  and 
quantity  of  the  liquid  elements  of  the  body. 

3.  T/ic  digcMivc  and  assiniiUitice  pronssin  are  perrerted. 

(a)  Gastric  digestion,  which  is  chietly  concerned  in  the 
utilization  of  albuminous,  and  to  a  minor  degree  of  the 
fatty  foods,  is  usually  the  function  most  seriously  in- 
volved. 

(i)  Intestinal  digestion  is  less  perverted,  and  the  car- 
bohydrates and  fats  are  more  available  for  food  purposes, 
provided  they  are  given  in  liquid  form. 
There  is,  therefore,  need  to  adjust  the  dietary  with  ref- 
erence to  tlie  affected  part,  and — according  to  our  esti- 
mate of  the  ability  of  these  respective  parts  to  perform 
their  functions — to  give  foods  which  requiie  either  chiefly 
a  gastric  digestion  or  chiefly  an  intestinal  digestion. 

The  excessive  destruction  of  albuminous  tissue,  with 
the  attendant  increase  in  the  urea  to  be  eliminated,  should 
make  us  watchful  that  there  is  no  failure  to  excrete 
these  products  of  nitrogenous  waste. 

3.  Arijiistineiit  offnod  )u  the  e-rhting  conditions. 

(a)  Tlie  food  should  be  fluid;  solid  food  frequently  ex- 
cites nausea  and  vomiting. 

(M  It  should  be  sufficient  to  equalize  a  part  of  the  com- 
luistion  loincident  witli  the  fever.  This  may  be  accom- 
plished by  supplying: 

(a)  Alliuminous  food  in  the  fonn  of  milk,  meat  broth, 
or  egg  albumen. 

(fl)  Carbohydrate  in  the  form  of  strained  gruel,  toast, 
barley  water,  or  some  similar  diluent  and  nutritive 
liquid. 

(;)  Fat  must  not  be  given  in  greater  quantities  than  is 
present  in  the  cream  of  whole  milk. 

There  are  two  conditions  constantly  present  in  febrile 
processes:  first,  increased  combustion,  and  second,  di- 
minished assimilation. 

When  the  excessive  quantity  of  food  required  to  fur- 
nish heat  for  one  degree  of  bodih-  temperature  is  taken 
into  consideration,  it  is  manifest  that  we  cannot  hope  to 
give  sutlicicnt  food  to  coin|iensjite  for  the  destruction  of 
tissue  resulting  from  the  febrile  process.  Our  aim  should 
therefore  be  to  give  nourishment  in  a  form  that  will  tax 
least  the  enfeebled  digestive  organs,  and  thai  may  be 
most  readily  assimilated. 

The  digestive  juices  are  scantiest  when  the  fever  is 
highest,  therefore  adjust  the  administration  of  the  most 
nutritive  food  to  the  time  when  the  temperature  is  near- 
est normal,  e.g..  in  the  morning  and  at  noon,  in  a  case  of 
phtJiisis.     The  -selection  of  food  will  be  influenced  by: 

1.  The  age  of  the  patient.  For  puny,  badly  nourished 
children  and  feeble,  aged  patients,  a  persistent  effort  must 
be  made  to  maintain  the  strength  of  the  patient. 

2.  The  severity  of  the  fever.  An  acute  self-limiting 
fever  in  a  robust  individual  warrants  less  anxiety,  and 
less  urgently  demands  the  ingestion  of  a  considerable 
quantity  of  nourishment,  A  high  t<?mperature  for  a 
protracted  period  demands  a  commensurate  intake  of 
nutriment. 

3.  The  condition  of  the  digestive  and  excretory  organs. 
The  diet  should  be  entirely  liquid,  or  semisolid,  accord- 
ing to  the  estimated  condition  of  the  digestive  functions. 
In  the  exantheniatous  diseases,  in  which  the  kidneys  may 
become  acutely  involved,  an  exclusive  milk  diet  should 
be  instituted. 

Milk  must  be  given  first  place  as  the  food  suitable  for 
nourishing  the  sick.  The  curd  must  be  modified  by 
means  of  some  of  the  methods  previously  indicated.  The 
taste  and  digestibility  maybe  changed  by  the  addition  of 
aromatics  and  malt  extracts.  The  nutritive  worth  may 
be  increased  by  the  addition  of  egg  albumen  and  carbo- 
hydrates, which  should  be  given  cool  or  warm  according 
to  the  preference  of  the  patient.  It  may  prove  more  ac- 
ceptable to  the  taste,  and  more  easily  digested,  if  taken 
through  a  tube.     The  milk  intended  for  the   patient 


should  be  kept  separate  from  that  used  for  other  pur- 
poses, so  that  the  quantity  used  in  a  day  may  be  accu- 
rately determined.  The  evacuations  should  be  studied 
to  detect  any  evidences  of  failure  to  digest  the  fat  or 
casein  of  the  milk, 

Jleat  should  be  given  in  a  form  that  will  prove  accept- 
able to  the  patient.  Clear  bouillon,  nutritive  beef-tea, 
beef  juice,  or  scraped  beef  must  be  selected  according  to 
the  patient's  taste  and  digestive  power,  and  the  stage  of 
the  fever. 

Eggs  will  be  found  most  valuable  if  only  the  whites 
are  used.  The  yolks,  however,  are  of  service  when  con- 
valescence is  established  and  oils  can  be  digested.  They 
should  be  slightlv  cooked  at  a  temperature  not  exceeding 
180=  F. 

Gelatin  preparations  are  regarded  as  "  albumen-sparing 
foods."  and  may  be  secured  in  the  form  of  gelatin,  blanc 
mange,  bromangelon.  calves'-foot  jelly,  chicken  jelly, 
wine  jelly,  milk  jelly,  and  similar  preparations. 

In  those  cases  in  which  a  carbohydrate  is  desired,  a 
strained  cream  of  potatoes,  peas,  beans,  aspara,gus,  and 
similar  vegetables  may  be  employed.  Cereals  and  liglit 
puddings,  or  custards,  may  be  used. 

Beverages. — First  and  of  greatest  importance  is  water, 
given  in  the  largest  quantity  possible  without  exciting 
nausea.  If  there  is  irritabiliiy  of  the  stomacii,  a  simple 
carbonated  water,  or  one  combined  with  cracked  ice  and 
a  few  drops  of  brandy,  may  be  found  superior  to  cham- 
pagne in  nllayiiig  the  nausea.  Lemonade,  prepared  by 
using  boiling  water  and  straining  after  it  has  cooled,  will 
be  accepted  by  certain  patients  who  cannot  take  it  when 
prepared  in  the  ordinary  way.  Dilute  phosphoric  or 
hydrochloric  acid  will  be  well  received  in  some  cases. 
The  use  of  egg,  barley,  rice,  oatmeal,  corn,  toast,  and 
similar  waters,  will  each  in  turn  be  found  of  utility.  Tea 
and  coff'ee,  without  sugar  or  cream,  are  not  used  as  often 
as  the}-  might  be  in  cases  in  which  the  contained  alkaloids 
would  not  be  objectionable.  They  have  the  additional 
advantage  of  possessing  distinct  therapeutic  properties. 

Alcoholic  liquors  are  to  be  used  only  when  a  positive 
indication  for  them  exists.  They  are  valuable  as  foods 
and  beverages,  and  require  the  minimum  degree  of  ef- 
fort upon  the  part  of  the  digestive  organs  to  utilize  them. 
But  they  are  not  to  be  administered  in  do.ses  larger  than 
may  be  required  to  produce  an  odor  in  the  lireath  some 
time  after  their  ingestion.  So  long  as  the  feebleness,  rest- 
lessness, or  sleeplessness  is  favorably  influenced  by  their 
use,  we  may  know  they  are  doing  good.  The  form  in 
which  they  are  exhibited  is  less  important  than  is  the 
purity  of  the  beverage  and  the  effect  produced.  In 
America  whiskey  is  most  used.  All  forms  of  alcoholic 
stimulants  are  less  used  than  formerly. 

Typhoid  Fert'i: — Milk  is,  without  question,  the  food 
best  suited  to  these  cases.  This  is  true  for  the  following 
reasons:  (1)  It  is  a  complete  and  suflicieiit  food:  (2)  it  is 
most  easily  digested;  (3)  it  is  acceptable  to  almost  all 
patients;  (4)  it  is  available,  and  its  purity  is  easily  deter- 
mined; (.5)  it  is  easily  modified  as  to  taste,  curd,  and 
proportion  of  any  constituent:  (6)  the  dosage  is  easily 
regulated;  (7)  it  furnishes  a  food  which  is  both  diuretic 
and  diluent. 

So  far  as  can  be  determined  milk  is  the  food  best 
adapted  for  the  human  race  at  all  ages  and  in  all  condi- 
tions. Tlie  somewhat  prevalent  idea  that  a  considerable 
number  of  patients  cannot  digest  milk  is  not  founded 
upon  fact,  the  difliculty  being  due  rather  to  individual 
peculiarity  of  taste  than  to  inability  to  digest  the  milk. 
The  cases  of  illness  in  which  milk  cannot  be  made  the  ex- 
clusive diet,  if  the  patient  is  so  inclined,  must  be  rare. 
The  milk  may  be  made  more  acceptable  by  modifying 
the  taste  and  curd,  by  diluting  to  the  extent  of  one  part  of 
milk  to  four  of  water,  by  feeding  through  a  tube  or  giv- 
ing a  teaspoonful  every  minute  for  eight  minutes  of  each 
hour,  by  having  the  patient  take  it  from  a  porcelain  driuk- 
ing-cup  and  preceding  and  following  it  with  a  tongue 
bath.  If.  alter  persistent  efforts  of  this  sort,  the  ])atient 
is  still  unable  or  unwilling  to  take  milk,  it  may  be  neces- 
sary to  give  it  as  whey  or  junket,  or  it  may  be  pepto- 


462 


REFERENCE  HANDBOOK  OF  THE  SIEDICAL  SCIENCES, 


I>li-lrli<-N  or  llir  SIrk. 
UIctrtU'H  or  (III'  Sl<'k, 


iiized.  or  sutlick'nt  ojster  or  clam  juice  may  be  ailiicd  to 
it  to  impart  a  distinctive  flavor,  i'lie  failure  of  the  fore- 
going metliods  for  tlic  admitiistnitinii  of  milt;  may  neces- 
sitate tlu*  employment  of  nutritive  beef-tea,  or  manufac- 
tured beef  preparations,  the  precaution  being  taken  to 
ascertain  that  they  possess  albuminous  worth. 

Egg  water,  itrepared  by  adding  eight  ounces  of  water 
to  the  white  of  one  egg,  is  serviceable.  Sherr)'  or  lemon 
])cel  or  juice  may  be  added  to  impart  tlavoi-. 

The  (piantity  of  milk  to  be  given  to  a  jiatient  must  bo 
determined  for  each  Jiarticular  ease.  Ordinarily,  three 
pints  in  twenty-four  hours  is  regarded  as  sutlicient  for 
the  adult  who  is  confuted  to  bed  with  an  acute  illness. 
If  the  patient  is  given  six  ounces  of  milk  every  two 
hours,  from  7  .\.M.  to  7  p.m..  and  two  feedings  of  six 
ounces  each  during  the  night,  he  will  receive  three  pints 
in  twenty-four  hours  ;  or  if  eight  ounces  be  given  every 
three  hours  during  tlie  day,  and  twice  during  the  night, 
the  same  amount  will  be  ingesteil.  This  plan  insures  the 
administration  of  the  quamit}'  determined  upon  as  de- 
sirable. 

The  evacuations  should  be  watched,  and  the  presence 
of  curds  or  globules  of  oil  would  demand  respectively 
eitlier  the  les.sening  of  the  quantity  of  milk  or  the  ren- 
dering of  tla-  c\irils  smaller,  and  diminishing  the  quantity 
of  cream  contained  in  the  milk. 

Cousiipati(Mi  will  be  less  annoying  if  large  quantities, 
i.e..  tive  pints  or  more,  of  water  are  given  daily. 

Hemorrhage,  or  perforation,  will  make  it  advisjible  to 
withhold  all  milk  and  give  meat  juice  only:  a  half-ounce 
may  be  given  evefy  hour  or  two.  AVlieu  we  remember 
that  six  ouncesof  meat  juice  represent  the  !i(iuid  element 
of  one  pound  of  beef,  it  will  be  appreciated  that  the  pa- 
tient is  being  sufficiently  nourished.  The  beef  juice  is 
speedily  absurbcd.  and  leaves  so  little  residue  that  there 
is  no  need  to  have  a  bowel  movement  until  a  sutlicient 
time  has  elajised  for  the  bleeding  point  to  have  healed. 

If  we  remenil)er  that  the  stomach  is  the  first  to  recover 
its  function,  and  that  it  has  been  least  involved  in  the 
morbid  process,  we  shall  appreciate  the  fact  that  the  die- 
tetic indication  is  to  give  foods  requiring  gastric  rather 
than  intestinal  digestion.  A  safe  and  extensively  adopted 
rule  is  to  give  milk  diet  until  the  temperature  has  been 
normal  for  one  week,  then  to  give  the  whites  of  eggs 
raw  or  slightly  cooked.  Foods  such  as  chicken  jelly. 
junket,  paj).  an  entire  egg.  strained  cream  of  potatoes, 
oysters  and  clams,  raw  oysters,  ice  cream,  cornstarch,  ar- 
rowroot, egg  custard,  scraped  beef,  baked  potatoes,  and 
simi\&T properti/ piYpmyii  good  food,  should  constitute  the 
diet  for  at  least  a  month  after  the  temperature  has  been 
normal. 

Aeiite  Aftioitiir  Rheiimatinm. — The  food  suitable  for 
any  acute  febrile  process  will  be  acceptable  in  this  dis- 
ease. The  foods  containing  meat  in  any  form  are  to  be 
curtailed  or  entirely  cut  off.  Jlilk  foods  and  cereals  in 
the  form  of  broths  are  to  be  given.  After  the  fever  has 
subsided  a  greater  variety  of  broths  and  light  custards 
maybe  given.  It  is  preferable  to  secure  the  nitrogenous 
elements  of  the  food  for  these  cases  from  a  vegetable 
source,  unless  it  can  be  given  in  the  form  of  casein. 
Broths  of  oysters  and  clams,  rice  or  barley  soup  with 
chicken,  or  egg  prepared  in  digestible  forms,  may  be 
administered,  unless  they  excite  some  untoward  symp- 
toms. 

Chronic  Articular  Rheumatism. — The  conditions  de- 
manding dietetic  consideration  are  similar  to  those  pres- 
ent in  gout,  and  the  diet  outlined  for  that  disease  will 
serve  in  this  instance  (ririi:  section  on  Gout). 

(Iniit. — Under  this  head  are  included  Litha^mia,  Uric- 
aciihemia.  Gall  Stones,  and  Renal  Calcidi. 

Without  entering  into  a  consideration  of  the  identity 
of  the  pathology  of  these  diseases,  it  may  be  confidently 
asserted  that  the  dietetic  treatment  for  all  is  so  similar 
that  they  may  be  considered  at  thesiimc  time.  It  is  well 
to  remember  in  this  connection  that  in  these  cases  "there 
is  a  want  of  balance  between  the  intake  of  food  and  the 
power  of  the  body  to  oxidize  and  utilize  it."  Here,  as 
in  :^o  many  conditions,  the  disease  is  not  limited  to  one 


organ,  but  is  the  result  of  an  inability  of  all  organs  con- 
cerned in  food  elaboration.  Tlie  end  product  of  albu- 
minoid digestion  in  these  cases  is  uric  acid,  which  is  de- 
cide<lly  less  soluble  than  the  urea  which  should  be  the- 
form  in  which  the  excretion  occurs.  The  dietetic  indica- 
tion in  these  cases  is  to  administer  the  food  most  favor- 
able to  the  maintenance  of  the  alkalinity  of  the  blood, 
thus  preserving  its  solvent  power.  Ready  and  complete 
digestibility  and  assimilabilily  of  the  foixl  administered 
must  always  be  given  consideration.  !Modcrati(jn  is  a 
watchword'  f(^rall  thesecasis.  The  food  must  beadjusted 
to  the  age  and  occupation  nf  the  individual.  A  vegi'table 
diet  is  one  most  favciralili'  to  these  conditions,  and  yet  it 
would  be  a  serious  mistake  suddenly  to  change  the  dietary 
of  an  individual  from  one  made  up  chiefiy  of  meat  to  one- 
entirely  composed  of  vegetabl<-s.  The  red  meats  are  es- 
pecially conci'rned  in  the  causation  of  the  conditions  un- 
der consideration,  anil  .should  therefore  be  replae<'d  to  a 
greater  or  Ics?*  extent,  according  to  the  amount  of  work 
being  exiiended,  with  the  white  meat  of  fowls  and  fishes. 
What  will  prove  more  ctlicacious  in  a  considerable  num- 
ber of  cases  is  to  have  the  patient,  adopt  a  diet  from 
which  meat  is  entirely  eliminated. 

There  is  great  need  of  a  more  extensive  and  accurate 
sfudv  of  the  causal  relationship  existing  between  food 
and  the  conditions  conveniently  groujied  \ind<'r  the  des- 
ignation ■■  lithamiia."  Two  propositions  tliat  seem  almost 
axiomatic  may.  however,  be  stated:  first,  most  individ- 
uals eat  too  much  fotnl.  and  second,  most  Americans  <>at 
too  much  meat.  It  is  surprising  what  a  small  amount  of 
food  will  prove  .sufficient  for  the  demand  of  the  system 
after  maturity  has  been  attained.  A  close  adherence  ta 
the  rule  that  permits  enougli  food  to  satisfy  positive 
hunger  and  no  more  is  the  price  of  comfort  for  many 
tithiemia  patients.  Fothcrgill  ex]iresses  this  idea  when 
he  says,  "there  is  no  nice  way  of  having  gout,  and  what 
is  worse,  thi're  is  no  pleasant  way  of  avoiding  it." 

The  dietetic  treatment  will  have  to  be  adapted  to  the 
stage  of  the  disease.  During  the  acute  manifestation  of 
the  disease  none  but  the  lightest  nourishment  should  be 
given.  Diluent,  diuretic,  and  diaphoretic  drinks,  milk 
diluted  with  carbonated  water,  thin  oatmeal  gruel,  or 
similar  preparations,  should  be  given.  Hot  drinks  are 
'   indicated. 

The  interval  between  the  acute  manifestations  offers  the- 
most  favorable  opportunity  for  influencing  the  disease. 
The  greater  facility  with  which  we  secure  complete  me- 
tabolism of  a  meal  composed  of  one  or  two  simple  foods, 
selected  with  a  view  of  securing  a  complete  food,  would 
make  it  advisable  to  adopt  this  method  in  arranging  the 
dietary  for  these  cases.  The  plan  pursued  in  the  meat 
composed  of  several  courses  is  intended  to  stimulate  the- 
appetite,  with  the  result  that  the  digestive  and  a.ssimila- 
tive  powers  of  the  individual  are  frequently  overwhelmed 
with  uric  acid,  which  the  organs  concerned  are  unable  to 
excrete,  and  an  acute  paroxysm  of  gout  results.  The 
nitrogenous  element  of  the  food  for  these  cases  may  be 
derived  from  whole  milk  rather  than  from  skimmed  milk, 
which  contains  a  larger  percentage  of  albuminoid.  If 
whole  milk  c'lnnot  be  digested,  it  is  better  that  it  should 
be  dihited  with  alkaline  water  than  to  have  it  skimmed. 
The  fat  contained  in  the  cream  is  of  service  in  lessening 
the  amount  of  carboliydrate  that  would  otherwise  be 
required.  Milk  is  of  further  advantage  from  the  fact 
that  it  will  not  yield  uric  acid  in  the  same  measure  as  do 
most  other  nitrogenous  foods. 

In  those  instsmcesin  which  a  meat-free  diet  is  not  to  be 
insisted  upon,  oysters  and  clams  may  be  used  in  a  great 
variety  of  ways,  and  their  ])nparafion  enables  us  to- 
introdtice  large  quantities  of  ndlk  and  water  into  the 
system.  Fish  of  almost  any  vaiiety.  excepting  the  indi- 
gestible forms,  represented  by  those  containing  a  large 
percentage  of  oil, — e.g.,  mackerel,  herring,  eels, — are  per- 
missible. 

The  ivhite  meat  of  fowls  may  be  jirepared  in  a  great 
variety  of  ways,  ranging  from  broths  to  the  nn'nced  meat 
made  into  panada,  or.  if  the  digestive  power  will  permit, 
it  may  be  given  roasted,  broiled,  or  stewed. 
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Eggs  slightly  cooked  may  be  used,  and  if  tliey  are 
f oumt  unsuited  as  food  foi-  these  ruses,  it  will  probably 
be  the  yolk  that  has  disagreed,  because  of  the  large 
amount  of  fat  contained  in  it.  The  albumen  of  the  white 
is  very  easily  digested. 

Cheese,  representing  the  albumfnous  and  in  some  in- 
-Stances  the  fat  constituent  of  milk,  has  many  of  the  ad- 
vantages possessed  by  milk  as  a  food,  and  may  be  used 
to  furnish  the  albvmiinous  element  of  the  meal.  There  is 
less  likely  to  be  indigestion  from  its  use  if  meat  is  ex- 
cluded from  the  meal,  of  which  clicese  is  to  furnish  tlie 
nitrogenous  clement.  The  constipation  so  frequently 
-associated  with  the  diet  into  which  cheese  enters  is  less 
troublesome  if  cream  cheeses  are  taken.  Tlie  ability  to 
•digest  different  varieties  of  cheeses  varies  with  the  indi- 
vidual patients.  Sometimes  it  is  necessary  to  begin  tlie 
use  of  cheese  in  the  dietiiry  by  administering  casein  in 
the  form  of  junket,  then  cottage  cheese,  Neufchatel,  or. 
some  similar  cheese  rich  in  cream.  It  not  infrequentlj- 
requires  time  and  persistent  effort  before  it  can  become  a 
considerable  clement  in  the  dietarj' of  certain  individuals. 
If  we  desired  to  give  a  cheese  poor  in  fat  and  rich  in 
casein,  we  should  select  the  Parmesan  cheese.  This 
variety  may  be  added  to  broths,  after  it  has  been  grated, 
to  increase  their  nutritive  worth,  or  it  may  be  made  into 
sandwiches,  and  if  whole  wheat  or  gluten  bread  be  used, 
there  will  be  secured  in  such  a  combination  a  food  con- 
taining a  large  nitrogenous  element.  Cheese  is  said  to 
be  three  times  as  nutritious  as  meat.  One  has  only  to 
remember  liow  largely  this  form  of  food  takes  the  place 
■of  meat  in  almost  every  countrj'  except  America,  and 
to  contrast  the  infrequent  use  of  it  in  this  role,  to  realize 
to  what  great  extent  meat  enters  into  the  dietary  of  the 
Americans. 

Fats,  in  moderation,  serve  a  useful  purpose  in  the 
■dietary  of  these  cases.  Any  evidence  of  inability  to 
digest  them  may  be  regarded  as  a  contraindication  to 
their  use. 

Sugars,  just  as  fats,  are  permissible  to  a  limited  extent. 
They  must  not  be  taken  in  quantities  sufficient  to  excite 
indigestion  or  to  favor  the  development  of  corpulency. 
So  far  as  sugars  and  fats  can  be  utilized  as  lieat  and  force 
producers.  the_v  do  good;  more  than  sufficient  for  this 
purpose  should  not  be  ingested. 

The  vegetable  element  of  the  meal  should  be  made  up 
■of  one,  or  at  most  two,  vegetables.  If  the  nitrogen  re- 
quired is  supplied  in  the  form  of  meat,  milk,  or  cheese, 
then  the  vegetable  had  better  be  one  composed  chiefly  of 
■starch,  e.g.,  potatoes  or  rice.  When  peas  or  beans  are 
used  the  contained  nitrogen  will  furnish  a  portion  of  that 
required  for  the  meal. 

The  green  vegetables,  so  long  as  they  do  not  excite  in- 
digestion by  reason  of  their  bulk  and  woody  fibre,  are 
allowable. 

Cereals,  when  properly  prepared  and  thoroughly  in- 
salivated, may  form  a  part  of  the  morning  and  evening 
meal. 

Macaroni  and  vermicelli,  arrowroot,  corn  starch  and 
bread,  offer  convenient  and  digestible  forms  of  starchy 
food. 

Fruits  suitable  to  these  cases  must  be  neither  too  sweet 
nor  too  tart. 

All  forms  of  food  for  these  patients  must  be  studied 
-with  reference  to  the  effect  produced  on  each  case.  The 
more  nearly  we  accurately  estimate  the  need  and  ability 
of  a  given  case  to  metabolize  various  kinds  and  quanti- 
ties of  foods,  the  more  likely  we  are  to  get  satisfactory 
results.  • 

Bcvera.scs. — Water  stands  first,  and  might  with  ad- 
vantage be  made  the  exclusive  drink.  Water,  plain  or 
medicated,  hot  or  cold,  should  be  used  in  large  quantities 
to  secure  its  mechanical  and  solvent  effect  upon  the  ex- 
cretions. The  most  favorable  time  for  its  ingestion  is 
a  half-hour  or  an  hour  before,  or  several  hours  after  a 
meal. 

Tea,  coSee,  cocoa,  cider,  port,  champagne,  and  malt 
beverages  are  not  usually  permissible.  For  those  who  re- 
•quire  it,  alight  wine,  poor  in  sugarand  alcohol,  if  diluted 


with  carbonated  water,  may  be  administered.  Moselle, 
Bordeaux,  claret,  or  Hungarian  wines  are  permissible. 

If  a  spirituous  liquor  is  required,  whiskey,  brandy,  or 
gin.  well  diluted,  may  be  given. 

The  foods  prohibited  are  those  containing  oxalic  acid 
in  considerable  amount,  <?. (7..  rhubarb,  spinach,  tomatoes, 
asparagus,  sorrel,  and  radishes;  neither  must  patients 
take  spiced  or  dried  meats,  pork,  bacon,  veal,  game,  eels, 
mackerel,  salmon,  or  lobster,  or  rith  gravies,  pastries,  and 
candies. 

Diahites.- — The  dietetic  treatment  of  this  condition  de- 
mands a  painstaking  and  systematic  estimate  of  the 
amount  of  svigar  being  eliminated  by  the  patient.  There 
is  no  other  disease  in  which  the  relation  of  diet  to  the  ac- 
tivity of  the  morbid  process  is  so  intimate.  Anything  less 
than  the  most  detailed  attention  to  the  ingestion  of  food, 
and  the  excretion  of  sugar  in  the  urine,  is  an  act  of  cen- 
surable neglect.  It  can  be  readily  appreciated  that  the 
selection  of  alimentar_v  substances  is  of  no  moie  impor- 
tance than  their  proper  preparation.  A  condition  de- 
manding, for  a  protracted  period,  a  diet  composed  of 
articles  from  which  an  entire  class  of  foods — i.e.,  carbo- 
hydrates— must  be  eliminated  requires  the  greatest  skill 
and  ingentnty  on  the  part  of  the  one  to  whom  the  prepa- 
ration of  the  food  is  entrusted.  It  is  not  enough  to  hand 
to  a  patient  suffering  with  this  disease  a  list  of  the  foods 
allowed  and  those  to  be  omitted.  Here,  more  than  in  any 
other  condition  requiring  dietetic  direction,  is  there  need 
to  demonstrate  to  the  patient  the  possibilities  of  the  cur- 
tailed regimen  permitted  him.  There  must  be  a  thin-ough 
understanding  between  the  doctor  and  the  cook  as  to  what 
is  to  be  attempted,  and  that  the  starches  and  sugars  are 
not  to  gain  entrance  into  the  dietary  in  any  form.  For 
instance,  it  would  not  be  permitted"  to  use  wheat  flour 
as  a  tliickening  in  soups  when  we  liad  forbidden  wheat 
bread  in  order  to  eliimuate  starch. 

Before  beginning  the  dietetic  treatment  of  this  disease 
certain  facts  should  be  determined  as  a  result  of  observa- 
tions extending  over  several  da3's.  The  quantity  of  urine 
voided  and  the  percentage  of  sugar  contained  in  it;  the 
diet  yielding  these  figures;  the  weight  of  the  patient  and 
his  strength,  as  evidenced  by  tests  with  the  dynamome- 
ter or  graduated  work;  all  require  careful  consideration. 
After  this  has  been  done  the  capacity  of  the  organism 
to  metabolize  carbohydrates  should  be  determined.  The 
plan  suggested  by  von  Noorden,  according  to  which  the 
patient  is  gradually  placed  upon  a  standard  diet,  may 
be  recommended  (Yeo,  "Food  in  Health  and  Disease," 
p.  376). 

Von  Noorden's  Standard  Diet. — After  the  carbohydrate 
element  of  the  diet  has  been  gradually  reduced  the  fol- 
lowing diet  is  administered; 

Breakfast:  Tea,  5  gm.  infused  in  water  200  c.c. ;  ham, 
150  gm. ;  one  egg. 

Lunch :  Cold  roast  beef,  200  gm. ;  cucumber.  60  gm. 
■with  vinegar  {.5  gm.),  olive  oil  (10  gm.),  salt  and  pepper 
(to  season);  Apollinaris  water,  400  c.c.  with  brandy  (20 
cm.);  coffee,  without  milk  or  sugar. 

Dinner:  Clear  boullion,  300  c.c. ;  beef,  250  gm. ;  butter, 
10  gm. ;  green  salad,  yo  gm. ;  vinegar,  10  gm.,  and  olive 
oil,  20  gm. ;  sardines,  3;  Apollinaris,  400  c.c,  with 
brandy,  20  c.c. 

Supper:  Two  eggs;  Seltzer  water,  400  c.c. 

This  diet  contains  about  204  gm.  of  albumin,  135  gm.  of 
fat,  and  no  carbohydrate.  It  is  to  be  continued  until 
there  is  an  absence  of  sugar  from  the  urine  in  the  one  in- 
stance, or  until  it  demonstrates  the  amount  of  sugar  being 
fomied  despite  the  absence  of  carbohydrate  in  the  food 
ingested.  This  method  yields  a  basis  for  the  classifica- 
tion of  these  cases,  and  is  of  further  advantage  in  ena- 
bling us  to  determine  the  ability  of  the  economy  to  metab- 
olize varying  amoimts  of  carbohydrates  in  those  cases 
in  which  there  was  an  absence  of  sugar  from  the  urine 
after  the  patient  had  been  upon  the  "standard  diet"  for 
a  sufficient  length  of  time.  A  patient  whose  urine  shows 
no  sugar  for  several  days  as  a  result  of  the  carbohydrate- 
free  diet,  is  allowed  some  form  of  starch,  in  gradually 
increasing  quantities,  until  sugar  reappears  in  the  urine. 
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Tin-  following  formula  will  tlien  express  bis  power  to 
metabolize  starch:  tolerance  to  starch  =  standard  diet-|- 
j'  _:j:rain9  of  starch. 

The  gravity  of  the  disease  is  proportionate  to  the 
anioiiut  of  sugar  persisting,  notwithstanding  the  admin- 
istration of  the  "stauclard  diet."  In  the  cases  in  which 
sugar  appears  in  the  mine  despite  thi.s  diet,  we  are 
given  a  measure  of  the  transformation  of  the  albuminoid 
tissues  and  fats  into  sugar. 

T/ie  iiiiliciitioM  in  reipiUiting  thediet  of  fliitMie patients. 
— In  the  withdrawal  of  the  carbohydrates,  the  economy 
being  denied  the  usual  sup|ily  of  carbon  for  the  produc- 
tion (if  heat  and  force,  it  i)eci)mes  necessary  to  supply  a 
sutlicient  increase  of  fat  for  this  |nirpose,  and  greatly  to 
augment  tlie  intake  of  nitrngenous  fond  for  the  same 
purpose.  The  dietary  permissible  to  these  patients  in- 
cludes all  meats,  excepting  liver,  which  latter,  because 
of  itscontained  glycogen,  is  not  suitable:  and  fats,  wliich 
are  called  the  sheet  aucljor  by  V(m  Xoorden,  and  which, 
in  addition  to  their  luitritive  worth,  are  esteemed  because 
they  tend  to  produce  a  fc'cling  of  s;itiety,  and  thus  relieve 
the  distressing  hunger  so  frequently  a  prominent  symp- 
tom in  these  cases.  They  in  a  great  measure  supply  the 
deficiency  of  carbon  resulting  from  the  withdrawal  of  the 
carbohydrate.  The  administration  of  fat  requires  tlie 
greatest  care  lest  a  disgust  for  it  be  excited.  It  can  be 
introduced  in  tlie  form  of  a  thin  layer  rolled  in  a  slice  of 
roasted  beef,  or  between  bits  of  broiled  beef:  as  a  may- 
onnaise dressing  on  various  salads:  as  butter  spreafl  very 
tliickly  upon  almond  bi.scuit  or  gluten  bread;  in  the  form 
of  gravy  of  fowls:  in  tlie  form  of  meats  containing  a 
large  proportion  of  fat,  e.g..  msickerel,  eels,  blue  lish,  sal- 
mon, sardines,  squab,  and  the  dark  meat  of  fowls;  and 
ripe  olives.  Some  writers  also  allow  pate  de-foiegras. 
Tlie  problem  of  successfully  feeding  a  cliabetic  is  largely 
one  of  skilfully  administering  in  acceptable  manner  the 
various  meats  and  fats.  To  these  articles  may  be  added 
a  moderate  allowance  of  green  vegetables  containing  a 
minimum  amount  of  starch,  and  possessing  vegetable 
salts,  the  latter  being  of  value  for  antiscorbutic  purposes. 

Meiitg  may  be  given  in  any  readily  digestible  form, 
such  as  beef  in  the  form  of  broth;  scraped  meat  cakes 
suitably  seasoned,  to  which  may  be  added  chopped  al- 
monds, pine  nuts,  or  celery;  cold  boiled  ham;  crisp 
broiled  bacon  with  eggs;  chipped  beef  creamed,  or  as  a 
sandwich  with  gluten  crackers :  tongue,  kidneys,  tripe, 
sweetbreads,  calves'  brains,  smoked  meats,  and  game  of 
all  kinds. 

/"/.i/f  of  all  kinds  may  be  employed,  as,  for  example, 
oysters,  omitting  the  liver;  clams,  lobster,  crabs;  caviare, 
plain,  or  combined  with  a  few  drops  of  grated  onion  in 
the  form  of  a  sandwich  of  gluten  bread  or  diabetic  bis- 
cuit. 

Milk  is  of  service  in  certain  cases,  the  sugar  of  miTlc 
being  less  likely  than  most  other  forms  of  sugar  to  favor 
the  development  of  glycosuria.  Crenm  is  of  especial 
utility,  containing  as  it  does  an  albuminoid  and  a  fat. 
It  may  be  given  plain,  combined  with  various  flavors, 
whipped,  frozen,  or  in  conjunction  with  white  of  i:%%. 
Skimmed  m«7i  has  been  urged  by  various  writers,  large 
quantities,  »s  much  as  from  nine  to  twelve  pints  daily, 
being  urged  by  I>onkin,  who  reports  favorable  results 
from  its  use.  He  points  out  that  in  this  form  milk  offers 
a  concentrated  as.'similable  albiiminoid.  Part  of  the  milk 
recommended  is  to  be  taken  in  tlie  form  of  coagulated 
casein.  Koumys.  zoolak.  and  buttermilk  may  be  found 
acceptable  and  unobjectionable  in  certain  instances. 

C/(c»'.«f.'(  .preparefl  from  cream  are  less  likely  to  increase 
the  amount  of  sugar  present  than  are  those  prepared  fnmi 
the  whole  milk.  All  forms  of  cheese  may  he  utilized  in 
certain  instances. 

E</fj»  otTer  an  ideal  food  because  of  the  albuminoid  and 
large  percentage  of  fat  contained  in  the  yolk.  Given 
cooked  or  raw,  with  a  little  salt  to  facilitate  their  diges- 
tion, they  lend  themselves  to  innumerable  methods  of 
preparation,  and  may  be  consumed  in  large  quantities. 

fiehitin,  if  regarded  as  an  "albumin-sparing  food." 
should  be  of  utility.  It  may  be  given  in  a  great  variety 
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of  ways,  such  as  in  the  form  of  milk  jelly,  blanc  mange, 
chicken  jelly,  calves'-foot  Jelly,  and  similar  prepara- 
tions. 

The  n;/et(Me»  allowable  comprise  moat  of  the  greens: 
lettuce,  cress,  spinach,  calibage,  asparagus,  onions,  cauli- 
flower, cucumbers,  dandelion;  also  cranberries,  gherkins, 
artichokes,  horsi-radish,  kale,  grei-n  French  beans,  pick- 
le.s,  carrots.  Potatoes  are  allowed  by  .some  as  a  substi- 
tute for  bread,  because  the  percentageof  .starch  contained 
is  smaller  than  in  ordinary  bread.  If  potato  be  given  in 
the  form  of  a  salad,  with  iiiayonnaise  dres.sing  and  onion, 
or  if  it  be  baked  and  butter  and  egg  added,  it  .should  pos- 
sess special  nutritive  worth. 

Fniit.t  containing  little  sugar,  preferably  those  contain- 
ing it  in  the  form  of  levulose.  are  peniiissible.  e.y.,  ap- 
ples, strawberries,  gooseberries,  currants,  raspberries, 
sour  onmges,  and  lemons. 

2\iit!i  of  all  kinds,  excepting  chestnuts,  may  form  a 
large  element  in  the  dietary.  "  They  furnish  a  form  of 
food  that  maybe  used  extensively  by  varying  the  method 
of  administration.  If  the  patient  picks  tlie  nuts  from  the 
shell  he  is  apt  to  enjoy  them  more  and  is  less  likely  to 
partake  of  them  too  fntly.  In  other  instances  they  may 
be  administered  after  they  have  been  ground  in  some  one 
of  the  machines  now  upon  the  market  for  this  purpose. 
This  method  of  preparation  overcomes  the  tendency  to 
rancidity  so  pronounced  in  the  nutmealsupou  the  market. 
Roasted  and  salted  nuts  are  often  particularly  appetizing 
and  sometimes  aid  digestion. 

F<»-hii)ilen  Foi/f/n. — The  forbidden  foods  comprise  all 
saccharine  or  stsirchy  vegetables  and  fruits,  as  well  a.s 
the  livers  i)f  animals  and  oysters  Jiread  is  not  permitted 
except  in  the  milder  eases,  where  it  should  be  '•torretied  " 
or  twice  baked. 

Gluteu  bread  is  certain  to  contain  not  less  than  fifteen 
per  cent,  of  starch,  and  usually  the  amount  is  much 
greater.  It  is  heavy,  and  patient.s  not  infrequently  re- 
fuse to  eat  it.  It  is  well  to  learn  the  possibilities  of  the 
various  manufacturers'  products  of  biscuit  of  gluten,  al- 
mond meal,  and  similar  food  substances  which  are  likely 
to  contain  less  starch  than  is  contained  in  gluten  bread ; 
they  are  quite  palatable  and  keep  indefinitely. 

The  sirectening  required  is  to  be  secured  by  the  use  of 
saccharin.  This  substance  is  likely  to  excite  indigestion, 
and  must  be  used  in  the  smallest  possible  quantities. 
There  are  tablets  on  the  market  containing  one  grain  of 
saccharin,  which  offer  the  substance  in  a  convenient 
form.  Glycerin  is  recommended  for  sweetening  purposes 
by  some  writers. 

Beverages.— If  alcoholic  beverages  are  required  becau.se 
they  have  become  essential  to  the  patient,  they  should  be 
confined  to  a  dry  or  tart  wine,  such  as  Moselle,  claret, 
hock,  or  Burgundy :  brandy,  whiskey,  or  gin  may  have 
to  be  given,  and  all  beverages  should  be'well  diluted 
with  an  alkaline  or  carbonated  water.  Stud}-  the  effects 
of  particular  wines  upon  a  given  case  and  regulate  their 
administration  accordingly. 

Tea,  Coffee,  and  Cocoa.  Tea  may  be  given,  prefera- 
bly with  lemon;  coffee,  without  milk  or  cream.  Cocoa 
nibs  and  chocolate  prepared  without  sugar  may  be  used. 
The  "  iriiter  <•'/;•<«,"  notably  those  of  Carlsbad,  comViine 
with  the  therapeutic  effect  of  the  water  administered,  a 
favorable  environment,  a  suitable  adjustment  of  food  and 
exercise,  medicated  baths,  massiige.  and  an  absence  of  the 
exciting  causes  that  have  been  potent  as  factors  in  the 
production  of  the  disease. 

For  one  to  whom  so  much  is  denied  it  is  worth  while 
to  consider  the  possibilities  of  a  daily  menu  consisting 
only  of  the  foods  permissible.  Such  a  dietary  would 
compiise  for  one  day : 

Breakfast:  Poached  eggs  and  bacon:  gluten  bread; 
cream  and  hot  water. 

Luncheon:  Cream  of  spinach:  hot  sardines  on  gluten 
biscuit,  garnished  with  lemon  and  parsley;  celery  salad 
with  mayonnaise;  tea  with  lemon. 

Wnner;  Little  Xeck  clams;  consomme;  roast  beef; 
asparagus  with  melted  butter;  stewed  onions;  lettuce 
witli  French  dressing;  junket;  coffee. 
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Nervous  A^ections. — Neuralgia  has  been  defined  as  "  the 
cry  of  a  hungry  nerve."  The  pain  may  be  associated 
with  the  trifacial,  ga.stric,  hepatic,  intestinal,  or  other 
nerves,  and  the  neuralgia  may  be  designated  accordingly. 
If  traumatic  irritation  has  been  excluded  as  an  e.xciting 
'cause  of  tlie  condition,  it  is  of  importance  to  determine 
the  degree  of  nutritional  failure  that  is  likely  to  be  pres- 
ent in  a  particular  instance.  The  intimate  causal  rela- 
tionship between  nerve  pains  and  litba^mia  or  uricacid- 
Eemia,  would  lead  one  to  endeavor  to  determine  how  far 
an  excess  of  foods  containing  uric  acid  is  concerned  in 
the  production  of  the  neuialgia.  Indeed,  it  would  seem 
justifiable  to  regard  neuralgia  as  a  symptom;  it  maj"  be 
of  ana'niic.  litha-mic.  gouty,  rheumatic,  or  dyspeptic  con- 
ditions, and  these  each,  in  turn,  may  be  regarded  as  the 
products  of  faulty  nutiition.  Therefore  the  principles 
underlying  the  dietetic  treatment  of  one  condition  will 
apply  to  all. 

First,  the  habits  of  the  individual  must  be  studied. 
The  food  he  has  been  accustomed  to  take,  the  care  exer- 
cised in  its  preparation,  the  regularity  in  eating,  and  the 
suitability  of  the  quantity  and  kind  of  food  to  the  life 
work  of  the  individual  must  be  ascertained.  A  good 
practice  in  these,  and  in  similar  cases,  is  to  have  the  pa- 
tient continue,  under  observation,  for  a  time  without  any 
dietetic  restraint.  Let  a  record  of  each  meal  Vie  made 
and  submitted  for  inspection,  and  in  this  way  it  is  often 
possible  to  discover  a  potent  factor  in  the  causation  of  a 
morbid  condition.  It  is  well,  however,  to  guard  lest  a 
patient  in  moderate  circumstances  should  bring  a  list  of 
fare  so  siuuptuous  as  at  once  to  disprove  its  accuracy. 

The  study  of  the  urine,  with  special  reference  to  the 
amount  of  uric  acid  being  excreted,  will  yield  most  val- 
uable data  regarding  the  advisability  of  withliolding  cer- 
tain albuminous  foods.  One  cannot  study  Haig's  work 
on  this  subject  without  being  impressed  with  the  inti- 
mate relationship  existing  between  an  excess  of  uric  acid 
and  certain  neuralgic  manifestations.  Indeed,  it  is  hardly 
possible  to  determine  how  far  gout,  rheumatism,  and 
calculous  diseases  in  general  are  dependent  upon  this 
same  C(mdition  of  uricacida>mia. 

That  diet  is  a  potent  factor  in  the  successful  treatment 
of  all  these  processes  is  iniiversally  accepted.  Therefore 
it  is  in  order  to  consider  what  foods  will  give  us  sulficient 
of  the  various  elements  necessary  for  nutrition,  and  at 
the  same  time  leave  no  excess  of  uric  acid  in  the  circulat- 
ing blood. 

The  gradual  withdrawal  of  all  forms  of  meat  from  the 
dietary,  witli  a  proportionate  increase  of  milk,  cheese, 
and  gluten  foods  to  supply  the  nitrogenous  food  required, 
and  a  corresponding  increase  in  the  starches,  nuts,  and 
fruits,  is  reconunended.  No  "oetter  examjile  of  this  ]ilau 
can  be  given  than  is  found  in  the  tables  suggested  by 
Haig  (Tables  1.  2,  and  3  on  page  460). 

It  is  not  to  be  inferred  that  the  dietary  is  to  be  limited 
to  the  articles  suggested  in  these  tables.  Indeed,  it  is  sur- 
jjrising  to  note  wliat  a  variety  of  meals  can  be  prepared 
without  meat  and  tlie  forbidden  foods.  On  tlic  other 
hand,  certain  patients  find  it  entirely  impracticable  to 
live  upon  this  or  a  strictly  vegetable  dietary.  In  these 
instances  the  liberal  administration  of  beef  in  the  form 
of  nutritive  beef-tea  and  scraped  or  chopped  meat  cakes, 
in  conjunction  with  a  decided  increase  in  tlie  fats,  -svill 
give  the  best  results.  The  fats  suitable  are  obtained  in 
cream,  butter,  bacon,  and  in  the  yolks  of  eggs,  in  the 
form  least  likely  to  tax  digestion  and  excite  repugnance. 

Wlii-n  all  the  exciting  causes  of  the  disease  under  con- 
siilcralion  are  eliminated,  the  diet  which  maintains  a  con- 
dition of  nutritional  equilibrium  will  be  the  one  best 
suited  to  the  case. 

Neurasthenia  requires  an  excess  of  easily  assimilable, 
highly  nutritious  food,  administered  at  frequent  inter- 
vals, in  the  largest  possible  quantities.  This  particularly 
applies  to  those  cases  undergoing  what  is  usually  desig- 
nated "the  rest  cure."  Here  the  food  is  urged  upon  the 
patient  regardless  of  his  desires,  and  even  despite  a 
positive  disinclination  for  food.  Milk,  cream,  and  other 
forms  of  fat  and  oils,  gruels  and  easily  digested  starches, 


are  administered  at  frequent  stated  intervals,  and  the 
patient  is  aided  in  utilizing  a  part  of  this  nutriment  bj' 
the  administration  of  massage  and  electricity,  while  he 
stores  tlie  remainder  in  the  form  of  fat  and  muscular  tis- 
sue. Indeed,  the  entire  plan  of  the  treatment  aims  to- 
secure  a  marked  increase  in  bodj'  weight.  This  is  in 
accord  with  the  view  expressed  by  S.  Weir  Mitchell,  who 
states  that  "loss  of  fat  is  constantly  associated  with  im- 
poverished blood,  and  that  to  gain  in  fat  is  nearly  always, 
to  gain  in  blood."  Many  cases  of  neurasthenia  which  do 
not  undergo  the  rest  cure  are  greatl_y  benefited  by  an. 
ocean  voyage,  where  there  is  usually  a  condition  of  lim- 
ited expenditure  of  mental  and  muscular  effort,  coupled 
with  an  inclination  to  ingest  and  ability  to  digest  exces- 
sive quantities  of  food.  A  neurasthenic  who  travels  for 
his  health  should  not  be  allowed  to  consume,  in  long 
journej's,  irregular  meals,  and  hasty  sightseeing,  all  the 
energy  developed  from  his  ability  to  take  increased  quan- 
tities of  food. 

Insomnia  is  frequently  referable  to  one  or  two  classes 
of  causes : 

(a)  Improper  eating  or  drinking  before  retiring. 

(6)  Deficient  nutrition. 

The  patients  of  the  first  class  require  only  to  have  the 
food,  drug,  or  drink  that  has  been  causing  the  insomnia 
to  be  cut  off,  and  to  have  the  evening  meal  composed  of 
easily  digested  food.  This,  with  the  temporary  use  of  a 
hypnotic,  should  accomplish  a  cure. 

In  the  second  class  of  cases  an  effort  should  be  made 
to  place  the  patient  upon  a  higher  nutritive  level  by  the- 
administration  of  light  nourishing  food  between  meals, 
and  a  cup  of  hot  milk,  a  milk  punch,  or  malt  beverage 
with  a  biscuit  before  retiring.  A  complete  food,  such  as- 
"Bartholow's  food,"  taken  before  retiring,  will  fre- 
quently insure  a  night's  repose.  It  is  desirable  to  have 
some  milk  or  crackers  at  the  bedside,  in  case  they  should 
be  required  during  the  niglit.  The  objection  to  liquors 
and  malt  beverages,  as  an  aid  in  inducing  sleep,  does  not 
apply  to  this  class  of  cases  as  it  does  to  the  cases  of  in- 
somnia occurring  in  youth. 

Epilepsy  is  so  rare  in  the  herbivora,  and  so  frequent  in 
the  carnivora  that  the  inmiimity  of  the  vegetarian  ani- 
mals wotild  seem  to  give  us  a  positive  dietetic  indication 
for  the  treatment  of  this  disease.  The  red  meats  and 
coarser  forms,  such  as  bologna,  seem  to  be  especially 
prone  to  excite  convulsive  attacks.  Gorging  with  food, 
especially  improperly  masticated  meats  and  other  forms 
of  nourishment — notably  peanuts — are  noted  as  being 
likely  lo  excite  epileptic  paroxysms. 

The  intimate  relationship  between  the  ingestion  of  aa 
excess  of  unsuitable  and  improperly  masticated  food  and 
an  epile])tic  seizure  must  be  familiar  to  all  those  who- 
have  given  cou.si<lerable  attention  to  this  class  of  cases. 
The  dietetic  treatment  of  epilepsy  promises  most  when 
the  patient  is  under  the  complete  control  of  an  attendant. 
For  this  reason  the  epileptic  colonics  should  secure  the- 
best  results,  other  things  being  equal. 

The  diet  that  promises  most  for  these  cases  is  one  in 
which  meat  is  reduced  to  the  lowest  quantity  consistent 
with  the  demand  for  work  and  growth.  In  early  youth 
and  old  age.  fish  and  white  meat,  with  the  occasional  ad- 
ministration of  red  meat  for  the  noon  meal,  are  best. 
Aside  from  this,  the  diet  should  consist  of  cereals  and 
vegetables,  and  the  meals  should  be  eaten  at  fixed  hours. 
The  frequency  of  the  attacks  during  the  night  would 
suggest  the  desirability  of  having  the  evening  meal  com- 
posed of  easily  digested  food. 

ExantheiitiitiiHS  DhenneD. — The  diseases  characterized  by- 
a  skin  eruption  in  the  course  of  an  acute  febrile  process-- 
will  demand  especial  dietetic  direction  only  in  those  in- 
stances in  which  nejihritis  has  occurred  as  a  complication. 
Here  milk  is  to  be  made  the  exclusive  nourishment,  until 
the  ab.sence  of  albumin  from  the  urine  indicates  tlie  im- 
proved condition  of  the  kiduej's  and  permits  a  more  ex- 
tended dietary. 

Skin  Biseam-s. — These,  when  not  of  parasitic  origin,  are 
frequently  influenced  by  diet.  The  causal  relationship 
between  the  occurrence  of  urticaria  and  the  eating  of 
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oortain  lisli.  molluscs,  fruits,  or  cereals  is  fully  estab- 
lislu'ci,  C't-rtain  cases  of  eczema,  acne,  psoriasis,  furuii- 
culnsis,  ilermalitis,  ami  pruritus  can  lie  favoralily  influ- 
enced by  attention  to  the  character  and  quantity  of  the 
food.  That  there  is  found  a.ssociated  with  indiirestion 
and  lith;emic  states  a  condition  favorinir  tile  develoji- 
ineni  of  skin  eruptions,  there  can  hardly  be  any  reason- 
able doubt.  The  diet  outlined  for  lithiuinia  will  be  found 
suitable  for  these  cases  (vide  section  on  Gout). 

B.  Franklin  Stulil. 

DI-ETHYL-KETONE— (C,n5),C0,  metacetone  or  pro- 
pione  ethvl  piopicmyl.  This  is  a  colorless,  mobile  liquid 
obtained  by  the  dry  distillation  of  sujiar  with  an  excess 
of  lime.  It  smells  like  acetone,  boils  at  lOT  ('.,  and  is 
soluble  in  twenty-four  parts  of  water,  and  freely  in  al- 
cohol and  ether.  Well  diluted,  it  has  been  administered 
by  Giovanni  in  do.ses  of  from  0..^  to  1.5  gm.  (gr.  viij.- 
x.xiv.)  to  control  maniacal  or  hysterical  excitement,  and 
by  Albauese  and  Barabini  to  induce  sleep  in  animals. 

Tl'.  A.  Bitstedo. 

DIFFERENTIATION.— (Med.  L.  differentiare.  from 
dirt'irmliii.  dillereiiee.  I  ilurray  defines  differentiiitinn  as 
"any  chansje  by  wliich  like  thiiiirs  bi-come  unlike,  or 
somethini;  bomoireneous  becomes  heterogeneous."  In  the 
more  sjiecial.  biological,  use  of  the  term  it  is  cmploj'ed 
to  inilicate  "the  process,  or  the  result  of  the  process. 
by  which  in  the  course  of  growth  or  development  a  pari, 
organ,  etc..  is  modilied  into  a  s]wcial  form,  or  for  a  spe- 
cial function;  specialization:  also  the  gradual  produc- 
tion df  ililVerences  between  the  descendants  of  the  same 
ancestnd  types."  In  its  biological  meaning,  then,  the 
term  may  be  applied  either  (1)  to  certain  phenomena  in 
the  development  of  the  individual,  or  (2)  to  the  origin  of 
species;  and  in  each  case  it  may  be  used  to  indicate 
either  (n)  the  process,  or  (4)  the  result  of  the  process. 

Taking  these  meanings  in  the  reverse  order,  the  re- 
sult, or  state,  of  differentiation  of  species  (2.  h)  would  be 
exhibited  by  a  conijiarison  of  the  various  organs,  tissues, 
habits,  modes  of  life,  and  other  characters  of  the  numer- 
ous species  and  other  groups  of  both  animals  and  plants. 
It  would  involve  not  only  a  study  of  their  comparative 
anatomy,  but  also  of  their  phy.siology  and  ecology  as 
well;  and  thus  would  be  far  beyond  the  scope  of  the 
present  article. 

For  the  differentiation  of  species  regarded  as  a  proc- 
ess (2,  (()  the  term  organic  erabition  is  commonly  cm- 
ployed,  and  the  subject  will  be  discussed  in  the  present 
work  under  that  title  (see  article  Ecolution). 

In  the  individual,  as  among  species,  the  state  of  struct- 
ural differentiation  (1.  h)  is  inseparalily  associated  with 
functional  dift'erentiation.  or  division  of  labor.  In  order 
to  describe  the  state  of  differentiation  in  any  form  of  ani- 
mal or  jilant.  it  would  be  necessary  to  make  an  extended 
study  of  the  structure  of  its  various  organs  and  tissues 
and  of  the  vainous  functions  that  these  parts  perform  in 
the  economy  of  the  whole.  For  man  the  results  of  such 
studies  are  set  forth  in  the  books  upon  descriptive  an- 
atomy, histology,  and  human  physiology. 

The  procesn  of  differentiation  by  means  of  which  differ- 
ences arise  in  the  structure  and  functions  of  parts  of  the 
organism  (1.  a)  may  be  considered  imder  two  headings. 
First,  we  have  the  facts  in  regard  to  the  processes  that 
have  been  observed  in  the  study  of  the  development  of 
organisms;  and,  second,  we  have  the  theories  that  have 
been  advanced  to  explain  these  facts. 

In  no  existing  form  of  life  is  there  an  entire  absence  of 
the  state  of  dilferentiation  in  any  stage  of  development 
of  the  individual.  In  the  protoplasm  of  the  ama>ba  one 
may  distinguish  endos;irc  and  ectosarc,  nucleus,  and  con- 
tractile vacuole.  The  protoplasm  of  bacteria  was  sup- 
posed for  a  long  time  to  be  homogeneous;  but  Biitschli 
has  demonstrated  that  by  proper  methods  of  staining  two 
distinct  substances  may  be  observed.  In  the  germ  cells 
of  all  the  higher  animals  and  idants  it  is  always  possible 
to  distinguish  nucleus  and  cytoplasm.  In  the  ova  of 
many  animals  the  cytoplasm  is  differentiated  into  two 


parts:  one  which  contains  nutrient  material  in  the  form 
of  \'olk  granules,  and  the  other  which  is  free  from  yolk, 
and  in  which  the  process  of  development  begins;— not 
to  mention  various  differentiations  in  miiuite  structure 
which  cannot  be<-ntered  into  here.  The  ovum,  however, 
is  vastly  h'ss  differentiated  than  the  adult  form,  even  in 
the  simplest  of  mulliecllular  org;iiiisms 

The  process  by  which  the  dilVeientiated  condition  of 
the  atlult  arises  is  essentially  a  cellular  phenomenon.  In 
general,  development  may  be  divided  into  three  stages: 
tirst,  cell  division;  second,  growth  by  the  absorption  of 
water  and  other  material;  and,  tliiid,  dilTcrentiaticm. 
These  stages  are  shown  in  their  simplest  forms  in  the 
growing  ends  of  the  roots  or  stems  of  plants.  At  the  tip 
there  is  a  group  of  small  cells  with  thin  walls  an<l  rela- 
tively dense  protoplasm,  in  which  the  nuclei  may  be  seen 
to  be  in  various  stages  of  cell  division.  Separated  from 
these  by  cells  in  various  intermediate  stages,  there  is  a 
zone  of  cells  still  having  thin  walls,  but  wliicli  are  much 
elongated  and  have  numerous  large  vacuoles  in  the  cyto- 
plasm. In  this  zone  cell  division  is  comparatively  rare. 
It  is  the  zone  of  growth,  and  on  its  proximal  side  grades 
olf  into  the  next  zone,  where  cell  division  entirely  ceases, 
the  cell  walls  become  thickened,  and  the  cells  become 
differentiated  into  epithelium,  bast,  wood  libre.  ducts,  etc. 

In  animals  the  process  is  not  so  .simide,  nor  is  it  always 
so  in  plants;  for  in  reality  there  are  two  forms  of  differ- 
entiation occurring  more  or  less  at  the  same  time.  One 
we  may  call  anatomical  differentiation,  ami  the  other, 
/( ixt'ihifiical  diffcrin  tint  ion . 

During  the  i>criods  of  cell  division  and  growth  the 
cells  do  not  all  divide  with  equal  frequency,  nor  do  they 
all  enlarge  to  the  same  extent.  "When  the  cells  tend  to 
arrange  themselves  in  layers,  as  they  do  in  animals,  this 
inequality  of  growth  causes  foldings,  the  folds  may  fuse 
together,  and  c'd  connections  may  dissolve.  In  this  way 
unequal  division  and  growth  of  the  cells,  residting  in 
folding,  fusions,  and  separations,  cause  a  differentiation 
of  the  mass  of  the  ovum,  whereby  the  areas  are  deter- 
mine<l  which  shall  include  the  rudiments  of  the  various 
organs.  In  the  embryo  chick,  for  example,  one  may  see 
the  boundaries  of  the  central  nervous  system,  the  noto- 
chord,  the  heart,  etc..  while  the  cells  composing  these 
rudiments  are  still  in  the  most  embryonic  condition  and 
cell  division  is  going  on  rapidly.  Thus,  anatomical  dif- 
ferentiation begins  in  very  early  stages  of  development, 
and  precedes  the  process  of  histological  differentiation, 
which  results  in  the  modification  of  the  cells  so  that  they 
may  form  the  tissues  appropriate  to  the  organs  or  parts 
of  organs  in  which  they  lie.  (Further  details  in  regard 
to  the  facts  of  differentiation  may  be  found  in  the  articles 
Area  Eaibryoncdis,  Fatua,  Gaitrula,  Germ  Layers,  Seg- 
mentation of  the  Body,  etc.) 

When  we  come  to  consider  the  conditions  under  which 
individual  differentiatiou  takes  place,  we  see  at  once  that 
these  may  be  divided  into  two  categories.  For  example, 
we  may  take  an  egg  of  a  sea  urchin  and  an  egg  of  a  star- 
tish,  small  transparent  eggs  not  very  different  in  .size  or 
general  appearance  and  yet  sutliciently  unlike  to  be  easily 
recognized.  These,  placed  together  in  a  bow  1  of  clean  sea 
water  of  the  necessary  temperature,  and  containing  suf- 
ficient oxygen,  will  proceed  to  develop  into  larv;e;  and, 
although  the  conditions  of  the  environment  arc  exactly 
alike  for  both  eggs,  one  will  become  the  larva  of  a  sea 
urchin  and  the  other  the  larva  of  a  star-lish,  according  to 
the  source  of  the  egg.  Or,  again,  ccmsi<ler  a  new-born 
litter  of  puppies.  They  are  out  of  the  same  bitch,  have 
been  sired  by  the  same  dog,  have  undergone  development 
at  the  same  time  in  the  same  uterus.  Yet  these  puppies 
will  be  sufliciently  different  so  that  each  one  may  be 
recognized  easily.  On  the  other  hand,  any  pupjiy  in 
this  litter  will  resemble  theotheis  and  both  jiarents  more 
closely  than  will  any  puppy  out  of  a  similar  littcrdropped 
by  any  other  bitch  and  sired  by  another  <log.  It  is  evi- 
dent that  there  is  something  inherent  in  the  germ  cell  that 
causes  differentiation  to  proceed  in  a  certain  way  more 
or  less  independently  of  surrounding  conditions.  More- 
over, the  resulting  peculiarities  of  the  offspring  are  cor- 
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related  with  the  peculiarities  of  the  parents  at  the  corre- 
sponding stages  of  development;  but  the  correlation  is 
not  perfect. 

That  the  course  of  diilereutiation  is  not  entirely  inde- 
pendent of  external  conditions,  but,  on  the  contrary,  is 
strongly  influenced  by  them,  may  be  shown  by  a  number 
of  experiments.  For  example,  take  seeds  of  two  kinds 
of  plants,  say  a  bean  and  a  petunia,  and  plant  them  side 
by  side  under  the  same  conditions  of  soil,  temperature, 
and  moisture,  and  exclude  all  light.  The  seedlings  will 
develop  with  long,  slender  stems,  and  small,  yellow 
leaves.  Seedhngs  of  the  same  plants  grown  in  full  sun- 
light, other  conditions  being  the  same,  will  have  shorter 
and  thicker  stems,  and  larger  dark-green  leaves.  Here 
we  see  that  seedlings  of  two  kinds  of  jdaut  have  certain 
characteristics  in  common  which  are  correlated  with  the 
presence  or  absence  of  light  while  differentiation  is  in 
jirogress.  Xevertheless  in  each  case  one  plant  is  alwa^'S 
a  bean  and  the  other  a  petunia,  according  to  the  seed 
from  which  it  has  arisen. 

We  see,  then,  that  differentiation  is  influenced  by  two 
sets  of  factors, — an  internal  and  an  external.  The  cor- 
relation between  parent  and  offspring  that  is  associated 
with  the  internal  factor  is  what  is  ordinarily  meant  by 
heredity,  and  as  various  theories  of  heredity  involve  a 
consideration  of  the  internal  factors  of  differentiation,  they 
will  be  most  conveniently  discussed  under  that  title  (see 
article  Heredity). 

The  studj'  of  the  external  factors  which  affect  the 
course  of  growth  and  differentiation  is  a  new  branch  of 
biological  science,  called  experimental  morphology,  de- 
velopmental mechanics,  or  the  physiology  of  develop- 
ment. Investigation  in  this  line  has  only  j  ust  begun,  and 
therefore  but  little  is  known  in  regard  to  the  influence 
of  the  external  conditions  and  as  to  their  imjiortance  rela- 
tively to  the  internal  factors.  Enough  is  known,  how- 
ever, to  show  that  their  importance  is  very  great. 

A  few  experiments  ma\'  be  mentioned  to  illustrate 
the  methods  that  have  been  employed  in  attempts  to 
solve  this  problem.  The  experiments  will  be  classified 
according  to  the  external  condition  that  has  been  in- 
vestigated. 

Orarity. — A  number  of  experiments  have  been  made 
which  show  that  in  some  animals  the  planes  of  cleavage 
in  the  early  stages  of  the  division  of  the  egg  are  deter- 
mined by  the  direction  of  the  force  of  gravity.  For  ex- 
ample, Pfluger  found  that  if  the  egg  of  a  frog  be  fixed  so 
as  to  prevent  rotation,  the  tirst  two  cleavage  planes  would 
be  vertical  in  whatever  position  the  egg  might  be  placed, 
and  the  third  cleavage  is  generally  at  right  angles  to 
these  and  nearer  the  pole  of  the  egg  which  is  held  up- 
permost. In  order  to  obtain  perfect  embryos,  however, 
it  is  necessary  to  have  some  part  of  the  black  hemisphere 
on  the  upper  side. 

It  is  impossible,  of  course,  to  increase  the  force  of 
gravity.  But  the  same  effect  may  be  obtained  by  plac- 
ing an  object  in  a  centrifugal  machine.  Hertwig  found 
that  by  rotating  frog's  eggs  in  a  centrifugal  machine  he 
was  able  to  change  the  style  of  cleavage  from  a  holoblastic 
to  a  more  or  less  mesoblastic  type  (see  article  Segmenta- 
timi  of  the  Egg),  so  that  at  the  end  of  twenty-four  hours 
the  egg  woidd  resemble  a  hen's  egg  in  having  a  blasto- 
derm consisting  of  small  cells  enclosing  a  blastocad  and 
a  large  undivided  yolk  containing  a  few  nuclei  which  lie 
close  under  the  blastoderm. 

Loeb  foimd  that  the  direction  of  gravity  is  a  factor  in 
determining  the  differentiation  of  parts  in  certain  hy- 
droids.  Thus,  part  of  a  stem  of  Antennularia  being  sus- 
pended in  its  normal  position  in  sea  water,  a  new  stem 
will  grow  out  from  the  upper  end  and  new  stolons  will 
appear  at  the  lower  end.  But  let  the  position  be  reversed. 
Then  the  base,  which  is  now  uppermost,  will  produce 
the  new  stem,  and  stolons  will  grow  from  the  apex, 
which  is  pointing  downward.  The  effect  of  gravity  is 
still  further  shown  by  placing  a  piece  of  the  hydroid  in 
a  horizontal  position.  Then  the  ends  of  the  lateral 
branches  on  the  lower  side  grow  out  in  the  form  of  stolons, 
while  new  stems  appear  on  the  upper  side. 


Cuntact. — Contact  with  foreign  bodies  has  been  found 
to  influence  the  differentiation  of  tissues  in  the  bydroids. 

Experimenting  with  Margeliss  and  Pennaria,  Loeb 
found  that  parts  of  the  stem  in  contact  with  the  glass  of 
the  aquarium,  even  the  apical  end,  woidd  iinxluce  stolons ; 
while  all  parts  freely  surrounded  by  sea  water  would  pro- 
duce hydranths.  Similarly.  Miss  Peebles  discovered  that, 
pieces  of  the  stalk  of  Hydractinia  and  Podocoryne  form 
stolons  instead  of  hydrauths  if  left  undisturbed  in  contact 
with  some  hard  substance. 

When  the  cut  surfaces  of  liydroid  steins,  either  of  the 
same  individual,  or  of  different  individuals  of  the  same 
species,  or  of  different  species,  are  held  in  contact,  they 
maj'  unite  and  form  a  graft,  as  in  plants;  and  Crampton 
has  shown  that  the  same  thing  ma)-  be  done  witli  the 
pupae  of  moths. 

Stress  and  Strain. — Miirthle  has  shown  that  a  certain 
amount  of  pressure  aud  strain  is  necessary  for  the  proper 
development  of  bone.  Hermann  von  Meyer  and  Culmann 
discovered  that  the  lamellie  in  the  spongy  portions  of  the 
long  bones  of  mammals  are  arranged  with  definite  relation 
to  the  direction  of  the  stresses  to  which  the  bones  are 
normally  subjected ;  and  Julius  'Wolff  found  that,  when 
the  direction  of  stress  is  changed  as  the  result  of  disloca- 
tion or  disease,  the  lamella;  that  are  no  longer  in  the  lines 
of  pressure  or  strain  will  dwindle  and  new  ones  will  be 
formed  in  the  positions  where  they  are  needed. 

Light. — On  the  higher  green  plants  prolonged  darkness 
induces  abnormal  growth.  The  stems  are  notonly  greatly 
elongated,  but  the  supporting  tissues  are  imperfectly  de- 
veloped, so  that  the  stems  are  soft  and  tender.  The 
leaves  are  small  and  narrow  and  not  fully  extended. 
Even  partial  shading  may  result  in  alteration  of  tlie  his- 
tological structure  of  leaves,  as  Stahl  found  from  the 
study  of  the  leaves  of  beech  trees.  A  leaf  that  is  fully 
exposed  to  the  sunlight  has  under  the  epidermis  on  tlie 
upper  side  a  layer  of  very  high  and  narrow  iialisade  cells 
closely  packed  together;  below  this  there  are  one  or  two 
layers  of  similar  cells,  and  the  lower  third  of  the  leaf  is 
occupied  by  a  rather  compact  spongy  parenchyma.  In 
a  leaf  that  has  grown  in  deep  shade,  on  the  other  hand, 
there  is  but  a  single  layer  of  sliort  conical  palisade  cells 
separated  by  wide  interstitial  .spaces ;  and  more  than  half 
the  thickness  of  the  leaf  is  due  to  a  layer  of  loosely  con- 
nected star-shaped  parenchyma  cells.  Between  these 
two  extremes  various  intermediate  grades  may  be  found 
according  to  the  amount  of  light  received  by  the  leaf. 

There  is  not  much  known  about  the  effect  of  light  upon 
difl'erentiation  in  animals;  but  Poulton  found  "that  the 
color  of  the  pupa»  of  certain  butterflies  depends  upon 
the  amount  of  light  reflected  from  suiTouuding  objects 
at  the  time  that  the  caterpillar  becomes  fixed;  aud  Loeb 
and  Miss  Peebles  found  that  the  presence  or  absence  of 
light  has  a  certain  amount  of  effect  upon  the  regeneration 
of  the  hydrauths  upon  the  cut  stems  of  hydroids. 

Temperature. — That  heat  has  a  marked  effect  upon  the 
rate  of  growth  is  well  known,  but  little  has  been  ascer- 
tained as  to  what  effect  it  may  have  upon  differentiation. 
We  have,  however,  the  interesting  experiments  of  Weis- 
mann  and  of  Edwards,  who  have  shown  that  in  several 
species  of  butterflies,  where  there  are  several  broods  in 
the  course  of  the  year  with  different  markings,  the  differ- 
ences of  color  depend  upon  the  temperature  to  which  the 
pupa  has  been  subjected. 

Chemieal. — For  normal  development  a  normal  chemical 
environment  is  of  the  greatest  importance.  A  mere  trace 
of  some  substance  may  be  all  that  is  necessary  for  uonual 
development  that  will  not  occur  in  its  absence.  And.  on 
the  other  hand,  the  presence  of  some  substance  not 
normallv  present  may  so  disan'ange  the  processes  of  de- 
velopment as  material!)-  to  alter  the  character  of  the  or- 
ganism. Thus  a  trace  of  a  soluble  iron  salt  is  necessary 
for  the  development  of  a  green  plant.  Without  it,  not 
only  is  the  green  coloring  matter  absent,  but  the  proto- 
plasmic chlorophyll  bodies  also  fail  to  appear.  Knop 
experimented  with  Indian  corn,  treating  it  with  sulpliite 
of  magnesium,  and  he  obtained  plants"  so  moilified  that 
they  had  lost  the  distinctive  characters  of  the  genus  Zea. 
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Waguer.  Gics.  and  Kassowitz,  by  feeding  young 
animals  with  minute  doses  of  iihospliorus(0.CKI15};ni.)and 
arsenic  (iJ.OUOo  to  O.dCIl  gm.),  produced  striking  alterations 
in  the  formations  of  the  bones.  The  normal  fusion  of  the 
cartilage  with  the  young  bone  was  hindered,  and  in  the 
eiiijihyses.  instead  of  spongy  bone,  there  was  produced 
a  very  peculiar  compact  bone.  In  the  shafts  of  the  Ion" 
liones  the  formation  of  the  medullary  space  was  liinderetl 
.so  that  the  walls  of  the  bone  became  very  thick  and 
lieavy. 

The  Pluteus  larva  of  a  sea  tirchin  is  normally  provided 
with  eight  arms,  which  carry  a  band  of  cilia  and  serve  as 
locomotor  orgitns.  and  these  arms  are  supported  by  a 
calcareous  skeleton.  Herbst  found  that  a  trace  of  potas- 
sium nitrate  added  to  the  sea  water  in  which  the  larvjv 
are  reared  will  prevent  the  formation  of  both  skeleton  and 
arms.  Pouchet  and  Chabry  obtained  the  Siime  rcsidt  by 
the  more  obvious  method  of  rearing  the  larva'  in  sea 
water  from  which  the  calcium  salts  had  been  removed. 
Of  eo\irse.  in  this  case  the  skeleton  could  not  form  from 
lack  of  material,  but  it  is  interesting  to  note  that  where 
the  skeleton  failed  the  anns  failed  also. 

Another  and  more  remarkable  modification  of  the 
Pluteus  was  obtaineil  by  Ilerbst  by  adding  a  trace  of 
lithium  chloriile  to  the  sea  water.  In  this  case,  the  so- 
called  lithium  larva,  tlie  endoderm  turned  outward,  in- 
stead of  being  invaginated  in  the  normal  wav.  Locb 
obtained  the  same  result  by  simjily  diluting  the  sea 
water,  whith  would  Seem  to  indicate  that  the  action  of 
the  lithium  .s;ilt  in  some  way  interferes  with  the  normal 
osmotic  properties  of  the  cells. 

Finally  we  may  mention  the  remarkable  experiments 
made  many  years  ago  by  Schmankewitsch  upon  Artemia, 
a  small  crustacean  inhabiting  the  brine  of  salt  works. 
By  rearing  these  creatures  for  a  niunber  of  generations 
in  water  of  dilferent  degrees  of  salinity  he  was  able  to 
obtain  diverse  forms  which  had  been  regarded  formerly 
as  three  distinct  species,  and  one  of  thenThad  been  given 
a  seinirate  generic  name. 

Jluid  Conditions. — There  are  cases  in  which  it  can  be 
shown  that  change  of  environment  induces  a  change  in  the 
organism,  but  the  nature  of  the  former  change  is  .so  com- 
plex that  the  exact  factors  cannot  be  determined.  For  ex- 
ample, aquatic  plants  have  certain  characteristics  of  struct- 
ure that  distinguish  thi'm  at  once  from  land  plants.  Now 
there  are  certain  plants  that  live  with  their  stems  partly 
in  water  and  partly  in  air.  In  such  plants  the  submerged 
portions  have  the  character  of  aquatic  plants,  while  the 
aerial  portions  have  that  of  land  plants.  Here  it  Is  im- 
possible to  tell  how  much  of  the  difference  is  due  to  the 
chemical  or  mechanical  effect  of  the  water,  the  freer  ac- 
cess of  oxygen,  differences  in  light,  temjierature.  etc. 

FixkI. — Finally,  it  shoidd  be  noted  that  the  relative 
abundance  of  food  has  been  shown  in  some  cases  to  have 
an  effect  upon  the  differentiation  of  sex  {see  article  Se.r). 

These  experiments  taken  as  a  whole  are  of  great  inter- 
est because  they  make  it  evident  that  external  conditions 
play  a  very  important  part  in  the  normal  differentiation 
of  organisms,  and  they  give  us  some  idea,  although  a 
very  imperfect  one.  as  to  what  these  conditions  are  and 
as  to  how  they  act.  Little  progress  has  been  made  in 
experimentation  in  this  direction  upon  the  higher  mam- 
mals; but  we  do  know  that  in  these  forms  the  presence 
of  certain  internal  secretions,  such  as  those  derived  from 
the  thyroid  gland,  the  suprarenal  bodies,  and  the  testes, 
are  necessarj-  in  the  later  stages  of  development  in  order 
that  normal  differentiation  may  take  place;  and  we  may 
infer  that  tlie  various  factors,  such  as  gravity,  pressure, 
contact,  light,  heat,  and  various  c^iemical  substances, 
which  have  been  foimd  in  the  lower  animals  and  plants 
to  aid  or  to  hinder  the  normal  course  of  differentiation, 
may  have  a  similar  influence  upon  the  life  history  of  the 
higher  mammals,  mankind  included. 

Robert  Payne  Bigelmr. 
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DIGESTANTS  are  defined  as  "remedies  that  aid  diges- 
tion." Till'  purposes  of  this  article  will  probably  be  best 
subserved  if  in  treating  the  subject  we  keep  close  to  the 
terms  of  the  definition,  for  it  might  lead  us  too  far  afield 
if  we  should  undertake  to  di.scuss  all  the  various  apjdi- 
ances  or  agencies  which  exert  a  favorable  infiuence  on 
digestion.  For  instance,  exercise  in  one  form  or  another 
distinctly  aids  digestion;  the  use  of  the  thyroid  extract 
immensely  improves  the  nutrition  of  the  cretin,  or  some- 
times a  brisk  emetic,  by  relieving  the  stomach  of  a  task 
that  it  is  une{iual  to,  will  presently  enable  it  to  resume 
its  proper  function;  but  no  one  of  these  three  would 
]iroperly  be  called  a  digestant. 

The])rincipal  remedies,  then,  that  we  must  consider  are 
those  which  act  in  the  stomach  and  intestines,  and  we 
shall  try  to  group  them  according  to  their  supposed  ac- 
tion and  the  faults  of  digestion  thej-  are  severally  believed 
to  meet. 

Bitters  form  a  numerous  class,  many  of  which,  such  as 
cinchona  and  its  salts,  and  hydrastis,  possess  other  prop- 
erties besides  their  bitterness,  which  do  not  concern  tis 
here.  Among  the  best  known  are  caluniba.  quassia, 
gentian,  orange,  cinchona,  nux  vomica  (with  its  alkaloid 
strychnine),  hydrastis,  hops,  condurango.  and  salicin. 
AVhen  taken  into  the  month  they,  especially  if  adminis- 
tered in  theform  of  a  tincture,  increase  the  flow  of  saliva, 
but  their  special  use  is  in  promoting  the  appetite  or  relish 
for  food,  which  is  essential  to  norir..il  digestion.  Conse- 
quently it  is  customary  to  give  them  before  eating,  and 
they  .are  the  efiicient  ingredients  of  the  various  "bitters," 
technically  so  culled,  often  used  in  clubs  and  ban-ooms 
as  a  fillip  to  the  stomach.  The  effect  of  these  drugs  is 
increased  by  various  aromatics,  as  in  the  case  of  the  com- 
pound tincture  of  cinchona.  Strychnine,  while  acting 
like  the  other  bitters,  is  believed  to  be  absorbed  chiefly' 
froni  the  intestine. 

('arminotiecti. — In  this  class  belong  many  spices,  such 
as  cinnamon,  cloves,  ginger,  cardamom,  also  black  pep- 
per and  capsicum,  mint,  anise,  with  hydroc3'anic  acid, 
chloroform  and  its  preparations.  All  of  these  have  a  de- 
cidedly aromaric  flavor  with,  in  some  instances,  a  sharp 
or  stinging  taste.  Many  of  them  have  long  been  used  as 
domesfic  remedies  in  the  shape  of  teas,  in  which  the  hot 
water  probably  did  the  most  good,  while  the  •romatic 
flavor  made  it  possible  to  take  and  retain  a  large  quantity. 
The  ingestion  of  them  is  usually  followed  by  eructations 
of  gas.  They  are  used  in  cases  of  flatulent  distention 
without  inflammation  and  when  there  is  no  marked  irrita- 
tion of  the  stomach  and  bowels. 

Alcoholics  include  the  different  wines  in  common  use. 
spirits  such  as  whiskey,  brandy,  and  gin,  as  well  as  those 
strongh-  alcoholic  and  aromatic  syrups  called  cordials, 
among  which  are  curafao.  maraschino.  Kiimmel.  and 
others.  They  are  most  widely  recognized  and  popularly 
used  both  as  direct  aids  to  digestion  when  it  is  not  seri- 
ously at  faidt  and  as  a  ready  hel]i  in  time  of  great  trouble 
from  conditions  similar  to  those  in  which  carminatives 
are  indicated.  Their  heating  and  stimulating  properties 
on  such  occasions  relax  the  spasmodic  contraction  of  the 
muscular  fibres  of  the  intestinal  walls  so  that  regular 
peristaltic  movements  can  again  take  place,  the  painful 
distention  is  removed  and  the  confined  gases  are  dispersed 
or  expelled.  The  value  of  small  quantities  of  diluted 
alcoholics  in  promoting  or  diminishing  the  activity  of 
digestive  processes,  especially  in  the  stomach,  is  not  yet 
apparently  definitely  determined,  and  probably  varies 
according  to  individual  conditions  or  peculiarities,  for 
the  observations  and  experiments  of  physiologists  of 
eqmtlly  good  standing  are  mutually  contradictory 
(Cushny). 

0(^A<(/'//'".«certainly  come  within  the  terms  of  ourdefini- 
tion.  for  imperfect  and  irregular  action  of  the  bowels  Ls 
one  of  the  most  fertile  causes  leading  to  indigestion, 
albeit  the  ways  in  which  cathartics  act  as  aids  to  diges- 
tion are  various  and  often  remote.     Their  number  is  so 
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great  that  it  Tvill  be  impossible  to  do  more  than  name  a 
few  classes  or  individual  drugs,  the  action  of  which  is 
most  directly  connected  with  the  best-known  digestive 
functions,  leaving  out  of  consideration  sucli  as,  e.g.,  the 
drastics  anil  hydragogues.  True,  so  practical  a  writer 
as  Fothergill  tells  of  a  pill  of  the  following  composition 
given  to  a  man  twice  daily  for  two  months  with  benefit 
to  his  digestion,  viz. :  01.  eroton.,  v\\. ;  gamboge,  gr.  iss. ; 
pulv.  capsici,  gr.  i. :  strychnia,  gr.  ^;  Ext.  aloes  aquos., 
q.  s. ;  but  most  patients  are  more  helped  by  milder  doses. 
He  also  quotes  Lauder  Brunton  to  this  elf ect ;  "Purga- 
tives prove  useful  in  man}-  ways.  They  hurrj-  the  food 
out  of  the  alimentary  canal,  and  thus  lessen  the  injurious 
effects  of  over-eating.  By  expelling  irritating  substances 
from  the  intestine  tliey  arrest  diarrhoea  and  remove  head- 
aches and  other  jiains.  caused  either  by  the  abdominal 
irritation  or  by  the  absorption  of  poisonous  matters  pro- 
duced by  imperfect  digestion  and  decomposition  of  food." 
Thus  it  is  euforced  that  cathartics  are  important  aids  to 
digestion  alike  when  the  disturbance  is  evidenced  by  con- 
stipation and  by  diarrhtea.  Another  condition  in  which 
the  cathartic  ai<ls  digestion  is  when  the  walls  of  the  atonic 
or  dilated  stomach  are  covered  by  a  coating  of  thick  te- 
nacious mucus,  wliich  also  covers  the  bolus  of  food.  The 
familiar  morning  draught  of  hot  water,  or  the  hot  saline 
draught  before  breakfast,  helps  to  liquefy  and  sweep  away 
this  mucus  and  lea\'e  the  wa_v  imobstriicted  for  the  gas- 
tric secretions  to  reach  the  food.  The  natural  saline  min- 
eral waters  in  all  countries  are  immensely  popular  both 
with  the  profession  and  with  people  at  large,  and  are  per- 
haps the  most  largely  used  of  all  cathartics,  whether  taken 
habitually  to  secure  a  daily  movement  of  the  bowels  or 
as  a  principal  feature  of  occasional  or  peiiodic  visits  to 
the  spas.  No  doubt,  on  the  latter  occasions  the  mineral 
waters  themselves  receive  more  credit  than  they  deserve 
for  tlie  improved  digestion,  much  being  undoubtedly  due 
to  the  influence  of  change  of  air,  to  regulated  exercise 
■  and  diet,  to  rest  from  customary  labors  or  indulgences, 
and  in  some  degree  to  the  various  external  applications 
of  the  waters.  Salines,  other  than  as  ingredients  of  the 
natural  mineral  waters,  belong  among  the  purges.  The 
most  important  of  them  are  sulphate  and  citrate  of 
magnesia  and  sulidiate  and  phosphate  of  sodium  and,  like 
castf)r  oil,  rhubarb,  nierciuy,  aloes,  and  senna,  the}' 
promjitly  unload  the  bowel.  The  less  active  remedies, 
the  etfects  of  which  are  chiefly  manifested  on  the  lower 
bowel,  include  such  as  manna.  sul)ihur,  and  cascara,  and 
are  classed  as  la.xatives  (AVood).  It  would  be  in  vain  to 
♦•nter  on  a  discussion  of  the  manv  other  cathartics,  for 
the  theories  both  of  their  many  desirable  combinations 
and  of  the  ways  in  which  they  do  good  in  the  digestive 
system  alone  would  fill  volumes,  (-)ne  other  method  of 
treatment  deserves  attention  at  this  point  and  that  is 
laiYige.  Although  it  is  essentially  an  evacuant,  yet  so 
good  an  authority  as  Hemmeter  says :  "  Lavage,  with  solu- 
tions of  sodium  chloride,  or  of  0.(l-t  per  thousand  of  HC'l, 
is  most  effective  in  starting  the  sensation  of  hunger." 
He  specifies  the  following  indications  for  its  use;  "((() 
When  the  exit  of  the  chyme  from  the  stomach  is  hindered 
by  a  mechanical  obstruction  giving  rise  to  deccmijiosition, 
as  in  most  forms  of  dilatation  of  the  stomach;  (4)  where 
foreign  or  irritating  collections  are  mixed  with  the  gastric 
contents  which  sooner  or  later  interfere  with  digestion. 
These  may  be  of  mucus  or  bile  or  abnormally  increased 
gastric  juice. "  For  these  ijurjioses  he  uses  warm  alkaline 
and  saline  solutions,  and  subsequently  solutions  of  liis- 
muth  or  silver  nitrate.'  Careful  details  for  carrying  out 
this  mode  of  treatment,  the  introduction  of  the  tube,  etc., 
may  be  found  in  Hemmeter's  treatise  or  in  Foster's  "  Ref- 
erence Book  of  Practical  Therapeutics,"  snb  rerbo.  In 
the  treatment  of  acute  indigestion  lavage  is  often  to  be 
preferred  to  the  administration  of  an  emetic.  The  stom- 
ach douche  is  a  more  recent  addition  to  the  armamentum 
medicum  of  the  same  class. 

Diunfectants  include  drugs  of  which  the  following  are 
among  those  best  known  and  which  have  been  foimd 
most  efficacious,  viz.  :  Naphthalene,  the  sulpho-carbo- 
lates,  the  salts  of  bismuth,  carbon  finelj-  divided,  salol 


and  its  congeners,  and  probably  the  bichloride  of  mer- 
cury. They  are  believed  to  prevent  putrefaction  and 
abnormal  fermentative  processes  in  the  contents  of  the 
bowels.  As  a  result  they  often  relieve  pain,  cheek  diar- 
rhoea, and  prevent  such  auto-intoxication  as  may  lead  to 
irregular  and  persistent  fever  and  to  acute  rjieumatic 
affections  of  the  joints.  Salol,  ereosotal,  and  their  kind 
have  the  recommendation  that  the.v  pass  through  the 
stomach  unchanged,  to  be  dissolved  only  by  the  int^'stinal 
secretions,  where  they  become  active.  The  search  for 
the  ideal  disinfectant  for  internal  administration  has  not 
j-et  been  crowned  with  success,  owing  to  the  difficulty 
of  finding  a  drug  which  is  sufficiently  soluble  and  which 
will  retain  its  disinfectant  properties  after  meeting  the 
intestinal  fluids  and  yet  not  develop  irritating  or  poison- 
ous properties. 

The  l>iffesth-e  Ferments  are  interesting  physiologically 
as  well  as  therapeutically,  though  when  wecontine  our- 
selves to  "  remedies  that  aid  digestion  "  there  are  but  few 
of  them  that  come  within  our  purview.  Thus  tlie  saliva 
contains  an  enzyme,  ptyalhi,  the  function  of  which  is 
to  change  starch  to  sugarand  to  the  products  intermediate 
betweeu  starch  and  sugar.  Its  direct  bearing  upon  our 
subject  is  to  show  tlie  importance  of  masticatinn  in  sali- 
vary digestion,  for  it  breaks  open  the  starch-cellulose  en- 
velopes and  thus  exposes  a  larger  surface  to  the  action 
of  the  enzyme;  but  ptyaliu  itself  is  little  used  as  a 
medicinal  remedy.  The  most  important  of  the  amyloly- 
tic  or  starch-digesting  class  is  didstn.v.  which  is  ob- 
tained from  germinating  grain,  and  is  familiar  under  the 
names  of  malt  extract,  JIaltine,  or  JIaltzyme.  and  with 
it  belongs  tufcu  diastnse.  which  is  obtained  from  a  fungus 
called  Eurotium  oryz^.  and  is  much  more  powerful  than 
the  malt  extracts.  Like  the  other  digestive  ferments 
diastase  is  much  used  to  strengthen  the  weakened  diges- 
tive secretions,  but  its  province  is  less  well  defineil  than 
in  the  case  of  some  others,  for  the  existence  of  a  condition 
deserving  the  name  of  "amylaceous  d3'spepsia"  is  ci'r- 
tainly  questionable.  According  to  Osier,  "Ptyalin  and 
diastase  are  particularly  indicated  when  the  acid  is  ex- 
cessive, and  the  malt  diastase  is  often  very  serviceable 
when  given  with  alkalies."  Many  of  the  preparations  of 
malt  diastase  contain  some  percentage  of  alcohol,  making 
them  ecjuivalent  to  a  mild  stout  or  beer  (Cushny).  Com- 
ing now  to  the  proteolytic  digestive  fenneuts  the  most 
familiar  one  is  pepsin.  This  is  usually  olitained  from  the 
stomach  of  the  jjig.  It  acts  in  an  acid  solution  only, 
preferably  one  containing  0.3  per  cent,  of  hydrochloric 
acid,  which  is  nearly  the  same  as  the  ijroportion  of  that 
acid  in  the  gastric  juice.  Ewald  is  quoted  to  the  effect 
that  "the  use  of  pepsin  may  be  limited  to  the  erases  of 
advanced  mucous  catarrh  and  the  instances  of  atrophy 
of  the  stomach. "  It  has.  however,  been  largely  used  with 
the  view  of  reinforcing  the  digestive  capacity  of  the 
stomach  for  proteids  in  other  conditions,  and  doubtless 
its  administration  has  often  been  superfluous,  for  it  is 
founil  that  "  the  gastric  juice  is  almost  always  capable 
of  digesting  proteids  if  it  is  acid  in  reaction  "(Cushny). 
Pepsin  is  best  administered  in  powder  or  in  solution  with 
acid.  Piincriiitin  is  an  extract  of  the  pancreatic  gland 
of  the  pig  and  should  represent  the  various  enzymes 
found  in  the  ])ancreatic  juice.  These  are  amylopsin, 
which  is  amylolytic;  trypsin,  proteolytic,  but  requires 
an  alkaline  medium  for  its  action ;  steapsin,  which  causes 
emulsification  of  fats  in  the  alkaline  solution  (Hall).  It 
is  thus  apparent  that  an  efficient  digestive  aid  can  be  ex- 
pected from  this  prejiarationonly  when  it  can  be  brought 
to  act  upon  tlie  intestinal  contents  where  their  reaction  is 
alkaline.  It  is  therefore  customary  to  combine  it  in  tab- 
lets with  bicarbonate  of  soda,  to  neutralize  the  destructive 
acidity  of  the  gastric  juice,  or  to  enclose  the  drug  in  a 
coating  of  keratin  to  protect  it  from  the  gastric  juice 
while  passing  through  the  stomach.  Among  the  pro- 
teolytic ferments  should  also  be  mentioned  papain  or 
papoid.  derived  from  the  carica  papaya  or  pawpaw.  It 
is  used  to  some  extent  as  a  substitute  for  pepsin  or  pan- 
creatin,  but  has  the  peculiarity  of  acting  either  in  warm 
or  cold,  in  moderately  acid,  alkaline,  or  neutral  solutions. 
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I'pon  milk  it  exerts  the  double  action  of  curdling  and 
then  peptoniziiijr.  In  this  connection  the  following 
<lucJtiUiou  from  Hemineter  may  not  be  inappropriate. 
••  I'n-iligested  foods,  such  as  somatose.  JIos(|Uera's  lieef 
meat  and  such  others  as  are  tasteless,  when  mixed  with 
food  so  as  not  to  lie  d<'teeted,  are  useful  when  tlie  diges- 
tion of  albumen  in  the  food  becomes  iusullieiciit.  or  wlien 
as  in  some  eases  of  carcinoma  or  (ubertulosis  there  is  in- 
4ldei|Uate  absor)ition  of  nitrogenous  food." 

The  indication  for  (dkalicK  as  digeslants  is  the  pres- 
•enee  or  secretion  of  an  excess  of  hydrochloric  acid  in  the 
stomach.  For  tliis  purpose  they  are  used  as  ingredients 
of  the  lluid  <if  lavage,  as  well  as  ti>  li(|Uefy  tenacious 
mucus.  While  there  is  no  doubt  of  the  value  of  alkalies 
given  half  an  hour  to  an  hour  after  meals  in  cases  of  ex- 
cessive acidity.  <im  the  olher  hand  the  most  contradictory 
views  are  held  by  good  authors  as  to  the  result  upon  the 
secretion  of  acid  from  giving  alkalies  before  eating. 
Magnesia,  carbonate  of  magnesia,  and  lime  are  comiuonly 
classed  as  un funds.  They  also  are  used  in  excessive 
acidity  of  the  stomach  and  in  acid  putrefaction  in  the 
bowels,  and  il  is  believed  that  the  magnesia  Sidls  produced 
in  llie  intestinal  canal  under  these  conditions  are  less  irri- 
tating than  the  lime  salts  and  may  have  the  additional 
advantage  of  acting  as  mild  purgatives.  Of  nckls  by  far 
tile  most  important  as  an  aid  to  digestion  is  hydrocldnrie, 
as  the  ingredient  in  which  the  gastric  juice  is  most  often 
lacking.  Siti-ic  acid  is  also  used  by  itself  and  in  com- 
bination with  hydrochloric,  and  so  is  to  some  extent  phos- 
p/i"iic>u\d.  A  consideration  of  the  physiology  of  stomach 
fligestion  as  already  referred  to  in  this  article  furnishes 
the  explanation  of  their  use.  They  are  often  given  with 
the  bitters,  as  strychnine  or  gentian,  with  jiepsin  and 
with  carminatives  such  as  cardamom,  one  enhancing  the 
effect  of  the  other  in  the  combination.  Dilute  hydrochlo- 
ric aciil  may  be  given  in  doses  of  itlxv.  to  xx.  after 
eating,  although  as  much  as  a  drachm  or  a  drachm  and 
a  half  has  been  recommended  by  some  of  the  best 
authorities. 

Availing  ourselves  of  the  anesthetic  action  of  cocaine, 
■we  may  sometimes  employ  that  drug  to  check  vomiting 
when  threatened  in  irritation  of  the  stomach.  Arsenic 
has  a  specitic  action  in  causing  fatty  degeneration  of  the 
epithelium  of  the  stomach  and  intestines,  and  the  effects 
attributed  to  it  of  increasing  appetite  and  promoting 
digestion  may  perhaps  be  due  to  a  mild  degree  of  the 
same  action  on  the  epithelium  (Cushny).  Be  that  as  it 
may.  we  often  see  nutrition  improve  under  the  use  of  the 
drug,  especially  when  given  with  iron.  The  sedative 
action  of  the  bromides  is  also  made  tise  of  to  diminish  the 
irritability  of  the  stomach  which  prevents  the  retention 
of  an  adequate  quantity  of  food.       J.  Haven  Emerson. 
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DIGESTION. — The  purpose  of  digestion  is  to  prepare 
the  fcMid  fur  absorption  and  assimilation,  so  that  it  may 
form  a  suitable  nutiiment  for  the  tissues  of  the  body. 

During  the  process  of  digestion  the  food  lies  within  the 
alimemaiy  canal,  along  which  it  is  gradually  moved  bj' 
appiopi-iate  contractions  of  the  muscular  walls. 

Here  the  food-stuffs,  through  the  agency  of  the  diges- 
tive juices,  tindergo  chemical  and  physical  modifications 
which  render  the  various  constituents  in  the  end  more 
soluble  and  capable  of  easy  absorption  by  the  columnar 
cells  of  the  intestine. 


A  complete  account  of  digestion  would  accordingly 
deal  with  the  movements  of  the  various  parts  of  the  ali- 
m<-ntary  canal  and  with  the  mode  of  seci-etionaiul  chemical 
jinipertiesof  the  digestive lluids.  in  addition  to  desciibing 
iIk'  action  of  these  digestive  secretions  upon  the  food- 
stulls. 

It  is.  however,  more  appropriate,  for  facility  of  refer- 
ence, to  treat  of  the  mechanics  of  digestion  under  the 
various  headings  of  mastication,  deglutition,  intestinal 
movements,  and  defecation;  while  the  properties  of  the 
various  ilige.stive  juices  will  be  found  under  their  names 
and  those  of  the  fennents  which  they  contain. 

In  this  article  we  shall,  therefore,"  chietiy  consider  the 
action  of  the  digestive  juices  upon  the  food  in  the  differ- 
ent parts  of  the  alimentaiT  canal. 

Bucc(d  Digestion. — The  chief  function  of  the  saliva  un- 
doubtedly is  that  of  facilitating  the  swallowing  of  solid 
food.  This  is  shown  by  the  fact  that  luuciii,  the  most 
im])ortant  of  the  organic  constituents  and  one  which  is 
invariably  present,  has  no  chemical  action  whatever  on 
any  of  the  food-stulTs.  On  the  other  hand,  plyidin,  which 
is  the  only  chemically  active  substance,  is  absent  in  cer- 
tain classes  of  animals,  siuh  as  all  the  t_V]iical  carnivora. 
The  water  of  the  saliva,  which  is  intimately  mixed  with 
the  food  in  the  process  of  mastication,  makes  the  mass  of 
much  softer  consistence,  while  the  mucin  at  the  same 
time  coats  it  over  with  a  slippery  envelope,  so  that  the 
subse(|Ueut  passiige  along  the  tesophagus  is  for  both  these 
reasons  rendered  easier. 

The  moie  important  effects  exerted  upon  the  food  in  the 
mouth  are  hence  physical  in  character,  viz..  a  comminu- 
tion by  the  teeth,  a  softening  by  imbibition  and  mixing 
with  the  water  of  the  food,  and  a  slippery  sui'face  con- 
ferred by  the  mucin  of  the  saliva.  In  addition  to  these, 
however,  a  chemical  action  is  initiated  in  man  and  most 
maiumals  upon  any  starches  present  in  the  food,  which 
is  of  some  importance  Viccause  of  the  rapidity  of  the  ac- 
tion, and  of  the  fact  that  the  activity  is  continued  for  a 
considerable  time  after  the  food  passes  into  the  stomach. 

This  action  on  the  starches  is  due  to  a  diastatic  enzyme, 
which  has  been  named  ptynlin  ;  although  like  all  other 
enzymes  it  has  not  yet  been  isolated  as  a  chemical  indi- 
vidual. The  chemical  action  is  typical  of  that  of  the 
entire  class  of  diastatic  enzymes,  such  as  malt  diasta.se  or 
amylopsin  of  the  pancreatic  juice,  and  hence  merits  a 
short  description. 

In  the  reaction,  the  ptyalin  is  not  itself  chemically  in- 
volved, but  it  sets  up  a  catalytic  change  in  which  the  ele- 
ments of  water  are  taken  up  by  the  complex  starch  mole- 
cule, which  at  the  same  time  becomes  resolved  into  simpler 
bodies.  The  first  evidence  of  this  hydrolysis  and  accom- 
panj-ing  degradation  of  the  starch  molecule  is  physical 
in  character  and  consists  in  the  formation  of  soluble  starch, 
or  amidulin.  Starch  paste  to  which  saliva  has  been 
added  loses  at  this  stage  its  viscid  character,  the  common 
property  of  colloidal  solutions  containing  giant  molecules, 
anil  becomes  limpid  and  more  like  a  true  solution.  The 
solution  still  retains,  however,  the  chemical  pioperties  of 
starch,  as  is  shown  by  its  giving  the  usual  deep  blue 
coloration  on  the  addition  of  iodine.  This  firsl  stage  of 
the  action  of  ptyalin  upon  starch  takes  place  very  rapidly, 
especially  when  the  starch  granules  have  been  burst  by 
previous  cooking,  as  short  a  time  as  thirty  seconds  being 
sufficient  to  render  a  stiff  starch  paste  completely  fluid, 
when  a  few  drops  of  saliva  are  added  at  body  tempera- 
ture. This  first  action  is  hence  of  considerable  impor- 
tance, for  under  proper  conditions  of  mastication  prac- 
tically all  the  boiled  starch  of  the  food  ought  to  enter  the 
stomach  as  solnhle  starch.  When  the  starch  has  not  been 
previously  boiled  the  action  is  infinitely  slower,  since 
there  is  a  thin  membrane  of  starch  cellnUsc  siu-rounding 
each  starch  granule,  and  this  membrane  retards  tlie  ac- 
tion of  the  ptyalin  upon  the  enclosed  starch  graniilose. 

The  further  stages  in  the  action  of  ptyalin  tipon  starch 
consist  in  a  gradual  advance  of  the  process  of  hydrolysis. 
As  a  result  there  is  formed  a  variable  mixture  of  maltose 
and  iso-maltose,  with  dextrins.  of  which  the  constituent 
individuals  have  never  been  satisfactorily  isolated.     The 
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hydrolysis  never  becomes  complete  no  matter  how  pro- 
longed be  the  interval  of  time  allowed.  There  is  indeed 
no  complete  conversion  of  dextrins  into  sugars,  not  even 
when  the  dextrins  finally  formed  are  precipitated  from 
solution  and  treated  anew  in  fresh  solution  with  saliva. 

The  blue  coloration  with  iodine  ceases  to  be  obtainable 
■when  tlie  starch  has  all  been  converted,  and  is  replaced 
bj'ared  color  wliich  is. said  to  be  given  by  a  hypothetical 
substance,  called  from  the  red  color,  en/throde^'triu,  al- 
tliough  no  chemical  substance  corresponding  to  this  name 
has  ever  been  isolated.  At  a  later  stage  no  coloration 
is  obtained  ■isith  iodine,  and  for  this  reason  tlic  dextrins 
then  in  solution  are  spoken  of  as  iichroiidcjetriiu.  There 
are  probably  several  dextrins  at  this  final  stage,  as  is 
indicated  by  the  f;tet  that  fractional  precipitation  with 
alcohol  yields  products  of  varying  natatory  power  for 
polarized  light.  No  sufficient  isolation  of  these  bodies 
has  yet  been  accomplished,  although  the  names  of  a.  ,i. 
and  y  achroodextriu  have  been  applied  to  products  of 
different  physical  properties  obtained  from  the  mixture. 

The  sugars  formed  are  maltose  and  a  closely  allied 
sugar  named  iso-maltose ;  inversion  of  these  disaccharides 
into  monosaccharides  by  ptyalin  does  not  take  place  to 
any  appreciable  extent,  but  various  observers  describe  the 
presence  of  a  snudl  percentage  of  dextrose. 

From  the  fact  that  maltose  appears  early  in  the  process 
of  hydrolysis,  even  at  the  stage  of  erythrodextriu,  and 
increases  in  amount  as  achroodextriu  is  formed,  it  has 
been  concluded  that  a  certain  jiercentage  of  maltose  is 
formed  early  in  the  decomposition  of  the  starch  molecule, 
and  the  process  is  hence  usually  represented  schematically 
thus: 

Starch. 

Soluble  starch. 

I 


Ervthrodextrin, 


llaltose  and  iso-maltose. 


Achroodextrins. 


Maltose  and  iso-maltose. 


There  is.  however,  as  lias  been  pointed  out  by  Liutner 
and  Dull,*  no  logical  basis  for  such  an  assumption,  for  in 
such  a  chemical  reaction,  of  considerable  time  duration, 
there  is  absolutely  no  reason  to  believe  that  the  starch 
molecules  are  all  attacked  at  the  same  rate  bj"  the  ferment 
and  at  any  given  moment  are  all  equally  advanced  in 
hydrolytic  cleavage.  There  is  no  reason  why  the  maltose 
simultaneously  present  with  tlie  ervthrodextrin  should 
not  be  the  product  of  more  advanced  hydrolysis  of  other 
starch  molecules,  rather  than  split  off  in  the  formation  of 
erythrodextrin  in  the  beginning.  It  is  in  fact  more  prob- 
able that  there  is  formed  a  series  of  moi-e  and  more  simple 
dextrins  which  give  rise  in  the  end  to  the  disaccharides, 
than  that  such  simple  molecules  should  be  split  off  in  the 
early  stages  of  cleavage  as  congeners  to  much  more  com- 
plex bodies. 

No  particular  effect  is  exerted  on  proteids  and  fats  in 
the  mouth,  since  the  saliva  contains  no  ferments  which 
act  upon  either  of  these  classes  of  food-stuffs. 

Gastric  Di(i<stion. — The  primary  office  of  the  stomach, 
and  that  which  undoubtedly  led  to  the  development  of 
that  organ,  is  to  alford  storage  for  the  food  until  it  can  Iw; 
taken  up  for  digestion  and  absorption  by  the  intestine. 
That  fraction  of  the  food  taken  in  at  a  full  meal  which  is 
capable  of  being  accommodated  and  acted  upon  in  the 
intestine  is  a  small  one ;  the  chief  part  of  the  tneal  must 
accordingly  be  temporarily  stored  in  some  recejitacle  and 
passed  on  through  the  pylorus  from  time  to  time  as  in- 
testinal digestion  and  alisorption  proceed.  This  impor- 
tant use  of  the  stomach  is  illustrated  b_v  the  fact  that  the 
stomach  can  be  completely  removed  in  the  dog,  provided 
the  animal  wlien  it  has  recovered  from  the  operation  be 
frequently  fed  with  very  small  portions  of  food.     At 

*  Quoted  by  Neumeister,  Physiol.  Cljemie.  2te  .\uflage,  1897.  S.  28r. 
(Limner  and  Dull,.  Ber,  d,  deutscUen  cliem.  Gesellsch.,  Bd,  xsvi,.  1S93, 
S.  3539.> 


first  only  a  very  little  food  at  a  time  can  be  retained,  and 
the  animal  requires  to  eat  almost  continuously,  but  after 
a  time  a  distention  forms  in  the  alimentary  canal  at  the 
former  situation  of  tlie  stomach,  and  the  animal  can  re- 
tain a  meal  for  almost  as  long  a  time  as  before  the  opera- 
tion. The  stomach  has  also  l)een  practically  completely 
removed  in  man,  as  a  consequence  of  malignant  disease, 
with  similar  results.  By  these  cases  it  is  demonstrated 
that  the  chemical  activity  of  tlie  stomach  is  not  essential 
to  digestion:  while  the  "tendency  to  the  formation  of  a 
distended  portion  and  the  fact  that  small  quantities  of 
food  can  only  be  l.)orne  at  first  after  complete  gastrectomy 
indicate  the  primary  use  of  the  stomach  as  a  storehouse 
for  the  food  after  a  meal. 

As  soon  as  the  food  passes  the  cardiac  orifice  the  sphinc- 
ter closes,  and  as  the  pyloric  sphincter  is  also  normally 
closed,  the  stomach  thus  forms  during  the  greater  part 
of  the  time  a  closed  sac  which  is  completely  occluded 
from  the  remainder  of  the  alimentary  canal.  In  this  re- 
ceptacle the  food  is  churned  about  h\  very  active  con- 
tractions of  the  muscular  coats,  which  movements  serve 
to  intimately  mix  the  food  into  a  more  or  less  homogene- 
ous, semirtuid  mass. 

The  mixed  mass  produced  by  this  churning  action  is 
termed  e/ii/me.  Its  character,  both  in  physical  app(^r- 
ance  and  chemical  composition,  naturally  varies  widely 
with  the  extent  of  previous  mastication  and  the  nature 
of  the  food,  and  heuce  the  usual  description  of  a  semifluid 
mass  of  the  consistence  and  appearance  of  pea  soup  is 
often  very  wide  of  the  mark,    (See  article  on  Chynu.) 

From  time  to  time,  and  always  at  the  close  of  a  con- 
traction of  the  mviscular  coats,  a  portion  of  the  ch.vme  is 
passed  into  the  duodenum  Viy  a  temporary  relaxation  of 
the  pyloric  sphincter.  The  rate  of  jjassage  of  food  from 
the  stomach  to  the  duodeuum  is  regulated  reflexly,  and 
the  afferent  impulses  appear  to  be  controlled  by  the  con- 
dition of  the  intestine  as  regards  the  presence  of  food 
undergoing  digestion. 

Thus,  a  jirimary  function  of  the  stomach  is  to  act  as  a 
normally  closed  temporary  reservoir  for  the  food,  from 
which  it  is  doled  <iut  into  the  intestine  as  the  progress 
of  intestinal  digestion  ami  absorption  warrants,  (jther 
functions  than  tliis  have,  however,  develojied  in  connec- 
tion with  the  stomach,  and  these  may  be  briefly  enumer- 
ated as  follows: 

1,  The  hydrochloric  acid  of  the  gastric  juice  neutralizes 
thealkali  of  the  saliva, and  in  the  end  the  chyme  acquires- 
a  strongly  acid  reaction.  As  a  result  of  this  the  conver- 
sion of  starch  into  sugars  and  dextrin,  as  described  above, 
is  brought  to  a  standstill  by  the  complete  destruction  of 
the  ptyalin. 

2,  The  hydrochloric  acid  acts  at  body  temjierature  as 
a  strong  inverting  agent,  thus  changing  practically  the 
whole  of  any  cane  sugar  which  may  be  present  into  invert 
sugar,  i.(. .  a  mixture  in  equal  proportions  of  dextrose  and 
Uevulose. 

3,  The  hydrochloric  acid  acts  as  a  powerful  disinfect- 
ant, arresting  putrefaction  if  that  has  already  commenced 
in  the  proteid  food,  prevcutiug  or  minimizing  acetic  or 
lactic  fermentation  of  carbohydrates,  and  destroying 
many  pathogenic  bacteria  or  their  spores,  thus  reducing 
the  danger  of  infection  of  the  intestine  and  hence  of  the 
organism  as  a  whole  by  many  classes  of  bacteria, 

4,  The  pepsin  (7,  r.)of  the  gastric  juice  has  a  powerful 
digestive  action  ujiou  all  forms  of  proteid. 

5,  The  reunin,  or  milk-curdling  ferment,  also  present, 
influences  specially  tlie  digestion  of  milk  by  previously 
coagulating  it;  as  a  result  it  is  retained  for  a  longer  period 
in  the  stomach  and  intestine  and  hence  undergoes  a  more 
complete  digestion. 

The  exact  period  of  time  after  a  meal  at  which  the  re- 
action of  the  clijnie  changes  to  acid,  has  been  the  subject 
of  mtich  debate.  It  is  probably  a  very  variable  period, — 
one  that  alters  with  the  character  of  a  meal,  the  amount  of 
mastication  and  accompanying  insalivation,  and  the  vigor 
of  secretion  of  the  hydrochloric  acid  of  the  gastiic  juice, 
A  meal  rich  in  carbohydrate  increases  the  length  of  this 
period,  and  one  rich  iu  flesh  meat  diminishes  it.     As  au 
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iivenige  tlie  time  until  free  hydrochloric  acid  is  ipreeent 
may  be  placed  at  from  tweuty  niiiuiles  to  half  uu  hour, 
niiriiis;-  this  period  oouversioii  of  stiircheK  into  dextrins 
and  supirs  jiroeeeds  with  unabated  ra]iidily,  for  ptyaliu 
i-i  still  more  activi'  in  a  neutral  or  nearly  iietural  reaction 
than  in  a  stroujrly  alkaline  one.  As  soon  as  any  free 
hydrochloric  acid  is  present  the  ptyalin  is  rapidly  de- 
stroyed. 

It  is  not  Improbable,  however,  that  a  certain  amount  of 
conversion  of  starch  jroeson  by  means  of  the  hydrochloric 
acid,  for,  after  feedinj;  dogs  on  starch,  a  considerable 
amount  of  malloseand  dextrin  is  found  in  the  stomach 
com  cuts,  although  dog's  sjdiva  contains  uo  ptyaliu.  This 
subject  still  requires  investigation. 

The  in  vei-siou  of  cane  sugar  proceeds  much  more  slowly 
in  the  presence  of  the  productr;  of  proleid  digestion,  and 
if  all  the  acid  present  be  combined  with  such  products  it 
conies  i)r!icticaUy  to  a  standstill.  In  the  absence  ol  proteid 
pii>(hH-ts  the  invereion  procee<ls  so  rapidly  as  to  render  it 
probable  that  almost  complete  inversion  takes  place  dur- 
ing the  slay  of  food  in  the  stomach  (Lusk). 

It  has  been  stated  by  various  authors  that  a  very  con- 
siderable couvei-siou  of  neutral  fats  into  free  fatty  acids 
and  glycerin  takes  place  in  the  stomach.  Experiments 
by  the  writer  have  given  the  result  that  practically  no 
siieh  hydrolysis  takes  place  at  the  temiicrature  of  the 
body,  vinder  the  action  of  pure  solutions  of  hydrochloric 
acid  alone  of  a  strength  comparable  to  that  of  the  gastric 
juice.  Since  the  gastric  juice  contains  no  fat-splitting 
ferment  it  is  indeed  difficult  to  understand  the  above- 
mentioned  experimental  results. 

The  important  use  of  the  hydrochloric  acid  as  a  disin- 
fectant is  illustrated  by  the  evils  attendant  ujjon  sub- 
acidity  of  the  stomach,  or  still  more  by  entire  absence  of 
hydrochloric  acid  secretion.  Under  these  contiitions  the 
inierrupted  gastric  digestion  of  proteids  produces  far  less 
banefid  effects  than  does  the  infection  of  the  stomach  by 
bacteria,  which  tlourish  upon  the  carbohyilratc  food,  set- 
ting free  gas  which  causes  distention  of  the  stomach  and 
intestine,  and  also  free  organic  acids  such  as  acetic,  lactic, 
and  butyric,  which  vitiate  intestinal  digestion  and  set  up 
chronic  gastric  and  intestinal  catarrh.  The  value  of  hy- 
drochloric acid  as  a  geniiiciile  is  also  considerable:  and 
unihiubtedly  sub-normal  acidity  is  a  powerful  predispos- 
ing cause  to  those  diseases  in  winch  the  intestine  becomes 
a  prey  to  specific  bacterial  infection,  such  as  typhoid  and 
cholera.  It  has  been  shown  that  certain  spores  are  more 
resistant  to  the  action  of  the  gastric  hydrochloric  aciil 
than  are  the  bacteria  themselves:  this  has  been  found, 
for  example,  in  the  cases  of  the  spores  of  cholera  and 
anthrax. 

The  first  stage  in  the  action  of  pepsin  upon  jiroteid  is 
the  formation  of  acid  albumin:  the  jjroteid  being  dis- 
solved during  this  first  stage  if  it  is  not  initially  in  a  state 
of  solution.  Since  acid  is  present  it  might  be  supposed 
that  in  this  stage  the  pepsin  takes  no  part,  and  that  the 
action  is  a  convei-sion  of  native  proteid  into  acid  alljumin 
by  the  hydrochloric  acid  alone  acting  at  hotly  tempera- 
tine.  This,  however,  is  not  the  case,  foralthough  pepsin 
is  inactive  in  the  absence  of  the  acid,  the  latter  merely 
confers  a  favoralde  mediiuii  upon  the  pepsin  which  then 
acts  ui^on  the  proteid  and  causes  or  at  least  initiates  the 
transformation.  This  is  shown  experimentally  by  the 
fact  that  a  coagulated  ju'otcid.  such  as  fibrin,  is  only  in- 
tiniiely  slowly  converteii  iulo  acid  albumin  at  body  tem- 
])eraturc  by  hydrochloric  acid  alone  when  it  is  of  the 
same  ilegree  of  concentration  as  the  gastric  juice,  whereas 
on  the  addition  of  pe]>sin  the  transformation  is  a  rapid 
one.  It  is  possible  that  the  change  to  acid  albumin  takes 
place  in  two  stages,  viz.:  tirsi,  an  action  of  the  pepsin 
upon  the  Jiroteid.  giving  a  soluble  ni'idified  proteiil:  and. 
secondly,  a  conversion  of  the  pmduct  of  this  first  action 
into  acid  albumin  by  the  acid  as  it  is  formed  in  the  nascent 
condition  in  the  presence  of  the  acid.  This  view  is  ren- 
dered probable  by  the  fact  that  in  the  action  of  trypsin 
upon  proteid  which  takes  place  in  an  alkaline  medium, 
alkali  albumin  is  similarly  formed :  and  the  fact  indicates, 
further,  that  most  probably  the  proteid  is  sulijeeted  to 


an  initial  inodification  by  the  action  of  the  trypsin,  which 
is  acted  upon  as  it  is  formed  by  the  alkali  present  and 
converted  into  alkali  albumin. 

The  stage  of  formation  of  acid  albumin  can  be  demon- 
strated just  as  the  proteid  has  tlisappeared  into  solution, 
or  at  any  time  before  this  stage.  Iiy  filtering  and  neutraliz- 
ing, when  a  precijiitale  is  obt:dued.  With  a  very  active 
pepshi  solution,  the  amount  of  acid  albunun  so  "piecipi- 
lable  at  any  jx^riod  is  very  small,  for  the  acid  albumin  is 
attacked  further  by  the  pepslnaud  hydrochloric  acid,  and 
changeil  into  albumoses  which  are  not  preci|iitable  on 
neutralization.  With  weaker  solutions  of  pepsin  also, 
after  all  the  proteid  has  passed  into  solution,  the  amount 
of  acid  alljumin.  as  demonstrated  by  the  amount  of  ueu- 
tralization  iirecipitate.  gradually  diminishes,  and.  if  tlie 
pepsin  solution  has  not  been  too  weak,  finally  disappears. 
If.  however,  the  pepsin  solution  is  ven;-  weak,  the  action 
becomes  identical  with  that  of  very  dilute  acids  acting 
alone  for  a  jirolouged  time,  and  there  is  produced  a  verj- 
stable  form  of  aeiJ  albiunin  which  undergoes  no  further 
change.  In  the  normal  action  of  pepsin  and  hydrochloric 
acid  this  doi-s  not  lake  iilae<'  and  all  the  acid  albundu' 
first  formed  is  afterward  changed  into  alluinioses.  This- 
change  takes  place  by  action  upon  the  portions  of  acid 
albumin  first  formed,  simultaneously  with  the  production 
of  further  acid  albunun.  so  that,  even  before  complete 
solution  Jias  taken  place,  both  acid  albumin  and  alliu- 
moses  are  present  together  in  sfilution. 

The  albumoses  are  formed,  according  to  Neumeisler,  in 
two  successive  stages:  first,  ]iroto- and  hetero-albuniose 
are  formed,  and  accordingly  these  are  termed  jirimaiy  al- 
bumoses; at  a  later  stage  these  l>ecome  converted  into 
deutero-albumoses.  which  are  therefore  called  secondarj- 
albumoses.  The  i)rimary  albumoses  are  precipitated  f  roiii 
solution  on  saturation  wilh  sodium  chloride:  to  precipi- 
tate the  deutero-albumoses  a  further  addition  of  acetic 
acid  is  required. 

Finally,  a  certain  percentage  of  deutero-albumose  be- 
comes changed  into  peptone,  which  is  distinguished  by 
not  being  precipitated  on  complete  satui-ation  with  am- 
monium sulphate. 

The  process,  like  the  action  (described  above)  of  ptyalin 
upon  the  starches,  never  becomes  complete,  but  thetinal 
result  is  always  a  mixture  of  albumose  and  peptone  which 
cannot  be  further  peptonized  by  pepsin.  The  albumoses. 
in  so  far  as  they  are  not  absorbed  as  such,  are.  however, 
converted  into  peptones  and  amido-acids  by  the  trypsin 
of  the  pancreatic  juice  in  the  course  of  intestinal  diges- 
tion. 

There  is  a  considerable  variation  in  the  length  of  time 
occupied  by  the  stomach,  after  a  meal,  in  discharging 
its  contents,  the  period  varying  with  the  chai'acter  of  the 
meal,  the  previous  state  of  nutririon.  and  most  of  all 
with  the  character  of  the  animal.  In  herbivora,  for  ex- 
ample, the  stomach,  except  in  very  prolonged  inanition, 
is  never  empty  of  food,  while  in  a  carnivorous  animal 
(especially  after  a  previous  period  of  starvation)  the  stom- 
ach may  be  found  empty  one  or  two  hours  after  a  meal. 
A  fatty  meal  is  retained  longest  in  the  stomach:  a  light 
meal,  such  as  bread  or  rice,  passes  on  to  the  intestine 
rapidly ;  while  lean  meat  remains  in  the  stomach  IVir  a 
period  of  time  intermediate  between  these  two.  The 
mean  period  in  man  may  be  approximately  stated  at  from 
four  to  six  hours.  A  distended  or  relaxed  condition  of 
the  stomach  increases  the  interval,  and  under  pathologi- 
cal conditions  the  stomach  may  never  become  completely 
cleared  of  food.  Diminished  acidity  of  the  gastric  mu- 
cous membrane  also  tends  to  increase  tJie  period  of  gas- 
tric digestion. 

Inttstiiml  Digestion. — The  chyme,  as  it  is  passed  out  at 
intervals  through  the  pylorus  into  the  duodenum,  has  al- 
ways under  normal  conditions  a  strongly  acid  reaction, 
due  to  hydrochloric  acid,  but  becomes  at  once  immersed 
iu  a  strongly  alkaline  bath  which  has  been  prepared  for 
it  in  advance  by  the  secretion  into  the  duoiienum  of  bile, 
pancreatic  juice,  and  s>ici-<iH  entcririii'.  Asa  result  of  thi.s 
the  free  hydrochloric  acid  is  almost  at  once  neutralized, 
and  usually  the  intestinal  chyme  acquires  an  alkaline  re- 
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action  to  all  stable  indicators  within  an  inch  or  two  of  the 
pylorus. 

Tlie  older  view  that  an  acid  reaction  due  to  hydrochloric 
acid  persists  for  some  distance  down  the  small  intestine, 
and  that  the  acid  is  only  graduall.y  neutralized,  is,  accord- 
ing to  the  experience  of  the  writer,  erroneous  and  foimded 
on  a  misconception — viz.,  that  a  considerable  amount  of 
chyme  is  expelled  at  once  from  the  stomach  and  is  gradu- 
ally mixed  with  the  alkaline  secretions  as  these  are 
secreted,  so  that  in  the  end  the  h.ydrochloric  acid  is  neu- 
ti'alized.  As  a  matter  of  fact,  the  amount  discharged  at  any 
one  opening  of  the  pylorus  is  small,  and  the  mass  is  shot 
out,  not  into  an  empty  duodenum,  but  into  one  charged 
alread_y  with  alkaline  secretion.  In  a  large  number  of  ex- 
periments in  wliich  free  hydrochloric  or  strong  organic 
acids  such  as  acetic  or  lactic  were  tested  for  by  methyl 
■orange.  I  have  scarcely  ever  obtained  an  acid  reaction, 
«ven  within  two  inches  of  the  pylorus,  either  in  carnivora 
or  ill  herbivora. 

It  is  interesting  to  observe  the  economy  of  the  diges- 
tive enzymes  of  the  pancreatic  secretion  which  is  attained 
by  such  an  arrangement  of  previous  secretion  into  the 
duodenum  of  alkatine  tluidsand  the  discharge  of  the  acid 
gastric  ch_vme  into  a  quantity  of  such  secretion.  On  the 
old  view,  since  all  three  pancreatic  enzymes  are  extremely 
susceptible  to  mere  traces  of  free  hydrochloric  acid  and 
are  almost  instantly  destroyed  thereby,  all  the  pancreatic 
juice  secreted  for  the  considerable  period  of  time  which 
elapses  until  the  hydrochloric  acid  has  been  neutralized 
would  be  destroyed.  In  fact,  nearly  all  the  pancreatic 
activity  would  be  thus  removed,  for  this  secretion  is 
poured  only  into  the  duodenum,  and  according  to  the 
older  views,  the  acidity  persists  beyond  this  portion  of 
the  intestine.  On  the  view  that  the  eliyme  is  discharged 
into  an  alkaline  bath  and  almost  iustanlly  neutralized, 
practically  no  such  destnu'tion  would  occur. 

According  to  other  autliors,  wlio  admit  that  the  hydro- 
chloric acid  is  rapidly  neutralized,  there  is,  nevertheless, 
no  alkaline  reaction  in  the  small  intestine;  but,  on  the 
other  liand,  there  is  a  markedly  acitl  reaction  due  chiefly 
to  acetic  acid  set  free  by  the  energetic  action  of  bacteria 
upon  carbohydrates.  This  acidity  is  further  said  to  in- 
crease in  degree  as  the  intestine  is  descended  even  until 
the  ileo-c.-vcal  valve  is  reached.  This  view  is  supported 
chiefly  by  a  few  observations  upon  clinical  cases  of  fis- 
tuhe  near  the  ileo-ca-cal  valve. 

In  a  large  mimlier  of  exjieriments  upon  various  classes 
of  animals,  I  have  never  found  an  acid  reaction  due  to 
any  stronger  acids  than  those  of  the  fats  of  the  foods. 
After  a  fatty  meal,  and  in  the  carnivora  only,  a  faintly 
acid  reaction  to  litmus  is  obtained  ;  this  is,  however,  due 
to  the  weak  organic  acids  set  free  from  the  fats  by  the 
hydrolytic  action  of  the  steapsin,  as  is  shown  by  the  fact 
that  no  acid  reaction,  but  instead  a  strongly  alkaline  one, 
is  obtained  with  methyl  orange.  This  acid  reaction  is  too 
weak  to  etTect  the  activity  of  any  of  the  intestinal  enzymes, 
and  usually  persists  for  from  one-third  to  one-half  the 
length  of  the  intestine.  An  acid  reaction  due  to  acetic 
and  lactic  acids  was  obtained  in  one  case  only,  but  here 
the  small  intestine  wasalso  distended  with  gas,  and  diges- 
tion was  obviously  not  ijrocceding  in  a  normal  fashion. 
From  these  exjieriments  it  is  obvious  that  in  animals  of 
widely  different  species,  and  therefore  most  probably  in 
man  also,  there  is  no  appreciable  destruction  or  digestion 
of  carbohydrates  in  the  small  intestine  by  the  agency  of 
bacteria.  Since  in  a  mixed  food  carbohydrates  are  at- 
tacked before  proteids,  it  is  jirobable  that  bacterial  ac- 
tion upon  the  mixed  food  in  the  intestine  is  inconsider- 
able in  amount.  The  degree  of  alkalinity  varies  with  the 
food,  being  greatest  on  carbohydrates  and  least  on  fatty 
food. 

The  chief  digestive  secretions  which  affect  the  food 
in  the  iutestine  are  the  pancreatic  juice  and  the  bile,  the 
succus  entericus  possessing,  so  far  as  we  know,  but  a 
subordinate  value  as  an  aid  to  digestion. 

The  pancreatic  juicecontains  three  important  enzymes, 
each  of  which  has  a  digestive  action  upon  a  different  one 
of  the  three  great  classes  of  food-stufi s ;  as  a  result,  ail  the 


important  elements  of  the  food  are  attacked  in  the  small 
intestines  b\'  the  pancreatic  juice.  Thus,  carbohydrates 
are  subjected  to  the  action  of  the  diastatic  enzyme,  amy- 
lopsin ;  fats  are  hydroiyzed  liy  the  steatolytic  enz3'me, 
steapsin ;  while  proteids  are  peptonized  by  the  proteolytic 
enzyme,  trypsin. 

The  action  of  amylopsin  resembles  in  every  respect 
that  already  described  in  the  case  of  ptyalin.  So  close 
is  the  resemblance  that  certain  writers  state  that  the  two 
ferments  are  identical;  of  this,  however,  there  is  no  ex- 
perimental evidence,  since  neither  body  has  been  isolated. 
Pancreatic  juice  acts  more  energetically  than  saliva  upon 
starches,  but  this  may  merely  mean  a  difference  of  con- 
centration. 

Pancreatic  juicecontains,  so  far  as  is  at  present  known, 
the  only  enzyme  possessing  a  specific  chemical  action 
upon  the  neutral  fats.  This  action  consists  in  decompos- 
ing the  fats  into  free  fatty  acids  and  glycerin.  Until 
(piite  recently  it  was  held  that  only  a  small  percentage 
of  fat  underwent  this  change,  and  that  the  fatty  acids  so 
set  free  combined  with  the  alkali  of  the  intestinal  contents 
to  form  soaps.  In  the  process  of  combination  it  was 
supposed  that  the  soaps  converted  the  remaining  larger 
portion  of  undecoinjiosed  fat  into  a  fine  emulsion  which 
was  then  absorbed  in  this  chemically  unaltered  form  by 
the  columnar  cells. 

Recent  experimental  observations  have  tended  to  in- 
validate this  emuLsion  theory  of  absorption,  and  it  is  now 
held  by  many  that  all  the  fat  of  the  food  is  absorbed  in 
soluble  form.  The  chief  facts  in  favor  of  this  view  may 
be  summarized  as  follows: 

1.  The  rapidity  of  action  of  steapsin  is  such  as  to  admit 
of  the  saponification  of  all  the  fat  of  a  full  fatfj'  meal 
withiu  the  ordinary  period  of  digestion. 

2.  It  has  never  been  sho'nn  tiy  histological  examination 
that  fat  particles  pass  into  the  columnar  cell;  on  the  con- 
trary, the  broad  striated  border  of  the  cell  is  invariably 
free  from  fat  granules. 

3.  Examination  of  the  columnar  cells  at  varying  periods 
after  a  fatty  meal  shows  that  the  fat  globules  seen  in 
these  cells  continuously  grow  larger  as  the  period  of  ab- 
sorption increases,  indicating  that  the  globules  are  de- 
posited from  solution. 

4.  Although  fatty  acids  are  insoluble  in  water  the}'  are 
fairly  easily  soluble  in  bile  solutions  and  exist  in  solution 
in  the  intestinal  contents  of  some  classes  of  animals  dur- 
ing fat  digestion.  The  solubility  of  the  different  soaps 
is  also  greatly  increased  by  the  presence  of  bile  in  the  in- 
testinal contents,  and  soapsare  also  found  in  the  intestinal 
contents  during  fat  digestion. 

It  is  probable  from  tliese  various  observations  that  the 
entire  fat  of  the  food  is  hydrolyzeil  in  the  intestine  to 
fatty  acids  and  glycerin,  that  the  fatty  acids  are  entirely 
or  in  part  neutralized  to  soaps  of  the  alkaline  metals  by 
the  alkali  of  the  intestinal  contents,  and  that  these  soaps, 
or  the  mixture  of  soaps  and  free  fatty  acids,  are  alisorbetl 
in  Solution  by  the  columnar  cells. 

In  the  columnar  cells  the  constituents  of  the  fats  are 
recombinedfo  form  neutral  fats,  and  here  it  is  interesting 
to  note  that  the  columnar  cells  appear  to  be  capable  of 
furnishing  gl_vcerin  for  the  synthesis  to  neutral  fat,  for 
even  when  free  fatty  acids  are  fed,  only  neutral  fats  are 
to  be  found  thereafter  in  the  thoracic  duct. 

It  has  been  stated  above  that  the  action  of  pepsin  upon 
profeid  never  amounts  to  complete  peptonization;  in  ad- 
dition to  this  a  considerable  amount  of  proteid  matter 
passes  through  the  pylorus  which  has  not  been  chemi- 
cally altered  at  all  by  the  gastric  juice.  An  examination 
of  the  contents  of  the  upper  jiart  of  the  small  intestine, 
after  a  meal  containing  flesh,  usually  demonstrates  un- 
digested fragments  and  often  pieces  of  considerable  size 
floating  in  the  thin  fluid  contents  of  the  intestine.  Such 
macroscopic  fragments  become  less  frequent  and  smaller 
as  the  intestine  is  descended,  evidently  because  of  ad- 
vancing solution,  while  at  the  same  time  the  fluid  por- 
tion becomes  thicker,  so  giving  rise  to  a  more  homogene- 
ous mass  of  ever-increasing  tliickness  as  the  ileo-ca;cal 
valve  is  approached.     The  action  of  trypsin  upon  pro- 
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tciils  is  both  more  complete  and  more  rai)i(l  than  that  of 
pepsin.  The  ])reliminary  stages  are  rushe<l  through  more 
rapidly.  The  first  stage,  as  mentioned  aliove,  is  that  of 
alkali  allniniin.  but  this  substance  is  rajiidly  converted 
into  dcuteni  alliumose,  this  in  turn  into  iii'ptone,  and 
the  peptone  in  great  part  into  aniido-acids  and  organic 
nitrogenous  bases.  It  is  doubtful  \vheth<'r  any  ininiary 
nlliumoses  are  formed  in  the  course  of  tryptic  digestion: 
if  they  are,  the  stage  is  an  e.\cee<lingly  unstable  one  and 
they  are  (luickly  changed  into  deuleroalbunioses.  Tlie 
<leutero-albumoses  are  easily  demonstrated  in  the  earlier 
stages  of  tryptic  iligestion,  but  are  converted  later  into 
pejitone.  The  conversion  of  peptone  into  simpler  bodies 
proceeds  more  slowly,  and  only  about  half  the  ju-ptoue 
gets  so  completely  decomposed  as  not  to  give  most  of 
the  reactions  of  the  proteids.  The  more  stable  portion  is 
usually  termed  tintipeptime,  but  it  is  unknown  whellier 
lliis  term  re])reseuts  a  complex  of  various  bodies  or  a 
single  chemical  substance.  Recent  e.xpeiiments  have 
tended  to  show  that  it  is  a  mixture  of  several  substances 
of  much  sim])!er  constitution  than  anything  deserving 
the  name  of  proteid  or  peptone. 

Tlie  above  description  apjilies  to  tlie  complete  jirocess 
of  tryptic  <ligestion  of  proteid,  but  the  partially  digested 
proteid  resulting  from  ]irevioiis  peptic  digestion,  in  so  far 
as  it  has  not  been  jireviously  absorbed,  undergoes  the 
later  stages  of  tryptic  digestion. 

AVe  have  at  present  no  mc.ins  of  knowing  what  frac- 
tions of  tlie  proteid  are  absorbed  in  tlie  various  intcrme- 
<liat<'  forms,  but  we  do  know  that  even  native  proteid  is 
capable  of  absorption  from  the  intestine,  and  that  diges- 
tion merely  serves  to  increase  the  ease  of  absorption.  It 
has  been  shown  that  the  rate  of  absorption  is  greater  for 
alkali  albumin  than  for  albumins  or  globulins,  and  that 
there  is  a  still  greater  increase  for  albunioses  and  pep- 
tones. It  is  hence  probable  that  a  certain  fraction  of 
proteid  is  absorbed  as  alkali  alliumin  and  a  still  greater 
portion  as  albumose.  and  it  is  exceedingly  unlikely,  ex- 
cept when  the  proteid  consumption  is  largely  in  excess 
of  the  demands  of  the  animal,  that  any  considerable 
amount  pas.ses  the  stage  of  peptone.  Such  a  deep-seated 
chemical  change  would  mean  a  useless  expenditure  of 
energy  intended  for  the  tissues  in  the  intestine,  where  it 
could  merely  directly  increase  the  heat  production  of  the 
animal. 

It  is  similarly  probable  that  a  certain  amount  of  the 
carbohydrate  food  is  absorbed  as  dextrins,  although  no 
de.xtinn  is  to  be  found  in  the  blood  of  the  portal  vein. 
Rohmann  finds  that  even  .starcli  disappears  from  a  Thiry- 
Tella  fistula  with  considerable  rapidity,  and,  since  tile 
succus  entericus  possesses  no  diastatic  action,  this  must 
be  taken  as  indicating  that  the  columnar  cells  are  capable 
of  taking  u]i  starch  molecules.  In  the  entire  ab.sence  of 
the  pancreatic  secretion,  also,  from  one-half  to  three- 
fourths  of  the  starch  ingested  has  been  found  to  disajipear 
{Minkowski  and  Abelmann).  I'nder  normal  conditions 
it  is,  however,  probable  that  practically  all  the  starch  of 
the  food  is  converted  into  a  luixture  of  dextrin  and  malt- 
ose liefore  absorption. 

The  only  ferment  contained  in  the  succus  entericus  is 
one  which  has  an  inverting  action  upon  cane  sugar  and 
maltose,  and  has accordiuglv  been  termed  iurertin.  This 
enzyme  has  a  rapid  action  upon  cane  sugar  and  maltose, 
but  is  stated  to  be  without  action  upon  lactose.  The 
latter  sugar  is  therefore  in  all  probability  absorbed  as 
such,  except  in  so  far  as  it  is  hydrolyzed  in  the  stom- 
ach. 

The  bile  contains  no  enzymes  which  possess  a  chemical 
action  upon  any  of  the  foodstuffs.  It  has  recently  been 
shown  by  the  writer  that  the  most  important  uses'of  the 
bile  lie  in  its  [in  iperties  as  a  solvent  for  certain  substances 
which  are  insoluble  in  water.  In  this  capacity  it  acts  as 
anexcretory  agent  by  dis.solving  lecithin  and  cholesterin. 
both  of  which  are  completely  insoluble  in  water:  thus 
rendering  possible  the  removal  of  these  waste  products, 
chiefly  of  the  metabolism  of  the  nervous  tissues  from  the 
body.  Further,  the  bile,  as  has  been  pointed  out  above, 
acts  as  a  powerful  ally  to  the  pancreatic  juice  in  fat  ab- 


sorption by  conferring  increased  solubility  upon  the  soaps 
and  rendering  soluble  the  free  fatty  acids. 

These  solvent  propertiesof  the  bile  depend  chiefly  upon 
the  bile  Siilts;  the  ]iiaclical  service  of  which  to  the  econ- 
omy is  show  11  liy  lliiir  iiniiplelc  absor]itioii,  constituting 
the  so  called  circulal ion  of  the  bile.  All  the  other  biliary 
constituents — exce|il  lecithin,  which  is  decomposed  and 
in  part  reabsorlied  in  altered  condition — are  excretory  in 
character  and  are  thrown  out  in  the  faces. 

It  is  noteworthy,  in  view  of  the  fact  that  human  biliary 
calculi  consist  cliielly  of  cholesterin,  that  this  substance, 
which  is  ijidle  insoluble  in  water,  only  possesses  a  feeble 
Solubility  in  solutions  of  bile  salts,  amounting  to  from 
one- to  two-ti'iiths  per  cent.:  it  is.  llierefore.  that  con- 
stituent of  the  bile  w  liicli  is  most  likely  to  be  thrown  out 
of  .solution  by  any  circumstance  which  either  increases 
the  amount  of  cholesterin  to  be  excreted  by  the  liver,  or 
diminislies  the  solvent  power  of  the  bile,  such  as  a  dim- 
inution of  bile  salts.  Lecithin  is  much  more  soluble  and 
hence  is  never  found  in  biliary  calculi.  A  five-]ier-cent. 
solution  of  bile  sjilts  at  body  teni|ierature  is  capable  of 
taking  up  as  much  as  seven  |ier  cent,  of  lecithin. 

The  reabsorption  of  bile  salts  is  ]iraclically  complete 
at  the  ileo-ca'ca!  valve,  as  is  shown  by  the  fact  that  the 
reaction  from  Pettenkofer's  test  cannot  be  obtained  with 
the  intestinal  contents  as  they  escape  from  a  fistula  of 
the  small  intestine  situated  immediately  above  the  ileo- 
cecal valve. 

The  fate  of  the  intestinal  enzymes  during  the  process 
of  digestion  has  been  much  dclialed.  It  is  certain  that 
ptyalin  is  completely  destroyed  by  the  hydrochloric  acid 
of  the  gastric  juice,  and  pepsin  in  turn  by  the  alkali  of 
the  intestine:  but  much  doubt  exists  as  to  the  fate  of 
trypsin,  amylopsin,  and  steapsin.  It  has  been  known  for 
some  time  that  the  blood  plasma  possesses  feeble  aniy- 
lolytic  and  proteolytic  powers,  and  it  has  been  inferred 
that  these  properties  were  due  to  absorption  of  the  fer- 
ments from  the  intestine.  It  has,  however,  been  shown 
that  the  blood  plasma  is  richest  in  these  traces  of  enzymes 
during  inanition  and  poorest  in  them  during  the  period 
of  digestion,  which  would  indicate  that  the  enzymes  are 
taken  up  by  the  blood  from  the  cells  of  the  overcharged 
digestive  glands  and  not  absorbed  during  digestion  from 
the  intestine.  It  is  quite  certain  that  all  the  digestive 
enzymes  are  not  absorbed  before  the  large  intestine  is 
reached,  because  the  contents  of  the  small  intestine  escap- 
ing from  a  fistula  immediately  above  the  ileo-ca-cal  valve 
are  very  rich  in  both  amylolytic  and  proteolytic  ferments, 
as  is  .shown  by  their  rapid  digestive  action  on  both  starch 
and  fibrin.  Further,  it  is  from  the  economic  point  of 
view  exceedingly  undesirable  that  the  enzymes  .should 
be  absorbed  by  the  columnar  cells,  since  they  would  then, 
by  their  activity,  interfere  with  the  reverse  processes  of 
synthesis  of  digestion  products  which  goes  on  in  the  cell. 
Hence  it  is  highly  probable  that  the  process  of  selective 
absorption  which  reaches  its  acme  in  the  columnar  cells, 
has  so  developed  in  them  as  entirely  to  prevent  the  ab- 
sorption of  these  enzymes,  which  in  all  probabilitj'  under- 
go decomposition  in  the  large  intestine. 

The  absorption  of  the  soluble  portions  of  the  food,  ex- 
cept in  herbivora,  is  practically  completed  under  normal 
conditions  in  the  small  intestine,  for  the  intestinal  con- 
tents at  the  level  of  the  ileo-cacal  valve  usually  contain 
neither  soluble  proteid  nor  carbohydrate. 

In  the  upper  part  of  the  small  intestine  the  secretion 
of  water  into  the  intestine  by  the  digestive  glands  more 
than  counterbalances  the  absorption  of  water  hy  the  col- 
umnar cells,  so  that  the  intestinal  contents  are  fluid, 
mixed  with  lumps  of  undigested  food.  In  the  lower 
third,  the  absorption  of  water  outbalances  secretion  so 
that  the  contents  become  thicker,  and  at  the  ileo-ca;cal 
valve  they  usually  constitute  a  thin,  semi-solid  mass.  In 
the  large  intestine,  the  absorption  of  water  still  proceeds 
and  the  contents  gradually  take  on  the  consistence  of 
fa?ces.  The  degree  of  dryness  of  the  fieces  varies  chiefly 
with  the  rapidity  with  which  they  pass  through  the  large 
intestine  and  the  avidity  of  its  mucous  membrane  for  the 
water  contained  therein.     In  addition  to  this  continued 
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absorption  of  water,  the  chief  changes  in  the  contents  of 
the  large  intestine  are  due  to  bacterial  action.  In  the 
larce  intestine  bacteria  flourish  abundantly.  The  ileo- 
cecal valve  possesses  a  peculiar  function  as  a  baiTier 
against  bacteria,  the  tnixlug  operaiKji  of  •which  is  entirely 
unknown  to  us.  As  an  experimental  fact  it  is  well 
known,  however,  that  the  large  intestine  swarms  with 
bacteria,  while  they  are  absent  on  the  upper  surface  of 
the  ileocecal  value.  The  proteid  matter  is  attacked  be- 
low the  valve  by  putrefactive  bacteria ;  these  set  free  those 
volatile  bodies  which  give  the  fecal  odor  to  the  contents, 
and  they  also  form  stable  organic  sulphates,  which  are 
ab.sorbed  and  excreted  practically  unchanged  iu  the 
urine.  Celhdose  and  other  insoluble  forms  of  carbo- 
hydrate are  also  attacked  here  by  bacteria,  giving  rise  to 
marsh  gas  and  hydrogen  which  escape  by  the  rectum. 

The  feces  constitute  a  very  complex  residue,  which 
consists  in  part  of  undigested  debris  of  food,  such  as 
shreds  of  cellulose,  connective  tissue,  and  elastic  tissue, 
and,  when  the  foofl  has  been  exces.sive  or  mastication 
imjierfect,  there  will  be  linnps  of  unattacked  footl  which 
have  escaped  the  digestive  action  of  the  secretions.  In 
addirion  to  this  there  is  a  considerable  anioimt  of  matter 
not  derived  from  the  food,  such  as  detritus  from  the  col- 
umnar epithelium,  mucin  secreted  from  the  intestine,  and 
excretory  matter  from  the  liile.  The  color  of  the  feces 
varies  greatly  and  is  derived  from  many  sources;  it 
changes  with  the  character  of  the  food.  Vicing  black  or 
brown,  in  the  case  of  a  flesh  diet,  from  sulphide  of  iron 
formed  from  the  hemoglobin  by  reduction  in  the  intes- 
tine; and  light  yellow  in  color,  in  the  case  of  a  vegetable 
diet,  iu  which  the  color  is  due  chiefly  to  bile  pigments 

The  gases  of  the  intestine  indicate  that  strongly  marked 
reduction  processes  go  on  therein:  thus,  for  example, 
oxvgen  is  entirely  absent,  and  the  usual  gases  are  marsh 
gas,  hydrogen,  and  sulphureted  hydrogen.  Tlie  reducing 
processes  going  on  are  further  evidenced  by  the  forma- 
tion of  suphide  of  iron,  as  mentioned  above,  and  by  the 
reductif'U  of  the  bile  pigments  to  hydrobilirubin. 

Benjamin  Moore. 
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DIGITALIS. — Foxglove.  The  leaves  of  DigHnUsjnir- 
piinit  L.  (faiu.  Sfroiilinlnntrcece)  collected  from  plants  of 
the  second  year's  growtli  "  (U.  S.  P. ).  The  British  Phar- 
niacopa>ia  specifies  "from  plants  beginning  to  flower." 
The  German  Pharmacopffiia  reqtnres  them  to  be  collected 
from  wild  plants  iu  bloom.  Otlier  definitions  have 
specified  "in  fvdl  liloom  "  or  even  the  entire  herb  iu  some 
specified  stage  of  maturity.  At  present,  all  these  defini- 
tions agree  in  the  one  important  point  that  the  leaves 
only  are  employed,  the  constituents  of  the  flowers  and 
seedsdifferiug  in  character  and  properties,  and  being  thus 
properly  excluded.  They  all  agree,  moreover,  iu  requir- 
ing leaves  of  the  second  year's  growth,  inasmuch  as  the 
plant  does  not  flower  during  the  first  year.  All  things 
considered,  the  specification  of  the  flowering  stage  as  the 
time  for  collection  is  wise,  as  the  allowance  of  a  very 
much  earlier  or  very  much  later  period  gives  no  guaran- 
tee of  the  desired  quality.  There  is  also  little  doubt  that 
the  wild-grown  leaves  are  usually  more  active  than  those 
of  cultivation,  though  the  difference  is  commonly  over- 
estimated. 

The  plant  is  very  abundant,  except  in  the  coldest  parts, 
throughout  Europe,  besides  which  it  is  largely  cultivated. 
It  reaches  its  greatest  physical  perfection  in  our  north- 
western coast  States,  where  it  is  extensively  naturalized 
along  roadsides,  attaining  a  height  of  ten  and  even  twelve 
feet.  Ordinarily  it  reaches  a  height  of  from  two  and  one- 
half  to  four  feet,  one  or  more  usually  simple,  erect  stems 
arising  from  a  rosette  of  radical  leaves  which  replace  a 
similar  rosette  produced,  with  the  stout  conical  or  fusi- 
form root,  during  the  first  year.  Upon  the  stems,  the 
leaves  become  smaller  toward  the  top,  and  are  finally  re- 
duced to  large  floral  bracts.  The  handsome,  drooping, 
bell-shaped,  ptirple  flowers,  spotted  within  with  darker 


purple,  are  raceraed  along  one  side  of  their  stems,  gener- 
ally for  more  than  half  their  length. 

"The  drug  usually  comes  in  bales,  sometimes  pressed 
into  hard  cakes  or  blocks  of  different  sizes.  Some  verj' 
finely  selected  leaves  are  powdered  abroad  and  are  im- 
ported iu  small  expensive  packages,  specially  for  achniu- 
istration  in  powdered  form.  The  drug  is  thus  described 
by  the  Pharmacopa?ia: 

From  10  to  30  cm.  long:  ovate  or  ovate-oblong,  nar- 
rowed into  a  petiole:  crenate;  dull  green,  densely- and 
finely  pubescent :  wrinkled  above ;  paler  and  reticulate 
beneath:  midrib  near  the  base  broad:  odor  slight,  some- 
what tea-like :  taste  bitter,  nauseous. 

An  infusion  prepared  with  1  part  of  digitalis  and  10 
parts  of  boiling  water,  and  allowed  to  cool,  has  a  pecidiar 


Fig.  1.596.— Digitalis  Purpurea  Linn.,  Foxglove.  Plant  in  blossom, 
flower  sliehily  reduced  iu  size,  and  section  of  flower  natural  size. 
(Baillon.i 

odor,  turns  blue  litmus  paper  red,  and,  upon  the  addition 
of  a  few  drops  of  ferric  chloride  T.  S.,  acquires  a  darker 
tint,  a  brown  precipitate  appearing  after  a  few  hours. 

The  infusion  diluted  with  3  parts  of  water  becomes 
turbid  on  the  addition  of  a  few  drops  of  tannic  acid  T.  S. 

No  other  leaf  probably  offers  greater  difficulties  in  the 
matter  of  quality  selection,  and  little  assistance  can  be 
gained  fiom  written  instructions,  success  coming  only 
from  long  ex])erience.  This  is  the  more  unfortunate,  as 
there  is  no  satisfactory  method  of  assay. 

CoMPosmox. — The  active  constituents  of  digitalis  are 
crystalline  glucosides.  With  them,  there  occur  resin, 
tannin,  gum,  pectin,  a  little  sugar  and  digitaleic  acid. 
Concerning  the  nature  and  occurrence  of  the  glucosides, 
the  discrepancy  between  the  statements  made  by  differ- 
ent investigators  is  so  great  as  to  preclude  instructive 
discussion  here. 

"/J/jiV-'/i//."  as  dispensed,  is  very  uncertain.  Not  only 
is  it  usually  a  mixture,  but  the  supposedly  chemical  body, 
so  called,  is  not  of  a  uniform  character,  as  supplied  by  dif- 
ferent manufacturers ;  hence,  the  onlj-  successful  way  of 
employing  it  is  to  use  exclusively  the  product  of  the  same 
manufacturer,  and  learn  its  therapeutic  limitations.  It 
is  said  by  some  investigators  that  true  digitalin  does  not 
occur  in  the  leaves,  but  only  in  the  seeds;  however,  a 
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substance  practicalh-  identical  with  it  does  occur,  and  we 
nii'd  not  cunsidtr  this  point.  Of  tlie  formida,  Merck  says 
"(CMI,t)j)N(r),"and  lu'li.stsa  "German  "and a  "French  " 
product,  both  from  Dii/itiilin  purpxrm,  but  tlie  part  of 
the  plant  not  stated.  The  f/inncr  is  a  yellowish-wliite 
powder,  soluble  in  water  and  alcohol.  The  dose  is  jjiven 
as  0.001  to  0.002  gm.  (gr.  jV-j'jl,  three  or  four  times  a 
day,  and  not  to  exceed  gr.  i  daily.  The  French  article  is 
similar,  sf)luble  in  alcohol,  but  only  in  3,000  jiarts  of 
water.  The  dose  is  gr.  ,i-(,,  which  may  be  increased  to 
a  maximum  of  gr.  j',,  daily.  Roth  these  .-^ohitions  have 
the  characteristic  action  of  digitalis  upon  the  heart. 

Diyitoxia  (C.j,H3-jO,  V)  is  the  most  abundant,  as  well  as 
the  most  active  constituent.  It  is  a  white  crystalline 
powder,  soluble  in  alcohol,  but  not  in  water,  aithough. 
l)y  virtue  of  the  associated  boilies  in  the  leaves,  it  is  ex- 
tracted by  the  infusion.  The  dixse  is  gr.  .ixn-ir  three 
times  a  day.  and  it  is  recommended  that  chloroform  niij., 
alcohol  H.  3i.,  and  water  5iss.,be  taken  with  it.  The 
maximum  amount  for  the  day  is  gr.  jij.  As  an  enema,  gr. 
sV.  v;M\  alcohol  I'Ux.  and  water  tl.  |  iV.,  is  recommended. 

Vif/itoiiin  (Cj.Hi.O,,?).  The  presence  of  this  in  the 
leaves  is  denied.  However,  it  is  similar  to  saponin,  and 
in  the  doses  of  digitalis  its  action  is  not  appreciable.  The 
same  is  true  of  digitin  (CjHaO.lN.    Diijitnlein  is  a  mixture. 

In  accordance  with,  or  in  spite  of  any,  recognized  facts 
regarding  the  constituents  of  digitalis,  it  is  true  that  an 
alcoholic  preparation,  while  markedly  diuretic,  does  not 
exert  so  great  a  direct  stimulant  or  irritant  action  upon 
the  kidney  as  does  the  infusion. 

Actios. — The  ditlerent  ways  in  which  digitalis  acts 
upon  the  organs  may  tirst  be  considered. 

1.  It  stimulates  the  muscular  fibres  in  the  cardiac  and 
arterial  walls,  thus  increasing  cardiac  force  and  in  a 
double  way  raising  blood  pressure. 

2.  It  stimulates  the  nerve  tissues  in  the  heart  (at  least 
the  nerve  endings,  the  action  upon  the  ganglia  being 
doubtful)  and  in  the  arteries,  thus  increasing  the  above- 
mentioned  effects,  but  at  the  same  time  beginning  to 
slow  the  heart  by  stimulating  the  ends  of  the  vagus. 

3.  It  stimulates  the  centres  in  the  brain  and  cord,  thus 
greatly  increasing  the  slowing  of  the  heart  and  still 
further  increasing  its  force. 

As  the  etfects  of  the  drug  are  such  as  I  have  just  enu- 
merated, it  follows  that  well-regulated  doses  will  restore 
rhythm  to  an  irregular  heart.  It  is  probably  due  to  this 
stimulation  of  the  vagus  that  digitalis  relieves  cardiac 
irritability  resulting  from  over-exertion.  When  high  fever 
exists,  this  slowing  of  the  heart  is  less  apt  to  take  place. 
The  effects  of  the  above-described  actions  have  to  be  very 
carefully  considered  in  determining  the  use  of  the  drug. 
Its  action  is  characteristically  slow  in  coming  on.  requir- 
ing usually  several  hours,  and  the  effects  are  similarly 
slow  in  passing  off,  so  that  when  great  promptness  is  re- 
quired, digitalis  is  not  available.  One  feature  of  the  slow 
heart  beat  produced  by  this  drug  is  an  extension  of  the 
space  required  in  the  diastolic  condition;  hence  when 
there  are  great  accumulations  of  fluid  encroaching  upon 
the  heart  space,  we  must  be  cautious  in  our  "use  of 
digitalis. 

A  more  important  consideration  is  the  difference  of 
digitalis  from  other  cardiauts  in  its  powerful  stimulation 
of  the  arterial  walls.  This  prevents  the  heart  strength- 
ening from  resulting  in  a  clear  gain  (especially  in  view  of 
its  slowness),  for  resistance  is  at  the  .same  tinie  increased. 
Since  the  increased  heart  action  depends  upon  the  mus- 
cular cardiac  walls,  it  cannot  so  well  take  place  when 
these  are  weakened  by  dilatation  or  fatly  degeneration, 
or  when  there  is  aortic  regurgit^ttion.  for  here  we  simplj' 
increase  resistance  more  than  we  do  heart  strength  and 
thus  favor  backing  up  of  the  blood  into  the  heai-t.  Un- 
less we  can  then  relax  the  vessels  in  some  way,  it  is 
better  to  substitute  some  other  cardiant.  Recent  ex- 
periments made  on  pigs  by  Hare  go  to  show  that  by  ad- 
ministering digitalis  carefully,  increasing  the  dose  grad- 
ually until  large  amounts  are  taken,  we  may  bring  about 
a  great  and  permanent  increase  in  the  size  and  quality 
of  the  muscle  of  the  healthv  heart.     If  it  shall  be  found. 


upon  furtlier  trial,  that  this  same  effect  can  be  produced 
in  the  case  of  a  dilated  heart,  it  can  readily  be  appreciated 
how  far  this  result  will  exceed  all  our  past  anticipations 
with  regard  to  the  usefulness  of  digitalis.  The  next 
most  important  effect  of  the  drug  is'upon  the  kidney. 
It  is  a  recognized  principle  that  uicreased  blood  press- 
ure favors  increased  renal  secretion,  which  alone  would 
accotmt  for  the  diuretic  properties  of  digitalis;  l)iit  in 
addition,  there  is  a  direct  renal  stimidation  effected  by 
irritation  and  by  locally  contracting  the  vessels,  thus  in- 
ducing an  even  greater  local  increase  of  bUxid  pressure. 
This  occurs  the  more  easily  because  the  substance  is  al- 
most wholly  excreted  through  the  kidney.  This  pres- 
entation ivf  the  modus  operandi  of  the  diug  is  subject 
to  certain  modifications.  The  excessively  stimulating  ef- 
fect upon  the  kidney  often  results  in  an  over-contraction 
of  the  renal  vessels,  which  checks  secretion.  As  this 
state  passes  off,  a  profuse  .secretion  comes  on  veiy  sud- 
denly. If  this  change  does  not  promptly  take  "place, 
the  digitalis  checks  its  own  excretion  and  continues  in 
the  circulation,  becoming  cumulative  in  a  way  very  dif- 
ferent from  its  cumulative  action  upon  the  heart  niu.scle 
already  considered,  and  is  lialile  to  become  poisonous. 
In  a  state  of  health,  the  diuretic  effect  of  digitalis  is  not 
usually  pronounced,  unless  the  blood  pressure  is  unusu- 
ally low  (Brimton). 

The  other  actions  of  digitalis  are  not  important,  except 
that  it  is  very  likelv  to  irritate  the  stomach  and  intestines; 
this  is  especially  true  when  the  drug  is  given  in  the  form 
of  the  infusion.  Such  irritation  may  add  to  the  nausea 
or  vomiting  which  is  often  caused  by  disturbance  of  the 
cerebral  circulation:  it  may  also  produce  a  laxative,  or 
even  a  purging  effect.  The  cerebral  disttu-bance  may 
also  cause  dizziness,  headache,  disordered  sight,  and  hear- 
ing. The  uterus  is  stimulated.  The  slight  antipyretic 
effects  which  digitalis  proiluces  are  probablv  dependent 
upon  the  lessened  circulation  induced  by  slowing  of  the 
heart. 

Uses. — We  cannot  do  better  than  to  reprint  Beaumont 
Small's  account  of  the  uses  of  digitalis,  as  given  in  the 
supplement  to  the  last  edition  of  this  work. 

"  Digitalis  maintains  its  position  at  the  head  of  heart 
tonics.  In  England  and  America  authorities  are  as  one 
on  this  point.  On  the  continent  they  are  the  ssime. 
Dujardin-Beaumetz  assigns  it  the  first  "rank  and  calls  it 
'the  type  of  heart  tonics':  Professor  Nothnagel  places 
it  above  all  other  heart  tonics,  and  Herr  Fiirbringer  savs,- 
•  the  sovereign  diuretic  in  cardiac  disease  has  been,  and 
still  is,  digitalis.'  Continued  use  has  confirmed  the  con- 
fidence placed  in  it,  and  the  iimumerable  rivals  that  ap- 
pear serve  only  to  bring  its  superior  qualities  into  bolder 
relief.  Not  much  has"  been  added  to  the  uses  of  this 
remedy,  but  we  know  more  deliuitely  its  proper  sphere, 
and  apply  it  with  more  precision  to  the  conditions  in 
which  it  will  prove  of  value. 

~  In  organic  disease  of  the  heart  the  guide  for  its  use  is 
the  state  of  the  compensatory  action  of  that  organ.  It  is 
not  given  as  a  remedy  for  the  defective  valves,  nor  with 
the  expectation  of  benefiting  any  diseased  condition  of 
the  organ;  it  is  simply  a  stimulant  and  tonic  to  the  mus- 
cular tissue.  So  long  as  the  heart  is  able  to  overcome  the 
impediment  to  the  circulation  and  maintain  a  free  flow 
of  blood,  nothing  is  to  be  gained  by  the  use  ui  the  drug, 
but.  with  the  earliest  symptoms  of  failing  power,  its  ad- 
ministration must  be  commenced.  The  system  responds 
quickly  to  the  tirst  indication  of  this  loss  of  coniiiensa- 
tion,  the  heart  beats  more  feebly  and  quicker,  the  pulse 
becomes  irregular,  a  slight  degree  of  dyspncea  is  noticed, 
and  oedema  of  the  feet  and  ankles  begins.  In  such  con- 
ditions the  beneficial  action  of  digitalis  is  most  marked. 
The  heart  beats  more  slowly  and  forcibly  and  propels 
the  blood  onward,  the  arteries  become  filled,  the  engorged 
veins  relieved,  and  the  equilibrium  of  the  circulatioii  is 
re-established.  This  slower  action  of  the  heart  allows  of 
a  prolonged  period  of  diastole,  during  which  it  is  at  rest 
and  recuperating;  the  succeeding  contraction  is  rapid 
and  strong,  due  to  the  renewed  strength  and  stimulating 
action  of  the  remedy. 
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"  No  form  of  organic  disease  contraindicates  the  use  of 
digitalis  when  tlie  compensatory  action  is  failing.  Its 
typical  action  is  produced  in  mitral  disease,  in  which  it 
acts  rapidly  and  for  a  prolonged  period.  In  mitral  ste- 
nosis it  lias  been  thought  to  produce  a  peculiarly  impor- 
tant effect,  as  the  prolonged  dilatation  of  the  ventricle 
permits  a  greater  flow  of  blood  from  the  auricle  through 
the  narrowed  channel.  In  aortic  disease  it  may  also  be 
given  with  coulidenee.  The  old  idea  that  the  prolonged 
diastole  would  allow  the  ventricle  to  become  overfilled 
appears  to  be  but  little  regarded  now,  as  its  beneficial 
effect  outweighs  any  such  danger.  The  following  con- 
clusions furnish  the  indications  in  accordance  with  which 
digitalis  may  be  used  not  only  in  aoitic,  but  in  all  forms 
of  valvular  disease:  (1)  In  all  cases  of  valvular  disease 
the  most  important  matter  for  consideration  in  regard  to 
the  heart  itself  is  the  condition  of  its  walls  in  respect  to 
dilatation  and  hypertrophy;  (2)  it  must  be  remembered 
that  the  presence,  in  cardiac  disease,  of  s.ymptoms  indi- 
cating a  disturbance  of  the  circulation  always  means  fail- 
ure of  compensation;  (3)  it  is  important  to  ascertain, 
before  administering  the  drug,  that  the  condition  of  over- 
hypertrophy  or  over-compensation  does  not  exist ;  (4)  it 
must  not  be  forgotten  that  the  dangers  in  aortic  disease 
arise  from  the  same  cause  as  the  dangers  in  mitral  disease, 
— that  is,  from  a  failure  of  the  ventricular  muscle  to  per- 
form the  ever-increasing  work  put  upon  it;  (.t)  it  must 
be  admitted  that  if  digitalis  is  safe  and  beneficial  in  mitral 
disease  it  is  equally  so  in  aortic  disease. 

"  The  one  condition  in  which  digitalis  is  contraindicated 
is  fatty  degeneration  of  the  heart.  In  advanced  stages 
of  this  disease,  where  the  walls  are  thin  and  the  cavities 
are  much  dilated,  it  must  be  used  with  extreme  caution, 
as  its  action  may  be  too  violent  for  the  feeble  organ,  and 
paralysis  or  rupture  ma}-  follow.  In  the  lesser  degrees  of 
degeneration,  where  the  evidences  of  .such  a  condition  are 
indistinct,  a  want  of  action  on  the  part  of  the  remedy  is 
a  sign  that  must  not  be  disregarded.  Du  jardin-Beaumetz 
furnishes  the  following  rute:  'When  in  a  patient,  digi- 
talis, administered  methodically,  managed  with  care, 
produces  no  amelioration  on  the  part  of  the  heart  and 
pulse;  when,  above  all,  the  quantity  of  urine  is  not  aug- 
mented, be  persuaded  that  there  is  a  fatty  degeneration 
of  the  heart  and  immediately  cease  the  emplo3-ment  of 
the  remedy. ' 

"A  cumulative  action,  in  the  sense  of  an  accumulation 
of  the  drug  in  the  system  followed  by  an  outburst  of  in- 
creased action,  is  no  longer  feared.  No  such  condition 
occurs.  Toxic  symptoms  arise  only  from  an  overdose 
or  from  its  prolonged  administration,  and  the  condition 
of  poisoning  is  preceded  b_v  its  regular  train  of  symptoms. 
The  first  effect  of  digitalis  is  to  stimulate  the  vagus  and 
the  vaso-motor  centres,  which  improves  the  action  of  the 
heart  and  increases  the  blood  pressure;  this  is  followed 
by  a  relaxation  of  the  vasomotor  apparatus,  which  is 
first  evident  in  the  renal  vessels.  Up  to  this  point  the 
drug  produces  its  therapeutic  action,  the  relaxed  vessels 
in  the  kidneys,  with  a  high  arterial  tension  and  powerful 
heart,  furnishing  all  the  conditions  requisite  for  a  free 
secretion  of  fluid.  When  the  drug  is  pushed  beyond  this 
it  produces  the  toxic  symptoms :  the  renal  vessels  are  re- 
laxed, the  reduced  blood  pressure  extends  to  the  general 
circulation,  the  heart  becomes  weaker,  and  the  circulation 
fails.  AVhen  a  fatal  termination  ensues  it  folic  ws  a  con- 
tinuance of  this  condition  and  ends  with  a  failure  of  the 
heart,  which  is  arrested  in  diastole.  To  avoid  any  ill 
effects  it  is  ssifer  to  discontinue  the  drug  for  a  few  daj's, 
as  soon  as  its  action  has  been  established ;  it  ma}-  be 
administered  again  when  required.  Where  the  proper 
conditions  for  its  use  are  observed  there  should  be  no 
danger  of  any  toxic  action ;  it  is  only  when  it  is  employed 
indiscriminately  that  any  such  effect  arises.  A  case  is 
reported  where  no  bad  result  followed  its  use  for  nearly 
three  years,  thirty-five  drops  being  given  three  times  a 
day. 

'■  The  infusion  appears  to  remain  the  popular  prepara- 
tion, particularly  when  its  diuretic  action  is  retiuired. 
Among  the  French,  a  maceration  in  cold  water  is  the 


favorite  form  in  which  the  drug  is  administered,  and  it 
is  considered  superior  to  the  infusion.  Five  grains  of 
pow-dered  digitalis  are  macerated  in  four  ounces  of  cold 
water  for  from  eight  to  twelve  hours,  and  then  filtered. 
The  dose  is  one  tablespoonful  every  two  hours.  The  tinc- 
ture is  preferred  by  some  as  a  diuretic;  it  is  probably  the- 
most  useful  preparation  when  a  simple  tonic  action  is  re- 
quired. Osier  considers  that  either  preparation  is  efficient 
if  the  drug  is  of  good  quality  and  given  in  full  doses — 
fifteen  minims  of  the  tincture,  or  half  an  ounce  of  the 
infusion,  every  three  hours  for  two  daj-s,  and  then  in 
reduced  quantities.  The  sulicutaneous  employment  of 
the  infusion  has  been  recommended.  In  this  way  it  has 
been  found  that  very  small  doses  will  act  when  larger 
doses,  given  in  the  ordinary  manner,  have  failed.  The 
advantage  of  this  method  over  the  administration  by  the 
stomach  is  that  usually  the  gastro-intestinal  mucous, 
membrane  is  in  a  catarhal  and  redematous  state  and  con- 
sequentl}-  absoi-ption  is  prevented.  It  is  also  thought 
that  the  action  is  retarded  and  altered  by  the  passage  of 
the  remedy  through  the  liver.  An  infusion  of  three 
parts  of  the  leaf  in  one  hundred  of  w-ater  is  prepared,  and 
fifteen  minims  of  this  infusion  are  to  be  injected  twice 
or  three  times  a  day.  Good  results,  it  is  said,  have  fol- 
lowed this  method  of  administering  tlie  drug. 

"  Digitalis,  to  be  given  earl\-  and  in  large  doses,  has- 
been  recommended  as  a  means  of  aborting  iJneumonia. 
This  treatment  has  been  followed  by  Professor  Petresco, 
of  Bucharest,  in  a  large  number  of  cases.  He  uses  aa 
infusion  of  from  one  to  three  drachms  of  the  leaves  in 
eight  ounces  of  water,  and  gives  a  tablespoonful  every 
hour.  As  nuich  as  gr.  cxx.  of  tlie  leaves  has  been 
given  in  twenty-four  hours.  He  states  that  these  large 
doses  abort  the  pulmonary  process,  shorten  the  attac-k, 
and  hasten  convalescence.  The  temperature  in  some  in- 
stances drops  from  10.5'  to  96'  F.,  and  the  pidse  frotu 
120  to  3.5  per  minute.  He  tliinks  that  this  treatment 
would  act  almost  as  a  specific  if  it  could  be  coniiuenced 
with  the  attack.  In  no  instance  were  there  any  bad  re- 
sults, and  the  more  severe  the  attack  the  better  the  action 
of  the  large  doses.  The  good  effects  are  due  to  the  in- 
creased force  of  the  circulati(m  in  the  pulmonary  tissue 
and  the  prevention  of  .stasis  and  congestion.  This  can 
follow  only  when  large  doses  are  administered  as  early 
and  as  energetically  as  possible. 

"Professor  R.  Lepine  has  also  employed  digitalin  in 
pneumonia  with  success;  gr.  ^^  was  given  in  the  morn- 
ing and  often  gr.  ^\  or  ^'^  in  the  evening.  He  does  not 
think  that  it  has  any  specific  action,  but  finds  it  of  great 
value  in  supporting  the  action  of  a  weak  and  feeble  heart 
during  the  course  of  the  disease." 

The  following  are  the  official  preparations,  and  their 
doses: — The  powdered  leaves  are  given  in  doses  of  0.03 
to  0.2  gm.  (gr.  ss.-iij.),  and  the  fluid  extract  in  the  same- 
number  of  minims;  the  extract,  dose  0  02  toO.OG  gm.  (gr. 
i-ij.);  the  fifteen-per-cent.  tincture,  dose  0,03  to  2.0  c.c. 
(niv.  to  XXX.);  the  one-and-one-half-per-cent.  infusion,, 
dose  4  to  15  c.c.  (fl  3  i,  to  iv. ).  Jlenry  II.  Unsby. 

DIGITALIS.  iTOXICOLOGICAL  )— In  the  following 
brief  account  I  shall  use  the  term  tUfiitulis  as  signifying 
the  leaves  of  the  plant  or  its  United  States  Pharmacopoeia 
preparations. 

I  find  records  of  but  two  cases  of  criminal  poisoning 
by  digitalis:  one,  that  of  a  quack  who  caused  the  death 
of  a  boy  by  administering  seven  ounces  of  a  strong  decoc- 
tion of  digitalis ;  the  other,  the  celelirated  case  of  a  hoiuo'O- 
pathic  physician.  La  Pomerais,  who  was  convicted  of  the 
murder  of  Madame  de  Pauw  in  Paris  in  1864. 

Fatal  and  non-fatal  medicinal  poisonings  are  more  fre- 
quent ;  they  are  due  to  the  cmnulati  ve  action  of  the  drug, 
to  the  great  variations  in  the  strength  of  its  preparations, 
and  to  the  fact  that  slight  circumstances,  such  as  rising 
from  a  bed,  may  provoke  a  fatal  termination  in  persons 
who  are  under  its  influence.  For  these  reasons  it  is  im- 
possible to  name  the  minimum  lethal  dose. 

The  duration  of  fatal  cases  is  usually  several  days. 
Two  cases  are  reported  in  which  death  occurred  in  less. 
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tliaii  t wt'iity-fovir  liours,  ami  iu  one  case  death  took  pkifc 
ill  forty-tivf  niinutus. 

Symptiims. — Within  half  an  hour  after  a  toxic  dose 
lias  been  taken  tlu'ie  is  a  feeling  of  stiffness,  fatigue, 
slee|)ine.ss,  anil  pain  iu  the  head,  followed  hy  violent 
vomiting,  with  jiain  in  the  stoinaeh,  nausea,  vertigo,  and 
syncope,  the  headache  becoming  more  intense.  The 
heart  beats  rapidly  and  violently  and  a  sense  of  suffoca- 
tion is  felt.  The  pulse-  diminishes  in  frequency,  and  be- 
comes irregular  and  dillicult  to  count.  Visual  disturl)- 
ances  accompany  the  other  .symptoms:  among  them 
may  be  mentioned  dimness,  oscillation  and  inclination  of 
surriuiniliiig  objects,  and  even  culorbliudness.  The 
l)U))ils  are  usually  dilated,  especially  if  the  preparatinn 
contaiiieil  much  digito.vin.  Sometimes  there  arc  delirium 
and  ccinvidsions.  Although  the  drug  gi'iierally  acts  as 
a  diurctii',  supjiression  of  the  urine  lias  been  observed. 
Deatli  may  occur  in  coma  or  convulsions,  but  it  usually 
takes  place  suddenly  from  syncope  provoked  by  some 
slight  UKivenient. 

Thk.vt.mknt. — If  the  patient  is  seen  iu  the  early  stages 
induce  vomiting  by  huge  draughts  of  tepid  water.  In 
a  more  advanced  stage,  if  vomiting  is  jiersistent,  avoid 
giving  too  much  drink,  and  administer  ice  fragments, 
opium,  or  cocaine.  Whiskey  or  nitroglycerin  internally, 
anil  inliulalioii  of  aniyl  nitrite  are  to  be  resorted  to  for 
the  purpiise  of  checking  the  tendency  to  syncope.  It  is 
Very  important  that  the  patient  bekept  "quiet  in  bed, 
avoiding  all  moveincuts. 

Post  mortem  appearances  are  negative  in  character. 

Ditii-tlon. — 111  several  cases  the  glucosides  of  digitalis 
have  been  recovered  from  iiii.\tures  with  animal  matter 
which  had  been  undergoing  putrefaction  for  four  nionlbs. 
Digitalis  can  be  extracted  from  an  acid  aqueous  solution 
by  benzene  and  chloroform. 

The  various  substances,  digitalin,  digitoxin,  digitoniu, 
etc.,  extracled  from  digitalis  give  different  color  reac- 
tions. The  French  "digitalines,"  which  appear  to  be 
largely  digitoxin,  and  the  leaves  of  the  plant  itself  when 
extracted  liy  benzene  or  chloroform,  yield  a  substance 
which  responds  to  the  following  test : 

1.  The  substance  dissolves  in  concentrated  suljihuric 
aciil,  forming  a  green  solution,  which  turns  purple-red  on 
the  addition  of  bromine  water,  and  upon  dilution  with 
water  becomes  emerald  or  dull  green. 

"2.  Wlieu  French  '■digitalines"  or  digitoxin  are  added 
to  a  mixture  of  equal  parts  concentrated  sulphuric  acid 
and  ethylic  alcohol,  and  heated  until  the  mixture  turns 
yellow,  the  latter  will  assume  a  bluish-green  color  upon 
the  addition  of  a  drop  of  dilute  ferric  chloride  solution. 

;{.  The  ]ihysiological  reaction  should  be  tried  with 
frogs — or,  if  the  quantity  be  sufficient,  a  small  dog  may 
be  utilized,  but  not  rabbits.  When  frogs  are  useil.  the 
heart  is  exposed  and  the  solution  injected.  If  digitalis 
be  present,  the  frequency  of  the  heart  beats  wHl  be 
much  diminished.  Three  frogs  of  about  equal  size  should 
be  i^repared  for  iiurjioses  of  comparison,  one  to  receive 
an  injection  of  known  digitalis,  the  second  the  substance 
to  be  tested,  and  the  third  no  injection. 

In  dogs  digitalis  produces  vomiting,  purging,  dilata- 
tion of  the  pupils,  slowness  and  irregularity  of  the  heart's 
action,  and,  when  given  in  sufficient  quantity,  death. 
(Remniii-.)  Louis  Warner  Rir/gs. 

DI-HYDRO-RESORCIN  is  prepared  by  the  action  of 
carlioii  dioxide  and  sodium  amalgam  on  resorcin  dissolved 
in  boiling  water.  It  congeals  on  standing,  and  on  re- 
crystallization  forms  glossy  prisms.  It  is  very  soluble 
in  water,  alcohol,  or  chloroform,  and  is  recommended  as 
an  efficient  antiseptic.  IK.  ^1.  Baftedn. 

DI-IODO-BETA-NAPHTOL.  —  C,„HJ,Oj  —  XaphioU 
nristnl.  This  is  manufactured  in  the  same  way  as  aristol, 
beta-naphtol  being  substituted  for  thymol.  "  The  beta- 
naphtol  is  dissolved  in  a  solution  of  sodium  carbonate 
and  sodium  hypochlorite,  and  added  to  a  solution  of 
iodine  and  potassium  iodide.  The  resulting  precipitate 
is  a  yellowish -green  powder  without  odor  or  taste,  in-   | 


soluble  in  water,  slightly  soluble  in  alcohol  and  ether, 

and  freely  soluble  ill  chloroform.  It  is  decomposed  by 
heat  with  violet  fumes.  It  contains  (il.T)  per  cent,  of 
iodine  and  is  used  like  aristol  as  a  substitute  for  iodoform. 

W.  A.  liasledo. 

DI-IODO-CARBAZOL  (C,JI,I,:NII)  is  prepared  by 
iidiliiig  iodine  to  a  hot  solution  of  carliazol  idiphenyl- 
iiiiidc).  It  occurs  in  yellow  plates  withiuit  odor,  and"  is 
readily  soluble  in  alcoh"ol  and  cliloroform  but  not  in  water. 
It  is  used  as  an  antiseptic.  ))'.  .1,  Bastedo. 

DI-IODOFORM.—CJ,— Ethylene  tetra-iodide  or  per- 
iodidc.  Tliis  is  obtained  in  line,  bright  yellow  needles  by 
acting  with  excess  of  iodine  on  a  solution  of  acetylene 
iodide  in  carbon  bisulphide.  It  is  odorless,  insolulile  in 
water,  very  slightly  soluble  in  alcohol  and  ether,  and 
readily  so  in  chloroform  or  benzol.  It  contains  a  very 
large  "amount  of  iodine  (9.").2«  jier  cent.),  part  of  which  is 
set  free  on  exposure  to  light,  giving  a  characteristic  odor 
and  color  to  the  drug.  It  is  a  succcdaneum  for  iodoform, 
which  contains  96.54  per  cent,  of  iodine. 

ir.  .1.  Bastedo. 

DI-IODO-SALICYLIC    ACID.— (C„HJ,,OII,COOII)  is- 

a  while  crystalline  powder  of  sweet  taste  iircpared  from 
.salicylic  acid  by  the  action  of  iodine  and  iodic  acid.  It 
is  almost  in.soluble  in  cold  water,  slightly  soluble  in  hot 
water,  and  very  soluble  in  alcohol  and  ether;  its  salts  are 
.soluble  in  water.  U.seil  in  the  same  way  as  the  salicv- 
lates.  this  acid  and  its  sodium  salt  act  as  analgesics  and 
anti])yretics,  especially  in  rheiimatic  conditions.  The 
dose  is 0.5-1  gm.  (gr.  viij.-xv.)  three  or  four  times  a  dav. 

ir.  A.  Bastedo.' 

Dl  -  lODO-SALOL.  —  CeHJ^.OH.COOC.Hs  — Di-iodo- 

jihenyl  ^alil  ylate.  This  salt  is  obtained  by  the  action  of 
iodine  on  salol  in  alcoholic  solution.  It  occurs  in  acicu- 
lar  crystals  which  are  colorless,  odorless,  tasteless,  and 
soluble  in  alcohol.  It  contains  sixty-five  per  cent,  of 
iodine  and  externally  is  used  to  replace  iodoform.  In- 
ternally it  is  said  to  "he  an  efficient  intestinal  antiseptic, 
and  is  used  for  the  same  purpose  and  iu  the  same  dose  as 
salol.  ir,  ^-1.  Bastedo. 

DILL  OR  DILL  FRUIT.— .4hcMi//».  "Dill-seed".  The 
fruit  of  Aitetlium  f/ranoleiis  L.  (fam.  UiiiheUifenf).  a  Euro- 
pean annual,  with  a  slender,  low,  branching  stem  and 
dissected  leaves,  and  with  flowers  and  fruits  in  compound 
non-involucrate  umbels.  Dill  is  raised  in  gardens  as  a 
household  aromatic,  and  is  otheial  in  Great  Britain  as  the 
source  of  Aqua  Anethi  and  OU'inn  Anillii  of  that  Phar- 
macopa?ia.  The  description  of  its  fruit  is  as  follows: 
"Broadly  oval,  about  one-sixth  of  an  inch  long,  flat,  and 
surrounded  by  a  broad  membranous  border.  It  has  a 
brown  color,  the  membranous  border  being  paler.  The 
half  fruits,  or  mericarps,  are  usually  distint-t  in  the  fruits 
of  commerce.     Odor  and  taste  agreeably  aromatic." 

Dill  contains  an  agreeable  essential  oil,  composed  of  a 
hydrocarbon  and  carvol  (Nietzki).  Its  action  and  use 
are  exactly  those  of  anise,  caraway,  and  the  other  um- 
belliferous carminatives,  from  which  it  differs  only  very 
slightly  in  taste  and  odor,  ]\'.  P.  BitUes. 

Dl  -  METHYL  -  ACETAL.  —  CHsCIhOCII,);  —  Ethyl- 
idcne-di-mcthyl  ether.  This  is  a  colorless,  iiitlanimable, 
ethereal  liquid  prepared  by  acting  on  methyl  alcohol 
with  glacial  acetic  acid  and  aldehvde.  Its  specific  grav- 
ity is  O.SGT,  it  boils  at  62.7  to  64=  "C.  (145  -147.2  F.).  and 
is  a  local  auitsthetic.  Mixed  with  half  its  volume  of 
chloroform  it  has  been  used  as  a  general  ana'Sthetic.  but 
clinical  reports  are  wanting.  11'.  A.  Bastedo. 

DI-OXYNAPHTHALENE.— C,„H.(OII),— Hydro-naph- 
Iho-quinone.  The  alpha  and  beta  modifications  of  this 
chemical  in  amounts  up  to  0.2  gm.  (gr.  iij.jaday  have 
been  found  by  Lepine  to  act  as  powerful  tonics  increas- 


470 


Slplillicria. 
Slpbtberia. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


ing  muscular  euergy.  In  overdose  they  cavise  in  clogs 
and  guinea-pigs  convulsions,  reduction  of  the  hfemoglobin, 
anil  Ijlackish  urine.  TK  A.  Bnatedo. 

DIPHTHERIA. — History. — The  specific  contagious 
disease  whicli  we  now  call  diphtheria,  and.  therefore, 
according  to  our  present  belief,  the  Ijacilli  wliich  cause 
it.  can  be  traced  back  to  almost  the  Homeric  period  of 
Grecian  historj'.  The  Greeks  believed  that  it  had  been 
communicated  to  their  countr}'  from  Egj-pt.  The  de- 
scription of  the  pharyngeal  and  laryngeal  manifestations 
of  this  disease  left  by  Areta'us  leaves  no  doubt  that  it 
was  of  diphtheria  that  he  wrote.  Galen,  in  bis  remarks 
on  the  Chironian  ulcer,  tells  us  tliat  the  pseudo-membrane 
was  gotten  rid  of  b}^  coughing  in  the  hu'yngeal  form  of 
the  disease,  and  by  hawking  in  the  pharyngeal  type. 
From  time  to  time  during  the  next  one  thousand  years 
we  hear  of  epidemics  both  in  Italy  and  in  other  portions 
■of  the  civilized  world.  In  1517  we  read  of  a  malignant 
form  of  the  disease  raging  in  Switzerland,  along  the 
Rhine,  and  in  the  Netherlands.  The  disease  now  crossed 
to  America,  and  in  the  New  England  States  we  get  clear 
accounts  of  its  ravages.  Thus,  Samuel  Danforth,  in 
16.59,  lost  four  of  his  eleven  children  within  a  fortnight 
by  a  "  malady  of  the  bladders  in  the  windpipe. "  In  1765, 
Home,  a  Scotchman,  tried  to  show  that  ''croup"  and 
pharyngeal  diphtheria  were  different  diseases,  or,  in  bac- 
teriological terms,  due  to  different  micro-organisms,  and 
this  subject  remained  under  controversy  until  it  was 
reeentl_v  settled  that  while  most  cases  were  undoubtedly 
true  diphtheria,  a  few  were  not. 

Bard,  an  American,  supported,  in  1771,  the  opposite 
theory  from  Home,  considering  the  process  the  same 
wherever  located.  In  this  ground  he  was  much  nearer 
to  the  facts  than  Home.  His  observations  upon  diphtheria 
were  verj'  importiint  and  accurate. 

In  1821,  Bretonneau  published  his- first  essaj'' on  diph- 
tlicria  in  Paris  and  gave  to  the  disease  its  present  name. 
His  observations  were  so  extensive  and  so  correct  that 
little  advance  in  knowledge  took  place  until  the  causal 
relations  of  the  diphtheria  bacilli  and  tlieir  associated 
micro-organisms  to  the  disease  began  to  be  recognized. 
Since  then  the  combined  clinical,  bacteriologiciil,  and 
pathological  studies  have  sufficed  to  make  diphtheria  one 
of  the  best  understood  of  diseases. 

B-VCTERiOLOGY.^yV/c  liaHllus  of  Diphtheria. — In  the 
year  1.S83  bacilli  which  were  very  peculiar  and  striking 
in  appearance  were  shown  b\'  Klebs  to  be  of  constant 
occurrence  in  the  pseudo-membranes  from  the  throats  of 
those  dying  of  true  epidemic  di]ihtheria.  One  year  later, 
Loffler"  published  the  results  of  a  very  thorough  and 
extensive  series  of  investigations  on  this  subject.  He 
found  the  bacillus  described  by  Klebs  in  many  cases  of 
throat  inflammations  which  had  been  diagnosricated  as 
diphtheria.  When  he  inoculated  the  bacilli  upon  the 
abraded  mucous  membrane  of  susceptible  animals,  more 
or  less  characteristic  iiseudo-nn'mberraues  we  produced, 
and  frequently  death  or  paralysis  followed,  with  charac- 
teristic lesions. 

All  the  conditions  have  since  then  been  fulfilled  for 
dii^Utheria  which  are  necessary  to  the  most  rigid  proof  of 
the  dependence  of  an  infective  disease  upon  a  given  micro- 
organism— viz. .  the  constant  presence  of  this  organism  in 
the  lesions  of  the  disease,  the  isolation  of  the  organism  in 
pure  cidture,  the  reproduction  of  the  essential  lesions  of 
the  disease  in  animals  and  in  man  by  inoculation  with 
pure  cultures,  the  failure  to  produce  all  the  characteristic 
lesions  of  this  disease  by  any  otlier  bacteria,  and  the  ad- 
ditional proof  of  the  immunizing  value  of  the  specific 
substances  developed  in  animals  subjected  to  injections 
of  diphtheria  toxin.  In  view  of  these  facts  we  are  now 
justified  in  saying  that  the  name  diphtheria,  or  at  least 
primary  diphtheria,  should  be  applied,  and  exclusively 
applied,  to  that  acute  infectious  disease  usually  associated 
with  pseudo-membranous  affection  of  the  mucous  mem- 
branes which  is  primarily  caused  by  the  Bacillus  diph- 
therise  of  Loffler.  Other  bacteria  do,  indeed,  occasionally 
produce  local  lesions  which  simulate  in  one  way  or  an- 


other those  caused  by  the  diphtheria  bacillus,  but  none 
of  them  ever  produce  lesions  similar  in  their  totality  to 
those  of  a  characteristic  case  of  diphtheria.  As  the  diph- 
theria bacilli  have  been  quite  fully  described  in  Vol.  I., 
p.  694,  onlv  those  points  will  be  given  here  which  need  to 
be  more  fully  stated,  on  account  of  their  important  rela- 
tions to  diagnosis  and  treatment. 

The  Klebs-Loffler  bacilli  stain  readily  with  ordinary 
aniline  dyes,  and  retain  fairly  well  their  color  after  stain- 
ing by  Gram's  method.  Allien  Loffler's  alkaline  solution 
of  methylene  blue  is  applied  cold  for  five  minutes  or 
warm  for  one  minute  the  bacilli  from  blood-serum  cul- 
tures especially,  anil  from  other  media  less  constantly, 
stain  in  an  irregular  and  extremeh'  characteristic  way. 
Many  of  the  Ijacilli  do  not  stain  uniformlj'.  In  many 
cultures  round  or  oval  bodies  situated  at  the  ends  or  in 
the  central  portions  stain  much  more  intenseh'  than  the 
rest  of  the  bacillus.  These  bodies  have  been  shown  by 
Williams  to  bear  much  the  same  relations  to  the  bacilli 
as  nuclei  do  to  cells.  In  old  cultures  the  bacilli  stain 
poorly  and  not  at  all  in  a  characteristic  way.  The  same 
round  oroval  bodies  which  take  the  methylene  blue  more 
intensely  than  the  remainder  of  the  bacillus  are  brought 
out  still  more  distinctlv  bv  the  Neisser  stain.  (See  Vol. 
I.,  Plate  X..  Fig.  4,  and  page  695.) 

The  Neisser  .stain  has  been  advocated  in  order  to  sepa- 
rate the  virulent  from  the  non-virulent  bacilli  without 
the  delay  of  inoculating  animals;  but  in  our  hands,  with 
a  very  large  experience,  neither  the  Neisser  stain  nor  any 
other  stain  is  capable  of  doing  this,  and  none  appear  to 
me  to  give  any  more  information  as  to  the  virulence  of 
the  bacilli  than  the  usual  niethylene-blue  solution  of 
Loffler.  A  small  percentage  of  virulent  bacilli  fail  to 
take  the  Neisser  stain,  and  quite  a  few  non-virulent 
pseudo-diphtheria  bacilli  show  the  dark  bodies.  In  New 
York  there  are  also  a  large  number  of  bacilli  which  seem 
to  have  all  the  staining  and  cultural  characteristics  of  the 
virulent  bacilli,  and  3-et  are  non-virulent  in  the  sense  that 
they  produce  no  specific  toxin.  The  Neisser  stain  will 
undoubtedly  cause  the  examiner  to  suspect  more  strongly 
some  bacilli  of  being  virulent  than  the  Loffler  stain,  but 
with  the  varieties  met  with  in  New  York  this  suspicion 
is  as  apt  to  be  wrong  as  right.  Nothing  bxit  the  animal 
inoculations  with  control  injections  of  antitoxin  will 
separate  specifically  virulent  froiu  non-virulent  bacilli. 

Biology. — The  Klebs-Liiffler  bacillus  does  not  form 
spores.  Its  thermal  death  point  with  ten  minutes'  ex- 
posure is  about  .58°  C. .  and  with  longer  exposure  a  lower 
temperature :  it  is  more  easily  destroyed  by  disinfectants 
than  are  many  other  bacteria.  In  the  drj^  stale  and  ex- 
posed to  diffuse  light  diphtheria  bacilli  usually  die  in  a 
few  days  but  occasional!}'  may  live  for  weeks  or  months; 
when  in  the  dark,  or  protected  by  a  film  of  mucus  or  al- 
bumin, they  may  live  for  even  longer  periods.  The 
bacillus  is  not  sensitive  to  cold,  for  I  found  it  to  retain 
its  virulence  after  exposure  for  two  hours  to  several 
hundred  degrees  below  zero.  It  begins  to  develop,  but 
grows  slowly,  at  a  temperature  of  20°  C,  or  even  less. 
It  grows  more  rapidly  as  the  temperature  rises,  and  at- 
tains its  maximum  development  at  37°  C. 

The  growth  of  the  diphtheria  liacillus  upon  agar  pre- 
sents certain  peculiarities  which  are  of  practical  impor- 
tance in  connection  with  cultures  for  diagnosis.  If  a  large 
number  of  the  bacilli  from  a  recent  culture  are  imjilanted 
npon  a  properly  prepared  agar  plate,  a  certain  and  fairly 
vigorotis  growth  will  always  take  place.  If,  however, 
the  agar  is  inoculated  with  an  exudate  from  the  throat 
whicii  contains  but  few  bacilli,  no  growth  wliatever  may 
occur,  while  the  tubes  of  coagulated  blood  serum  inocu- 
lated with  the  same  exudate  contain  the  bacilli  abun- 
dantly. Because  of  the  tmcertainty,  therefore,  agar  is  a 
far  less  reliable  medium  than  blood  serum  for  use  in  pri- 
mary cultures  for  diagnostic  purposes. 

Cirowth.  in  Axriticy  Bouillon :  Diphtheria  bacilli  can 
almost  be  divided  into  two  great  groups:  one  growing 
readilv  in  bouillon,  while  the  other  scarcely  grows  at  all 
when  "first  removed  from  the  throat.  All  varieties,  how- 
ever, develop  luxuriantly  when  to  the  bouillon  twenty- 
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fivp  jicr  cent,  ascitic  fliiifl  or  blond  serum  is  adtlcd. 
Lately  this  fact  lias  been  made  use  of  with  jrrcat  success 
in  jrettiiiir  jiiire  cultures  of  di|ilitheria  bacilli  from  throat 
cullun's  wlicn  virulence  tests  are  desireil.  The  ascitic 
bouillon  is  inoculated  with  the  mixed  bacteria  from  llie 
original  cnllurc  from  the  throat:  after  twenty-four  or 
forty  eiirlit  hours  a  liellicle  will  develop  if  any  dijihtheria 
bacilli  were  jiresent  in  the  material  inoculated.  This 
pellicle  will  be  found  to  bo  composed  idmost  wholly  of 
diplitlieria  bacilli.  Plate  cultures  are  then  made  and  the 
bacilli  readily  isolated. 

(iv'irth  ill  Milk:  The  diphtheria  bacillus  crows  readily 
in  milk,  bevduniiii;  to  develo|i  at  a  comparatively  low 
temperature  r'll  CV  Thus  milk  liavini;  become  inocu- 
lated with  tlic  bacillus  from  some  cases  of  diplitlieria  may 
under  certain  conditions  be  tlii>  means  of  conveyinsr  infec- 
tion to  previously  healthy  persons.  Thouiih  this  jrrowtli 
lakes  place,  the  milk  remains  unchanged  in  appear- 
ance. 

Piitlmienesis. — The  diphtheria  bacillus  is  pathogenic 
for  jruinca-pijrs.  nibbils.  chickens.  ))i;.'eons.  small  birds, 
and  cats;  also  in  a  lesser  decree  for  doirs.  jroats.  cattle. 
and  horses,  but  hardly  at  all  for  rats  and  mice.  Li  spite 
of  its  pathogenic  (pialities  for  these  animals  true  diph- 
theria occtirs  in  them  with  extreme  rarity.  I  have  met 
with  one  cat  which  had  typical  diphtheria  and  from  which 
the  dililitheria  bacilli  were  isolated  and  proved  virulent. 
As  a  rule,  supposed  diphtheritic  inllammations  in  them 
are  due  to  other  bacteria  which  cannot  produce  the  dis- 
<;a.se  in  man. 

The  virulence  of  diphtheria  bacilli  fnmi  dilTerent 
aoiirces.  as  measured  by  their  toxin  ])roduction.  may  vary 
enormously.  Tims  0.1)03  c.c.  of  a  forty-hour  bouillon 
culture  of  one  bacillus  will  kill  a  fruinea  jiig.  while  it 
would  require  1  c.c.  of  the  culture  of  another  bacillus  to 
kill.  From  well-marked  cases  in  New  York,  however. 
the  bacilli  have  as  a  rule  about  the  sjime  virulence,  nor 
<lid  they  lose  in  virulence  to  any  great  extent  when  tliey 
persisted  in  the  throat  secretions  after  convalescence. 
The  same  marke<l  variation  occurs  in  the  amount  of 
to.xin  produced  by  dilTerent  bacilli  in  their  growth 
in  media  outside  of  the  body.  There  are  also  bacilli 
which  produce  no  specific  toxin  whatever  and  yet 
appear  to  have  all  the  other  characteristics  of  virulent 
bacilli. 

Diphtherin  Tortii. — It  is  evident  that  a  micro-organism 
which,  when  injected  snbcutaueously.  destroys  the  life 
of  susceptible  animals  and  produces  such  marked  ana- 
tomical changes  in  the  internal  organs,  while  it  is  found 
only  at  or  near  the  point  of  inoculation,  must  owe  its 
pathogenic  power  to  the  formation  of  a  poison  which, 
lieing  absorlied,  gives  rise  to  tox;emia  and  death.  This 
poison  or  tarin  has  been  partially  isolated  by  Roux  and 
Yersin.  and  others,  by  filtration  through  porous  porcelain 
from  cultures  of  the  living  bacilli.  It  has  not  3'et  been 
successfully  analyzed,  so  that  its  chemical  composition 
is  unknown,  but  it  has  many  of  the  properties  of  proteid 
substances,  and  can  well  be  designated  by  the  term  active 
proteid. 

yon-Vinileiit  Diji/itlieriit  BticHU. — In  the  very  large 
uuinber  of  tests  for  virulence  of  the  bacilli  obtained  from 
hundreds  of  cases  of  suspected  diphtheria  which  have 
been  carried  out  during  the  jiast  six  years  in  the  labora- 
tories of  the  Health  Department  of  Xew  York  City,  in 
over  ninety-five  per  cent,  of  cases  the  bacilli  derived  from 
exudates  or  pseudo-membranes  and  possessing  the  char- 
acteristics of  the  Loftier  baiilli  have  been  found  to  be 
virulent,  that  is.  producers  of  diphtheria  toxin.  But  there 
are,  however,  in  intlanied  throats  as  well  as  in  healthy 
throats,  eitheralone  or  associateil  with  the  virulent  bacilli, 
occasionally  bacilli,  whicli,  though  niorphologieally  and 
in  their  liehavior  on  culture  luedia  identical  with  the 
Klebs-Loffler  liacillus,  are  yet  producers,  at  least  in  arti- 
ficial culture  media  and  the  usual  test  animals,  of  no  ap- 
preciable diphtheria  toxin  Between  bacilli  which  produce 
a  great  deal  of  toxin  and  those  which  apparently  pro<luce 
Done  we  find  all  grades  of  virulence.  So  far  as  we  know, 
bacilli  which  produce  no  specific  to.xin  have  never  later 
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been  found  to  devehip  it.  Bacilli  arc  also  foun<l  which 
resemble  diiditheria  bacilli  very  closely  (except  in  toxin 
liroduction).  but  dilTer  in  one  or  more  particulars.  Both 
these  and  tliecliaracterisiic  non-virulent  bacilli  are  found 
occasionally  upim  all  the  mucous  membranes,  both  when 
inllamed  and  when  apparently  normal. 

Virulent  bacilli  produce  and  are  found  not  only  in 
pseiido  inembninous  intlammations  of  the  fauces,  larynx, 
and  nasal  cavities,  but  also  occasionally  in  membranous 
aircctions  of  the  skin,  vagina,  rectum,  conjunctiva,  no.se, 
and  ear  (simple  membranous  rhinitis  ainl  otitis  media). 
From  the  severity  of  an  isolated  case  the  vinilene<-  of  the 
bacilli  cannot  be  determined.     The  most  viiulenl  bacillus 

1  have  ever  found  was  obtained  from  a  mild  case  of  diph- 
theria simulating  tonsillitis.  Another  case,  however,  in- 
fecti'd  by  this  iiacillus  proved  to  be  very  severe.  In 
localized  epidemics  the  average  severity  of  the  cases 
luobably  indicates  roughly  the  vindence  of  the  bacillus 
causing  the  infection,  as  here  the  individual  susee]itibility 
of  the  dilferent  persons  infected  wtiuld.  in  all  likelihood, 
when  taken  together,  be  similar  to  that  of  other  groups; 
but  even  in  this  instance  special  conditions  of  climate, 
food,  race,  or  concurrent  infections  may  infiueiice  certaii. 
localities.  Moreover,  the  bacteria  associated  with  the 
diphtheria  bacilli,  and  which  are  liable  to  be  transmitted 
with  them,  may  iiifiuencc  the  severity  of  and  the  com- 
plications arising  in  the  cases. 

Vinihiit  BiiriUi  ill  Hiidlliji  Tlifoiitit. — Fully  virulent 
bacilli  have  frequently  been  found  in  healthy  throats  of 
persons  who  have  been  brought  in  direct  contact  with 
diphtheria  patients  or  infected  clothing  without  cnntract- 
ing  the  disease.  It  is  therefore  apparent  that  infection 
in  diphtheria,  as  in  other  infectious  disca.ses.  requires  not 
only  the  presence  of  virulent  bacilli,  but  also  a  suscep- 
tiliility  to  the  disease,  which  may  be  inherited  or  acquired. 
Among  the  predisposing  inlluences  which  contribute  to 
the  production  nf  diplilherilic  infection  may  lie  men- 
tioned the  breathing  of  foul  air  and  living  in  overcrowded 
and  ill-ventilated  rooms,  poor  food,  certain  diseases,  more 
particularly  catarrhal  infiammations  of  the  mucous 
membranes,  and  depressing  conditions  generally.  Under 
these  conditions  an  infected  mucoiis  membrane  may  be- 
come susceptible  to  disease.  In  connection  with  Beebe 
(1S94)  I  made  an  examination  of  the  throats  of  330  healthy 
persons  who  had  not  come  in  contact,  so  far  as  known, 
with  diphtheria,  and  we  found  virulent  bacilli  in  8  only, 

2  of  whom  later  developed  the  disease.  In  24  of  the  330 
healthy  throats  uon-virulcnt  liacilli  or  attenuated  forms 
of  the  diphtheria  bacillus  were  found.  Very  siiuilar  ob- 
servations have  been  made  by  others  in  many-  widely 
separated  countries. 

Tlie  Persi.itfiire  of  Diphtheria  Bacilli  in  the  Throat. — 
The  continued  presence  of  virulent  diphtheria  bacilli  in 
the  throats  of  patients  who  have  recovered  from  the  dis- 
ease, and  after  the  disappearance  of  the  exudate,  lias 
been  repeatedly  demonstrated.  Beebe  and  I  found  that 
in  304  of  605  consecutive  cases  the  bacilli  disappeared 
within  three  days  after  the  disappearance  of  the  pseudo- 
membrane;  in  176  cases  they  persisted  for  seven  days,  in 
64  cases  for  twelve  davs.  in  3(j  cases  for  fifteen  days,  in 
12  cases  for  three  weeks,  in  4  cases  for  four  weeks,  and 
in  3  cases  for  nine  weeks.  Since  then  I  have  met  with  a 
case  in  which  they  persisted  for  six  months. 

}[i.red  Infection  in  Biplithcria. — Virulent  diiihtlieria 
bacilli,  however,  are  not  the  only  bacteria  present  in  hu- 
man diphtheria.  Various  cocci,  more  particularly  strep- 
tococci, staphylococci,  and  pneiimococci.  are  almost  al- 
ways found  associated  with  Loftier  bacilli  in  diphtheria, 
playing  an  imiiortant  ]iart  in  the  disea.se  and  leading  often 
to  serious  complications  (sepsis  and  bronchopneumonia). 
Inileed.  the  prognosis  in  a  case  of  diphtheria  is  now 
judged  to  be  graver,  other  thiiiss  being  e<)ual.  according 
to  the  degree  in  which  other  pathogenic  bacteria  influ- 
ence the  course  of  the  disease.  These  cases  of  so-called 
mixed  infection  in  diphtheria  have  within  recent  years 
attracted  considerable  attention,  and  have  been  the  sub- 
ject of  a  number  of  animal  experiments.  Though  the 
results  of  these  investigations  so  far  have  been  somewhat 
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indefinite,  the}'  would  seem  to  indicate  tliat  wlien  otlier 
■bacteria  are  associated  witli  tlie  diplitberia  bacilli  tlie_y 
mutually  assist  one  another  in  their  attacks  upon  the 
mucous  membrane,  the  streptococcus  being  particularly- 
active  in  this  respect,  often  opening  the  way  for  the  in- 
vasion of  the  Loftier  bacillus  into  the  deeper  tissues  or 
supplying  needed  conditions  for  the  development  of  its 
toxin."  Thus  diphtheria  is  not  always  a  primary,  but 
often  a  secondary  disease,  following  some  other  infection, 
as  measles  or  scarlet  fever.  In  most  fatal  cases  of  bron- 
cho-pneumonia following  laryngeal  diphtheria  we  find 
not  only  abundant  pneumococci  or  streptococci  in  the  in- 
flamed lung  areas,  but  also  in  the  blood  and  tissues  of 
the  organs.  As  these  septic  infections  due  to  the  Jiyo- 
geuic  cocci  are  in  no  way  iutluenced  by  the  diphtheria 
antitoxin,  they  frequently  are  the  cause  of  the  fatal 
termination.  Other  bacteria  cause  putrefactive  changes 
in  the  exudate,  producing  alterations  in  color  and  offen- 
sive odoi'S. 

Piteiiclo-memiranow  Meudatire  Inflammations  dxte  tn  Bac- 
teriii  other  ilmn  the  Diphtlieiia  Bacilli. — The  diphtheria 
bacillus,  though  the  most  usual,  is  not  the  only  micro- 
organism that  is  capable  of  produeiug  pseudo-mem- 
branous inliammations.  There  are  numerous  bacteria 
present  almost  constantly  iu  the  throat  secretions  which, 
under  certain  conditions,  can  cause  local  lesions  very 
similar  to  those  iu  the  less  marked  cases  of  true  diph- 
theria. The  streptococcus  and  pneumococcus  are  the  two 
forms  most  frequently  found  in  these  cases,  but  there  are 
also  others  which,  imder  suitable  conditions,  take  an  ac- 
tive part  in  producing  this  form  of  iuHamniation.  Some 
of  these  bacteria  do  not  develoj>  on  artificial  media,  so 
tliat  we  know  little  of  their  characteristics.  Among 
these  is  a  long,  slender  bacillus  which  is  occasionally 
fo\md  in  great  abundance  in  the  middle  layers  of  pseu- 
do-membranes when  the  diphtheria  bacillus  is  absent. 
This,  or  one  similar  to  il,  has  been  described  by  Vincent.* 
It  does  not  grow  on  artificial  media  and  is  not  pathogenic 
in  animals.  Fn)m  its  presence  in  the  false  membrane  of 
a  number  of  cases,  it  is  believed  to  have  some  causal 
relation  to  them. 

These  cases  show  most  of  the  local  appearances  of  true 
diphtheria:  the  superficial  necrosis  of  the  epithelium,  the 
membrane,  and  the  glandular  swelUngs.  The  pseudo- 
membranes  may  persist  for  from  one  to  two  weeks,  or 
even,  in  exceptional  cases,  longer.  This  bacillus  is  ap- 
parently frequently  present  in  the  normal  thioat,  and  is 
probably  only  under  certain  favoring  conditions,  such 
as  syphilis,  able  to  ju'oduce  lesions.  Nerve  degeneration 
and  jmralysis  do  not  follow  an  attack. 

The  pseudo-membranous  angina  accompanying  scarlet 
fever,  and  to  a  less  extent  other  diseases,  may  show  the 
presence  not  of  diphtheria  bacilli,  but  only  of  the  pyogenic 
cocci,  especially  streptococi.  or.  more  rarely,  some  varie- 
ties of  little  loiown  bacilli.  The  deposit  covering  the 
inflamed  tissue  in  these  non-specific  cases  is.  it  is  true. 
usually  but  not  always,  rather  an  exudate  than  a  true 
pseudo-membrane.  The  majority  of  these  cases,  how- 
ever, are  mild  affections,  being  of  importance  only  iu 
adding  to  the  severity  of  the  disease  which  they  compli- 
cate. An  exception  should  be  made  when  the  larynx  is 
affected,  as  here  the  lungs  are  often  secondarily  involved. 
The  bacteria  which  occur  in  false  diphtheria  ;ire  strepto- 
cocci, staphylococci,  diplococci.  and  sometimes  pseudo- 
diphtheria  bacilli  or  bacilli  which  are  morphologically 
and  culturally  distinct  from  the  Lijffler  baciUi.  These 
will  be  referred  to  further  under  their  respective  organ- 
isms. 

The  Transmission  of  Diphtheria. — The  possibility  of 
the  transmission  of  diphtheria  from  animals  to  mau  can- 
not be  disputed,  for  cats  and  many  animals  can  be  in- 
fected, but.  so  far  as  I  know,  there  are  no  authentic  cases 
of  such  transmission  on  record.  So-called  diphtheritic 
disease  iu  animals  and  birds  is  usually  due  to  other  micro- 
organisms than  the  diphtheria  bacilli.  Diphtheritic  in- 
fection, however,  can  generally  be  traced,  directly  or 

*  Annates  de  I'Institut  Pasteur,  August,  1S99. 


indirectl_v,  to  its  source:  though  there  are  undoubtedly 
some  cases  of  diphtheria  in  which  we  cannot  determine 
the  source  of  the  infection,  for  we  have  no  reason  to  be- 
lieve that  diphtheria  is  ever  spontaneous. 

Let  us  consider  some  of  the  means  by  which  the  disease 
may  be  communicated.  In  actual  experiment  the  bacilli 
have  been  observed  to  remain  virulent  in  bits  of  dried 
membrane  by  Loffler  for  fourteen  weeks,  by  us  for  seven- 
teen weeks,  and  by  Roux  and  Yersin  for  twenty  weeks. 
Dried  on  silk  threads  Abel  reports  that  they  may  some- 
times li\e  one  hundred  and  seventy-two  days,  and  upon- 
a  child's  plaything  which  had  lieen  kejit  iu  a  dark  place 
they  lived  for  five  months.  The  virulent  bacilli  have 
been  found  on  soiled  bedding  or  clothing  of  a  diphtheria 
patient,  on  drinking-cups,  shoes,  hair,  slate  pencils,  etc. 
Beside  these  sources  of  infection  by  wliich  the  disease 
may  be  indirectly  transmitted,  virulent  bacilli  may  be 
directly  received  from  the  pseudo-membrane,  exudate,  or 
discharges  of  diphtheria  patients:  from  the  secretions  of 
the  nose  and  tlu'oat  of  convalescent  cases  of  diphtheria 
in  which  the  virulent  bacilli  persist :  and  from  the  healthy 
throats  of  individuals  who  acquired  the  bacilli  from  being 
iu  contact  with  others  having  virulent  germs  on  their 
persons  or  clothing.  In  such  cases  the  bacilli  may  some- 
times live  and  develop  for  days  or  weeks  in  the  throat 
without  causing  any  lesion.  When  we  consider  that  it 
is  only  the  severe  types  of  diphtheria  that  remain  isolated 
during  their  actual  illuess,  the  wonder  is  not  that  so 
many,  but  that  so  few,  persons  contract  the  disease.  It 
iudicates  that  very  frequently  virulent  bacilli  ai'e  received 
into  the  mouth,  and  then  either  find  no  conditions  there 
suitable  for  their  growth  or  are  swept  away  by  food  or 
drink  before  they  could  effect  a  lodgment. 

Suscejitibililj/  tuatal  Iiiiniiinili/against  Diphtheria. — An 
individual  susceptibility,  both  general  and  local,  to  diph- 
theria, as  iu  all  infectious  diseases,  is  necessary  for  the 
contraction  of  this  disease.  jMoreover,  the  diphtheria 
poison  does  not  produce  the  same  effect  on  the  nnicous 
meml.iranes  of  all  ]iersons.  Age  has  long  been  recognized 
to  be  an  important  factor  in  diphtheria.  Children  within 
the  first  .six  months  of  life  are  but  little  susceptible,  the 
greatest  degree  of  susceptibility  being  between  the  third 
and  the  tenth  j-ears,  while  adults  are  almost  immune. 
Am  inherited  susceptibility  or  "family  predisposition"  to 
the  disease  has  also  been  observetl. 

Long  before  tlie  discovery  of  the  Klebs-Loffler  ba(illu<; 
it  was  a  well-known  fact  that  two  attacks  of  diphtlieria 
seldom  occurred  in  the  same  individual  within  short 
periods  of  time,  and  none  of  ns  would  fear  to  leave  a 
convalescent  case  in  the  same  room  with  one  still  suffer- 
ing from  the  disease.  To  what  this  natural  susceptibil- 
ity or  inununity  is  due  is  still  only  partially  understood, 
but,  as  the  result  of  animal  experiments,  it  is  now  Itnown 
that  an  artificial  immunitj-  against  diphtheria  cau  be 
])roduced,  at  least  for  a  considei'able  length  of  time,  by 
the  development  of  substances  directly  antidotal  to  the 
diphtheria  toxin.  By  the  inoculation  of  virulent  or  some- 
what attenuated  cultures  or  of  diphtheria  toxin.  Fraenkel, 
Behring.  Wernicke.  Aronson,  Roux.  and  since  tlien  many 
others."  have  succeeded  in  immuniziug  animals:  lint  the 
most  important  and  valuable  results  are  those  which  have 
been  obtained  by  Behring.  in  conjvmction  witli  others, 
who  showed  that  the  blood  of  immune  animals  contains 
a  substance  which  neutralizes  the  diphtheria  toxin.  The 
blood  serum  of  persons  who  have  recovered  from  diph- 
theria has  been  found  also  to  possess  this  protective  prop- 
erty, which  it  acquires  about  a  week  after  the  beginning 
of  the  disease,  and  loses  again  iu  a  few  weeks  or  months. 
Moreover,  the  blood  serum  of  many  individuals,  usually 
adults,  who  have  never  had  diphtheria  often  has  a  sliglit 
general  antitoxic  property. 

Antitorin  Serum. — The  knowledge  derived  from  these 
remarkable  investigations  into  the  protective  powers  of 
the  blood  serum  of  immunized  animals  has  been  employed 
with  the  most  brilliant  results  for  the  prevention  and 
early  treatment  of  diphtheria  in  man.  For  the  methods 
employed  to  obtain  diphtheria  antitoxic  serum  see  Vol. 
I.,  page  698. 
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Pathology. — Location  of  BncilU  in  the  ^fetnlml ne .* — 
We  have  never  found  the  iliplitluria  bacilli  growing  in 
the  living  tissue,  or  in  eonncetioii  with  those  degenera- 
tive lesions  in  the  epitheliuin  which  can  be  regarded  as 
the  primary  lesions  of  the  <liseasc.  They  were  found  in 
the  necrotic  tissue  and  in  the  (xudation.  usually  only  in 
the  latter.  In  a  very  few  ca.ses  the  l)aeilli  were  found 
enclosed  in  ]ius  and  in  necrotic  epithelial  cells.  They 
were  lu'arly  always  found  in  clumps  and  masses.  The 
mas.ses  found  ileep  down  in  the  membrane  probably  do 
not  represent  a  downward  growth  in  this,  but  have  been 
covered  u))  by  a  further  formation  of  membrane  on  the 
surface.  The  diphtheria  bacillus  shows  in  its  growth  an 
allinity  for  solid  structures,  and  is  found  rather  on  the 
reticulum  than  in  the  spaces  between, 

I'sually  other  organisms,  ]iarliculaily  the  jiyogenic 
cocci,  are  found a.ssociatcd  w-itli  it.  though  imt  intimately. 
The  mendirjine  and  necrotic  tissue  may  also  be  invaded 
by  fungi, 

ihmbrtine  Formation. — This  is  due  to  a  combination  of 
processes.  It  seems  probable  that  the  tiist  step  in  its 
lu'oduction  isdegeneration  and  necrosis  of  lliecpilhcliuin, 
often  preceded  by  active  proliferation  of  thciuiclci  of  the 
cells  by  direct  division.  The  cells  may  either  break  up 
into  detritus,  with  fragincnialion  of  the  nuclei,  or  they 
may  become  changed  into  refractive  hyaline  masses.  An 
intlanunatory  exudation  rich  in  fibrin  factors  comes  from 
the  tissue  below,  and  fibrin  is  formed  when  this  comes  in 
contact  with  the  necrotic  epithelium.  The  fibrin  in  part 
is  formed  into  a  reticulum  around  exudation  cells  and 
degenerated  e]>itheliuni,  in  part  it  combines  witli  the 
hyaline  degenerated  cells  to  form  a  hyaline  memliranc. 
The  hyaline  membrane  is  most  often  formed  on  tho.se 
surfaces  which  are  covered  with  epithelium  having  sev- 
eral layers  of  cells.  It  may  be  formed  by  a  hyaline  de- 
generation of  exudation  cells;  in  this  ca.se  the  spaces  in 
the  meshwork  are  smaller.  It  is  probable  that  the  fibri- 
nous membrane  is  formed  both  on  the  surfaces  and  in  the 
tissue.  The  fibrin  is  first  formed  around  cells  which  aftcr- 
war<l  dis:ippear.  In  the  trachea  the  fibiinous  membrane 
often  has  a  definite  structure.  The  membrane  may  dis- 
integrate and  be  broken  up  into  a  mass  of  detritus  (the 
process  commences  on  the  surface),  or  it  may  be  cast  off 
as  a  whole  by  being  elevated  liy  an  exudation  beneath. 
Very  thick  masses  of  membrane  may  be  formed  by  tlie 
constant  addition  of  fibrinous  exudation.  The  membrane 
is  never  formed  primarily  on  an  intact  epithelial  surface, 
but  it  may  extend  over  it.  Nothing  is  to  be  gained  by 
making  an  anatomical  distinction  between  a  croupous 
and  a  diphtheritic  membrane.  There  is  nothing  specific 
in  the  menibi-ane  formation  in  dipht  heria.  We  have  found 
tyi>ieal  hyaline  and  fibrinous  membranes  in  cysts  of  the 
ovary  in  the  formation  of  which  bacteria  played  no  part. 

The  memlu-aue  formation  is  accompanied"  by  changes 
in  the  tissue  beneath,  which  represent  a  combination  of 
degeneration  and  exudation.  The  connective  tissue  and 
blood-vessels  undergo  a  hyaline,  fibrinoid  degeneration 
very  similar  to  the  degeneration  of  the  epithelhim.  Ne- 
crosis may  extend  deeply  into  the  tissue,  but  there  is  little 
tendency  to  deep  ulceration  or  abscess  formation.  The 
degeneration  in  the  mucous  glands  of  the  tissue  is  so  pro- 
nounced as  to  be  almost  specific,  Marked  degeneration 
of  the  epithelium  of  the  glands  may  be  found  without 
any  change  in  the  surrounding  ti,ssue.  The  changes  in 
the  blood-vessels,  though  so  i)ronoiuiced  in  diphtheria, 
are  not  specilic,  We  have  frenueiitly  found  changes  in 
all  respects  similar  in  the  walls  of  abscesses  and  idcers. 
The  extent  of  the  necrosis  in  the  primaiy  lesions  is  greater 
than  is  found  in  the  action  of  any  other  bacteria. 

Uciu-t. — Degeneration  of  the  myocardium  is  one  of  the 
most  common  conditions  found  in  diphtheria.  The 
simplest  fonn  of  this  is  fatty  degeneration,  which  is 
found  in  the  majority  of  all  cases.  This  varies  in  extent,  at 
times  affecting  the  myocardium  generally,  at  other  times 
occurring  in  foci.     The  fatty  degeneration  accompanies 

•The  section  on  Patlioloiry  is  larcclv  a  sumaiarv  of  the  recent  and 
exoellent  monograpli  l)V  Coiincilniaii.  Slallorv,  and  Pearve  (Juurual  of 
the  Boston  See.  of  Med.  Sciences,  Deteuiber.  latXJ) . 


and  seems  to  precede  the  more  advanced  fomis  of  degen- 
eration which  lead  to  the  complete  destruction  of  the 
muscle.  In  this  there  is  destruction  of  the  sarcous  ele- 
ments, which  become  swollen,  broken  up.  and  converted 
into  hyaline  masses.  Simple  fatty  degeneration  is  found 
in  the  scvi're  cases  of  short  duration,  the  more  extensive 
degenerations  in  the  more  ])roloiiged  cases.  The  degen- 
erations may  be  so  extensive  as  to  account  fullv  for  the 
impairment  of  tlie  heart  action.  No  bacteria  are  found 
in  connection  with  the  degeneration,  but  like  most  of  the 
lesions  of  the  disease  it  is  due  to  the  influences  of  the 
to.xic  substances  in  the  blood. 

Acute  interstitial  lesions  of  two  sorts  are  found.  In 
one  there  are  focal  collections  of  plasma  and  lym])hoid 
cells  in  the  tissue,  w  Inch  may  lie  accompanied  bV  degen- 
eration of  tlu'  myocardium,  but  arc  not  dc|icndcnt  upon 
it.  In  the  other  condition  the  interstitial  change  consists 
of  a  proliferation  of  tlie  cells  of  the  tissue  and  is  sccond- 
arj'  to  the  degeneration  of  the  muscle. 

Thrombosis  is  not  an  uncommon  condition  and  is  due 
to  primary  necrosis  of  the  endocardium.  Lesions  of  the 
vessels  of  the  heart  play  but  little  part;  the  only  lesion 
of  interest  is  proliferation  of  the  intima.  the  Siiine  lesion 
which  is  frequently  found  in  the  vessels  in  other  organs. 

Liiiirjs. — There  is  nooigan  in  the  body  in  which  lesions 
accompanying  diphtheritic  infection  are  so  generally 
found  or  so  .serious  as  in  the  liuig.  In  very  many  cases 
they  are  so  extensive  that  death  may  be  regarded  as  due 
rather  to  the  condition  of  the  lungs  than  "to  the  throat 
affection.  Wc  have  fretniently  found  extensive  lesions 
on  mici(>scoi)ical  examination  even  when  the  lungs  jire- 
sented  little  or  no  change  to  the  naked  eye.  It  seems 
probable  that  the  fre{)Ucncy  of  these  lesions  may  be  due 
to  the  fact  that  most  or  all  of  our  cases  were  treated  with 
antitoxin,  and  that  those  in  which  the  lung  complica- 
tions were  not  present,  or  at  least  not  severe,  recovered. 

The  most  common  lesion  is  broncho-pneumonia.  The 
term  implies  both  the  manner  in  which  infection  takes 
place  and  the  relation  of  the  foci  to  the  bronchi.  The 
process  begins  as  an  infection  of  the  atria  and  from  here 
extends.  It  may  be  limited  to  single  acini,  to  loliules,  or 
to  groups  of  lobules.  There  isbut'little  lateral  extension 
of  the  infection  through  the  walls  of  the  alveoli  or  the 
bronchi  into  the  surrounding  air  spaces.  Acute  inflam- 
mation of  the  larger  bronchi  usually  accompanies  the 
broncho-pneumonia,  but  is  not  constant.  Atelectasis 
varying  in  extent  from  one  to  several  lobules,  or  even 
confined  to  a  few  air  spaces,  is  very  common!}-  present. 
The  same  is  true  of  emphysema.  True  acute  lobar  [ineu- 
monia  was  never  found.  The  cases  resembling  this  were 
found  (m  closer  examination  to  be  cases  of  extensive  con- 
fluent lironcho-pneumonia.  General  oedema  of  the  lung 
comparable  to  the  circidatory  cedema  of  adults  was  never 
found,  although  inflammatory  cedema  was  coiumon.  The 
character  of  the  exudation  varies  greatly.  It  may  be 
fibiinous,  heiuori-hagic.  serous,  or  almost  entirely  cellular. 
The  cells  in  the  exudation  are  partly  leucocytes.  i)artly 
cells  derived  fiom  proliferation  of  the  lining  epithelium. 
L3'mphoid  and  plasma  cells  also  are  found  in  the  exuda- 
tion. Cellular  infiltration  of  the  interstitial  tissue  and 
productive  changes  in  it  are  common,  both  in  connection 
with  the  acute  exudative  lesions  and  apart  from  them. 
In  some  cases  organization  of  the  exudation  and  the  for- 
mation of  connective  tissue  within  the  air  spaces  were 
found.  Proliferation  of  the  lining  epithelium  of  the  air 
spaces  is  freiiuent.  and  is  always  more  pronounced  in  the 
vicinity  of  the  pleura  and  the  connective-tissue  septa. 

Thrombi  are  occasionally  found  in  the  larger  vessels. 
Dilatation  of  the  lymphatics  is  very  common.  They  may 
contain  coagulated  albumen,  fibrin,  or  cells.  They  are 
often  found  packed  with  lymphoid  and  plasma  cells,  and 
large  cells  similar  to  the  large  cells  in  the  air  s|)aces. 

Nothing  has  shown  so  well  how  little  the  cliaracter  of 
a  pathological  process  is  influenced  by  the  character  of 
the  microorganismas  has  the  examination  of  these  lungs. 
Pneumococci.  streptococci,  and  diphtheria  bacilli  liave 
been  found  in  connection  with  serous,  purulent,  fibrinous, 
and  hemorrhagic  exudations,  necrosis,  and  abscess  forma- 
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tion.  Contrary  to  the  results  obtained  from  cultures,  the 
pneumococcus  must  be  considered  the  principal  a.trent  in 
producing  the  lung  infection.  Tlie  diphtheria  bacilli  are 
frequently  found  and  may  be  the  cause  of  bronchitis 
with  membrane  formation,  of  purulent  exudation,  of 
bnmclio-pneuTnonia,  necrosis,  and  abscess.  They  are 
often  found  in  the  lung  in  much  greater  numbers  than 
in  any  other  situation,  and  there  may  be  but  little  change 
in  the  tissue  around  them. 

Spleen. — Lesions  of  the  spleen  play  but  a  slight  part 
in  the  pathological  anatomy  of  diphtheria.  The  spleen 
macroscopically  does  not  ditfer  from  the  normal,  except 
that  the  lymph  nodules  usually  are  more  jirominent.  The 
most  obvious  lesion  microscopically  consists  of  the  for- 
mation, in  the  Ij'mph  nodules,  of  foci  of  epithelioid  cells 
which  are  of  the  same  character  and  formed  in  the  same 
way  as  those  in  tl;e  lymph  nodes. 

Intestines. — The  lesions  of  the  small  and  large  intestine 
in  diphtheria  in  riian  are  relatively  unimportant.  They 
consist  of  hyperjilasia  of  the  lymphoid  apparatus  and  the 
same  other  changes  found  in  the  l_vmph  nodules  elsewhere. 
The  slight  extent  of  the  lesions  does  not  indicate  the  ac- 
tion of  toxins  absorbed  from  the  alimentary  canal;  the}' 
are  probably  due  to  the  action  of  toxins  from  the  blood 
current.  There  is  nothing  in  the  character  of  the  lesions 
to  indicate  the  elimination  of  the  toxins  by  the  alimentary 
canal. 

Liver. — The  lesions  produced  in  the  liver  in  diphtheria 
are  not  characteristic,  and  do  not  dilTer  from  those  foimd 
in  other  acute  infectious  diseases.  They  are  due  to  the 
etfect  of  soluble  toxic  substances,  and  not  to  the  presence 
of  diphtheria  bacilli.  The  most  common  lesions  are  a 
general  degeneration  of  the  liver  cells,  and  necroses  which 
are  chiefly  found  in  the  centres  of  the  lobules. 

Eidnfy. — Lesions  of  the  kidney  varying  from  simple 
degeneration  to  the  more  serious  conditions  of  acute 
nephritisare  fovmd  in  all  fatal  cases  of  diphtheria.  Some 
of  the  lesions  are  snmewhat  more  common  in  the  mixed 
infections  of  diphtheria  combined  with  scarlet  fever  than 
in  pure  diphtheria.  The  more  severe  fonns  of  degenera- 
tion are  found  in  those  cases  of  diphtheria  of  great  in- 
tensity which  are  fatal  shortly  after  the  onset. 

The  interstitial  and  glomerular  lesions  are  more  com- 
mon in  older  cliildren  and  in  cases  of  longer  duration  of 
the  disease,  though  these  conditions  usually  are  combined. 
There  is  no  type  of  lesion  peculiar  to  diphtheria.  The 
lesions  in  the  kidneys  are  not  due  to  the  presence  of  bac- 
teria in  the  blood,  but  to  the  action  of  injurious  sub- 
stances in  solution  in  the  blood. 

Nenwns  System. — All  of  the  nerves  in  the  twenty -ei,ght 
cases  examined  showed  various  degrees  of  fatty  degen- 
eration, from  slight  to  extreme.  The  degeneration  seems 
almost  invariably  to  begin  in  the  myelin  sheath. 

As  a  rule  the  change  in  the  myelin  which  causes  it  to 
stain  with  osmic  acid  in  the  Marchi  method,  begins  at 
.some  point  close  to  the  axis  cylinder  and  gradually 
spreads  around  and  along  it.  The  myelin  breaks  up  into 
granules,  droplets,  and  very  irregular  bizarre  figures  of 
which  the  peripheries  usually  are  more  refractive  than 
the  centres  and  often  doubly  contoured.  As  a  rule  the 
centres  of  the  masses  stain  more  deeply  than  the  periph- 
eries, but  sometimes  small  black  globules  with  pale  cen- 
tres appear. 

The  change  in  the  axis  cylinder  seems  to  consist  chiefly 
of  swelling  wliich  is  often  irregular,  so  that  the  axis 
cylinder  presents  a  beaded  appearance.  As  it  swells  it 
stains  very  faintly,  so  that  it  is  often  difficult  and  some- 
times impossible  to  make  it  out.  "When  the  mvelin 
sheaths  have  undergone  marked  fatty  degeneration,  the 
axis  cylinders  usualty  cannot  be  distinguished.  Whether 
they  have  simply  swelled  up  and  disappeared,  or  have 
imdergone  fatty  degeneration,  is  diflicult  to  determine; 
but  in  no  axis  cylinder  which  could  be  positively  demon- 
strated was  there  any  evidence  of  fatty  degeneration. 

Examination  of  the  cerebrum  five  times,  cerebellum 
twice,  pons  three  times,  medulla  four  times,  and  cord 
seven  times,  showed  everywhere  a  slight  to  marked  dif- 
fuse fatty  degeneration  of  the  white  substance.     The 


same  change  was  present  in  the  anterim'  and  posterior 
nerve  roots. 

The  results  of  the  investigation  of  the  nervous  system 
may  lie  summed  up  as  follows:  There  occurs  in  certain 
cases  of  diphtheria  a  sliglit  to  marked  ditfuse  fatty  de- 
generati(m  of  the  nerve  fibres  of  the  central  nervous  sys- 
tem and  of  its  perii.iheral  extensions. 

Symptoms.  — Pharynyeid  Diplithena.  — Mild  Cases: 
Those  in  which  the  local  lesions  are  moderate  in  degree 
and  in  which  the  constitutional  symptoms  are  not  serious. 
These  may  be  divided  into  two  classes.  In  the  first  the 
onset  is  sudden :  the  temperature  rises  possibly  to  103' 
F.  in  the  first  twelve  hours  and  then  rapidly  falls,  so  as 
to  reach  the  normal  one  or  two  days  later.  With  the  rise 
of  the  temperature  the  thrfiat  sj"mptoms  develop.  The 
mucous  membranes  appear  hypersemic  and  congested,  and 
after  a  few  hours  more  or  less  extensive  patches  appear 
on  the  swollen  tonsils,  soft  palate,  pharynx,  or  uvula. 
The  local  symptoms  increase  for  twenty-four  hours  and 
then  remain  stationary.  With  the  rise  in  temperatiu'e 
and  the  local  signs  of  inflanmiation  there  are  rapid  pulse, 
loss  of  appetite,  and  some  pnistration.  At  the  end  of 
forty-eight  hours  the  constitutional  sj-mptoms  abate. 
The  temperature  is  rarely  above  101°  F.  The  pulse  may 
still  be  rapid,  liut  is  regular  and  of  good  force.  The 
local  inflammation  subsides  in  from  three  to  seven  days, 
and  the  patient  is  fairly  well  except  for  a  slight  anteniia. 
Even  in  these  mild  cases  feebleness  of  jnilse  and  heart 
beat  may  develi>p  and  danger  of  heart  failure  be  present. 

In  the  second  class  the  throat  inflammation  develops 
slowly.  There  is  a  little  pain  on  swallowing.  The  glands 
at  the  angle  of  the  jaw  are  usually  a  little  swollen  and 
the  throat  feels  sore.  Inspection  will  show  slighth' 
swollen  tonsils,  with  follicular  depo.sits  of  exudate  or 
small  patches  of  pseudo-memljrane.  The  temperature  is 
not  elevated  moi-e  than  one  or  two  degrees  or  it  may  l)e 
normal.  Except  for  slight  loss  of  appetite,  restless  sleep, 
and  slight  iirostrati(in  the  symptoms  are  mainly  those  of 
a  subacute  throat  inflammation.  The  exudate  may  lie 
strongly  adherent,  so  that  it  can  be  removed  by  force  only, 
or  it  may  be  loosely  attached.  The  diiihtheria  deposit 
remains  for  from  two  to  seven  days,  and  then  recovery  is 
established.  A  moderate  amount  of  anremia  persists  for 
some  weeks.  Some  cases  in  either  of  these  two  types 
may,  instead  of  recovering,  suddenly  begin  to  extend 
and  develop  into  the  most  .severe  type.  Even  in  these 
mild  cases  slight  paralysis  may  occur  as  late  as  three 
weeks  after  apparent  recovery. 

Severe  Cases:  Here,  again,  two  extreme  types  of  inva- 
sion are  noted:  the  local  and  cimstitutioual  symptoms 
may  slowly  develop,  or  they  may  become  fully  develnped 
within  the  first  twenty-four  to  forty-eight  hours,  either 
with  or  without  high  temperatures.  In  exceptional  cases 
a  chill  is  the  first  .symptom  noticed. 

The  mind  is  usually  clear,  although  in  the  worst  cases 
mild  delirium  or  stujinr  may  develop.  The  mucous 
membrane  of  the  pharynx  and  tonsils  is  reddened  and 
.swollen.  The  uvula  may  he  a'dematous,  elongated,  and 
greatly  swollen.  Portions  or  all  of  the  mucous  mem- 
brane of  the  tonsils,  the  pharynx,  and  the  soft  palate  are 
covered  witli  more  or  less  thick  and  fibrinous  pseudo- 
membrane  of  a  grayish  color.  The  glands  of  the  neck  and 
their  adjacent  tissues  may  be  slightly  or  markedly  swol- 
len. If  the  na.sal  cavitiesare  involved,  the  lireathing  and 
voice  are  affected.  From  the  nose  flows  a  discharge 
which  may  be  of  an  inten.sely  irritant  character.  The 
nasal  obstruction  may  be  partial,  in  which  case  the  irri- 
gating fluid  passes  ea.sily,  or  it  may  be  total,  so  that  it  is 
possible  to  force  fluid  through  the  nose  only  under  high 
pressure. 

After  from  forty-eight  to  seventy-two  hours  the  fever, 
if  present,  commonly  subsides.  In  favorable  cases  the 
pulse  becomes  less  frequent,  and  remains  of  fair  force 
and  regularity.  The  appetite  improves  and  the  intellect 
remains  clear.  After  forty-eight  hours  the  local  symp- 
toms remain  stationary  up  lo  the  fifth  day,  and  then 
the  swelling  sub.sides;  the  membrane  begins  to  loosen 
at  the  edges,  and  soon  peels  oflf,  leaving  a  superficially 
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ulceratoil  surt'acf.  or  it  may  more  gnictvially  melt  away. 
Tlif  i;Iaiids  of  iIr'  neck  decrease  in  size,  ami  tlie  jiatient 
is  eouvaleseeiit  ami  certain  to  recover  unless  dangerous 
paralysis  develops. 

In  other  eases  the  course  of  the  di.sease  is  unfavorable. 
Tlie  tenijieralure  may  fall  nearly  to  the  normal,  but 
the  pulse  lieeomes  more  rapid,  feeble,  and  irregular,  or  it 
may  in  certain  to.\ie  cases  suildeuly  for  a  time  become 
very  slow — 4tl  lo  5(1  to  the  minute.  Before  death  the 
heart's  action  usually  becomes  more  irregular  and  rapid, 
oilier  palients  grow  apathelic.  The  urine  is  apt  to  be 
scanty  and  contain  albundn  and  casts.  Tliese  patients  may 
suildi-nly  develo|)  ura'mic  convidsions  and  die,  or  may 
gradually  waste  away.  Somedevelojia  persistent  nausea 
and  vondt  all  food.  Olliers  sniifer  from  paralysis  of  deg- 
lutition and  of  the  muscles  of  respiration.  Still  others 
seem  to  be  recovering  from  the  diphtheiia  when  the 
symjitoms  and  physical  signs  of  pneumonia  develo]). 
The  temiiei-ature  then  rises  to  ItKi    or  104   or  even  106    F. 

In  otiu-r  cases  the  false  memljnuie  does  not  limit  itself 
to  the  pharyn.\  but  spri-ads  to  the  laryn.\.  These  patients 
then  have,  in  additii^u,  tlie  s|)eeial  symptoms  due  to  ob- 
struction to  the  breathing.  Finally,  there  is  a  group  of 
cases  that  seem  to  be  fatal  as  if  from  gradual  systemic 
poisoning  by  toxin.  The  patients  lose  weight,  become 
pale  and  ana-mic,  have  no  ajipitite,  the  tongue  is  dry  and 
coated,  and  they  gradually  sink  away. 

-Malignant  Cases:  There  are  certain  cases  of  diphtheria, 
bfitii  in  eliildren  anil  in  adults,  which  run  an  especially 
malignant  course.  Williin  twenty  four  hours  the  tonsils, 
palate,  and  lateral  portions  of  the  pharyn.\  are  covered 
with  tliit'k  memliraue  and  are  enormously  swollen,  the 
breath  is  sweetish,  the  saliva  dribldes  from  the  mouth, 
the  glands  of  the  neck  and  their  surroundings  tissues  are 
greatly  swollen.  The  temi)erature  is  frequently  but 
slightly  elevated  or  it  may  be  subnormal.  The  heart's 
action  is  rajiid  and  feeble  or  it  may  be  very  slow  and 
irregular.  Danger  of  heart  faihue  is  always  present. 
The  intellect,  at  first  clear,  becomes  cloudy.  'Within 
fnun  three  to  five  days  the  most  robust  die. 

Another  class  of  malignant  cases  are  the  so-called  septic 
cases.  The  amount  of  local  swelling  and  exudate  on  the 
tonsils  and  palate  may  not  be  very  extensive,  but  it  is  of 
a  dirty,  gangrenous  appearance.  If  the  nostrils  are  iu- 
vade(i.  there  is  a  bad-smelling,  thin  discharge. 

The  temperature  runs  a  high,  irregular  course,  from 
IO:j  to  lot)-  F,  The  tongue  is  dry  and  coated  and  the 
appetite  is  jioor.  The  glands  of  the  neck  are  moderately 
or  greatly  swollen.  The  extremities  are  cool,  the  pulse 
is  rapid  and  feeble.  Pneumonia  or  suppuration  of  the 
nudiile  ear  frequently  develops.  'With  an  irregular  high 
temperature  the  children  become  more  and  more  apathetic 
until  death  usually  supervenes. 

I.iirjiuijtifl  Diphlhcna. — The  symptoms  in  laryngeal 
dijihtheria  differ  somewhat  according  as  to  whether  the 
process  is  a  primary  one  or  is  an  extension  of  a  pharyn- 
geal diphtheria  to  the  larynx.  In  the  latter  case  laryn- 
geal symptoms  arc  added  to  those  already  present. 

In  laryngeal  diphtheria  the  symptoms  are  those  due 
both  to  the  al)Sorption  of  the  poison  of  diphtheria  and  to 
the  mechanical  obstruction  of  the  larynx.  The  obstruc- 
tion occurs  more  quickly  in  children  than  in  adults. 

The  symptoms  may  develop  slowly;  the  child  com- 
plains of  a  sore  throat,  of  a  little  hoarseness,  has  loss  of  ap- 
petite and  slight  fever.  There  may  be  a  dry,  hard  cougli. 
In  Some,  within  from  twelve  to  twenty-four  hours  the 
hoarseness  becomes  marked,  the  breathing  is  somewhat 
obstructed,  the  temperature  reaches  100  to  103°  F. ,  ami 
the  child  is  restless.  Soon,  unless  relief  is  given  or  the 
inocess  subsides,  the  symptoms  of  laryngeal  obstruction 
are  fully  developc-d.  The  resjiiration  is  noisy ;  inspira- 
tion and  expiration  ate  lalioivdand  luiilonged.  Cyanosis 
is  developed,  and  there  is  marked  recession  of  the  soft 
parts  of  the  chest  in  the  epigastric  and  jugular  regions. 
The  acccs.sory  muscles  of  respiration  are  called  into  ac- 
tion and  the  chest  is  held  expanded.  In  spite  of  every 
exertion  inspiration  and  expiration  are  insullicient. 

At  short  intervals  the  child  will  sink  back  as  if  ex- 


hausted, the  breathing  is  feebler,  and  for  a  moment  or 
two  the  child  dozes,  only  to  awaken  again  to  struggle 
for  air.  It  throws  itself  about  the  bed,  lies  first  on  one 
side,  then  on  the  other.  Until  cyanosis  is  marked  the  in- 
tellect may  be  clear,  Freijuent  desire  to  urinate  is  mani- 
fested, which  adds  to  the  distress  of  the  child.  As  the 
obstruction  increases  attacks  of  almost  complete  sutTo- 
cation  take  place:  the  child  struggles  violently  for  air, 
sitting  up  and  using  all  its  ])owers.  Afteratime  respira- 
tion may  become  freer,  and  the  child  sinks  back  only  to 
have  renewed  spasms  later.  Sooner  or  later  it  becomes 
e\haust<'d  :  the  breathing  becomes  more  and  more  feeble  ; 
the  extremities  are  cold  and  the  skin  is  of  cadaveric  hue. 
Death  follows  from  an  attack  of  suffocation  or  slowly  by 
asthenia.  The  duration  of  life  in  fatal  cases  is  usually 
from  two  to  .seven  days  when  operative  relief  is  not  given. 

In  pundy  laryngeal  cases,  when  operative  relief  is  not 
given  and  death  results  early,  the  temjierature  frequently 
remains  but  little  elevated,  although  in  a  few  it  may 
reach  108'-104  F.  If,  on  the  other  hand,  the  lungs  are 
involved,  the  temperature  is,  as  a  rule,  elevated  to  102' 
or  104',  or  exceptionally  to  IOC    F. 

After  intubation  or  tracheotomy  the  temperature  fre- 
(pieutly  rises,  in  the  more  severe  cases,  within  twelve 
hours  to  102'-104'  F.  'When  operative  relief  is  attained 
the  lireathing  becomes  natural,  mucus  an<l  shreds  of 
membrane  are  coughed  out,  and  the  child  sinks  back  to 
sleep.  In  a  portion  of  the  cases  the  relief  is  permanent, 
and  the  patient  progresses  uninterruptedly  to  recovery. 
In  others  the  symptoms  of  obstruction  again  appear, 
while  in  still  others  a  secondary  imeumonia  develops  to 
dcla}'  convalescence  or  cause  death, 

Si/iiiptoms  of  Dqihtlitfiit  in  Iktuil. — Geiientl  Omdition. 
There  are  a  moderate  number  of  cases  having  very  limited 
patches  of  pseudo-membrane  in  which  no  appreciable 
symptoms  of  constitutional  poisoning  show  themselves. 
They  are  mostly  discovered  because  of  their  association 
with  more  marked  cases.  Even  mild  cases  show  loss  of 
appetite  and  of  the  desire  for  work  or  play.  They  be- 
come more  or  less  pale  and  anii?mic.  The  more  grave 
cases  soon  exhibit  severe  constitutional  elYccts.  They 
soon  have  marked  ]irostration,  are  restless  or  apathetic, 
or  both  by  turns.  If  they  live  long  enough,  they  become 
emaciated.  The  sleep  is  uneasy.  In  septic  cases  mild 
delirinm  or  stupor  may  devclo]).  These  cases  give  the 
im])ression  of  being  very  dangerously  ill. 

Ti  iHperiitin-e.  The  cases  difler  greatly.  ^Manj',  both 
mild  and  severe,  begin  with  a  temperature  of  froiu  102" 
to  104'  F.  In  the  great  majority  the  fever  subsides,  and 
even  in  the  most  severe  uncomplicated  cases  the  tem- 
perature is  apt  to  range  from  O.^S'  to  101'' after  the  first 
forty-eight  hours.  Some,  severe  from  the  start,  have  a 
normal  or  even  subnormal  temperature. 

A  certain  proportion  of  septic  cases,  and  all  having  a 
complicating  pneumonia,  develop  a  high  temperature. 
Other  complications,  such  as  otitis  or  the  development 
of  an  abscess,  will  catise  elevation  of  temperature. 

A  rise  of  temperature  to  103'-104"  F..  in  a  case  of 
laryngeal  diphtheria,  indicates  usually  a  beginning  bron- 
chitis or  pneumonia. 

3,'erToiis  Si/sfem.  In  the  mild  cases,  except  for  a  certain 
amount  of  a]iathy,  no  symptoms  are  present:  in  the  more 
severe,  there  may  be  also  observed  the  general  symjitoms 
of  mild  delirium,  restlessness,  and  rarely  convulsions; 
also  apathy  and  stvipoi-  in  the  severest  cases. 

Viiriihttory  Ajipiiratiis.  In  mild  cases  the  pulse  is  fre- 
quent, antl  perhaps  slightly  irregular.  In  bad  cases  it 
may  be  very  frequent,  120  to  160,  and  weak.  The  force  of 
the' heart  apex  beat  is  diminished  and  the  sounds  are  indis- 
tinct. After  the  third  or  fourth  day  the  rapid  ]iulse  may 
suddenly  become  markedly  slowed.  From  120  it  may 
fall  as  low  as  from  4.'>  to  .50.  It  is  irregular  an<l  varies  in 
force.  This  is  an  extremely  grave  symptom.  After  from 
twenty -four  to  forty -eight  hours,  if  the  patient  lives,  tlic 
pulse  is  apt  again  to  become  rapid  and  feeble,  and  so 
remain  until  death.  After  the  first  davs  there  is  present 
the  danger  of  smlden  heart  failure,  t" lie  pulse  may  be- 
come weak  or  rapid  or  more  rarely  slow  while  the  ex- 
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tremities  become  cold  aud  there  supervene  iu  a  few  hours 
all  the  signs  of  collapse. 

Digestive  System.  In  the  mildest  cases  there  is  little 
digestive  disturbance,  but  in  those  of  any  seveiity  loss 
of  appetite  is  noted.  In  the  worst  toxic  cases  no  food 
at  all  may  be  retained.  The  bowels  are  not,  as  a  rule, 
affected. 

The  Kidneys.  In  the  mildest  cases,  usuall}',  no  al- 
bimiin  is  found  in  the  urine,  but  exceptionally,  after  the 
third  or  fourth  day.  it  may  appear  In  the  more  severe 
cases  casts,  kidney  detritus,  and  large  quantities  of  al- 
bimiin  are  usuallj'  present.  In  the  worst  cases  partial  or 
total  suppression  of  uiine  is  apt  to  occur.  These  may 
later  develop  ursemic  sj-mptoms.  Dropsy  is  not  apt  to 
occur  and  the  prognosis  is  better  than  in  nephritis  fol- 
lowing scaidet  fever. 

Lymph  Glandn.  The  lymphatic  glands  in  the  neck  are 
usually  somewhat  enlarged.  In  the  more  sejitic  cases 
they  may  become  enormously-  swollen.  Supjiuration  is 
rather  infrequent. 

Skin.  A  small  percentage  of  cases  develop  a  general 
erythema,  which  may  resemble  scarlet  fever  or  measles. 
An  urticaria  may  also  appear.  In  severe  and  septic  cases 
hemorrhages  occur  in  the  skin  as  well  as  in  the  mucous 
membranes. 

Joints.  The  joints,  except  in  septic  cases,  are  very 
seldom  affected  in  diphtheria. 

CoMPLic.vTioxs. — Piieinnonid. — The  most  feared  com- 
plication of  laryngeal  diphtheria  is  broncho-pneumonia. 
In  pharj'ugeal  diphtheria  it  oeciu's  but  seldom.  It  may 
develop  within  twenty-four  hours  or  it  may  not  occur  till 
convalescence  is  established.  In  these  a  little  fever  re- 
mains, and  the  lungs  give  the  signs  of  a  moderate  bron- 
chitis. The  temperature  then  slowly  or  quickl_v  rises 
and  the  respirations  become  more  rapid.  Physical  exami- 
nation'sliows  beginning  broncho-pneimionia,  perhaps  in 
one  or  both  lower  lobes  behind,  or,  again,  in  disseminated 
areas  throughout  both  lungs.  In  these  cases  the  jincu- 
monia  is  apt  to  run  a  subacute  but  progressive  course. 
After  from  one  to  three  weeks  the  child  succumbs  to  ex- 
haustion. 

Heart  Failure. — From  the  beginning  of  the  separation 
of  the  membrane  tmtil  well  into  the  tifth  week  all  severe 
cases  are  in  danger  of  heart  failure.  When  this  symptom 
is  threatening,  tlie  patient  is  pale  and  the  pulse  is  small 
and  irregular.  It  is  usually  rapid  and  weak  or  very  slow 
and  irregular,  40  to  .")().  The  extremities  are  cold.  The 
mind  remains  clear  and  anxious.  The  attack  may  pass 
off  or  the  pulse  may  be  lost ;  the  patient  loses  conscious- 
ness and  death  comes  gradually.  Others,  apparenti}- 
well,  suddenly  become  unconscious,  and  die  almost  in- 
stantaneousl}'  of  lieart  failure. 

Paralysis. — This  is  one  of  the  most  characteristic  symp- 
toms of  diphtheria.  Frequently  with  the  final  separa- 
tion of  the  membrane,  but  also  often  after  the  lapse  of 
weeks,  paralysis  develops  in  the  muscles  of  the  soft  palate, 
less  frequently  in  those  of  deglutition,  of  the  eye,  of  the 
respiratory  organs,  or  finally  of  groups  of  muscles 
throughout  the  body.  When  the  palate  is  affected  speech 
is  nasal  and  fluids  regurgitate  into  the  nostrils.  When 
the  muscles  of  accommodation  are  affected,  the  child 
cannot  read  and  the  pupils  do  not  react.  AVhen  the  vol- 
untary muscles  in  general  are  affected  the  palient  niav 
be  completely  helpless.  As  a  rule,  complete  recovery 
takes  place  within  from  three  to  eight  weeks,  but  iu  the 
worst  cases  marked  atrophy  occurs  and  months  elapse 
before  recovery  takes  place. 

Relapses. — In  a  small  number  of  cases,  after  jjartial  or 
complete  disappearance  of  the  membrane,  a  slight  recur- 
rence results.  With  the  exudate's  appearance  the  tem- 
perature ma}'  rise  aud  the  glands  of  the  neck  become 
swollen.  As  a  rule,  the  lesions  clear  up  in  a  few  days. 
The  lymphatic  glands  may  remain  slightly  enlarged  for 
weeks  or  months.  The  only  cases  in  which  a  relapse  is 
serious  are  the  laryngeal  ones.  A  relapse  may  occur  as 
late  as  during  the  fomth  week. 

Di.\GXOSis. — In  deciding  whether  a  doubtful  case  is  one 
of  diphtheria  or  not  it  is  necessary  to  take  into  account 


whether  the  patient  has  been  exposed  to  diphtheria,  to 
scarlet  fever,  or  to  other  infectious  diseases. 

If  in  any  case  exposure  to  diphtheria  is  known  to  have 
occurred,  "even  a  slightly  suspicious  sore  throat  must  be 
regarded  as  probable  a  mild  diphtheria.  If,  on  the  other 
hand,  no  cases  of  diphtheria  have  been  known  to  exist  in 
the  neighborhood,  even  cases  of  a  very  suspicious  nature 
would  iirobably  not  be  diphtheria. 

In  judging  from  the  appearance  and  symptoms  of  a 
case  one  must  first  acknowledge  that  there  are  certain 
mild  exudative  infiammations  of  the  throat  belonging  both 
to  diphtheria  anil  to  pseudo-diphtheria  which  appear  ex- 
actly alike,  and  have  similar  symptoms  and  similar  dura- 
tion. It  is  even  possible  to  examine  two  eases,  knowing 
that  one  is  surely  diphtheria  and  the  other  surely  is  not, 
and  yet  be  imable  to  determine  whic'h  is  true  diphtheria 
and  which  is  pseudo-diphtheria.  It  is  not  meant  to  im- 
ply that  a  case  is  one  of  true  diphtheria  simjily  because 
the  diphtheria  bacilli  are  present,  but  rather  that  the 
doubtful  cases  not  only  have  the  bacilli  jiresent  in  the 
exudate,  but  are  capable  of  giving  true  characteristic 
diphtheria  to  others,  or  later  developing  it  themselves; 
and  that  those  in  whose  throats  no  diphtheria  bacilli  ex- 
ist can  under  no  conilitions  give  true  characteristic  diph- 
theria to  others  or  develop  it  themselves.  It  is  indeed 
true,  as  a  rule,  that  cases  presenting  the  appearance  of 
ordinary  follicular  tonsillitis  in  adults  are  not  diphtheria. 
It  is  also  true  that  now  and  then  a  case  having  this  ap- 
pearance is  one  of  diiihtheria.  and  almost  every  physician 
has  seen  such  cases  from  time  to  time  in  households  in- 
fected with  diphtluria.  On  the  other  hand,  in  small 
children  mild  diphtheria  very  frequently  occurs  with 
the  semblance  of  ordinary  follicular  tonsillitis,  and  in 
large  cities. where  diphtheria  is  prevalent  all  such  cases 
must  be  I'egarded  as  more  or  less  susiiicious. 

Appearances  Characteristic  of  Diphtheria. — The  pres- 
ence of  irregular-shaped  patches  tjf  adherent  grayish  or 
yellowish-gray  pseudo-membrane  on  some  other  portions 
than  the  tonsils  is,  as  a  rule,  an  indication  of  the  activity 
of  the  diphtheria  bacilli.  Restricted  to  the  tonsils  alone 
their  presence  is  less  certain. 

Occasionally,  in  scarlatinal  angina  or  in  severe  phleg- 
monous sore  throats,  ]iatches  of  exudate  may  appear  on 
the  uvula  or  borders  of  the  faucial  jnllars,  and  still  the 
case  may  not  be  due  to  the  dipiitheria  bacilli:  these  are, 
however,  exceptional.  Thick,  grayish  pseudo-membranes 
which  cover  large  portions  of  the  tonsils,  soft  palate,  and 
nostrils  are  almost  invariably  the  lesions  produced  by 
diphtheria  bacilli. 

The  very  great  majority  of  cases  of  pseudo-membi-anous 
or  exudative  laryngitis,  in  the  coast  cities  at  least,  whether 
an  exudate  is  jiresent  in  the  j)harynx  or  not,  are  due  to 
the  diphtheria  bacilli.  Cases  in  which  no  exudate  is  ap- 
parent and  those  in  which  the  laryngeal  obstruction  is 
sudden  and  the  spasmodic  element  is  marked,  are.  how- 
ever, frequentl_v  due  to  the  activity  of  other  bacteria. 
Nearly  all  membranous  affections  of  the  nose  are  true 
diphtheria.  When  the  membrane  is  limited  to  the  nose 
the  symptoms  arc.  as  a  rule,  very  slight;  but  when  the 
naso-pharynx  is  involved  the  symptoms  are  usually  grave. 
Usuall}"  a  small  area  of  inflammation  indicates  a  slight  or 
moderate  severity,  and  an  extensive  area  a  severe  infection. 

Most  cases  of  pseudo-membranes  and  exudates  entirely 
confined  to  portions  of  the  tonsils  in  adults  are  not  due 
to  the  diphtheria  bacilli,  although  a  few  cases  presenting 
these  .symptoms  are.  The  more  complete  the  involve- 
ment of  the  tonsils  the  more  apt  the  case  is  to  be  due  to 
them.  Cases  presenting  the  appearances  found  in  scarlet 
fever,  iu  which  a  thin,  grayish  membrane  lines  the  bor- 
ders of  the  uvula  and  faucial  pillars,  are  rareh*  diphther- 
itic. As  a  rule,  pseudo-membranous  inflammations  com- 
plicating scarlet  fever,  syphilis,  and  other  infectious 
disea.ses  are  due  to  the  activity  of  the  pathogenic  cocci 
and  other  bacteria  induced  by  the  inflamed  condition  of 
the  mucous  membranes  due  to  the  scarlatinal  or  other 
poison.  But  from  time  to  time  such  cases,  if  they  have 
been  exposed  to  diphtheria,  may  be  complicated  by  it, 
and  in  some  epidemics  mixed  infection  is  common. 
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The  Ej-iidate  due  to  the  Diphtheria  Bacilli  Contrasted 
irith  thiit  due  to  Other  Bticttriii. — As  a  rule,  tlic  rxiulate 
in  iliiililhoria  is  tirmly  incurporatctl  wiili  the  uiuki-lyhig 
iiiuciiiis  inumbraue,  and  canuot — I'xcojit  piThaps  during 
convulesci'ncc — be  roniovid  withmit  leaving  u  bkeding 
surface.  Tlie  tissues  surrounding  the  e.\udate  are  more  or 
less  intlannd  and  swollen.  Where  other  baeti'ria  produce 
ihe  irritant  the  c.Mulale.  e.xeept  in  the  eases  due  to  the  ba- 
■cillus  described  by  Vincent,  is  usually  loosely  al  taihed,  col- 
lected in  suiall  masses,  and  easily  removable.  E.xceptions, 
however,  occur  in  both  these  diseases,  so  tliat  in  true  diph- 
theria the  exudate  may  be  easily  removed,  and  in  lesions 
•due  to  other  bacteria  the  exudate  may  be  lirndy  adherent. 
I'll  nil  i/sis. — Paralysis  following  a  pseudo-membranous 
inflammation  is  an  almost  ])o.sitive  indication  that  the 
ca.se  was  one  of  diphtheria,  although  slight  paralysis  has 
followed  in  a  very  few  cases  in  which  careful  cultures 
Tcvealed  no  diphtheria  bacilli.  These,  if  not  true  diph- 
theria, must  be  considered  very  exceptional  cases, 

Jlorlerioliir/icil  Diiir/iio.ii.i. — From  the  above  it  is  appar- 
ent that  fully  developed  charactiristic  cases  of  diphtheria 
.«re  readily  diagnosticated,  but  that  many  of  the  less 
marked,  or  at  an  early  period  undeveloped,  ca.ses  are 
■diflicult  to  differentiate  the  one  from  the  other.  In  these 
■cases  cultures  are  of  the  utmost  value,  since  they  enable 
"US  to  isolate  those  in  which  the  bacilli  are  found,  and  to 
give  preventive  injections  of  antitoxin  to  both  the  sick 
iind  those  in  contact  with  them,  if  this  has  not  already 
t)een  done.  As  a  rule,  cidtures  do  not  give  us  as  much 
information  as  to  the  gravity  of  the  case  as  do  the  clinical 
apiiearances,  for  by  the  end  of  from  twenty-four  to  fort3 - 
eight  houi-s  the  extent  of  the  disease  is  usually  easy  of  de- 
termination. The  reported  absence  of  bacilli  in  a  culture 
must  be  given  weight  in  iiroportion  to  the  skill  with 
■which  the  culture  was  made,  the  suitableness  of  the 
(iiedia.  and  the  knowledge  andexpeiieuce  of  the  one  who 
examined  it. 

Diphtheria  does  not  occur  without  the  presence  of  tlie 
<liphtheria  bacilli:  but  there  have  been  many  cases  of 
dii>htheria  in  which  for  one  or  another  reas(iu  no  bacilli 
were  found  in  the  ctiltures  by  the  examiner.  In  many 
of  these  cases  later  cultures  revealed  them.  In  a  con- 
xalescent  case  the  absence  of  bacilli  in  any  one  culture 
indicates  that  there  are  certainh-  not  many  bacilli  left  in 
the  throat.  Only  repeated  cultures  can  prove  their  total 
absence. 

PitOGNOsis. — Diphtheria  is  one  of  the  most  difficult  of 
<liseases  in  which  to  make  a  prognosis.  A  case  which  in 
the  first  twenty-four  hours  seems  mild  may  steadily 
■increase  in  extent  and  seventy  until  it  ends  fatally.  A 
<-ase  seemingly  convalescent  may  suddenly  develoj)" heart 
paralysis.  Laryngeal  diphtheria  is  especiallj-  apt  to  be 
complicated  l)y  pneumonia. 

In  the  smaller  cities  epidemics  vary  greatly  in  their 
severity  from  year  to  year.  In  the  largest  cities,  liow- 
c\er.  there  are  practically  always  a  number  of  epidemics 
going  on  all  the  time,  and  the  average  severity  of  the 
■whole  city  does  not  vary  so  much.  Age  has  a  verj' 
marked  influence  on  mortality. 

The  special  dangers  to  be  feared  in  diphtheria  are  the 
invasion  of  the  larynx,  the  development  of  broncho- 
pneumonia, serious  paralysis,  especially  of  the  heart  and 
respiratory  muscles,  sepsis,  and  nephritis. 

The  following  division  of  the  cases  of  true  diphtheria, 
based  on  the  extent,  character,  and  location  of  the  pseudo- 
membrane  or  exudate,  after  sufficient  time  has  elapsed  for 
the  development  of  the  local  lesions,  has  seemed  to  me  to 
be  of  considerable  value  in  prognosis: 

1.  Cases  in  which  the  pseudo-membranes  are  very  ex- 
tensive, thick,  and  firmly  incorporated  with  the  underly- 
ing swollen  mucous  membrane.  In  these  the  constitu- 
tional symptoms  are  marked,  the  mortality  at  all  ages  is 
large,  and  the  danger  of  paralysis  great. 

■-.  Cases  in   which  the   development   of  the  pseudo- 
membranes  is  largely  confined  to  the  larynx  and  bronchi. 
This  fonn  occurs  mostly  in  yoimg  children,  is  very  fatal   1 
at  all  ages,  and  apt  to  be  complicated  by  bronchitis  or 
pneumonia.  I 


a.  Cases  in  which  the  pseudo-membrane  is  moderate  in 
amount,  involving  the  tonsils  and  irregular  portions  of 
the  uvula  and  .soft  palate.  These  often  have  marked 
constitutional  and  local  symptoms  for  a  few  davs,  but 
nearly  always  recover,  exi-ept  in  very  young  chihiren. 

4.  Ca.ses  in  which  the  i)seudo  nienibiane  or  exudate  is 
confined  to  the  tonsils.  These  resemble  those  in  the  third 
division,  but  the  symptoms  are  less  marked.  They  all 
recover  unless  coniplications  exist. 

5.  Cases  in  which  very  little  or  no  exudate  is  ever 
present,  the  nuieous  mendirane  being  simply  slightly 
swollen  and  hyiiinennc.  These  have  usually  slight 
symptoms  anil  recover,  but  are  important  to  diagno.seTas 
they  may  infect  others. 

6.  Cases  of  pseudo-membranes  confined  throughout 
their  course  to  the  nose.  These  occur  chiefly  in  young 
children.  The  constitutional  symptoms  aresliglit.  and 
all  so  far  recorded  have  recovered.  These  cases  are  seldom 
met  with. 

7.  Exudates  or  pseudo-membranes  confined  to  the  eye- 
lids, skin,  rectal  and  vaginal  mucous  mcnd.iianes.  The 
cases  conlined  to  the  first  two  locations,  as  a  rule,  present 
few  constitutional  symptoms  if  the  throat  is  unaffected. 
When  the  rectum  and  vagina  are  attacked,  the  severity 
of  the  symptoms  will  depend  on  the  t-xtent  of  the  lesjon.s. 

TuK\TiiKST.—Prophylii.ti.<i.~Th(;  patient  ill  with  diph- 
theria is  to  be  isolated,  so  far  as  circumstances  permit. 
Wherever  jiossible  a  separate  room  should  be  provided. 
Those  who  care  for  the  sick  should  wear  a  special  outer 
garment.  Before  leaving  the  room  this  gown  should  be 
removed  and  the  hands  carefully  washed  and  rinsed  with 
an  antiseptic  solution. 

The  patient  should,  when  old  enough,  expectorate  into 
some  receptacle  containing  a  disinfectant.  Everything 
soiled  by  the  mouth  discharges  should  be  disinfected  by 
soaking  in  some  disinfectant  solution,  by  boiling,  or  by 
burning.  The  throat  secretions  are  probably  dangerous 
until  at  least  three  weeks  after  the  beginning  of  the  at- 
tack and  possibly  for  longer  periods. 

Wherever  possible  the  probable  disappearance  of  the 
diphtheria  bacilli  should  be  established  by  the  bacterio- 
logical examination  of  cultures.  At  the"  conclusion  of 
the  illness  the  bedding  and,  where  possible,  the  carpets 
should  be  disinfected  by  steam,  and  the  furniture,  floor, 
and  walls  wiped  off  with  a  1  to  500  solution  of  bichloride 
of  mercury.  Finally,  it  is  well  to  disinfect  the  surfaces 
of  the  walls,  furniture,  and  hangings  in  the  patient's  room 
by  means  of  formaldehyde  gas. 

The  disposal  of  the  healthy  members  of  an  infected 
family  is  a  matter  of  great  importance.  They  frequently 
have  already  become  infected  before  the  first  "case  is  diag- 
nosticated, and.  if  sent  away,  they  may  carrj-  the  dis- 
ease to  the  children  of  the  families  "which  they  visit.  It 
is  wise,  therefore,  to  keep  them  at  home  if  "they  have 
been  exposed  to  the  one  taken  sick.  All  those  wlio  have 
been  exposed  or  expect  to  be  exposed  to  the  contagion 
should  receive  a  moderate  injection  of  antitoxin  as  a  pre- 
ventive. 200  to  500  units  according  to  age.  As  a  proph- 
ylactic it  is  well  to  gargle  the  throat  frequently  and 
cleanse  the  nostrils  with  some  mild  cleansing  solution, 
such  as  Dobell's.  or  a  'neak  disinfectant,  such  as  1  to 
10.000  aqueous  solution  of  bichloride  of  mercury.  An 
immunization  dose  of  antitoxin,  together  with  the  fre- 
quent cleansing  of  the  throat,  will  practically  insure  im- 
munity from  diphtheria  for  at  least  two  weeks.  If  the 
danger  still  persists  a  second  inject  ion  of  antitoxin  is  given. 

Local  Treatment. — If  one  could  destroy  all  the  diph- 
theria bacilli  in  the  parts  infected  by  local  disinfection, 
the  disease  might  theoretically  at  lea.st  be  at  once  aborted 
and  its  extension  to  distant  pans  prevented. 

Many  cliniciansof  great  experience  in  the  treatment  of 
diphtheria  have  advised  various  methods  to  accomplish 
this  desired  result,  such  as  the  direct  application  of  nitrate 
of  silver  or  carbolic  acid :  but  personally  I  believe  tliat 
their  success  nuist  always  be  limited,  and  for  the  follow- 
ing reasons:  The  diphtheria  bacilli  are  not  limited  to  the 
exact  spot  w  here  the  pseudo-membrane  has  developed. 
They  are  i)resent  in  the  throat  secretions,  bathing  all 
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parts  of  the  pharynx  autl  tousils  before  eveu  the  local 
lesions  are  niauifest.  Lying  thus  in  the  erypts  and  re- 
cesses of  the  parts,  they  cannot  all  be  reached  and  killed 
by  such  antiseptic  fluids  as  we  attempt  to  apply  to  them. 
It  is  also  true  that  oul}'  in  the  mildest  cases  are  the  lesions 
wlioUy  accessible  to  local  treatment. 

Some  years  ago  a  series  of  experiments  were  carried 
out  under  my  supervision  by  Drs.  ^V'hite  and  Somerset, 
the  resident  "physicians  of  the  New  York  Hospital  for 
Contagious  Diseases,  to  test  the  comparative  value  of 
irrigating  the  uoseand  throat  with  simple  cleansing  solu- 
tions and  with  disinfectants  (1  to  4,000  bichloride  of  mer- 
cury and  five-  to  ten-volume  solutions  of  (leroxide  of 
liyiirogen).  After  a  fairly  thorough  trial  it  was  very 
difticult  to  see  morc-than  a  trifling  advantage  in  the  use 
of  antiseptic  solutions. 

If  we  attempt  to  kill  the  bacteria  in  the  accessible  lesions 
by  caustics  or  the  actual  cautery,  we  are  apt  to  injure 
the  tissues  without  killing  all  of  "the  bacteria,  thus  doing 
probably  more  harm  than  good.  1  believe,  therefore,  that 
we  shoiild  not  use  any  ti-catment  which  will  irritate  or 
lacerate  the  mucous  membrane.  I  believe  that  no  swab 
should  be  used  in  making  applications  to  the  mucous  mem- 
brane unless  it  is  done  by  the  jihysieiau  or  by  a  trained 
nurse,  and  only  then  with  the  greatest  care.  Personally 
I  prefer  to  trust  to  inigation.  For  tlie  nostrils  I  prefer 
a  solution  of  one  teaspoonful  of  salt  to  one  pint  of  tepid 
water.  This  is  best  applied  by  means  of  a  fountain 
syringe,  but  a  small  glass  syringe  with  a  ruljber  tip  an- 
swers quite  well.  If  the  nostrils  are  so  lirmly  plugged 
that  great  jiressure  is  needed,  then  an  ordinary  hard-nili- 
ber  syringe  can  be  used.  To  its  point  is  attached  a  short 
rubber  tube,  ending  in  a  bulb  to  tit  the  nostrils.  The 
force  needed  may  be  great,  but  the  shock  is  of  less  harm 
than  the  continued  total  occlu.sion  of  the  utistrils  with 
the  accompanying  absorption  of  toxin  and  the  probable 
production  of  sepsis. 

When  the  local  lesions  of  diphtheria  are  limited  to  the 
tonsils,  irrigation  of  the  nostrils  is  unnecessiiry,  but  when 
the  posterior  narcs  are  involved,  the  nostrils  should  be 
irrigated  from  three  to  twelve  times  a  day.  Even  weak 
solutions  of  peroxide  of  hydrogen  are  often  very  irritating 
to  the  nasal  mucous  membrane.  For  the  irrigation  of  the 
mouth  and  pharynx  either  a  normal  salt  solution  or  a  1 
to  10.000  bichloride  of  mercury  or  a  neutral  five- volume 
peroxide  of  hydrogen  solution  may  be  emiiU)yed.  In 
older  children  and  adults  gargles  may  be  used  when  the 
tonsils  only  arc  attacked.  Tlie  solutions  are  sinijily  held 
in  the  throat  as  far  back  as  possible  and  then  ejected.  It 
is  iraiiossib!e  for  most  persons  through  gargles  to  reach 
more  than  the  tissues  anterior  to  the  faucial  i>illars. 

Local  treatment  may  be  combined  with  general  medi- 
cation; thus  the  giving  internally  of  the  diluted  tincture 
of  the  chloride  of  iron  or  of  the  bichloride  of  mercury  in 
small  frequent  doses  has  considerable  local  effect  upon 
the  mucous  membiiines  of  the  throat  and  pharynx.  Lime 
water  and  solutions  of  boric  acid  may  also  be  given  fre- 
quently in  small  amounts  by  the  mouth  for  their  local 
effect. 

The  irrigation  of  the  nostrils  with  salt  water  or  oue- 
per-cent.  boric-acid  solution  has  not  appeared  to  cause  ear 
trouble. 

General  Treatment. — The  air  in  the  patient's  room 
should  be  pure  and  kept  if  possible  at  a  temperature  of 
70'-T->=  F. 

The  drugs  suggested  for  the  treatment  of  diphtheria 
have  been  numberless,  but  few  of  them  have  proved 
themselves  as  of  use  generally.  With  the  exception  of 
the  antitoxin  none  of  them  are  specific.  At  the  New 
York  Hospital  for  Contagions  Diseases  mild  cases  are 
given  an  abundance  of  light  diet,  milk,  broth,  eggs,  etc., 
and  a  dose  of  l.OOO  to  2.00(1  units  of  antitoxin.  This  and 
the  local  treatment  are  all  they  receive.  More  severe  cases 
are  given  brandy,  from  half  an  oiuice  to  twelve  ounces,  in 
the  twenty-four  hours,  according  to  the  severity  of  the 
disease  and  the  amount  of  prostration  and  the  weakness 
of  the  heart  action.  In  these  severe  cases  and  in  any  in 
which  paralysis  threatens,  strychnine  is  given  three  times 


a  day  in  doses  of  gr.  ^hv  '"^  aV-  AYhere  necessary,  cardiac 
tonics  such  as  caffeine  and  digitalis  are  employed.  As 
the  patients  begin  to  convalesce  they  are  given  some 
preparation  of  iron  as  a  tonic  if  they  show  much  an:ien:ia. 

The  antipyretics  are  to  be  avoided,  because  of  their  de- 
pressant effect,  and  also  because  the  temperature  is,  as  a 
rule,  not  seriously  high  in  diphtheria. 

The  tincture  of  the  chloride  of  iron  in  moderate  and 
frequent  doses  is  thought  by  many  to  lie  of  great  benefit, 
both  locally  and  for  its  tonic  effect,  though  if  it  causes 
nausea  or  vomiting  it  should  be  stopped.  Jacobi  advises 
up  to  I  i.  each  day  for  an  infant,  and  for  a  child  three 
j-ears  old  twice  that  amount.  Large  doses  do  not  appear 
to  have  any  more  beneficial  effect  than  small,  and  are 
more  apt  to  cause  irritation  of  the  stomach.  The  internal 
administration  of  bichloride  of  mercury,  gr.  j\  to  yV  daily, 
in  divided  doses,  has  not  seemed  to  me  to  be  of  any  other 
than  local  value,  though  thought  highly  of  by  some. 
Good  observers  advocate  small  to  moderate  doses  of 
quinine.  I  myself  have  had  but  little  experience  with 
its  use. 

"Whenever  paralysis  of  the  muscles  of  deglutition  has 
become  sutliciently  marked  to  prevent  the  swallowing  of 
food,  it  is  necessary  to  feed  through  a  soft-ruliber  tube 
passed  through  the  nose  into  the  pharynx  and  (vsophagus. 
All  having  serious  disease  should  remain  as  absolutely 
quiet  as  pos.sible  and  should  take  their  food  and  evacu- 
ate their  bowels  in  a  recumbent  position.  Bronchitis, 
pneumonia,  otitis,  nephritis,  and  other  diseases  complicat- 
ing diphlhiriaare  treated  as  if  they  were  primary  diseases. 

TreatmiKt  of  Laryngeal  Dijiht/nria. — Fcu' the  relief  of 
obstruction  in  laryngeal  diphtlieria  there  are  the  inhalation 
of  the  fumes  of  subliming  calomel,  the  inhalation  of  warm 
steam  with  or  without  lime  or  other  additions,  the  ap- 
plication of  warmth  or  cold  over  the  larynx,  and  the  use 
of  medicines  internally,  especially  those  causing  nausea 
ov  vomiting. 

The  fii'st  two  are  the  most  important  means  of  combat- 
ing the  beginning  laryngeal  obstruction. 

Calomel  Fumif/ation.  This  was  first  advocated  by  C'or- 
bin  in  1881,  and  has  since  been  extensively  used.  The 
inhalation  of  subliming  calomel  does  not.  as  some  claim, 
destroy  the  diplitlieriu  bacilli,  but  it  does  often  greatlj 
relieve  the  obstruction  with  its  accompanying  symptoms. 
This  so  often  follows  each  emplojment  of  it  that  there 
seems  to  be  no  doubt  of  its  action.  It  does  not,  however, 
afford  relief  in  all  cases,  even  when  used  very  early. 

The  method  of  using  calomel  fumigation  varies  with 
the  appamtus  at  hand.  The  child  shovdd  be  put  in  an 
improvised  tent  so  as  to  confine  the  fumes  sufiiciently  to 
fill  the  tent  with  a  rather  dense  white  smoke.  From  ten 
to  twenty  grains  can  be  thrown  on  a  few  live  coals  placed 
on  a  shovel  and  held  under  the  tent  while  it  sublimes,  or 
a  lump  of  live  coal  may  be  put  in  an  iron  or  earthenware 
vessel  and  over  it  a  strip  of  iron  or  an  iron  spoon  upon 
which  the  calomel  is  placed.  In  the  larger  cities  a  suit- 
able apparatus  can  be  bought  ready  for  use,  which  is,  of 
course,  more  convenient. 

Steam.  The  inhalation  of  warm  steam  is  certainly  at 
tiuiesof  great  benefit.  To  the  water  maybe  added  equal 
parts  of  lime  water,  or  to  each  pint  one  or  two  teasjioon- 
fuls  of  compound  tincture  of  benzoin.  The  warm,  damp 
vapor  is  the  chief  thing.  The  steam  shoidd  be  inhaled 
as  warm  as  possible,  and  the  patient  should  be  protected 
from  the  dampness  by  a  covering  of  oil-muslin,  or  a  thin 
blanket. 

If  in  a  strong  child  the  laryngeal  symptoms  increase 
so  that  it  Seems  as  if  intubation  will  soon  become  ueces- 
S!»ry,  the  effect  of  vomiting  may  be  tried.  For  this  pur- 
pose a  dose  of  fl.  |  ss.-i.  of  syrup  of  ipecac  should  be 
given  every  ten  minutes  vmtil  effective.  Instead  of 
ipecac,  tartar  emetic  or  the  yellow  subsulphate  of  mer- 
cury, gr.  ij.-v.  to  a  child  of  two  years,  and  repeated, 
may  be  given.  If  an  attack  of  vomiting  does  not  give 
appreciable  relief,  it  is  not  well  to  repeat  it,  as  it  ex- 
hausts the  child  and  offers  but  slight  hope  of  benefit.  If 
a  child  is  much  prostrated,  it  is  unwise  to  resort  to 
emetics  at  all. 
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Iiittihition  ami  Tmeheotomy.  If  in  spite  of  treatment 
the  laryngeal  stenosis  advances  s<i  far  that  actual  obstruc- 
tion to  hreathinir  is  marked  and  increasing,  we  must  re- 
sort lo  intubation  or  Iracheolomy. 

By  one  or  the  other  of  the  means  we  overcome  the  ob- 
struction to  the  entrance  of  air  through  the  larynx,  and 
thus  inevent  suftoeatiou.  unless  the  membrane  is  too 
extensive  Ijelow  the  end  of  the  tube  AVe  also  aid  the 
expulsion  of  nmens  and  ])Oi1ions  of  membrane  through 
the  opening  formed  by  the  tube.  The  insertion  of  the 
tube  does  not.  of  conrst-.  limit  the  extension  of  the  dis- 
ease or  jirevent  complications.  The  apparent  improve- 
ment due  to  the  removal  of  the  obstacle  to  respiration 
will  th<  ivfiire  only  be  permanent  when  the  disease  itself 
yields  to  treatment. 

The  time  at  which  intubation  should  be  performed  is  a 
question  of  the  greatest  importance. 

The  insertion  of  a  tube  into  the  larynx  is  not  wholly 
a  matter  of  indilTereuce  even  in  trained  hands.  More  or 
less  abrasion  of  tlie  swollen  and  inflamed  laryngeal 
mucous  membrane  may  be  caused  by  its  insertion,  and 
its  presence  for  several  days  is  very  likely  to  cause  a 
superficial  vilcerjttion.  either  where  its  lower  end  impinges 
on  the  trachea  or  where  its  sides  cause  pressure. 

On  the  other  hand,  so  soon  as  the  laryngeal  stenosis 
becomes  so  marked  that  the  person  struggles  for  air,  and 
in  spite  of  the  struggle  sufticient  aeration  of  the  blood 
does  not  take  place,  that  condition  is  a  great  detriment  to 
the  condition  of  the  child  long  before  any  actual  suffoca- 
tion is  impending. 

In  spite,  then,  of  the  possible  injury  to  the  larynx  of 
the  insertion  and  retention  of  the  tube,  we  should  not 
wait  too  long  and  thus  allow  a  greater  injury  to  occur. 

If.  therefore,  the  stenosis  steadily  increases  and  the  re- 
traction of  the  epigastric  and  jugular  regions  becomes 
decided,  and  cyanosis  is  evident,  it  is  better  not  to  wait 
longer.     (See  article  on  Intubati'/u.) 

I'redtment  of  lite  Patient  trhile  Int'tbated.  It  is  fre- 
quently the  custom  to  raise  slightly  the  foot  of  the  bed 
on  which  the  child  lies,  and  it  is  always  well  to  keep  the 
child  prostrate  if  possible. 

A  matter  of  vital  importance  is  the  feeding  of  the  child, 
so  that  food  will  not  pass  down  the  tube.  This  is  tirst 
attempted  with  the  child  lying  down,  with  the  head  de- 
pressed below  the  rest  of  the  body.  If  the  child  does  not 
take  fluid  nourishment  in  this  way,  it  is  allowed  to  drink 
in  the  natural  manner.  If  it  is  imjjossible  to  feed  the 
child  by  either  of  these  means,  it  must  be  fed  by  a  stomach 
tube  passed  through  the  nose  into  the  stomach.  For  a 
child  of  one  or  two  years  the  tube  should  be  the  size  of 
a  No.  6  catheter:  fot-a  child  of  three  to  four  years,  a  No. 
8  catheter.  Some  physicians  prefer,  instead  of  a  fluid 
diet,  food  which  is  of  greater  consistence  or  even  entirely 
solid.  At  the  "Willard  Parker  Hospital  for  Contagious 
Diseases,  however,  fluid  diet  is,  as  a  rule,  preferred. 

Extraction  of  the  Tahe.  At  any  lime  after  the  insertion 
of  the  tube  it  may  be  coughed  uj).  or  it  may  become  oli- 
structed  by  membrane  either  blocking  the  tube  or  tilling 
up  the  trachea  below.  Whenever  the  tube  becomes  ob- 
structed it  must  be  instantly  removed.  In  those  cases, 
however,  in  which  the  tube  is  neither  coughed  up  nor 
obstructed  it  is  found  best  to  leave  it  in  for  such  a  peiiod 
that  five  to  seven  days  have  elapsed  from  the  time  of  the 
beginning  stenosis.  If  the  tube  is  removed  earlier,  it 
will  usually  have  to  be  replaced,  with  the  danger  always 
of  creating  slight  abrasions  or  injuries  of  the  larynx. 

tkni)ii  Tlitiajn/.  The  use  of  diphtheria  antitoxin  has 
passed  theexpeiimental  stage  and  its  use  is  now  as  tirmly 
established  as  is  that  of  vaccine  as  a  preventive  of  small- 
pox, lis  action  seems  to  be  to  neutnilize  the  diphtheria 
poison  produced  by  the  diphtheria  bacillus  and  thus  to 
render  it  inert  and  powerless  to  do  injury.  Whether  this 
is  the  entire  explanation  of  its  action  or  not,  it  is  most  im- 
portant to  realize  that  both  in  animals  purposely  infected 
with  diphtheria  and  in  human  beings  ill  with  the  disease 
the  benelicial  effects  of  antitoxin  are  most  evident  when 
it  is  given  very  early  in  the  disease,  before  marked  tissue 
deeeneration  has  occurred. 


Statistics  gathered  from  all  over  the  world  are  in  ac- 
cord, that  the  cases  injected  on  the  first  day  show  the 
least,  those  on  the  second  somewhat  more,  anil  tiiose  on 
the  later  days  the  greatest  mortality.  The  chemical 
nature  of  antitoxin  has  already  been"  considered  under 
Aiilito.niix  ill  \\,\,  I.  As  the  results  obtained  with  the 
antitoxin  treatmeut  have  been  so  much  in  evidence  in  the 
journals.  I  will  give  here  only  a  few  figures  from  Krim- 
lein  (Zurich),  (juoted  from  the  article  on  diphtheria  by 
Jacob!  inthc  "Twentielh  Century  Practice  of  3Iedicine." 
These  are  in  accorti  with  my  personal  observations  iu 
private  practice,  but  rather  niore  favorable  than  in  hos- 
pital practice. 

Mortaliiy, 
per  ii'Dt. 

i'reaiilitij.Nin  perlinl,  total  rasft! l.SJB  ?0.;f 

iipci-.iiiv.- ciiM-s IKH  (Hi.! 

Aiititiixin  pcThid,  total  cases 4.37  12..5 

Operative  cases ir  3ti.iP 

When  antitoxin  is  given  iu  sufficient  amount  shortly 
after  the  onset  of  the  first  sym])toins  the  mortality  is  less 
than  four  per  cent.  It  is  rare  for  an  uncomplicated 
case  of  di]ihtlieria  thus  treated  to  die. 

The  immediate  results  which  follow  an  injection  of 
antitoxin  in  a  case  of  diphtheria  differ  according  to  the 
period  of  the  disease  at  which  it  was  given  and  the 
characteristics  of  the  case.  This  is  due  to  the  fact  that 
while  injection  of  sufficient  antitoxin  prevents  any  further 
effect  of  the  diphtheria  toxin,  it  w  ill  not  lessen  "the  toxic 
effects  of  the  poisons  jiroduced  by  the  other  bacteria  nor 
will  it  stop  the  progressive  degeneration  of  cells  already 
so  injured  that  recuperation  is  impossible. 

When  antitoxin  is  administered  early  in  j)haryngeal, 
tonsillar,  and  na.sal  diphtheria  the  results  are  usually 
striking;  improvement  sets  in  quickly,  the  temperature 
drops  within  from  three  to  twelve  hours,  the  local  in- 
flammation abates,  and  the  membranes  and  exudate  soon 
loosen.  The  local  disease  does  not  spread  to  adjacent  or 
distant  portions  of  the  mucous  membranes.  Except  for 
slight  prt>stratiou  and  anaemia  the  patient  is  frequently 
well  in  from  two  to  three  days. 

When  antitoxin  is  administered  after  the  full  develop- 
ment of  the  diphtheiia  the  results  are  much  less  striking, 
so  tliat  we  often  are  in  doubt  as  to  whether  any  actual 
results  have  been  obtained.  Undoubtedly  man)-  of  these 
cases  run  a  milder  course  than  without  aiititoxiu. 

In  laryngeal  diphtheria  it  is  ditiicult  to  be  certain  of 
the  immediate  effects  in  individual  cases.  When  we  ex- 
amine a  case  we  cannot  as  a  rule  tell  theamountof  larynx, 
trachea,  and  lung  involved,  and  so  are  ignorant  of  the  real 
severit}'  and  extent  of  the  disease. 

Jlore  cases  of  those  receiving  antitoxin  early  recover 
without  having  needed  intul)ation  than  formerly,  and 
those  needing  intubation  are  on  the  average  able  to  have 
the  tube  removed  earlier  than  before.  Upon  the  bron- 
chitis and  broncho-pneumonia  which  develop  iu  some, 
antitoxin  has  little  or  no  effect. 

Ill  Effects  of  Aiititoiin  !<enim. — A  small  percentage  of 
the  cases  have  a  slight  lise  of  temi)erature  immediately 
after  an  injection.  In  a  very  few  cases  abscesses  develoi> 
at  the  seat  of  the  injection.    This  is  a  preventable  accident. 

Rushes. — These  are  peculiar  to  the  serum  injections. 
They  are  undoubtedly  partly  due  to  the  horse  serum,  not 
altogether  to  the  antitoxin.  They  occur  in  from  five  to 
twenty  per  cent,  of  the  cases,  according  to  the  character- 
istics of  the  sermn.  The  eruption  may  be  limited  to  the 
point  of  injection,  or  may  more  or  less  completely  cover 
the  whole  body.  It  most  often  appears  as  an  urticaria, 
but  may  very  closely  resemble  scarlet  fever  or  more  rarely 
measles.  It  usually  develops  between  the  seventh  and 
fifteenth  days,  but  may  occur  as  early  as  on  the  second 
day.  In  some  ca.ses  all  the  forms  may  be  united  in  one 
person.  Following  the  eruption,  desquamarion  may  oc- 
cur. In  about  one-fifth  of  the  cases  there  is  a  rise  in  tem- 
perature of  2  — 1'  F.  This  lasts  for  from  one  to  three  days. 
In  a  small  percentage  of  cases  there  is  accompanying 
the  rash  tenderness  over  the  joints  of  the  extremities. 
These  pains  last,  as  a  rule,  for  from  one  to  four  days. 
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There  have  been  a  few  cases  reported  in  -which  the  joint 
lesions  persisted  for  several  weeks.  The  urticaria  and 
erythema  which  at  times  accompany  the  rise  in  tempera- 
ture are  in  certain  cases  very  distressing,  and  in  a  person 
already  prostrated  might  not  be  wholly  without  danger 
to  the  patient. 

I  liave  seen,  in  watching  over  fifteen  hundred  cases,  no 
serious  effects  upon  the  heart,  kidney,  or  nervous  s}"Stem 
which  I  attribute  to  antitoxin,  with  the  possible  excep- 
tion of  two  cases  of  scarlatina  complicated  with  diph- 
theria. In  these  two  there  was  an  almost  complete  sup- 
pression of  the  urine.  This  was  probably  due  to  the 
scarlet  fever  and  diphtheria,  and  not  to  the  antitoxin. 

Dosaye  nf  Antitiuin. — From  my  observation  of  cases  in 
"both  hospital  and  private  practice,  I  have  been  led  to 
adopt  the  following  dosage: 

Units. 

Very  mild  cases l.KXl-l.oOO  tor  the  flrst  dose. 

Moderately  severe  cases 2,tKK>-3,0(IO  ' 

Very  severe  cases 4.UOtK5,(X)0  " 

Laryngeal   cases,   according    to 

their  severity 2,000-5.000 

For  children  under  one  year  I  should  give  about  one- 
third  less  than  for  older  children  and  adults.  I  believe 
the  conditiou  of  the  throat  as  to  swelling,  extent  and 
nature  of  the  membrane,  etc.,  to  be  a  better  guide  to 
antitoxin  dosage  than  the  general  condition  of  the  patient. 
The  duration  of  the  disease,  rather  than  the  dosage,  in- 
fluences the  curative  power  of  the  antitoxin. 

If,  at  the  end  of  twelve  hours  after  the  injection,  the 
inflammation  is  advancing,  or  if  at  the  end  of  eighteen 
hours  the  inflammation  has  not  clearly  begun  to  subside, 
as  shown  by  lessened  congestion  and  swelling,  I  believe 
a  second  dose  of  antitoxin  should  be  injected.  In  a  very 
few  cases  a  third  dose  is  required  at  the  end  of  from  twenty- 
four  to  thirt)-  six  hours.  For  the  broncho-pneumonia  and 
sepsis  complicating  some  of  the  worst  cases  antitoxin  is 
generally  of  no  avail.  Although  1  cannot  agree  with 
l)r.  McCollom  in  regard  to  the  necessity  of  from  40.000 
to  60,000  imits  in  the  very  bad  cases,  nevertheless  his 
results  certainly  encourage  us  to  give  all  the  antitoxin 
that  we  think  indicated.  It  is  better  to  give  too  much 
rather  than  too  little.  I  think  I  am  correct  in  saying  that 
it  is  the  opinion  of  the  visiting  physicians  at  the  hospital 
that  moderate  doses  accomplish  as  good  results  as  very 
large  ones.  William  H.  Park. 

DIPLOPIA  (from  imUoc,  double,  and  uf.  eye)  is  the 
double  vision  resulting  from  the  formation  of  two  images 
of  the  siime  object  upon  non  corresponding  parts  of  the 
retina'  of  the  two  eyes.  Strictly  speaking,  in  every  act 
of  binocular  vision  this  condition  obtains  in  the  case  of 
all  objects  which  are  either  neaier  or  more  distant  than 
the  point  of  intersection  of  the  visual  axes,  although,  in 
these  cases,  the  incongruity  of  the  two  images  is  ordi- 
narily recognized  as  the  expression  of  a  difference  in  dis- 
tance (stereoscopic  vision)  rather  than  as  double  vision. 
In  viewing  near  objects  against  a  distant  background, 
the  details  of  the  background,  as  seen  by  either  eye  sin- 
gly, are  in  a  measure  effaced  as  a  residt  of  the  exercise  of 
tlie  accommodation  required  for  distinct  vision  at  the 
shorter  distance:  and,  in  binocular  vision,  the  incongru- 
ity of  the  two  retinal  images  of  tlie  background  operates 
still  further  to  prevent  their  special  recognition.  Again, 
in  looking  at  distant  objects,  as  at  the  details  of  a  land- 
scape, through  a  window  screen  of  gauze,  we  may  be 
almost  or  even  quite  unconscious  of  the  presence  of  the 
screen,  although,  by  a  voluntary  exercise  of  the  accom- 
modation and  the  convergence,  we  may  see  its  meshes 
distinctly,  and  may  then  become  conscious  of  the  fact 
that  the  finer  details  of  the  landscape,  as  seen  through  it, 
have  become  indistinct,  and  that  some  of  its  more  con- 
spicuous features  appear  doubled.  In  fact,  we  uncon- 
sciously concentrate  the  attention  upon  objects  at  about 
the  distance  for  which  the  two  eves  are  accommodated 
and  for  which  their  axes  are  converged,  and  so  come  to 
disregard  the  less  perfectly  defined  and  incongruous  im- 
ages of  nearer  or  of  more  distant  objects. 


The  fact  of  the  formation  of  incongruous  retinal  images 
of  objects  either  nearer  or  more  distant  than  the  point  of 
intersection  of  the  visual  axes,  may  be  deuionstrated  by 
holding  a  small  object,  sucli  as  a  pencil,  in  a  vertical 
position  at  a  distance  of  a  foot  or  two  from  the  face  and 
at  about  the  same  distance  from  a  vertical  bar  of  the 
window  sash:  if  we  look  with  the  two  eyes  at  the  pencil, 
it  will  be  seen  single  between  two  images  of  the  sash  bar; 
if  we  look  witli  tlie  two  eyes  at  the  sash  bar,  it  will  be 
seen  single  between  two  images  of  the  pencil.  That 
this  seeing  of  one  or  the  other  of  the  objects  doubled  is 


FIG.  1.597. 

a  result  of  simultaneous  vision  with  the  two  eyes  is  ' 
shown  by  the  fact  that  one  of  the  images  disappears  on 
covering  either  eye. 

If,  directing  the  eyes  upon  the  nearer  object  (the  pen- 
cil), so  that  the  more  distant  object  (the  sa.sh  bar)  is  seen 
doubled,  we  cover  the  right  eye,  we  tind  that  we  shut  off 
the  right-hand  image  of  the  more  distant  object:  simi- 
larly, covering  the  left  eye,  we  shut  off  the  left-hand 
image.  The  double  vision  (diplopia)  is  then,  in  this  case, 
humonymoiis — i.e..  the  image  to  the  right  is  seen  by  the 
right  e.ve,  and  the  image  to  the  left  by  the  left  e.ye.  If 
now,  directing  the  e^ves  upon  the  more  distant  object 
(the  sash  bar),  so  that  the  nearer  object  (the  pencil)  is 
seen  doubled,  we  cover  the  right  eye,  we  shut  olf  the 
left-hand  image  of  the  pencil,  and,  covering  the  left  eye, 
we  shut  off  the  right-hand  image;  the  diplopia  is,  in  this 
case.  heteronjimoiiK,  or  crossed. 

Let  I)  and  .S  (Fig.  1597)  represent  the  right  and  the 
left  eye.  respectively,  and  sujjpose  that  the  two  eyes  are 
directed  to  converge  upon  a  small  near  object  at  P ;  the 
two  retinal  images,  Pd  and  Ps,  will  then  be  formed  each 
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niplopla. 
I>l|tl(i|>lu, 


at  tlie  fovea  ceutralis  of  its  own  eye,  and  the  object  P  will 
be  si'i'ii  siiijrle  with  the  two  eyes.  If  we  suppose  now  a 
seeonil  and  more  distant  object  at  7?,  two  images  of  11  will 
be  funned,  at  liil  and  /i'.'<  resjieetively,  eaeii  to  the  inner 
or  nasal  side  of  tlie  fovea.  The  more  distant  object  A' 
will  then  be  seen  by  the  risrlit  eye  in  the  direction  l/(/  A*, 
to  the  riijht  of  Pd  J',  and  iiv  the  left  eve  in  the  direction 
m  /.'.  t(V  the  left  of  PkP;  therefore  "doubled,  aiul  the 
donlilin^'  (diplopia)  will  be  /loiui'iii/minis. 

If  we  suppose  the  two  eyes  to  be  directed  to  converge 
upon  the  more  distant  object  at  A*,  the  two  retinal  images, 
7W  and  7i'.<.  will  be  formed  each  at  the  fovea  centralis  of 
its  own  eye.  and  J!  will  be  seen  single  with  the  two  eyes; 
but  tlie  two  images  of  7' will  be  formed,  at  /Wand  J'n 
respectively,  each  to  the  outer  or  tempoial  side  of  the 
fovea.  The  nearer  object  7' will  then  be  seen  by  the 
right  eye  in  the  direction  Pil  P.  to  the  left  of  IM  It,  and 
by  the  "h-ft  eye  in  the  direction  7'.'<  P,  to  the  right  of  lU 
It ;  therefore  doidiled,  aiul  the  doidiling  (iliplopia)  will  be 

The  apparent  direction  of  any  visible  object  from  the 
observi-r  is  ordinarily  determined  by  the  direction  in 
which  the  two  eyes  are  turned  iu  order  to  see  it  single. 
When,  however,  only  one  of  the  eyes  is  directed  accu- 
rately upon  the  object,  its  apparent  direction  is  deter- 
mined by  that  of  the  accurately  directed  eye,  and  the 
image  formed  on  the  retina  of  the  misdirected  eye  is  pro- 
jected eccentrically,  on  the  visual  Held,  iu  a  direction 
opposite  to  that  in  which  this  eye  is  turned.  Thus  in 
the  case  of  an  eye  which  deviates  inward,  the  retinal 
image  of  the  object  upon  which  the  other  eye  is  directed 
is  formed  to  the  inner  side  of  the  fovea,  and  is  projected, 
CD  the  visual  field,  to  the  outer  side  of  the  object  as  seen 
by  the  accuPiitely  directed  eye.  A  diplopia  which  is  the 
result  of  cr<ii»iii>g  of  the  eyes  is  therefore  liuinonymous. 
Again,  when  one  of  the  eyes  deviates  outward,  the  reti- 
nal image  is  formed  to  the  outer  side  of  the  fovea,  and 
is  projected  to  the  inner  side  of  the  object  as  seen  by  the 
nccm-ately  directed  eye.  A  diplopia  which  is  the  result 
of  (liiriyt  iiiY  of  the  eyes  is  therefore  cronscd.  In  the  case 
of  a  vertical  diplopia,  the  higher  position  of  the  false 
image  indicates  that  the  misdirected  eye  is  turned  down- 
ward, and  rice  irrsa.  So,  too,  iu  the  case  of  a  diplopia  in 
wliich  a  line  drawn  through  the  two  images  is  interme- 
diate between  the  horizontal  and  the  vertical,  the  dis- 
placement of  the  false  image  on  this  oblique  line  is  in  the 
direction  opposite  to  that  in  which  the  misdirected  eye 
is  turned. 

Referring  again  to  Fig.  1597,  suppose  the  eye  D  to  be 
directed  upon  an  object  at  7?,  and  the  eye  .V  to  be  turned 
toward  a  second  object  at  P  ,  on  the  line  Ps  P  produced. 
Two  dilTeieiit  retinal  images,  Bd  and  Ps,  will  then  be 
formed,  each  at  the  fovea  of  its  own  e3"e,  from  which  it 
might  be  expected  that  the  two  objects,  R  and  P'.  would 
be  seen  simidtaneisusly  as  a  composite  picture.  This  is, 
however,  not  ordinarily  the  case.  Either  the  attention 
is  concentrated  ujion  the  object  i?,  which  is  then  seen 
centrally  and  distinctly  with  the  eye  D  and  also  eccen- 
trically and  less  distinctly  with  the  eye  .S,  or  upon  the 
object  P  which  is  then  seen  centrally  and  distinctly 
with  the  eye  .S.  and  also  eccentrically  and  less  distinctly 
with  the  eye  i).  In  the  one  case  the  object  7^  is  seen 
homonynionsly  doubled,  and  the  two  images  of  7^' are 
disregarded;  in  tlie  other  case  the  object  P  is  seen  ho- 
monyinously  doubled,  and  the  two  images  of  7^  are  disre- 
garded. 

Again,  suppose  the  ej'e  7>to  be  directed  upon  an  object 
at  I',  and  the  eye  S  to  be  turned  toward  7?  .  in  the  direc- 
tion of  P.  In  this  case  two  diflfercnt  retinal  images,  Pd 
and  !!■■<.  are  formed,  each  at  the  fovea  of  its  own  eye.  but 
tlie  attention  is  concenti-ated  either  upon  the  object  7' or 
upon  the  object  7i  ,  one  of  which  is  seen  heteronymous!}' 
doubled  (crossed  diplopia),  and  the  two  images  of  the 
other  object  are  disregarded. 

Diplopia  may  be  evoked  experimentally  by  slightly 
changing  the  direction  of  one  of  the  eyes  by  making 
moderate  pressure  upon  the  eyeball  through  the  eyelid; 
the  second  image  then  appearing  to  the  side  of  the  object 


opposite  to  that  toward  which  the  axis  of  the  eye  has 

been  turned.  Diplopia  may  also  beevokeil  by  artificially 
altering  the  direction  in  wliich  the  raysof  light  from  any 
object  (:iiter  one  of  the  eyes,  as  in  looking  through  a  tlii'n 
prism  held  in  front  of  one  eye.  If,  while  looking  at  any 
small  object  with  the  two  eyes,  we  inlerposea  thin  prisiii 
in  front  of  either  eye,  so  as  to  cover  about  half  of  the 
pupil,  the  object  will  be  seen  single  with  the  two  eyes 
through  tile  uncovered  half  of  the  pupil,  and  doubled 
thrcnigli  the  half  of  the  pupil  covered  by  the  prism;  or, 
by  slightly  varying  the  direction  of  the  two  eyes,  so  as 
to  look  either  past  tin'  prism  or  through  it.  tiie  object 
may  be  seen  single  or  doulilcd,  at  will.  When  the  prism 
is  turned  with  its  retracting  ed.ire  either  toward  the  no.se 
or  toward  the  temple,  the  resultant  horizontal  diplopia, 
wdiether  crossed  or  homonymous,  may  be  observed  to 
drift  almost  imme<liately  into  single  vision  with  the  two 
eyes,  through  an  unconscious  change  in  the  conver.gence; 
in  other  positions  of  the  jnism  the  iliplojiia  persists.  The 
apjiarent  dis]dacenient  of  the  object,  as  .seen  through  the 
prism,  is  in  the  direction  of  the  edge  of  the  ]nism. 

Diplopia,  as  an  anomaly  of  vision,  may  result  from  any 
deviation  from  the  nm'inal  relative  direction  of  the  a.xes 
of  the  two  eyes.  Such  deviation  may  be  the  elTect  of  a 
])urely  mechanical  cause,  as  when  the  range  of  move- 
ment of  one  of  the  eyes,  in  some  particular  direction,  is 
limited  by  a  cicatrix  of  the  conjunctiva,  by  a  symlileph- 
aron,  etc. ;  or  it  may  be  dependent  on  a  dis]ilacement 
of  one  of  the  eyeballs  from  an  orbital  hemorrhage  or 
tumor;  or  upon  a  fracture  of  the  bony  wall  of  the  orbit 
impairing  the  lateral  support  of  the  globe,  or  perhaps 
injuring  one  or  inoreof  the  musclesof  the  eye.  Diplopia 
from  such  causes  may  be  either  transient  or  pennauent; 
and  it  may  be  present,  often  iu  varying  degree,  in  all 
positions  of  the  eyes,  or,  in  cases  in  wldch  certain  move- 
ments of  the  affected  eye  are  restricted  only  in  their  ex- 
treme range,  it  may  appear  only  on  looking  in  some  jiar- 
ticular  direction,  and  may  then  be  prevented  b}- avoiding 
such  movements  of  the  eyes  by  substituting  for  them  a 
movement  of  the  entire  head. 

Diplopia  is  sometimes  a  predominating  symptom  in 
cases  of  slight  preponderance  of  either  the  recti  intern! 
or  the  recti  externi  muscles  over  their  antagonists,  and  is 
then  either  homonymous  orcrossed.  As  the  normal  range 
of  convergence  of  the  optic  axes  is  somewhat  increased 
when  the  eyes  are  directed  downward,  and  diminished 
when  they  are  directed  upward,  a  person  suffering  from 
slight  insufficiency  of  the  intern!  will  sometimes  correct 
the  tendency  to  crossed  diplopia  by  habitually  carrying 
the  head  tijiped  a  little  backward;  and,  similarly,  in  the 
case  of  slight  insufficiency  of  the  externi,  he  may  correct 
the  tendency  to  homonymous  diplopia  by  habitually  bow- 
ing the  head.  In  such  cases  the  wearing  of  prismatic 
spectacles,  with  the  bases  of  the  jirisms  turned  inward 
or  outward  according  as  the  intern!  or  the  extern!  are  in 
need  of  assistance,  may  afEord  jierfect  relief,  and  enable 
the  patient  to  carry  his  head  in  the  normal  position.  So, 
also,  a  slight  deviation  of  one  of  the  optic  axes  upward 
or  downward  may  give  rise  to  a  vertical  diplopia  which 
may  be  corrected  by  wearing  spectacles  of  xvhich  one  of 
the  glasses  is  a  prism  set  with  its  base  downward  or 
upward,  as  may  be  indicated  ;  or  a  jiair  of  prisms  may  be 
given,  with  their  bases  in  opiiosite  directions,  so  as  to  di- 
vide the  correction  between  the  two  eyes. 

As  in  normal  binocular  vision,  both  eyes  are  directed 
upon  the  object,  with  the  result  that  "the  two  nearly 
identical  inmges.  falling  centrally  upon  the  two  retime, 
are  mentally  combined  in  a  single  composite  impression, 
so  in  diplopia  dependent  on  a  faulty  ilirection  of  the 
axes  of  the  two  eyes,  one  to  the  other,  the  object  is  al- 
ways fi.xed  by  one  eye.  the  image  falling  centrally  upon 
its  "retina  and  eccentrically  U|)on  the  retina  of  the  devi- 
ated eye.  Of  these  two  images,  the  central  image,  in  the 
fixing  eye,  is  recognized  as  the  •'triu-"  image  and  is  util- 
ized in  seeing  the  object  and  in  estimating  its  direction; 
at  the  siiinc  time,  the  eccentric  image,  in  the  deviated 
eye,  is  lecoguized  as  a  "false"  image,  obtruding  itself 
more  or  less  persistently  on  the  vision  to  the  confusion 
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of  the  general  impressiou.  Simultaneous  vision  witli  the 
two  eyes  Ijecomes  tlien  a  hindrance  rather  tlian  a  lie)]), 
and  tlie  suffei'er  learns  to  suppress  the  confusing  second 
image,  at  tiist  by  covering  or  closing  the  deviated  eye 
and  later,  in  niauj'  eases,  b.v  ceasing  to  take  cognizance 
of  the  confusing  visual  impressiou.  Confused  vision 
■with  the  two  eyes  then  gives  place  to  .single  vision  with 
the  ti.xing  eye.  the  deviated  eye  no  longer  contributing 
anything  to  the  psychical  impression,  and  this  wholl_v 
independently  of  the  actual  acuteness  of  vision  in  either 
eye. 

Instances  of  this  psychical  suppression  of  one  of  the 
two  retinal  images  occur  in  different  tjpesof  strabismus. 
Thus  in  strabismus,  whether  convergent  or  divergent, 
the  patient  sees,  as,a  rule,  exclusively  with  the  straight 
eye.  although  on  covering  this  e3-e  he  may  see  perfectlj- 
with  the  fellow  eye,  the  previously-  straight  eye  then 
assuming  the  position  of  deviation.  In  the  alternating 
type  of  strabismus,  the  patient  is  able  to  tix  the  object 
and  .see  it  distinctly  with  either  eye.  Iiut  receives  no 
simultaneous  impression  through  the  other  eye.  In  peri- 
odic sti-abismus  there  is  ordinarily  good  binocular  vision 
so  long  as  the  two  eyes  are  properlj-  directed  upon  the 
object,  but  this  gives  place  to  vision  with  a  single  eye 
whenever  the  second  eye  wanders  from  the  true  direction. 

In  true  (concomitant)  strabismus  I  he  angle  of  deviation 
of  the  misdirected  eye  is  approximately  constant,  what- 
ever may  be  the  direction  in  which  the  fixing  eye  is 
turned.  "  The  position  of  the  false  image,  as  regards  its 
direction  and  distance  from  the  true  image;  remains, 
therefore,  practically  imchanged  in  all  movements  of  the 
eyes.  To  sujipress  the  false  image,  it  would  then  appear 
to  be  necessary  to  disregard  only  such  jiart  of  tlie  retinal 
pictiire  in  the  deviated  eye  as  is  formed  on  a  definite  and 
rather  small  eccentric  area  of  the  letiua.  That  tliis  is 
what  actually  occurs,  in  manv  cases  of  strabismus,  is 
shown  by  the  fact  that  the  suppressed  diplo])ia  may  often 
be  made  manifest  by  changing  the  relative  position  of 
the  two  images  by  looking  through  a  prism  or  ijrisms 
])laced  before  one  eye  or  both  eyes.  So,  also,  a  previ- 
ously suppressed  diplopia  not  infrequently  reasserts  itself 
as  the  result  of  the  change  in  the  position  of  the  false 
Image  following  an  incomplete  correction  of  strabismus 
b_y  an  operation. 

The  suppression  of  simultaneous  recognition  of  the 
two  images  in  strabismus,  altliough  complete  under 
ordinar\-  conditions,  may,  nevertheless,  often  be  shown 
to  be  incomplete  by  artificially  varying  the  conditions 
under  which  the  object  is  viewed.  Thus,  in  looking  at 
the  flame  of  a  lamp,  at  a  distance  of  say  ten  to  twenty 
feet,  the  flame  will  ordinarily  be  seen  single  with  the 
fixing  eye;  but  on  placing  a  colored  glass  before  one  of 
the  eyes,  so  as  to  change  the  apparent  color  and  bright- 
ness of  the  flame  as  seen  by  this  eye,  tivo  differently  col- 
ored images  of  the  flame  may  aijpear. 

By  the  use  of  the  "  glass-rod  "  test  of  Maddox,  which 
consists  in  looking  transversely  through  a  cylindrical 
glass  rod  of  4  mm.  or  .5  mm.  diameter  held  in  front  of  one 
eye,  the  flame  of  a  lamp,  as  seen  with  this  eye,  is  drawn 
out  into  a  very  long  liright  streak  at  right  angles  to  the 
axis  of  the  rod.  This  linear  streak,  which  is  wholly  un- 
like the  image  of  the  flame  as  seen  by  the  other  eye,  and 
which  also  extends  across  an  area  of  the  retina  many 
times  larger  thau  that  occupied  l)y  the  untransformed 
image,  is  often  perceived  simultaneously  with  the  flame 
in  cases  in  which  prisms  or  colored  glasses,  whether  used 
alone  or  in  combination,  give  only  a  negative  result.  As 
improved  by  its  inventor,  by  the  substitution  of  several 
somewhat  smaller  parallel  rods  (which  may  be  of  colored 
glass)  for  the  single  rod,  or  replacing  the  system  of  rods 
by  a  disc  of  plain  or  colored  glass  crossed  by  parallel 
flulings,  this  test  affords  the  most  effective  known  means 
for  bringing  to  light  a  dijilopia  which  has  become  latent 
through  the  suppression  of  one  of  the  two  retinal  images, 
as  well  as  for  investigating  the  relation  of  the  two  images, 
one  to  the  other. 

In  paralysis  or  paresis  of  one  or  more  of  the  external 
muscles  of  the  eyeball,  from  suspended  or  impaired  func- 


tion of  one  of  the  motor  nerves  (third,  fourth,  or  sixth), 
diplopia  is  from  the  beginning  a  prominent  and  gener- 
ally a  persistent  symptom.  In  uncomplicated  paralysis 
(or  paresis)  of  a  single  muscle,  deviation  of  the  axis  ofthe 
affected  eye  occurs  only  in  looking  in  the  particular  di- 
rection in  which  the  muscle  is  unable  fully  to  perform 
its  proper  work,  while  in  looking  in  other  directions  the 
normal  relative  direction  of  the  axes  of  the  two  eyes  is 
preserved.  Binocular  vision  is,  therefore,  oulv  occasion- 
ally disturbed  by  the  perception  of  double  images,  and 
the  diphipia  evoked  by  an  unsuccessful  attempt" to  turn 
the  eye  in  the  direction  of  the  paralyzed  nuiscle  may  be 
corrected  by  turning  the  head  in  the  same  direction,  and 
so  fusing  again  the  momentarily  sejiarated  images.  Fur- 
thermore, the  distance  by  which  the  tw(i  images  are  seeu 
separated  from  each  other  is  dependent  wholly  upon  the 
direction  in  which  the  eyes  are  turned,  and  is.  therefore, 
a  varying  quantity;  so  that  the  false  image,  which  is 
projected  at  different  times  upon  different  portions  of  the 
I'etina  of  the  deviated  eye,  is  ecmstautly  rea,sserting  itself 
in  a  new  position,  and  is,  therefore,  less  ea.sil}'  disregarded 
than  in  the  case  (as  in  strabismus)  in  which  the  relation 
of  the  two  images  to  each  other  is  practicalh'  constant. 
In  a  later  stage  of  the  affection,  however,  the  unop]iosed 
antagonist  of  the  paralyzed  muscle  usually  becomes 
shortened,  so  that  some  degiee  of  douliling  appears 
even  in  the  most  favorable  positions  of  the  eyes;  but 
even  then  the  diplopia  remains  variable  in  degree,  and  is 
apt  to  persist  as  an  ever-recurring  source  of  visual  dis- 
turbance. 

In  diplopia,  whether  dependent  on  an  impediment  to 
the  free  mobility  of  one  of  the  eyes,  or  upon  perverted 
action  of  one  of  the  ocidar  muscles,  it  is  ordinarily  the 
affected  eye  which  deviates;  exceptional  cases  occur, 
however,  in  which  this  eye  is  so  much  the  better  eye.  as 
regards  acutene.ss  of  vision,  that  it  continues  to  be  used, 
and  is  con.se([Uently  accurately  directed  up(ui  the  object, 
while  the  deviation  is  transferred  to  the  eye  whose  motil- 
ity remains  unimpaired.  Hence,  it  is  .sometimes  pos.sible 
to  fall  into  the  error  of  attributing  a  defect  in  motility 
to  the  wrong  ej'e,  as,  for  instance,  in  a  case  of  verticiil 
diplopia,  in  which  it  may  be  difficult  to  decide  whether 
one  of  the  eyes  is  turned  a  little  upward  or  the  other  a 
little  downward,  or  in  a  case  of  homonymous  or  crossed 
diplopia,  where  we  mjij-  be  in  doubt  whether  the  exces- 
sive or  insufficient  convergence  has  its  seat  iu  one  or  the 
other  of  the  eyes,  or  in  both  e3-es.  From  a  practical 
standpoint,  however,  these  nicer  points  of  diagnosis  are 
ordinarily  of  minor  importance,  for  the  reason  that,  if 
the  deviation  is  of  such  a  nature  and  degree  as  to  bring 
it  within  the  power  of  prisms  to  correct  it,  the  prisms 
must  usually  be  apjilied  to  both  eyes  In  order  to  obtain  a 
sufficient  refractive  effec't  with  the  least  disturbance  from 
dispersion;  and,  similarly,  in  a  large  ]U'0|iortion  of  cases 
of  deviation  for  which  tenotomy  may  be  the  approjiriate 
remed\',  the  requisite  correction  is  often  best  attained  by 
operating  upon  both  eyes. 

We  have  thus  far  considered  diplopia  as  simjily  a 
doubling  of  the  visual  impression;  but.  in  fact,  the  axis 
of  the  deviated  eye  is  often  not  only  misdirected,  but  also 
more  or  less  rotated  or  twisted.  Of  the  six  muscles 
which  move  the  e.yeball  in  different  directions,  only  two, 
the  rectus  internus  and  the  rectus  externus,  effect  a  sim- 
ple change  iu  its  direction.  The  other  four  muscles,  viz., 
the  rectus  superior,  the  rectus  inferior,  the  obliquus  su- 
perior, and  the  oljliquus  inferior,  when  they  act  singly, 
cause  also  .some  degree  of  rotation  of  the  axis  of  the  eye- 
ball, and  thus  give  rise  not  onlv  to  a  displacement,  but 
also  to  a  notable  rotation  of  the  image.  Under  normal 
conilllions,  the  tendency  to  rotation  from  the  action  of 
the  sujierior  rectus  is  neutralized  by  an  equal  tendency 
to  rotation  in  an  opposite  direction  through  the  action  of 
the  inferior  oblique;  and,  similarly,  the  rotating  effect 
of  the  inferior  rectus  is  neutralized  by  an  opposite  rotat- 
ing action  of  the  superior  oblique.  But  when  au_y  one 
of  these  muscles  is  jiaralyzed,  this  correcting  power  is 
lo.st,  ami  the  correlated  muscle  is  left  free  to  exert  its 
function  of  rotation.     This  rotation  of  the  false  image  is 
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best  stiulit'il  by  directing  the  patient  to  look  at  a  foot- 
rule  held  vertiially  or  horizontally  at  a  distance  of  from 
one  foot  to  three  or  four  feet  from  the  face;  the  relation  of 
the  twoimajrcs,  one  to  the  other,  may  I  hen  be  noted  for  dif- 
ferent jiositions  of  thende.  The  false  iinaiie  will  be  seen 
turned  in  a  direction  obliciue  to  that  in  which  the  rule  is 
held  and  in  whi<  h  it  is  seen  by  tlie  non-deviated  eye. 
Diplopia  with  marked  rotation  of  the  false  image  is  often 
u  source  of  especially  annoying  and  persistent  visual  dis- 
turliances:  the  rotation  cannot  be  overcome  by  wearing 
prisms:  an  operation  on  the  weakened  muscle  (advance- 
ment of  its  insertion)  proves,  at  the  best,  only  palliative 
in  most  casi'S:  and  llie  division  of  the  tendon  of  the  mus- 
cle which  is  the  active  cause  of  tlii'  cumbinecl  deviation 
and  rotation,  when  the  eyes  are  turned  in  certain  direc- 
tions, will  (iflen  only  aggravate  tlie  trouble  liy  giving 
rise  to  new  and  disturbing  limitations  of  the  movements 
of  the  eyeball  in  looking  in  other  directions.  Tlie  spe- 
cial consideration  of  the  dilferent  positions  and  rotations 
which  the  false  image  may  assuini'.  in  connection  with 
paralysis  of  a  particular  muscle  or  nf  particular  nuiscles, 
belongs  properly  to  the  subject  of  the  disorders  of  the 
motor  apjiaratus  of  the  eyes. 

An  anomalous  type  of  diplopia  has  been  occasionally 
observed  in  which  a  false  image,  evoked  by  colored 
glasses  or  by  the  Maddox  test,  is  seen  at  the  side  of  the 
object  opposite  to  that  at  which  it  should  ajipear  in  ac- 
cordance with  the  law  of  optical  projection.  The  few 
instances  of  this  anomaly  wliich  have  come  imdcrthe  ob- 
servation of  the  writer  have  been  in  eases  of  convergent 
Strabismus  which  had  been  approximately  corrected  by 
operation,  but  in  which  some  lesidual  crossing  was  still 
to  be  detected  by  inspection  of  the  eyes  and  by  their 
change  of  direction  in  alternate  distant  ti.\ation. "  "With 
perfect  central  ti.xation  and  visual  acuity  scarcely  below 
the  normal,  in  either  eye.  it  was  imjMissible  to  elicit  any 
e\"idence  of  simultantious  central  vision  with  the  two 
eyes:  but  on  bringing  a  coloreil  glass  before  one  eye  or 
differently  colored  glasses  before  the  two  eyes,  or  apply- 
ing the  Maddox  test,  a  crossed  diplopia,  "equivalent  in 
degree  to  that  which  is  ordinarily  associated  with  nota- 
ble ocular  divergence,  became  manifest.  In  a  case  of 
convergent  strabismus  in  a  young  man  twenty -three 
years  of  age,  with  convergence  in  distant  vision  of  about 
€°.  persisting  after  division  of  both  recti  interui  about 
seven  years  ago.  a  crossed  diplopia  of  about  15'  can  still 
be  demonstrated  by  colored  glasses  and  by  the  IMaddox 
test.  This  reference  of  a  retinal  impression,  made  actu- 
ally at  the  nasal  side  of  tlie  fovea,  to  a  different  position, 
at  the  tenijioral  side  of  the  fovea,  has  been  conjecturally 
explained  on  the  assumption  of  a  possible  anomaly  of 
distrilnition.  in  the  retina,  of  special  nerve  fibres  directly 
concerned  with  the  function  of  binocular  vision. 

Dipl'ipii'  M'iiiiij)],thiilii)icii.  or  double  vision  with  a  single 
eye.  is  a  result  of  tlie  formation  of  two  images  of  the 
same  object  on  different  parts  of  the  same  retina.  If  we 
look  at  a  candle  flame  through  two  pinholes,  about  3  mm. 
apart,  pi-icked  in  a  card,  the  images  formed  by  the  re- 
fracting media  of  the  eye  in  the  two  uncovered  small 
areas  will  fall  together  on  the  retina  only  under  the  con- 
dition of  the  accurate  adjustment  of  the  eye  for  the  dis- 
tance of  the  object.  In  all  other  cases  the  two  images 
will  fall  on  different  parts  of  the  retina,  and  the  object 
■will  be  seen  doubled.  Similarly,  in  the  somewhat  rare 
cases  of  a  supernumerary  pupil  resulting  from  trauma- 
tism, or  perhajis  from  aii  imperfectly  executed  surgical 
operation  involving  the  iris,  the  rays  traversing  tlie  two 
pupils  may  either  fall  together,  to  form  a  single  retinal 
image,  when  the  eye  is  accurately  adjusted  for  the  dis- 
tance of  the  object,  or  separately,  oii  different  parts  of 
the  retina,  to  form  two  images,  when  the  eye  is  not  so 
adjusted.  The  correction  of  the  eye  by  an  appropriate 
lens  suffices  to  effect  the  fusion  of  the"  two  imases  in  a 
single  image. 

Double  vision  in  a  single  eye  may  occur  as  a  particular 
case  of  polyopia  monophthalmica.  "in  which  a  bright  point 
appears  broken  up  into  a  star  of  small  bright  spots,  as 
an  effect  of  incongruous  refraction  through  different  sec- 


tors of  the  crystalline  lens  (see  Fig.  376,  vol.  i..  p.  .596). 
In  the  early  stages  of  cataract  this  refractive  incongruity 
is  often  both  notably  increased  and  accomiianied  by  sonic 
degree  of  ametropia,  so  that  the  di.sc  of  the  modii  may 
appear  as  a  cluster  of  overlajiping  moons.  In  astigma- 
tism, the  more  or  less  completely  separated  images  of  a 
bright  object  may  apjiear  compressed  into  a  row  of 
images  corresponding  in  direction  to  the  ocular  meridian 
of  greatest  ametropia:  or  a  row  of  lights  corresponding 
in  direction  to  the  ocular  meridian  of  least  ametropia  may 
be  seen  as  two  or  more  parallel  rows  of  lights.  In  myo- 
pic astigmatism,  when  the  meridian  of  greatest  refraction 
is  vertical,  the  moon  is  often  described  as  appeariiiff  like 
two  overlajiping  moons,  one  above  the  other,  and  a  tele- 
graph wire  or  a  clothes  line  mayapiicar  not  onlv  blurred 
but  doubled  at  the  two  margins  of  the  diffuse  image. 

A  local  deformation  of  the  cornea  ma.v  give  rise  to  a 
second  image  sejiarated  mcu'e  or  less  widely  from  tliat 
formed  by  refraction  at  the  general  corn'eal  surface. 
When  a  diplopia  from  this  cause  is  very  troublesome,  a 
considerable  measure  of  relief  may  sometimes  beaffordecl 
by  tattooing  the  disturbing  area  of  the  cornea  with  India 
ink-  John  Green. 

DIPPEL'S  ANIMAL  OIL.— (.lHm'j/0«7;  EtluwlAni- 
niiil.  Oil.  I  l',y  llir  dry  distillation  of  bone.  horn,  and  ani- 
mal sulistances  generally,  an  oily  liquid  is  proihiced, 
which  was  formerly  used  in  medicine  under  the  common 
name  of  I)ip/,e!,'s  oil  or  Dippel's  unimid  oil.  The  oil, 
when  purified,  is  a  thin,  colorless,  or  yellowish  fluid,  of 
a  pungent,  ethereal,  and  smoky  flavor. "  It  is  a  very  com- 
po.site  body,  containing  among  other  things  quite  ii  num- 
ber of  organic  bases.  "  Physicilogically  it'is  neurotic  and 
irritant,  and  has  proved  fatally  poisonous  in  doses  of 
a  tablespoonful.  It  was  formerly  prescribed  internally 
in  doses  of  a  few  drops,  or  used  externally  as  an  irritant 
embrocation,  clear  or  as  an  ingredient  of  "composite  lini- 
ments. Edward  Curtis. 

DIPTHERYX.     Sep  T'l.ht. 

DIRECTION,  JUDGMENT  OF.— It  is  proposed  to  con- 
sider here  tlie  judgment  of  direction  of  such  objects  only 
as  are  outside  the  body  and  not  in  contact  with  it. 

He.vt  .VXD  Coi.D. — The  direction  of  an  object  capable 
of  producing  either  of  these  sensations  can  be  roughly 
estimated  by  inference  from  the  part  of  the  skin  affecteil, 
but  the  judgments  thus  niaile  are  of  little  importance  in 
normal  persons.  In  the  blind,  however,  these  sen,sations 
are  much  used,  forming  an  imjiortant  portion  of  those 
involved  in  "facial  perception." 

Sound. — Sound  waves  also  offer  some  data  for  judging 
direction.  The  following  account  of  the  phenomena  is 
taken  from  Wnndt.  The  concha  acts  as  a  condenser, 
specially  collecting  those  waves  which  come  from  in 
front.  The  same  sound  is  therefore  heard  more  intensely 
when  coming  from  that  direction.  This  fact  is  brought 
out  by  an  experiment  where  the  conchas  are  bound  down 
and  some  apparatus  representing  them  is  attached  to  the 
sides  of  the  head,  with  the  concavity  directed  backward. 
By  this  device  the  natural  conditions  are  reversed,  and 
sounds  coming  from  behind  are  thus  heard  more  dis- 
tinctly and  are  then  wrongly  judged  to  come  from  in 
front.  It  has  been  suggested  that  the  tactile  sen.sibility 
of  the  concha,  re  enforced  by  the  hairs  on  it,  may,  in  the 
case  of  loud  sounds,  be  a  means  of  indicating  tiie  direc- 
tion. But  this  explanation  is  not  sufHcient.  for  in  the 
case  of  faint  sounds  discriminations  between  "right  "  and 
"left "  can  be  more  easily  made  than  between  "in  front" 
and  "behind."  while  with  sounds  coming  from  in  front 
it  is  possible,  to  a  certain  extent,  to  determine  the  angle 
formed  by  the  line  of  the  scmnd  waves  with  the  median 
vertical  plane  of  the  body.  Since  the  closing  of  one  ear 
destroys  this  localization  of  direction,  the  latter  must  be 
considered  as  a  function  of  binaural  audition.  When 
certain  partial  tones  are  intensified  by  the  resonance  in 
the  external  meatus,  then  the  relative  intensity  of  the 
sensation  in  the  two  ears  lias  an  influence.     It  is  proba- 
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bl}'  due  to  tlie  latter  cause  that  noises  iu  which,  as  a  rule, 
high  lesoualing  overtones  exist,  are  more  exactly  local- 
ized than  simple  notes.  In  the  studies  on  the  monaural 
localization  of  soinid  made  by  Angell  and  Fite,  it  was 
found  that  tlie  judgment  of  direction  was  very  accurate 
in  persons  depending  on  one  ear  only,  and  depended 
largely  on  the  quality  of  the  sound  coming  from  differ- 
ent directions.  It  is  possible  that  certain  muscular  and 
tactile  sensations  should  also  be  here  included.  Ed. 
Weber  conjectured  that  the  t^ympanum  felt  its  own  vi- 
brations, it  better  accords  with  the  results  of  other 
experiments,  however,  to  consider  that  the  action  of  the 
tensor  tympani  muscle,  bj'  its  invohmtary  accommoda- 
tion to  sounds  of  different  intensities,  thus  accompanies 
auditor}'  impressions  with  muscle  sensations  of  varying 
strengths.  In  cases  of  auditory  hypertesthcsia,  affecting 
one  ear  alone,  errors  of  judgment  may  arise,  owing  to 
the  fact  that  a  sound  coming  from  the  side  opjx>gite  to  the 
hypeniesthesia  may  nevertheless  cause  a  so  much  stronger 
sensation  that  the  patient  completely  misjudges  its  di- 
rection. 

Light. — Sight  is  the  sense  through  which  the  chief 
judgments  of  direction  are  made.  In  all  cases  the  direc- 
tionof  an  object  is  rejiresented  by  a  line  joining  tlie  body 
witli  the  object,  and  objects  on  that  line  or  its  continua- 
tion are  considered  to  have  identical  directions.  The 
phenomena  ari'  tirst  to  be  considered  for  one  eye  alone, 
the  field  of  vision  being  stationary.  AVhen  the  image 
falls  on  a  part  of  the  retina  other  than  the  fovea,  the  eye 
must  be  turned  in  order  to  bring  theimageon  that  point, 
and  for  this  jjurpose  it  must  be  moved  by  its  muscles. 
In  performing  such  a  muscidar  movement  there  are  at 
least  two  sensations  which  maybe  recognized:  the  in- 
nervation feeling  and  tlu^  ten.siou  of  the  muscles.  AVhen 
the  ej-eball  is  pulled  to  one  side  by  the  hand,  objects  in 
the  field  of  vision  appear  to  move,  and  the  eye  to  remain 
quiet;  at  the  same  time,  jiulling  the  eye  changes  the  ten- 
sion of  the  muscles;  nevertheless,  neither  the  movement 
of  the  eye  by  a  means  other  than  the  contraction  of  its 
own  muscles,  nor  tlie  tension  of  the  muscles  due  to  the 
same  cause  is  recognized  as  a  motion  of  the  eye,  and  so 
objects  appear  to  move  in  a  direction  opposite  to  that  in 
which  the  eye  is  pulled. 

In  patients  having  the  musculi  recti  paralyzed,  an 
attenijit  to  contract  a  rectus  is  followed  by  an  ajiparent 
motion  of  objects  in  a  direction  opposite  to  that  in  which 
it  is  willed  to  move  the  eye.  In  this  case  there  is  present 
neither  the  contraction  of  the  muscle  nor  any  result  of 
the  exertion,  but  merely  the  innervation  feeling;  yet, 
from  this  arises  a  subjective  sensation  of  motion.  Since 
the  innervation  feeling  can  produce  this  result,  it  is 
argued  that  our  judgment  of  tlie  direction  of  an  object 
seen  is  based  on  the  remembrance  of  the  innervation  feel- 
ing necessary  to  bring  the  eye  into  such  a  position  that 
the  image  shall  fall  on  the  fovea. 

The  only  result  of  the  innervation  impulse  which  we 
plainly  recognize  in  the  eye  is  the  altered  position  of  oli- 
jects  in  the  field  of  vision.  This  alteration,  bringing 
with  it  a  variation  in  the  position  of  the  image,  can  be 
shown  to  act  as  a  control  on  innervation  efforts. 

If  a  prism  be  put  before  the  eye  so  as  to  cause  the  rays 
from  a  given  object  to  fall  on  a  new  part  of  the  retina — 
the  oliject,  for  example,  having  thus  been  apparently 
moved  to  the  left — and  then,  the  eyes  being  closed,  if 
the  hand  is  stretched  in  the  sujiposed  direction,  it  will 
fail  to  touch  the  object,  pas.siug  bj-  it  to  the  left.  On 
touching  tlie  object,  however,  with  the  eyes  open,  and 
associating  thus  the  new  position  of  the  image  with  fresh 
tactile  sensations,  a  new  combination  is  developed  by 
which  it  can  be  inferred  from  the  position  of  the  retinal 
image  where  the  hand  must  be  placed  to  touch  the  object. 

"When  two  eyes  are  used  the  conditions  are  somewhat 
complicated,  for  one  e3e  inlluences  the  judgments  de- 
rived from  the  other.  Helmholtz  gives  the  following 
illustration:  When  one  eye  is  closed,  both  axes  being 
kejit  parallel,  and  first  a  distant  then  a  very  near  object 
is  fixated,  both  liaving  identical  directions,  no  change 
occurs  in  their  apparent  ijositiou  in  the  field  so  long  as 


the  eye  is  simjily  focussed  from  one  to  the  other.  If, 
however,  the  near  object  be  fixated  and  the  closed  eye  be 
now  converged  so  as  to  occupy  the  position  necessary  to 
fixate  it  if  it  were  open,  a  marked  apparent  motion  takes 
place  in  the  distant  object  in  such  a  way  that,  if  we  con- 
sider the  left  eye  as  the  one  open  during  the  experiment, 
the  distant  oliject  moves  from  light  to  left.  On  again 
making  the  axes  parallel,  it  resumes  its  former  position. 
The  sense  of  direction,  as  derived  from  one  eye,  must 
accordingly  be  considered  modifiable  b.y  the  other  eye, 
even  though  the  latter  remains  closed.  In  an  analogous 
way  the  judgment  of  horizontal  and  vertical  lines  is 
found  to  be  influenced  by  the  motions  of  the  closed  eye. 
For  instance,  with  the  axes  parallel,  one  eye  being  closed, 
a  thread  forming  the  diameter  of  a  short  circular  tube, 
when  judged  to  be  vertical  or  horizontal,  is  found  to  be 
really  so,  though  by  initting  the  head  in  different  posi- 
tions during  the  experiment  the  retinal  h<irizon  of  the 
observing  eye  may,  in  certain  of  these  positions,  make 
an  angle  of  even  ten  degrees  Avith  the  true  horizon. 
When,  however,  the  previously  ]iarallel  axes  are  con- 
verged, and  the  individual  fixates  a  point  on  the  thread, 
the  line  which  was  previously  horizontal  is  now  seen  to 
imdergo  apparent  rotation  of  such  a  nature  that  it  cor- 
responds with  the  rotation  of  the  retinal  horizon  of  the 
closed  eye.  Suppose  in  this  case  the  right  eye  to  be 
open,  then  on  converging  the  left  (closed)  eye  the  right 
end  of  the  thread  apparently  sinks  while  the  left  rises. 
The  position  of  the  eyeballs  is  found  to  be  in  part  under 
the  reflex  control  of  impulses  from  the  semicircular 
canals,  and  for  this  reason  all  judgments  modified  liv  the 
po.?ition  of  the  eyeballs  tend  to  be  also  modified  by 
changes  in  the  position  of  the  head. 

In  the  section  on  judgment  of  direction  Helmholtz 
treats  of  a  nunilier  of  cases  in  which  the  objects  viewed 
are  in  motion,  for  example,  falling  water.  One  who  has 
watched  a  waterfall  for  a  time  notices,  on  looking  at  the 
bank,  that  objects  there  appear  to  move  in  a  direction 
opposite  to  that  of  the  water.  The  explanation  otTered 
1)3'  Helmholtz  is  that  the  eye,  in  order  to  view  the  falling 
water,  continued  to  follow  it  downward  for  a  time,  then 
twitched  up  only  again  to  follow  it  down,  and  .so  on. 
On  now  directing  the  gaze  to  the  bank,  the  objects  there 
a))pareiitly  move  in  the  opposite  direction  because  the 
observer  is  unconsciously  still  continuing  the  same  move- 
menlsof  the  eyes  as  when  gazing  at  the  waterfall,  and 
because  this  motion  is  unconscious  the  objects  on  the 
bank  are  coiisequeutl\'  judged  to  move.  The  olijection 
to  this  explanation  of  these  illusions  of  motion  is  that 
they  can  be  obtained  in  the  after-image  with  the  eyes 
closed,  and,  further,  that  two  opposite  motions  can  be 
simultaneously  produced  in  the. same  retina.  These  facts, 
which  with  others  were  brought  out  by  Bowditch  and 
Hall,  conclusivel}'  show  that  the  explanation  of  Ileliu- 
holtz  will  not  applj'  in  these  cases.  No  other  explana- 
tion of  the  phenomena  is,  however,  at  present  formulated. 

In  considering  the  centre  to  which  these  lines  of  direc- 
tion are  referred,  E.  Hering  drew  attention  to  the  fact 
that  we  perceive  the  direction  of  objects  seen  as  if  both 
e_yes  were  fused  into  one.  and  that  one  was  located  in  the 
median  plane  of  the  head.  This  Cyclopean  c^'e  is  con- 
sidered as  so  constructed  that  the  retinal  images  are  pro- 
jected outward  in  the  line  of  vision  of  that  eye. 

The  habit  of  thus  attending  only  to  the  mean  direction 
of  the  lines  of  sight  is  considered  by  Helmholtz  to  de- 
pend on  the  fact  that  the  median  vei'tical  plane  of  the 
bod_y  is  tlie  one  to  which  all  objects  are  referred,  so  that 
an  object  neither  right  nor  left  lies  in  that  plane,  which 
also  passes  midway  between  the  two  eyes.  Further,  an 
object  may  lie  to  the  right  or  left  of  this  plane  and  bear 
the  reverse  relation  to  the  vertical  plane  (parallel  to  the 
median  vertical  plane)  of  the  homonymous  eye.  In  prac- 
tice, we  thus  fuse  the  directions  of  both  the  optic  axes 
and  refer  the  lines  of  sight  to  a  point  in  the  head  midway 
between  the  two  eyes.  That  this  process  results  from 
habit  is  indicated  by  the  fact  that  variations  occur  in  the 
location  of  the  cyclopean  e_ye,  and  that  fixation  of  the 
attention  on  the  impressions  from  one  eye  alone  serves  to 
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make  that  for  the  time  beiug  the  reference  point.     Other 
observations  indicate  the  same  conclusion. 

The  above  statements  are  mainly  from  Helmholtz's 
" Physiologische  Optik."  where  they  are  elaborated. 

Ihnry  Ilerhevt  Doituhhun. 

REFF.RKXCKS. 

TTunilt :  GnincizuBP  cier  pliysinluirischen  Psyohologie,  1887. 

Helrnlioltz:  Handhucb  ittr  phvsioii.L'isclieu  optik.  l.**9(>. 

H.  P.  Buwditcli  ami  U.  sianNv  Hall :   ilpiical  Illusions  of  Motion. 

Journal  of  Physiology,  vol.  in.,  p.  i.".)?,  IS'^i-sri. 
Aneell  and  File :  Jloniiural  locali^aticnof  sound.    Psyeholog.  Review. 

vol.  viii..  No.  3.  May.  I'JOl. 

DISEASE,  FATALITY  OF.— (Ratio  of  Deaths  to  Cases.) 
Till-  iiuo>tinn  is  ofirii  asked.  Out  of  a  given  number  of 
cases,  how  many  die?  The  answer  to  this  question  is 
derived  from  the  observations  of  physicians  in  active 
practice,  both  in  hospitals  and  in  private  practice.  The 
fatality  in  hospitals,  as  a  general  rule,  is  usually  greater 
than  that  of  private  practice,  since  the  milder  cases  are 
not  usually  sent  to  hospital  for  treatment. 

The  enactment  of  laws  requiring  the  notification  of 
infectious  diseases  has  enabled  the  health  officers  of  cities 
to  contribute  a  considerable  amount  of  information  upon 
this  subject,  so  far  as  the  fatalitj'  of  the  principal  infec- 
tious diseases  is  concerned. 

The  following  figures  are  the  results  of  observations 
collected  from  si.\  States  (Connecticut,  Massachusetts. 
ilichigan,  Indiana,  Rhode  Island,  and  Vermont),  and 
from  nineteen  of  the  priucijial  cities  in  the  United  States, 
during  the  five  years,  If'W-OS. 

In  these  States  and  cities  there  were  reported  to  the 
sanitary  authorities  619.76.')  cases  of  smallpox,  typhoid 
fever,  scarlet  fever,  diplitheria.  and  measles  in  the  period 
mentioned,  and  there  were  in  the  same  States  and  cities 
7.5,T1.5  registered  deaths  from  the  same  causes  during  the 
same  time. 

These  cases  and  deaths  were  distributed  as  follows: 


Reported     Registered  |    Fatality, 
deatlis.     I    percent. 


Sinallpo.x 

Typhoid  fever 

Diphilieria  and  croup 

Scarlet  fever 

Measles 


9,222 

2..385 

2.1.8 

69.75S 

13,2« 

19.0 

195,783 

41,411 

'  22.7 

127.847 

9,211 

7.2 

217.755 

6,43t 

2.8 

In  the  compilation  of  these  figures  it  was  found  neces- 
sary to  reject  the  returns  of  several  entire  States  and 
cities,  in  consequence  of  manifest  deficiency  in  the  num- 
ber of  reported  cases. 

The  use  of  antitoxin  for  the  treatment  of  diphtheria 
became  general  in  the  early  months  of  189.5  throughout 
the  country.  If,  therefore,  the  returns  for  the  year  1894 
be  treated  separately  it  appears  that  there  were  2.5,844 
reported  cases,  and  7,6.54  deaths  in  that  year,  the  fatality 
beiug  29.6  per  cent.,  while  the  fatality  of  the  remaining 
years  was  only  21.6  per  cent. 

Treating  the  year  1898  in  the  same  manner,  the  fatality 
was  only  20..5  per  cent.,  or  the  ratio  of  31.494  cases  to 
6,471  deaths.  In  two  States  and  seven  cities  combined, 
having  a  total  population  of  4,2.50,000,  the  fatality  from 
diphtheria  in  1894  was  29.7,  and  in  the  same  places  in 
1898  it  was  only  14.6.  confirming  the  statement  that  the 
diphtheria  fatalit}'  has  been  cut  in  twain  since  the  gen- 
eral introduction  of  antitoxin  treatment.  It  is  also  quite 
noteworthy  that  in  several  large  cities,  situated  a  thou- 
sand miles  apart,  the  diphtheria  fatality  before  1895  was 
qui'e  uniformly  from  29  to  30  per  cent.* 

The  following  figures  are  the  result  of  observation  in 
England  during  the  eiglit  years.  1891-98,  under  the  oper- 
ation of  the  English  Notification  Act.  The  diseases 
quoted  are  smallpox,  scarlet  fever,  diphtlieria  and  croup 
(considered  together),  typhus  fever,  typhoid  fever,  and 
erysijielas.  The  number  of  reporte'd  cases  of  these  was 
■1174.907.  and  the  deaths  from  the  ssime  causes  were  89,864: 

'  "  Public  Hygiene  and  State  Medicine  in  the  United  States."  a 
monograpb  contributed  to  tlie  Paris  Exposition  of  1900,  p.  22. 


Fatalitv  of  Certain-  Diseasf.s  in  Exgla.nd  (1891-1898).* 


Diseases. 


Smallp<>.\ 

Scarlet  fever 

Diphtheria  and  croup  . 

Typhus  fever '. . 

Typhoid  fever 

Erysipelas 


Reported    i  Reirlstered 
cases.  deaths. 


27.B1:! 
.538.828 
167.4.52 
2.441 
12U.967 
Ul.UOU 


2.ISK) 

2:1.(84 

37.3m 

.522 

22.208 

4.157 


Fatality, 
per  cent. 


9.ii 

4.3 

22.3 

21.4 

17.5 

3.7 


•Compiled  from  the  reports  of  the  Lo<<aI  Government  Board  of 
England  for  the  years  1891-1898  inclusive. 

The  fatality  in  different  years  varied  for  the  different 
diseases  as  follows  (1891  being  excepted,  as  notification 
was  at  that  time  comparatively  incomplete):  Smallpox, 
a  maximum  of  17.2  per  cent,  in  1896.  and  a  minimum  of 
6.8  per  cent,  in  1895;  scarlet  fever,  a  maximum  of  4.8 
per  cent,  in  1894.  and  a  minimum  of  3. 7  per  cent,  in  1898 : 
diphtheiia  and  croup,  a  maximum  of  25.1  per  cent,  in 

1894.  and  a  minimum  of  18.6  percent,  in  189S;  typhus 
fever,  a  maximum  of  26.9  per  cent,  in  1n93.  and  a  nniii- 
inum  of  19. 5  per  cent,  in  1895 ;  typhoid  fever,  a  maximum 
of  17.8  per  cent,  in  1892,  andaminimimi  of  16.8  j)er  cent, 
in  1898;  erysipela,s,  a  maximum  of  4.7  per  cent,  in  1892, 
and  a  minimum  of  3.1  per  cent,  in  1898. 

The  fatality  of  smallpox  showed  a  wide  variation  in 
different  jears.  the  variation  beiug  undoubtedly  depend- 
ent upon  the  relative  protection  afforded  by  vaccination 
in  the  community  attacked.  In  some  parts  of  England 
vaccination  has  been  neglected  to  a  much  greater  degiee 
than  in  others.  (For  the  comparative  fatalit.v  of  small- 
pox in  the  vaccinated  and  unvaccinated,  see  Vaccinatiort 
in  a  later  volume.) 

The  fatality  of  diphtheria  in  recent  years  appears  to 
have  tindergone  decided  modification  under  the  use  of 
antitoxin,  as  alreadv  shown. 

If  the  figures  for  the  four  years,  1891-94,  previous  to 
the  inti'oduction  of  antitoxin  in  England,  are  compared 
with  those  of  the  four  years,  189.5-98,  succeeding  the  in- 
troduction, a  marked  decrease  is  shown,  the  fatality  of  the 
previous  period  having  been  24.3  percent.,  while  those 
of  the  latter  period  were  20.8  per  cent.  The  fatality  in 
the  last  year  of  record,  1899.  had  fallen  to  17.3  per  cent. 

In  Massachusetts  where  free  distribution  of  antitoxin 
has  been  made  throughout  the  entile  State  since  March. 

1895.  the  fatality  for  diphtheria  had  fallen  from  28.3  per 
cent,  iu  the  four  years  (1891-94)  to  14.9  per  cent,  in  tlic 
succeeding  six  years  (1895-1900)  and  to  10.3  per  cent,  for 
1900. 

Observations  in  the  same  State  also  show  that  the 
fatality  among  those  who  were  treated  with  antitoxin 
was  11. 2  per  cent.,  or  657deathsout  of  5,888  cases.  The 
number  treated  was  much  larger  than  this,  but  this  num- 
ber 5,888  represents  those  in  relation  to  whom  returns 
were  made  to  the  State  Board  of  Health  by  attending 
physicians.  This  includes  cases  in  private  practice  and 
in  hospitals.* 

The  probability  that  any  one  will  die  when  attacked 
with  a  given  disease  differs  very  much  in  degree  with 
the  character  of  the  disease.  For  example,  compare  the 
fatality  of  chickenpox  with  that  of  smallpox,  or  that  of 
hydrophobia  or  of  tetanus  with  that  of  measles  or  mumps. 

Fatality  differs  also  with  age  and  to  st)me  degree  with 
sex.  It  also  is  modified  by  artificial  conditions  intro- 
duced for  the  purpose  of  limiting  its  severity,  such  as 
vaccination  and  the  use  of  antitoxin. 

The  general  degree  of  resistance  to  the  fatal  result  from 
all  causes  is  greatest  at  about  eleven  or  twelve  years  of 
age.  Samuel  It'.  Alibott. 

DISINFECTANTS.— Littre.  in  his  -'Dictionary  of  the 
French  Language.''  defines  disinfectants  as  follows: 
" Desinfectfintji.  substances  qui  detruisent  chimiquement 
les  mau  vaises  odeurs. "'     This  is  the  popular  seu.se  iu  which 

•  "  Thirtv-Ilr-st  Annual  Report  of  State  Board  of  llealtU  of  Massachu- 
setts." 1899.  p.  067. 
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the  word  is  xised  in  this  coiiutry  aud  iu  Europe.  Valliu. 
in  his  •■  Traite  des  Desiufectants  et  de  la  Desinfection." 
S!\ys  tliat  it  is  impossible  to  accept  this  detiuitiou.  for  the 
reason  that  it  is  not  sufficiently  comprehensive.  He  says : 
"  We  may  say  with  reason  tliat  every  bad  odor  renders 
disinfection  necessary,  but  it  does  not  follow  that  disin- 
fection is  useless  when  there  is  no  emanation  appreciable 
to  the  sense  of  smell"  (loc.  ciL.  p.  3).  After  discussing 
the  subject  at  some  length,  Vallin  gives  the  following 
<lefinitiou  as  that  prefen-cd  by  him:  "Disinfectants  are 
substances  capable  of  neutralizing  morbific  principles, 
virus,  germs,  miasms,  or  of  decomposing  the  fetid  par- 
ticles and  gases  which  are  disengaged  by  organic  matter 
imdergoing  putrefaction"  (loc.  cit.,  p.  (>).  On  another 
page  (2)  Vallin  admits  that  it  is,  perhaps,  unscientific 
"to  introduce  into  the  idea  of  disinfection  the  suppression 
of  odors  which  oliend  the  sense  of  smell " ;  for,  he  says, 
"the  had  odor  is  not  injurious  iu  itself ;  it  is  an  epiphe- 
uomenon  which  does  not  necessarily  give  the  measure  of 
the  injurious  properties  of  the  air.  or  of  any  substance 
whatever."  Nevertheless  the  popidarsense  in  which  the 
word  is  used  is  included  in  his  delinition,  because,  as  he 
says,  "  it  is  necessaiy  to  avoid  doing  violence  to  the  ordi- 
nary sense  of  words"  (p.  2). 

When  the  ordinary  sense  in  which  a  word  is  used  leads 
to  confusion,  we  think  it  better  to  in.sist  upon  its  being 
nsed  in  a  more  limited  and  scientitic  sense,  and  to  instnict 
the  public  as  to  the  exact  meaning  which  we  would  attach 
to  it.  We,  therefore,  prefer  the  definition  which  has  been 
given  by  the  Committee  on  Disinfectants  of  the  Ameri- 
can Public  Health  Association:  "The  Committee  would 
ilefine  a  disinfectant  as  an  agent  capable  of  destroying 
the  infective  power  of  infectious  material."  This  does 
not  commit  lis  to  any  theory  as  to  the  e.xact  nature  of  the 
agent  which  gives  to  infectious  material  its  infecting 
power,  but  it  draws  a  line  between  the  morbific  agents 
which  produce  that  class  of  dise;i.ses  known  sis  infectious 
— which  it  is  the  object  of  disinfectants  to  destroy — aud 
other  substances  which  may  injuriously  affect  man,  such 
as  the  gases  of  putrefaction  aud  other  toxic  agents.  From 
our  point  of  view  we  do  not  disinfect  a  privy  vault  by 
destroying  the  suljihureted  hyih'ogeu  given  off  from  its 
contents,  any  more  than  we  would  disinfect  the  atmos- 
phere of  a  laboratory  by  neutralizing  the  fumes  of  chlo- 
rine or  of  sulphur  dioxide  given  otf  during  an  experi- 
ment. To  make  our  position  entirely  clear  we  cannot  do 
lietter  than  to  quote  fiuther  from  the  "Freluni nary  Re- 
port of  the  Committee  on  Disinfectants  " : 

'"The  object  of  <U-ii)(f(rtii>ii  is  to  prevent  the  extension 
of  infectious  diseases  by  destroying  the  specific  infectious 
material  which  gives  rise  to  them.  This  is  accomijlislied 
by  the  use  of  ifisinfectants. 

"  There  can  be  no  parti;il  disinfection  of  such  material ; 
either  its  infecting  jjower  is  destroyed  or  it  is  not.  In 
the  latter  case  there  is  a  failure  to  disinfect.  Nor  can 
there  be  any  disinfection  iu  the  absence  of  infectious 
material. 

"  Popularly,  the  term  disinfection  is  used  in  a  much 
broader  sense.  Any  chemical  agent  which  destroys  or 
masks  bad  odors,  or  which  arrests  putrefactive  decomposi- 
tion, is  spoken  of  as  a  disinfectant.  And  in  the  absence 
of  any  infectious  disease  it  is  common  to  speak  of  disin- 
fecting a  foul  cesspool,  or  bad-smelling  stable,  or  privy 
vault. 

■■  This  popular  use  of  the  term  has  led  to  much  misap- 
prehension, and  the  agents  which  have  lieen  found  to 
destroy  bad  odors — iJcidofizers — or  to  arrest  putrefactive 
decomposition — untiiKpties — have  been  confidently  recom- 
mended and  exten.sivel\'  used  for  the  destruction  of  dis- 
ease germs  in  the  excreta  of  patients  with  cholera,  typhoid 
fever,  etc. 

•'The  injurious  consequences  which  are  likely  to  result 
from  such  misappreheiLsion  and  misuse  of  the" word  dis- 
infectant will  be  appreciated  when  it  is  known  that: 

"Recent  researches  have  demonstrated  that  many  of 
the  agents  which  have  been  found  useful  as  deodorizers, 
or  as  antiseptics,  are  enrirely  without  value  for  the  de- 
struction of  disease  sterms." 


If  it  were  demonstrated  that  every  kind  of  infectious 
material  owes  its  specific  infecting  jjower  to  the  presence 
of  known  microorganisms,  we  might  bring  this  article 
to  a  close  by  referring  the  reader  to  the  title  Gennieidts. 
imder  which  a  full  account  will  be  found  of  the  present 
state  of  knowledge  with  reference  to  the  germicide  power 
of  the  chemical  agents  known  as  disinfectants,  as  deter- 
mined by  biological  tests. 

But  this  is  not  yet  demonstrated,  and  our  knowledge 
relating  to  the  comparative  value  of  disinfectants  is  to  a 
considerable  extent  empirical,  being  based  upon  the  prac- 
tical exiierience  of  sanitarians.  This  experience,  how- 
ever, is  not  in  conflict  with  the  view  that  the  infectious 
agent  in  those  diseases  which  have  not  lieeu  proved  to  be 
germ  diseases — smallpox,  yellow  fever,  scarlet  fever, 
etc. — is  in  truth  a  living  organism.  On  the  other  hand, 
the  disinfectants  which,  independently  of  theory,  have 
gained  the  confidence  of  sanitarians,  are  for  the  most 
part  potent  germicides,  e.;/.,  chlorine,  sidphur  dioxid, 
etc. ;  or  they  are  at  least  antiseptics  of  greater  or  less 
value,  <'.y.,  the  metallic  cldorids  and  sulphates. 

The  Siime  is  true  as  regards  the  disinfectants  which 
have  been  tested  experimentalh'  upon  various  kinds  of 
infectious  material,  such  as  vaccine  virus,  anthrax  lilood, 
septica'Uiic  blood,  etc.,  without  reference  to  the  natiu-e 
of  the  infectious  agent  contained  in  the  material  disin- 
fected, the  test  of  disinfection  being  made  b}-  inoculation 
into  susceptfljle  animals.  The  writer,  in  V*'!*l.  made  an 
extended  series  of  exjieiiments  of  this  kind,  iu  which  the 
blood  of  a  rabbit  just  dead  from  an  infectious  form  of 
septica'mia  was  the  material  to  be  disinfected.  The  com- 
parative value,  as  disinfectants,  of  the  agents  tested  cor- 
responded, iu  general,  with  the  germicide  power  of  the 
same  agentsas  subsequently  deternu'ned  in  another  series 
of  experiments  (1S!:!3).  In  the  last -mentioned  experiments 
the  destruction  of  the  test  organisms  in  culture  solutions 
was  demonstrated  by  the  failure  of  these  organisms  to 
grow  in  a  suitable  medium  after  having  been  exposed  for 
a  given  time  to  the  action  of  the  germicide  agent  in  a 
certain  proportion.  As  the  infectious  character  of  the 
septiciiemic  blood  in  the  first  series  of  experiments  had 
been  demonstrated  to  be  due  to  the  presence  of  a  micro- 
coccus, this  correspondence  in  the  results  obtained  by  the 
two  methods  was,  ti  priori,  to  have  been  expected. 

In  the  experiments  which  have  been  made  upon  vaccine 
virus,  results  have  also  been  obtained  which,  in  the  main, 
correspond  with  the  germicide  value  of  the  agents  tested, 
as  established  by  the  biological  method.  As  we  have  no 
direct  evidence  that  in  this  case  disinfection  consists  in 
the  destruction  of  germs,  a  brief  account  of  these  experi- 
ments, and  of  others  made  directly  upon  different  kinds 
of  virus,  will  be  given  in  the  present  arricle.  For  the 
experimental  data  relating  to  the  germicidal  power  of 
various  chemical  agents,  the  reader  is  referred  to  the 
article  under  the  title  Germicides. 

Heat. — As  longago  as  1831,  Dr.  Henry,  of  Manchester, 
tested  the  action  of  dry  heat  upon  vaccine  virus,  and 
found  that  the  virus  no  longer  pmduced  any  result  upon 
inoculation  when  it  had  been  exposed  to  a  temperature 
of  60'  C.  ( 14(V  F. )  for  f(mr  hours.  In  similar  experiments 
made  by  Baxter  (187.5),  in  which  the  time  of  exposure 
was  reiluced  to  twenty-five  minutes,  it  was  found  that  a 
temperatureof  90  to95'  C.  (194=  to 203"  F.)  was  rerjuired 
to  insure  complete  destruction  of  infecting  powerof  virus 
dried  upon  ivory  points.  The  ■sirulence  of  freih  vaccine 
virus  is  destroyed  at  a  considerably  lower  temperature. 
In  a  report  made  to  the  Congress  of  Amsterdam  in  ].'<T9, 
Carsten  and  Coert,  as  the  result  of  a  large  number  of  ex- 
periments, arrived  at  the  conclasiion  that  "animal  vaccine 
heated  to  64..5'  C.  (1-18.1'  F.)  for  thirty  minutes  loses  its 
virulence. " 

Sulphur  Droxro. — The  power  of  suljjhurous  acid 
gaa  to  destroy  the  virulence  of  vaccine  vims  has  been 
demonstiuted  by  several  experimenters.  Ten  minutes' 
exposure  in  an  atmosphere  "saturated  with  sulphurous 
vapor"  was  found,  both  by  Dougall  anil  by  Baxter,  to 
neutralize  the  \Trulence  of  vaccine  dried  upon  ivory 
points  (Vallin).     Iu  these  experiments  the  exact  amount 
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of  sulphur  (lioxid  in  tlie  air  of  tlic  disinfection  chamber 
is  not  slated.  E.xperinients  made  by  the  writer  in  1878 
showed  that  liquid  vaccine  is  rendered  inactive  l)y  ex- 
posure for  four  hours  to  sulphur  dioxid  iu  the  propor- 
tion of  tive  volumes  jier  one  thousand  of  air.  Iu  experi- 
ments with  dried  virus  upon  ivory  points,  made  in  1880, 
it  was  found  that  vindence  was  destroyed  by  six  hours' 
exposure  in  an  atmosphere  coutainiug  one  per  cent,  of 
this  gas. 

Baxter  and  Vallin  have  tested  the  disinfecting  power 
of  sulphur  dioxid  upon  the  virus  of  glanders.  The 
firstnamed  experimenter  found  that  four  parts  to  one 
thousjiiid  by  wiight.  in  solution,  destroyed  the  virulence 
of  material  obtained  from  nodules  (rubbed  up  iu  water) 
from  the  lur>g  of  an  animal  with  glanders.  Vallin  ex- 
jierimented  with  virulent  pus  from  an  abscess,  obtained 
from  a  patient  with  glanders  in  the  hospital  of  Val  de 
Grace.  This  pus  was  proved,  by  inoculations  into  guinea- 
pigs  and  other  animals,  to  produce  the  characteristic 
lesions  of  glanders.  Some  of  this  pus  placed  in  a  watch 
glass  was  exposed  for  twelve  hours  to  sulphur  dioxid. 
generated  by  burning  2  gm.  of  sulphur  in  a  box  having 
a  capacity  "of  100  litres  (==  14  volumes  of  SO-i  to  1,000 
volumes  of  air).  Disinfection  was  complete,  as  proved 
by  inoculation. 

Cui.oiirxE. — Experiments  made  by  Dougall,  and  by 
Baxter,  upon  liquid  vaccine  show  that  to  insure  the  dis- 
infection of  this  material,  chlorine  must  be  absorbed  in 
sutlicient  quantity  to  give  the  liquid  virus  an  acid  reac- 
tion. Baxter  found  that  0.14  of  one  per  cent,  was  in- 
sulHcient,  while  the  presence  of  0. 163  per  cent,  of  chlorine 
in  the  lymph  neutralized  its  virulence.  In  experiments 
with  dried  vaccine  upon  ivory  points,  Baxter  found  that 
exposure  for  thirtj-  minutes  iu  au atmosphere  "saturated 
with  chlorine  "  was  necessary  in  order  to  accomplish  dis- 
infection. In  experiments  made  by  the  writer  in  1880. 
it  was  found  that  the  virulence  of  dried  virus  upon  ivory 
points  was  destroyed  by  exposure  for  six  hours  in  au 
atmosphere  containing  one  volume  per  cent,  of  chlo- 
rine gas. 

Carbolic  Acid. — The  power  of  carbolic  acid  todestro.v 
the  virulence  of  vaccine  virus  has  been  established  by 
the  experimentsof  Braidwood and  Vacher,  of  Baxter,  and 
of  Hoppe-Seyler.  But  to  accomplish  this  result,  the  pure 
acid  must  be  mixed  with  the  lymph  in  a  proportion  of 
two  per  cent.,  and  a  certain  time  must  be  allowed  for  its 
disinfecting  action.  Both  Hoppe-Seyler  and  Baxter 
found  that  two  per  cent,  destroys  the  virulence  of  liquid 
vaccine,  while  one  per  cent,  fails  to  do  so.  On  the 
other  hand,  in  Braidwood  and  Vacher's  experiments  2.5 
percent,  failed  when  vaccination  was  practised  immedi- 
atdy  after  mixing  the  disinfectant  with  the  liquid  virus. 

Baxter  has  also  experimented  upon  the  virus  of  gland- 
ers, and  formd  that  two  per  cent,  was  successful  in  de- 
stroying its  infecting  power,  while  0..5  per  cent,  failed  to 
act  as  a  disinfectant  (Smart).  In  the  writer's  experi- 
ments (1881),  with  the  blood  of  septicttmic  rabbits,  in- 
fective virulence  was  destroyed  by  1.25  per  cent.,  while 
0.5  per  cent,  failed. 

It  is  impossible  in  an  article  of  this  character  to  give  a 
complete  account  of  the  experimental  evidence  on  record 
relating  to  the  comparative  value  of  disinfectants.  But 
a  careful  consideration  of  this  evidence,  as  obtained  in 
practice  by  sanitarians,  and  in  laboratory  experiments 
made  directly  upon  infectious  material  (test  by  inocula- 
tion), or  upon  pure  cultures  of  various  micro-organisms 
(test  by  cultivation),  shows  that  many  agents  commonh- 
used  are  quite  unreliable,  as  used,  and  that  for  practical 
purposes  the  agents  which  can  be  safely  recommended 
as  disinfectants  are  few  in  number. 

The  following  list  embraces  those  which  we  believe  to 
be  the  most  generally  useful  and  available  for  disinfecting 
purposes:  Dry  and  moist  heat;  formaldehyd,  sulphur 
dioxid:  the  hypochlorites  of  lime  and  of  soda  (chlorid 
of  lime,  and  Labarraque's  solution):  caustic  lime,  mer- 
curic chlorid:  cupric  sulphate:  carbolic  acid. 

We  shall  briefly  indicate  the  special  purposes  for  which 
one  or  the  other  "of  the  agents  named  seems  best  adapted. 
Vol..  HI.— 32 


DisixFECTios  OF  ExcHETA,  ETC. — Success  in  restrict- 
ing the  extension  of  infectious  diseases  will  depend  largely 
upon  the  proper  use  of  disinfectants  in  the  sick-room. 
For  the  disinfection  of  excreta  the  most  available  chemical 
agents  are:  1.  Vlilnrid  i:f  lime.  Dissolve  in  water,  iu  the 
proportion  of  fourouucesto  thegallonof  water  (Standard 
Solution  No.  1  of  the  Committee  on  Disinfectants  of  the 
A.  P.  II.  A.);  use  one  quart  of  this  solution  for  the  dis- 
infection of  each  liquid  discharge  in  cholera  or  iu  typhoid 
fever.  For  solid  fa'cal  nratter  a  stronger  solution  or  a 
larger  quantity  will  be  required,  and  it'will  be  prudent 
to  use  a  larger  quantity  of  the  standard  solution  recom- 
mended for  a  very  copious  liquid  discharge.  2.  Cio/mlic 
acid,  a  tive-per-cent.  solution  to  be  used  in  quantity  at 
least  equal  to  the  amount  of  material  to  be  disinfected. 
3.  Caustic  lime,  in  the  form  of  freshly  prepared  milk  of 
lime— this  should  contain  about  onepart  by  weight  of 
hydrate  of  lime  mixed  with  eight  parts  of  water.  To  be 
used  in  amount  equal  to  that  of  the  excreta  to  be  disin- 
fected.    4.   Cupric  sulphate,  a  four-per-cent.  solution. 

DisixFECTiox  OF  THE  Persox. — The  hands  of  those 
who  wait  upon  persons  sick  with  infectious  diseases 
should  be  washed  in  au  aqueous  solution  of  mercuric 
chlorid  of  the  strength  of  1  to  1,000;  or  of  carbolic  acid, 
1  to  50:  or  of  chlorid  of  lime,  1  to  100:  or  of  Labar- 
raque's solution,  1  to  10.  The  same  solutions  may  be 
used  for  washing  soiled  surfaces  upon  the  body  of  the 
patient,  and  for  instruments  and  utensils  which  have 
been  exposed  in  the  sick-room. 

For  a  complete  bath,  carbolic  acid,  1  to  100;  mercuric 
chlorid,  1  to  5,000;  or  Labarraque's  solution,  1  to  20, 
may  be  used.  The  dead  should  be  wrapped  in  a  sheet 
saturated  with  a  solution  of  mercuric  chlorid  of  1  to  500; 
or  of  carbolic  acid,  1  to  20;  or  of  chlorid  of  lime,  1  to  25. 

Disi.NFECTiox  OF  CLOTHING. — "Boiling  for  half  an 
hour  will  destroy  the  vitality  of  all  known  disease  genns. 
and  there  is  no  better  way  of  disinfecting  clothing  which 
can  be  washed  than  to  put  it  through  the  ordinary  opera- 
tions of  the  laundry  "  (Prelim.  Rep.  of  Com.  on  Disin- 
fectants). Clothing  may  be  disinfected  by  immersion 
for  two  hours  in  a  solution  of  mercuric  chlorid  of  the 
strength  of  1  to  1,000;  or  of  cupric  sulphate,  1  to  100:  or 
of  carbolic  acid,  1  to  .50 ;  or  of  chlorid  of  lime,  1  to  100 
(the  bleaching  properties  of  chlorid  of  lime  must  be 
remembered).  Clothing  which  would  bein  jured  b}'  wash- 
ing or  immei-sion  in  a  (disinfecting  solution  may  be  disin- 
fected by  steam,  by  formaldehyd,  by  sulphur  fumiga- 
tion, or  by  dry  heat,  in  a  properly  constructed  "oven." 
In  the  absence  of  spores,  a  temperature  of  230'  F. ,  main- 
tained for  three  hours,  will  be  sufficient.  The  clothing 
must  be  freely  exposed,  for  the  penetrating  power  of  dry 
heat  is  very  slight.  The  spores  of  bacilli  require  a  tem- 
perature of  284"  F.,  maintained  for  three  hours,  for  their 
complete  destruction.  This  temperature  injures  woollen 
fabrics  (Koch). 

Fumigation  with  sulphur  dioxid  has  been  largely  re- 
lied upon  for  the  disinfection  of  clothing.  To  be  effectual, 
the  articles  to  be  disinfected  must  be  freely  exposed  to  its 
action,  in  a  well-closed  chamber,  for  a  period  of  at  least 
twelve  hours.  Burn  three  pounds  of  sulphur  for  each 
thousand  cubic  feet  of  air  space  in  the  room.  Since  it 
has  been  demonstrated  that  fin-iudUhhyd  gas  is  much 
superior  to  sulphur  dioxid  as  a  germicide,  this  gas  has 
to  a  considerable  extent  taken  the  place  of  SOj  for  the 
disinfection  of  clothing  and  other  articles  which  would 
be  injured  by  immersion  in  boiling  water  or  in  a  disin- 
fecting solution.  But  disinfection  by  aUam  is  to  be 
recommended  whenever  a  suitable  steam  disinfecting 
apparatus  is  available.  It  must  be  remembered,  how- 
ever, that  neither  steam  nor  the  gases  above  mentioned 
(formaldehyd.  SOj)  can  be  relied  upon  to  penetrate  to 
the  interior  of  mattresses,  bundles  of  clothing,  etc.  To 
accomplish  this  it  will  be  necessarj-  to  have  a  steam  dis- 
infecting chamber  in  which  a  vacuum  can  be  produced 
prior  to  the  admission  of  steam. 

DisrsFKCTioN  OF  THE  SicK-RooM. — "In  the  sick-room 
no  disinfectant  can  take  the  place  of  free  ventilation  and 
cleanliness.     It  is  an  axiom  in  sanitary  science  that  it  is 
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impracticable  to  disinfect  an  occupied  apartment  "  (Prelim. 
Rep.  of  Com.  on  JDisinfectants).  The  most  reliable 
gaseous  disinfectauls  are  formaldeli3-d  gas,  sulphur  di- 
oxid.  and  ehloriue. 

"The  object  of  disinfection  iu  the  siclc-room  is,  mainly, 
the  destruction  of  infectious  material  attached  to  surfaces 
or  deposited  as  dust  upon  window  ledges,  in  ci"evices, 
etc.  H  tlie  room  has  been  properly  cleansed  and  ven- 
tilated while  still  occupied  by  the  sick  person,  and  espe- 
cially if  it  was  stripped  of  carpets  and  unnecessary 
furniture  at  tlie  outset  of  hisattack,  the  difHcultiesof  dis- 
infection will  be  greatly  reduced"  (Prelim.  Rep.  of 
Com.  on  Disinfectants).  FonnaUkhyd  must  be  given 
the  first  place  among  volatile  or  gaseous  disinfectants 
becaiise  of  its  high  germicidal  value  and  its  non-to.xic 
properties;  also  because  it  does  not  injure  gilt  work  or 
articles  made  of  wool,  silk,  cotton,  linen,  or  leather.  Iron 
and  steel  are  attacked  by  the  gas.  but  copper,  brass,  nickel, 
and  zinc  are  not,  and  polished  steel  resists  its  cori-osive 
action.  Fornialdehyd  gas  is  obtained  for  practical  use 
(a)  by  the  oxidation  of  methyl  alcohol  by  means  of  a 
lamp"  specially  constructed  for  this  purpose ;  (A)  by  the 
volatilizaticm  "of  paraform:  (c)  by  the  volatilization  of  an 
aqueous  solution  of  the  gas.  A  forty-per-cent.  solution 
put  up  by  German  manufacturers  under  the  name  of 
formalin  has  been  largely  used.  (A  sixty-percent,  solu- 
tion of  formahlehyd  gas  in  methyl  alcohol  is  sold  in  Ger- 
mau}'  under  the  name  of  "  Volzin.") 

In  practice  the  last-mentioned  method  (c)  appears  to 
be  the  most  useful.  A  suitable  apiwratus  for  rapidly 
boiling  the  formalin  will  be  required.  Calcium  chlorid 
is  usually  added  to  the  solution  of  fornialdehyd  to  pre- 
vent polymerization.  The  "formol  gas  generator"  of 
the  Kny-Scheerer  Company,  of  New  York,  has  been  used 
witli  success  in  the  United  States  army;  also  the  smaller 
and  less  expensive  "fornialdehyd  gas  generator"  of 
Lentz — manufactured  by  Charles  Lentz  &  Sons  of 
Philadelphia.  Experiments  made  under  the  direction  of 
the  Chicago  Board  of  Health  show  that  apartments  may 
be  disinfected  by  hanging  up  in  them  sheets  wet  with 
formalin.  All  experimenters  agree  that  the  penetrating 
power  of  fornialdehyd  gsis  is  sliglit,  unless  the  vacuum 
process  is  employed,  and  that  it  can  be  relied  upon  only 
for  the  disinfection  of  surfaces  and  of  clothing  freely  ex- 
posed to  its  action  by  being  suspended  in  a  disinfecting 
chamber  or  apartment  requiring  disinfection.  According 
to  Professor  Robinson,  surface  disinfection  of  the  sick- 
room and  of  articles  suspended  in  it  requires  the  use  of 
two  litres  of  wood  alcohol,  oxidized  by  the  use  of  a  suit- 
able lamp,  for  a  room  having  a  capacity  of  three  thou- 
sand cubic  feet,  or  the  volatilization  of  2.50  c.c.  of  forma- 
lin for  every  one  thousand  cubic  feet  of  air  space.  The 
rooms  should  be  kept  closed  for  twelve  hours. 

Fumigation  of  the  sickroom  and  of  infected  clothing 
by  sulphur  dioxid  is  still  practised  to  a  considerable  ex- 
tent, and  the  value  of  this  agent  as  a  disinfectant  has  been 
demonstrated  by  numerous  carefully  conducted  experi- 
ments. Dry  sulphur  dioxid  has  but  little  germicidal  ac- 
tion when  brought  in  contact  with  dried  infectious  ma- 
terial, and  none  at  all  upon  the  spores  of  bacteria.  But 
when  the  material  to  be  disinfected  is  moist,  or  the  at- 
mosphere of  a  room  is  charged  with  vapor,  tlie  disinfecting 
power  of  this  gas  is  considerable,  and  it  should  not  be  re- 
jected because  it  does  not  destroy  the  spores  of  the  an- 
thrax bacillus,  which  have  been  largely  used  as  the  test 
in  experiments  relating  to  the  germicidal  value  of  this 
and  other  chemical  agents.  We  now  know  that  the 
typhoid  bacillus,  the  diphtheria  bacillus,  the  bacillus  of 
glanders,the  cholera  spirillum,  and  the  various  pathogenic 
micrococci  do  not  form  lesistant  spores,  and  we  have 
satisfactory  evidence  that  the  specific  infectious  agent  of 
smallpox  may  be  destroj-ed  by  the  proper  use  of  sulphur 
dioxid.  As  "in  the  case  of  formaldeh\-d  gas,  only  super- 
ficial disinfection  can  be  effected  b)'  the  usual  method  of 
sulphur  fumigation.  This  consists  in  carefully  closing 
the  room  to  be  disinfected,  after  hanging  up  articles 
of  clothing,  curtains,  etc.,  so  that  they  may  be  freely 
exposed  to  the  action  of  the  gas.     Three  pounds  of  sul- 


phur should  be  burned  iu  the  room  for  every  one  thou- 
sand cubic  feet  of  air  space,  and  at  least  twelve  hours 
sliould  be  allowed  for  the  action  of  the  disinfectant  be- 
fore the  room  is  opened.  After  the  disinfection  of  an 
apartment  and  its  contents  by  a  gaseous  disinfectant  and 
free  ventilation  for  the  escape  of  the  gas,  it  will  be  well 
to  wa5;h  all  exposed  surfaces  with  a  solution  of  mercuric 
chloriil  of  the  strength  of  one  part  to  one  thousand,  or 
with  a  two-percent,  solution  of  carbolic  acid,  and  to 
whitewash  plastered  walls. 

DisixFECTiox  OF  Ships. — Sulphur  dioxid  has  been 
largely  used  in  the  disinfection  of  ships  and  apparently 
with  success,  when  properly  done  at  a  quarantine  station 
by  experienced  officials.  In  the  case  of  ships  infected 
with  yeUow  fever,  it  acts  upon  infected  mosquitoes, 
which  are  promptly  destroyed  by  this  gas.  The  direc- 
tions given  with  reference  to  the  disinfection  of  apart- 
ments on  shore  are  tho.se  that  apply  as  well  to  the  dis- 
infection of  the  various  compartments  of  a  ship. 

George  M.  Sternberg. 

DISINFECTION.— The  important  part  which  disinfec- 
tion plays  in  the  prevention  of  infectious  diseases  de- 
mands for  it  the  most  careful  consideration.  Prior  to 
1880  but  little  was  known  of  this  subject  which  was  of 
any  definite  scientific  value.  However,  during  the  past 
twenty  years  exhaustive  bacteriological  research  has 
demonstrated  the  great  value  of  some  of  the  agents 
known  as  disinfectants  and  the  utter  worthlessness  of 
others.  It  ma}'  be  said  that  we  have  entered  upon 
a  new  era  in  sanitation  and  are  now  scientifically  fa- 
miliar with  this  subject.  This  advance  is  largely  due 
to  the  stimulus  given  to  bacteriological  investigation  by 
the  work  of  Pasteur  and  Koch,  who  for  the  first  time 
gave  to  us  conclusive  evidence  of  the  germ  origin  of 
many  oi  the  infectious  diseases.  Before  the  period  re- 
ferred to,  the  character  of  the  disinfection  employed  was 
influenced  largely  by  theory.  This  can  hardly  be  a  sub- 
ject for  criticism,  as  at  that  time  but  few  data  existed 
upon  which  could  be  based  a  truthful  estimate  of  the 
germicidal  value  of  alleged  disinfectants. 

Much  confusion  exists  as  to  the  proper  meaning  of  the 
term  disinfectant.  It  is  commonly  confounded  with  an- 
tiseptics which  do  not  nccessjirily  destroy  pathogenic 
organisms  but  simply  inhibit  or  hold  in  check  their  ac- 
tivity or  propagation,  and  with  deodorants  which  neu- 
tralize or  destroj'  offensive  odors  and  may  have  no  ger- 
micidal action.  Strictly  speaking,  therefore,  no  agent  is 
a  disinfectant  unless  it  destroys  all  germs  with  which 
it  conies  in  contact.  Custom,  however,  permits  of  con- 
siderable latitude  in  the  use  of  this  term,  which  is  fre- 
quently improperly  and  looselj' applied  to  many  articles, 
both  proprietary  and  otherwise,  which  are  advertised  and 
reconimeuded  for  use  in  disease  and  to  prevent  infection, 
without  the  slightest  evidence  that  thej'  are  germicides. 
That  the  value  of  disinfection  in  the  prevention  of  infec- 
tious diseases,  and  the  necessity  for  discrimination  in  the 
selection  of  agents  for  this  purpose,  are  not  more  clearly 
and  fully  appreciated  is  largely  due  to  the  fact  that  suffi- 
cient instruction  on  this  subject  is  not  included  in  the 
curriculum  of  medical  colleges.  The  recent  action  ou 
the  part  of  the  faculties  of  these  institutions  in  New 
York  City  in  establishing  a  special  course  of  instruction 
in  practical  sanitation  deserves  the  highest  commenda- 
tion. 

It  is  only  necessary  to  observe  carefully  the  various 
methods  of  disinfection  now  employed  to  appreciate  that 
there  is  yet  much  to  learn  regarding  this  important  branch 
of  sanitary  science.  We  still  find  the  saucer  of  carbolic 
placed  under  the  bed,  the  spraying  of  the  sick-room 
with  a  proprietary  solution,  and  occasionally  the  burn- 
ing of  a  small  piece  of  sulphur  in  the  apartment  still  oc- 
cupied by  the  patient.  It  seems  hardly  necessarj'  to  say 
that  these  measures,  which  bear  the  marks  of  antiquity, 
are  absolutely  worthless:  unfortunately,  however,  they 
are  still  relied  upon  as  efliective  germicidal  agents.  Bac- 
teriological research  has  proven  that  enough  sulphur 
dioxide  to  disinfect  an  apartment  would  arrest  respira- 
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tiiin  ill  both  man  iiikI  animals,  an<i  altlidugli  formaUIoliyde 
in  sufficii-nt  t|iiantity  to  disiiifuft  docs  not  always  "kill 
insects,  vermin,  and  the  lower  order  of  animals,  it  would 
uudoiibtedly  prove  fatal  to  man.  This  will  also  apply  to 
the  use  of  sprays,  etc.  There- 
fore an  apartment  cannot  be 
disinfected  until  the  termina- 
tion of  the  case.  Disiidcclion 
is  only  too  often  performed  in 
a  perfunctory  and  careless  way 
and  left  in  the  hands  of  those 
who  arc  not  familiar  with  mod- 
ern scientitic  methods. 

In  ord<T  properly  to  perfonn 
disinfection  we  must  be  able  to 
distinguish  true  disinfcctjints 
from  agents  which  have  no 
germicidal  value.  ^Ve  must 
also  know  when  <lisinfection  is 
required,  and  the  means  of 
performing  the  same.  This  in 
volves  a  careful  study  of  the 
material  liable  to  li-ansmit  dis- 
ease. Without  a  clear  percep- 
tion of  the  law  governing 
mo*lern  disinfection,  and  the 
agents  by  which  this  work  is 
accomplished,  we  are  in  the 
position  of  using  tools  with 
which    we    are    not     familiar. 

The  literature  of  disinfection  at  the  present  time  em- 
braces so  much  detinite  information  that  there  can  be  no 
valid  or  reasonable  excuse  for  the  employment  of  in- 
eflieient  or  imi)ropcr  methods. 

In  the  consideration  of  this  subject  wc  must  tirst  real- 
ize the  value  of  nature's  disinfectants — fresh  air  and  sun- 
light. Not  to  understand  or  utilize  their  power  means 
that  our  efforts  to  prevent  or  control  infectious  diseases 
will  frequently  meet  with  doubtful  success.  Of  all  that 
bacteriological  research  has  taught  us.  uolliiug  has  been 
of  more  imjiortauce  than  the  knowledge  we  now  possess 
of  the  wonilerful  germicidal  power  of  the  agents  to  which 
I  have  just  referred.  The  disappearance  of  infectious 
diseases  in  communities  where  there  are  no  modern  or 
organized  means  of  combating  this  danger  is  largely  due 
to  sunlight  and  fresh  air.  which  are  always  available  and 
therefore  can  be  brought  in  contact  with  specific  germs. 
It  has  been  proven  that  most  of  the  pathogenic  organ- 
isms are  quickly  destroyed  when  exposed  to  sunlight  and 
air.  whereas  they  frciiuently  resist  the  action  of  chemical 
and  other  agents.  This  fact  carries  with  it  great  signiti- 
cance,  as  it  places  in  our  hands  at  all  times  a  germicidal 
power  which,  if  properly  used,  contributes  largely  tow- 
ard protecting  a  community  against  infectious  disease, 
and  is  particularly  valuableWhen  other  means  of  disin- 
fection, such  as  steam,  sulphur,  etc..  are  not  at  hand. 
AVhen  we  full}-  appreciate  the  great  value  of  air.  .sunlight, 
and  cleanliness  we  have  taken  the  first  step  in  modern 
sanitation. 

In  speaking  of  the  different  disinfectants.  I  shall  refer 
only  to  those  in  general  use  and  which  are  scientifically 
known  to  be  true  germicidal  agents. 

Staini. — Of  the  disinfectants  which  it  is  within  our 
power  to  create  sleam  is  by  far  the  most  valuable,  inas- 
much as  absolute  dependence  can  be  placed  upon  it  if 
properly  employed.  Its  action  is  quick  and  deep  penetra- 
tion is  assured — the  latter  being  a  most  important  consid- 
eration. These  invaluable  qualificatiousare  not  possessed 
by  other  disinfectants.  Th<'  experiments  made  with  steam 
at  the  New  York  State  Quarantine  laboratory,  in  1S97. 
showed  that  a  moist  temperature  of  230'  F..  if  kept  up  for 
a  period  of  tifteen  minutes,  killed  the  bacilli  of  anthrax, 
bubonic  plague,  diphtheria,  etc. — both  those  near  the  sur- 
face and  those  which  were  lodged  deep  down  in  the  centre 
of  unopened  bundles:  i.e..  it  killed  them  under  conditions 
similar  to  those  which  would  be  encounted  in  any  work 
of  general  disinfection.  Moreover,  it  was  found  that  a 
moist  temperature   of  135'  to  150'  F.,  with  an  exposure 


of  fifteen  minutes,  generally  killed  all  the  organisms  em- 
ployed in  the  test  except  anthrax,  when  thev  were  more 
directly  exposed  as  in  superficial  disinfect fon,  but  not 
when  deep  penetration   was   recpiired.     In   the  experi- 
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ments  in  which  a  temperature  of  230°  F.  was  employed, 
the  self-registering  thermometers  placed  with  the  infected 
discs  in  the  centre  of  large  bundles  of  clothing,  bedding, 
and  blankets  showed  but  little  or  no  diminution  in  the 
temperature  at  that  point,  whereas  in  tightly  rolled  and 
closed  packages  of  newspapers,  weighing  three  pounds 
or  more,  the  inside  temperature  sometimes  showed  a  re- 
duction of  thirty  or  forty  degrees:  repeated  tests  showed 
that  this  result  was  uniform  and  that  material  usually 
presented  for  disinfection,  such  as  clothing,  bedding,  etc., 
is  easily  penetrated  by  steam.  The  importance  of  this 
is  evident,  as  in  public  or  general  disinfection  it  is  im- 
practicable to  open  and  spread  out  all  material  received 
for  disinfection,  which  requires  great  expenditure  of  time. 
The  results  of  the  experiments  above  referred  to  are  in 
accord  with  those  of  other  investigators,  and  it  may  be 
accepted  that  a  temperature  of  230=  F.,  with  an  exposure 
of  fifteen  minutes,  is  destructive  to  all  pathogenic  or- 
ganisms even  in  the  spore  forms.  Although  the  ordi- 
nary cotton  and  woollen  materials  generally  used  in  the 
manufacture  of  clothing,  bedding,  carpels."  etc.,  are  not 
injured  by  steam,  it  destro^-s  articles  made  of  rubber, 
leather,  fur.  material  stiffened  with  glue,  etc.,  and  is 
apt  to  injure  silks  and  satins  and  other  delicate  fabrics. 
In  the  modern  method  of  steam  disinfection,  ordinary 
mail  composed  of  letters  and  pajiers  can  be  subjected  to 
steam  without  injury  or  defacement  of  writing.  Fortu- 
nately, however,  modern  sjmitation  docs  not  regartl  this 
material  as  a  menace  to  the  public  health,  and  the  disin- 
fection of  mail  has  been  practically  abandoned.  The 
potency  of  steam  as  a  disinfectant,  its  reliability  for  deep 
as  well  as  for  superficial  disinfection,  and  its  rapidity  of 
action,  make  it  imperative  that  every  community  should 
be  prepared  to  employ  this  agent  when  necessary.  There 
can  be  no  reasonable  excuse  for  not  complying  with  this 
modern  sanitary  requirement,  as  a  .simple  and  effective 
apparatus  can  now  be  purchased  of  tlie  makers  at  a  very 
reasonable  price.  A  steam  chamber  into  which  can  be 
squeezed  a  mattress  is  sufficiently  large  for  disinfection 
in  a  small  town.  The  purchase  of  an  apparatus  of  this 
character  is  really  a  matter  of  economy,  inasmuch  as  many 
articles,  such  as  presumably  infected  mattresses,  etc.,  can 
be  saved,  when  otherwise  it  would  be  deemed  neces-sary 
to  burn  them.  It  would  be  of  comparatively  little  inter- 
est to  enter  into  a  detailed  account  of  the  evolution  of  the 
steam  disinfecting  chamber,  which  has  passed  through 
many  changes  until  it  has  now  reached  a  stage  where  it 
seenis  to  comply  with  modern  scientific  requirements. 
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To  descrlbo  tliis  briefly  I  will  cite  from  an  article  pub- 
lislicd  in  llic  Anieririni  Jonrnid  of  the  Medical  Sciences,  of 
August,  1^97,  iu  which  I  have  rci'tired  to  the  construc- 
tion of  such  an  apparatus. 

'■  I  can,  jierhaps,  give  no  better  idea  of  the  modern  per- 
fected steam  chamber  than  by  describing  the  apparatus 
for  disinfection  by  steam,  now  in  use  on  the  disinfecting 
steamer  James  11'.  ^yadslro!^lh  at  the  New  York  quaran- 
tine station  (Fig.  l.'JOT  A).  This  apparatus  consists  of  a 
rectangular-shaped  chamber  having  a  double  shell  with  a 
space  of  two  inches  between  its  walls.  The  inside  di- 
mensions of  the  chamber  are  thirty-nine  by  forty-eight 
inches  by  seven  feet  two  inches  long.  The  shells  are 
made  of  -j%  inch  open-hearth  tiauge  steel,  riveted  at  the 
ends  to  heavy  cast-iron  rings,  the  outer  sulfides  of  which 
areindented  and  contain  1.5-inch  T-shaped  ruliber  joints, 
for  the  purpose  of  making  the  doors  air  tight.  The 
latter  ai'e  of  a  heavj-  convex  type,  are  swung  on  cranes, 
and  fastened  to  the  chamber  with  turn-buckles.  A  car 
for  the  reception  of  material  to  be  disinlected  easily 
traverses  the  chamber.  It  is  made  of  1. .5-inch  angle  iron 
and  No.  6  galvanized  iron  netting.  A  movable  track 
is  so  arranged  that  the  car  can  be  entirely  withdrawn 
from  either  end  of  the  chamber.  The  steam  is  supplied 
from  the  boiler  of  the  steamer,  where  a  pressure  of  sixty- 
live  pounds  to  the  square  inch  is  maintained.  Both 
moist  and  dry  steam  outlets  have  been  constructed, 
which,  by  a  system  of  valves,  allow  the  ojierator  to  get 
almost  any  quality  of  steam  desired.  The  steam  enters 
through  a  2. 5-inch  pipe  to  a  reducing  valve,  which  lim- 
its the  pressure  of  the  steam  entering  the  chamber  uf  the 
apparatus  to  the  desired  amount;  at  the  present  time  it 
is  set  for  fifteen  poimds  to  the  square  inch.  The  jjress- 
ure  used  in  the  chamber  is  in  accordance  with  the  tem- 
perature reqm'red.  If  a  temperature  of  230'  to  250'  F.  is 
desired,  steam  at  about  ten  jioimds  pressure  is  em|iloyed. 

"For  obtaining  a  vacuum  in  the  chamber  a  steam  ex- 
hauster is  usetl.  By  means  of  valves  this  is  readily 
changed  to  draw  either  from  the  space  between  the  shells 
forming  the  walls  or  from  the  interior  of  the  chamlier. 
It  acts  on  the  principle  of  a  siphon;  a  current  of  steam 
rushing  by  the  mouth  of  a  pipe  opening  from  the  cham- 
ber exhausts  the  air  therein  contained. 

"A  vacuum  of  twenty  inches,  which  answers  the  pur- 
pose, can  be  obtained  with  the  steam  exhauster  in  one 
minute,  while  in  the  old  method,  by  the  use  of  an  air 
pump,  about  ten  or  fifteen  minutes  were  necessiiry  to  se- 
cure this  result;  besides,  the  air  removed  from  the  cham- 
ber is  carried  out  with  the  steam  in  the  exhaust,  so  that 
if  micro-organisms  are  withdrawn  in  this  way  from  the 
materials  iu  the  chamber  thev  are  acted  upon  by  the  steam 
in  transit.    This  does  not  occur  where  an  air  pump  is  used. 

'■  The  advantages  of  the  double  jacket  or  shell  over  coils 
of  steam  pipes  are  numerous.  There  is  a  more  equal  dif- 
fusion of  heat  iu  the  walls  of  the  apparatus,  inasmuch  as 
the  steam  enters  between  the  shells  at  all  points,  and  not 
at  the  lower  part  of  the  apparatus,  as  in  the  case  in  which 
the  steam  is  introduced  by  pipes  laid  in  the  floor  of  the 
chamber.  The  shell  is  thus  evenly  heated  and  materially 
aids  the  steam  which  is  introduced  iu  the  chamber  for 
<lisinfcction.  Leaks  are  frequently  found  where  the  pipe 
system  is  employed;  these  do  not  occur  when  the  double 
shell  is  used:  there  is  no  formation  of  air-bound  spaces 
in  tlie  double  shell,  which  frequently  interfere  with  se- 
curing the  temperatures  needed;  and,  tiually,  in  the  mat- 
ter of  cleanliness,  the  double  jacket  is  very  superior  to 
the  coils  of  pipes. 

"The  fresh-air  inlet — which,  as  far  as  I  am  able  to 
learn,  was  lirst  used  at  this  station,  and  which  has  jiroved 
of  great  practical  value— consists  of  a  1.5-inch  pipe  con- 
necting the  interior  of  the  chamber  with  the  external 
air.  It  is  fitted  to  the  top  of  the  apparatus.  The  exter- 
nal opening  of  the  inlet  is  covered  with  a  strainer  of 
fine  brass  netting  to  prevent  the  entrance  of  foreign  mat- 
ter. The  inlet  is  supplied  with  a  valve  to  open  and  close 
it.  The  entire  chamber  is  encased  in  a  1.5-inch  layer  of 
asbestos  magnesia,  which  retains  the  heat  in  the  chamber 
and  prevents  outside  radiation.     This  it  does  in  a  very 


effective  manner,  the  temperature  of  that  portion  of  the 
boat  in  which  the  apparatus  is  placed  being  very  little 
raised  atiove  that  of  adjoining  apartments.  The  ends  of 
the  chamber  open  into  rooms  having  absolutely  no  com- 
munication witli  each  other,  the  infected  end  receiving 
the  clothing  removed  from  the  disrobing  room  adjoining". 
The  disinfected  end  opens  into  an  apartment  from  which 
the  clothing  is  given  directly  to  the  owners,  who  have 
passed  through  the  bathrooms. 

"The  operation  of  disinfecting  clothing,  bedding, 
etc.,  with  the  steam  chamber  is  as  follows:  The  mateii- 
als  to  be  treated  are  jilaced  in  the  cradle  or  car  in 
the  infected  end  (both  ends  of  the  chamber  are  never 
open  at  the  same  time),  the  door  is  then  boiled,  and 
a  vacuum  of  about  twenty  inches  is  obtained  by  the 
steam  exhauster.  This  is  secured  in  about  one  minute. 
The  object  is  not  only  to  remove  the  air  from  the  cham- 
ber, but  also  the  air  and  moisture  from  the  material  to  be 
treated,  which,  forming  a  cushion,  prevents  the  proper 
entrance  of  the  steam.  Steam  is  now  allowed  to  enter 
the  chamber,  which  it  does  rajiidly,  producing  a  tem- 
perature of  2:30'  to  240"  F.  within  three  or  four  min- 
utes. My  experience  has  been  that  230'  is  the  tempera- 
ture that  is  needed  for  disinfection.  This  is  un([uestion- 
ably  sjife  and  can  be  depended  upon  to  kill  all  known 
micro-organisms  whicli  may  be  iu  clothing  and  other 
articles  presented  for  treatment.  jMOvided  there  is  an 
exposure  of  fifteen  minutes  to  this  degree  of  heat.  At 
the  expiration  of  this  time.  i.e..  after  an  exposure  of  fif- 
teen minutes  to  a  temperatme  of  230  ,  the  steam  ex- 
hauster is  again  used,  securing  the  same  degree  of 
vacuum  (twenty  inches).  This  now  removes  the  steam 
from  the  chandjer  and  from  the  texture  of  the  clothing, 
etc..  luidergoing  disinfection,  the  latter  being  a  luost  im- 
portant cou.sideration.  as  will  be  shortly  shown.  As  soon 
as  a  vacuum  of  twenty  inches  has  been  obtained  the 
fresh-air  inlet  is  opened  and  a  current  of  fresh  air  is 
drawn  through  the  chamber  and  its  contents  by  the 
steam  exhauster.  After  an  exposure  of  eight  or  ten  min- 
utes to  this  treatment  the  door  of  the  disinfected  end  is 
opened  and  the  clothing,  etc.,  after  being  unrolled  and 
exposed  for  three  or  four  minutes,  becomes  dry  and  can 
be  at  once  worn. 

"The  degree  of  Improvement  in  the  drying  process, 
which  is  the  result  of  the  combined  action  of  the  steam 
exhauster  and  the  fresh-air  inlet,  can  be  appreciated 
only  by  one  who  has  waited  two  or  three  hours  or  more 
for  this  same  result.  When  it  involves  the  detention  of 
a  ship  at  a  quarantine  station,  its  value  is  at  once  appar- 
ent. The  importance  of  the  rapidity  with  which  this 
work  is  now  performed  and  the  mateiials  dried  is  espe- 
cially appreciated  in  the  treatment  of  mail.  Letters  and 
papers  treated  with  steam  by  the  slower  or  older  process 
were  freciuently  injured  by  the  disfigurement  of  the  ad- 
dress and  the  unsealing  of  the  letters.  During  the  past 
three  months  the  British  India  nuiil  has  been  disinfected 
weekly  at  this  station.  The  few  letters  which  are  sealed 
with  wax,  and  packages  containing  books  or  other  mate- 
rials injnre<l  by  heat,  are  set  apart  for  disinfection  by 
other  methods  and  the  remainder  subjected  to  the  proc- 
ess indicated  above.  So  far,  I  have  yet  to  sec  a  letter 
the  superscription  of  which  has  been  affected,  and  very 
rarely  have  I  fotmd  a  letter  unsealed  or  partly  unsealed. 
This  satisfactory  result,  I  am  certain,  is  due  to  the  rapid- 
ity of  action  of  the  heat,  and  the  use  of  the  exhauster  and 
fresh  air  inlet  afterward,  which  rapidly  dries  and  pre- 
vents the  spreading  of  the  ink  and  the  unsealing  of  the 
package. 

"The  still  more  important  and  valuable  effect  of  the 
vacuum  is  shown  in  the  rapid  and  pronounced  penetra- 
tion which  it  insures.  It  gives  a  higher  degree  of  tem- 
perature inside  the  packages,  with  a  coiuparativcly  short 
exposure. 

"  The  first  series  of  tests  presented  for  consideration 
show  the  influence  of  the  vacuum  in  steam  disinfection. 
In  all  the  experiments  which  I  have  made  I  constantly 
used  packages  of  newspapers,  inasiuuch  as  this  material 
probably  offers  as  much  (if  not  more)  opposition  to  pene- 
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tration  as  any  with  wliicli  wc  liave  to  deal.  In  the  tests 
iiiaile  wiihcmt  vaemini,  altli.um'h  tlie  slcani  exhaustt  r  is 
not  used,  llie  outlet  wliich  leads  from  the  bottom  ot  the 
apparatus  and  wliieli  allows  the  eseape  of  water,  the  re- 
sult of  condensation,  is  opened  for  a  moment  after  the 
chamber  is  closed,  to  allow  a  certain  amount  of  the  air 
contained  iu  the  chamber  to  be  forced  out  by  the  incom- 
ing steam.  This  vent  is  imperative  in  carrying:  out  the 
disinfection,  as  in  an  absolutely  tiudit  chamber  the  i)res- 
ence  of  all  the  contined  air  oilers  so  mu(  h  resistance  that 
it  is  practically  impossible  to  raise  the  temperature  to  the 
proper  desrree  for  disinfection.  When  the  chamber  is 
perfectly  closed,  it  frequently  requires  half  an  hour  or 
more  to  get  a  tem- 
perature of  210°  F., 
whereas  when  the 
steam  exhauster  is 
used  24(1  F.  can  be 
reached  in  three  or 
four  minutes,  and 
when  the  air  in  the 
chamber  is  simply  re- 
lea.«eil  by  opening  the 
conductor  on  thelloor 
of  the  chamber  above 
referred  to.  the  s;ime 
teniiierature(240  F.  i 
is  attained  in  about 
eight  or  ten  minutes. 
This,  however,  does 
not  answer  the  sjiine 
purpose  a.s  the  vac- 
uum which  forcibly 
dniws  out  the  air 
contained  in  the 
chamber  and  its  con- 
tents. ..." 

Since  the  above 
was  written,  there 
has  been  but  little 
change  in  the  char- 
acter of  this  class  of 
apparatus.  Improve- 
ment iu  the  method 
of  closing  or  attach- 
ing the  door  and 
changes  in  some  mi- 
nor details  have  been  made.  Otherwise,  the  general 
principle  of  construction  remains  the  sitnie. 

Fig.  l.")!)?  B  showsone  end  of  the  Xew  York  Quar- 
antine disinfecting  station  at  Hoffman  Island,  present- 
ing three  very  large  steel  chambers  twenty  feet  iu  length, 
of  the  sjime  construction  as  the  one  already  described. 
One  of  them  at  the  extreme  left  has  recently  been 
reconstructed  for  disinfection  with  formaldehyde  gas. 
These  chambers  are  sometimes  used  to  their  full  capacity, 
as  it  is  frequently  necessary  to  disinfect  as  rapidly  as 
possible  the  effects  of  five  hundred  or  more  steerage  "pas- 
sengers. The  cut  shows  onlv  a  part  of  the  apparatus, 
the  remainder  being  in  the  discharging  room  on  the  op- 
posite side  of  the  partition. 

Sci.PHiR  Dioxide  and  Formaldehyde  G-\ses. — Al- 
though both  of  these  arc  known  to  be  disinfectants  of 
great  value  and  power,  they  are  inferior  to  steam,  prin- 
cipally because  they  cannot  be  depended  upon  to  pene- 
trate, and  therefore  can  safely  be  used  only  for  superfi- 
cial disinfection:  furthermore,  their  action  is  compara- 
tively slow  and  their  ftdl  power  cannot  be  secured  unless 
they  are  used  in  an  air-tight  apartment.  It  is  impossible 
to  secure  this  in  house  or  ordinary  disinfection,  where 
more  or  less  gas  will  escape  even  when  great  care  is 
used  to  close  all  openings.  In  some  of  the  less  important 
details  both  formaldehyde  and  sulphur  dioxide  have  spe- 
cial advantages.  For  instance,  their  employment  does 
not  involve  an  expensive  or  complicated  apparatus,  and 
so  far  as  sid]ihur  dioxide  is  concerned,  a  means  by  which 
the  gas  can  be  generated  is  available  wherever  a  wash- 
tub  or  large  bucket  and  pan  can  be  found. 


Sitlpliur  Dioridc  G<is  is  the  oldest  known  disinfectant 
and  has  long  been  regardetl  as  a  very  valuable  germicidal 
agent.  However,  until  recent  years  it  has  received  but 
comparatively  little  investigation.  In  this  country  ex- 
l)eriments  were  made  by  Drs.  Dunham  and  Bcebe  a't  the 
Carnegie  Laboratory,  "New  York  City,  in  Wii.  He- 
ceutly  an  investigation  regarding  thegermicidal  value 
of  sulphur  dioxide  was  made  by  I)r.  H.  D.  Geddings,  of 
the  Marine  Ilosjjital  Service,  Washington,  and  during 
the  jiast  two  years  similar  work  has  been  carried  on  in 
the  New  Yolk  State  (|uarantiMe  Laboratory,  and  is  yet 
in  progress.  It  may  lie  sjiid  in  a  generalway  that  the 
results  which  have  thus  far  been  obtained  are  practically 


Fig.  1597  B.— Disinfecting  Plant  at  Hoffman  Island,  Xew  York  Quuranline  Station. 


the  same,  and  show  that  sulidiur  dioxide  is  a  valuable 
germicidal  agent  iu  the  presence  of  moisture  and  when 
used  for  superficial  disinfection,  but  that  it  cannot  be  de- 
pended upon  to  penetrate.  In  the  experiments  made  in 
the  Quarantine  Laboratory  it  has  been  conclusively  shown 
that  when  great  humidily  exists,  or  where  steam  has 
been  introduced  into  the  apartment,  the  germicidal  action 
of  this  gas  is  notably  increased.  Sulphur  dio.xide  is  more 
or  less  erratic  in  its  action.  This  undoubtedly  is  largely 
due  to  the  difference  in  the  amount  of  moisture  present,  al- 
though it  would  appear  that  there  are  other  factors  which 
influence  its  effect  on  pathogenic  organisms  with  wliich 
we  are  not  yet  fully  familiar.  How  far  the  moisture 
needed  to  insure  the  full  germicidal  effect  of  the  sulphur 
dioxide  used  is  supiilied  by  the  air  is  not  vet  fully  set- 
tled. However,  as  the  result  of  bacteriological  research 
we  are  justified  in  assuming  that  on  days  when  much 
moisture  is  present  its  action  is  decidedly  more  effective 
than  at  other  times.  It  is  when  the  air  is  very  dry  that 
the  generation  of  steam  in  the  apartment  adds  much  to 
the  thoroughness  of  the  disinfection,  (^n  shipboard  this 
is  easily  accomplished  by  carrying  the  steam  through 
pipes  or  hose  from  the  boiler  to  the  apartment  to  be 
treated,  where  it  should  bo  introduced  before  the  sul- 
phur is  ignited  and  distributed  as  e%"enly  as  possible:  it 
is  only  necessary  that  the  apartment  should  be  rendered 
moist.  In  a  dwelling-house  this  method  cannot  very  well 
be  carried  out.  However,  some  simple  way  can  almost 
always  be  improvised  by  which  moisture  can  be  gener- 
ated in  the  room.  A  simple  and  effective  portable  steam 
apparatus  for  this  purpose  is  now  iu  use  at  the  New 
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York  Quarantine  Station  consisting  of  a  Swedish  lamp 
set  in  a  metal  frame,  over  which  is  an  attached  receptacle 
for  water.  Above  this  is  a  handle  by  which  the  ap]iara- 
tus  can  easily  be  carried.  The  receptacle  containing  the 
water  is  supplied  with  four  or  live  openings  or  spouts 
allowing  the  free  escape  of  steam,  which  is  rapidly  gen- 
erated by  the  intense  heat  produced  by  this  peculiar  lamp. 
It  cannot  be  too  firmly  impressed  that  sulphur  dioxide 
must  not  be  relied  upon  to  penetrate  to  any  depth,  and 
that  it  is  effective  as  a  disinfectant  only  when  there  is 
free  and  open  exposure  of  the  material  to  be  treated.  I 
am  aware  that  there  are  those  who  believe  that  deep 
penetration  can  be  secured  by  sulphur  dioxide,  but  I  am 
satisfied  that  this  cannot  be  attained. 

In  comparing  sulphurdioxide  with  other  disinfectants, 
we  find  that  it  is  very  cheap  and  can  almost  alwaj's  be 
secured  even  in  small  towns:  this  makes  it  available  for 
immediate  use;  and  then,  besides,  temporary  means  for 
the  generation  of  the  gas  can  quickly  be  prepared.  I 
have  used  for  some  time  a  metal  apparatus  specially  de- 
vised for  sulphur  disinfection;  it  consists  of  a  heavy  cop- 
per pan  placed  in  an  iron  frame  having  a  stationary  re- 
ceptacle for  water  underneath  to  protect  the  floor  of  the 
apartment.  The  apparatus  is  supplied  with  a  handle  and 
is  comparatively  light  and  easily  carried  (Fig.  1.597  C). 
This  principle  is  carried  out  by  the  use  of  an  ordinary 
washtub  or  large  bucket  containing  two  or  three  bricks 
upon  which  is  placed  a  galvanized  iron  pan  or  any  metal- 
lie  receptacle  to  hold  the  sulphur.  The  tub  or  bucket 
should  contain  water  to  a  height  sufficient  to  cov<'r  the 
bricks  and  the  bottom  of  the  sulphur  receptacle.  If  the 
tub  or  bucket  is  not  available,  a  metallic  pail  containing 
the  sulphur  can  be  placed  in  another  partly  filled  with 
water,  the  latter  in  both  instances  not  only  protects  the 
floor  but  the  bottom  of  the  metallic  receptacle  holding 
the  sidphur.  which  is  commonly  a  milk  pan  or  something 
of  this  character.     In  the  special  sulphur  apparatus  to 


Fig.  1597  C— Apparatus  for  the  Generation  of  Sulphur  Dioxide. 

which  I  have  just  referred,  the  water  is  not  directly  ap- 
plied to  the  sulphur  pan  as  the  copper  is  very  thick  and 
resists  the  action  of  the  heat  for  a  long  time. 

While  sulphur  dioxide  has  its  advantages,  its  employ- 
ment is  sometimes  attended  with  tmpleasant  results;  for 
instance,  it  bleaches  and  in  other  waj-s  injures  certain 


material,  such  as  tinted  and  gilded  papers,  silks,  satins, 
etc.,  and  when  used  in  a  room  coveted  with  richly  tinted 
or  gilded  pajier.  it  is  quite  sure  to  change  the  color  or 
blacken  the  gilt. 

Foriiinhhlimk  Gas. — Probably'  no  disinfectant  has  ever 
received  more  careful  and  thorough  investigation  than 
formaldehyde  gas.  This  has  been  to  a  great  extent  due 
to  the  fact  that  it  was  brought  to  the  notice  of  the 
profession  during  a  period  of  great  activity  in  liacterio- 
logical  research.  Formaldehyde  was  probably  first  dis- 
covered in  1868  by  Hoffman,  a  German  chemist,  who  ac- 
cidently  fotmd  that  a  gas  was  produced  by  heating  a 
platinum  spiral  over  a  common  laboratorj-  lamp  burn- 
ing wood  or  methyl  alcohol.  This  observation  excited 
but  little  attention  at  the  time,  and  practically  nothing 
was  done  toward  determining  its  germicidal  tjualities. 
Twenty  years  afterward  it  was  again  brought  to  the 
notice  of  the  profession  by  A.  Trillat,  a  French  investi- 
gator. Since  that  time,  particularly  during  the  past  six 
or  seven  years,  its  germicidal  qualities  have  been  exhaus- 
tively treated.  In  reporting  a  series  of  experiments  in 
the  yeic  York  MitJirnl  Joui-nnl  of  October,  1897,  I  gave 
the  following  conclusion  regarding  formaldehyde. 

"  A  careful  analysis  of  the  results  obtained" in  the  ex- 
perimental investigation  to  determine  the  value  of  for- 
maldehyde as  a  disinfectant  will  show  that  this  agent 
cannot  be  depended  upon  for  disinfection  where  deep 
penetration  is  requiied.  ...  In  packiiges  made  of  blan- 
kets, clothing,  etc..  the  action  of  formaldehyde  upon  in- 
fected discs  placed  inside  is  uncertain  and  not  always  the 
same.  As  a  rule  penetration  does  not  occur;  at  least, 
organisms  are  not  generally  killed.  This  imcertainty 
would  seem  to  decide  the  inetliciency  tjf  formaldehvde 
for  deep  penetration.  For  superticial  disinfection.  ;'.<'.. 
of  hangings,  furniture,  clothing,  furs,  silks,  and  other 
articles,  which  can  be  spread  out  and  the  surfaces  ex- 
posed, fornialdehxde  is  an  agent  of  undoubted  value, 
particularly  as  it  does  not  as  a  rule  injure  the  finest  fab- 
rics, and  therefore  ma.y  be  safely  used  in  an  ajiaitment 
furnished  with  delicate  paper,  hangings,  and  furniture. 

"In  the  selection  of  the  method  for  disinfection  with 
formaldehyde,  it  is  evident  that  the  use  of  a  formaldehyde 
solution  simjily  exposed  on  pans  is  not  to  be  considered 
provided  other  methods  are  available.  The  heating  of 
pastils  of  ])arafornialdehydi  is  a  simple,  effective,  and 
neat  method  of  generating  the  gas,  although  at  present  il 
is  a  comparatively  exjicnsive  one.  It  is  necessary,  how- 
ever, that  the  apparatus  for  heating  the  pastils  shovdd 
remain  in  the  apartment  until  the  time  for  disinfection 
has  expired.  The  gas  is  evolved  slowly,  and  its  release 
depends  upon  the  proper  performance  of  a  lamji,  which 
cannot  l)e  ke]it  tinder  observation,  and  which  may  not 
bum  sufticienth'  long  to  reduce  the  pastils  to  ashes,  or 
an  accident  may  happen.  I  only  refer  to  these  as  \tos- 
sibilities. 

•'  The  lamp  for  the  generation  of  formaldehyde  by  the 
oxidation  of  methyl  alcohol,  which  has  already  been  de- 
scribed, is  also  an  effective  method  as  the  experiments 
above  shown  will  prove.  This  method  of  securing  the 
gasisconsidei'ably  cheaper  than  the  preceding  one,  a  pint 
and  a  half  of  wood  or  methyl  alcohol,  valued  at  twenty 
cents,  being  sufficient  for  the  disinfection  of  a  room  hav- 
ing a  space  of  one  thousand  cubic  feet,  whereas  the  ex- 
pense of  the  pastils  for  this  purpose  is  about  .seventy- 
five  cents.  Like  the  apparatus  just  described,  the  lamp 
can  V)e  jiurchased  for  a  comparatively  small  sum,  is  easily 
manijiulated,  and  is  very  satisfactory  for  house  disinfec- 
tion. However,  it  is  practically  subject  to  the  same 
ciiticism,  i'.c.that  the  process  is  comparatively  slow  and 
the  lamp  remains  in  the  apartment  and  not  under  obser- 
vation imtil  the  disinfection  is  completed.  In  a  structure 
.subject  to  change  in  position,  as  a  ship,  it  is  not  improb- 
able that  an  accident  may  occur. 

"  In  the  use  of  the  autoclave  and  the  new  apjiaratus 
above  referred  to  (the  so-called  regenerator)  we  have  a 
method  by  which  the  formaldehyde  is  rajiidly  released 
and  conveyed  to  the  apartment  to  be  treated,  and  when 
this  is  finished  the  instrument,  which  is  operated  from 
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tlic  outside,  can  lie  removed.  In  this  way  the  material 
to  be  treated  is  subjected  to  ahnost  the  entire  volume  of 
gas  before  any  considerable  leakage  from  the  room  may 
occur,  wlieieas  in  the  slower  metliods.  if  the  room  is  not 
made  tight,  at  no  time  is  the  material  in  the  room  acted 
on  by  all  or  nearly  all  the  gas  generated.  Short  exposures 
are  therefore  only  justilied  in  eases  in  which  the  gas  is 
rapiiily  released  in  the  apartment  by  tlie  autoclave  or  a 
similar  appanitus.  Further,  this  method  does  not  rciiuire 
that  the  appanitus  be  left  in  this  apartment.  Thus  is 
avoided  the  pos.sibility  of  faulty  action  of  the  instrument 
or  a  change  in  its  position.  For  general  use,  therefore, 
liarticularly  for  ship 
disinfection.  I  am  in 
favor  of  this  method 
of  disinfection." 

A  continued  experi- 
ence with  formaldc- 
hyile  since  the  above 
was  written  has  re- 
vealed no  reason  why 
I  should  change  my 
opinion  regarding  the 
manner  in  which  form- 
aldehyde should  be 
used,  and  that  is  by 
means  of  an  apparatus 
which  can  be  operated 
outside  of  the  apart- 
ment, and  which  trans- 
mits the  gas  through 
a  keyhole  or  other 
opening:  in  this  way 
it  is  rapidly  intro- 
duced: the  process  re- 
quires only  a  short 
time  an<i  is  constantly 
imder  observation,  and 
uns:itisfactory  results 
or  danger  wliich  may 
follow  the  use  of  an 
apparatus  acting 
slowly  within  the  room 
and  out  of  sight,  are 
avoided ;  however,  I  do 
not  mean  to  infer  that 
the  best  residts  may 
not  be  obtained  by 
many  other  forms  of 
apparatus  now  in  use. 
During  the  past  three 
years  numerous  efforts 
have  been  made  to 
show  that  formalde- 
hyde gas  can  be  relied  upon  for  deep  penetration.  From 
the  experimental  work  which  has  come  under  ray  per- 
sonal observation  I  am  satisfied  that  this  agent  can  be 
depended  upon  only  for  supcrticial  disinfection,  i.e., 
where  the  material  to  be  treated  is  fully  exposed.  The 
fact  that  bacteriological  experiments  have  shown  that 
deep  penetration  is  occasionally  secured  does  not  by 
any  means  justify  the  indiscriminate  use  of  this  agent 
for  all  forms  of  disinfection,  and  it  must  not  be  "for- 
gotten that  instrument  makers  are  not  bacteriological 
experts  and  are  generally  enthusiastic  regarding  the 
merits  of  tlieir  apparatus.  There  are  so  many  different 
ways  of  using  formaldehyde,  each  having  its  own  special 
merit,  that  it  would  be  impossible  to  give  a  detailed  ac- 
count of  them  in  this  article;  however,  I  have  referred  to 
the  advantage  of  an  apparatus  which  is  operated  outside 
of  the  apartment  and  under  full  observation.  Descrip- 
tion of  these  apparatus,  as  well  as  all  others,  their  method 
of  use,  etc..  can  l)e  procured  from  the  makers  through 
dealers  in  medical  and  surgical  supplies. 

In  addition  to  steam,  sulpliur  dioxide,  and  formalde- 
hyde there  are  two  other  di.'iinfectants  which  as  germi- 
cidal agents  deserve  the  most  careful  consideration. 
These  are  bichloride  of  mercurv  and  carbolic  acid,  both 
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of  which  are  well  known  and  in  common  use.  It  is  well 
to  bear  in  mind  that  many  fatal  results  have  followed  the 
careless  use  of  these  agents,  particularly  the  former.  A 
solution  of  bichloride  of  mercury  is  colorless  and  odor- 
less and  may  be  mistaken  for  many  other  things.  For 
general  disinfection,  therefore,  a  twenty-live  percent, 
solution  of  this  agent,  colored  with  a  sniall  amount  of 
fuchsin  for  identilication,  shoidd  be  kept  in  stock,  with 
a  conspicuous  label  and  instructions  as  to  the  amount  to 
be  used  in  making  solutions  of  dilTerent  strength.  As 
the  odor  of  carbolic  acid  is  so  distinctly  characteristic, 
mistakes  are  not  so  liable  to  occur  as  with  bichloride  of 

mercury.  Carl)olic 
acid  is  only  sparingly 
soluble  and  not  more 
than  a  five-percent, 
solution  can  be  made. 
Therefore  it  is  just  as 
well  to  make  fresh  so- 
lutions as  it  is  needed 
for  disinfection. 

As  a  resume,  I  may 
say  that  steam,  sulphur 
dioxide,  formaldehyde, 
bichloride  of  mercury, 
and  carbolic  aciil  arc 
true  disinfectants  upon 
which  full  reliance  can 
be  placed.  In  this 
group  will  be  fovmd 
agents  suitable  for  any 
form  of  disinfection. 
It  is  proper  to  add 
that  boiling  water  is 
sometimes  used  for  the 
disinfection  of  linen, 
bedding,  etc.,  when  no 
better  means  of  treat- 
ment is  available.  It 
must  be  borne  in  mind, 
however,  that  the  ma- 
terial to  be  treated 
must  be  subjected  to 
boiling  (not  warm)  wa- 
ter for  at  least  one 
hour,  in  order  to  insure 
germicidal  action. 

Chloride  of  lime  and 
quicklime  are  common- 
ly used   for  the  disin- 
fection of  privy  vaults, 
cesspools,  etc.,  and  are 
valuable  for  this  pur- 
pose.      Salts    of    zinc 
and  copper  are  now  but  little  employed,  and  their  value 
as  disinfectants  is   somewhat  questionable,   while  their 
power  as  dedorants  is  nmch  inferior  to  that  of  bromine. 

No  agent  is  more  imiformly  destructive  to  germ  life 
than  bichloiide  of  mercury,  and  it  is  very  generally  u.sed 
for  disinfection :  it  also  constitutes  the  basis  of  many  pro- 
prietary preparations:  however,  the  statement  that  a  cer- 
tain solution  contains  corrosive  .sublimate  justifies  no 
public  official  in  using  it  as  a  disinfecting  agent,  princi- 
pally for  the  reason  that  he  does  not  know  from  his  own 
knowledge  the  amount  of  this  agent  in  the  mixture. 
Furthermore,  no  proprietary  article  recommended  as  a 
disinfectant  can  be  sold  as  cheaply  as  a  solution  of  l)i- 
chloiide  of  mercury  can  be  prejiared.  The  ^ise  of  a  ]uii- 
prietary  mixture  by  a  public  health  official  means  that 
he  practically  ignores  the  principles  upon  wliich  modern 
disinfection  is  founded. 

I  have  referred  separately  to  the  aliove  agents,  as  we 
must  be  familiar  with  them  in  order  scientifically  and 
intelligently  to  treat  material  presented  for  disinfection. 
The  means  by  which  infection  is  transmitted  should 
next  be  consiilered.  Sanitarians  now  more  fully  anil 
clearly  recognize  that  infections  diseases  are  frequently 
propagated  by  unrecognized,  mild,  ambulant,  or  conva- 
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lescent  cases,  and  that  these  are  responsible  for  many 
outbreaks  which  are  usually  attributed  to  infected  cloth- 
ing, etc.  Upon  the  appearance  of  smallpox  or  other 
infectious  disease,  it  is  the  first  duty  of  a  public  health 
official  to  ascertain  if  other  cases  of  the  same  character 
exist  in  the  community,  particularly  those  of  a  mild 
__type.  Success  in  this  direction  will  "be  secured  only  by 
"a  iiiost  careful  and  thorough  inspection.  By  this  means 
centres  of  infection  are  identified,  and  disinfection  is 
performed  not  only  where  it  is  urgently  needed,  but 
where  it  will  be  followed  by  the  most  satisfactory  re- 
sults. Than  what  I  have  just  stated,  nothing  more 
clearly  shows  the  transition  from  old  to  new  methods  in 
public  sanitation.  While  it  is  accepted  by  all  that  the 
clothing  and  effects  of  the  sick  constitute  a  medium  of 
infection,  considerable  doubt  now  exists  as  to  the  dan- 
ger from  clothing  actually  worn  by  well  persons,  who 
have  been  in  contact  with  cases  of  infectious  disease 
which,  imtil  recently,  has  been  generally  regarded  as  a 
frequent  source  of  infection.  AViThin  the  past  few  years,' 
careful  investigation  and  practical  experience  have  de- 
monstrated that  this  is  a  medium  of  infection  only  in 
comparatively  rare  instances.  It  may  occur  when  there 
is  close  and  "prolonged  contact,  particularly  in  the  case 
of  such  diseases  as  smallpox  and  scarlet  fever,  and  where 
the  person  exposed  goes  immediately  to  another  apart- 
ment. AVhile  this  should  receive  proper  consideration 
and  reasonable  efforts  should  be  made  to  prevent  the 
transmission  of  disease  in  this  way,  it  should  be  borne 
in  mind  that  it  is  not  a  common  medium  of  infection. 
The  value  of  this  knowledge  which  has  come  to  us  slowly 
cannot  be  overestimated,  as  it  teaches  us  that  an  out- 
break of  an  infectious  disease  calls  for  a  most  rigid  in- 
spection to  discover  the  presence  of  mild  and  hitherto 
unrecognized  cases.  These  constitute  a  greater  menace 
to  the  public  health  than  well-marked  ones,  whicli  are 
more  easily  identified  and  cared  for.  In  other  words,  we 
must  understand  that  infectious  diseases  are  usually  trans- 
mitted by  persons  rather  than  by  clothing  and  other  ma- 
terial, and  this  knowledge  justifies  us  in  removing  many 
restrictions  which  in  the  jiast  have  done  much  to  hamper 
both  the  public  and  commerce. 

Unreasonable  and  unscientific  theories  regarding  the 
transmission  of  infection  arc  unquestionably  encouraged 
by  worthless  disinfection,  which  is  more  apt  to  be  found 
in  small  communities  where  modern  sanitary  regulations 
are  not  enforced.  It  is  in  sucli  places  tliat  little  effort 
is  made  to  ascertain  the  location  of  mild  or  ambulant 
eases. 

If  we  are  familiar  with  the  principles  which  govern 
modern  disinfection,  but  few  specific  rules  are  necessary 
in  the  iierformance  of  the  important  work. 

The  promptness  with  which  a  house  or  ajiartment  can 
be  disinfected  depends  largely  upon  the  manner  in  which 
it  is  furnished.  Hangings,  and  numerous  articles  of  up- 
holstered furnitui'e.  offer  a  very  decided  complication. 
Tlierefore,  if  an  opportunity  is  given  to  prepare  a  room 
for  the  reception  of  a  perscm  suffering  from  infectious 
disease,  every  effort  should  be  made  to  remove  all  un- 
necessary furniture,  hangings,  carpets,  etc.  In  this  way 
the  amount  of  material  to  be  afterward  disinfected  is  re- 
duced to  the  minimum. 

During  the  progress  of  the  disease  no  opportunity 
should  be  lost  to  ventilate  thoroughly  the  sick-apartment, 
as  in  no  other  way  can  the  effect  of  a  general  disinfection 
be  secured  prior  to  the  termination  of  the  case.  Not  only 
is  fresh  air  destructive  to  pathogenic  organisms,  but  it  is 
of  inestimable  value  to  the  patient.  Neither  steam,  nor 
formaldehyde,  nor  sulphur  dioxide  can  be  effectivelj'  em- 
ployed while  the  patient  is  confined  to  the  room,  as  their 
use  in  sufficient  quantity  to  act  as  disinfectants  would 
be  destructive  to  human  life.  This  knowledge  should  do 
away  with  old  and  farcical  methods  of  spraying  the  room 
with  so-called  disinfecting  solutions,  placing  saucers  of 
carbolic  acid  under  the  bed  and  other  methods  of  a  like 
character,  which  are  worse  than  useless,  inasmucli  as 
they  inspire  a  sense  of  security  w-hich  is  not  real.  There- 
fore, during  the  existence  of  the  disease,  the  use  of  germl- 


citles  should  be  confined  to  the  disinfection  of  discharges, 
bed- linen,  dressings,  etc. 

At  the  termination  of  a  case  of  infectious  disease  the 
patient  should  be  thoroughly  washed  with  soap  and 
warm  water,  the  scalp  and  hair  included.  After  this  the 
body  may  be  sponged  with  a  1  to  3,000  solution  of  bi- 
chloride of  mercury,  particularly  if  desquamation  has 
occurred.  It  is  a  practice  also  to  jilace  the  patient  at 
this  time  in  a  1  to  5,000  bichloride  of  mercury  bath. 
However,  I  am  disposed  to  believe  that  the  use  of  the 
sponge  is  equally  satisfactory  and  safe.  There  is  not  a 
unanimity  of  opinion  regarding  the  danger  from  the  skin 
at  this  jieriod,  but  it  is  safe  to  assume  that  when  the 
acute  symptoms  have  entirely  subsided  and  convalescence 
is  well  along,  and  when  desquamation  is  fully  completed, 
there  is  but  little  if  any  danger,  and  the  use  of  soap  and 
water  and  bichloride  may  be  relied  upon  to  render  the 
patient  in  no  way  a  menace  to  the  public  health. 

During  the  course  of  the  illness  bed-linen,  dressings, 
etc.,  should  be  placed  in  a  1  to  2,000  solution  of  bichlor- 
ide of  mercury,  oraflve-per-cent.  solution  of  carbolic  acid 
for  at  least  two  hours,  whenever  soiled  or  when  a  fresh 
change  is  made,  and  under  no  circumstances  should  this 
material,  which  is  frequently  soaked  with  discharges  or 
in  other  ways  infected,  be  allowed  to  accumulate  for  the 
final  disinfection.  There  is  no  doubt  that  attention  to 
this  important  detail  very  materially  diminishes  the  dan- 
ger of  infection  in  the  siek-chamber. 

In  preparing  a  room  for  disinfection  attention  should 
first  be  given  to  the  bedding,  mattress,  clothing,  and  other 
effects  of  the  patient.  These  should  be  covered  and  tied 
up  in  clean  sheets.  If,  imfortunately,  a  carpet  has  been 
left  on  the  floor,  it  should  be  rolled  up;  by  this  means  it 
will  present  a  previously  unexposed  surface  which  is  the 
equivalent  of  a  fresh  covering.  These  articles  should  be 
at  once  removed  to  a  steam  disinfecting  plant. 

The  woodwork,  bedsteads,  etc.,  contained  in  the  apart- 
ment sliould  be  washed  with  a  1  to  1,000  solution  of 
bichloride  of  mercury.  Afterward  all  windows  antl  doors, 
— excepting  one  of  the  latter  to  be  used  for  entrance  and 
exit  during  the  preparation  for  disinfection  (wliich  is 
subsequently  sealed  in  the  same  ivay ) — should  be  ti^ihtly 
closed  and  the  cracks  sealed  by  pasting  over  thin  narrow 
strips  of  paper  by  means  of  ordinary  flour  paste,  which 
can  afterward  be  easily  removed  with  water.  The  room 
should  now  be  subjected  to  the  fumes  of  sulphur  dioxide, 
or  formaldeh_vde  gas,  and  not  0]iened  for  at  least  twelve 
hours.  Before  closing  the  room  it  is  well  to  know  the  situ- 
ation of  a  window  which  can  be  easily  opened  to  admit 
fresh  air,  as  upon  entering  the  apartment  for  the  first  time 
after  disinfection  there  may  be  sufficient  gas  present  to 
prove  irritating  to  tlie  respiratory  tract.  A  wet  s])onge 
or  towel  a]iplied  to  the  face  on  entering  the  room  will 
greatly  diminish  this  annoyance.  It  is  believed  by  some 
that  a  second  fumigation  should  be  jjerformed,  but  if  all 
lineu,  bedding,  and  discharges  have  been  promptly  dis- 
infected during  the  jnogrcss  of  the  disease  and  the  room 
has  been  well  aired,  one  fumigation  properly  perfcirmed 
will  be  sufficient,  although  the  safety  of  this  work  de- 
pends largely  on  strict  attention  to  details,  such  as  spread- 
ing out  of  the  material  to  be  disinfected,  sealing  the 
room,  and  the  proper  use  of  disinfectants.  In  small 
towns  where  steam  disinfection  is  not  available,  mat- 
tresses, comfortables,  etc.,  should  be  burned,  if  there  is 
evidence  that  they  have  been  wet  with  discharges  or 
otherwise  soiled.  There  is  no  doubt  tliat  the  danger  from 
mattresses  used  by  persons  suffering  fi-om  infectious 
diseases  is  verj'  much  overestimated,  jiarticidarl}-  where 
they  are  covered  with  a  rubber  cloth  or  other  good  dress- 
ings, and  in  the  majority  of  cases  the  use  of  sulphur  or 
formaldehyde  will  destroy  whatever  infection  may  be 
present.  However,  such  care  is  not  alwa3S  taken,  and 
mattresses  are  frequently  soiled.  For  this  reason  an  un- 
written law  exists  calling  for  tlieir  destruction  by  fire, 
provided  they  cannot  be  treated  with  steam. 

The  good  results  derived  from  a  strict  attention  to  de- 
tails in  the  use  of  sulphur  dioxide,  as  well  as  formalde- 
hyde gas,  has  been  strikingly  shown  in  laboratory  experi- 
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iiients.  While  tlie  use-  of  steam  is  almost  always  iindt  r 
the  observation  of  those  skilled  in  this  work,  disinfection 
by  sulphur  or  by  formaldehyde  is  commonly  performed 
in  houses  or  apartments  by  members  of  the  family, 
and  not  under  the  oljservation  of  the  attendinjr  phy- 
sician. In  tliese  cases  a  suliilnir  candle,  or  a  few  small 
l)iecesof  sul])hur  are  burned  without  tlie  slightest  kuowl- 
edtre  of  the  amount  of  cubic  air  space  present.  'I"he 
sulphur  is  ignited  by  the  use  of  a  live  coal,  and  little 
or  no  attention  is  paiil  to  the  sealing  of  windows  and 
doors.  Disinfection  should  always  be  under  the  direction 
of  the  attending  physician  or  a  sanitary  officer.  If  the 
use  of  sulphur  has  been  decided  upon,  after  ascertaining 
the  cubic  air  space  of  the  ajiartment,  four  pounds  of  sul- 
phur shoulil  be  supplied  fon-aeli  one  thousand  cubic  feet 
of  space.  Tills  shoukl  be  broken  in  small  pieeesand  spread 
out  in  the  receptacle.  If  the  room  is  unusually  large,  it 
is  l)etter  to  have  a  number  of  receiitacles,  as  in  this  way 
the  pieces  of  sidphur  are  not  too  closely  packed  together, 
and  the  gas  is  more  freely  generated  and  more  etiually 
ditTused.  The  use  of  the  live  coal  as  the  means  of  ignit- 
ing the  sulphifr  should  be  discouraged,  as  when  de- 
jiended  upon  the  combustion  is  very  freipiently  imperfect. 
The  sidpliur  should  be  lilierally  coverecl  with  aleoliol  and 
ignited  by  dropping  a  lighted  maleli  into  the  receptacle, 
the  operator  being  as  far  away  as  possible.  In  this  way 
the  sulphur  is  almost  always  all  consumed. 

I  have  already  referred  to  the  importance  of  disinfect- 
ing sheets,  linen,  dressing.s,  etc.,  as  soon  as  they  are 
soiled  or  removed  from  the  bed.  Discharges  which  con- 
stitute a  most  potent  cause  of  infection  should  be  received 
in  receptacles  containing  a  disinfecting  solution,  bichlo- 
ride of  mercury  1:1000,  or  a  five-percent,  solution  of 
carbolic.  Many  physicians,  nurses,  and  others  in  attend- 
ance on  the  sick  are  prevailed  upon,  principally  on  ac- 
count of  pleasant  odors  and  strong  recommendations,  to 
use  proprietary  solutions  for  this  purpose.  I  cannot  too 
strongly  condemn  this  inactice.  and  desire  to  emphasize 
what  I  have  already  said  in  regard  to  this  part  of  the 
subject,  that  disinfecting  si,ilutions  should  be  freshly  pre- 
pared and  their  composition  and  strength  known  to 
those  in  charge  of  the  patient.  It  should  be  remembered 
that  typhoid  fever,  diphtheria,  etc..  are  often  transmitted 
by  the  hands  of  the  attendants.  Therefore  great  care 
should  be  taken  to  prevent  infection  by  this  means. 

While  the  value  of  carbolic  acid  as  a  disinfecting  agent 
is  indisputable,  I  believe  it  to  be  inferior  to  corrosive  sub- 
limate for  the  purpose  to  which  I  have  just  referred. 

It  is  a  common  belief  that  theatres,  churches,  school- 
rooms, etc.,  are  frequently  infected  and  require  disinfec- 
tion. This  is  erroneous.  The  presence  for  a  short  time 
of  a  person  affected  with  smallpo.x  or  other  infectious  dis- 
ease in  a  church  or  theatre,  does  not  infect  the  building 
and  does  not  call  for  a  disinfection  beyond  the  treatment 
of  the  seat  occupied  by  him  aiul  tif  the  objects  in  its  im- 
ineiliate  vicinity.  Disinfection  of  a  large  structure,  such 
as  a  public  hall,  is  a  most  formidable  proceeding,  and  if 
properly  carried  out,  requires  an  almost  endless  amount 
of  work,  and  is  justified  only  under  the  most  extreme 
conditions  and  the  most  prolonged  exposure.  The  proper 
and  continuous  ventilation  of  these  buildings  combined 
with  cleanliness  offers  the  best  protection  against  infec- 
tious disease.  In  schoolrooms  the  danger  is  not  so  much 
from  the  apartment  itself  as  from  contact  with  unrecog- 
nized cases.  In  these  places  children  are  frequently  found 
who  areapparenth-  well,  but  in  reality  are  suffering  from 
diphtheria,  scarlet  fever,  etc.,  in  a  mild  fonn.  This  is 
so  commonly  a  factor  in  the  transmission  of  disease  among 
school  children  that  the  New  York  City  Department  of 
Healthsome  time  ago  appointed  a  number  of  medical  in- 
spectors, known  as  the  "School  Corps."  who  visit  the 
public  schools  dail}'  for  the  sjiecilic  purpose  of  detecting 
mild  or  ambulant  cases  of  infect  ions  disea.se.  The  reports 
presented  by  these  officers  fully  confirm  the  statement  I 
have  made  regarding  the  danger  from  the  latter  class  of 
cases.  There  are  times  when  the  disinfection  of  a  school- 
room may  be  called  for.  In  these  instances  the  woodwork 
should  be  scrubbed  with  soap  and  water,  or  washed  with 


a  1  to  1,000  solution  of  bichloride,  ami  afterward  sub- 
jected to  sulphur  dio.xide  or  formaldehyde  disinfection, 
follow<'d  by  thorough  ventilation.     It  is  my  belief  that 

a  careful  .scrubbing  of  Ihe  w Iwork,  desks,"  chairs,  etc., 

with  soa|)  and  water  jirior  to  the  fumigation,  will  answer 
all  reqturements.  We  know  that  soap  has  sirong  anti- 
septic in-operties,  anil  I  am  (|nite  sure  that  the  future  will 
show  that  free  scrubbing  with  lliis  agent  combine<l  with 
thorough  fumigation  can  be  depended  uiion  for  disinfec- 
tion not  only  in  .schoolrooms  but  cLsewhere. 

In  ship  disinfection  the  general  principles  to  which 
I  have  already  referred  can  be  successfully  applied. 
Experience  has  shown  that  infectious  diseases,  when  pres- 
ent on  shipboard,  are  found  in  the  foreeastleand  steerage 
ipiarters.  and  rarely  in  the  cabin  or  salon.  Furthermore, 
modern  investigation  anil  praitical  experience  have  shown 
that  we  have  little  to  fear  from  a  shi])'s  cargo,  and  un- 
less there  is  reliable  evidence  that  danger  exists  in  this 
direction,  we  are  not  justified  in  altemi)ting  to  disinfect 
the  merchandise  found  in  the  hold  of  a  ship.  The  disin- 
fection of  a  vessel's  cargo  is  the  most  formidable  and 
difticull  task  that  a  quarantine  officer  is  called  upon  to 
perform,  and  if  properly  done  means  the  removal  of  al- 
most every  article  of  the  cargo.  Furthermore,  it  must 
not  be  forgotten  that  comnreree  is  entitled  to  considera- 
tion, and  that  sensible  (juaranfine  regulations  cannot  in- 
sure complete  protection  against  infectious  diseases. 

It  is  in  marine  sanitation  that  the  danger  from  unrec- 
ognized mild,  ambidant,  and  convalescent  cases  of  infec- 
tious disease  is  fully  appreciated.  Sailors  as  a  rule  receive 
but  little  consideration,  so  far  as  their  health  is  concerned, 
and  are  not  leleased  from  work  on  account  of  trivial  com- 
plaints, audit  frequently  occurs  that  they  are  affected  with 
a  mild  type,  or  pass  through  the  initial  stage,  of  an  infec- 
tious disease  without  any  external  evidence  of  it  or  refer- 
ence to  it  on  their  part.  Therefore  it  is  imperative  that 
this  class  of  people  shall  be  subjected  to  a  most  critical 
examination,  which  at  times  shoidd  involve  the  use  of  the 
clinical  thermometer,  to  detect  an  elevation  of  temjiera- 
ture.  A  vessel  may  arrive  at  a  ]iort  having  on  board  one 
or  more  tmrecoguized  or  mild  cases  of  an  infectious  dis- 
ease either  in  acute  or  convalescent  form.  These  persons 
apparently  in  good  health  may,  upon  entering  the  town, 
transmit  infection,  but,  as  they  are  not  recognized  as  a 
menace  to  the  public,  a  subsequent  outbreak  of  the  dis- 
ease is  very  apt  to  be  attributed  to  infection  transmitted 
b\'  the  ship's  cargo  or  the  clothing  of  those  on  board  or 
from  some  other  place. 

The  disinfection  of  ships  may  be  di.scu.ssed  under  two 
heads;  First,  vessels  arriving  with  infectious  disease  on 
board:  second,  vessels  which  come  from  infected  ports 
but  with  all  on  board  well  both  at  the  time  of  embarka- 
tion, in  transit,  and  on  arrival.  It  is  a  significant  fact 
that  the  number  of  ships  treated  under  the  second  class 
is  gradually  diminishing.  This  is  in  full  accord  with  the 
knowleilge  we  now  .possess,  which  goes  far  to  prove  that 
infection  is,  as  a  rule,  transmitted  liy  persons,  and  that 
the  danger  of  infection  through  cargoes,  clothing,  in;dl, 
etc.,  is  comparativeh'  small.  The  experiments  which 
have  been  recently  concluded  in  Havana  by  Dr.  Walter 
Reed  of  the  L'nited  States  army,  and  which  have  furnished 
conclusive  evidence  that  yellow  fever  is  transmitted  by 
mosquitoes,  have  also  gone  far  to  demonstrate  that  the 
clothing  and  bedding  actiuilly  used  by  persons  sick  with 
yellow  fever  do  not  transmit  infection.  However,  this 
cannot  be  accepted  as  proof  that  smallpox,  scarlet  fever, 
etc. .  are  not  transmitted  in  this  way. 

It  sometimes  happens  that  a  serious  outbreak  of  infec- 
tious disease  occurs  in  a  seaport  town  with  which  we  are 
in  direct  communication,  and  where  we  have  reason  to 
believe  the  inspection  of  departing  vessids  cannot  be  de 
peiideii  upon.  Under  these  conditions  we  may  be  justi- 
fied in  performing  some  disinfection  on  the  ships  arriving 
from  the  said  place,  even  when  no  infectious  disease  ex- 
ists on  board.  However.  I  believe  that  the  good  which 
comes  from  this  extra  precauticm  may  rightly  be  attrib- 
uted to  the  possible  treatment  of  the  clothing  and  effects 
of  unrecognized  or  mild  cases  which  may  liave  developed 
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in  transit  unknown  to  tlie  sliip's  officer.  It  must  be 
borne  in  mind  tliat  the  master  of  a  vessel  is  not  a  physi- 
cian, and  tliat  liis  statement  regarding  tlie  cliaracter  of 
the  sickness  which  may  exist  on  board,  or  liis  opinion  as 
to  the  liealth  of  the  crew,  sliouid  be  accepted  only  as  cor- 
roborative evidence.  Furthermore,  the  certiticate  of  the 
.ship's  surgeon,  although  given  in  all  sincerit}',  must  not 
be  taken  in  lieu  of  an  inspection.  It  has  occurred  in  my 
experience  tliat,  after  the  captain  and  surgeon  have  stated 
that  no  sickness  existed  on  board,  a  careful  inspection 
with  the  use  of  the  clinical  thermometer  has  detected  the 
presence  of  either  mild  cases,  or  cases  in  the  early  stages 
of  some  infectious  disease. 

The  treatment  and  disinfection  of  a  ship  having  one  or 
more  cases  of  infectious  disease  on  board  depends  largely 
on  the  manner  in  which  the  patient  has  been  cared  for  in 
transit,  the  character  of  the  disease,  etc.  In  a  general 
waj",  it  may  be  said  that  the  patient  must  tirst  be  removed 
from  the  vessel,  and  those  who  have  been  exposed  should 
also  be  transferred  to  some  place  where  necessary  disin- 
fection can  be  performed,  and  where  these  people  can  be 
divided  into  groups  and  separated  from  each  other,  par- 
ticularl}-  while  indoors,  and  kept  under  careful  oliserva- 
tiou  until  the  expiration  of  the  jieriod  of  incubation. 
Jlodern  sanitation  does  not  sanction  the  retention  and 
treatment  of  either  the  patient  or  tliose  exposed  on 
board  the  vessel,  if  it  is  possible  to  remove  them  to  some 
other  place.  While  they  remain  on  board  proper  disin- 
fection cannot  be  performeil.  After  the  removal  of  the 
persons  referred  to,  all  bedding,  hangings,  etc..  should 
be  taken  from  the  section  of  the  ship  occupied  by  the 
patient  or  patients,  and  if  possible  subjected  to  steam. 
If  this  is  not  available,  it  will  be  necessar}-  for  the 
sanitary  officer  in  charge  to  use  the  best  means  in  his 
power  to  destroy  whatever  infection  maj'  presumably 
exist.  If  the  disease  has  occurred  in  the  steerage  quar- 
ters which  are  usually  large  and  hold  many  people, 
either  the  berth  occupied  by  the  patient  and  those  in  its 
immediate  vicinity,  or  the  entire  apartment,  may  be 
scrubbed  with  water  and  soap  or  washed  with  IjichJoride, 
1  to  1,000.  To  what  extent  this  shall  be  done  depends 
iipon  the  exposure,  etc.  However,  in  such  instances 
we  depend  principally  upon  proper  fumigation.  The 
treatment  of  a  forecastle,  which  is  usually  quite  small 
and  generally  overcrowded  and  filthy,  sho\ild  be  jiarticu- 
larly  searching,  as  it  fri'ciuently  occurs  that  sailors  suffer 
from  mild  attacks  of  infectious  disease  which  are  not  rec- 
ognized. Therefore  tlie  appearance  of  a  case  of  this 
character  among  them  should  be  followed  by  thorough 
disinfection  of  the  clothing  and  effects  of  all  wlio  oc- 
cup3'  these  quarters.  AVliether  or  not  the  disinfection 
shall  extend  to  the  cabin  is  a  matter  which  depends  en- 
tirely on  the  amount  of  exposure  in  each  case,  although 
ill  ships  of  large  size,  where  strict  discipline  exists,  there 
is  but  little  communication  between  different  .sections  of 
the  vessel.  If  smallpox  should  occur  in  the  steerage  or 
forecastle,  the  disinfection  of  tlie  cabin  or  sjiloon  would 
tmder  ordinary  circumstances  not  lie  called  for.  If,  how- 
ever, cholera  should  appear  on  shipboard,  we  are  iustified 
in  disinfecting  the  living  apartments,  clothing,  bedding, 
water-tanks,  etc.,  and  the  destruclion  of  such  provisions 
as  may  possibl_v  have  been  contaminated,  as  in  tliis  disease 
there  arc  many  avenues  by  which  its  specific  o'-ganism 
may  reach  the  system,  whereas  smallpox  is  generall_y  con- 
tracted by  actual  contact,  or  in  some  cases  by  infected 
clothing  or  bedding.  In  the  fumigation  of  a  ship  great 
care  should  be  observed  in  preparing  receptacles  for  the 
generation  of  sulphur  dioxide  in  order  to  prevent  danger 
from  fii'C.  The  immense  size  of  the  steerage  quarters  in 
some  of  the  large  ships  would  seem  to  make  it  more 
juaetical  to  use  sulphur  dioxide  than  formaldehyde. 

A  question  which  has  recently  lieen  presented  for  seri- 
ous consideration  is  the  possible  transmission  of  bubonic 
plague  by  rats  and  other  vermin.  It  is  believed  that  in- 
fected rats  steal  aboard  vessels  lying  at  docks  in  ports 
infected  with  bubonic  plague  and  subsequently  transmit 
the  disease  to  those  on  board.  Dining  the  prevalence  of 
bubonic  plague  at  Santos  and  Rio  de  Janeiro  many  ves- 


sels from  these  ports  arrived  at  New  York  laden  with 
coffee.  Ou  one  of  these  vessels  three  cases  of  bubonic 
plague  occurred,  and  it  was  deemed  proper  at  that  time 
by  both  the  Federal  and  State  Quarantine  authorities  to 
have  the  cargoes  of  all  vessels  froiu  the  said  ports  un- 
loaded on  lighters  at  quarantine  in  order  to  lu'eveut  the 
possible  escape  of  rats  to  the  mainland.  During  this 
period  of  four  or  five  months,  I  was  able  to  collect  con- 
siderable of  this  vermin,  which  were  all  examined  bactc- 
riologically,  but  in  no  instance  was  the  specific  organism 
of  bubonic  plague  found.  The  cases  of  bubonic  plague 
occuiTing  on  shipboard  which  have  come  under  my  ])er- 
sonal  observation  have  been  clearly  traced  to  infection 
occurring  prior  to  the  departure  of  the  vessel,  and  I  lie- 
heve  that  thorougli  investigation  will  pro-\'e  this  to  be  the 
case  in  aliuost  every  instance  when  cases  of  this  character 
are  found  on  incoming  vessel.  Too  little  attention,  how- 
ever, is  given  to  the  frequency  of  the  mild  or  unrecognized 
type  of  bubonic  plague,  and  I  feel  quite  certain  that  the 
danger  from  rat  infection  on  shipboard  is  exaggerated. 

We  have  yet  much  to  leara  regarding  disinfection,  but 
the  more  it  receives  careful  and  scientific,  investigation, 
the  more  we  find  that  has  been  improperly  performed. 

Alrah  H.  Doty. 

DISLOCATIONS.— The  term  dislocation  or  luxation 
is  used  to  indicate  the  displacement  of  the  articular  sur- 
faces of  the  bones  composing  a  joint  froiu  their  normal 
position.  This  displacement  may  be  complete  or  incom- 
plete.  In  a  complete  dislocation  no  jiart  of  one  articular 
surface  remains  in  contact  with  any  part  of  the  other, 
and  in  an  incomplete  or  partial  dislocation  the  opposite 
surfaces  are  not  entirely  separated  from  each  other. 

Further  divisions,  commonly  made  use  of,  are  these: — 

1.  Traumatic  or  accidental — due  to  force  or  violence. 

2.  Pathological  or  sjiontaneous — the  result  of  morbid 
changes  in  the  bones  forming,  or  the  soft  parts  surround- 
ing, a  joint.  Such  changes  are:  erosion,  necrosis,  soft- 
ening, etc.,  in  the  one  case,  or  jiaralysis  of  muscles  or 
relaxation  of  ligaments  in  the  other. 

3.  Congenital — the  result  of  a  malforination  that  has 
taken  place  prior  to  birth.  It  may  also  occur  du-ring 
parturition,  and  will  then  not  be  strictly  congenital,  but 
traumatic  or  accidental ;  although  this  distinction  can 
clearly  be  made  out  only  by  close  observation  during  the 
development  of  the  condition. 

The  first  division  may  be  further  divided,  for  practical 
purposes,  into: 

(.4)  Recent  —  when  the  dislocation  has  taken  ])lace 
within  a  few  days  or  a  few  weeks,  a  sufficient  time  not 
having  elapsed  to  produce  matenal  changes,  such  as  re- 
sult from  inflammatory,  exudative,  or  other  jirocesses, 
and  which  are  likelj' seriously  to  impede  reduction.  Re- 
cent dislocations,  it  is  clear,  are  usvially  reducible. 

(Z?)  Ancient  or  old — when  several  weeks  or  months 
have  elapsed  since  the  occurrence  of  the  dislocation.  The 
time  which  must  elapse  before  a  dislocation  becomes  old 
varies  for  different  localities  of  the  body  and  under  dif- 
ferent circumstances,  but  in  any  case  it  must  be  sufficient 
for  such  changes  to  have  taken  place  as  are  likely  seri- 
ously to  inteifere  with  the  return  of  the  bone  to  its  jiroper 
position,  or  to  render  dangerous  (to  life  or  limb!  any 
efforts  that  may  be  made  to  effect  a  reduction,  or.  finally, 
to  render  such  reduction  or  restoration  impossible — an 
irreducible  dislocation. 

A  dislocation  is  regarded  as  («)  simple,  when  the  sepa- 
ration of  the  bones  is  attended  by  only  a  limited  or  rea- 
sonable degree  of  injury  to  the  soft  parts,  the  skin  retain- 
ing its  continuity  ;  as  (h)  eompotntd,  when  the  head  of  the 
bone,  or  a  fragment  thereof,  has  been  forced  through 
the  soft  parts  and  skin,  or  when  in  some  other  wa_v  an 
external  wound  communicates  with  the  joint ;  as  (c) 
complicated,  when  there  is  an  extra  complication,  which 
may  attend  either  a  simple  or  a  compound  dislocation. 
A  fracture  of  one  or  more  of  the  l)ones  entering  a  joint; 
laceration  of  important  blood-ves.sels,  nerves,  muscles, 
integument,  etc.,  although  the  wound  may  possibly  not 
communicate  with  the  joint;  an  extensive  or  serious  vis- 


50G 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES. 


DlitloralloiiN, 
DtMlocallouii. 


ceral  or  organic  lesion  elsewhei-c  iu  tlie  body— all  tliesc 
are  examplfs  of  such  a  coinpliiation. 

Dislocations  may  be  single,  ijivolviug  one  joint;  mul- 
tiple, involvinsj;  two  or  more  joints:  unilateral  or  bilat- 
eral; and  entire,  as  when  both  e.xtreniities  of  a  sinule 
bone,. as  the  elaviele.  or  all  the  articular  surfaces  of  one 
or  more  bones  of  the  carpus  or  tarsus,  are  displaced. 
A  bone  may  be  at  tirst  lodged  in  one  position— ii  priTnary 
or  iirimitive  dislocation:  or  by  accident,  or  throuuli  llie 
elTorts  made  to  cirecl  a  reduction,  it  may  be  removed  to 
another  position,  when  it  is  .sjlid  to  be  a  secondary  or  con- 
secutive dislocation.  If  after  a  dislocation  is  reduced  it 
slips  back  into  the  alinormal  jiosition  formerlv  occupied 
by  il.  the  term  recurrinir  is  used.  In  regular  dislocations 
certain  ti.ssues  of  siiecial  joints  are  involved:  but  when 
other  than  these  ai'e  involved,  either  exclusivelv  or  in 
addition  to  those  ordinarily  all'ected,  the  dislocations  are 
known  as  irre,i;idar. 

Special  dislocations  are  sometimes  designated  bv  the 
name  of  the  joint  involved,  as  dislocations  of  the  siioul- 
der.  hip.  elbow,  etc. ;  more  i^roperly.  however,  the  prox- 
iinal  end  or  ends  of  the  distal  bone  or  bones  involved 
.give  the  designation;  and  yet,  in  the  case  of  the  clavicle, 
it  is  not  imusual  to  speak  of  a  dislocation  of  the  slernai 
or  of  the  acroudal  extremity,  and  not  of  a  dislocation  of 
the  clavicle  alone  in  the  one  instance,  and  of  the  scai)ula 
in  the  other. 

Etiology —In  our  di.scussion  of  llie  iircdisjiosing 
causes  of  dislocations,  we  must  consider,  first,  the  form's 
of  the  various  joints.  Tims,  for  example,  the  shallow 
glenoid  cavity— if  such  it  can  be  called,  at  the  shoulder- 
joint — is  (|uite  dilferent  from  the  deep  ciiii-shaped  ace- 
talnihim,  allhongh  both  ar<'  known  as  ball-and  socket 
joints,  l'n<le:-  normal  conditions,  tlie  ligaments  which 
enter  into  the  formation  of  the  shouldi'r-joint— viz.,  the 
(•a|>sular.  the  eoraco-humeral.  and  the  gleuoid—arc  con- 
spicuously weaker  than  those  which  fcirm  a  part  of  the 
hip-joint— viz..  the  capsular,  iliofemoral,  cotyloid,  and 
tnmsverse  ligaments,  and  the  liganientum  teres":  and  con- 
sequently luxation  can  much  iiiore  readilv  occur  in  the 
former  than  in  the  latter.  Ball-and-socket  joints,  fnmi 
their  greater  range  of  mobility,  are,  as  a  rule.' more  liable 
to  luxation  than  ginglymoiil  or  hinge  joints.  In  the 
next  place  we  must  consider  how  the  different  compo- 
nent parts  of  a  joint  are  altered  under  alinormal  condi- 
tions. Thus,  for  example,  by  overstretching  of  the 
ligaments  in  early  life  undue  reliixation  of  the  latter  may 
be  produced.  Such  overstretching  inav  lie  brought  abou't 
by  the  abuse  of  the  natural  functions  of  the  joint,  as  well 
as  liy  the  normal  growth  of  the  bones  themselves.  Re- 
laxation of  the  ligaments  may  be  congenital  or  it  may  be 
the  residt  of  disease,  which  may  also  produce  softening 
of  the  capsule  as  well  as  of  the  bones.  Excessive  action 
of  antagonizing  muscles,  and  defective  contractility,  from 
paralysis  or  impaired  nerve  function,  are  not  (ml'y  to  be 
classed  as  predisposing  factors,  but  may  be  the"  direct 
cause.  Age  is  uuquestTonablva  predispo"siug  factor,  and 
sex  has  its  influence.  Habit,"  occuiiatiou,  et'c..  also  have 
bearings  upon  the  question  of  luedisposition.  I  quote 
the  following  from  the  article  f.f  Dr.  E.  M.  Moore,  iu 
Vol.  IT.  (p.  4.S."))  of  the  former  edition  of  this  H.\NiiH(>oK: 
"The  following  statistics  of  dislocations  (Am.  Jour.  J/crf. 
i>cienees.  October.  184ii  are  so  complete  that  we  make  no 
apology  for  in.serting  them  here: 

"From  an  examination  of  the  register  of  the  Hotel-Dieu 
of  Paris.  M.  .Alalgalgnc  found  tluit.  during  a  period  of 
sixteen  years,  .")30 dislocations  were  admitted  into  that  in- 
stitution, of  which  there  were: 
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"The  frequency  of  luxations  of  the  shoulder  in  elderly 
persons  is  well  shown  by  the  fact  that  of  lt)ldislocation"s 
observed  in  iiatients  ab.ni'  the  age  of  sixtv.  when  the 
scat  (if  injiMT  was  mentioni'd,  131  occurred  jli  this  part. 
"The  dislocations  of  the  chnicle  were  principally  ccni- 
fined  toadidt  life;  those  of  the  elbow,  on  the  con'trary 
5ycrc  mo.stly  in  young  persons;  one-third  of  all  cases  o'b- 
served  being  in  subjects  between  ten  and  twenty;  beyond 
fifty-four  no  example  of  it  was  met  with.  "Of  tlie  34 
dislocations  of  the  femur.  20  were  in  males  and  8  in 
females. " 

Finally,  the  position  of  the  joint  at  the  time  of  dislo- 
cation is  to  be  considered.  From  their  jiositicpn  and  use 
some  joints,  although  stronger,  are  more  liable  to  ilislo- 
catiim  than  others.  Thus,  for  example,  the  ginglynioid 
joint  of  the  elbow  is  more  often  dislocated  than  t'hat  of 
the  hip. 

Of  the  direct  causes,  we  consider  of  first  imi)ortance 
violence  or  force,  whether  exiernal  or  internal.  Inmost 
cases  tli<'  dislocation  results  from  a  cornliination  of  forces, 
being  partly  the  result  of  a  blow  and  partly  that  of  mus- 
cular action  ;  yet  either  will  suffice  iu  some  cases.  Prof. 
Frank  II.  Hamilton  *  .says- 

"The  action  of  certain  ligaments  in  determining  the 
direction  of  some  dislocations,  is  also  a  direct  cause,  but 
only  subsidiary  to  the  other  causes  named. 

"External  violence  o])crates  either  directly  or  indi- 
rectly. AVhen  a  person  falls  upon  the  knee  and  dislo- 
cates the  head  of  the  femur,  the  force  is  said  to  have 
acted  indirectly,  and  this  is  by  far  the  most  frequent 
mode  of  dislocation:  but  when  "the  blow  is  received  upon 
the  upper  end  of  the  humerus,  and  the  head  is  sent  into 
the  axilla,  it  is  said  to  have  beefl  dislocated  by  direct  vio- 
lence. 

"Muscular  action  produces  dislocation  slowly,  as  in 
severe  cases  of  chronic  rheumatism,  and  then  it  is  termed 
a  spontaneous  or  pathological  dislocation:  or  suddenly, 
as  in  the  violent  spasmodic  contractions  which  acenih' 
pany  convulsions;  or  .sometimes  by  the  mere  voluntary 
effort  of  the  muscles:  and  both  of  these  latter  are  true 
accidental  dislocations. 

"It  is  very  ]irobable  that  external  force  can  seldom  be 
regarded  as  the  sole  cause  of  a  disUjcation.  but  that,  in  a 
large  majority  of  cases,  muscular  action  consenting  with 
shock,  performs  an  important  role  in  the  history  of  the 
accident.  The  limb,  being  diiven  obliquely  across  its 
socket  by  the  external  violence,  is  seized  In" the  excited 
and  stretched  muscles  with  such  vigor  as  "to  contribute 
not  a  little  to  the  unfortunate  result.  Thus  it  will  be 
found  that  the  same  force  which  is  adequate  to  the  pro- 
duction of  a  dislocation  iu  the  living  subject  is  wholly 
insufficient  to  accomplish  the  Siune  in  the  dead;  and  "a 
man  who  is  fully  intoxicated  seldom  suffers  from  a  dislo- 
cation." 

GEXEn.\i.  SvMPTO.MS  AND  DIAGNOSIS.— The  most  prom- 
inent symptoms  are  iiain  and  deformity;  loss  of  normal 
function,  as  shown  by  impaired  mobility,  though  in  some 
instances  we  may  have  increased  mobilfty ;  change  in  the 
length  and  direction  of  the  limb;  change  in  the  natural 
axis  of  the  limb  with  its  socket:  the  fa'c't  that  when  the 
dislocation  is  icduced,  the  jiarts.  if  undisturbed,  remain, 
as  a  ride,  in  position;  and  possibly  crepitus.  In  some  of 
the  joints  the  peculiar  apiiearaiice  of  the  one  iniuicd 
suffices  to  indicate  the  lesion,  yet  the  swelling  from  in- 


*  " rnutical  Treatise  on  Fractures  and  Dislocations,"  Ttli  American 
edition.  1SS4 ;  H.  C.  Lea's  Son  i  Co.,  PInladelpliia. 
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•jmy  to  the  tissues,  which  soon  urises.  maj-  alter  uot  only 
these  appearances  but  also  tlie  conditions  ascertained  by 
palpation.  Immobility  or  other  impairment  of  function, 
and  pain  on  motion,  may  be  marked  features  of  certain 
fractures,  yet  when  the  patient  is  under  the  influence  of 
an;^sthesia,  we  shall  often  be  able  to  discover  certain 
peculiar  differences  between  tliese  cases.  These  differ- 
ences will  be  noted  when  we  come  to  consider  the  special 
dislocations.  While  there  is  usually  lengtlieninc  of  the 
limb,  especially  in  downward  dislocations  of  the  shoulder 
and  hip,  yet  in  other  instances  to  be  mentioned  there  may 
be  marked  shortening ;  and  as  to  the  changes  in  direc- 
tion, as  well  as  to  the  retention  of  the  parts  in  position 
after  they  have  once  liecu  reduced,  these  matters  require 
only  to  be  mentioned  at  the  present  moment.  True 
crepitus  cannot  be  elicited  in  a  simple  recent  dislocation; 
but  what  is  known  as  moist  crejiitus.  similar  to  the  phe- 
nomenon produced  b_y  friction  of  a  cartilaginous  surface 
on  bone,  or  to  that  produced  in  a  case  of  iutlamed  bursas 
and  tendons,  may  often  be  observed.  In  dislocations  of 
some  days'  or  weeks'  standing,  inflammatory  exudations 
may  so  roughen  opposed  surfaces  as  to  jiroduce  a  sensa- 
tion not  unlike  that  of  crepitus;  yet  it  ought  to  be  pos- 
sible under  careful  examination,  and  especially  if  the 
patient  is  put  under  the  influence  of  an  ana'Sthetic,  to 
distinguish  this  sen.sation  from  the  sharp,  grating  sound 
which  is  pathognomonic  of  a  fracture.  We  must  remem- 
ber, however,  that  some  fractures  are  not  accompanied 
by  crepitus,  and  these  are  mostly  found  in  the  vicinity 
of  a  joint;  that  epiphyseal  fractures  are  attended  by  a 
more  muflled  or  indistinct  crepitus  than  others:  and  that 
occasionally  the  dislocation  may  be  accompanied  by  a  frac- 
ture of  the  head  of  the  bone  or  in  its  immediate  vicinity. 
It  is  under  conditions  like  these  tluit  the  revelations  of 
the  Roentgen  or  .r-ray  apparatus  are  of  especial  value.  I 
desire  to  state,  however,  that  in  luy  experience — although 
in  some  dislocations,  especially  those  which  have  existed 
for  some  length  of  time,  I  have  derived  great  satisfaction 
from  the  use  of  the  r-ray — it  has  signally  distippointed 
me  in  those  occurring  at  the  hip.  In  the  case  of  the 
more  superficial  joints,  such  as  the  elbow  and  wrist,  or 
even  in  those  in  which  there  is  a  smaller  amount  of  bony 
structure  (the  shoidder,  for  example),  it  has  l.ieen  of  the 
greatest  service.  While  in  some  cases  we  may  have  one 
or  more  symptoms  that  are  really  pathognomonic,  we 
often  encounter  cases  in  whicli  it  is  a  very  diflicult  mat- 
ter to  makeacorrect  diagnosis.  However,  if  the  surgeon 
possesses  a  thorough  knowledge  of  the  structures  which 
enter  into  the  formation  of  the  various  joints,  if  he  knows 
what  was  the  condition  of  the  limb  prior  to  the  injury, 
and  if  he  makes  a  careful  collation  of  the  facts  relat- 
ing to  the  manner  in  which  the  injury  was  produced, 
he  should  be  able,  in  recent  cases,  to  decide  upon  the 
measures  that  are  best  adapted  to  afford  the  needed 
relief. 

General  Pathologicai,  Considerations.  —The  first 
residts  of  an  accidental  or  traumatic  dislocation  are  the 
rupture  and  tearing  of  the  capsidar  and  other  ligamen- 
tous structures;  contusion  or  laceration  of  muscles,  ten- 
dons, and  other  adjacent  tissues;  and  injury  to  blood- 
vessels and  nerves.  If  an  early  reduction  is  effected,  and 
if  the  joint  is  allowed  to  rest  for  from  ten  to  twenty  days, 
or  even  longer  in  some  cases,  the  recuperative  powers  of 
natm-e  will  usually  prove  sufficient  for  the  repair  or  res- 
toration of  all  these  pathological  lesions.  Under  certain 
circvunstances.  however,  a  wounded  blood-vessel  mav 
demand  immediate  ligation,  or  a  torn  nerve  or  ligament 
require  suturing,  either  at  once  or  at  some  later  period. 
The  laceration  of  ligaments  and  other  soft  parts,  together 
witli  the  rupture  of  even  unimportant  blood-vessels,  will 
cause  more  or  less  immediate  effusion  of  blood,  and  sub- 
sequently of  serum.  This  alone,  independently  of  the 
liressure  of  the  misplaced  bone  and  overstretched  liga- 
ments and  tendons  that  are  not  torn,  will,  through  press- 
ure on  sensitive  nerves,  occasion  pain,  of  varying  sever- 
ity. Then,  besides,  the  contractility  of  certain  muscles 
may  become  impaired,  either  immediately  after  the  acci- 
dent or  at  some  later  date,  through  the  injury  inflicted 


upon  the  motor  nerves  in  the  vicinity  of  the  luxation. 
As  time  goes  on,  if  the  dislocation  is  not  reduced,  other 
changes  of  a  far  more  serious  character  will  occur.  The 
inflammatory  exudation  luay  become  organized,  and  in 
this  way  the  laceration  in  the  torn  capsule  may  iiossihly 
be  closed.  At  the  same  time  natural  bonj-  cavities,  such 
as  that  of  a  ball-and  socket  joint,  are  likely  to  become 
filled,  to  a  greater  or  less  extent,  with  exudative  material. 
Torn  ligaments  and  tissues  become  reunited  in  abnormal 
positions.  Some  muscles  kept  in  too  liigh  a  state  of 
tension,  and  others  from  want  of  use,  undergo  atro]ihy 
and  become  impaired  in  their  contractility.  Some  blood- 
vessels and  nerves  are  undulv  stretched,  while  others  be- 
come conlracted  in  their  length — a  matter  of  serious 
moment  in  the  aged.  Gradually  changes  in  the  bones 
occur,  and  the  dislocation  passes  from  the  condition  of  a 
recent  lesion  to  that  of  one  wliich  occurred  a  hmg  time 
previously — in  brief,  to  that  of  a  permanent  or  irreduci- 
ble dislocation.  As  to  these  later  changes,  I  cannot  do 
better  than  to  give  here  the  following  quotation  from 
Professor  Hamilton,*  which  I  regard  as  graphic  and  in- 
structive : 

"If  the  dislocation  remains  unreduced,  the  margins  of 
the  old  socket,  in  the  case  of  enarthrodial  articulations, 
become  gradually  depressed,  while  tlie  concavity  of  the 
socket  is  filling  in  with  a  fibrous  or  bony  tissue,  until  at 
length  the  whole  of  this  ]iortion  of  the  joint  apparatus  is 
nearly  or  entirely  obliterated.  This  process  is  generally 
very  slow,  and  maj-  uot  be  consiunmated  until  after  the 
lapse  of  many  years. 

"  At  the  same  time,  but  with  much  greater  rapidity, 
the  head  of  the  bone  in  its  new  position,  and  the  soft  or 
hard  parts  on  which  it  rests,  are  undergoing  certain 
changes  to  adapt  them  to  their  new  relations,  and  calcu- 
lated in  some  measure  to  restore  the  limb  to  its  normal 
functions.  If  the  head  of  the  bone  rests  upon  muscle, 
the  cellular  and  fibrous  tissues  which  enter  into  the  com- 
position of  tlie  muscle  become  condensed  and  thickened, 
forming  a  shallow  or  elongated  cup,  whose  margins  are 
attached  to  the  neck  or  shaft  of  the  bone,  and  whose 
walls  are  lubricated  with  synovia.  If  it  rests  upon  bone, 
by  a  jirocess  of  interstitial  absorption  a  true  socket  is 
formed,  sometimes  deep,  and  sometimes  shallow,  whose 
edges,  receiving  additional  ossifin  depositions,  become 
lifted  so  as  to  form  a  rira.  At  the  same  time  the  head  of 
the  bone  is  undergoing  corresponding  changes,  to  adapt 
itself  to  the  newly  formed  socket :  it  is  flattened  or 
otherwise  changed  in  form,  and  in  the  progress  of  this 
cliange  its  nattu-al  secreting  and  cartilaginous  surfaces 
are  gradually  removed,  a  porcelaineous  deposit  taking  its 
place.  The  Siime  kind  of  hard,  polished,  ivory-like  de- 
posit is  foiuid  also  in  those  portions  of  the  new  socket 
which  have  been  especially  exposed  to  pressure  and  fric- 
tion. Instead  of  the  ebiu'nation.  an  imperfect  fibro-serous 
surface  or  synovial  capside  may  be  formed." 

"I  have  in  my  cabinet,"  he  says,  "an  example  of  an- 
cient luxatiim  of  the  hip-joint  in  which  the  head  of  the 
femur,  having  rested  upon  the  dorsum  ilii.  has  furmed  a 
nearly  flat  but  smooth  surface — a  kind  of  elevated  pla- 
teau; in  other  cases  I  have  seen  the  margins  of  the  new 
socket  so  elevated  as  to  rest  against  the  neck  of  the 
femur,  and  completely  lock  it  in. 

"Coincident  with  these  changes,  and  in  conseiiuence 
partly  of  the  disuse  of  the  limb,  the  muscles,  and  even 
the  bones  sometimes,  suffer  a  gradual  atrophy.  In  some 
measure  these  alterations  may  be  due  also  to  the  jiressure 
of  the  dislocated  bone  upon  arterial  and  nervous  trunks, 
b)-  which  their  functions  become  partially  or  completely 
annihilated,  and  their  structure  may  be  wholly  obliter- 
ated. In  consequence  also  of  the  inflammation  which 
immediately  results,  we  ought  not  to  omit  to  notice  that 
the  trunk  of  a  large  artery  sometimes  becomes  firmly  ad- 
herent to  the  capsule  or  periostetuu  of  a  displaced  bone, 
and  its  reduction  is  attended  with  imminent  danger  of 
laceration  and  of  a  fatal  hemorrhage.  Numerous  in- 
stances of  this  grave  accident,  especially  in  attempts  to 

*  Op.  cit..  p.  633, 
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rethice  okl  dislocations  of  the  shoulder- joint,  are  upon 
record." 

This  ciuotation  from  a  master  in  this  sjicciiil  line  of 
work  is  so  in  consonance  with  my  own  views  and  obser- 
vations, and  lias  such  an  imiiorlant  bearinjj;  on  tlie  prog- 
nosis and  treatment  of  hi.\ii1ii)ns.  that  I  feel  an  hesilalion 
in  reproducinj;  it  in  tliis  i>laee. 

In  those  cases  in  which  a  dislocation  of  a  jiinnlynioid 
or  hiiiiie  joint  is  not  early  reduced,  the  hones  may  accom- 
modalc  themselves  m<ire  or  less  satisfactorily  to  the 
channed  relaticnis.  and  million  more  or  less  piactiiul  may 
be  rejfained,  but  the  Comparative  restoration  of  funclion 
is  ne\er,  or  at  least  verj-  rarely,  so  satisfactory  as  that  of 
the  ball-and-socket  joint. 

The  deiiree  of  disturbance  is  not  so  marked  iu  sponta- 
neous or  pathological  dislocations  as  it  is  in  those  of  the 
traumatic  variety;  the  cajisule  and  other  ligaments  may 
be  stretched  oidy,  au<l  not  torn;  the  lesionsof  other  struc- 
tures are  not  iieceswirily  preseiu ;  and  if  the  material 
changes  ahdve-mentiiined  do  result,  they  are  later  in  de- 
veloping. Ill  compound  dislocalii>ns,  all  those  additional 
lesions  wliii'h  may  characterize  a  compound  fracture — the 
result  of  suppuration  or  other  action  caused  by  contam- 
ination from  withinit — are.  as  a  rule,  iulensitied.  If  com- 
plicationsexist.  theirnature,  and  tlu'  jjossibility  that  they 
may  pro<luee  features  of  greater  importance  than  the  dis- 
location itself,  or  perhaps  even  a  fatal  termination,  must 
be  carefully  and  thoroughly  considered. 

Gkneu.m.  Pkoososis. — As  in  dislocations  so  much  de- 
pends on  the  character  of  the  particular  joint  involved, 
this  subject  will  to  a  great  extent  be  left  for  subsequent 
consideration.  I  may  stjite,  however,  that  in  recent  dis- 
locations restoration  of  funetioii,  more  or  less  complete, 
may  be  contiiU  ntly  expected  when  the  reduction  has  been 
successfully  ellected,  and  when  the  proper  after-treat- 
ment has  been  carried  out ;  vet  it  is  but  projicr  to  state 
that  very  few  joints,  after  they  have  once  been  com- 
pletely displaced,  are  ever  perfectly  restored.  They  are 
not  only  more  prone  to  undergo  subsequent  dislocation 
when  subjected  to  a  smaller  degree  of  force,  but  they  are 
apt.  for  a  period  of  many  years  or  even  during  the  life 
of  the  individual,  to  manifest  other  .sequela'  of  tlie  origi- 
nal accident — such,  for  examide,  as  a  partial  defect  of 
nioljility,  diminished  size  and  power  of  the  muscles,  and 
more  or  less  pain.  This  latter  sj-rnptom  may  be  persist- 
ent iu  character  or  it  may  recur  from  time  to  time,  these 
characteristics  depending  to  some  extent  on  the  joint 
injured,  on  the  nature  of  the  injury,  on  the  length  of 
time  which  has  elapsed  between  the  receipt  of  the  injury 
and  the  reduction  of  the  dislocation,  on  the  means  em- 
ployed in  effecting  the  latter,  on  the  subsequent  condi- 
tion of  the  patient,  and  on  various  other  conditions  pecul- 
iar to  the  joint  involved.  As  a  rule,  we  can  never 
promise  as  satisfactory  a  result  as  we  can  in  a  case  of 
fracture  of  like  character. 

The  possibility  of  malpractice  suits  must  not  be  lost 
sight  of.  Dislocations  are  almost  as  fruitful  a  source  of 
such  annoyance  as  fractures;  possibly  the.y  are  even  more 
so.  We  have  the  usual  history  of  a  dislocation  with 
swelling  either  before  or  after  reduction.  The  patient  is 
possilily  informed  that  an  early  recovery  may  be  looked 
for.  with  perfect  usefulness  of  the  limb.  After  the  pain 
and  swelling  subside,  there  is  much  surprise,  on  the  part 
of  the  patient,  at  his  increasing  inability  to  use  the  limb 
— e.g..  the  hand  and  forearm  in  shoulder  lu.xations.  and 
the  foot  and  leg  in  those  of  the  hip, — and  soon  well- 
marked  symptoms  of  muscular  atrophy  may  develop. 
Accompanying  the  injury  there  has  iierhaps  been  a  con- 
tusion of  one  or  more  nerves  or  plexuses,  and  in  conse- 
quence of  this  a  peripheral  neuritis  develops,  the  symp- 
toms of  which  are  obscured  In' those  necessarily  attending 
the  dislocation  itself.  The  prognosis  which  was  given 
by  the  surgeon  is  not  fulfilled,  and  the  early  recovery 
promised  does  not  take  place.  As  a  result,  tlie  ]>atieut, 
naturally  dis;ippointed  after  months  of  invalidism,  and 
possibly  in  more  or  less  suffering,  eventually  becomes 
convinced  by  some  means  orotber  that  he  is  iierinaneiitly 
disabled.     The  idea  takes  possession  of  him  that  a  sur- 


geon who  has  been  so  incorrect  in  his  iirognosis  must 
have  been  di-licient  in  the  matter  of  tri'atmcnt,  and  a  suit 
for  malpractice-  is  regularly  instituted. 

The  po.ssibility  of  nerve  injury  should  never  be  lost 
sight  of  in  any  inip<iiiant  dislocaiion.  In  some  ca.ses  it 
maybe  accompanied  by  a  paralysis  which  manifests  itself 
immediately  after  the  inception  of  the  injuiy.  In  other 
cases  the  paralysis  ilocs  not  develop  iiiitir  later.  At  tir.st 
there  may  be  only  a  slight  numbness  or  tingling,  the 
paralysis  <lue  to  the  neuritis  coming  on  several  days,  or 
one  or  two  weeks,  or  even  a  longer  ])eriod,  after  the"  bone 
has  been  replaced.  Before  giving  a  deMiiile  prognosis 
the  nerve  supply  sh(nild  be  carefully  studied — if  neces- 
sary, for  a  period  of  several  days,  or  even  for  a  week  or 
more.  During  this  time  both  sensation  and  motion 
should  be  carefully  tested,  and  some  form  of  electric 
stimulus  should  be  cmphiyed  if  the  least  doubt  or  uncer- 
tainty remains. 

Drs.  Keen  and  'White*  say  that:  "In  uncomplicated 
cases  reduction  is  habitually  followed  by  repair  of  the 
torn  capsule  and  ligaments,  but  complete  restitution  to 
the  normal  condition  may  be  prevented  by  faulty  repair 
of  some  of  the  lesions,  by  peri-articular  thickening,  by 
subperiosteal  formation  of  bone  in  the  young,  or  by  more 
or  less  thickening  of  the  joint.  Thus,  at  The  .shoulder, 
the  ruptured  tendon  of  the  supraspinatus  and  the  u])]ier 
part  of  the  eajisule  may  fail  to  reunite,  and  the  jiatieiit 
be  thereby  exposed  to  frequent  recurrence  of  tlie  ilisloca- 
tiou.  ...  At  the  elbow,  the  stripping  up  of  the  perios- 
teum from  the  posterior  aspect  of  the  external  condyle 
may  lead  to  such  thickening  of  the  bone  as  will  limit  ex- 
tension. "  These,  with  other  feat  ures  of  special  prognostic 
importance,  will  receive  due  attention  further  along  in 
this  article. 

Genei{.\l  Tre.\tmext.— It  is  now  the  accepted  rule 
that  recent  dislocations  should  be  reduced,  or  the  parts 
restored  to  their  normal  position,  at  the  earliest  possible 
moment.  Ease  of  reduction  and  diminution  of  patho- 
logical factors  demand  this.  However,  contingencies 
maj'  arise,  such  as  great  infiammatorj-  reaction  and  swell- 
ing, extreme  shock,  etc.,  that  may  justify  a  delay  for  a 
few  hours  or  days.  Shock,  if  not  too  profound,  may  aid 
in  the  immediate  reduction  by  causing  relaxation  of  op- 
posing tissues  and  freedom  from  pain  ;  yet  extreme  shock 
demands  consideration  just  as  much  as  do  the  associated 
injuries. 

At  the  present  day,  maniijulations  made  by  the  sur- 
geon, either  alone  or  aided  li.v  assistants,  usually  suffice 
for  the  reduction  of  a  recent  dislocation.  These  manipu- 
lations consist  in  a  succession  of  gentle  but  firm  move- 
ments communicated  to  the  limb,  by  means  of  which 
the  head  of  the  bone  is  enabled,  with  the  aid  of  the  imtorn 
ligaments,  to  re-enter  the  torn  cafisule  and  be  rolled  or 
slipped  back  into  its  position.  In  the  carrying  out  of  this 
procedure  the  tension  of  opposing  muscles  is  relaxed  and 
the  contraction  of  others  is  increased.  In  rare  instances 
it  will  be  found  necessary  to  resort  to  mechanical  appli- 
ances and  to  employ  an  anaesthetic,  the  necessity  for  their 
use  becoming  more  urgent,  or  [lo-ssibly  even  imperative, 
the  longer  the  dislocation  remains  unreduced.  JIaiiipu- 
lation  is  regarded  by  some  as  cjuly  applicable  to  typical 
or  regular  dislocations,  but  by  the  exercise  of  care  irreg- 
ular luxations  can  first  be  converted  into  regular,  and 
then  they  may  be  reduced  by  the  method  just  mentioned. 
Kocher's  method  of  reducing  anterior  dislocations  of  the 
shoulder,  and  that  employed  by  Prof.  Nathan  Smith 
in  dorsjxl  dislocations  of  the  hip — both  of  them  now  re- 
garded as  classical — are  typical  illustrations  of  manipula- 
tive methods. 

Occasionally,  spontaneous  or  pathological  dislocations 
are  restored  by  the  unaided  movements  of  the  patient, 
and  even  accidental  or  traumatic  dislocations  have  been 
reduced  by  another  accident.  In  quite  a  number  of  re- 
cent American  medical  journals  of  recognized  trustworth- 
iness a  case  was  reported  in  which  a  man  received  a  dis- 

•  ■■  .\nierican  Texl-lxioli  of  Surgerr,"  p.  425;  W.  B.  Saunders,  pub- 
lisher, Plllladelplila.  ISIUO. 
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location  of  Ihe  shoulder.  He  was  placed  in  an  ambulance, 
for  removal  to  a  hospital,  by  an  interne  who  recognized 
the  true  character  of  the  injur}-.  On  the  way  the  horse 
became  frightened  and  ran  away,  turning  the  vehicle 
over.  AVhen  the  patient  was  examined  after  this  last 
accident  it  was  found  that  the  dislocation  had  been  re- 
duced by  the  fall. 

I  have  already  stated,  in  an  earlier  part  of  this  article, 
that  it  is  important  for  the  surgeon  to  possess  a  complete 
and  thorough  knowledge  of  the  structures  entering  into 
the  formation  of  a  joint.  I  deem  this  matter,  however, 
to  be  of  such  importance  that  I  now  repeat  the  statement. 
An}'  one  may,  in  certain  instances,  have  the  good  fortune 
to  succeed  in  reducing  a  dislocation,  but  if  the  medical 
man,  after  the  employment  of  tirm  but  gentle  movements, 
with  a  strict  avoidance  of  force  or  of  anything  like  vio- 
lent tugging  at  or  twisting  of  the  limb,  fails  to  reduce 
the  dislocation,  it  is  far  better  that  he  should  desist  from 
further  attempts  until  skilled  technical  aid  can  be  ob- 
tained; and  the  same  advice  maj-  be  given  with  eciual 
propriety  to  the  physician  or  siu'geon  wlio  does  not  pos- 
sess a  satisfactory  knowledge  of  the  joint  involved.  It 
is  far  better,  both  for  him  and  for  the  patient,  that  other 
than  the  simplest  efforts  be  deferred  until  such  skilled 
sissistance  can  be  secured. 

As  regards  the  preliminary  steps  needed  for  the  reduc- 
tion of  a  dislocated  joint,  thej-  may  be  stated  as  follows: 
The  joint  and  the  limb  should  be  properly  exposed  and 
the  patient  should  be  placed  on  a  good,  firm  table,  with 
one  or  two  cotton  quilts,  or  comforters,  or  blankets  under 
him;  these  being  preferable  even  to  a  mattress,  unless  it 
should  be  a  thin  or  somewhat  firm  one.  Even  the  floor 
or  the  ground  prepared  as  above  is  jireferable  to  the 
yielding  surface  and  other  inconveniences  of  a  bed. 

If  the  injury  involves  one  of  the  larger  joints,  or  if  the 
patient's  muscuhir  development  is  far  in  excess  of  that 
of  the  surgeon,  or  if  he  is  extremely  nervous  and  is  suf- 
fering from  acute  pain — the  lirst  slight  shock  which  to 
some  extent  not  only  temporarily  paralyzes  the  muscular 
structures  but  alsoobtunds  the  pain,  having  passed  off — 
the  use  of  an  anaesthetic  will  be  found  of  great  service  in 
establishing  a  correct  diagnosis  as  well  as  in  effecting  the 
reduction  of  the  dislocation.  From  the  greater  safety  of 
ether,  I  rely  upon  it,  as  a  rule,  rather  than  upon  chloro- 
form; yet  if  the  patient  is  either  very  young  or  of  ad- 
vanced age,  or  if  there  is  any  history  of  pulmonary  or 
renal  disease — which  should  always,  if  possible,  be  ascer- 
tained before  the  use  of  any  an;esthetic — I  prefer  the  lat- 
ter more  powerful  agent.  In  a  simple  case,  in  which  the 
diagnosis  is  free  from  all  doubt,  if  nervousness  and  acute 
pain  are  the  only  factors  to  be  overcome,  the  primarj' 
anaesthesia  with  ether,  as  first  suggested  by  Dr.  Addiuell 
Hewsou.  may  be  all  that  is  necessarj';  but  if  it  be  found 
that  the  local  conditions  are  not  so  favorable  as  they  often 
are.  or  if  the  patient  is  extremeh'  nervous,  feeble,  or  dis- 
eased, and  especially  if  he  be  suffering  greatly  from 
shocJv,  the  anaesthesia  should  lie  pushed  beyond  the  pri- 
mary stage  in  order  that  complete  relaxation  may  be  se- 
cured before  efforts  at  reduction 
are  made. 

If  the  reduction  is  essayed  with- 
out an  anipsthetic,  it  is  a  good 
plan  to  keep  up  conversa.ion  on 
irrelevant  topics  during  the  ex- 
amination and  ])reparatory  move- 
ments for  reduction,  thus  divert- 
ing the  patient's  thoughts  from 
the  injury  and  from  the  prepara- 
tions that  are  being  made  to  re- 
lieve it.  A  short,  sharp  interrogatory  or  exclamation, 
made  at  the  moment  of  greatest  effort,  has  in  many  in- 
stances been  of  material  aid  in  preventing  or  diminishing 
the  contraction  of  antagonizing  muscles. 

♦Ttiis  and  several  other  illustrations  which  appear  in  Uie  present 
article  were  prepared  frimi  drawings  furnished  by  Dr.  Edward  M. 
Moore,  of  Rochester,  N.  Y.,  for  publication  with  the  te.xt  which  he 
wrote  on  this  same  subject  flJteen  years  ago.  (See  Ref.  Handbook, 
Vol.  II.,  1st  edition.) 


Clove  Hitch.i 


Fig.  1,599.— Clove  Hitch  as  Applied  to  the 
Humerus,  with  Bandage  Underneath. 


While  a  certain  degree  of  force  is  requii-ed  in  many  in- 
stances, and  the  movements  must  sometimes  be  made  in 
a  cjuick  or  sudden  manner,  we  should  bear  in  mind  that 
violence  is  never  to  be  resorted  to  in  recent  dislocations. 
Relatively,  the  foi'ce  exerted  should  not  be  moi-e  than 
the  weight  of  the  limb  if  separated  from  the  bod_v.  The 
untorn  part  of  the  capsule  and  the  other  ligaments  being 
already  under  a  marked  degree  of  tension,  and  certain 
muscles  being  in  a  state  of  contraction,  our  aim  should 
be  to  slip  the  head  of  the  bone  over  bony  prominences 
and  back  tbriuigh  the 
rent  in  the  capsule  in 
much  the  same  man- 
ner as  we  would  slip 
a  button  into  a  but- 
ton hole.  B  e  y  o  n  d 
this  our  efforts  should 
not  go;  and  while 
they  may  be  exeited 
with  tirmncss  and  at 
times  with  rapidity, 
they  should  be  gen- 
tle and  not  violent. 

In  cases  in  which 
reduction  is  prevent- 
ed by  the  interposi- 
tion of  a  part  of  the 
capsule,  or  by  the 
presence  of  other  tis- 
sues, such  as  a  mus- 
cle or  a  tendon,  an 
open  arthrotomy  may 
be  required  ;  and  this 
step  may  be  neces- 
sary even  in  the  case 

of  larger  joints.  When  pi'oper  aseptic  precautions  are 
taken,  the  operation  is  reasonably  Sivfe,  provided  it  is 
undertaken  on  or  before  the  second  day  after  the  in- 
jury; but  after  this  date  we  should  wait  until  the  third 
or  the  fourth  week — i.e..  tintil  after  reaction  and  intlam- 
matory  fever  have  subsided,  and  until  the  exti'ava.iiited 
blood  and  serum  have  to  some  extent  been  reabsorbed — 
before  we  attempt  so  serious  a  piocedure. 

In  the  event  of  failure  by  manipulation,  and  in  the 
case  of  ancient  or  old  dislocations,  it  will  be  found  neces- 
sary to  resort  to  extension  and  counter-extension,  to  be 
made  by  our  hands  and  by  those  of  assistants;  and,  in  a 
few  cases,  mechanical  appliances  will  be  required.  In 
the  first  instance  the  sui'gcon,  taking  hold  of  the  limb 
firmly  with  his  hands,  makes  the  extension,  while  the 
counter-extension  is  maintained  by  his  assistants:  or,  in 
some  cases,  both  aie  made  by  assistants,  and  the  surgeon 
simply  manipulates  the  pails  with  his  hands  or  fingers, 
or  makes  direct  pressure  on  the  bone  in  a  proper  direc- 
tion. Finally,  by  employing  his  knee  or  his  foot,  as  well 
as  his  hands,  the  surgeon  can  carry  out  both  extension 
and  counter-extension  without  the  aid  of  an  assistant. 
In  onler  to  make  extension  various  contrivances  may  be 
required.  Such  are;  a  folded  bandage  or  handkerchief 
forming  a  clove  hitch  (Fig.  1.599)  around  Ihe  limb;  the 
toy  made  of  braided  ash  splittings  known  as  the  Indian 
puzzle;  Levis'  splint;  Luer's  or  Charri^re's  forceps  for 
the  finger,  etc.  In  order  to  apply  the  extending  force 
effectively,  broad  strips  of  strong  adhesive  phister  should 
be  attached  along  the  anterior,  posterior,  and  lateral  sur- 
faces of  the  jireviously  shaved  limb.  They  should  be 
carefullv  adjusted  and  then  they  should  be  covered  with 
a  roller  bandage,  drawn  moderately  tight  and  forming 
loops  which,  in  the  case  of  shoulder,  elbow,  and  hip  dis- 
locations, should  extend  beyond  the  extremity.  Counter 
extension  should  be  made  by  means  of  a  folded  sheet  or 
towel  placed  in  the  axilla  or  perineum  and  firmly  fixed 
or  held  there;  or  the  shoulders  or  the  pelvis  may  be  kept 
immovalile  by  means  of  properly  padded  straps  that  are 
fastened  to  the  table  or  floor. 

In  ancient  or  old  dislocations  it  is  necessarj'  first  to 
break  up  those  adhesions  which  keep  the  lione  bound  down 
in  its  abnormal  position.     This  may  be  accomplished  by 
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simple  nmiiipuhitions,  or  it  may  be  ncccssjxry  in  some 
cast's  to  resort  to  subcutaneous  section  or  even  to  artlirot- 
omy.  In  all  these  cases  the  employment  of  a  general 
auivsthetic  is  imperative.     If  the  manipulative  ellorts  of 


Fig.  1600— Triple  Pulley. 

the  physician  or  attendants  do  not  sullice,  extension  may 
be  made  by  means  either  of  the  compound  pulleys  or  of 
the  Spanish  wimllass.  The  latter  is  made  by  taking  a 
liiecc  of  stronjr  cord  or  light  rope  of  sufficient  length, 
securing  the  ends  (one  to  the  limb  and  the  other  to  some 
immovable  object),  forming  a  loop  of  two  or  of  four 
thicknesses,  placing  a  stick  between  the  two  single  por- 
tions or  two  portions  of  two  each,  as  the  case  may  be, 
and  then  twisting  the  bundle  of  these  portions  of  rope 
until  the  necessary  degree  of  shortening  is  obtained.     An 


Fig.  1601.— Jarrls"  Adjuster. 

ordinary  Petit's  tourniquet  ma)'  supply  the  extending 
force,  and  Jarvis'  adjuster  is  an  old  mechanical  device 
that  has  its  advantages  for  certain  cases.  A  continuous 
e.xtending  force,  wliich  tends  to  overcome  the  contraction 
of  the  muscles  and  tendons,  may  be  obtained  liy  means 
of  the  weight  and  pulley,  or  by  an  elastic  cord,  or  even 
by  the  mere  weight  of  the  limb  alone,  that  of  the  body 
serving  for  counter  extension. 

An  easy  method  of  reducing  dislocations  of  the  shoul- 
der and  hip  has  been  suggested  bv  Dr.  Lewis  A.  Stimson 
in  the  Xew  York  Midiml  Record'  of  ilarch  3d,  1900.  It 
is  described  b}'  him  as  follows : 

"The  patient  upon  a  canvas  cot,  with  the  injured  arm 
hanging  through  a  round  hole  made  in  the  middle  and 
about  eighteen  inches  from  the  end.  The  cot  is  raised  to 
a  sufficient  height  from  the  floor,  and  a  ten-pound  weight 
is  fastened  to  tlie  wrist  of  the  dependent  arm.  Reduction 
is  accomplished  in  a  few  minutes  and  without  pain.  It 
has  been  tried  in  ten  cases,  and  has  never  failed,  six  min- 
utes being  the  longest  time  required. 

"  In  dorsal  dislocations  of  the  hip  the  patient  is  placed 
prone  upon  a  table,  with  thighs  extending  beyond  its 
end.     The  uninjured  thigh  is  held  horizontal,  to  prevent 


tilting  of  the  pelvis.  With  the  injured  thigh  vertical, 
and  leg  at  a  rigiit  angle  to  i(,  the  surgeon  gnisps  ihe 
ankle  and  gently  moves  it  from  side  to  side,  perhaps 
making  gentle  imssure  tlownward  at  tli('  knic.  If  re- 
laxation is  slow  to  appear  a  sandbag  weigh- 
ing live  or  ten  pounds  may  be  placed  in  the 
popliteal  sjiace  to  pniiluce  more  traction. 
This  simple  procedure  has  succeeded  in  re- 
ducing the  dislocation  in  more  than  four- 
lifths  of  the  cases,  and  often  without  an- 
a'sthesia.  In  the  two  ca.ses  failing  by  this 
method,  reduction  was  accomplishell  by 
traction  in  a  iine  midway  belween  right- 
angled  flexion  and  full  extension.  In  these 
cases  the  bone  had  probably  left  the  socket 
at  a  higherpoinl." 

When  it  is  necessjiry  to  resort  to  mechani- 
cal force  or  even  to  manipulations,  in  dis- 
locations either  recent  or  old,  the  surgeon 
must  not  lose  sight  of  the  fact  of  the  pos- 
sibility of  injuring  the  ]iatient  by  frac(\ir- 
ing  the  bone  or  by  lacerating  or  bruising  the  soft  parts, 
especially  the  arteries  and  nerves.  As  a  rule,  the  amount 
of  force  is  to  be  determined  by  the  surgeon  in  accord- 
ance with  both  the  local  and  the  general  conditions  ob- 
served in  each  individual  case;  good  common  sense  and 
correct  judgment  must  be  his  guide.  AVhile  the  serious 
accidents  mentioned  above  have  happened  in  the  hands 
of  some  of  the  ablest  surgeons,  they  are  to  be  avoided 
rather  than  excu.sed. 

In  simple  dislocations  the  after-treatment  consists  in 
keeping  the  joint  at  rest  for  a  variable  leng-th  of  time 
according  to  the  joint  involved,  from  ten  days  to  two  or 
three  weeks  usually  sufficing;  at  the  end  of  which  time 
passive  movements  are  carefully  to  be  resorted  to  for  sev- 
eral da\'s,  and  then  the  patient  may  bo  i)ermitted  grad- 
ually and  cautiously  to  resume  the  use  of  the  joint.  In 
some  joints,  as  the  clavicular,  special  dressings  are  essen- 


Fiu.  Itiu.'. - 


-Stimsou*s  Method  of   RedUi-ing  a   Pblo^-atiou  of    the 
Shoulder. 


tial,  but  ordinarily  a  sling  for  the  arm,  or  a  carefuUj'  ad- 
justed bandage  or  other  temporary  support  for  a  few 
days,  is  all  that  will  be  required.  Compound  and  com- 
plicated dislocations  require  not  only  a  longer  time  for 
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recovpiy,  but,  in  addition,  tlie  special  treatment  indicated 
by  correct  surgical  tecliuique  for  the  particular  condition 
that  may  be  present. 

Special  Dislocations. 

Dislocations  of  tlie  Spine. — As  these  occur  so  rarel.y  un- 
accompanied by  fracture  of  some  portion  of  a  vertebra 


■Fin.  lOO).— Stirason's  Method  ot  Reducing  Dislocations  of  the  Hip. 

that  enters  into  the  formation  of  the  .ioinl,  their  consider- 
ation will  be  found  in  the  arlicle  eutitleil  Spiiw.  l<nrgery 
■of  the. 

Didocatioiis  of  the  Uihs.  always  the  result  of  direct  vio- 
lence, may  take  place  at  their  junctions  with  the  verte- 
bra", the  sternum,  or  the  cai'tilaginous  extensions.  A 
fracture,  however,  is  the  moi-e  common  occurrence:  the 
■dilTeiential  diagnosis  between  the  two  conditions  being, 
ill  many  cases,  very  difficult  to  establish,  if  not  actuaUy 
unattainable.  If  the  vertebral  e-\tremity  is  involved, 
but  little  can  be  done  toward  reduction.  We  may  apply 
to  the  neighboring  skin  strips  of  adhesive  plaster  (per- 
forated in  the  same  manner  as  is  a  porous  plaster),  and 
then  furnish  the  additional  support  of  a  well-applied  and 
■c^u'efull\-  adjusted  bandage,  to  keep  the  part?  at  rest  as 
much  as  pos.sible.  This  is  about  all  that  can  be  done. 
If  the  displacement  is  outward,  a  compress  may  be  needed 
in  addition.  Persistent  pain  more  frequently  results  after 
a  dislocation  than  after  a  fracture,  and  the  possibility  of 
resection  of  the  head  of  the  bone  for  its  relief  may  have 
to  be  considered.  In  inward  dislocation  of  the  sternal 
end,  keeping  the  shoulders  well  thrown  back  by  an  ordi- 
nary shoulder  brace,  properly  fitted  with  adhesive  (ilaster 
placed  over  the  rib  in  tlie  manner  dcsciibed  above,  will 
accomplish  the  most  satisfactory  results.  If  the  disloca- 
tion is  outward,  the  need  of  a  compress  and  bandage  will 
naturally  suggest  itself. 

Dislociitions  of  the  Lotrer  Ma.Tilla  are  comparatively 
rare.  The)'  constitute  about  four  per  cent,  of  all  dislo- 
cations, being  most  common  in  males  and  most  rare  in 


childhood.  They  may  be  complete  or  partial,  unilateral 
or  bilateral,  the  former  being  li.v  far  the  most  freijueut. 
Congenital  dislocations  are  almost  unknown.  A  predis- 
position may  be  furnished  by  a  shallow  glenoiil  cavity', 
the  eminences  being  unusuall.v  low,  or  by  relaxation  of 
the  ligaments,  the  result  of  disease  or  of  fatigue,  Inde- 
pendentl.y  of  anj-  such  predisposition,  the  direct  causes 
are  violence  by  blows  or  falls  upon  the  chin,  the  mouth 
being  open;  over-wide  opening  of  the  mouth  in  gaping 
or  hallooing;  biting  upon  bard  substances,  etc.  In  the 
over-fatigue  and  relaxation  of  the  muscles  of  the  jaw  in- 
cident to  prolonged  dental  operations,  a  sudden  move- 
ment on  the  jiart  of  the  operator  or  patient,  and  even  the 
spasmodic  contraction  of  the  muscles  of  the  jaw,  have 
occasionally  produced  this  form  of  dislocation.  AVlien 
the  jaw  is  greatly  depressed,  the  condyles  move  forward, 
carrying  with  tliem  the  interarticular  cartilages;  then 
they  break  through  the  capsular  ligament  and.  gliding 
over  tlie  eminences,  are  drawn  away  from  their  articular 
surfaces  by  the  action  of  the  external  pteiygoid,  the 
temporal,  and  the  masseter  muscles. 

Symptoms. — In  bilateral  dislocation  the  mouth  will  he 
found  open  and  fixed,  the  lower  teeth  projecting  beyond 
the  upper,  the  chin  prominent,  and  the  [latient  in  great 
pain.  The  glenoid  cavity  is  empty,  and  the  locality  is 
marked  liy  a  depression ;  the  coronoid  process  and  the 
tendon  of  the  temporal  muscle  causing  a  prominence 
just  behind  the  malar  bone.  In  unilateral  dislocation, 
the  jaw  is  drawn  to  the  sound  side,  giving  the  lower  part 
of  the  face  a  twisted  appearance;  the  jaws  are  some- 
what separated  and  fixed;  the  mouth  is  partially  open; 
and  a  depression  is  found  in  front  of  the  ear  on  tlie  in- 
jured side,  with  a  prominence  at  the  corresponding  point 
im  the  opposite  side.     The  lower  molars  project  beyond 


Fig.  1604.— Action  of  External  Pterygoid  Muscle  (n,  b.  a.)  in  Dislo- 
cation of  Lower  Jaw;  the  Dotted  Line  Slaows  Position  of  Bone 
when  Displaced. 

the  upper  ones  on  the  sound  side,  while  on  the  other  side 
the  upper  ones  are  external  to  the  lower;  the  incisor  teeth 
of  the  lower  jaw  project  bej'ond  those  of  the  upper  jaw 
and  are  carried  toward  the  sound  side.  Dislocation  is 
differentiated  from  fracture  by  the  absence  of  crepitus, 
by  tlie  immobility  of  the  jaw  in  the  former  condition, 
and  by  the  prominence  which  a  fragment  of  Iione  would 
cause  below  the  zvgomatic  line  in  the  latter.     Further- 
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moR'.  the  tliiu  is  diiiwu  toward  the  injured  side  in  uui- 
latonil  fnuture. 

Treatnuut. — If  tlio  dislocation  is  of  recent  occurrence, 
the  patient  sliould  lie  seated  iu  a  eliair  wiiile  llie  surgeon 
Stands  iu  front  of  him.     Ilaviui;  protected  his  thumhs 


Fifi.  1005.— Method  of  ReUui-llon  of  Dislocation  of  the  Lower  Jaw. 
(Helferlch.) 

by  several  thicknesses  of  bandage,  bj-  stout  leather 
thumb  stalls,  or  bj-  leather  gloves,  to  prevent  injury  to 
them  by  the  involuntary  closure  of  the  jaws  while  reduc- 
tion is  being  accomplished,  the  surgeon  should  pass  them 
well  back  over  the  molar  teeth  of  both  sides,  the  jaw 
being  (irmly  grasped  by  the  fingers  under  the  chin  as  it 
rests  in  the  palms  of  the  hands.  L'sing  the  thumbs  as  a 
fuleruiu,  he  should  press  lirndy  first  downward  and  then 
slightly  backward  on  the  molars,  the  chin  at  the  same 
time  l)eing  elevated  as  a  lever.  In  this  manner,  and  with 
the  aid  atfonled  by  the  temporal  and  niasseter  muscles, 
he  will  probably  be  able  to  restore  the  condyle  or  con- 
dyles to  their  natural  position.  When  these  slip  into  posi- 
tion, usually  with  an  audible  sound,  the  surgeon  removes 
his  thumbs  laterally  to  prevent  their  being  bitten.  Dis- 
locations of  some  weeks'  standing  have  been  reduced 
by  nianipiUation  and  without  an  ana'sthetic.  If  the  pa- 
tient is  comjielled  to  occupy  a  lecumbcnt  position,  the 
surgeon  will  find  his  most  suitable  position  to  be  on  liis 
knees,  astride  the  patient's  chest,  or  on  his  knees  at  the 
patient's  head,  the  position  of  his  hands  being  reversed. 
The  head  should,  iu  all  cases,  be  finnlv  fi.xed  by  a  strong 
assistant.  The  discomforts  and  inconveniences  of  a  dis- 
location of  the  jaw  arc  so  great  that  they  are  rarel3-  per- 
mitted to  liecome  ancient ;  but  in  such  evi'nt,  or  if  reduc- 
tion is  found  difficult  or  apparently  impossible  by  reason 
of  muscular  rigidity  and  contractions,  or  on  account  of 
the  patient's  timidity  or  for  other  valid  reasons,  I  do  not 
hesitate  to  use  the  proper  anesthetic,  the  patient  being 
placed  in  the  recunibent  position  and  proper  precautions 
being  taken.  In  some  instances  wooden  levers,  or  a 
strong-bladed  knife,  or  a  thin  chisel  may  be  needed  to 
depress  the  condyles  while  the  chin  is  being  elevated. 

In  partial  dislocations  or  sublu.\ations,  which  are  some- 
times habitual  and  which  are  indicated  by  sudden  immo- 
bility of  the  jaw,  by  a  slight  separation  of  the  incisors, 
and  by  inability  to  approximate  the  teeth,  the  accident 
usually  comes  on  while  the  patient  is  chewing  or  biting 
some  hard  substance.  In  this  form  of  dislocation  the 
articular  surfaces  do  not  leave  the  glenoid  cavity ;  the 
interartieular  cartilages  merely  slip  behind  the  condyles 
and  become  fi.xed  on  the  articular  eminences.  Under 
such  conditions,  therefore,  it  is  usually  an  easy  matter  to 
effect  a  reduction  by  pressing  with  the  lingers  downward 
and  backward  on  the  coronoid  processes,  or  by  inlroduc- 
ing  a  narrow  wooden  wedge  or  the  lilade  of  a  dull  table 
knife  between  the  teeth  and  prying  them  open. 

The  after-treatment  consists  in  ajiidying  a  roller  band- 
age. Barton's,  a  four-tailed  bandage,  or  a  mento-cervico- 
occipital  cravat  or  bandage  to  prevent  or  somewhat 
restrict  the  movements  of  the  lower  jaw  for  about  ten 
days  or  two  weeks,  by  which  time  the  rent  in  the  capsule 
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will  be  closed.  At  the  same  time  it  is  well  to  restrict  the 
]iatierit  to  lluid  or  sinii-lbiid  diel,  and  he  should  be  cau- 
ticined  as  to  the  movements  of  the  jaw  during  this  time 
and  for  some  weeks  after  the  <lressing  has  been  removed. 
Recurrence  is_by  no  means  uncommon  in  luxation  of  the 
jaw.  In  one'case.  a  hyslerical  female.  1  was  retiuired  to 
reduce  a  bilateral  dislocation  seven  times  in  thirty  three 
days. 

Occasionally,  from  too  great  laxity  of  the  ligaments  of 
the  lower  jaw,  during  ordinary  movements,  the  condyles 
slip  forward  on  the  articular  eminences  when  the  induth 
is  opened,  and  then  as  suddenly  slip  back,  producing  a 
slight  noise  as  the  mouth  is  closed.  Drs.  Wharton  and 
Curtis  in  their  recent  work*  mention  the  injection  of 
a  few  droi)sor  absolute  alcohol  into  the  ligamentsas  hav- 
ing been  iiractised  with  success. 

Dixlncfitiiiiin  of  the  lljioid  Bone  are  so  rare  that  nearly 
all  surgical  works  ignore  them.  Hamilton,  in  his  very 
cciniplete  work,  limits  himself  to  quoting  the  two  cases 
from  Holmes'  "Surgery  "  and  the  summary  of  the  papers 
of  Dr.  Ripley  of  Soulh  Carolina  and  of  Dr.  Gibbs  of 
London.  fStimson's  monograph  on  dislocations  does  not 
mention  this  bone,  and  Dr.  Moore's  article,  in  the  pre- 
ceding edition  of  this  H.\ndhook,  gives  the  report  of  a 
single  case  which  came  tinder  his  observation.  It  also 
quotes  the  cases  that  are  referred  to  in  Holmes'  "  Surgery." 
In  the  case  of  the  y<iung  man  who  was  seen  by  Dr. 
Moore,  it  appears  that  he  had  always  been  able  to  restore 
the  position  of  the  bone  except  on  one  occasion.  Ordi- 
narily, he  accomplished  the  reduction  by  bending  the 
head  forward  and  in  the  opposite  direction  from  that  in 
which  the  dislocation  had  occurred,  and  then  rubbing  the 
]iart.  On  the  exceptional  occasion  referred  to.  it  was 
found  necessary  to  employ  the  suspension  apparatus 
ordinarily  used  for  applying  a  plaster-of-Paris  jacket. 
When  the  suspension  had  been  pushed  so  far  that  the 
patient  was  obliged  to  rest  upon  the  tips  of  his  toes,  the 
bone  suddenly  snapped  back  into  place. 

Dislocations  of  the  Sternum,  although  considered  as  such 
by  many  authors,  scarcely  deserve  the  name.  While  the 
union  between  theensiforni  process  and  the  middle  portion 
or  nieso-sternum  does  not  take  place  until  old  age,  and 
that  between  the  mesosternumand  presternum  or  manu- 
brium not  until  afterthe  fortieth  year,  the  pointsof  junc- 
tion present  scarcely  any  of  the  characteristics  of  a  joint 
at  an}'  time,  the  movements  being  limited  to  the  resiliency 
of  the  cartilaginous  junction.  However,  we  do  in  rare 
instances  have  displacements  of  the  tipper  and  lower  por- 
tions from  the  middle.  As  a  rule,  these  are  the  results  of 
direct  violence,  and  the  injury  partakes  more  of  the 
nature  of  a  fracture  (resembling  an  epiphyseal  fracture) 
than  of  a  true  luxation. 

The  displacement  of  the  manubrium  may  be  either 
forward  or  backward,  the  costal  cartilages  retaining  their 
attachments;  and  with  the  displacement  may  be  asso- 
ciated a  fracture  of  the  upper  ribs  or  their  cartilages. 

The  Sym])toms  are,  projection  of  the  lower  portion  of 
the  manubrium  upon  the  anterior  surface  of  the  chest  iu 
a  forward  displacement,  and  of  the  upper  portion  of  the 
mcso-sternuni  if  the  manubrium  is  displaced  backward; 
either  of  wbicli  alterations  will  be  quite  apparent  from 
the  limited  amount  of  the  tissues  which  cover  thesternum 
at  these  points.  Usually,  the  respiration  is  .somewhat 
embarrassed,  and  there  is  pain,  especially  with  the  respira- 
tory movements. 

"f  reatment. — After  the  patient  has  been  anicsthetized — 
if  there  are  no  contraindications  to  the  use  of  an  anies- 
tlictic — the  trunk  should  be  fiexed  or  extended  and  at  the 
same  time  direct  pressure  should  be  made  over  the  pro- 
jecting portion  of  the  sternum.  In  some  cases  a  success- 
ful reduction  may  be  obtained  by  these  measures.  No 
violent  attempts,  however,  should  he  made,  as  the  pain 
will  in  a  few  days  disapjiear  under  rest,  and  recovery 
may  be  expected,  although  some  deformity  will  remain. 

The  eusiform  portion  is  occasionally   displaced  back- 

*  ••  Prartlce  of  Sunrery."  liy  Henry  R.  Wharton.  M.P.,  and  B.  Far- 
quhur  Curtis,  M.D.,  p.  .iSO.  revised  edition,  ISUO;  J.  B.  Llpplncctt  &  Co., 
Philadelphia. 
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ward  by  a  direct  and  sudden  force  applied  over  the  epigas- 
trium. Ocular  inspection  ivith  palpation  suffices  to"  in- 
dicate the  displacement,  ■nbich  may  be  accompanied  by 

pain  in  the  stomach, 
and  occasionally  by 
vomiting  and  labored 
or  painful  respira- 
tion. If  reduction 
cannot  be  accom- 
plished by  passing 
the  lingers  below  the 
e  n  s  i  f  o  r  m  cartilage 
and  pushing  it  for- 
ward, an  incision 
may  be  made  under 
rigid  asepsis,  and 
the  process  drawn 
into  position  with  one 
or  two  tenacula.  The 
suggestion  of  Drs. 
Wharton  and  Cur- 
tis,* to  excise  the 
process,  if  the  fail- 
ure to  effect  a  reduction  should  be  followed  by  trouble- 
some symptoms,  is  worthy  of  consideration. 

Dishcations  of  the  C'lntide  ma}'  occur  at  either  end.  the 
sternal  or  the  acromial.  If  the  ustial  custom  as  to  dis- 
locations in  general  were  followed,  a  dislocation  of  the 
acromial  end  of  the  clavicle  would  more  properly  be 
designated  as  a  dislocation  of  the  scapula,  but  the  term 
now  used  is  so  well  established  as  to  make  it  difticult  to 
change  it.  These  dislocations  are  usually  single,  \-et 
Hamilton  f  cites  a  very  interesting  case  of  a  double  dis- 
location ;  and  while  it  may  be  "  entire  " — botli  ends  of  one 
bone  being  displaced  at  the  same  time — this  is  so  very 
rare  as  not  to  necessitate  consideration  here. 

"  Of  57  dislocations  of  the  clavicle  " — says  Professor 
Hamilton,  in  his  introductory  paragraph  to  this  subject 
• — "observed  and  recorded  by  me,  13  belonged  to  the 
sternal  end  and  44  to  the  acromial.     Of  those  belonging 


FIG.  1600.- 


-Luxation  of  Stomal  Extremity 
of  the  Clavicle. 


laiT.— ForwarJ  lli.^l■"■iltil.ll  ,.(  ; 
(Helferteh.) 


tfllial  end  uf    eiiiNioie. 


to  the  sternal  end.  11  were  dislocations  forward,  for- 
ward and  upward,  or  forward  and  downward,  and  2 
were  upward.     I  have  never  met  with  a  dislocation  back- 


'  Op.  cit.,  p.  561. 


+  Op.  cit..  p.  661. 


ward.  Of  the  acromial  dislocations  the  whole  number 
were  dislocations  upward,  or  upward  and  outward." 

The  sterna!  end  is  usually  thrown  forward  by  a  fall  on 
the  outer  surface  of  the  shoulder,  in  which  event,  as  the 
-force  comes  upon  the  anterior  and  outer  surface  of  the 
shoulder,  the  clavicle  is  driven  inward  toward  the  median 
line  and  glides  up  on  to  the  face  of  the  manubrium,  while 
the  leverage  e.xerted  backward  upon  the  acromial  end 
tears  loose  the  attachments  of  the  opposite  extremity. 
A  direct  force  sufficient  to  drive  the  sternal  end  back- 
ward is  more  likely  to  result  in  fracture  at  or  near  the 
point  of  impact. 

In  dislocation  of  the  sternal  end  forward,  even  in  fleshy 
individuals,  the  head  of  the  bone  can  be  distinctly  felt 
and  seen  lying  on  the  front  of  the  sternum,  the  shoulder 
on  that  side  falling  slightly  back,  and  the  head  inclining 
slightly  to  that  side,  through  traction  on  the  muscles 
attached  to  the  clavicle.  The  attachment  of  the  sterno- 
cleido-mastoid  muscle  to  the  clavicle  is  sharply  delined, 
and  by  measurement  the  acromion  can  be  sliown  to  be 
nearer  to  the  median  line  of  the  sternum.  At  the  same 
time  the  movements  of  the  arm  are  embarrassed,  and 
there  is  acute  pain  at  the  site  of  the  luxation.  If  the 
shoulder  is  elevated  the  head  of  the  bone  overlying  the 
sternum  will  descend:  if,  on  the  other  hand,  "it  is  de- 
pressed, the  head  of  the  bone  v.i\\  rise,  and  liy  drawing 
the  shoulder  back,  the  deformity  may  be  made  to  disap- 
pear or  at  least  to  become  less  noticeable.     A  tumor  of 


Fig.  1608.— Sir  Astley  Cooper's  Apparatus  for  Dislocated  Clavicle. 

the  head  of  the  bone  or  the  presence  of  some  other  hyper- 
plasia may  mislead,  anil  we  must  be  on  our  guard  not  to 
overlook  a  fracture  near  the  sternal  end  of  the  bone. 

This  variety  of  dislocation  of  the  clavicle,  though  easy 
of  reduction,  is  dillicult  if  not  impossible  to  maintain  in 
the  position  of  reduction.  Hamilton  says  that  in  not  a 
single  one  of  the  eleven  forward  dislocations  seen  by  him 
was  the  treatment  successful.  Stimson  is  equally  un- 
favorable as  to  complete  correction  of  the  deformity;  and 
AVharton  and  Curtis*  say:  "The  prognosis  is  unfavor- 
able as  regards  complete  correction  of  the  deformity,  but 
favorable  in  respect  to  the  restoration  of  fiuiction." 

Reduction  is  effected  by  drawing  the  shoulder  outward 
and  slightly  backward,  pressure  being  made  at  the  same 
time  directly  backward  on  the  head  of  the  bone  as  it  is 
brought  opposite  the  joint.  For  maintaining  it  in  this 
jiosition  for  the  five  or  six  weeks  required  for  complete 
repair  of  the  injured  tissues,  a  variely  of  expedients  have 
been  suggested.  A  figure-of-8  bandage  with  a  lirm  com- 
press over  the  head  of  the  bone:  Recamier's  dressing  for 
fractured  clavicle :  Sir  Astley  Cooper's  apparatus  aided 
by  direct  pressure  over  the  head  of  the  bone:  the  applica- 
tion of  a  plaster-of-Paris  dressing  according  to  the  prin- 
ciples advised  for  reduction :  and  even  keeping  the  pa- 
tient in  the  horizontal  decubitus  for  the  necessary  period 
of  six  or  eight  weeks — all  these  have  been  tried  and  liave 

»0p.  ci(.,  p.  176. 
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proven  inelTcctual.  My  preference  is  for  a  carefully  a))- 
pliedligiire-of-H  liaiuUiire,  witlicompressinii  over  the  head 
of  the  iione.  to  be  nuiintaineil  for  six  or  seven  weeks,  and 
with  the  elbow  secured  in  projier  position  by  means  of  a 
sliui;  and  liandase  eontiniu^  tlii'  arm  to  the  ehest.  I  be- 
lieve that  this  plan  of  treatment  will  afford  the  greatest 
certainly  of  restorinjr  a  fair  dei^ri'e  of  funelional  activity 
while  at  the  same  time  fullillini;  the  other  indications 
and  contraindications.  In  the  case  of  a  young  fenuile. 
we  might  be  justilied.  for  the  sake  of  preventing  any  de- 
formity, in  keeping  the  patient  on  her  back  for  the  neces- 
sary length  of  time,  her  general  condition  being  carefully 
watched  during  this  [leriod. 

Hackward  dislocations  may  be  produced  by  a  direct 
force  acting  near  the  sternal  end.  but  not  of  sufficient 
Strength  to  proihice  a  fi'acture;  or  they  may  result  from 
a  force  acting  indirectly  u|ion  the  posterior  and  outer 
surface  of  the  .slioulder.  In  tins  form  of  dislocation  the 
end  of  the  clavicle  may  be  found  Ijclow  and  behind  the 
sternum  or  slightly  above  it:  the  shoulder  may  drop  for- 
ward, and  the  displaced  end  of  the  bone  may  press 
upon  thetracliea  or  upon  the  (esophagus,  thus  producing 
dys])nu'a  or  dysphagia,  togetiier  with  pain  more  or  less 
severe  in  the  locality.  In  some  instances  there  may  also 
be  a  partial  arrest  of  the  circulation  in  the  arm,  due  to 
pressure  on  the  subclavian  artery. 

In  order  to  effect  a  reduction  the  shotilder  nuist  be  car- 
ried upward,  outward,  and  backward,  and  the  [larts  may 
then  best  be  maintained  in  this  position  by  keeping  the 
patient  on  the  back  with  a  firm  cushion  beneath  the 
shoulders;  or  a  bandage  may  l)e  applied  in  the  manner 
suggested  for  the  relief  of  a  dislocation  of  the  clavicle 
forward — no  compress,  however,  being  needed.  This 
form  of  dislocation  is  not  only  readily  reduced,  but  the 
parts  can  more  easily  be  maintained  in  the  desired  posi- 
tion than  in  the  case  of  the  other  variety.  The  restora- 
tion of  function  may  be  complete,  altliough  some  de- 
formity is  likely  to  remain. 

Dislocation  upward  of  the  sternal  end  of  the  clavicle 
is  almost  universjdly  produced  by  a  force  operating  on 
the  end  and  top  of  the  shoulder,  throwing  it  inward  and 
downward  and  causing  the  inner  extremity  of  the  clavicle 
to  be  torn  from  its  attachments  by  the  leverage  exerted 
from  the  acromial  end.  When  such  an  accident  happens, 
not  only  the  capsule  with  the  ligaments  closely  investing 
it.  but  in  some  instances  the  costo-clavicular  ligament 
and  some  fibres  of  the  subclavian  muscle  are  ruptured. 
In  this  form  of  dislocation  the  shoulder  appears  to  be 
depressed,  and  the  sternal  end  of  the  clavicle  is  so  lifted 
as  markedh-  to  increase  the  space  between  it  and  the  first 
rib.  The  suprasternal  fossa  is  encroached  ujion.  there  is 
a  diminution  of  theacromio-stcrnal  distance,  and  the  head 
of  the  bone,  protruding  between  the  sternal  attachments 
of  the  sterno-cleido-mastoid  and  the  stcrno-hyoid  mus- 
cles, may  pass  beyond  the  middle  of  the  sternum  and 
may  overlie  thestcrno-clavicular  junction  of  the  opposite 
side.  The  sternal  portions  of  the  sterno-cleido-mastoid 
muscles  on  both  sides  may  be  raised  and  rendered  tense 
by  the  pressure  of  the  bone  from  behind. 

"Reduction  may  be  found  easy,"  says  Hamilton,  "but 
Malgaigne  thinks  a  perfect  result  is  impossible — at  least 
it  does  not  seem  to  have  been  accomplished  in  any  of  the 
cases  reported,"  Yet  farther  on  he  says:  "  In  no  case 
did  llie  displacement  seriously  impair  the  functions  of 
the  arm." 

In  the  Treatment  of  this  variety  of  dislocation  the  arm 
shonlii  be  drawn  upward  and  outward,  while  at  the  same 
time  the  heail  of  the  clavicle  is  pressed  down  into  the 
articular  cavity.  Maintenance  is  secured  by  drawing 
the  shoulder  back  with  a  figurc-of-8  bandage",  placing  a 
heavy  compress  in  the  axilla,  and  securing  the  elbow  to 
the  chest.  As  a  further  aid.  a  compress  should  be  placed 
over  the  head  of  the  bone,  and  upon  this  there  should  be 
brought  to  bear  a  force  acting  in  a  downward  direction. 
If  these  measures  fail,  and  if  the  necessities  of  the  case 
demand  it.  from  either  a  functional  or  a  cosmetic  stand- 
point, the  loint  may  be  opened  and  the  head  of  the  bone 
strongly  wired  to  the  sternum. 


An  important  point  to  be  considered  in  the.se  disloca- 
tions is  the  strong  necessity  of  preventing  movement  of 
the  dislocated  end  of  the  bone. — a  task  winch  is  rendered 
specially  dillicuU  by  the  nature  and  position  of  the  joint 
and  by  the  constant  movements  of  the  body  and  arm. 
Furthermore,  if  the  case  is  one  in  which  the  "(|nestion  of 
deformity  may  be  set  aside,  it  is  betler  to  aim  at  securing 
the  restoration  of  a  reasonable  degree  of  functional  ac- 
tivity and  not  to  undertake  too  heroic  or  violent  measures 
for  relief.  As  a  rule,  all  efforts  to  secure  reduction  of 
the  dislocation  slioidd  be  limited  to  a  quite  early  period, 
and  the  danger  of  injuring  important  subjacent  tissues 
anil  vessels  must  be  kept  constantly  in  view. 

In  dislocations  of  the  acromial  end  of  the  clavicle,  it  is 
deemed  necessary  to  consider  only  three  varieties,  viz,, 
one  in  which  the  end  of  the  clavicle  is  lodged  above  the 
acromion,  or  upward:  another  below  it,  or  downward; 
and  the  third,  below  the  acromion  and  coracoid  processes 
— the  subcoracoid  variety  of  dislocation  of  the  clavicle. 

In  upward  dislocation  we  find  drooping  of  the  shoulder 
and  a  prominence  produced  by  the  end  of  the  clavicle 
projecting  above  the  acromion.  With  these  conditions 
are  associated  jiain  and  a  greater  or  less  degree  of  ditli- 
culty  in  using  the  arm.  The  dislocation  may  result  from 
"force  acting  directly  upon  either  the  scapula  or  the 
clavicle."  as  happens  very  freciuently. 

The  reduction  is  usually  effected  quite  readily  by 
pushing  the  head  of  the  humerus  upward,  and  at  the 
same  time  making  downward  and  slightly  lateral  pressure 
on  the  end  of  the  clavicle.  If  the  dislocation  has  taken 
place  in  an  outward  direction,  the  shoulder  should  be 
carried  well  backward,  or  outward  and  backward;  or  a 
pad  should  be  placed  in  the  axilla  and  the  arm  should  be 
used  as  a  lever,  proper  pressure  being  made  at  the  same 
time  upon  the  displaced  end  of  the  clavicle. 

The  maintenance  of  the  joint  in  its  natural  position, 
after  reduction,  is  a  more  difficult  task  to  accomplish, 
owing  to  the  fact  that  the  weight  of  the  arm,  acting  in 
conjunction  with  the  contraction  of  muscles,  drags  the 
shoulder  down,  while  at  the  same  time  the  contraction  of 


^J 


\ 


Fig.  1609.— Upward    Dislue;itiiiii  of    Acrumial   End  uf    lliu  Clavicle. 
(Helterlch.) 

the  trapezius  lifts  the  clavicle  up.  A  variety  of  sugges- 
tions have  been  made  as  to  how  the  purpose  desireii  may 
be  accomplisheil.  Among  them  may  be  mentioned  the 
following ;  most  of  the  dressings  used  to  correct  fracture 
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of  the  clavicle :  simple  bandages  passed  over  the  shoulder 
and  under  the  elbow;  immovable  plaster  or  other  dress- 
ings: pads,  straps,  etc.,  in  varying  combinations;  tlie 
ordinary  Petit's  tourniquet  {well  padded)  placed  over  the 
end  of  the  clavicle  with  the  strap  pas.sing  under  the  elbow ; 
and  flavor's  apparatus.  All  these  have  been  tried,  each 
one  giving  good  results  in  some  cases  and  failing  in  others. 
Sayre's  dressing  for  fractured  clavicle  is  about  the  simplest 
and  most  reliable.  Many  surgeons,  however,  advocate 
warmly  Stimson's  method  of  treating  this  dislocation. 
This  is  accomplished  by  means  of  a  long  strip  of  adhesive 
plaster,  three  inches  wide,  the  middle  point  of  which  is 
placed  over  the  front  of  the  flexed  elbow,  and  the  ends 
carried  up  in  front  of  and.  behind  the  arm,  crossing  over 
the  distal  end  of  the  clavicle  and  then  being  tixed  to  the 
front  and  back  of  the  chest,  while  the  bone  is  held  in 
place  by  pressure  over  the  elbow  and  clavicle.  The  fore- 
arm is  supported  by  a  sling  and  the  arm  is  bound  to  the 
chest.  The  readiness  with  which  an  inspection  can  lie 
made  from  time  to  time,  so  that  a  recurrence  of  the  dis- 
location may  be  quickly  detected,  is  a  good  feature  of 
this  method.  On  the  "other  hand,  the  possibility  of 
sloughing  at  any  time  at  the  point  of  the  elbow  must  be 
watched  for  and  prevented.  Gross  lirst  suggested  wiring 
•with  strong  silver  wire,  and  this  was  tried  by  Cooper,  of 
San  Francisco,  and  by  Dr.  Hodgen,  of  St.  Louis,  in  two 
cases.  Although  in  these  two  cases  the  procedure  proved 
successful,  Hodgen  said  that  he  would  not  repeat  the 
operation  except  in  cases  of  rery  great  displacement.* 
Slayor's  apparatus  consists  of  a  sling  or  casing  for  the 
forearm,  with  straps  and  buckles  attached  to  the  cover- 
ing over  the  point  of  the  elbow  posteriorly;  one  of  the 
straps  passing  over  a  compress  placed  over  the  distal  end 
of  the  clavicle  and  attached  to  the  casing  in  front  of  the 
«lbow,  the  other  passing  over  the  sound  shoulder  and 
Attached  to  the  casing  midway  between  the  elbow  and 
wrist. 

Dislocation  of  the  acromial  end  downward  is  exceed- 
ingly rare,  only  live  cases  having  been  cited  by  Hamilton; 
ivhile  Stimson  f  givcsa  total  of  twelve.  So  far  as  known, 
this  dislocation  is  produced  by  direct  violence,  forcing 
the  end  of  the  clavicle  downward.  At  the  same  time  the 
lower  angle  of  the  scapula  moves  slightly  outward,  and 
the  coracoid  process  is  depressed, — thus  Siiving  it  from 
being  snapped  off.  The  acromioclavicular,  coraco-cla- 
vicular.  and  coraco-acromial  ligaments  are  ruptured, 
and  the  head  of  the  clavicle  rests  on  the  capsule  of  the 

shoulder     joint    and 
}■  beneath   the   acromi- 

on. The  alterations 
and  symptoms  pro- 
duced are  the  follow- 
ing:  There  is  a 
marked  depression  at 
the  point  of  disloca- 
tion ;  the  acnimion  is 
usually  prominent, 
and  a  groove  or  gut- 
ter may  be  felt  along 
its  inner  border;  the 
displaced  clavicle  can 
be  detected  beneath 
the  acr'miou;  while 
the  arm  may  be 
moved  by  the  sur- 
geon pretty  freely 
backward  or  for- 
ward, the  patient  is 
unable  to  lift  the 
arm  voluntarily; 
and.  linally.  there  is 
more  or  less  sharp 
pain,  increased  on  movement  of  the  limb. 

The  reduction  is  readily  accomplished  by  drawing  the 
shoulders  outward   and  backward;    the  position   being 

*  Op.  at.,  p.  6)Sl. 

+  ■■  Treatise  on  Dislocations,"  by  L.  A.  Stimson,  M.D.,  LL.D.,  p.  191 ; 
Lea  Brothers,  publishers,  1888. 


Fig.  1610.- 


-Fieure-of-S  Bandage  from  the 
Elbow,    side  View. 


maintained  by  securing  the  base  and  lower  angle  of  the 
scapula  snugly  and  firmly  to  the  body  by  a  broad  band- 
age and  compress,  while  a  sling  is  employed  for  support- 
ing the  arm  in  the  desired  position.     These  dressings  are 


Fig.  1611.— Figure-of-S    Bandage   from   the    Elbow.     Front    View. 

to  be  worn  for  six  or  seven  weeks.  The  coracoid  proc- 
ess prevents  the  l)one  from  slipping  out  of  its  place  as 
long  as  the  scapula  is  maintained  in  the  position  suggested. 

Subcoracoid  dislocation  is  yet  more  rare  than  any  of 
the  other  varieties;  the  single  case  reported  by  Pinjon, 
and  the  live  cases  by  Godemer  of  Mayeune.  being  all  that 
so  far  have  been  cited.  Hamilton  is  sceptical  as  to  the 
existence  of  this  form  of  dislocation.  I  quote  the  follow- 
ing from  Wharton  and  Curtis  :*  "  It  is  said  to  result  from 
the  shoulder  being  forced  upward,  outward,  and  back- 
ward, while  at  the  same  time  tlie  acromial  end  of  the 
clavicle  is  driven  downward.  The  most  marked  symp- 
toms are:  unusual  prominence  of  the  acromion  and  cora- 
coid processes,  pain  and  restricted  motion  of  the  arm.  and 
an  increase  of  the  distance  between  the  sternum  and  the 
summit  of  the  shoulder.  Treatment:  To  reduce  this  dis- 
placement the  arm  should  be  flexed  and  brouglit  to  tlie 
side  and  carried  forcibly  upward,  inward,  and. backward, 
to  relax  the  clavicular  portion  of  the  pectoralis  major 
muscle.  The  clavicle  should  be  grasped  and  disengaged 
from  its  position  below  the  coracoid  process  and  pressed 
back  into  its  proper  position.  After  reduction  a  Velpeau's 
bandage  should  be  applied  and  the  dressing  retained  for 
six  or  eight  weeks." 

DLslocation  of  the  inferior  angle  of  the  scapula,  though 
somewhat  rare,  may  occur.  The  latissimus  dorsi.  or  a 
portion  of  it,  may  slip  beneath  the  lower  end  of  the  bone, 
— an  accideul  which  generally  occurs  in  children  as  a  re- 
sult of  lifting  them  by  one  arm.  The  effects  produced  are: 
Pain  and  difficulty  in  moving  the  arm,  and  a  marked  pro- 
jection of  the  lower  end  of  the  bone,  which  is  increased 
if  the  arm  is  tirawn  forward.  Reduction,  under  these 
conditions,  may  be  impossible. 

Dr.  E.  M.  Jloore.  in  his  article  in  the  former  edition  of 
this  work,  places  great  confidence  in  his  metliod  of  dress- 
ing a  dislocated  clavicle,  and  bases  this  confidence  on  the 
results  obtained  in  sixteen  cases  which  occurred  ]iartly  in 
his  own  practice  and  partly  in  that  of  his  friends,  two  of 
these  cases  being  luxations  at  the  sternal  end.  I  quote 
from  his  article  as  follows :  '"  The  simple  bandage  which  is 
here  illustrated  subserves  the  purpose  with  great  assurance 
of  success.  This,  as  will  be  shown  by  the  cuts,  consists 
of  the  application  of  a  shawl,  or,  what  is  better,  a  piece  of 
common  cotton  cloth,  about  two  and  one-fourth  yards 
in  length,  and  a  yard  or  so  in  width,  folded  like  a  cravat 

*  Op.  at.,  p.  564. 
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until  it  is  about  ciirlit  inches  in  breadth  at  the  centre. 
Tlie  aii]ili(atiou  of  this  liamlajre  is  conducted  in  the  fol- 
lowinir  manner:  Phice  the  bandage,  tliiis  prepared,  upon 
the  pahu  of  the  outstretclnd  hand,  with  the  linu-er  and 
tliuinli  in  tlie  Une  of  its  k-njrth  and  at  its  centre.  Tins 
enal)les  the  surgeon,  wliile  placing  it  under  tlie  elbow  of 
the  patient  on  the  affected  side,  to  grasp  it  firmly,  and  so 
to  adjust  it  that  the  border  reachesabout  two  inches  up  on 
tlic  humerus,  and  about  six  inches  down  on  the  forearm. 
The  grasp  of  the  surgeon's  hand  retains  the  bandage  in 
position  during  the  succeeding  manipulations.  The  tirst 
movement  is  to  place  the  inner  tail  up  over  the  shoulder, 
smoothing  it  out  over  its  rounded  surface,  and  then  com- 
mitting it  to  an  assistant.  The  outer  tail  is  now  carried 
over  the  forearm,  up  behind  the  back  to  the  top  of  the 
opposite  shoulder.  Traction  is  now  made  upon  this  tail 
so  as  to  draw  the  elbow  backward  and  towanl  the  thora.\. 
after  which  its  end  is  brought  over  the  .shoulder  and 
under  the  axilla  of  the  unaffected  side.  The  other  tail 
is  now  seized,  and  when  made  tense  it  draws  the  slmulder 
backward.  This  is  carried  under  the  armpit,  and  over 
the  point  of  the  unaffected  shoulder.  Tlic  two  ends  are 
now  secured  by  pins  at  tlie  points  where  they  overlap 
the  bandage.  This,  as  will  be  observed,  produces  the 
peculiar  form  upon  the  unaffected  side  known  as  the 
ligureof-S  bandage.  The  special  twist  around  the 
elbow  of  the  affected  side  is  similar  in  form,  although  one 
end  runs  up  over  the  shoulder.  For  these  reasons  the 
•writer  has  called  the  bandage  "the  figure-of-8  from 
the  elbow."  The  bandage,  however,  is  not  complete 
without  a  sling  to  hold  the  forearm  slightly  above  the 
horizontal  position  while  the  patient  is  erect.  If  the  fore- 
arm droops,  the  bandage  becomes  disengaged  from  the 
elbow,  and  the  arm  has  a  tendency  to  swing  forward. 
But  if  it  be  placed  in  the  po.sition  already  indicated,  its 
■weight  has  a  tendency  to  carry  it  backward.  This  sling 
is  best  constructed  by  placing  a  strip  of  cotton  cloth, 
three  or  four  inches  wide,  around  the  wrist,  and  pinning 
the  two  ends  together  upon  the  larger  bandage  as  it  passes 
over  the  shoulder.  It  is  desirable,  also,  to  fold  the  end 
that  projects  behind  the  elbow  and  secure  it  with  a  pin, 
so  as  to  make  a  sort  of  cup  which  will  hold  the  elbow  in 
its  place.  This  bandage  is  usually  worn  with  great  com- 
fort to  the  patient,  the  points  most  complained  of  being 
the  a.xillary  border  of  the  unaffected  side  and  the  ex- 
tremities of  the  olecranon  and  condyles  of  the  elbo.w  held 
by  the  bandage. 

"  Protection  against  this  pressure  can  be  afforded  bj' 
little  compresses,  pkeed  alongside  the  suffering  points, 


Pig.  1613.— Fipure-of -8  Bandage  from  the  Elbow.    View  from  behind. 

and  can  be  left  entirely  to  the  management  of  the  patient. 
It  is  wise,  however,  to  watch  him  daily  for  the  period  of 
a  week,  loosening  the  tails  of  the  bandage  and  then  tight- 


ening them  a  little.  At  the  end  of  this  time  tin-  capacity 
of  stretching  will  have  ceased."  Dr.  Moore  further  states 
that  the  dressing  will  have  to  be  kept  on  for  about  two 


1.  Downward    -; 

2.  Forward 


3.  Backward 


Fig.  1613. — Subglenoid    Dislocation.      (Traced    from    a    photncrraph 
taken  twenly-tliree  hours  alter  the  injury  had  been  received.) 

weeks,  and  he  claims  for  it  "better  results  than  by  any 
other  method,  as  meeting  more  definitely  and  more  prac- 
tically the  exigencies  of  this  condition." 

Dislocatioiix  of  the  Shoulder  Joint  comprise  fully  one- 
half  of  all  dislocations;  some  observers  even  placing  the 
proportion  a  little  beyond  this.  On  this  account  alone 
they  constitute  the  most  important  class.  Quite  a  num- 
ber of  varieties  have  been  described,  but  the  following 
tablegivesall  that  itisuecessaiy  to  consider;  others  being 
but  modifications  of  these,  or  secondarily  assuming  one 
of  these  forms,  either  accidentally  or  by  manipulation. 
\arieties  of  Diilocntiuns  of  the  Shoulder  Joint. 

ji  Subglenoid  (common). 

'(  Erecta  (very  rare). 

j  Subcoracoid  (common). 

(  Subclavicular  (rare). 

(  Subspinous  (rare). 

'/  Subacromial  (rare). 
4.  Upward. — Supraglenoid  (rarel. 
In  the  subglenoid  dislocation  we  find  the  capsular  liga- 
ment extensively  torn  on  its  under  surface,  permitting 
the  liead  of  the  humerus  to  leave  the  glenoid  cavity  and 
take  a  position  on  the  anterior  edge  of  the  scapula  im- 
mediately below  the  glenoid  cavity.  The  tendon  of  the 
long  head  of  the  biceps  may  be  ruptured  or  completely 
detached  from  its  insertion ;  the  supraspinatus  is  stretched 
or  lacerated ;  the  infraspinatus,  coraco-brachialis,  and 
subscapularis  are  put  upon  the  stretch,  tlie  latter  some- 
times torn  from  its  attachment  totheheadof  tliehumerus; 
the  deltoid  is  placed  in  a  condition  of  extreme  tension, 
and  paralysis  of  this  muscle  may  be  among  the  unpleas- 
ant sequeliv.  The  artery  anil  vein  may  be  injured,  and 
the  circumflex  and  other  nerves  may  be  seriously  impaired. 
Among  the  more  f  rei|uent  causes  the  following  may  be 
cited,  in  the  order  of  their  freiniency ;  (a)  a  force  applied 
to  the  upper  end  and  outer  surface  of  the  humerus;  (i) 
a  fall  upon  the  extended  hand;  (<•)  a  fall  upon  the  elbow. 
Sudden  contraction  of  the  muscles  while  the  arm  is 
strongly  abducted  may  produce  this  luxation.  It  is  per- 
haps one  of  the  most  frequent  dislocations  produced 
spontaneously,  abduction  of  the  arm  favoring  its  pro- 
duction. 

Among  the  most  prominent  conditions  and  symptoms 
that  result  from  this  dislocation  may  be  mentioned  the 
following :  the  presence  of  a  depression  under  the  end  of 
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tlie  acromion ;  the  elbow  is  carried  out  from  the  body  a 
distance  of  three  or  four  inches  and  a  little  backward ;  it 
cannot  be  made  to  touch  the  lateral  surface  of  the  body ; 
the  line  of  the  axis  of  the  limb  is  directed  to  the  axilla, 
and  decidedly  below  the  glenoid  fossa,  which  will  be 
found  empty :  the  head  of  the  humerus  can  usually  be 
felt  in  the  axilla,  especiall_v  when  the  limb  is  carried  away 
from  the  body — Dugas'  sign:  inability  to  touch  the  op- 
posite shoulder  on  top  with  the  palm  of  the  hand  while 
keeping  the  elbow  in  contact  with  tlie  chest:  the  outer 
surface  of  the  arm  presents  two  planes  which  are  inclined 
toward  each  other  and  which  meet  at  the  insertion  of  the 
deltoid  muscle ;  numbness  of  the  arm  and  generally  pain, 
especially  when  ihe  attempt  is  made  to  bring  the  elbow 
to  the  side ;  possibly  free  passive  motion,  3-et  the  elbow 
cannot  be  brought  into  contact  with  the  side  without 


Fig.  16U.— Subglenoid  DislocatloQ  ol  the  Humerus.  Showing  Flat- 
ness Beneath  the  Acromion,  a,  a'.  Tips  of  acromion  processes. 
The  ruled  lines  indicate  the  lest  for  dislocation  by  means  of  a 
straight-edge  line  on  the  arm. 

great  pain,  which  is  doubtless  due  to  pressure  of  the 
humerus  on  the  axillary  plexus.  The  existence  of  these 
symptoms,  or  of  a  majority  of  them,  immediately  after 
luxation,  or  after  inflammation  has  subsided,  should  make 
it  possible  to  arrive  at  a  correct  diagnosis;  yet  this  may 
be  rendered  a  difficult  matter  by  the  presence  of  a  slight 
degree  of  crepitus — due  to  conditions  which  were  men- 
tioned in  the  earlier  part  of  this  article, — by  the  exist- 
ence, during  the  intermediary  period,  of  a  large  amovmt 
of  inflammatory  exudation,  and  finally  by  the  presence, 
in  fleshy  persons,  of  a  good  deal  of  adipose  tissue  in  the 
region  of  the  shoulder.  And  here  let  me  add  that  a  fail- 
ure to  make  a  diagnosis  is  not  due,  in  all  cases,  to  want 
of  a  reasonable  degree  of  skill,  nor  to  a  lack  of  painstak- 
ing efforts  to  ascertain  the  true  condition  of  the  parts. 

Ordinarily,  if  the  force  producing  the  luxation  has  not 
been  extreme,  and  reduction  has  been  accomplished  at  a 
reasonably  early  period  without  a  resort  to  excessive 
force  or  violence,  wliich  should  ever  be  guarded  against, 


complete  recovery  may  confidently  be  expected  in  a 
comparatively  short  period  of  time.  Yet  tlie  character  of 
the  injury  producing  the  dislocation,  and  the  absence  of 
.swelling,  or  the  presence  of  only  a  slight  degree  of  swell- 
ing, are  not  always  indicative  of  the  amount  of  damage 
sustained  by  important  tissues  in  the  immediate  vicinity 
of  this  joint.  The  cxtensiveness  of  the  swelling  may  be 
the  result  of  grave  injury  to  important  blood-vessels,  or, 
on  the  other  hand,  it  may  be  due  to  the  fact  that  the  in- 
dividual ispi'edisposed  to  serous,  fibrinous,  or  hemorrhagic 
eifusion.  In  the  case  of  a  slight  injury  to  the  main  trunk 
of  the  nerves  or  to  some  terminal  branch,  the  pain  may 
nfit  only  be  great  but  it  maj-  appear  at  an  early  stage, 
and  we  may  have  in  addition  temporary  loss  of  muscle 
functions.  On  the  other  hand,  more  serious  nerve  lesions 
may  manifest  themselves  at  quite  a  late  stage,  and,  be- 
sides, they  may  be  slow  in  attaining  any  marked  degree 
of  prominence.  It  is  extremely  difficult  to  say  exactly 
how  much  injury  muscles,  nerves,  tendons,  or  vessels  have 
sustained,  or  to  predict  to  what  extent  restoration  of 
function  may  take  place.  I  have  gone  somewhat  fully 
into  these  points  as  atlecting  this  particular  variety  of 
dislocation  of  the  shoulder,  yet  they  play  a  more  or  less 
important  part  in  all  forms  of  dislocation,  and  especially 
so  in  all  the  forms  of  dislocation  of  this  important  joint. 
The  time  at  which  dislocations  of  the  shoulder  become 
ancient,  or  even  irreducible,  will  vary  to  a  great  extent 
in  each  particidar  case.  In  a  young  person,  and  esjie- 
cially  in  one  who  is  dependent  on  the  use  of  the  limb  for 
a  livelihood,  six  months  might  not  be  at  all  too  long  a 
period  in  which  elTorts  more  or  less  strenuous,  though 
guarded  and  cautious  in  the  extreme,  covdd  be 
justly  essayed  for  reduction.  On  the  other 
hand,  in  an  elderly  individual,  or  one  whose  cir- 
cumstances did  not  imperatively  demand  thor- 
ough use  of  the  limb,  so  great  a  degree  of  risk 
would  not  be  justifiable.  The  time  when  these 
dislocations,  or  in  fact  any  dislocations,  become 
ancient,  or  even  irreducible,  is  not  to  be  meas- 
ured in  days,  weeks,  or  months;  each  particidar 
case,  and  each  and  every  phase  and  characteris- 
tic bearing  thereon,  must  be  carefully  weiglied 
and  thoroughly  considered  under  a  rigid  obser- 
vance of  the  rules  of  good  common  sense  and 
judgment. 

Although  it  is  most  important  to  inspire  the 
patient  with  the  greatest  possible  degree  of  confidence 
and  hope,  yet  it  is  best  to  promise  notliing  more  than  to 
do  the  best  you  possibly  can:  and  if  this  is  not  entirely 
satisfactory,  it  will  as  a  rule  be  far  better  to  surrender 
the  case  or  to  demand  additional  advice  and  counsel. 

A  shoulder-joint  once  dislocated  is  more  liable  than 
an}'  other  joint  to  undergo  luxation  a  second  time  under 
the  application  of  a  different  force  or  of  one  of  the  same 
character  but  of  lighter  degree:  and  that  too  even  if  the 
original  reduction  had  been  performed  in  the  most  perfect 
and  siitisfactory  manner  possible.  This  liability  to  a  fresh 
luxation  increases  with  the  age  of  the  patient. 

In  the  case  of  a  very  muscular  person  who  has  dis- 
located his  shoulder-joint,  it  is  best,  as  a  rule,  not  to  at- 
tempt reduction  ur.tii  after  an  ana?sthetic  has  been  ad- 
ministered. But  if  the  patient  is  seen  immediately  after 
the  injury,  and  especially  if  sensation  and  muscular  con- 
traction are  to  some  extent  held  in  abeyance  by  the  effects 
of  primary  shock,  an  anaesthetic  may  be  dispensed  with. 
Occasionally  it  will  only  be  necessary  to  elevate  the  arm 
to  an  acute  angle,  or  to  a  right  angle  to  the  body,  when, 
the  resistance  of  the  deltoid  and  supraspinatus  muscles 
being  overcome,  the  bone  returns  to  its  place.  At  other 
times,  slight  extension  and  counter-extension,  at  the 
hands  of  the  surgeon  alone,  in  connection  with  manipula- 
tion, will  suffice. 

The  late  Prof.  Moses  Gunn,  M.D. ,  of  Cliicago,  in  a 
paper  read  before  the  American  Surgical  Association  in 
188-1,  regarded  the  upper  and  untorn  portion  of  the  cap- 
sule to  be  the  chief  obstacle  in  the  way  of  reduction  and 
he  suggested  the  following:  "The  patient  sitting  on  the 
floor,  the  arm  is  carried  to  an  angle  of  45°,  and  entrusted 
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DiKlocallon*. 
DlHlocallouii. 


Fig.  1613. 


-Direct  Repi'^sitlon  of  Dislocated 
lluinerus. 


toanassistont,  the  stirsrenn  placing  his  hands  on  shoulder 
■nith  the  tips  of  the  lingers  resting  on  the  head  of  the  hu- 
merits  in  the  axilla.     The  assistant  making  upward  and 

otitward  traelion, 
the  head  glides  into 
place  guided  and 
followed  by  the  tin- 
gcrs  of  the  surgeon  : 

/ N  \^  ^JS.  -"-XlA       ""''  ""'  '^'"'"  '*' '""'" 

'       \  .  M.       >Jr'^     i  '^^  j/raB       ered    to    the    .side, 

tension  being  kept 
u  p  during  this 
movement." 

Sir  Astley  Coop- 
er's method  of  plac- 
ing the  heel  (di- 
vested of  boot  or 
shoe)  in  the  a.villa. 
where  it  acts  partly 
as  a  wedge,  forcing 
the  head  of  the  bone 
from  thei'dgeof  tlie 
scapula,  and  partly 
as  a  fulcrum  as  well 
as  a  counter-extending  force,  will  in  many  instances  prove 
effective.  In  this  procedure  the  forearm  of  the  patient 
is  to  be  thrced  at  a  right  smgle  with  the  arm,  and  both 
traction  and  a  slight  rotary  movement  are  to  be  e.xerted 
upon  the  limb  by  the  surgeon,  who  must  be  seated  by 
the  side  of  the  recumbent  patient.  Sir  Astley  Cooper 
also  in  some  cases  substituted  the  knee  for  the  heel  in  the 
a.villa.  With  the  patient  seated  in  a  low  chair,  the  sur- 
geon, having  placed  his  foot  in  the  chair  beside  the  pa- 
tient, biings  the  axilla  over  the  knee;  then,  steadying 
the  acromion  and  .scapula  with  one  hand,  he  presses  the 
lower  end  of  the  humerus  downward  with  the  other. 

In  Prof.  Nathan  R.  Smith's  method  coimtcr-cxtension 
is  made  from  the  wrist  of  the  opposite  side;  the  patient 
being  seated  in  a  chair,  while  the  surgeon,  with  his  foot 
on  the  chair  and  knee  in  the  patient's  axilla,  employs 
manipulation  and  extension  by  means  of  the  injured  arm, 
the  extension  being  aided  by  traction  on  the  wrist  on  this 
side  (the  affected  side)  by  an  assistant. 

La  Jlothe's  method  consists  in  pulling  the  arm  di- 
rectly upward,  while  at  the  same  time  pressure  is  made 

downward  over  the 
shoiUder- joint.  Ac- 
cording to  Hamilton* 
Jobert  succeeded,  by 
meansof  this  method, 
after  twenty  -  three 
days.  "  when  all  the 
usual  methods  had 
failed." 

Skey's  method  is 
by  the  application  of 
a  padded  knob  of 
iron  in  the  axilla, 
with  two  strong. 
straight  branches  ex- 
tending laterally,  and 
terminating  in  a  bulb 
or  ring  liy  means  of 
which  counter  -  ex- 
tension may  be  luain- 
tained.  Extension  is 
e  ft  e  c  t  e  d  by  com- 
pound pulleys. 

I  regard  Kocher's 
method  as  the  best, 
not  only  for  this  dis- 
location, but  also  for 
the  subcoracoid  va- 
riety, whch  occurs 
next  in  frequency.  He  flexes  the  forearm  upon  the  arm ; 
canies  the  elbow  against  the  side  of  the  body ;  abducts 

*  Op.  c\i.,  p.  7Ce. 


Fir.  liTlti.— Reduction  of  Dl.slooated  Hu- 
merus, witti  Knee  in  Axilla.  (Cooper's 
method.  > 


Fig.  1617.— Simple  Apparatus 
for  Keeping  the  .\niis  at 
Rest  After  Reducti^tn  of  a 
Dislocation  of  the  Humerus. 
(Helferich.) 


the  hand,  in  order  to  rotate  the  head  of  the  humerus  out- 
ward until  resistance  is  experienced;  then  he  canies  the 
elbow  forward,  upward,  and 
slightly  inward,  while  the  arm 
is  still  tlexed  at  a  right  angle 
and  the  haiiil  maintained  iji  a 
pi>sition  of  forced  abduclion; 
an<l  linally  he  rotates  the  arm 
inward  and  carries  the  hand  up 
on  to  the  .soviiul  shoidder.  All 
of  these  movements  are  to  bo 
executed  slowly  and  as  gently 
as  possible.  According  to  this 
method,  while  the  elbow  is 
flexed  at  a  right  angle  and 
pressed  closely  to  the  side  of 
the  chest,  the  forearm  is  turned 
as  far  as  possible  away  from 
the  chest,  thus  causing  the  arm 
to  rotate  externally.  If,  dur- 
ing the  movement  just  de- 
scribed, the  head  of  the  hu- 
merus does  not  roll  outward 
and  in  front  of  and  below  the 
acromion,  the  attempted  re- 
duction will  fail.  While  ex- 
ternal rotation  is  being  accom- 
plished  the  eibow   shoulil    be 

carried  well  forward  and  upward,  the  arm  next  rotated 
inward,  and  finally  the  elbow  loweied.  During  the  latter 
part  of  these  manipulations  an  assistant  may  render  good 
service  by  pressing  the  head  of  tlie 
bone  outward  with  his  lingers  or 
by  pulling  it  outward  by  means  of 
a  hand  introiluced  in  the  axilla. 

The  after-treatment  of  this,  as  of 
the  other  dislocations  of  the  shoul- 
der, consists  in  bandaging  the  arm 
closelj"  to  the  side  of  the  body  for 
about  ten  days  or  two  weeks,  while 
the  arm  itself  is  to  be  carried  in  a 
sling.  At  the  end  of  this  time  pass- 
ive motion  may  be  commenced,  and 
the  patient  may  be  allowed  grad- 
ually to  resume  the  use  of  the  arm, 
which  must  still  be  carried  in  a 
sling  for  a  week  or  two  longer. 
Typical  Sub-  Violent  movements  must  carefully 
be  guarded  against. 

Dislocalio  erecta  is  among  the 
rare  dislocations  at  the  shoulder. 
In  this  conditioii  we  have  the  arm  held  vertically  with 
the  hand  on  top  of  the  head,  in  order  to  avoid  the  in- 
tense pain  which  arises  when  it  is  held  in  anj-  other 
position.  The  mechanism  of  this  dislocation  seems  to  be 
this:  while  the  arm  is  extended  forcibly  and  is  also  ele- 
vated, a  blow  descend- 
ing on  or  near  the 
proximal  end  of  the 
humerus  drives  the 
head  of  the  bone  down- 
ward. It  is  usually 
readily  reduced  by 
making  tirm  traction 
upward,  with  manipu- 
lation on  the  head  of 
the  humerus,  and  then 
bringing  the  arm  down 
to  the  side  as  the  bone 
glides  into  position. 
This  variety  of  disloca- 
tion occurred  in  a  case 
which  came  under  my 
observation.  xV  boy, 
falling    from    a    tree, 

with  ills  riffht  hand  ex-  Fig.  1619.— Subcoracoid  Dislocation  of 
tended  caiin-ht  hold  of  ibe  Right  Arm.  The  axis  of  the  hu- 
lemno.  (au^ui  uoiu  oi  menis  is  shown  on  hf.th  sides  bvtbe 
a    lower    branch    ana      black  lines.    (Helferich.) 


Fig.  1618.- 
coracoid  Dislocation 
of  the  Humerus.  (Hel- 
ferich.) 
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thus  to  some  extent  broke  the  force  of  the  fall ;  but  by 
this  act  lie  threw  the  head  of  the  bone  down  below  the 
glenoid  cavity. 

In  subcoracoid  dislocation,  which  is  mentioned  in  the 
recent  work  of  Wharton  and  Curtis*  as  the  most  fre- 
quent variet)',  the  capsular  ligament  is  lacerated  anteriorly 
and  the  head  of  the  bone  slips  forward  on  the  inner  sur- 
face of  the  neck  of  the  scaiiula.  It  is  produced  most  fre- 
quently by  direct  violence  acting  on  the  posterior  surface 
of  the  shoulder,  although  falling  on  the  elbow  or  hand, 
with  the  arm  extended  and  directed  slightlj'  backward, 
has  occasionall_y  been  the  cause  of  the  dislocation.  lu 
some  instances  it  has  been  attributed  to  muscular  action 
alone. 

Subclavicular  dislocation  is  closely  allied  to  the  above 
variet}'.  In  it  the  head  of  the  bone  passes  beyond  the 
coracoid  process  and  lodges  just  beneath  the  edge  of  tlie 
clavicle,  being  covered  by  the  pectoralis  major  and  minor 
muscles.  If  the  force  applied  produces  a  fracture  of  tlie 
coracoid  process  this  form  of  dislocation  is  most  certain 
to  occur.  It  produces  more  severe  pressure  on  the  axillary 
vessels  and  nerves  than  does  the  other  variety.  In  either 
of  the  above  dislocations  the  head  of  the  bone  can  usually 
be  readily  made  out  in  the  abuormal  position.  In  sub- 
clavicular dislocation  there  will  be  a  marked  depression 
imder  the  outer  edge  of  the  acromion,  extending  beneath 
its  posterior  margin.  The  elbow  hangs  away  from  the 
body,  a  little  backward,  and  the  axis  of  the  limb  is 
directed  toward  some  portion  of  the  clavicle  rather  than 
toward  the  glenoid  cavity.  The  supraspinatus  and  infra- 
spinatus muscles  and  that  portion  of  the  deltoid  wliich 
ari.ses  from  the  acromion  are  greatly  stretched,  if  not  torn. 
The  measures  required  for  reducing  this  dislnciilion  are 
similar  to  those  resorted  to  in  subglenoid  dislocations. 
Less  extension,  however,  will  be  rc((uired  and  greater  at- 
tention will  have  to  be  paid  to  manipulation  of  the  head 
of  the  bone,  which  needs  to  be  pushed  more  in  a  back- 
ward direction.  Kocher's  method  will  give  by  far  the 
most  uniformly  gratifying  results. 

Backward  dislocations  are  quite  rare.  The  head  of 
'he  bone  may  lodge  just  beneath  the  acromion  or  be  car- 
ried farther  back  upon  the  dorsum  of  the  scapula  and 
beneath  the  spinous  process.  These  dislocations  arc  pro- 
duced most  generally  by  a  force  acting  directly  on  the 
anterior  surface  of  the  shoulder.  In  the  first  of  the  two 
forms  named  above,  the  head  of  the  bone  will  be  observed 
beneath  the  acromion,  and  in  both  there  will  be  a  space 
more  or  less  wide  between  the  head  of  the  bone  and  the 
coracoid  process,  into  which  space  the  lingers  can  be 
pushed  more  or  less  deeplj'.  The  axis  of  the  bone  is 
<lirected  upward  and  backward,  in  a  direction  posterior 
to  the  glenoid  cavity,  and  the  arm  comes  across  the  front 
of  the  chest  with  the  humerus  rotated  inward,  unless  the 
subscapularis  is  ruptured.  The  patient  may  hold  the 
hand  to  the  head,  with  the  arm  lying  horizontally  across 
the  body,  and  it  may  be  carried  vertically.  If  the  sub- 
sea  inilaris  is  not  torn  the  humerus  cannot  be  rotated  out- 
ward. 

For  the  reduction  of  this  dislocation  the  following 
plans  have  been  sug,gested : — Slight  forward  traction 
(Duplay);  direct  pressure  on  the  head  of  the  bone,  with 
slight  extension  (Molliere) ;  traction  at  a  right  angle 
with  the  body,  with  moderate  rotation  (Despres);  raisiug 
the  hand  and  arm  and  turning  the  hand  backward  behind 
the  head  (Sir  Astley  Cooper);  moderate  traction  down- 
ward and  outward,  with  pressure  directly  on  the  head  of 
the  bone  (Haiuilton) ;  and,  tinally,  traction  outward, 
downward,  and  slightl}'  forward  (Parker),  the  shoulder 
being  fixed  by  the  hands  of  an  assistant  or  by  other  means. 
The  plan  of  Dr.  Moses  Guun,  of  Chicago,  was  to  have 
the  shoulder  properly  fixed  by  an  assistant,  while  the 
surgeon,  taking  the  arm  by  the  elbow  and  forearm,  raises 
it  to  a  horizontal  position,  carries  it  to  the  front,  rotates 
it  inwardly,  and  draws  it  into  place. 

Without  fracture  of  the  acromion  or  coracoid  process, 
upward  dislocation  of  the  humerus  seems  wellnigh  im- 
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possible,  yet  it  has  occurred  in  very  rare  instances.  The 
symptoms  consist  in  the  absence  of  the  humerus  from  the 
glenoid  cavity  and  its  being  found  in  the  iutersiiaee  be- 
tween the  coracoid  and  acromion  processes,  in  front  of 
and  above  the  level  of  the  clavicle.  In  Albert's  case, 
cited  by  Stimson,*  both  shoulders  were  dislocated.  Tlie 
patient,  a  full-grown  man,  while  holding  on  to  the  reins 
of  a  pair  of  rimaway  horses,  was  dragged  at  full  length 
on  the  ground.  The  deformity,  which  consisted  of  a 
prominence  on  the  front  and  upjier  part  of  the  shoulder, 
was  more  conspicuous  on  the  left  side  than  on  the  right. 
Stimson  gives  the  following  points  in  the  symptomatology 
of  this  form  of  dislocation:  "The  limb  hangs  by  the  side, 
perhaps  slightly  abducted,  and  rotated  outward  ;  its  axis 
is  directed  from  below  upward  and  forward,  passing  in 
front  of  the  normal  position  of  the  head."  "Voluntary 
movements,"  he  says  farther  on,  "are  almost  or  quite  ini- 
])ossihle,  and  passive  movements  are  greatly  restricted, 
in  old  as  well  as  recent  cases." 

The  following  methods  of  reduction  have  been  sug- 
gested: Traction  downward,  under anicsthesia,  combined 
with  a  tilting  motion  which  brings  the  head  of  the  bone 
back  toward  the  gienoiil  cavity  (Verneuil);  carrying  the 
arm  away  from  the  body  until  the  head  passes  under  the 
coracoid  process,  and  then  at  the  same  time  raising  the 
elbow  and  rotating  the  humerus  inward  (Panas):  ab- 
duction, extension  backward,  and  rotation  inward 
(Albert). 

According  to  some  observers  there  have  been  cases  of 
partial  dislocation  of  the  shoulder  in  which,  after  rup- 
ture of  the  long  head  of  the  liiceps.  the  contraction  of  the 
supraspinatus  muscle  has  drawn  the  head  of  the  bone 
almiist,  lint  not  entirely,  mit  (if  its  mn'mal  positicm.  Such 
a  partial  disldcatinn  is  marked  by  the  presence  of  a  de- 
pressiim  on  the  i)osterior  aspect  of  the  joint,  beneath  the 
acromion,  and  by  the  existence  of  an  unnatural  rounded 
lironiinence  formed  by  the  liead  of  the  bone  in  contact 
with  the  coracoid  process.  Hamilton,!  and  Gerster,| 
however,  entertain  strung  dnubts  iu  regard  to  the  occur- 
rence of  such  a  partial  dislcicatiou. 

Dislocation  of  the  shoulder  complicated  with  fracture 
is  not  uufrequently  met  with;  the  break  usually  occur- 
ring at  the  surgical  neck.  As  lU'cternatural  mobility, 
crepitus,  etc.,  accompany  the  signs  occasioned  by  the 
presence  of  the  head  <if  the  bone  in  its  abnormal  site,  the 
diagnosis  is  not  difiicnlt.  When  the  fracture  occurs  at 
the  anatomical  neck  it  is  not  always  possible  to  make  the 
diagnosis  certain  unless  a  very  careful  and  thorough  in- 
vestigation is  made.  If  the  head  of  the  bone  cannot  be 
restored  to  tlie  glenfiid  cavity  by  reasonalile  manipulation 
of  this  fragment  alone — the  arm  aifording  no  assistance 
— it  will  probably  be  best  to  wait  four  or  five  weeks 
until  union  has  taken  place,  and  then  to  make  efforts  at 
reduction.  It  must  be  remembered,  however,  that  under 
these  eircumstanees  there  is  very  great  danger  of  re- 
fracturing  the  bone,  and  consequently  proper  precau- 
tions, such  as  firmlj"  but  temporarily  applying  splints, 
bandages,  etc.,  must  not  be  neglected.  JIeHuruey§ 
effected  reduction  in  one  case  by  cutting  down  through 
the  deltoid  upon  the  lower  end  of  the  fragment,  drilling 
a  hole  into  it,  and  in.serting  into  this  hole  a  right-angled 
hook,  by  means  of  which  he  made  forcible  traction  and 
rotation  of  the  fragment.  The  propriety  of  removing  the 
head  of  the  bone  will  in  some  instances  require  considi'ra- 
lion,  and  the  operation  may  be  necessitated  in  irreducible 
cases,  if  great  suffering  and  inconvenience  exist. 

Didoc(ttiong  of  the  Uncling  may  occur  forward,  back- 
ward, or  outward.  In  all  cases  the  lateral  and  annular 
ligaments  are  torn  and  the  head  of  the  bone  will  be  found 
in  front  of,  behind,  or  external  to,  the  external  condyle 
of  the  humerus. 

Forward  dislocation  is  the  most  common  variety  and 
is  generally  produced  by  falling  upon  the  hand  while  it 
is  in  a  state  of  pronation,  though  direct  force  applied  to 

*  Op.  cit.,  p.  249.  +  Op.  at.,  p.  739. 

t  N.  Y.  Med.  Jouni..  May.  1878.  p.  487. 

S  "American  Text-Book  of  Sunrery."  33  edition,  1899.  p.  442.  W.  B. 
Saunders  &  Co.,  publishers.  Philadelpbia. 
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the  sitlp  of  tlio  elbow  may  produrc  it.  Tlie  symptoms 
ami  altt'iatioiis  aic:  The  railial  side  of  the  forearm  is 
sliorteued  and  iucliucd  outward;  a  depression  will  be 
found  below  the  external  condyle  of  the  humerus;  dur- 


Fifi.  liai).— Forwiiril  Dislocation  ol  the  Head  of  the  Radius:  Forearm  Suptnated  and  Extended. 


in^'  movements  of  jironation  and  supination  tli<'  head  of 
the  radius  can  lie  fell  rolalin;:  in  front  of  the  elbow  ;  and 
llexion  as  well  as  complete  extension  is  prevented. 

To  ell'eet  a  reduetion.  the  surgeon  must  flex  the  pa- 
tient's arm  upon  the  forearm  with  one  hand,  and  with 
the  lingers  of  the  other  he  must  make  pressureujion  the 
head  of  the  radius  in  a  downward  and  outward  direction, 
the  hand  of  the  injured  arm  beins;  at  the  same  time 
sharply  pronated.  A  well-padded  right-angled  siilint, 
with  a  Compress  over  the  head  of  the  radius,  should  be 
worn  for  several  weeks,  and  after  the  first  week  it  should 
be  taken  olT  at  intervals  of  two  or  three  da^'s  and  passive 
movements  of  the  limb  should  be 
cautiously  executed. 

More  rarely,  the  head  of  the  radius 
passes  through  the  posterior  part  of 
the  capsular  ligament,  and  rests  be- 
hind till'  condyle  of  the  humerus. 
This  dislocation  is  caused  bj'  direct 
violence,  or  by  falling  upon  the  band 
when  it  is  in  a  state  of  extreme  ]iro- 
nation.  The  head  of  the  bone  will 
be  found  behind  the  condj'le  of  the 
humerus,  with  a  dejiression  below  it, 
the  forearm  lieing  slightly  flexed  and 
the  hand  pronated.  Supination,  un- 
der these  conditions,  is  impossible, 
and  flexion  and  extension  are  dimin- 
ished. 

With  the  aid  of  an  assistant  ■nho  is 
to  make  counter-extension,  the  sur- 
geon should  first  extend  and  then 
supinate  the  flexed  forearm,  at  the 
same  time  pressing  the  head  of  the 
bone  forward.  An  obtuse  -  angled 
splint,  well  padded,  should  be  worn  on  the  forearm  for 
several  weeks.  As  was  suggested  in  the  paragraph  re- 
lating to  dislocations  of  the  radius  forward  the  splint 
should  be  removed  from  time  to  time  and  passive  motion 
should  be  carried  out. 

Dislocation  of  the  radius  outward,  in  which  the  head 
of  this  bone  rests  on  the  epicondyloid  ridge,  is  still  more 
rare.  The  conditions  which  indicate  the  existence  of  this 
vanety  of  dislocation  are:  prominence  of  the  radial  head 
above  and  in  front  of  the  external  condyle  of  the  humerus ; 
the  arm  flexed  and  held  in  a  position  midway  between 
pronation  and  supination;  and  impairmentof  flexion  and 
extension. 

For  the  reduction  of  this  dislocation  it  is  necessary  that, 
while  counter-extension  is  being  made,  the  arm.  moder- 
ately flexed,  should  be  extended,  and  that,  at  the  same 
time,  pressure  should  be  made  on  the  head  of  the  radius 
in  a  downward  and  forward  direction.  A  right-angled 
splint  should  be  worn  as  in  the  flrst  Vivriety. 

The  iihiii  may  be  dislocated  directly  backward,  the 
radius  being  left  in  situ,  and  the  coronoid  process  drop- 
ping into  the  olecranon  fossa  or  resting  on  the  posterior 
inner  surface  of  the  inner  condyle.  There  will  be  some 
shortening  of  the  forearm  but  not  as  much  as  in  disloca- 
tion backward  of  both  radius  and  ulna.  The  latter 
variety  is  doubtless  one  of  the  most  frequent  dislocations 
at  the  elbow ;  and  as  practically  the  same  treatment  is 
required  for  both  of  these  forms,  the  subject  will  be  con- 


FiG.  1621.  —  Dislooa- 
tion  of  the  Ulna 
Backward,  without 
the  Radius. 


sidered  in  a  single  paragrajih  a  short  distance   farther 
along. 

The  .symptoms  of  dislocations  of  both  bones  of  the 
forearm  backward  at  the  elbow  are:  shortening  of  the 
anterior  .surface  of  the  foreaiin;  the 
presence  of  a  marked  prominence  in 
front  of  the  elbow  (due  to  the  ])ro- 
jection  of  the  lower  end  of  the  hu- 
merus); and  the  presence  of  a  still 
greater  ju-ominence  posteriorly  (jiro- 
diieed  by  the  olecranon  and  the  ten- 
don of  the  triceps).  The  arm  is  slight- 
ly flexed,  the  elbow  rigid,  anil  all 
riiovements  are  ditticult.  The  con- 
dition is  likely  to  be  confounded  with 
condyloid  or  sujiracondyloid  fracture  of  the  humerus. 
The  relations  of  the  olecranon  with  the  condyles,  in  a 
dislocation  at  the  elbow,  are  ;iltered;  in  a  fracture  they 
arc  unchanged.  In  dislocation  the  prominence  posteri- 
orly is  increased  by  flexion  and  diminished  by  extension, 
while  the  ojipo.site  holds  good  in  fracture.  In  fracture 
the  deformity  disappears  on  lirm  extension  and  counter- 
extension,  but  reappears  when  it  is  removed;  in  disloca- 
tion, if  we  can  remove  the  deformity  by  this  means  it 
does  not  return. 

When  the  p;irts  are  completely  relaxed  reduction  is 
easily  accomplislu'd  by  two  opposite  movements:  Fix 
the  arm,  flex  the  forearm,  and  make  traction  at  the  same 
time;  or  flx  the  arm,  extend  the  forearm,  and,  while 
making  traction,  stiddenly  flex  the  forearm.  An  anterior 
angular  splint,  well  padded,  should  be  worn  for  two  or 
three  weeks,  and  there  should  be  occasional  passive 
movements  and  massage.  Sir  Astley  Cooper,  in  reducing 
a  dislocation  at  the  elbow,  caused  the  patient  to  sit  in  a 
chair,  and  ])Iacing  his  knee  on  the  inner  side  of  the  elbow- 
joint,  in  the  liend  of  the  arm,  he  took  hold  of  his  wrist 
and  bent  the  arm;  at  the  same  time  he  pressed  on  the 
radius  and  ulna  with  the  knee,  so  as  to  separate  them  from 
the  humerus,  the  coronoid  process  being  thus  lifted  out  of 
the  humeral  fo.ssa  :  and  while  the  pressure  was  being  kept 
up  by  the  knee,  the  arm  was  forcibly  but  slowly  bent, 
until  the  ends  of  the  bones  resumed  their  natural  relations. 
Dislocation  of  the  ulna  and  radius  forward,  both  bones 
lying  in  front  of  the  condyles,  is  rare.  The  broad  sur- 
face of  the  humerus  can  be  felt  posteriorly,  and  the  olec- 
ranon and  head  of  the  radius  in  front.  If  the  dislocation 
is  complete,  the  forearm  is  apparently  shortened  and 
flexed  upon  the  arm;  if  it  is  incomplete,  the  forearm  will 
be  extended  upon  the  arm.  It  is  reduced  by  extension 
alone,  or,  if  this  does 
not  suffice,  by  exten- 
sion and  forced  flexion. 
Complete  lateral  dis- 
location of  both  bones 
is  quite  rare,  and  in- 
complete dislocations 
are  possibly  less  so; 
they  are  produced  by 
violence  acting  in  op- 
posite directions  on  the 
arm  and  forearm.  The 
arm  will  be  found  flex- 
ed and  inclined  cither 
inward  or  outward; 
the  olecranon  will  pro- 
ject beyond  the  inter- 
nal condyle  in  the  one 
instance,  and  the  head 
of  the  radius  beyond 
the  external  condyle  in 
the  other.  In  disloca- 
tions outward  the  ex- 
ternal condyle  is  quite 
prominent  owing  to  the  absence  of  the  head  of  the 
radius.  The  hand  will  be  pronated.  In  reducing  such 
a  dislocation,  while  extension  and  counter-extension  are 
being  carried  out,  the  bones  of  the  arm  and  forearm 
should  be  pushed  in  opposite  directions. 


Fig.  IftH.  — Backward  Dislocation  of 
Both  Bones  of  Left  Forearm.  Sliowinj? 
Prf»minence  of  Olecranon  and  Shorten- 
ing of  Forearm.     (Hclfericii.l 
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Fig.  1623.— Backward  Dislocation  of  Botli  Bones  of   Foreami  in  a  Child, 
picture,  copied  fi"om  David  Walsli's  work.  Edinburgh,  18yy.) 


lu  compounil  dislocatious  at  tli(>  elbow,  the  propriety  of 
removing — undcf  strict  aseptic  precautious — the  offend- 
ing fragments  is  to  be  considered.  lu  such  cases  a  partial 
resection  offers  better  cliances  of  success  than  does  re- 
duction with  a  reunion  of  the  fiagments.  • 

In  Dishcdtions  nt  the  Wnst  we  may 
have  the  ulna  detached  from  the 
semilunar  surface  of  the  radius  and 
displaced  forward  or  backward.  If 
forward,  it  is  the  result  of  violent 
supination  of  tlie  hand, 
and  is  accomijanied  by 
rupture  of  the  anterior 
ligaments  of  the  joint. 
Somewhat  to  the  radial 
side  and  on  the  palmar 
surface  of  the  wrist  a 
prominence  will  be  ap- 
parent, and  tliat  of  the 
lower  end  of  the  ulna 
at  the  back  of  the  wrist 
will  be  wanting;  the 
hand  will  be  supiuated. 
With  the  forearm  tle.xed, 
counter -extension 
sliould  be  made  from 
the  arm.  and  extension 
should  be  applied  to  the 
hand.  At  the  s;ime  time  pressure 
backward  should  be  made  over  the 
Fig.  1624.— Dlsi oca-  head  of  the  ulna,  whereupon  firm 
'lSSiusialt"heuma  Pronation  will  enable  the  ulna  to  slip 
Inward.  back  into  position.       Iwo   well-pad- 


ded splints,  such  as  are  used  in  fractuix'  of 
both  bones  of  the  forearm,  should  be  worn 
for  at  least  four  weeks. 

Backward  displacement  of  the  ulna  is  the 
result  of  extreme  pronation  of  the  hand. 
The  ordinary  ulnar  prominence  at  the  back 
()f  the  wrist  will  be 
found,  in  this  disloca- 
tion, to  be  much  more 
conspicuous,  and  the 
styloid  process  will  no 
longer  be  in  line  with 
the  fifth  metacar]ial 
bone;  the  hand  will  be 
supinated  and  the  fin- 
gers tle.xed.  When  the 
hand  is  extended,  the 
bone  is  pushed  back  un- 
til it  becomes  re-engaged 
in  the  semilunar  cavity 
of  the  radius.  The  af- 
ter-dressing consists  in 
applying  to  the  bone  a 
firm  compress  and  a 
straight  posterior  splint 
for  a  period  of  three  or 
four  weeks;  and  then, 
after  these  have  been 
removed,  the  wrist 
sliould  be  strapped  with 
rubber  plaster,  or  a 
bandage  and  compress 
should  be  applied. 
These  dressings  should 
be  worn  for  some  time. 

Distention  of  Biilh  Bones  at  the  Wrist  may 
lake  place  in  either  an  anterior  or  a  pos- 
terior direction.  The  lesion  is  qinte  rare. 
When  tlie  wrist  is  extended  violently  and 
to  an  extreme  degree,  the  anterior  carpal 
and  lateral  ligaments  are  ru]itured  and  the 
bones  of  the  carpus  forced  back  on  the  an- 
terior surface  of  the  radius.  The  hand  will 
be  fixed  in  an  extended  position,  the  lower 
end  of  the  radius  and  ulna  forming  a  prom- 
inence on  the  posterior  surface  of  the  wrist.  By  making 
extension  from  the  hand  and  counter-extension  from  the 
arm.  and  by  extending  the  carpus  on  the  forearm  while 
at  the  same  time  pressing  the  ends  of  the  radius  and 
ulna  forward,  the  luxation  may  be  reduced.  The  hand 
and  forearm  should  be  placed  on  a  well-padcled  anterior 
splint,  and  secured  by  a  roller  bandage.  These  dress- 
ings should  be  worn  for  several  weeks. 

Tlie  application  of  force  to  the  back  of  the  hand  in 
such  a  manner  as  to  produce  extreme  flexion  may  cause 


Fig.  1625.— Disl  oca - 
of  Both  the  Radius 
and  the  flna  Out- 
ward. 


i.r-Ray 


Forward  Dislocation  of  Carpus. 


rupture  of  the  posterior  radio-carpal  and  lateral  liga- 
ments, and  force  the  carpus  back  on  the  posterior  surface 
of  the  radius  and  ulna.  The  deformity  consists  in  marked 
increase  in  the  autero-posteiior  diameter  of  the  wrist,  the 
hand  being  slightly  extended,  the  fingers  flexed,  and  the 
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joint  immobile.  With  tlie  forearm  fixed,  e.xtensioii  from 
the  hand  eoinhined  with  sHirht  th-xioii,  abduetion,  and 
adduction,  will  ellVct  a  reduelion  of  the  dislocation. 
A  straight  splint,  applied  to  the  anterior  surface  of  the 
forearm  and  hand,  should  be  worn  for  several  weeks. 

In  discriniinatin!;  between  a  fracture  of  the  wrist  and 
a  dislocaliou  at  this  point  we  are  aitied  by  the  following 


Fig.  1627.— Backward  Dislocation  of  Carpus. 


is   increased    mobility    with 
reappears  after  it  has  been 


facts:   in  a    fracture  there 

crepitus,  and  Ihe  deformity 

reduced,  ]irovided  no  dressings  are  applied  to  keep  the 

parts  in  plaei'. 

In  compound  dislocation  at  the  wrist,  the  fragments  of 
bone  should  be  removed  under  rigid  asepsis,   all  torn 
nerves,   tendons,   etc..    should   be 
sutured,  bleeding   vessels  should 
be  ligated,  and  a  well-padded  pal- 
mar splint  should  be  applied. 

DUhvdtioiis  of  (he  i'firjxil  tind 
yfctiiriirpul  linifs  are  rare,  and  no 
speeitic  instructions  are  likely  to 
meet  the  indications  in  any  par- 
ticular case.  A  knowledge  of  the 
anatomical  relations,  comparison 
with  the  uninjured  hand,  and  gen- 
eral attention  to  practical  surgical 

measures  aie  the  only  things  that  are  necessjiry.  The 
displaced  bones  should  lie  luoulded  into  position  with 
the  fingers  of  the  operator  and  properly  secured  in  this 
position  by  a  sjilint  and  bandage. 

The  metacarpal  bone  of  the  thumb  may  be  dislocated 
backward  or  forward  by  extreme  extension  or  llexion ; 


the  metacarpal  bone  should  first  be  fixed,  and  then  the 
thumb  is  to  be  extended,  drawn  downward,  and  sud- 
denly flexed.  If  this  fails,  one  of  the  heads  of  the  short 
flexor  may  be  di- 
vide d  subeutane- 
oiisly.  A  dressing 
similar  to  the  one 
just  cited  will 
be  appropri- 
ate. N  o  t  y  * 
suggests  the 
following  plan 
as  having  suc- 
ceeded in  back- 
ward disloca- 
tion of   the 

thumb  after  other  efforts  have  failed :  "  The  hand 
flexed   and    forcibly   pronated;    the  surgeon's  two 
fore-fingers  placed  beneath  the  head  of  the  meta- 
carpus, and  the  thumbs  ajiplied  to  the  dorsum  of 
the  phalanx  at  its  base,  pressure  is  made  in  oppo- 
site directions  as  the  thumb  is  raised   to  a  right 
angle." 
RedDi'tioii  iif  DiKlocation  of  (he  Phalanges  is  not  diflicidt, 
and  is  usually  accomplished  by  firm  extension  and  man- 
ipulation,    lu  compound  dislocations  of  the  phalanges 
efforts   to  secure  perfect  asepsis  are   essential.     If  the 
bones  are  extensively  comminuted,  the  removal  of  frag- 
ments, excision,  etc.,  may  be  needed,  and  as  in  simple 


Fio.  llViO.  —  Dislocation  of  Phalanx,  with 
Rupture  of  Muscle:  Head  oj  Metacan)al 
Bone  Covered  Only  by  Skin. 


Fig.  1628.— Dislocation  of  Phalanx  of  the  Thumb  Backward. 

the  reduction  is  to  be  effected  by  making  exteD.siou  from 
the  proximal  phalanx  and  b_v  pressing  the  displaced  bone 
back  into  position.  As  a  "dressing  a  moulded  binder's 
board  or  a  leather  or  gutta-percha  splint,  should  be  fitted 
to  the  thumb;  it  should  extend  well  back  over  the  wrist, 
and  should  be  secured  by  a  narrow"  roller. 

The  Til  Ill/lb  is  dislocated  most  commonly  by  a  backward 
or  forward  displacement  of  the  proximal  phalanx,  the 
proximal  end  passing  in  front  or  back  of  the  head  of  the 

metacarpus.  As  a 
rule,  the  backward 
dislocation  is  ren- 
dered more  difficult 
of  replacement  by 
reason  of  the  head  of 
\  the  bone  being  grasp- 
>  ed  between  the  two 
heads   of    the   flexor 

FIG.  I(i29.-Dislocatlon  of  Phalanx,  with-    Pij'l'f.'S    hrevis.       In 
out  Rupture  of  the  Flexor  Brevis.  effecting  a  reduction 


Fig.  1631.— Reduction  of  Backward  Dislocation  of  First  Phalanx  with  Clove-Hitch. 


dislocations,  a  moulded  binder's  board,  or  a  leather  or 
gutta-percha  splint,  should  be  applied. 

Dislvc<ttio)is  of  the  Pelric  Boiiex  partake  more  of  the 
nature  of  a  fracture,  and  for  their  diagnosis  a  careful 
study  of  the  relations  of  the  various  ]irominences  and  of 
the  degree  of  mobihty  at  the  point  of  separation,  usually 
suflices.  In  order  to  secure  a  satisfactory  examination 
the  patient  should  be  placed  on  a  firm,  well  padded  table 
or  mattress.  The  treatment  consists  in  manipulating  the 
bones  into  position  and  in  applying  broad  strips  of  ad- 
hesive plaster  and  a  well-adjusted  muslin  roller;  or  a 
plastcr-of-Paris  dressing  may  Ijc  applied,  and  this  should 
be  worn  for  a  month  or  six  weeks. 

The  displacements  of  the  coccyx,  whether  from  fracture 
or  from  dislocation,  present  similar  indications;  and  if, 
after  they  have  been  reduced,  a  redisplacement  occurs, 
giving  rise  to  discomfort  or  inconvenience,  reiuoval  of  the 
bone  is  the  proper  recourse.  Replacement  is  accomplished 
by  means  of  the  fingers  of  one  hand  placed  in  the  rectum, 
while  the  other  hand  makes  pressure  from  without. 

Dislocations  of  the  Hip,  or   Coxo-Fenioral  Dislocations, 


Fig.  1633.— Forward  Dislocation  of  Second  Phalanx  of  Finger. 

are  liable  to  occur  most  frequently  in  four  directions: 
(1)  upward  and  backward  on  the  dorsum  ilii,  (2)  upward 

♦  British  Medical  Journal.  October  15th,  1898. 
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and  faitliur  backward  into  the  ischiatic  notch,  (3) down- 
ward and  forward  intti  the  thyroid  foramen,  and  (4) 
downward  and  forward  upon  the  pubes.  In  addition, 
■what  are  known  as  ii'regular  dislocations  are  occa.sionally 
met  witli,  as  diajronally  between  any  of  tlie  above,  and 
in  some  rare  instances  going  beyond  tlie  tliyroid  foramen 
and  lodging  upon  the  tuberosity  of  the  iscliinm.  Slight 
manipulation,  however,  readily  brings  the  head  of  the 
bone  into  one  or  the  other  of  the  four  positions  known  as 
regular  dislocations.  Irregular  dislocations  are  found  only 
in  cases  in  which  the  iliofemoral  or  "  Y  "  ligament  is  com- 
pletely ruptured.  If  this  ligament  remains  intact  the 
head  of  the  bone  should  be  forced  to  take  its  position  in 
one  of  the  regular  forms. 

"In  regard  to  frequency,"  says  Hamilton.*  "of  104  dis- 
locations (regular),  55  were  upon  the  dorsum  ilii,  28  into 
the  great  ischiatic  notch,  13  upon  the  foramen  thy  roideum, 
and  8  upon  the  pubes."  They  may  occur  at  any  jieriod 
of  life,  but  are  found  most  frequently  in  the  most  active 
period,  viz.,  from  15  to  45;  and  in  regard  to  this  matter 
I  will  quote  the  following  tabular  arrangement  from 
Hamilton.     On  page  810  I  find : 

Under  1.5  years Li  cases. 

1.5  to  30  years 32      " 

30  "  4.5     "     29      " 

4.5  "  60     "     7      " 

66  "  85     "     1      " 

The  above  is  his  analysis  of  84  cases. 

The  injury  is  more  common  in  males  than  in  females, 
Agnew  giving  78  out  of  89  cases,  and  Hamilton  104  out 
of  115.  Continued  fevers  possibly  predispose  to  disloca- 
tions of  the  hip.  especially  in  the  young.  Double  dis- 
locations have  been  reported  by  numerous  observers. 

In  dislocation  upon  the  dorsum  ilii,  the  limb  is  short- 
ened from  one  and  one-half  to  two  and  one-half  or  three 
inches,  rotated  inward,  adducted,  and  slightly  flexed 
upon  the  pelvis.     During  the  examination  the  patient 

should  stand 
erect,  and  should 
throw  the  weight 
of  his  body  upon 
the  sound  foot, 
the  knee  touching 
the  opposite  thigh 
above  or  near  the 
upper  martrin  of 
the  liatella."  the 
thigh  can  be  flex- 
ed, but  adihictiou 
is  difficult,  and  ab- 
duction is  impos- 
silile  except  to  a 
very  limited  ex- 
tent ;  the  body  is 
bent  slightly  for- 
ward: the  round- 
ness of  tlie  hip  is 
diminished  by  re- 
laxation of  the 
gluteal  muscles ; 
the  trochanter 
major  is  brought 
down  so  a^  to  ap- 
proach the  level 
of  the  anterior  su- 
perior spinous 
process:  and  the 
head  of  the  bone 
may  be  felt  on 
the  dorsum  ilii. 

In    differentiat- 
ing   this    disloca- 

FIG.  1633.-Dorsal  Dislocation  of  the  Hip.     11™/!-"!"  fracture 

ot  the  neck  of  the 
femur,  we  shall  find  absence  of  crepitus  (unless  frac- 
ture coexists),  immobility,  the  toes  turned  in,  a  greater 

•  Op.  cit.,  p.  808. 


degree  of  shortening,  and  inability  to  stand  upon  the 
liml).  In  fracture,  on  the  other  hand,  there  is  mobility 
— possibly  preternatural;  the  toes  are   generally  turned 


Fig.  1634.— Dislocation  on  Dorsum  Ilii  Bi'lmv  Teuilon  of  Obturator 
Internus.    (Bigelo\v.) 

out:  the  shortening  is  limited  if  at  all  apparent;  and  the 
patient  can  bear  some  weight  on  the  limb,  and  may  even 
be  able  to  walk  a  short  distance.  It  must  also  be  borne 
in  mind  that  a  fracture  is  more  liable  to  occur  in  advanced 
life;  indeed  it  is  quite  rare  in  early  life  or  prior  to  middle 
age.  Separation  of  the  epiphysis  must  be  looked  out 
for  in  early  life,  and  the  possibility  of  hip-joint  disease 
must  not  be  forgotten. 

If  the  outer  fibres  of  the  iliofemoral  ligament  are 
ruptured,  the  rare  form  of  everted  dorsal  dislocation  may 
occur,  in  which  we  have  the  principal  signs  of  a  dorsal 
dislocation  with  the  limb  everted;  the  limb  maybe  found 
inverted,  but  it  is  easily  everted;  and  the  foot  may  be 
slightly  everted,  lying  flat  upon  the  bed.  or  it  may  point 
backward.  By  flexion,  rotation  inward,  and  adduction 
this  dislocation  is  readily  converted  into  the  regular  form 
on  the  dorsum  ilii. 

In  this  dislocation,  as  with  the  others,  the  ligamentum 
teres  is  ruptured  or  torn  from  its  attachment:  the  cap- 
sular ligament  is  torn  at  its  lower  posterior  portion,  and 
generally  also  on  its  under  i>art ;  the  quadratus  femoris, 
the  gcmelli.  the  obturator  internus,  the  pyriformis  and 
obturator  externus  muscles,  all  or  at  least  some  of  them 
are  torn  or  partially  lacerated.  The  glutei,  on  the  other 
hand,  either  escape  altogether  or  are  only  slightly  injured. 

The  head  of  the  bone  may  lie  close  to  the  acetabulum, 
even  overlapjiing  its  cavity,  or  it  may  be  lodged  far 
backward,  or  backward  and  ujiward;  it  ma.y  be  so  low 
as  to  overlap  both  sciatic  notches,  its  centre  resting  on 
the  base  of  the  ischiatic  spine  or  opposite  the  apex  of  the 
great  sciatic  notch. 

When  the  head  of  the  bone  leaves  the  acetabulum  at 
its  lower  part  it  usually  passes  below  the  obturator 
internus  and  then  rises  behind  it,  this  muscle  being  inter- 
posed between  it  and  the  cavity ;  or  lodging  beneath  this 
muscle  it  may  press  it  forcibly  upward;  or  liually,  it 
may  slip  aliove  the  obturator  internus,  passing  between 
it  and  the  pyriformis,  in  which  case  it  will  be  covered 
onl_y  by  the  glutceus  maximus  and  the  integument.  In 
the  latter  event,  the  head  of  the  bone  can  be  felt  in  its 
new  position,  moving  with  the  movements  of  the  thigh; 
the  normal  outline  of  the  buttock,  which  becomes  broad- 
ened and  prominent,  is  lost,  and  the  great  trochanter  is 
approximated  to  the  anterior  superior  spine,  lying  above 
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a  line  drawn  from  that  point  to  the  tuber  ischii  (Nelaton's 
line).  If  tlic  head  of  the  bone  is  below  the  tendon  the 
symptoms  will  be  piiietically  the  sjjme,  yet  there  is  less 
shortening,  and  the  flexion,  adduction,  and  inversion  are 
more  marked. 

Kidueliiin  is  accomplished,  in  all  recent  cases,  by 
mani]iiilatic>n.  The  studies  of  Dr.  Uigelow  have  thrown 
great  lijrlit  upon  dislocations  at  the  liip.  and  lie  veiy  cor- 
rectly jrivcs  priority  of  invention  of  the  method  now  so 
conunouly  in  use  to  the  hite  Prof.  Nathan  Smith,  of  New 
Haven,  who  formulated  it  in  1831.  Despris.*  in  1S35, 
ind^-pendently  fornudalcd  tlie  method  of  tlexion  and  out- 
ward rotation,  and  l{('id.+  in  Is.Tl,  did  the  same.  In  his 
method,  however,  marked  adduction  preceded  tlie  fle.xion. 
and  the  obstacles enconnlcrcd  were  incorrectly  attributed 
by  him  to  the  resistance  of  the  muscles. 

In  reducini:  this  dislocation  by  the  clas.sical  metliod  of 
Professor  Smith,  the  patient  is  placed  on  a  lirm  mattress 
and  ansesthetized  (if  deemed  necessjtry);  the  surgeon 
grasps  the  ankle  of  the  injured  limb  with  one  hand  and 
the  knee  with  the  other;  the  leg  is  fle.xed  on  tlie  thigli 
and  tlie  tliigli  on  tlie  abdomen :  it  is  then  adducted  and 
carried  to  the  sound  side,  and  rotated  slightly  outward; 
and  finally,  by  circumducting  externally,  it  is  swept 
across  tlie  abdomen  and  brouglit  down  in  a  straight  posi- 
tion besitle  tlie  other  limb. 

Allis|  recommends  the  following  steps:  The  surgeon, 
kneeling  beside  the  recumbent  patient,  in  the  ca.se  of  the 
right  hip.  should  grasp  the  ankle  with  the  riglit  han<l 
and  place  the  bent  elbow  of  the  left  arm  in  tlie  popliteal 
space;  then  he  should  turn  the  leg  outward,  by  means  of 
the  ankle,  and  should  lift  it  upward  with  the  left  arm ; 
finally,  he  should  turn  the  leg  inward  and  should  bring 
the  femur  down  into  the  position  of  extension. 

Hamilton  S  gives  the  following:  "The  patient  being 
laid  upon  his  back  upon  a  mattress,  the  surgeon,  assum- 
ing that  it  is  a  dislocation  upon  the  dorsum  ilii.  should 
seize  the  foot  with  one  hand,  and  the  other-  he  should 
place  under  the  knee;  then  flexing  the  leg  upon  the 
thigh,  the  knee  is  to  be  lifted  carefully  toward  the  face 
of  the  patient  until  it  meets  with  some  resistance;  it 
must  then  be  moved  outward  and  slightly  rotated  in  the 
samedirection  until  resistance  again  is  encountered,  when 
it  must  be  gradually  brought  downward  again  to  the  bed. " 

I  also  quote  the  following  from  Stonhaml :  "In  all  forms 
of  dislocations  the  patient  is  most  conveniently  placed 

I 


^^ 


Fig.  1635.— Manipulation  Metliod  for  Reduction  of  Dislocation  of  the 
TbiRh,  First  Staee,  Showing  Flexion  of  Knee  and  Hip  to  a  Riglit 
Angle.    (Helferich.) 

upon  a  hard  mattress  on  the  floor,  the  surgeon  thus  hav- 
ing full  command  of  the  limb.  He  must  be  fully  anaes- 
thetized.    In  the  dorsal  dislocations  the  surgeon,  flexinff 


•Bull,  de  la  Soo.  Anatomique,  September.  1S3.5.  p.  4. 
+  Buffalo  Med.  Journal.  lS.il. 

t  Wharton  and  Curtis :  "  Practice  of  Surgery."  oj).  cit.,  p.  .58.5. 
8  Op.  fit.,  p.  S3."). 

I "  Manual  of  Surgery."  by  Charles  Stonham,  toI.  11.,  p.  195,  The 
Macmillan  Co.,  1900. 


the  knee  to  a  right  angle,  grasps  the  leg  above  the  ankle, 
and  jiist  below  the  knee.  The  thigh  is  now  Hexed  uiiou 
the  abilomeu  to  a  right  angle,  and  the  patient  is  slightly 
raised  from  the  mattress  so  that  his  body  becomes  a 
counter-extending  force;  if  this  be  insuflicient  liis  pelvis 
may  be  fixed  by  sin  assistant,  or  the  surgeon  may  exert 
pressure  on  the  anterior  sujierior  iliac  spine  with  his  iin- 


FiG.  IKiti.  -  E-xtensicn.    Sir  .Astley  Cooper's  Method. 

booted  foot.  The  femur  is  now  abducted  and  rotated  out, 
and  thus  the  head  is  brought  nearer  the  acetabulum; 
tinally  the  limb  is  extended  and  the  head  slii)s  into  the 
socket.  The  fonuula  for  reduction  is  '  lift  up,  bend  up, 
roll  out,  and  extend.'  If  any  ditliculty  is  experienced 
it  will  most  likely  be  due,  not  only  in  the  dorsiil,  liut  in 
all  regular  dislocations,  to  the  smallness  of  tlie  aperture 
in  the  capsule;  this  is  to  be  made  larger,  without  fear  of 
inflicting  much  additional  damage,  by  circumduction  in 
the  direction  opposite  to  that  which  the  head  of  the  bone 
must  subsequently  travel.  In  the  other  cases  adduction 
and  inversion  may  be  slightly  increased  in  order  to  dis- 
engage the  head  of  the  bone," 

"In  the  everted  dorsal  dislocation  it  may  be  converted 
into  the  ordinary  dorsal  by  flexion,  adduction,  and  in- 
ward rotation  of  the  limb,"  says  ilr.  Stonham;  and  ac- 
cording to  him  "Bigelow  recommends  that  the  head 
should  be  disengaged  by  circumduction  of  the  extended 
limb  inwaid.  coupled  with  eveision  to  free  it  from  the 
edge  of  the  pelvis  in  the  supraspinous  form."  "The 
anterior  oblirjue  may  be  converted  into  Ihe  ordinary 
dorsiil  form  by  inward  circumduction  and  internal  rota- 
tion." 

Charles  A.  Sturrock*  has  advised  the  following  method 
of  reducing  dislocations  of  the  hip;  "The  patient  is  laid 
upon  the  back  and  anaesthetized.  The  surgeon  kneels 
upon  the  left  knee  and  at  the  left  side  of  the  patient  in  a 
dislocation  of  the  left  hip.  Tlic  patient's  thigh  is  then 
carefully  flexed  to  a  right  angle,  and  while  this  is  being 
done  the  leg  is  also  flexed  to  a  right  angle  and  laid  with 
the  most  prominent  part  of  the  calf  on  the  right  knee  of 
the  surgeon.  The  ankle  is  then  firmly  gnisiied  with  the 
left  hand,  and  the  condyles  of  the  femur  with  the  right. 
The  thigh  is  abducted  for  thyroid  dislocations,  adducted 
for  dorsal  and  pubic,  and  rotated  inward  for  all.  by  draw- 
ing the  foot  away  from  the  middle  line  and  keeping  the 
knee  steady.  Traction  is  now  made  by  steadily  depress- 
ing the  ankle,  the  surgeon  using  his  knee  for  a  fulcrum; 
the  patient's  leg  makes  a  most  powerful  lever,  and  the 
pelvis  can  be  easily  raised  from  the  ground  if  neces.sjiry, 
the  body  acting  as  a  counteraction;  tinally  the  thigh  is 
rotated  out.  and  while  this  is  being  done  the  head  of  the 
femur  slips  into  jdace." 

These  methods  all  act  in  the  manner  suggested  by  Prof. 
Nathan  Smith,  and  the  points  brouglit  out  in  regard  to 
the  iliofemoral  or  "  Y  "  ligament,  so  philosophically  con- 
sidered bv  Dr.  Bigelow.  are  the  important  factors  in  the 
pathology  and  reduction  of  this  dislocation, — the  ~Y" 
ligamentlieing  a  reinforcement  of  the  capsular  ligament. 
The  method  of  Allis  and  that  of  Sturrock  give  the  sur- 
geon greater  power  in  making  extension  and  counter- 
extension  during  the  manipulation.  Sir  .\stley  Cooper's 
method  of  emi>loying  the  compound  pulleys,  and  other 
devices,  mechanical  in  their  character,  for  extension  and 

•  British  Medical  Journal,  April  8th,  1S99. 
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counter-extension,  are  now  abandoned  as  being  very  liable 
to  produce  injury  (tlirough  the  employment  of  excessive 
force)  in  all  recent  dislocations;  and,  with  the  means  sug- 
gested above,  they  are  needed  only  as  adjuvants  to  man- 
ipulation, if  at  all.  Manipulation  is  to  some  extent  im- 
peded by  mechanical  devices,  for  they  interfere  with  the 


Fir..  1637.  -Luxation  in  Ischiatic  Notch.     (From  a  Photograph.) 

freedom  of  movement ;  I  never  resort  to  them  unless  I 
am  absolutely  forced  to  do  so,  through  the  failure  of  other 
means,  and  then  I  rely  upon  them  only  as  aids  to  the 
proper  movements  of  the  limb.  I  am  convinced  that  I 
can  accomplish  more — while  at  the  same  time  incurring 
a  smaller  risk — by  a  careful  study  of  the  mechanism  of 
the  dislocation  and  by  employing  dexterity,  than  by  re- 
soi'ting  to  violent  force. 

"When  reduction  has  been  accomplished  the  limb  ma.v 
be  kept  in  position  by  sand  bags,  or  bj'  the  use  of  a  long 
fixed  splint,  the  patient  being  kept  in  bed  for  about  two 


Fig.  1638.— Drawn  from  a  Photograph.    The  same  case  as  that  shown 
in  Fig.  1637. 

weeks ;  at  the  end  of  which  time  passive  motion  may  be 
gradually  essayed,  and  the  patient  allowed  to  get  about 


on  crutches,  but  he  should  not  actually  use  the  limb  un- 
til after  the  expiration  of  a  month.  At  the  end  of  five 
or  six  weeks  all  support 
maj'  be  dispensed  with. 

As  before  stated,  in  con- 
nection with  other  disloca- 
tions, it  is  not  time  alone 
that  determines  when  a  dis- 
location at  the  hiji-joint  be- 
comes ancient.  However, 
if  two  months  have  elapsed, 
forcible  attempts  are  likely 
to  be  dangerous  and  failure 
to  effect  a  reduction  is  com 
mon,  the  danger  becoming 
greater  and  the  failui'e  more 
certain  with  the  advance 
of  time.  Nevertheless,  at- 
tempts are  justifiable  and 
may  prove  successful  and 
safe  in  one  individual  at 
the  end  of  a  certain  period, 
while  the  obverse  is  the  case 
in  another  individual,  after 
the  lapse  of  the  same  or 
even  a  shorter  period  of 
time. 

Dislocation  backward  info 
the  great  sciatic  notch  is 
usually  produced  by  a  force 
acting  on  the  knee,  foot,  or 
pelvis  when  the  thigh  is 
flexed  on  the  pelvis.  The 
limb  is  slightly  flexed,  in- 
verted and  adducted,  with 
the  knee  turned  toward  and 
touching  the  iiuier  margin 
of  the  Jiafella  of  the  otlier  fig.  1639. -Thyroid  Dislocations, 
leg.       The     shortening     is 

rarely  more  than  half  an  inch,  the  hip  is  less  prominent, 
the  trochanter  is  farther  from  the  anterior  superior  spi- 


FiG.   1640.— Reduction  of  Thyroid  Dislocation  by  Manipulation. 
(Bigelow.) 

nous  process  of  the  ilium,  and  the  head  of  the  femur  is 
lower  and  less  movable  than  when  it  rests  on  the  dorsum 
ilu. 

Flexing  the  thigh,  in  iliac  dislocations,  relaxes  the  "  Y  " 
ligament,  and  in  ischiatic  dislocations  it  releases  the  head 
of  the  femur  from  the  obturator  internus  muscle.     The 
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surgeon,  grasping  the  ankle  in  one  liaud  and  the  front  oi 
the  knee  in  tlie  other,  should  flex  the  Icsr  on  the  tlii;,'!), 
and  the  thigh  on  the  abdomen;  he  shmiid  then  uilduct 
the  limb  and  eariy  it  over  to  the  soimd  side,  rotating  it 
slightly  outward;  and  tinally,  by  a  sweep  of  extreme 
circumduction,  he  shoidd  carry  'it  across  the  abdomen 

and  bring  it 
down  parallel 
with  the  other 
limb.  Reduc- 
tion by  cxten- 
sionaiwieounter- 
extension  is  now 
rarely  resorted 
to,  and  only  in 
old  dislocations, 
and  as  an  adju- 
vant to  manipu- 
lation. 

A  force  acting 
upon  the  limb 
uliile  in  a  .state 
of  abduction  will 
throw  the  head 
of  the  bone 
d  o  w  n  \v  a  r  d, 
lodging  it  on  the 
thyroid  foramen 
and  tipou  the 
obturator  exter- 
n  u  s  ni  u  s  c  1  e. 
The  limb  will 
b  e  lengthened 
about  an  inch 
and  a  half,  the 
heel  raised,  the 
Fig.  1«M1.  —  Mertianlsm  of  Dtslocation  Into  hip  flattened,  the 
ThvToid  Fomnien,  ShoniiiR  the  Y-ligamt-nt  body  inclined 
Suspending  the  Trochanter.    (Bigelow.)  forward    on    the 

pelvis  and  tow- 
ard  the  injured    side,  and   the    foot    may  be    everted. 
The  head  of  the  bone  may  be  felt  below  the  horizontal 
ramus  of  the  pubis. 

With  the  leg  flexed  on  the 
thigh,  the  limb  is  to  be  car- 
ried up  to  a  right  angle  with 
the  pelvis;  then,  being  held 
as  before  directed,  it  is  first 
to  be  abducted  and  rotated 
inward,  next  carried  across 
the  abdomen  toward  the  op- 
posite side,  and  then  finally 
brought  down  into  a  position 
of  adduction,  alongside  the 
other  leg.  The  head  of  the 
bone,  during  these  manipu- 
lations, may  pass  below  the 
acetabulum  and  slip  by  it, 
thus  establishing  the  condi- 
tions of  an  ischiatic  or  iliac 
luxation.  This  may  be 
guarded  against  by  the  aid 
of  an  assistant,  who,  with  his 
fingers,  shall  press  the  head 
of  the  bone  upward  as  the 
limb  is  being  carried  across 
the  abdomen,  or  the  same  re- 
s.ult  maj-  be  accomplished  by 
placing  a  folded  towel  be- 
neath the  upjier  end  of  the 
femur  and  exerting  upward 
traction  upon  it  while  the 
manipulations  just  described 
are  in  progress.  If  the  ac- 
cident in  question  should  oc- 
cur, then  the  proper  proced- 
ure will  be  to  resort  to  the 
Fig.  1642.— Pubic  Dislocation,     manipulations  recommended 


Fk;.  1iU4. 


for  either  of  the  cases  previously 

descrilied. 

Falling  upon  the  foot  or  knee, 
when  the  thigh  is  drawn  back- 
ward from  a  perpendicular,  or 
violent  twists   of    the    limb,   may 

dislocate  the   head  of   the    femur 
forward  and  upward  on  the  pubes. 

causing   it  to  lodge  internally   to 

the  pubic  eminence.       The   limb 
will   be  shortened   and   abducted, 

the  thigh  tlixed, 

the  foot  everted. 

and    the   tro- 
chanter less 

luominent.    and 

tlie  head  of  the 

bone  will  1k'  ap- 
parent  in    front 

of     the     pubis. 

This  dislocation 

is    liable    to   be 

confounded  with 

fracture  of  the 
neck  of  the  fenuir.  In  pnliic  disloca- 
tion there  will  be  absence  of  crepitus, 
immobility,  alxluction  and  flexion  of 
the  thigh;  whereas  in  fiactur<'  there 
will  be  crepitus,  increased  mobility, 
and  the  thigh  neither  flexed  nor  ab- 
ducted. 

For  the  reduction  of  this  dislocation 
the  leg  must  be  flexed  upon  the  thigh,  and  the  thigh 
carried  forcibly  up  to  the  abdomen  until  it  rests  in  con- 
tact with  it,  thus  relaxing  the  "  Y  "  ligament  and  lifting 
the  head  of  the  bone  off  the  pubis.  As  the  next  step  the 
thigh  must  be  rotated  inwardly,  and  then,  during  adduc- 
tion, the  limb  must  be  brought  down  toward  and  par- 
allel with  its  fellow.  If  the  lnxati<iu  is  suprapubic,  in 
carrying  the  limb  from  its  abnormal  position  of  abduc- 
tion to  that  of  adduction  it  is  not 
necesssary  to  carry  it  so  far  across 
the  bodj'  as  in  thyroid  dislocation. 

The  suggestions  as  to  after-treat- 
ment and  in  regard  to  ancient  luxa- 
tions, which  were  made  in  connec- 
tion   with    the    subject    of    dorsal 

dislocations, 

are     equally 

appropriate 

for     this     as 

well    as    the 

other     forms 

of  dislocation 

of  the  thigh. 
Dislooilioiix 

of  the  Pali'lla 

are    some- 
what rare, 

and  are  due 

to   sudden 

m  u  s  c  u  1  a  r 

Cfmtraetion, 

to    forcible 

torsion  of  the 

joint,    or    to 

the  action  of 

a  force  ojjer- 

atiug  against 

one  or  the 
other  side,  the  dislocations  then  be 
ing  lateral.  Separation  of  the  tu- 
bercle of  the  tiliia,  fir  of  the  apex 
of  the  patella,  may  permit  the  bone 
to  be  (iisplaced  upward — a  variety 
of  displacement  which  partakes 
more  of  the  nature  of  a  fracture 
and  requires  the  same  treatment.  fig.  I6«. 
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Fig.  1647.  — Forward 
Dislocation  of  the  Leg. 
(Helferich.) 


In  outward  dislocation  of  the  bone,  wliich  is  the  more 
frequent  form,  the  brcadtli  of  the  Icnee  is  increased,  the 
internal  eoudj-le  is  prominent,  the 
limb  a  little  flexed,  the  joint  fixed, 
and  the  borders  of  the  bone  may  be 
felt  as  it  lies  in  an  antero-posterior 
directinu  toward  the  outer  side  of 
the  joint.  Reduction  is  usualh' 
easy,  the  bone  sometimes  slipping 
back  unaided.  If  interference  is 
needed,  it  will  be  found  sufficient 
to  flex  the  thigh  to  a  right  angle — 
the  patient  lying  on  the  back,  with 
the  leg  extended  to  relax  the  quad- 
riceiis  tendon — and  then  to  exert 
lateial  pressure  upon  the  joint. 

In  some  cases  the  dislocation  may 
consist  in  a  partial  or  even  com- 
plete rotation  of  the  bone  on  its 
perpendicular  axis.  Under  these 
ciix-umstances  the  limb  will  be 
found  in  a  position  of  complete  ex- 
tension, ami  there  will  be  no  diffi- 
culty in  making  out  the  position  of 
the  bone  on  account  of  its  nearness 
to  the  surface  of  the  skin.  It  may  lie  to  cither  side 
or  in  frimt  of  its  proper  site.  Rotary  dislocations,  as 
the)'  are  termed,  require  tiirced  flexion  of  the  thigh 
upon  the  abdomen,  the  leg  being  in  an  extended  po- 
sition; and  if  manijiulatiou,  on  the  part  of  the  surgeon 
alone,  fails  to  restore  the  patella  to  its  natural  posi- 
tion, the  addition  of  alternate  flexion  and  extension, 
to  be  carried  out  by  an  assistant,  will  aid  the  surgeon  in 
his  elTorls  to  manipulate  the  bone  back  into  its  place 
with  his  fingers.  After  the  patella  has  been  reduced,  the 
limb  should  be  placed  on  a  double-inclined  plane  for  a 
week  or  ten  days,  or  the  knee  should  be  fixed  by  means 
of  a  posterior  splint  or  by  a  plaster-of-Paris  dressing. 
For  a  week  or  ten  days  after  the  occurrence  of  the  dis- 
location cold  applications,  in  the  form  of  an  ice-bag,  C(dd 
cloths,  etc.,  should  be  made  to  the  knee,  or  lead  and 
laudanum  should  be  applied,  and  then,  after  the  tempo- 
rary dressings  are  removeii,  a  stout  knee-cap  should  be 
worn  for  some  time,  the  patient  being  cautioned  as  to  the 
liability  of  a  recurrence  of  the  dislocation. 

The  Knee  may  be  dislocated  forward,  backward,  or 
laterally  to  either  side.  Forward  dislocation  may  be 
complete  or  incomplete,  and  is  the  result  of  over-exten- 
sion of  the  knee.  In  complete  dislocation  the  leg  will  be 
shortened  to  an  extent  of  from  one 
to  three  inches,  and  may  be  ex- 
tended or  slightly  flexed.  The 
head  of  the  tibia  will  be  found  to 
project  in  front,  with  the  patella 
resting  on  it  or  in  the  depression 
above  it,  while  the  lower  end  of 
the  femur  will  project  backward. 
For  the  reduction  of  this  disloca- 
tion ana-sthesia  may  be  required. 
Extension  having  been  applied  to 
the  leg  and  counter-extension  to 
the  thigh,  the  patient  lying  on  the 
back,  the  surgeon  gradually  flexes 
the  leg  over  his  arm  and  at  the 
same  time  makes  pressure  forward 
in  the  pojiliteal  space.  For  a 
period  of  a  week  or  ten  days,  after 
the  dislocation  has  been  reduced, 
the  limb  should  be  placed  on  a 
well-padded  posterior  splint,  and 
local  applications  of  cold  or  of 
anodynes  should  be  resorted  to  for 

the  purpose  of  subduing  inflammation.  Then,  for  about 
three  weeks,  a  ]ilaster-of-Paris  dressing  should  be  em- 
ployed ;  after  which  the  patient  should  be  allowed  to 
use  the  limb  cautiously,  the  joint  being  guarded  or 
protected  by  some  form  of  splint  or  brace. 
In  backward  dislocation,  which  may  be  complete  or 


FIG.  16«.  — Barkwaril 
Dislocation  of  the  Leg. 
(Helferich.) 


incomplete,  and  is  due  to  force  applied  to  the  front  of 
the  leg  or  to  the  back  of  the  thigh,  the  patella  is  gener- 
ally displaced  in  an  outward  direction,  and  the  leg  is  in  a 
condition  of  extreme  extension,  shortened,  and  it  may  be 
bent  forward.  The  femur  will  be  felt  anteriorly,  and"  the 
head  of  the  tibia  ijosteriorly.  Extension  and  counter- 
extension  with  manipulation,  at  the  hands  of  the  surgeon, 
should  suffice  for  reduction;  the  after-treatment  being 
the  same  as  in  the  former  variety. 

Lateral  dislocations  are  generally  incomplete,  and  if 
complete  they  are  very  apt  to  be  compound.  The  patella 
is  displaced  and  there  is  a  lac- 
eration of  the  lateral  as  well  as 
the  crucial  ligaments.  There 
is  no  shortening  of  the  limb, 
which  is  generally  extended. 
Reduction  is  usually  accom- 
plished without  difficulty  by 
extension  and  counter-exten- 
sion, combined  with  manipu- 
lation of  the  bone  in  the  proper 
direction.  The  after-treatment 
is  the  same  as  in  tlie  other 
forms  of  dislocation  of  the 
knee. 

In  order  to  overcome  the 
contraction  of  the  powerful 
muscles  of  the  limb,  anicsthesia 
may  be  required  in  all  dislo- 
cations of  the  knee.  Exten- 
sion and  counter-extension  by 
means  of  mechanical  devices, 
as  well  as  forced  flexion  and 
slight  rotary  movements  of  the 
tibia,  may  also  be  needed;  j'et 
we  must  bear  well  in  mind  at 
all  times,  in  carrying  out  these 
procedures,  the  jiossible  danger 
of  seriously  injuring  the  popli- 
teal vessels.  As  a  matter  of 
fact  this  very  injury  may  have 
already  occurred  at  the  time  of 
the  accident. 

In  rare  instances  the  head  of 
the  tibia  may  be  twisted  out- 
ward or  inward,  and  w  hen  the 
attempt  is  made  to  reduce  the 
dislocation  it  will  be  found 
necessary  to  rotate  in  the  op- 
posite direction  while  exten- 
sion and  counter-extension  are 
made. 

Compound  dislocations  of 
the  knee  require  the  most  thor- 
ough attention  to  aseptic  details  and  jjossibly  also  to 
drainage.  After  reduction  has  been  effected  it  will  be 
necessary  to  apply  an  immovable  straight  dressing.  In 
some  cases  it  may  even  be  necessary  to  resort  to  partial 
or  complete  excision  of  the  joint.  If  ankylosis  develo])s, 
the  limb  may  be  permitted  to  assume  a  position  of  slight 
flexion. 

As  a  result  of  a  sudden  twisting  of  the  leg,  when  semi- 
flexed, the  semilunar  cartilages  may  be  forced  from  their 
natural  position.  Twisting  the  leg  outward  will  displace 
the  internal  cartilage,  while  torsion  inward  disjilaces  the 
external.  The  first  indicationof  the  fact  that  this  has  oc- 
ctirred  will  be  a  sharp,  sickening  pain  in  the  knee,  imme- 
diately following,  in  some  cases,  a  perceptible  snap.  The 
knee  remains  fixed  in  its  semi-flexed  condition,  and  the 
cartilage  may  present  an  elevation  on  the  outer  or  inner 
aspect  of  the  knee — except  in  those  cases  in  which  the  an- 
terior edge  is  torn  away  and  undergoes  disjilacement  in- 
wardly toward  the  middle  line,  when  there  will  be  a  slight 
depression  opposite  it.  Recurrence  is  common.  Reduc- 
tion is  effected  by  increasing  the  flexion  and  rotating  the 
leg  to  the  side  of  the  displaced  cartilage.  If  this  does  not 
succeed,  flexion  may  alternate  with  slight  extension  and 
rotation.     Synovitis,  mild  or  severe,  will  follow,  and  rest 


Fig.  Ifi49.  —  Incomplete    Out- 
ward Dislocation  of  Tibia. 


528 


REFERENCE  HANDBOOK   OF  THE  SIEDICAL  SCIENCES. 


DiMlocalloiiK. 
DlHlut'aliouD, 


Fic  IIkW.— Forward  Dislocation  of  the  Tarsus. 


of  the  joint,  witli  local  measures  to  combat  iuflammation. 
must  be  resorted  to.  If  a  wellnmilc  kneecap  fails  to 
secure  the  retention  of  the  cartilage  in  its  iiroper  place, 
anil  if  in  consequence  mucli  in- 
convenience results,  it  must  In- 
reinoviil  under  strict  asepsis.  At- 
Iem]its  :it  tixini:  it  by  other  opera- 
tive ])iiicedui'es  will  prove  only 
annoyini;  and  futile. 

The  iipjM'r  I  iitl  of  thf  fhiihi  maybe 
displaced  forward  or  backward,  the 
.Ulterior  and  posterior  tihiotibular 
ligaments  licinsr  torn.  This  dis- 
piacenient  is  indicated  by  mobility 
of  the  head  of  the  hone,  and  by  the 
cted  limb  is  iin- 
le  wciirht  of  the 
body.  By  flex- 
ing the  leg  upon 
the  thigh  and 
thus  iela.\ing 
the  biceps,  the 
head  of  the  l)one 
may  be  pushed 
into  ])lace.  A 
moulded  leath- 
er, gutta  -  per- 
cha,  or  binder's-board  splint  with  a  compress  placed 
over  the  head  of  the  bone,  or  a  plaster-of-Paris  dress- 
ing. sh(«dd  be  applied ;  and  in  some  cases  it  will  be 
ft)und  necessarj-  for  the  patient  to  wear  such  a  dressing 
ix'rmanently. 

Tlie  loirer  end  of  the  fihnln  may  be  torn  from  its  attach- 
ments and  the  foot  displaced  backward.  By  extension 
of  the  foot  and  manipulation  the  bone  may  be  replaced, 
and  maintained  in  its  proper  place  by  a  fi.xed  dressing  of 
jilastcr  of  Paris  or  other  material. 

Dixhii-iilioii  <f  till  Aii/,h\  unaccompanied  by  fracture, 
is  extieniely  rare,  and  is  caused  by  a  violent  movement 
of  the  limb  when  the  foot  is  tixed.  It  may  occur  iu  a 
direction  forward,  backward,  or  laterally.— In  forward 
dislocation  the  foot  will  be  lengthened  and  the  heel  short- 
ened, while  the  tendo  Achillis,  resting  against  the  tibia, 
will  have  lost  its  prominence.  (Figs.  165'3^and  16.53.)  For 
the  reduction  of  this  dislocation  the  leg  should  be  flexed 
upon  the  thigh,  in  order  to  relax  the  soleusand  the  gastro- 
cnemius; then  extensicm  should  be  applied  to  the  foot  and 
counter-extension  to  the  knee.  In  some  casesau  anaesthetic 
may  be  needed,  and  pos.sibly  also  subcutaneous  section  of 
the  tendo  Achillis.  The  foot  should  be  kept  at  rest,  with 
temporary  splints,  until  the  swelling  has  subsided;  after 
which  a  ]ilaster-i)f  Paris  dressing  may  be  applied. — In 
backward  dislocation  the  foot,  while  in  an  extended  posi- 
tion, may,  through  the  action 
of  some  violent  force,  be  drawn 
backward,  until  the  tibia  rests 
upon  the  neck  or  head  of  the  as- 
tragalus, or  upon  the  scaphoid 
or  even  as  far  forward  as  the 
cuneiform  bones.  (Figs.  1C54 
and  16.5.5.)  The  foot  w'ill  then 
appear  shortened  from  the  ankle 
forward,  ami  the  heel  will  be 
extended  and  elevated.  At 
the  same  time  the  tendo  Achil- 
lis will  be  unusually  promi- 
nent and  the  toes  will  point 
downward.  For  the  reduction 
of  this  dislocation  counter-ex- 
tension must  be  made  from 
above  the  knee  by  an  assistant, 
while  the  surgeon  makes  trac- 
tion upon  the  foot  and  ex- 
tends it  with  one  hand,  and 
with  the  other  pushes  the 
lower  end  of  the  tibia  back. 
FIG.  16.il. -Backward  Dislo-  The  after-treatment  is  the  same 
cation  of  Tarsus.  as    that    advised    for  forward 
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displacements.  Section  of  the  tendo  Achillis  facilitates 
the  reduction  and  lessens  the  tendency  to  subsequent  dis- 
placement. 

In  outward  dislocation  at  the  ankle  we  have  mark<d 
eversion  of  the  foot  and  prominence  of  the  internal  ma(- 
leolus.  the  foot  resting  on  its  outer  border.  The  deform- 
ity is  the  same  as  that  of  Potts  fracture,  with  which  it  is 
usually  associated. 

In  inward  dislocation,  which  occurs  more  rarely,  the 
foot  is  inverted  and  theexternal  malleolus  is  more  promi- 
nent. In  i-ediicing  it  the  surgeon  must  make  extension 
from  the  foot  and  couuter-e.xteusiou  from    the  leg.  in 


FIG.  law. 


KlG.  1K>3. 


Figs.  1iw3  and  16.>i.— Forward  Dislocation  of  the  Foot,  ihe  Fmnt 
I'art  Apii^arinff  to  be  Leneihened  Whilst  the  Heel  Does  Xot  Pro]e(,-t 
to  the  Normal  Extent. 

combination  with  such  manipulations  as  may  be  found 
necessary. 

If  fracture  accompanies  the  dislocation,  which  is  the 
rule,  we  shall  have  crepitus,  immediate  recurrence  after 
reduction,  and  the  other  signs  of  fracture  accom]ianyiiig 
the  deformity  of  the  peculiar  dislocation.  The  after- 
treatment  iu  all  cases  is  similar  to  that  needed  for  fracture. 
Temporary  dressings  are  to  be  applied  until  all  swelling 
and  inflammation  have  subsided,  and  then  the  plaster-of- 
Paris  or  other  dressing  of  a  permanent  character  may  be 
used. 

In  compound  dislocations  the  following  measures  are 
of  importance;  thorough  asepsis,  free  drainage,  and  ex- 


FlG.  Itiot. 


Fig.  liiTu. 


Figs.  KVH  Axn  lai-i.— Backward  Displacement  of  the  Foot,  the  Per- 
oneal Tendons  Beine  Placed  Between  the  Astr^unlus  and  the  Mal- 
le<ilus,  ami  the  Foot  Apparently  Shortened  Whilst  the  Heel  Pn> 
jei'Is  .\bnomially. 

cision.  partial  or  complete;  and  if  there  is  much  suppura- 
tion, which  must  be  carefully  watched  for,  irrigation 
will  be  required. 

T/ie  Antragaliis  maj-  be  dislocated  forward,  backward, 
or  laterally,  or  it  may  be  rotated  on  its  axis.  In  forward 
dislocation,  which  ma}'  be  complete  or  incomplete,  the 
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foot  is  gcncrall}'  inverted  witli  the  external  malleolus 
promiDent,  ami  witli  an  irregularly  shaped  proniiuence 
in  front  of  the  ankle.  By  lle.xing  the  leg  upon  the  thigh 
and  then  resorting  to  extension  and  counter-extension 
from  the  foot  and  leg.  the  surgeon  may  be  able  to  push 
the  bone  back  into  place.  In  some  cases  it  may  be  neces- 
sary to  divide  the  tendo  Achillis  or  to  resect  the  bone. 

In  posterior  displacement  the  foot  is  shortened,  the 
lieel  is  prominent,  and  the  tendo  Achillis  is  stretched  over 
the  projecting  end  of  the  bone.  Reduction  may  be  ac 
complished  by  extension  and  counter-extension  from  the 
foot  and  leg.  The  lattei',  however,  must  lirst  be  flexed 
on  the  tliigli,  and  in  his  mauipidations  the  surgeon  must 
push  the  bones  of  the  leg  backward  and  pull  the  foot 
forward.  Anaesthesia  may  be  required,  and  even  with 
this  assistance  all  efforts  may  jirove  ineffectual.  In  some 
of  these  cases,  however,  the  foot  may  prove  to  be  com- 
paratively usefid  despite  the  deformit_v ;  in  others  it  will 
be  found  necessary  to  resort  to  excision. 

Lateral  dislocations  are,  as  a  rule,  associated  with  frac- 
ture of  one  or  the  other  malleolus,  and  efforts  at  reduc- 
tion, similar  to  those  already  cited,  may  be  tried. 

Dislocation  by  rotation  is  extremely  rare.  The 
astragalus,  which  occupies  a  position  between  the  mal- 
leoli, may  be  turned  vertically  or  transversely.  There 
will  be  fixation  of  the  ankle  with  change  in  its  shape. 
Extension  and  counter-extension,  with  manipulation  and 
even  section  of  the  tendo  Achillis,  may  fail  to  restore  the 
bone  to  its  place,  and  excision  may  then  be  required. 

The  after-treatment,  in  these  luxations,  should  be  the 
same  as  that  advised  in  the  paragraph  relating  to  the 
after-treatment  of  com|iouud  dislocations. 

In  subastragaloid  dislocations  we  liave  the  astragalus 
separated  from  its  articulations  with  the  scaphoid  and  os 
caleis,  while  yet  retaining  its  connections  with  the  bones 
of  the  leg.  These  dislocations  result  from  the  same  causes 
as  those  whicli  produce  true  dislocations  of  the  astragalus; 
they  may  also  occur  in  the  same  directions  as  the  latter. 
As  regards  the  diagnosis  and  treatment  nothingadditional 
needs  to  be  said.  If  the  injury  is  compound,  amputation 
may  be  essential,  either  bj'  Syme's  or  by  the  subastraga- 
loid plan. 

The  Os  C'alcis  becomes  separated  from  the  astragalus 
above  and  the  cuboid  in  front  only  in  rare  cases.  Tlie 
licel  will  be  distorted,  and  there  will  be  inability  to  ab- 
duct or  adduct  the  foot.  This  dislocation,  which  is  easilj' 
recognized,  will  require  ana'Sthesia  and  manipulation 
and  jiressure  for  its  replacement. 

Dishiciiiifiii  (if  the  Seiiphuirl  is  also  a  rare  accident  and 
will  be  recognized  by  its  jirojection  on  the  anterior  sur- 
face of  the  foot.  By  making  traction  on  the  metatarstis 
the  bone  may  be  pressed  liaek  inlo  place. 

The  Cuboid  may  be  dislocated  in  connection  with  the 
other  tarsal  bones,  but  an  independent  luxation  of  this 
bone  has  not  been  reported. 

The  Ctineifonii  Boiiex  may  lie  dislocated  separately  or  as 
a  whole.  Bj'  exerting  force  upon  the  metatarsal  bones  in 
an  outward  direction,  they  may  be  pushed  into  ]ilace. 
All  these  injuries  require  a  temiiorary  fixed  dressing  un- 
til swelling  subsides,  and  then  the  foot  may  be  put  up  in 
a  permanent  fixed  dressing,  which  should  be  worn  for 
fom'  or  five  weeks. 

Dislocation  of  the  Metiitarsiilsniid  Phuhinyes  of  the  Font 
occurs  much  more  rarely  than  it  does  in  the  case  of  the 
cori'esponding  bones  of  the  hand.  The  diagnosis  is  easy, 
and  reduction  is  to  be  accomplished  by  the  ordinary 
measures  of  manipulation  and  extension,  though  the  task 
is  more  difficult  in  the  case  of  the  foot  than  in  that  of  the 
hand.  After  the  dislocation  has  lieen  reduced  a  fixed 
dressing  of  plaster-of-Parisora  moulded  splint  of  leather, 
gutta  percha,  or  binder's  board,  shoidd  be  worn  for  sev- 
eral weeks,  to  secure  apposition  and  rest. 

Duncan  Ere. 

DISSECTION    AND    OPERATION    WOUNDS— The 

class  of  wounds  to  be  considered  under  the  title  are  those 
wounds  received  in  the  course  of  surgical  operations,  or 
of  post-mortem  or  other  anatomical  dissections,  which 


induce  in  the  woimded  subject  a  more  or  less  grave  con- 
dition of  local  or  general  sepsis.  Such  wounds  are  gen- 
eralh'  reeei\ed  upon  the  hands  or  forearms,  but,  except 
in  unimportant  particulars,  the  seat  of  the  original  infec- 
tion has  no  sjiecial  bearing  upon  the  course  or  the  char- 
acter of  the  ensuing  disease,  which,  when  it  passes  be- 
yond the  status  of  a  local  inflammation,  is  essentially  a 
pytemia,  a  septico-pya-mia,  or  a  septicemia,  differing  in 
no  essential  respect  from  these  diseases  occurring  as  the 
result  of  infection  received  in  divers  parts  of  the  body, 
and  in  the  pursuit  of  the  most  varied  occupations. 

A.  Etiology. — In  investigating  the  etiology  of  dis.sec- 
tion  and  operation  wounds,  a  microbial  origin  will  be 
taken  for  granted  without  further  discussion,  and  we 
shall  proceed  to  consider,  first,  the  nature  of  the  infecting 
microbe;  secondly,  the  effect  upon  its  virulence  of  the 
source  from  whence  it  comes;  and  thirdly,  the  dilTereut 
types  of  disease  the  various  infecting  germs  are  prone  to 
engender. 

(ii)  Tlie  ^ntuveof  the  Infecting  Micfobe. — That  the  fon;- 
most  place  as  an  infecting  agent  is  to  be  assigned  to  the 
Streptococcus  pyogenes,  is  to  be  inferred  from  oiu'  knowl- 
edge of  septicamiic  and  pyremic  processes  in  general,  in- 
duced through  other  means  than  by  the  jierforming  of 
stu'gical  operations  and  anatomical  dissections,  rather 
than  to  be  gathered  directly  from  the  somewhat  sparse 
records  in  medical  literatui-e  of  cases  in  which  a  liacterio- 
logical  examination  "en  regie"  has  been  rejiorted.  One 
decisive  case  of  streptococcus  infection  is  recorded  by 
Harrington.'  and  is  reported  below. 

The  Staphylococcus  pyogenes  aureus  is,  iirobably,  the 
next  tnost  frequent  organism  which  can  give  rise  to  the 
septic  jiroeesses  we  are  considering.  Though  sometimes 
found  in  jiure  culture,  it  is  perhaps  still  more  frequently 
found  in  as,sociatiou  with  the  preceding. 

It  is  hardly  to  be  doubted  that  any  and  all  of  the  well- 
recognized  "pyogenic  "  gern)s  may,  under  favorable  cir- 
eiunstances,  give  rise  to  a  more  or  less  virulent  septic 
process,  if  inoculated  on  the  hands  of  the  surgeon  or  the 
pathologist,  but  the  literary  sources  are  not  at  hand  to 
enable  me  to  verify  tliis  at  the  present  writing.  Further- 
more, the  minor  pyogenic  germs.  Staphylococcus  albus, 
citreus,  ccreus  fiavus.  epidermidis  allius,  etc..  do  not 
ordinarily  manifest  a  sufficient  degree  of  virulence  to  oc- 
casion severe  dissection  or  operation  woimds,  even  tliough 
they  may  sometimes  cause  some  local  inflammation. 

Outside  of  the  germs  more  frequently  included  under 
the  head  of  "pyogenic,"  the  anthrax  bacillus  may  be 
mentioned  as  one  apt  to  occasion  a  condition  which  would 
properly  come  tunler  our  title.  I  have  no  record  of  a 
case  iu  which  anthrax  infection  has  occurred  either  dur- 
ing a  surgical  operation  or  during  a  post-mortem  exami- 
nation, yet  Gaston  alludes,  rather  indefinitely,  to  a  case  in 
which  inoculation  with  anthrax  occurred  as  the  result  of 
the  breaking  of  a  culture  tube  containing  the  bacilli.- 

The  bacillus  of  malignant  (edema,  which  in  many  re- 
spects closely  resembles  that  of  anthrax,  would  likewise 
seem  peculiarly  apt  to  cause  infection  of  operation 
wounds;  yet  wo  have  the  authoritative  statement  of 
Welch  (l.S'J.5)  that  "no  instance  is  recorded  of  infection  of 
a  previously  healthy  person  with  this  bacillus. "  ■'•  One 
of  the  French  names  for  thedisea.se  it  induces,  "gangrene 
foudroyante,"  describes  a  condition  occasionally  char- 
acterizing dissection  and  operation  woiuids. 

The  Bacillus  tuberculosis  is  notoriously  the  occasion 
of  infection  in  the  so-called  "anatomical  tubercle,"  or 
■'necrogcnic  wart."  which  is  prone  to  appear  on  the  hands 
of  those  frequently  employed  in  the  dissecting-room. 
The  occurrence  of  a  local  or  general  tulierculous  process 
as  the  result  of  an  infection  during  a  surgical  operation 
I  have  not  been  able  to  find  recorded,  but  both  local  and 
general  tuberculosis,  arising  from  accidents  to  the  fingers 
and  hands  in  the  bacteriological  laboratory,  are  believed 
to  be  not  uncommon. 

The  Bacillus  coli,  the  Diplococcus  pneumonias,  the 
gonococcus,  the  bacillus  of  Eberth,  have  been  known  to 
cause  pvivmic  abscesses  and  have  been  found  iu  the  blood 
in  some  forms  of  septicamia;  that  they  should,  however, 
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gain  access  to  till' tissues  during  operations  or  iKistmnrtom 
exiiiiiiniitions.  mid  lie  ulile  to  multiply  llicre  in  such  a 
way  as  to  occasion  sepsis,  seenis.  on  the  whole,  unlikely. 

The  Klebs-Lijttler  bacillus,  oi-  Bacillus  diplitlieiia",  has 
frei|Uently  been  the  occasion  of  more  or  less  severe  diph- 
theritic iiroces-ses  following  inoculations  acciuired  during 
]irofessional  attendance  upon  diphlherilic  patients.  In 
one  instance  under  the  writer's  oliservalion.  a  sluggish 
and  painful  ulcerof  the  eyelid,  which  yielded  a  i)iire  cul- 
ture of  this  organism,  followed  an  exaniination  of  a 
child's  fauces,  in  which  tlie  patient  had  coughed  in  the 
face  of  the  pli3'sician  at  the  moment  of  the  examination. 

The  vims  of  .syphilis  has  repeal<'dly  evoked  a  inimary 
chancre  on  the  hands  and  lingers  of  surgeons. 

In  many  cases,  as  notably  in  that  of  Professor  Park, 
detailed  below,  it  has  not  lieen  iiossible  to  identify  the 
infeciing  agent,  and  in  many  cases  also  a  nii.\ed  infection 
has  been  pas.sed  on  from  the  patient  to  his  physician,  or 
has  been  aci|uire(l  during  the  iierformance  of  autopsies, 

(4)  T/ie  Effect  iijmn  the  Virulence  of  the  liifcrtiiif/  (t'cnn 
^f  the  Sntnrefrom  ^y hence  it  ix  Derired. — Accurate  statis- 
tical infonnation  on  this  particular  branch  of  our  investi- 
gations I  have  not  had  the  opportunity  to  collect;  in- 
deed, the  sparee  records  of  <lissection  and  operation 
wounds  to  be  found  in  medical  literature,  of  sulticiently 
recent  date  to  throw  any  valuable  light  on  this  (lucstioii, 
are  remarkably  deticieni  in  their  reports  as  to  this  phase 
of  the  prolilem.  In  considering  the  enormously  enhanced 
virulenceof  the  pathogenic  organisms  which  we  occasion- 
ally encounter  in  dissection  and  operation  wounds,  we 
arc  again  driven  to  inferences  deiived  from  observations 
of  the  broad  and  complicated  subject  of  the  virulence  of 
pathogenic  bacteria  in  general,  and  I  must  content  luy- 
self  with  some  suggest  ions  as  to  possible  condilions  which 
may  enhance  the  virulenceof  the  germs  in  question,  rather 
than  proceed  to  report  a  categorical  list  of  n-eorded  cases. 

I  would  call  attention,  in  the  first  jilace,  to  the  means 
commonly  made  use  fif  in  the  Ijacteriological  lalioratory 
to  o.xalt  at  will  the  virulence  of  any  given  form  of  patho- 
genic germ,  namely,  the  expedient  of  passing  the  organ- 
ism through  the  body  of  a  susceptible  host.  Particularly 
are  the  streptococci  thus  susceptible  of  maniiuilations 
calculat<'d  to  enhance  their  virulence.  To  cite  Init  a 
single  instance  of  a  well-known  ijiocedurc,  Deiiys  and 
Marchand,  in  studying  the  Streptococcus  pyogenes, ■*  pro- 
cured samples  of  these  germs  from  four  different  sources, 
all  four  of  very  slight  virulence,  and  for  the  ]iiirpose  of 
comparing  the  effects  of  the  inoculation  of  mild  cultures 
with  those  of  virulent  cultures,  luultiplied  the  virulence 
of  tile  original  cultures  by  Ibis  means,  tiiitil  the  increase 
in  virulence,  as  measured  by  the  size  of  the  miiiinuim 
fatal  dose,  was  expressed  by  a  factor  not  less  than  lll.ttOO. 
Nothing,  however,  is  ordinarily  more  difficult  than  to 
maintain  this  condition  of  exalted  virulence  in  cultures 
grown  in  artiticial  luedia;  each  successive  generation 
grown  "in  vitro"  showing  a  great  and  juogressive 
diminution  in  virulence. 

Now  it  is  this  well  known  attiibute  of  the  pyogenic 
bacteria  which  affords  us  a  key  to  the  enoriuously  exag- 
.gerated  virulence  sometimes  evident  in  the  infecting 
agents  of  dissection  and  operation  wounds. 

We  are  daily  made  familiar  with  the  occurrence  of 
sepsis,  more  or  less  profound,  occasioned  by  the  infection 
of  slight  al>rasions  and  minute  wounds  of  the  lingers  and 
hands  with  pyogcniccocci  inoculated  uiiontliese  wounds 
from  contact  with  inanimate  fibjects;  this  "tilth  infec- 
tion ■'  may  be  very  severe,  and  is  oi-casionally  fatal. 

Let  us  once  consider  a  case  in  which  |\vogenic  bac- 
teria, streptococci,  if  you  choose,  growing  upon  a  splinter 
of  wood,  constitute  a  source  of  infection  which  we 
will  call  A;  let  us  suppose  that  a  mechanic  infects  his 
hand  from  this  splinter  of  wood,  and  becomes  himself, 
through  the  means  of  a  "cellulitis"  induced  by  these 
streiitocoeci,  a  second  source  of  infection,  B.  Let  us 
further  suppose  that  a  culture  is  made  from  the  mechanic's 
wound:  after  this  culture  has  grown  a  certain  length  of 
time  in  a  test  tube,  this  becomes  a  third  source  of  infec- 
tioQ,  C. 


Now  let  us  examine  the  comparative  virulence  of  the 
threi^  sources  of  infection:  A,  ihe  "  tilih-iiifeelion  " :  B, 
the  "(lireet  infection  ":  and  C,  the  "test  tube  infection," 
The  virulence  of  A  we  know,  for  we  have  just  supposed 
it  to  have  luoduced  a  more  or  less  severe  cellulitis  on  the 
hand  of  the  mechanic.  Let  us  suppose  now,  fiirllier, 
that  the  surgeon  who  dresses  the  nieclmnie's  liand  him- 
.self  receives  a  ininule  scratch  in  the  operation,  and  that 
this  .scratch  is  directly  iiifecled  from  the  source  B;  the 
presumption  is  thai  a  severe,  possibly  a  fatal,  septic  jiroc- 
e«s  would  develop  in  the  person  of  "the  .siugeon.  .\gain, 
let  us  suiipose  that  the  bacteriologist  (lie,'  the  surgeon', 
and  the  mechanic  being  eciually  robust  meu,  with  normal 
powers  of  resisting  infection)  breaks  his  test  tube  and 
cuts  himself  with  the  gla.ss,  infeciing  himself  with  the 
same  germs,  bul  from  source  C;  the  ])icsuniption,  in  this 
case,  is  that  he  would  suffer  from  a  septic  process  ap))rox- 
imately  ecpial  in  severity  to  Ihe  cellulitis  on  Ihe  hand  of 
the  mechanic:  i.e..  in  undergoing  culture  on  an  arlilicial 
medium,  the  septic  germs  would  be  liable  to  lose  again 
the  increment  of  virulence  which  lliey  may  be  supposed 
to  have  acquired  in  passing  through  the  human  body; 
but,  as  we  have  seen  in  the  case  of  the  surgeon,  direct 
inoculation  from  the  septic  focus  on  the  hand  of  the 
mei-hanic  manifests  a  very  decided  increase  in  Ihe  viru- 
lence of  Ihe  germs,  an  increase  acquired  by  their  passage 
through  a  susceiuible  host. 

This  is  what  I  c<inc(ive  to  be  the  essential  difference, 
as  far  as  aiies.sential  difference  may  be  conceived  to  exist, 
between  an  ordinary  case  of  septic  infection  and  a  "dis- 
section or  operation  wound." 

When  we  dwell  upon  the  numeiical  size  of  the  factors 
by  which  the  virulence  of  a  given  germ  max.  under  .some 
circumstances,  be  mulnplied^lb.OiKl;  lill),OOU:  or  even 
l,((UO.(IO(i. — we  can  form  a  conception  of  the  extreme  de- 
gree of  virulence  which  some  cases  of  direct  infection, 
from  man  lo  man,  may  lu-esent. 

The  cruder  ideas  of  wound  infection,  as  being  analogous 
to  the  simple  process  by  which  a  sterilized  infusion  un- 
dergoes putrefaction  when  a  single  suitable  germ  is  intro- 
duced, have  been  superseded,  now  that  fuller  investiga- 
tion has  shown  the  elalioratc  means  of  defence  with  which 
our  bodies  are  provideil  to  enable  them  to  ward  off  the 
deleterious  effects  of  pathogenic  germs:  and  we  can  now 
better  appreciate  what  powers  of  noxious  inllueuceagerm 
must  possess  which  succeeds  in  overcoming  all  these  bar- 
riers, and  in  accomplishing  the  undoing  of  a  man  or  an 
animal. 

It  is  a  well-kuowu  biological  law  that  exaltation  of 
functions  coiues  from  their  successful  exercise.  'We 
speak  of  tbe  acquired  immunity  of  a  man  or  of  an  ani- 
mal to  the  noxious  powers  of  certain  germs,  and  we  un- 
derstand thereby  that  his  defensive  prolcids  either  are 
present  in  greater  quantity,  or  have  acCjUired  a  higher 
potency.  It  is  just  as  logical,  however,  to  speak  of  the 
aciiuired  immunity  of  a  germ  to  the  (to  it)  noxious 
powers  of  the  human  or  the  animal  cells,  and  we  may 
properly  understand  thereby  that  the  analogous  proteids 
of  the  bacteria,  what  we  may  call  Ihe  "offensive  proteids," 
either  are  formed  in  greater  relative  quantity,  or  have 
acquired  a  higher  degree  of  virulence.  Just  as  a  man 
who  has  successfully  struggled  with  the  germ  of  typhoid 
fever  is  generally  immune  to  attacks  of  theliacilli  typhosi 
in  the  future,  so  a  streptococcus  which  has  succeeded  in 
vanquishing  Ihe  opposition  to  its  development  offered  by 
the  cells  and  the  alexins  in  the  serum  of  a  human  body 
may  be  conceived  to  carry  with  it  an  "acquired  immu 
nity  "  to  till'  iiiHueiice  of  such  cells  and  such  scruiu.  if  it 
pass  directly  from  one  human  subject  to  another.  And 
the  more  complete  the  victory  of  the  germ  over  the  hu- 
man body  cell,  the  more  complete  the  "immunity"  ac- 
quired by  the  germ  against  the  defences  of  the  human 
organism ;  and.  ergo,  the  more  apt  is  the  germ  to  in- 
duce a  grave  type  of  infection,  always  provided  the 
transmission  is  direct  from  one  human  host  to  another. 
Now,  liv  way  f>f  illustration,  bone  marrow  has  lieen  as- 
certained, by  Wauters,  to  contain  larger  proportions  of 
bactericitlal  substance  than  any  other  tissue  of  the  body ;' 
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■we  may  tlience  infer  that  bacteria  which  have  succeeded 
In  gaining  a  foothold  in  the  boue  marrow  itself  will  be 
found  to  be  possessed  of  a  high  degree  of  virulence,  and 
we  may  accordingly  expect  to  tind,  as  indeed  we  do.  that 
direct  infection  from  a  case  of  acute  osteomyeliti.s  will  be 
apt  to  be  very  grave.  Again,  the  highest  stage  of  the 
trimnph  of  pyogenic  germs  over  the  animal  body  is  seen 
in  the  conditions  known  as  septicaemia  and  pj'oemia.  and 
it  is  in  just  these  cases  that  we  tind  the  danger  of  direct 
inoculation  at  a  maximum. 

In  further  support  of  this  argument,  as  tending  to  show 
its  converse,  we  ma.y  mention  the  fact  that  often,  in  cases 
in  which  the  human  or  the  animal  organism  is  ultimately 
victorious  over  the  germ  infection,  it  is  found  that  cul- 
tures taken  at  the  beginning  of  the  struggle  are  more 
virulent  than  those  taken  from  the  .same  case  later  on  in 
its  cour.se,  when  a  portion  of  the  virulence  of  the  infect- 
ing organisms  .seems  to  be  overcome:  cy.,  a  beginning 
carbimcle  may  afford  germs  of  far  greater  virulence  than 
one  over  wliich  the  defences  of  the  organism  have  in  a 
measure  successfully  asserted  their  [jower. 

We  can  now  understand  why  it  should  have  been  uni- 
versally observed  that  inoculations  from  severe  septic 
cases  are  more  prone,  than  those  from  the  lighter  forms 
of  sepsis,  to  give  rise  to  the  tyjie  of  surgical  disease  which 
is  the  subject  of  this  article.  Puerperal  fever,  pyitmia, 
septiciiemia,  carbuncles  in  their  acute  stage,  malignant 
erysipelas,  acute  osteomyelitis,  [ihlegmonous  cellulilis, 
and  supjun'ative  peritonitis  are  most  freiiuently  named 
as  the  origin  of  dissection  and  operation  wounds,  whether 
from  surgical  operations  proper,  from  surgical  dressing, 
or  from  i)ost-mortem  examinations.  These  germs,  when 
inocidated  directly  from  man  to  man.  occasionally,  even 
if  rarely,  acipiire  an  enormously  enhanced  virulence,  ex- 
hibited at  its  maximum,  however,  oidy  in  cases  of  direct 
inoculation.  Infected  knives,  sponges,  dres.sings.  or 
other  olijects  may  indeed  carry  tlie  infection  for  some 
daj's,  or  even  weeks,  if  not  projierly  disinfected,  but  it 
is  probal)le  that  the  full  degree  of  virulence  that  attends 
direot  inoculation  at  the  time  of  operation,  or  at  the  mo- 
ment of  a  post-mortem  examination,  w'ould  not  be  mani- 
fest in  an  infection  conve3-ed  by  the  same  germs  at  a  later 
period,  aft<'rthe  lapse,  that  is.  of  an  interval  during  which 
the  germs,  even  if  stu'viving,  were  exposed  to  iiitltiences, 
such  as  desiccation  or  chilling,  comparatively  imfavorable 
to  their  existence,  or  at  least  to  the  maintenance  of  one 
of  their  more  imstable  characteristics,  their  virulence. 

On  this  same  basis,  likewise,  is  to  be  explained  the 
notalile  difference  in  the  comparative  danger  of  a  wound 
received  at  a  recent,  with  one  received  at  a  delayed  au- 
topsy. In  the  lirst  case,  the  remaining  bodily  warmth, 
and  the  absence  of  the  further  development  of  the  defen- 
sive proteids  on  the  part  of  tlie  dead  subject,  allow  the 
bacteria  to  develoji  under  conditions  most  favorable  for 
their  growth;  in  the  second  case,  the  chilling  of  the  body, 
and,  likely  enough,  the  beginning  decomposition  of  the 
tissues,  and  the  struggle  for  existence  with  saprophytic 
liacteria.  so  affect  the  environment  as  to  yield  a  less  suit- 
able culture  medium  for  the  pyogenic  genns,  which,  con- 
tinuing indeed  to  grow,  yet  develop  under  less  favorable 
circumstances,  and  consequently  lose  that  acme  of  viru- 
lence which  manifests  itself  only  under  peculiarly  favor- 
able conditions  of  growth. 

A  phenomenon  analogous  to  the  greater  danger  of 
direct,  man-to-man  infection  as  compared  to  indirect, 
liltli  infection,  lies  in  the  well-known  occasional  virulence 
of  the  bites  of  animals.  Here,  too,  septic  conditions  are 
sometimes  communicated  in  which  germs  are  directly 
transferred  from  one  host  to  another,  in  a  condition  of 
"  exalted  virulence  "  ;  indeed,  the  bite  of  a  man  is  not  less 
dreaded  than  that  of  some  of  the  lower  animals. 

Cases  of  exalted  virulence  of  the  infecting  germs,  due 
to  direct  transference,  were  not  infrequently  seen  when 
"arm-to-arm '■  vaccination  was  still  in  vogue,  where  ap- 
parently healthy  children  communicated  severe  disease 
to  others. 

The  experiments  of  Fehleisen  tend  to  show  another  rea- 
son for  the  greater  danger  of  "  direct  inoculation  "  as  com- 


pared with  "  tilth  infection. "  This  observer  ^  showed  that 
a  minimal  quantity  of  an  artificial  culture  of  staphylo- 
coccus aureus  added  to  a  little  of  the  clear  serum  obtained 
from  the  germ-free  zone  of  inflammatory  a>dema  around 
a  spreading  cellulitis,  was  capable  of  iu-oducingcxteu.sive- 
abscesses,  whereas  the  mixture  of  the  same  organism 
with  water  had  no  effect.  The  inference  is  that  the  bac- 
teria, in  the  first  case,  were  accompanied  by  their  toxins, 
and  entered  the  contest  armed,  as  it  were,  for  the  fray; 
while  in  the  second  case,  the  bacteria  were  washed  free 
from  their  toxins,  and  were  unable  to  gain  a  foothold  in 
the  tissues  until  their  toxins  were  again  .secreted  in  suffi- 
cient quantity  to  weaken  the  defence  of  the  tissue  cells; 
in  the  case  of  these  particular  experiments,  the  staphy- 
lococci employed  were  unable  to  do  this  in  time  to  pre- 
vent their  destruction  by  phagocytosis.  Now,  in  cases 
of  direct  inoculation,  the  bacteria  will  be  more  likely, 
than  in  cases  of  tilth  infection,  to  be  accompanied  each 
with  its  minute  (pianttun  of  toxins,  which  will  enable 
them  to  increase  and  mnltiiily,  where  similar  germs,  with- 
out the  accompanying  toxins,  would  be  exterminated. 

In  conclusion  let  me  say  that  to  ascribe,  as  some  were 
inclined  to  do,  when  the  germ  theory  of  disease  was 
younger,  a  special  and  pectdiar  infecting  agent  to  dissec- 
tion and  operation  wounds,  on  account  of  their  occasional 
extreme  virulence,  is  entirely  gratuitousand  uncalled  for. 
Ample  cxplanatiim  can  be  given  for  all  the  plienomeiia 
observed,  if  wc  distinguish  clearly  between  the  differing 
possibilities  of  gravity  in  casi'S  of  direct  inoculation,  as 
compared  with  ordinary  tilth  infection. 

Having  now  considered  the  nature  of  the  germs  which 
give  rise  to  dissection  and  operation  wounds,  and  the 
effect  upon  the  virulence  of  the  infecting  germs  of  the 
source  from  which  they  are  derived,  it  now  behooves  us 
to  consider: 

(r)  The  Tjipcs  of  Di.vnse  These  Infecting  Germti  arc 
Prone  to  Enr/endei: — Of  the  germs  which  were  mentioned 
under  {ii}.  as  possible  causes  of  dissection  and  operation 
wounds,  it  is  uimecessary  to  describe  the  type  of  disease 
which  would  be  likely  to  follow  the  inoculation  of  the 
Tnore  specific  forms:  the  anthrax  bacillus,  the  l)acillus  of 
malignant  axlema,  the  tidjcrclc  bacillus,  and  the  liacillus 
diphtheiia'  would  all  of  them  be  likely  to  give  rise  to 
more  or  less  characteristic  lesions,  whose  description  may 
lie  sought  under  the  appropriate  headings  elseAvhere  in 
this  work.  The  virus  of  syphilis  would  give  rise  to  a 
hard  chancre.  Indeed  it  is  <loubtful  whetlier  the  lesions 
which  these  germs  produce  are  proiierly  classed  under 
our  heading,  and  they  are  mentioned  rather  for  the  sake 
of  rounding  out  the  subject  than  for  their  actual  imjior- 
tancc  as  fre(iuent  causes  of  dissection  and  operation 
wounds:  and  we  shall  not  have  fiuther  occasion  to  con- 
sider them  here,  as  we  shall  confine  our  future  discussion 
to  lesions  caused  by  the  "pyogenic"  germs  proper, 
whether  in  ]iure  or  in  mixed  infection. 

Now  the  name  "pyogenic"  implies  that  the  most  char- 
acteristic result  of  infection  with  these  germs  is  the 
formation  of  pus:  yet  though  this  is  the  characteristic 
outcome  of  such  infections,  this  result  does  not  always 
follow,  nor  yet  is  its  ajipearance,  in  any  true  sense,  a 
a  measure  of  the  vindenee  or  of  the  gravity  of  the  infec- 
tion. Sujipuration,  indeed,  represents  the  most  intense 
and  complete  heal  action  of  these  bacteria,  hut  the  less 
advanced  forms  of  inflammation  are  always  jirecedent 
stages  of  suppurative  action,  and  very  extensive  and 
dangerous  lesions  may  fatallj'  compromise  the  vitality  of 
the  patient  without  tlie  presence  of  pus  in  any  one  focus; 
this,  too,  witii  staphylococcus  infection,  with  strepto- 
coccus infection,  and  with  mixed  infections  of  the  two 
germs.  Says  Welch:  "All  of  the  affections  caused  by 
one  species  of  the  pyogenic  cocci  may  be  caused  by  any 
of  the  others.  For  example,  the  Staphylococcus  aureus 
may  produce  spreading  phlegmons,  inflammations  of 
serous  membranes,  ])uerperal  infections,  general  septi- 
cajmia,  as  well  as  the  Streptococcus  jiyogenes,  and  the 
Streptococcus  pyogenes  may  catise  circumscribed  ab- 
cesses  and  osteomyelitis,  as  well  as  thi'  yellow  or  white 
staphylococcus.     Jordan  claims  that  the  Staphylococcus 
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jiiiious  may  linise  erysipelas,  hut  Petruscliky  docs  not 
rci;iii(l  his  oljsci-vatioiis  on  this  (Kiiiit  :is  <  oiichisivc.'' 

■•  Furlhciiuiirf.  ihi'Sc  ])vcii,'cincstiiphyliiccicciaii(l  strep- 
tocoi-ci  may  cause  all  l<iiids  of  inHaniinatiou  besides  the 
supjuirativc.  They  may,  and  often  do  cause  serous, 
sero-rilirinous,  and  lilirinous  iullan)tnali<iiis  of  serous 
meinbranis.  The  Streiitucnceiis  pyoirenes  may  cause 
<atarrlial  and  filirinmis  inllammations  of  mucous  mem- 
liranes.  l'yot;enic  eocei  may  be  ihe  sule  cause  of  simple 
intlanunatiiry  (edema  or  serous  intiltralion  of  the  lissues. 
They  are  sonu'times  found  in  cutaneous  vesicles  and 
blebs  eoutainiuir  clear  serum.  They  may  be  the  sole  or- 
ganisms jueseiit  when  the  iullamniatory  exudate  is 
heniorrlia.irie.  They  may  produce  extensive  necrosis  of 
the  tissues  with  scarcely  any  inllanimatorv  exudate.  We 
tind  the  Siune  staphylococci  and  streptococci  in  those 
rarer  forms  of  osteomyelitis  which  do  not  suiipurate.  as 
in  the  ordinary  suppurative  form.  They  are  the  usual 
cause  of  jieriostitis  and  ostitis  albumiiiosa".  in  which  the 
exudate  is  serous.  A  serous  or  sero-tibriiious  inliamma- 
tion  caused  by  pyoijeuic  cocci  maybe  transformed  into 
a  purulent  one  without  tUcappearaaceof  any  new  species 
of  micro-orsrainsm." ' 

While  we  rccoi;iiize.  as  above  related,  the  irreat  variety 
of  lesions  Ici  which  the  pyoiienie  cocci  may  jrive  rise,  and 
also  the  fact  that  ai\y  of  these  protean  forms  of  disease 
may,  with  the  possible  e.xcelitiou  of  erysipelas,  be  occa- 
sioned either  by  the  Staphylococcus  aureus,  or  by  the 
Streptococcus  pyosrenes,  or  by  a  mi.xed  infectiou  of  both 
germs,  yet,  nevertheless,  the  "more  typical  characteristics 
of  infectiou  by  one  of  these  germs,  as  distinguished  from 
the  other,  can  very  often  be  made  (Hit.  It  is  the  general 
tendency  of  the  staphylococcus  to  form  circumscribed  ab- 
scesses, surroundi'd  liy  a  distinctly  marked  zone  of  dense 
iutlaminatory  extidate;  while  it  is  eciually  the  teudeucy 
of  the  streptococcus  to  excite  spreading  phlegmonous 
processes  alon.ir  the  connective-tissue  planes,  and  to  in- 
vade the  lymphatic  vessels  and  glands. 

Mi.xed  infections  of  the  two  cocci  may  take  on  the 
charactenstics  of  both,  or  may  follow  the  type  of  either 
one  Mixed  infections,  when  either  the  staphylococcus 
or  the  streptococcus  is  in  combination  with  some  other 
non  pyogenic  form  of  bacteria,  may  follow  either  the 
staphylocf)Ccic  or  the  strejitococcic  type,  or  may  present  a 
mnreconfu.sed  type  of  intlammation.  The  importance  of 
distinguishing,  if  ]iossible,  the  cause  of  the  infection  lies 
in  its  bearing  on  the  prognosis,  which  becomes  most  grave 
in  the  ])resence  of  the  s'reptococcus. 

I!.  I'.\Tiio(4ENESis.— We  shall  consider  under  this  head, 
first,  the  type  of  wdunil  by  which  infection  is  prone  to 
occur:  secondly,  the  condition  of  the  constitution  which 
favors  spreading  of  the  infection:  thirdly,  the  various 
forms  of  internal  resistance  offered  to  the  advancement 
and  nudtiplication  of  the  microbes;  and.  fourthly,  the 
means  of  eliminating  the  microbes  and  their  products 
from  the  system. 

((()  The  Tiipt  iif  Woutul  through  which  Infection  is  Prone 
to  Orrtir. — As  a  matter  of  fact,  the  wounds  through  which 
septii'  infection  has  been  received  during  the  perfonnance 
of  surgical  operations  and  post-mortem  examinations, 
have  been,  for  the  most  part,  in  themselves  most  trilling: 
genenilly  slight  scratches  or  abrasions,  superficial  cuts, 
punctures  from  needles,  and.  in  a  not  inconsiderable  pro- 
portion of  cases,  lesions  either  literally  microscopic,  or  so 
small  as  to  defy  discovery  after  minute  examination. 

Inasmuch  as  other  types  of  wovinds,  as  a  matter  of 
fact,  do  not  occur  uniler  the  circumstances,  -we  are  not 
abU'  to  institute  comparis<ins  between  the  behavior  of  one 
type  or  of  another  type  of  operation  wounds,  but  there 
are  some  reasons  which  lead  us  to  suppose  that  the  type 
of  wounil  ordinarily  received  during  surgical  ojierations 
and  postiuortem  examinations  is  not  without  influence 
upon  the  sulisequent  development  of  sepsis  in  their  re- 
cipients. Two  reasons  woulii  lead  one  <i  priori  to  sup- 
p<ise  that  the  class  of  wounds  described  above  would 
be  more  prone  to  permit  the  development  of  severe  sepsis 
than  deeper  or  more  extensive  traumata,  and  of  these 
the  lirst  lias  reference  to  their  sxperjicial  j>o»ition. 


Especially  in  cases  of  slight  abrasion  of  the  ski.i.  the 
infecting  bacteria  are  apt  to  be  implanted  directlv  into 
the  cutaneous  lymph  channels.  Now  thre<'  several  I'ir- 
cumstances  combine  to  make  such  a  lodgment  of  the  liac- 
teria  one  particularly  favorable  to  their  snbseiiueiit  de- 
velopment. First,  fhe  most  dreaded  type  of  infecting 
germ,  the  Streptococcus  pyogenes,  has  notoriously  its 
favorite  habitat  just  here,  as  it  will  be  remembered" that 
not  only  iloes  thi'  streptococcus  tend  in  general  to  ac- 
cumulate iiarticularly,  anil.sometimesalmost  exclusively, 
in  the  lymph  spaces,  but  that  the  invasion  of  Ihe  cutane- 
ous lymjih  sjiaccs  is  piir  unllinrv  the  attribute  of  this 
streptococcus,  which  is  now  generally  conceded  to  be 
idt-utical  with  the  Streptococcus  erysipelatis  of  Fehleisen. 

Secondly,  aside  from  the  s])ecil"ic  type  of  the  infect- 
ing germ,  experiment  has  indicated,  with  other  forms  of 
bacteria  also  besides  the  streptococci,  that  actual  infec- 
tion of  the  organism  occurs  via  the  lymjih  channels. 
The  following  experiments  have  lieen  iiistituted  to  de- 
monstrate this  conclusion  *:  Rabbits  were  first  inoculated 
on  the  tip  of  one  extrenuty  with  anthrax  cultures,'and 
observations  were  made  as  to  the  length  of  time  neces.siry 
for  the  bacilli  to  reach  the  lymph  glands;  a  certain  num- 
ber of  observations  establishi-(i  more  or  less  exactly  the 
time  necessary  for  this  to  occur.  The  exlrenuties  of 
other  rabbits,  similarly  inoculated,  were  amputated  be- 
fore the  lapse  of  (he  minimum  time  necessary  for  the  an- 
thrax bacilli  to  reach  the  lymph  glands;  these  animals 
survived,  while  those  whose  extremities  were  amputated 
after  the  critical  time  perished.  The  inference  drawn  is 
that  infection  must  occur  through  the  lymph  channels 
and  not  through  the  sanguineous  circulation,  else  amiui- 
tation  of  the  <'Xtremity  had  not  rescuetl  the  inoculated 
animals.  Though  this  can  hardly  be  s;dd  to  constitute 
rigid  proof  that  pyogenic  infection  constaidly  occurs  in 
this  wa_v.  yet  it  gives  ground  for  the  suggestion  that  a 
slight  abrasion  opening  the  lymph  channels  without 
affecting  directly  fhe  deeper  tissues  might  afford  an  ex- 
ceptionally favorable  portal  of  entry  to  septic  germs.  The 
experience  of  public  vaccinators  in  general  would  seem 
to  support  this  same  idea,  inasmuch  as  they  assure  us  that 
vaccination  is  far  more  likely  to  "  take  "  if  the  scaritication 
of  the  skin,  for  the  ]iurpose  of  introducing  the  vaccine, 
is  not  made  suflicieutly  deep  to  occasion  actual  bleeding. 

The  third  circumstance,  which  makes  a  superticial 
wound  or  abrasion  one  which  is  prone  to  septic  involve- 
ment, is  the  circumstance  that,  from  the  mere  fact  of 
its  superficiality,  it  is  in  a  measure  removed  from  the 
defensive  apparatus  of  the  animal  econom}-,  and  germs 
there  entering  are  less  freely  exposed,  than  those  deeper 
ensconced,  to  the  protective  influences  of  chemotaxis  and 
phagocytosis.  Germs  imidanted  in  the  connective  tissue 
proper  have  far  less  chance  of  survival  than  those  iiUro- 
duced  directly  into  the  cutaneous  or  other  lymidiatic 
channels.  Not  only  the  observations  of  '\^'auters.  already 
referred  to  above,  but  those  also  of  Jlarmorek  and  of 
others,  have  established  the  fact  that  the  connective 
tissue  is  the  most  efficient  defender  a,irainst  bacterial  in- 
vasion, owing  largely  to  the  fact  that  this  tissue  contains 
in  itself  a  comparatively  high  proportion  of  actively  bac- 
tericidal substance.  But  ilarmonk  further  asserts  that 
the  observed  fact  of  the  unstable  foothold  obtained,  as  a 
rule,  by  pathogenic  germs  in  many  parts  of  the  body, 
depends  not  only  on  a  special  antibacterial  force,  but  is 
also  in  close  relationship  with  strictly  anatomical  condi- 
tions. When  the  bacteria  have  once  succeeded,  owing 
to  the  prevalence  of  their  virulence  or  of  their  number, 
in  overpassing  the  zone  of  protective  infiltration  in  the 
connective  tissue,  they  have,  ijinu  fucto,  oveicome  the 
"first  system  of  defence"  at  that  point.  They  then,  at 
length,  obtain  a  foothold  in  a  lymph  vessel,  and  thence 
extend  them-selves  to  the  lymph  glands;  the  lymphatic 
system  he  regards  as  the  organ  of  the  ■"second  line  of  de- 
fence."'-' Thus.  ]ivogenic  germs  inoculated  immediately 
into  the  cutaneous  lymphatics  are  introduced  within,  or 
we  may  s;iy  behind,  the  outer  defences  of  the  body,  and 
so  are.  in  a  measure,  relieved  of  a  portion  of  the  combat 
for  supremacy  with  the  cells  of  the  animal  microcosm. 
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The  second  leasou  wbicli  slioviUl  rentier  wounds  of  tlie 
type  ordinarily  received  during  surgical  operations  and 
post-mortem  cxaniiuatious  specially  ]irone  to  septic  in- 
volvement, is  the  fact  that  they  are  likely  to  present  a 
maximum  of  virulence,  in  conjunction  with  the  important 
condition  of  a  minimum  of  mechanical  or  chemical  trauma. 
Trauma  elicits  inflammation,  which  is  substantially  the 
sum  of  those  actions  by  ■niiicii  the  animal  organism 
biinas  into  play  its  defensive  apparatus  against  microbial 
or  other  harmful  invasion.  Diapedesis.  serous  cfftision. 
fever,  and  pain  (inducing  immobilization  of  the  affected 
part)  are  defensive  means  spontaneously  liroiight  into 
play  in  the  presence  of  any  extensive  trauma:  all  these 
are  far  less  active  in  the  case  of  minute  wounds,  than  in 
that  of  injuries  of  greater  magnitude.  The  relation  be- 
tween the  extent  of  the  local  reaction  at  the  point  of  in- 
oculation on  the  one  hand,  and  the  duration  of  life  and 
number  of  organisms  present  in  the  blood  on  the  other, 
have  long  been  recognized  in  the  experimental  septicae- 
mias of  the  lower  animals.'"  Just  as  we  lind  that  many 
of  the  defensive  proleids,  the  so-called  "  pliylaxins ''  (the 
mycophylaxins  and  the  toxophylaxins)  are  not  manu- 
factured liy  tl'.e  animal  organism  except  in  the  presence 
of  bacterial  onslaughts,  so  it  is  not  unreasonable  to  sup- 
pose that  ccitain  of  the  "offensive  proteids  "  of  the  in- 
vading microbes  may  not  be  manufactured  by  them, 
except  in  the  face  of  opposition  to  their  growth  ex- 
hibited by  the  defensive  activity  of  the  animal  cells,  and 
that  when  these  "offensive  proteids"  are  not  thrown  out, 
a  defensive  chenifitaxis  is  less  actiTcly  evoked  and  the 
virulent  bacteria,  insidiously  iiuplanted,  may  continue  to 
multi]ily  imopposed.  until  tliey  have  acquired  a  reserve 
power  for  attack  which  tliey  might  never  have  attained 
had  their  inoculation  been  attended  with  more  extensive 
traumatism. 

(A)  The  Cmtditinn  of  the  Constitution  irhich  Fnrnrn 
Spreitdinyof  (he  TnfeHinn. — The  question  of  the  condition 
of  the  constitution  which  favors  tlie  spreading  of  the  in- 
fection in  dissection  and  operation  wounds  is  most  inti- 
mately connected  witli  the  doctrine  of  mixed  infections. 
Aside  from  the  well-known  fact  that  a  generally  debili- 
tated condition  of  the  body,  such  as  is  pioduccil  by  in- 
sufficiency in  food  aiul  rest,  protracted  anxiety  and  ner- 
vous strain,  and  prolonged  exposure  to  cold  and  other 
influences  more  or  less  powerfully  depressing  to  the  re- 
sisting forces,  and  the  coexistence  of  such  disease  as  dia- 
betes, syphilis,  alcoholism,  ana'inia.  obesity,  typhoid  and 
other  fevers,  Bright's  disease,  etc..  some  of  wliieh  have 
been  shown,  tipoii  most  conclusive  clinical  evidence,  to 
be  jiredisjiosing  causes  of  infection  with  the  ])yogenic 
cocci,  we  must  give  proper  weight  to  the  conditions  of 
enhanced  virulence  that  may  develop  as  the  result  of  the 
concurrent  development  in  the  tissues  of  two  distinct 
forms  of  bacteria.  Whereas  this  association  may  be 
withoiu  special  influence  as  regards  infection,  yet  more 
fre(|uently  the  concurrent  inoculation  of  two  species 
of  bacteria  increases  the  danger  from  one  or  both.  "A 
combination  of  two  species,  each  in  itself  hanulcss,  may 
prove  fatal "  (Roger).  A  bacterium  of  attenuated  viru- 
lence may  become  augmented  in  virulence  by  inoculation 
in  combination  with  another  species,  which  need  not  nec- 
essarily be  itself  pathogenic,  or  sometimes  simply  in  com- 
bination with  the  chemiml  products  ot  another  species," 
Kor  is  it  essential  to  the  appearance  of  enhanced  evil 
effects  that  the  inoculation  of  such  independent  growths 
be  simultaneous.  There  is  no  lack  of  clinical  cases  to 
illustrate  the  oceun-ence  of  severe  pyogenic  mixed  infec- 
tions, in  which,  in  one  set  of  cases,  the  pyogenic  process 
was  latent  or  in  abeyance,  and  was  roused  to  extreme  or 
even  fatal  activity  by  the  admixture  of  a  fresh,  non-pyo- 
genic  infection :  and  in  another  set  of  cases,  a  previously 
latent  uon-pyogenic  infection,  when  later  mingled  with 
an  infection  of  pyogenic  type,  gave  rise  to  the  gravest 
manifestations  of  sepsis.  The  influence,  in  this  regard, 
of  epidemic  influenza  has  been  recorded  by  BenneU,  in 
four  cases,  which  we  can  but  briefly  glance  "at:  '- 

Case  I.  Simple  synovitis  of  the  knee,  almost  well,  in- 
fluenza, suppuration,  pyiemia.  amputation. 


Case  II.  Cystitis,  improved,  urine  suddenly  exces- 
siveh'  foetid,  after  forty-eight  hours  of  influenza,  obstinate 
cystitis,  pya'mia. 

Case  Ili.  Patient  apparently  convalescent  from  influ- 
euza  noticed  swelling  and  redness  about  a  small  crack  in 
lower  lip.  Erysipelatous  inflammation  followed,  with 
abscess  over  right  side  of  face  and  throat.  A  few  days 
later,  pneumonia  and  secondary  py.amiic  deposits  over 
right  knee  and  left  thigh,  followed  b\'  sudden  tilling  of 
left  knee  joint. 

Case  IV,  Urethral  stricture,  facial  herpes  followed  by 
influenza,  erysipelatous  inflammation,  pyseiuia. 

The  influence,  on  the  other  baud,  of  a  pre-existing  ster- 
corremia,  a  "bad  cold,"  or  other  mild,  nonpyogenic  in- 
fection, as  a  cause  predisposing  to  pyogenic  infection,  is 
so  generally  recognized  as  to  make  any  luore  specific 
citation  of  cases  superfluous. 

Now  how  frequently  is  the  surgeon  or  the  pathologist 
obliged  to  continue  his  work  when  himself  suffering  from 
many  such  mild  ailments,  yet  how  considerable  a  bearing 
they  may  have  on  the  outctaue  of  an  accidental  inocula- 
tion witli  pyogenic  germs  during  ojieration  or  autojisy 
is  scarcely  appreciated  until  the  iinexpected  happens, 
and  a  trifling  injury  is  seeu  to  take  on  all  the  aspects  of 
a  virulent  local,  or  even  general,  infection. 

(e)  The  Vnrioiis  Forms  of  Intenml  Nesistoiire  Offered  to 
the  Adrnncement  of  the  Mirmbes. — It  is  not  within  the 
scope  of  this  article  to  elucidate  the  whole  [lathogenesis 
of  pyogenic  infection,  yet  a  proper  understanding  of  the 
dire  results  which  may  follnw  upon  a  slight  dissection  or 
operation  wound  deniamls  that  we  should  at  least  briefly 
follow  the  history  of  the  mierolx'S  which  have  beeu  in- 
oculated with  the  reeeiiit  of  the  wound. 

The  "cytomacliia  "  which  follows  the  introduction  of 
patliogenic  bacteria  among  tlie  constituent  cells  of  the 
animal  or  hiuuan  economy,  is  but  a  single,  limited,  yet 
intensely  interesting  phase  of  the  geiuMal  biologic  jihe- 
nomenou  of  the  struggle  for  existence.  In  one  sense, 
indeed,  it  is  the  struggle  of  the  individual  animal,  as  a 
whole,  against  an  opposing  enrity,  th<'  invading  disease: 
yet  in  a  sen,se  equally  true,  b\it  only  ap]ireciable  to  us 
since  tlie  recent  advances  of  scicntiflc  investigation,  it  is 
the  struggle  of  a  countless  number  of  individuals  of  an 
invading  host,  against  countless  numbers  of  individual 
cells  acting  on  the  defensive.  Looked  at  from  this  latter 
point  of  view,  it  is  a  struggle  of  cell  against  cell  and  a 
cros-sing  of  cell  weniion  with  cell  weapon.  The  invading 
hosts  are  the  pathogenic  bacteria,  an(l  their  weajions  are. 
what  I  have  venture<l  to  call,  the  "offensive  i)iiitei(ls." 
These  "oflVusive  proteids"  have  been  ascertained  to  be 
of  two  kinds,  the  toxins,  and  certain  proteolytic  sub- 
stances (ferments?),  capable  of  causing  the  death  and  dis- 
integration of  the  body  cells,  but  yielded  up  only  at  the 
death  of  the  individual  bacteria.  The  defending  hosts 
are  the  militant  cells  of  the  animal  body,  chiefly  the 
leucocytes  and  certain  comparatively  undifferentiated 
connective-tissue  cells,  the  so-called  "Schlummerzelleu," 
and  the  defensive  proteids  are  of  two  kinds,  the  antitoxic 
proteids,  directed  against  the  "offensive  proteids,''  i.e., 
against  the  toxins  (antitoxins):  and  the  proteolytic  (an- 
timycolic)  proteids  (bacteriolysins),  directed  against  the 
opposing  bacteria,  and  capable,  under  favorable  circum- 
stances, of  causing  their  death  and  disintegration.  Be- 
sides this  "long-distance"  combat,  the  analogy  with 
human  warfare  is  still  further  borne  out  by  the  actual 
grappling  of  individual  cell  with  individual  bacterium. 
In  some  cases  this  represents  the  attack  of  the  bacterium 
on  the  leucocyte  (e.g..  the  gonococcus);  more  often  it 
represents  the  attack  of  the  leucocyte  on  the  bacterium, 
and  the  phenomenon  is  then  known  as  phagocytosis. 

In  the  conflict  between  animal  cells  and  bacteria  all 
these  factors  are  simultaneously  or  successively  brought 
into  ])lay,  and  certain  forces  prevail  and  predominate 
over  other  forces,  until  victory,  at  least  temporaiily,  rests 
with  one  party  or  with  the  other. 

According  to  the  relative  predominance  of  one  or  more 
of  the  embattled  forces  we  have  one  or  another  patho- 
logical picture  before  us.     One  of  the  earliest  and  the 
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comniouc'St  pathological  phenomena  which  are  observed 
to  follow  the  invasion  of  the  animal  Ixidy  bj"  pathogenic 
germs,  is  active  or  inflammatory  fvdema.  "  This  is  the 
result  of  what  is  known  as  chemotaxis,  the  marshalling 
of  the  foixes  of  the  defence;  the  leucocytes  in  vast 
numbers  assemble  on  the  tield  of  battle  to  engage  the  in- 
Tading  bacteria. 

Another  common  phenomenon  is  localized  suppuration 
and  abscess  formation.  Here  the  leucocytes  have  not 
only  as.sembled  but  have  actually  engiiged  the  bacteria, 
and  with  the  death  of  their  foemen.  or  of  members  of 
their  own  forces,  there  have  been  liberated  the  proteo 
lytic  sidislances  which  have  caused  the  lii|uefaction  of 
the  surroimdiiig  tissues. 

Though  the  pus  within  an  abscess  cavity  may  swarm 
witli  bacteria,  yel  not  infrequently  bacteria  in  such  pus 
are  few.  or  may  be  altogether  absent,  i.e..  the  pus  is 
"sterile"  (suppurating  buboes,  tuberculous  abscesses, 
gonorrhteal  sjilpiugitis.  empyemic  exudates).  In  the 
first  case  the  abscess  has  been  more  or  less  immediately 
caused  by  the  bacteria,  and  they  have  "slain  their  thou- 
sands'" among  the  leucocytes,  the  liodies  of  the  defunct 
leucocytes  have  become  dissolved  through  the  action  of 
the  ju-oteolytic  ferments,  and  only  s]iarse,  disembodied 
nuclei,  but  faintly  dyed  by  staining  reagents,  are  to  be 
found  in  the  fluid;  such  pus  is  thin  and  watery,  it  is 
spoken  of  as  "ichorous"  pus.  and  has  long  been"  recog- 
nized as  "acrid."  "erosive."  and  "virulent."  i'.f..  it  con- 
tains many  victorious  liacteria.  In  the  second  case,  on 
the  other  hand,  the  suiipuratiou  has  be<-n  evoked  more  or 
less  immediately  by  the  leucocytes,  which  by  an  exag- 
gerated chemotaxis  have  crowded  about  the  invading 
ba<leria  and  have  overcome  them,  some  liy  phagocytosis, 
some  doubtless  by  means  of  the  anlimycotic  piotcids 
(mycosozins.  mycophylaxins.  bacteriolysins) :  such  pus 
is  thick  and  creamy,  contains  plump,  distinctly  nucleated 
"pus  cells"  ipolynuclear  leucocytes)  and  is  known  as 
"laudable  pus."  and  recognized  as  far  less  virulent  and 
acrid,  i.e..  it  ccmtains  few  (sometimes  none  at  all)  de- 
bilitated and  attenuated  bacteria. 

Another  phenomenon  occasioned  by  the  invasion  of  the 
tissues  with  pathogenic  bacteria  is  more  or  less  extensive 
necrobiosis  and  sloughing.  Here  is  a  case  in  which  the 
toxic  influences  of  the  bacteria  have  been  locally  exer- 
cised to  a  more  extensive  degree  than  the  leucocytes  im- 
mediately engaged  have  been  able  to  cope  with,  and 
larger  or  smaller  mas.ses  of  the  less  energetically  vitalized 
tissues,  in  the  neighborhood  of  the  focus  of  invasion. 
have  been  literally  poisoned  to  death  by  the  concentrated 
toxins.  This  is  generally,  but  not  always,  accompanied 
by  more  or  less  sujipuiatiou  of  either" the  first  or  the 
second  type:  we  deem  it  to  be  of  the  first  type  when  the 
sloughing  is  progressive  (necrosis  progrediens);  of  the 
second  more  benign  type  when  the  sloughing  is  not  pro- 
gressive, but  is  rather  the  benign  effortof  nature  to  ex- 
pel useless  tissue  by  a  process,  as  it  were,  of  spontaueoiis 
amputation. 

Again,  in  another  case,  the  best  efforts  of  the  defending 
leucocytes  are  Inirely  equal  to  the  task  of  holding  in  check 
the  local  development  of  the  bacteria,  but  the  latter 
nevertheless  produce  their  toxins  in  such  quantity  that 
the  antitoxins  of  the  animal  cells  (the  toxosozins  and 
toxophylaxinst  are  no  longer  sufficient  completely  to 
neutralize  them,  the  unneutralized  excess  of  bacterial 
toxins  circulates  in  the  Itlood  serum,  and  the  profound 
intoxieation.  which  we  saw  involve  the  death  of  viduer- 
able  tissues  in  the  inunediate  neighborhood  of  the  focus 
of  invasion,  exerts  a  similar,  but  happily  generally  a  less 
intense,  effect  upon  all  the  tissues  of  the  organism;  toxne- 
inia  is  the  result,  witli  headache,  vomiting,  general  mal- 
aise, and  the  system  generally  reacts  against  the  whole- 
sale poisoning  of  its  tissues,  with  fever:  yet  in  the  nwre 
malignant  intoxications  such  widespread  and  profound 
intoxication  of  the  tissues  may  be  produced  that  the  in- 
dividual suceumbsat  once,  without  any  reactionary  fever, 
without  suppuration,  sometimes  even  before  marshalling 
of  the  forces  of  the  defence  by  chemotaxis.  "seiiticemie 
foudroyante  " :  the  whole  drama  is  ended  in  a  few  days 


or  even  a  few  hours,  with  a  normal  or  even  a  subnormal 
temperattire.  and  without  reaction  to  the  overwhelming 
dose  of  the  toxins. 

A  still  higher  trium])h  of  the  invading  bacteria  over 
the  defences  of  the  body  is  manifested  wlien  the  former 
not  only  send  their  unneutralized  toxins  coursing  through 
the  veins,  but  themselves  escape  bodily  through  the 
second  barrier  of  defence  constituted  by  the  lymph  chan- 
nels and  lymph  glands,  and.  mingling  with  llie  blood 
corpuscles  in  the  blood-stream,  continue  to  grow  there, 
and  in  the  very  bosom  of  the  life  fluid  its(  If  multi|)ly 
their  nund)ers  and  evolve  their  noxious  product-s.  Tins 
condition,  tliat  of  septica-mia  Ktiictiori  senxu.  is  most 
typically  develojied  in  the  specific  experimental  septicae- 
mias of  the  lower  animals,  in  which,  after  the  iuoculatitin 
of  the  siiecific  virulent  germs,  these  are  iiresently  found 
swarming  in  countless  numbers  in  the  blood  of  "the  vic- 
tims. In  this  aggravated  form  this  invasion  of  the  blood 
with  pyogenic  bacteria  is.  rarely,  though  indeed  occasion- 
ally, seen  in  man  ^ri(le  iufni.  Case  IV.).  but  in  the  human 
subject  analogous  symptoms  are  developed  when  even  a 
few  pyogenic  cocci  are  discernible  in  the  blood  after 
careful  examination.  It  would  seem  that  bacteria  hav- 
ing .sufficient  vitality  to  estal)l!sli  themselvesand  midlipl}- 
within  the  Idood  are  nearly  beyond  the  reach  of  effec- 
tive attack  by  the  animal  defences,  and  cases  in  which 
pyogenic  cocci,  esjiecially  streptococci,  have  been  de- 
monstrated in  the  circidating  blood  must  be  regarded  as 
having  a  very  grave  prognosis,  unless  extraoRlinary  aid 
can  be  afforded  to  the  defensive  apparatus  of  the  patient. 
Nevertheless,  battle  is  sometimes  offered  the  pyogenic 
bacteria  even  within  the  blood-vessels,  and  the  severe 
chills  and  enormous  excursus  of  the  temperature  ctnve 
indicate  the  desperate  character  of  the  conflict  waged  by 
the  defensive  cells.  The  cells  die  in  multitudes  and  in 
expiring  bring  into  play  their  most  powerful  weapon,  the 
antimycotic  proteids  "(the  mycosozins  and  the  myco- 
phylaxins and  bacteriolysins).  Now  along  with  "the 
leucocytes  (the  militant  cells  of  the  blood) "numbers  of 
the  red  blood  corpuscles  also  undoubtedly  succumb  in 
conditions  of  severe  sepsis,  and  a  fibrinogenotis  substance, 
metaglobulin,'^  is  developed,  a  product  "of  the  disintegra- 
tion of  cell  jirotoplasm,  which  has  the  attribute  of  induc- 
ing coagidation  of  the  blood  and  thrombus  formation. 
In  these  thifimbi  the  battle  is  renewed  much  as  it  was 
first  fought  in  the  connective  tissues,  and  each  separate 
thrombus  Ijecomes  immediately  invaded  with  septic 
germs,  and  becomes  converted  into  a  suppurating  focus, 
a  pya?mic  abscess.  As  the  invading  bacteria  successively 
invade  each  new  thrombus,  and  cast  a  fresh  load  of  toxins 
upon  the  staggering  forces  of  the  patient,  the  event  is 
heralded  with  a  chill,  the  characteristic  phenomenon  of  a 
pronounced  pysmia.  The  struggle  is  now  continued  for 
a  time,  at  an  almost  hopeless  disadvantage,  until  death, 
either  from  exhaustion  or  in  profound  septic  intoxic-a- 
tion,  closes  the  scene. 

Leaving  for  other  articles  in  this  work  to  give  the 
further  details  of  the  process  of  septic  infection  which 
we  have  thus  broadly  sketched,  it  must  suffice  us.  in 
considering  the  development  of  dissection  and  operation 
wounds,  to  faiuiliarize  ourselves  with  the  following  gen- 
eral cf)nclusions  of  JIarmorek  in  regard  to  them,  as  a 
limited  sub-class  of  general -or  local  septic  infections: 

"Not  only  is  it  to  be  considered  that  all  those  diseases 
which  are  classed  as  septic  are  etiologically  one  and  the 
same,  and  that  one  and  the  same  bacterium  can  produce 
all  of  its  forms,  but  we  must  also  recognize  that  even  the 
clinical  picliuvs  which  they  afford  are  capable  of  fidl  and 
complete  interpretation  from  the  same  etiological  stand- 
point. All  the  manifold  tlisease  forms  are  .'iiniply  the 
consequence  of  that  variability  of  the  different  factors 
involved  which  the  constantly  changing  relations  be- 
tween the  invading  forces  of  disease,  on  the  one  hand,  and 
the  resisting  forces  of  the  organism,  on  the  other  hand, 
occasion.  Those  conditions,  which  writers  speak  of  as 
'  septic  intoxication,' '  infection,' '  mycosis.'  and  pyjemia, 
are  naught  else  but  the  residts  of  infection,  princijially 
by  one  particular  microbe,  the  Streptococcus  jnogenes. 
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and  only  occasionally  hy  the  Staphylococcus  pyogenes 
"aureus." 

"Erysipelas,  phlegraous,  and  carbuncles  are  forms  of 
septic  infection  where  the  conflict  is  fought  within  tlie 
first  system  of  defence  of  the  invaded  organism ;  in  lymph- 
angitis and  lymphadenitis  the  conflict  lies  witliin  the 
secouil  system  of  defence :  and  scptica.'mia  and  pya;mia 
are  evidences  of  conflict  witliin  the  third  and  last  means 
of  animal  defence,  the  blood  itself. "  '■* 

"  Wlien  bacteria,  possessed  in  a  high  degree  of  the 
faculty  of  manufacturing  toxins,  gain  access  to  the  or- 
ganism, or  when  bacteria  find  within  the  tissues  of  their 
host  conditions  favoralile  to  the  abundant  production  of 
to.xins,  then  the  result  of  their  invasion  will  be  a  toxemia 
or  a  septicfemia;  when  these  conditions  favoring  abun- 
dant production  of  toxins  are  wanting,  the  bacteria,  pro- 
vided they  are  nevertheless  capal)le  of  maintaining  and 
midtijjlying  themselves,  can  work  tlieir  noxious  effects 
upon  the  organism  only  through  the  means  of  those  pro- 
teids  which  are  set  free  Ijy  the  death  of  individuals 
among  them.  i.e..  tlie  proteolytic  ferments;  the  result  is 
a  pyaMuia.  Inasnuich.  however,  as  in  most  cases  toxin 
production  and  proteolytic-ferment  production  proceed 
side  by  side,  a  sharp  line  can  never  be  drawn  between 
toxa?mia.  septicfemia.  and  pyemia."     (Sitzmann.'-^) 

(d)  The  Means  of  Eliminating  the  Microbes  and  their 
Toxins  from  the  System. — The  active  struggle  between  the 
invading  bacteria  and  tlie  defending  body  cells  may -have 
any  one  of  three  terminations:  The  active  struggle  may 
degenerate  into  a  quasi  "guerilla  warfare,"  flnding  its 
expression  in  a  tedious  succession  of  smaller  disease  proc- 
esses, the  sequelfe  of  the  disease  inaugurated  by  the 
primary  infection;  or,  the  conflict  may  terminate  in  a 
truce,  as  it  were,  of  more  or  less  prolonged  duration ;  or, 
the  victory  of  one  side  or  of  the  other  may  be  complete, 
and  either  the  infected  individual  succumb  in  death,  in 
the  one  case,  or  the  bacteria  be  completely  routed  and 
driven  forth,  in  the  other.  We  will  now  briefly  consider 
these  three  possibilities. 

The  condition  which  we  have  considered  as  analogous 
to  a  "  guerilla  warfare  "  is  one  in  which  the  septic  process 
does  not  actually  subside  entirely,  but  either  is  continued. 
in  a  more  mild  type,  at  the  origiual  site  of  infection,  or 
manifests  itself  in  constantly  recurring  furuncles,  ab- 
scesses, or  other  septic  processes  in  the  same  general 
neighborhood,  or  in  some  cases  indeed  at  more  remote 
points,  yet  in  a  manner  to  be  distinguished  from  pya'mia. 
both  by  the  mildness  of  the  processes  and  by  their  local 
and  regionary  distribution;  the  type  of  the  struggle  dif- 
fers chiefly  in  degree  from  that  "of  the  severer  forms  of 
sepsis  described  in  the  preceding  section. 

The  condition  wliicli  we  have  described  as  analogous 
to  a  truce  is  one  which  has  received  careful  study  at 
the  hands  of  many  distinguished  bacteriologists,  notably 
by  Halban  '*  and  by  Perez."  Tlie  couclusious  of  Perez 
are  quite  in  consonance  with  tlie  careful  experiments  of 
Wauters. '^  who  believes,  contrary  to  the  commonly  re- 
ceived impression,  tliat  the  bactericidal  properties  of  the 
lymph  glands  are  relatively  small,  as  compared  with  tliose 
Xiossessed  by  some  other  tissues  of  the  body,  notably  by 
the  red  bone  marrow.  The  observations  of  Perez  are 
likewise  in  accord  with  those  of  the  investigators  who, 
with  Ehrlich,"  maintain  an  essential  distinction  between 
the  different  classes  of  leucocytes,  distinguishing  between 
the  "myeloblasts,"  possessed  of  marked  phagocytic  abili- 
ties, and  the  "lymphoblasts,"  possessing  this  quality 
but  in  very  slight  degree,  if  at  all.  The  observations  an'd 
experiments  of  Perez  lead  him  to  the  belief  that  it  is  the 
function  of  the  lymph  glands  to  detain  the  pathogenic 
bacteria  in  their  meshes,  and  there,  not  annihilate  them 
as  do  some  of  the  more  actively  bactericidal  tissues,  but 
rather  expose  them  to  the  peculiar  influence  of  the  lympho- 
blasts, which  consists  rather  in  robbing  them  of  their 
pathogenic  qualities  than  in  compassing  their  entire  de- 
struction. An  intermission  in  the  conflict  between  invad- 
ing bacteria  and  resisting  body  cells  occurs  when  the  pre- 
viously active  bacteria  are  temporarily  eliminated  from 
the  tissues  "at  large,"  to  be  gathered  iiito  the  emasculat- 


ing embrace  of  the  Ij-mph  glands,  from  whence,  possibly, 
they  may  from  time  to  time  emerge  as  unruly  prisoners — 
somewhat  shorn,  indeed,  of  their  most  virulent  charac- 
teristics— to  induce  a  relapse  of  an  apparently  terminated 
warfare,  and  manifest  themselves  often  in  ways  totally 
different  clinically  from  the  first  onslauglit  of  the  infec- 
tion ;  e.'j. .  what  first  manifested  itself  as  a  pyogenic  proc- 
ess may,  under  the  influence  of  the  same  bacteria,  modified 
by  their  sojourn  in  the  Ivmph  glands,  take  on  any  of  the 
types  of  non-purulent  disturbance  which  we  saw  tliat  the 
pyogenic  germs  were  capable  of  inciting  (ride  supra),  and 
appear  as  a  neuralgia,  as  a  catarrhal  affection  of  a  mucous 
membrane,  or  as  a  serous  or  serofibrinous  serositis,  of 
acute  or  chronic  tyjie.  Tlius,  according  to  the  results  of 
the  latest  experimental  research,  do  the  lymph  glands 
afford  another  form,  quite  sjti  tjeneris.  of  protecting 
agency  to  the  body  in  its  conflict  with  infecting  germs, 
and  if  unable  to  annihilate  the  invaders  completely,  con- 
clude with  the  foe  an  advantageous  armistice,  at  the  close 
of  which  the  body  may  resume  the  conflict  under  other 
and  presumably  more  favorable  terms. 

The  third  and  most  decisive  outcome  of  the  struggle 
against  infection  is  the  complete  destruction  of  the  bac- 
teria and  their  elimination  from  the  system.  This  has 
likewise  been  long  the  object  of  closest  observation  and 
most  ingenious  experiment.  Here  again  the  earliei'  ideas 
of  the  excretion  of  the  bacteria  themselves  by  the  eniunc- 
tory  organs  of  the  body  have  had  to  give  place  before 
more  recent  and  more  exact  studies,  and  the  same  is 
largely  true  of  the  elimination  of  the  bacterial  toxins. 
In  regard  to  the  elimination  of  the  bacteria  themselves, 
we  have  the  authority  of  von  Klecki,-"  corroborated  by 
that  of  Cotton,-'  for  the  statement  that  though  many 
kinds  of  bacteria  can,  indeed,  be  excreted  by  the  normal 
bile  pas.sages  in  very  small  numbers,  and  probably  but 
not  certainly  by  the  normal  kidneys  also. — this,  however, 
only  when  they  arc  present  in  large  numbers  in  the  blood, 
— yet  their  eliinin.-ilion  from  the  body  in  this  manner,  in 
any  considerable  number,  argues  a  lesion  of  the  excretory 
organ  in  question.  "In  no  wise."  says  Cotton  most  posi- 
tively, "is  the  commonly  received  opinion  to  lie  accepted 
that  the  excretion  of  bacteria  b}'  the  eniunctories  is  to  be 
regarded  as  part  of  the  normal  defence  system  {Schiitz- 
rorrichtumj)  of  the  body."  Goldberg  likewise  was  un- 
able to  demonstrate  the  excretion  of  tetanotoxin  by  the 
kidneys,  and  his  experiments  .serve  to  throw  doubt  upon 
the  excretion  of  bacterial  toxins,  as  such,  from  the  body 
by  any  of  the  excretory  organs.-'  We  must  kK>k  then 
for  some  other  way  which  the  body  possesses  of  ridding 
itself  first  of  the  microbes,  and  secondly  of  their  toxins. 

Thanks  to  the  studies  of  Nutlall,"  Gamaleia,'"  Denys, 
Sawtschenko,-^  and  Pfeiffer,  we  are  happily  in  a  position 
to  offer  a  reasonable  opinion  as  to  the  method  by  which 
the  system  rids  itself  of  bacteria  when  it  has  succeeded 
in  extinguishing  their  vitality.  Says  Nuttall  in  regard 
to  the  anthi-ax  bacilli:  "In  the  bodies  of  bedbugs  (and  of 
other  lilood -sucking  insects)  they  become  less  and  less 
capable  of  becoming  stained  with  methylene  blue  and 
finally  altogether  so";  "they  are  simply  digested," 
~  irerden  einfach  rerdaut."  According  to  Ganialeia.  it 
may  now  be  regarded  as  settled  that  the  bactericidal  sub- 
stances in  the  body  (ride  supra.  Ihe  proteolytic  ferments) 
dissolve  the  bacteria.  To  our  eyes  the  process  becomes 
first  appreciable  as  a  disappearance  of  the  staining  capac- 
it.y  (i.e..  a  chroraatolysis).  in  a  word,  a  bacteriolysis.  A 
variet)'  of  alkaloids,  e.f/..  caffeine,  and  a  variety  of  pto- 
mains.  such  as  methyl-  and  et  hylamin.  have  chromatolytic 
properties,  as  have  a  number  of  other  bodies — among 
them,  more  iiarticularly  casein.  On  further  investiga- 
tion to  determine  which  derivative  of  casein  it  is  that 
occasions  chromatolysis.  it  was  found  that  the  ammonia 
salt  of  glutaminic  acid  possessed  this  quality  in  marked 
degree.  When  a  fluid  in  which  chromatolysis  has  taken 
place  is  treated  with  acetic  acid  and  filtered,  and  the  resi- 
due on  the  filter  paper  dissolved  with  ammonia,  we  ob- 
tain luicteriolysin,  which  not  only  occasions  chromatolysis, 
but  totally  disintegrates  the  bacteria,  separates  the  rods 
(of  anthrax  bacilli),  and  causes  these  to  fall  to  pieces,  to 
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f<irm  but  an  amorphous  mass  of  detritus.  The  thirk, 
(ipjKHK'  emulsion  of  bacteria  changes,  under  tlie  action 
of  this  ferment,  in  tlie  course  of  from  six  to  twelve  hours 
into  a  transparent  tluid  with  scarcely  apiiarent  turbidity. 
From  this  last  solution  of  bacteria  the  ferment  can  aurain 
be  precipitated  by  means  of  acetic  acid.  The  ferment 
which  is  olitained  by  treatinir  anthrax  liacilli  with  l'Iu- 
taminic  acid  has  a  liacteriolytic  action  oidy  upon  autlirax 
bacilli  and  ujion  no  others.  By  the  action  of  the  casein 
derivative,  or  of  an  amido  aciii.  tipon  the  cholera  vibrio 
nnd  uixm  the  diplitheria  bacillus,  corresponding  bacterio- 
lysins  are  developed. 

With  these  data  before  us.  it  is  possible  to  understand 
fairly  well  how  the  pathoi^enic  microbes  arc  eliminated 
from  tiie  system.  They  are.  as  we  have  seen,  actually 
dis.'iolved  and  digested  by  the  tissues,  and  it  is  probable 
that  by  this  peptonizing  action  of  the  tissues  their  pro- 
teids  are  split  up,  in  a  mamier  more  or  less  remotely 
analogous  to  the  splitting  up  of  proteid  molecules  in  the 
jirocess  of  gastro-intestinal  digestion,  until  they  are  re- 
duced to  a  chemical  condition  which  permits  them  to  be 
excreted  by  the  ordinary  enuinctory  chamiels,  in  a  form 
more  or  less  iudistinguishabli>  from  the  products  of  the 
disintegration  of  proteid  molecules  derived  from  any 
■other  indifferent  source.  It  is  probable  that  the  liver  is 
largely  concerned  in  reniiering  the  dissolved  bacteria  tit 
for  excretion,  as  we  know  it  is  influential  in  rendering 
innoctious  other  poisonous  products. 

As  it  is  only  under  exceptional  conditions  that  the 
bacteria  themselves  are  eliminated  as  such  by  the  kidneys 
and  the  other  emunctories.  so  likewLse  it  is  only  under 
<?xceptional  conditions  that  the  bacterial  toxins  arc  elimi- 
nated as  such,  and  in  recognizable  form,  by  the  emunctory 
organs.  On  the  contrary,  it  is  recognized,  in  the  tirst 
place,  that  they  arc  in  great  measure  neuti-alized  by  the 
body  antito.vins  before  their  elimination  (which  would  in 
itself  account  for  the  non-appeamnce  of  specific  toxins 
in  the  urine,  the  fa'ces,  and  the  sweat);  and  in  the  second 
place,  it  is  more  than  likely  that  the  neutralized  toxins 
are  further  broken  up  by  the  action  of  the  liver,  and  pre- 
pared thcreliy  for  elimination  eventually  by  the  ordinary 
emunctory  channels  in  an  uudiffereutiable  form,  along 
with  the  ordinary  waste  products  of  metabolism. 

Having  now  considered  in  some  detail  first  the  etiology 
and  then  the  pathogenesis  of  dissection  and  operation 
wounds,  we  have  dealt  as  far  as  is  necessary  to  our  pur- 
pose with  those  characteristics  of  these  affections  which 
may  be  deemed  to  distinguish  them  from  other  septic 
processes:  and  it  now  remains  for  us  to  deal,  only  much 
less  exhaustively,  with  the  questions  of  their  clinical 
course,  their  diagnosis,  their  prognosis,  and  their  treat- 
ment, which  are  to  all  intents  and  purposes  those  of  sepsis, 
from  whatever  cause  arising,  and  are  more  fully  treated 
under  other  headings  in  this  work. 

C.  Clixic.vl  CoiiiSE. — The  clinical  course  of  dissection 
and  operation  wounds  can  best  be  made  plain  by  the  cita- 
tion of  four  characteristic  and  illustrative  cases. 

Case  I.  That  of  Dr.  K.  Zmigrodzki.  of  St.  Petersburg." 
The  infection  in  this  case  was  received  from  a  patient 
who  suffered  primarily  from  facial  erysipelas.  The  pa- 
tient was  dismissed  from  the  hospital  apparently  well 
on  July  7th,  1S88,  but  was  received  into  the  hospital  again 
(August  30th  V)  on  account  of  an  extensive  phlegmon  of 
the  right  scapular  region.  On  September  .5th.  18S8,  Dr.  Z. 
made  several  incisions  to  void  the  pus.  and  packed  and 
■drained  the  wouml.  The  patient  recovered  quickly,  and 
left  the  hospital  on  September  2M. 

In  performing  this  operation  on  September  oth.  Dr.  Z. 
acquired,  he  does  not  know  how,  a  purulent  infection, 
perhaps  through  some  slight  abrasion.  Already  during 
the  night  following  the  operation  he  felt  severe  pain  in 
the  left  thumb,  near  the  nail,  on  the  ulnar  side.  On  the 
morning  of  the  6th,  there  was  a  developing  panaritium 
subunguale :  on  the  7th.  he  himself  injected  cocaine  and 
opened  the  beginning  abscess  and  applied  an  antiseptic 
dressing.  He  did  not  feel  the  slightest  doubt  of  a  prompt 
recovery,  which,  however,  did  not  follow;  the  woiuid 
did  not  heal  but  became  drj-  and  very  sensitive,  and  oc- 


casioned some  fever.  Under  cocaine,  a  colleague  removed 
part  of  the  nail  and  made  two  deeper  cuts,  but  found  no 
pus;  an  antiseptic  dressing  was  applied. 

Healing  was  now  contidently  expected,  but  instead,  on 
September  ■Mtb.  the  patient  suddenly  had  a  severe  chill, 
with  ]iain  in  the  left  side  of  the  chest  along  the  margin 
(■f  the  ribs.  Thinking  this  to  be  a  cnlitis.  the  patient 
took  a  dose  of  castor  oil  and  calomel,  but  experienced  no 
relief.  A  carefid  examination  by  a  colleague  on  the  2:id 
revealed  an  alfection  of  the  left  lung;  in  the  upper  lobe, 
near  the  linea  axillaris  anterior,  there  were  (lidness  on 
percussion,  increased  vocal  fremitus,  i)leuritic  friction 
sounds,  and  a  circumscribed  patch  of  subcrepitant  rillcs. 
The  coughing  was  at  first  very  slight,  but  on  the  third 
day  the  sputum  raised  was  somewliat  bloody,  brownish 
in  color,  and  consisteil  of  lum]is  of  inspissated  nuicus. 
After  two  or  thi'ee  more  days,  all  the  other  signs  of  infil- 
tration alxMil  this  spot  in  the  left  lung  had  (lisai)peared, 
with  the  exception  of  the  rales,  and  the  pains  in  the  side 
ceased;  the  temperature  fell  (piieklv,  and  the  sputa, 
which  had  become  copious,  came  to  consist  of  mucus 
oidy.  From  these  clinical  phenomena  there  was  made  a 
diagnosis  of  hemorrhagic  infarct,  of  embolic  origin, 
whicli  was  deemed  to  be  closely  related,  etiologically,  to 
the  iianaritium  on  the  left  hand,  as  this  show'ed  not  the 
slightest  indication  of  healing. 

Says  Dr.  Z,.  who  reports  the  case  himself,  "I  lay 
especial  emphasis  on  the  fact  that  there  was  absolutely 
no  appearance  of  the  advance  of  the  inflammation  beyond 
the  distal  phalanx  of  the  thumb,  neither  at  this  time  nor 
during  the  whole  course  of  my  disease;  absolutely  no 
lym|ihani:itis.  erysipelas,  or  lymphadenitis,  the  custom- 
ary accompaniments  of  septico-pya-mic  infections,  was 
at  any  time  present." 

After  a  few  days,  a  second  infarct  made  its  appearance, 
under  strictly  analogous  circumstances,  followed  by  a 
third,  a  fourth,  a  fifth,  and  a  sixth  in  the  course  of  the 
next  three  or  four  weeks,  and  ail  in  the  same  left  lung. 
The  consultants  called  at  this  time  confirmed  the  diag- 
nosisof  pyiBiuic  infarctsand  offered  an  unfavorable  prog- 
nosis, (pimid  vitfim.  The  treatment  was  symptnmatic, 
with  special  attention  to  tlie  preservation  of  the  general 
strength  and  the  maintenance  of  the  heart  function.  The 
radial  pulse  throughout  the  whole  sickness  remained 
strong,  though  the  patient  refused  alcoholic  stimulation. 

At  tliis  time  there  developed  a  circumscribed  phlebitis 
above  the  inner  malleoli  of  both  feet  (jihlebitis  venarum 
saphenarum  interioraruml.  This  manifested  itself  as  a 
livid,  excessivelv  tender  swelling  of  the  skin,  which  im- 
parted to  the  examining  finger  a  "doughy"  feeling,  if 
not  an  actual  sensarion  of  fluctuation.  Under  bichloride 
dressings  this  quickly  subsided,  leaving  only  some  pig- 
mentation behind. 

"On  October  17th.  the  temperature,  which  had  all 
along  been  very  high,  dropped  from  1011. -t'  F.  to  normal, 
and.  in  spite  of  the  dubious  prognosis,  I  began  slowly  to 
improve,  my  appetite  returned,  and  on  October  31.st.  that 
is,  on  the  forty-second  day  of  my  illness  (counting  from 
September  20th.  the  day"  of  the  chill),  I  left  my  bed. 
After  about  a  week  and"  a  half  I  went  out  for  the  first 
time,  and  my  strength  slowly  returned.  I  still  felt  con- 
stantly dull  pains  in  the  spinous  processes  of  the  lumbar 
vertebriB.  specially  after  long-continued  sitting;  to  this, 
however,  I  paid  but  little  attention, 

"  One  day,  on  getting  out  of  a  carriage,  I  felt  suddenly 
a  severe  pain,  like  a  sprain,  in  the  outer  malleolus  of  the 
left  foot ;  from  that  moment  on  pain,  of  a  rheumatic 
type,  persisted  for  a  long  time,  extending  along  the 
whole  of  the  left  lower  leg.  After  a  couple  of  days  there 
developed  an  evident  peiiosteal  swelling  on  the  anterior 
aspect  of  the  upper  third  of  the  left  tibia,  below  the 
ttiberosity,  and  another  over  the  lower  end  of  the  left 
fibula,  on  the  posterior  aspect  of  the  leg.  I  did  not  wish 
to  resume  my  bed,  and  so  kept  about,  applying  hot  ap- 
plications from  time  to  time. 

"  As  I  had  no  attacks  of  feverishness.  I  made  no  obser- 
vations of  the  temperature  from  October  31st  till  Novem- 
ber lOlh.     On  November  11th  I  was  again  obliged  to 
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resume  my  l)ed  as  the  temperature  rose  with  a  severe  rig-dr 
to  103'  F.",  and  I  felt  great  paiu  in  the  right  hyiiochou- 
driuni.  Examination  now  revealed  another  infarct,  this 
time  in  the  posterior  portion  of  the  lower  lobe  of  the  right 
lung;  this  ran  a  course  similar  to  that  of  those  in  the  left 
lung,  accom]>auied,  as  -were  they,  by  a  remittent  type  of 
fever.  But  there  developed  in  this  case  a  fresh  compli- 
cation, namely,  a  considerable  pleuritic  exudate  in  the 
lower  part  of  the  right  pleural  cavity.  The  temjieraturc 
excursus  was  very  great,  and  was  accompanied  each  time 
bj'  rigors  and  profuse  sweating.  The  pleuritic  pains 
■were  at  first  very  severe. 

■•  In  the  early  part  of  December  I  began  to  feel  most 
torturing  pains  in  the  right  liypochondrium,  which  I 
may  describe  as  diaphragmatic,  to  check  which  I  was 
comjielled  to  breathe  as  superficially  as  possible,  and  re- 
sorted to  the  use  of  hypodermic  injections  of  morphine. 
From  December  1st  to  1-jth  the  temperature  was  con- 
stantly in  the  neighborhood  of  10'3'  F.,  and  the  character 
of  the  fever  was  more  or  less  steady  (febris  contiuua); 
this,  of  course,  gieatly  reduced  my  strength.  On  ac- 
count of  steady  jiain  beneath  the  right  ribs,  as  well  as 
supervening  painful  spasms  of  the  abdominal  muscles 
of  tiie  right  side,  especially  of  the  musculus  rectus  ab- 
dominis dexter,  I  could  lie  only  on  my  right  side,  hold- 
ing the  right  leg  flexed  at  the  liip.  From  time  to  time 
there  were  rigoi-s  and  profuse  sweating." 

All  these  severe  symptoms  were  scarcely  explained  by 
the  comparatively  unimpimani  anatomical  changes  to  be 
found  in  the  lungs  and  jdeura,  the  only  objective  symp- 
toms at  that  time  discoverable.  Repeated  urinalyses 
failed  to  show  any  pathological  change  in  that  secretion. 
The  condition  had  become  very  grave;  all  therapeutic 
effort  seemed  unavailing. 

By  December  20th  the  clinical  picture  became  some- 
what simplified,  in  that  a  swelling,  apparently  a  peri- 
nephritic  abscess,  appeared  in  the  right  lumbar  region 
On  Decemlier  "Jlst  a  long  lumbar  incision  was  made, 
under  chlriroform;  this  revealed  a  purulent  infiltration 
not  only  of  the  sidjcutaneous  and  intermuscular  connec- 
tive tissue,  but  also  of  that  surrounding  the  right  kidney. 
Fliietuatiou  was  also  determined  in  the  kidney  itself. 
Tlie  kidney  cajisulc  was  split  and  from  it  was  evacuated 
a  largeaniount  of  pus.  There  was  present  a  suppurating 
embolic  infarct  of  the  kidney  itself.  The  wound  was 
irrigated  and  packed  and  treated  on  antiseptic  principles. 
Bv  evening  the  temperature  fell  t(i  9T.4  F. ;  and  rose  the 
next  day  to  lor  F. :  and  from  the  2-M  to  the  28th  of  De- 
cember there  was  a  wide  variation  f>f  the  temperattue, 
evoked  by  the  formation  of  a  new  infarct  in  the  left  lung. 
From  December  2(lth  to  2Hth  the  temperature  fell  in 
forty-eight  hours  from  104.4'  F.  to  9T.2  F.  on  the  ap- 
pearance of  expectoration,  at  first  Idoody,  but  later  ptiru- 
lent.  On  December  30th  the  tem|>erattue  again  rose  to 
101'  F..  but  after  that  remained  normal. 

In  the  beginning  of  January,  18S!»,  there  ajipeared  a 
recrudescence  of  the  periostitic  process  whicU  had  been 
obseived  in  Octoljcr.  1888.  on  the  tipper  third  of  the  an- 
terior aspect  of  the  left  tibia.  Severe  rheumatic  pains 
asserted  themselves  throughout  the  whole  of  the  left 
lower  leg,  and  jjrescntly  another  swelling,  similar  t(i  the 
one  above,  appeared  at  the  old  spot  on  tlie  lower  end  of 
the  fibula.  The  upper  spot  very  cjiuckly  suppurated  (in 
spite  of  vigoious  mercurial  inunctions)  and  was  opened 
by  an  incision  under  cocaine  at  the  end  of  three  weeks. 
From  the  wound  was  removed  a  secpiestrum  of  the  cortical 
portiim  of  the  bone.  On  March  5th  the  lower  swelling 
was  opened,  under  chloroform,  and  from  it  also  a  seques- 
trum was  removed  from  beneath  the  peiiosteum.  which 
membrane  was  sejiarated  by  a  layer  of  pus  from  the  im- 
derlying  bone.  ■•B<ith  wounds  healed  comparatively 
soon,  and  by  the  end  of  March  I  was  again  out  of  bed." 

"In  spite  of  good  diet  and  hygienic  living  my  strength 
returned  very  slowly  after  a  seven  months'  illness.  As 
a  sequela  there  developed  a  pronounced  an.'emia.  which 
was  in  turn  the  occasion  of  a  (psychic)  neurasthenia, 
manifested  in  absohite  ajiathy,  indecision,  and  confusion 
of  ideas,  this  culminated  in  a  "delirede  persecution." 


May,  June,  and  July.  1889,  were  passed  at  the  seashore, 
where  loafing,  sea-bathing,  and  walking  were  helpful, 
along  with  the  change  of  air.  in  restoring  a  certain  de- 
gree of  strength.  Not  until  June  did  the  woimd  in  the 
back  heal  entirely. 

"  During  my  sojourn  at  the  seashore,  a  new  periosteal 
swelling  formed  on  the  lower  epiphysis  of  the  left  tibia. 
In  May,  1890,  this  suppurated  and  opened  spontaneous- 
ly, and  after  nealing  left  a  pigmented  scar.  During  all 
this  time  the  left  lower  leg  was  frequently  cedematous 
throughout.  A  periosteal  swelling  also  formed  on  the 
olecranon  process  of  the  left  ulna. 

"Up  till  the  present  time  (October  2d.  1890),  I  suffer 
now  anil  then  from  cramps  in  the  abdominal  muscles  of 
the  right  side,  and  from  paiU'Sthesia^  in  the  cotuse  of 
the  ileo-hvpogastric  and  ileo-insuinal  nerves." 

Case  II.'  That  of  Dr.  RosweirPark.  of  Buffalo,  X.  Y." 
Writing  under  date  of  February  13th.  1898.  Dr.  Park  says: 
"For  eight  months,  and  until  the  first  of  the  year,  I  was 
completely  out  of  work  as  the  result  of  an  infection. 
Now.  I  am  hap])y  to  report  myself  as  well  again,  and 
hard  at  work.  My  case  has  puzzled  eveiy  one  to  whom 
it  has  been  submitted,  and  no  one  term  or  even  sentence 
would  define  it  all.  It  was  certainly  a  mixed  infection, 
but  just  when  it  occurred  I  do  not  know.  It  came  on 
slowiy  with  manifestations  mostly  confined  to  the  lym- 
phatics of  the  left  arm  and  axilla:  for  two  months  these 
were  troidjlesome.  Then  a  sudden  attack  of  diaphrag- 
matic pleurisy,  with  |irobable  mediastinal  infection,  pros- 
trated me.  Then,  a  few  weeks  later.  I  had  the  lym- 
phatics of  the  arm  all  dissected  out.  I  was  just  getting 
out  after  this  when  acute  septic  symptoms  appeared, 
and  the  axillary  nodes  swelled  enormously.  I  then  had 
the  axilla  all  cleaned  out ;  within  two  hours  my  tempera- 
ture fell  8  F.  But  there  was  no  pus  jiresent  either  time, 
and  cultures  and  all  sorts  of  bacteriological  studies  gave 
no  result.  After  lids  I  went  to  the  seashore,  came  back 
with  ]iartial  (toxic)  laryngeal  paralysis,  went  abroad,  was 
quite  sick  overthere.  but  finally  came  home  well  in  every 
respect,  onlv  wearing  mv  scars." 

Case  III.  "That  of"Dr."W.  W.  Keen,  of  Philadelphia. 
Pa.,  who  says,  writing  on  February  11th.  1898:  "I  made 
a  post-mortem  on  a  case  of  suppurative  peritonitis,  fol- 
lowing cancer  of  the  stomach,  at  11  a.m..  on  January  9th. 
1898.  In  doing  so.  I  inadvertently  and  very  slightly 
pricked  my  right  thumb  with  a  needle.  The  hand  was 
(li.sinfected  by  washing,  but  the  wound  was  so  slight  that 
it  was  not  deemed  necessiuy  to  lay  it  open  at  once.  At 
six  o'ci(x:-k  that  evening  I  began  to  feel  chilly,  by  nine 
o'clock  I  went  to  bed.  as  I  felt  so  unwell.  It  was  imjws- 
sible  for  me  to  sleep,  because  by  that  lime  the  thumb  had 
become  the  si'at  of  severe  throbbing  pain,  and  in  the 
neighborhood  of  the  prick  the  tissues  were  already  be- 
coming hard.  By  2  .\.M..  feeling  quite  sure  there  w;iS 
an  infection.  I  called  a  brother  surgeon  who  laid  open  the 
tluuub  and  disinfected  it  with  bichloride  of  mercurj' 
solution.  1  to  .lOO.  and  applied  the  same  as  a  dressing. 
A  quarter  of  a  .grain  of  iin)riihine  gave  some  sleep,  but 
by  eight  o'clock  the  next  moniing,  about  twenty-one 
hours  after  the  infection.  I  was  vomiting  repeatedly,  and 
had  a  temperature  of  lO.")'.  Twenty-two  grains  of  quinine 
and  six  ounces  of  whiskey  were  administered  in  eacli 
twenty-four  hours  for  three  days,  with  sufficient  mor- 
phine to  procure  sleep.  The  pain  was  very  severe.  The 
swelling  of  the  thumb  was  so  great  that  all  the  tissues 
were  under  great  tension,  so  that  it  was  feared  that  either 
necrosis  of  the  last  phalanx  would  take  ]>lace.  or.  as  a 
dark  spot  appeared  on  the  edge  of  the  wound,  that  pos- 
sibly gangrene  of  the  tissues  might  follow.  Accordingly, 
on  the  third  day,  the  incision  already  made  was  enlarged 
and  the  parts  were  disinfected  anew.  Fortunately  the 
lymphatics  were  never  involved.  AVithin  ten  days  the  con- 
stitutional symptoms  had  disappeared,  but  the  thumb  did 
not  heal  for  about  six  weeks.  Two  cultures  were  takeu 
from  the  incision  in  my  thumb  (of  course  after  the  jirimarj' 
disinfection),  but  showed  no  growth  whatsoever,  though. 
taken  separately  on  different  occasions.  Uufortunateh" 
no  culture  was  taken  from  the  abdomen  of  the  patient  at 
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the  time  of  the  post  mortem,  so  that  I  do  not  know  what 
tlie  nature  of  the  infeciion  was.  It  seems  to  me  that  the 
Very  promjn  incision  made  liy  Dr.  Taylor,  and  tlic  Ihor- 
onjrh  disinteclinn  aeeoutit  for  tlie  absence  of  lyni]iliatic 
invelvement,  for  I  never  liad  the  slightest  tenderness  in 
the  a.xilla:  and  they  also  account  for  the  sterile  eidtures. 

Case  IV.  That  ih'  Dr.  Charles  P.  Strong,  of  Boston. 
Mass..  rejiorled  by  Dr.  Harrinirton.'-'  "Dr.  Strong  died 
of  acute  septicaemia  six  days  after  operating  upon  a  pa- 
tient with  septic  peritonitis,  probably  of  apjiendicular 
origin.  The  nature  of  the  ilisease  was  not  delcrmin<'d  un- 
til after  the  death  of  the  patient.  The  point  of  entrance 
of  the  septic  poison  is  not  known,  as  no  wo\ind  was  dis- 
covered anywhere  ujion  the  body.  The  circumstantial 
evidence  is  so  strong  that  there  can  lie  no  doubt  that  the 
disease  resulted  from  the  oix-ration.  notwithstanding  the 
fact  that  all  the  ustutl  precautions  were  taken. 

"On  the  day  following  the  operation  Dr.  Strong  per- 
formed a  hard  day's  work.  He  mentioned  in  the  after- 
noon that  the  left  arm  felt  somewhat  sore,  but  he  did  not 
speak  of  it  again  in  the  evening.  He  had  a  somewhat 
restless  night,  and  decided  on  the  following  day  not  to 
go  out  to  Ills  woi-k.  I  saw  him  then  for  the  first  time. 
He  complained  of  some  pain  in  the  left  pectoral  muscle, 
left  slK>idiler,  and  elbow.  The  tempcratiu'e  was  normal 
and  the  ])ulse  !^l).  There  were  a  loss  of  appetite  and 
some  nausea.  In  the  evening  the  temperature  was  100' 
and  the  pidse  9t).  The  patient  was  drowsy  through  the 
day,  and  slept  a  good  deal.  There  was  a  trace  of  albu- 
min in  the  urine. 

"On  the  following  morning  the  temperature  was  102" 
and  the  imlse  was  90.  There  was  some  sweating.  In 
the  evening  the  temiierature  rose  to  103  and  the  pulse  to 
98.  The  uiine  contained  a  large  amount  of  albumin. 
The  patient  still  complained  of  paius  in  the  left  arm  and 
back.  There  was  a  tlisiuelination  to  take  food.  A  mod- 
erate amount,  however,  both  of  food  and  stimulants  was 
given.  Ou  the  following  morning  the  tempei'ature  re- 
mained at  103'  and  the  pulse  at  98.  There  was  still  much 
inclination  to  sleep.  In  the  afternoon  there  was  com- 
plaint of  pain  in  the  right  knee  and  right  thigh  just  alio\-e 
the  knee.  The  temjierature  remained  at  103  and  the 
pulse  rose  to  ION.  Dtiring  the  night  there  was  consider- 
able pain  in  the  right  kuee  and  thigh. 

"  In  the  morning  there  were  found  to  be  some  fluid  i:i  the 
right  knee-joint,  and  swelling  of  the  lower  part  of  the 
right  thigh.  A  ham  splint  was  put  on  and  the  leg  sus- 
pended. An  examination  of  the  urine  showed  a  large 
trace  of  albumin,  hyaline,  granular,  and  fatty  casts,  but 
no  blood.  The  temperature  had  fallen  to  101',  while  the 
pulse  remaineil  al  lOs.  The  patient  had  been  perfectly 
clear  in  his  mind  and  fairly  comfortable.  In  the  evening 
tlic  temperatui'e  had  dropped  to  100\  but  the  pulse  had 
risen  to  120  and  was  of  bad  character.  The  sweating  be- 
came profuse.  The  following  night  was  a  coiufortable 
one. 

"  In  the  morning  the  pulse  had  lisen  to  128  and  the  tem- 
perature to  101. s.  During  the  night  the  thigh  had 
swollen  considerably.  The  heart's  action  was  feeble,  and 
there  was  a  duskiness  about  the  skin.  The  respiration, 
which  had  remained  normal  during  the  entire  sickness, 
rose  rajiidly  during  the  morning  to  50  per  minute.  Ou 
examination,  bronchial  breathing  was  detected  over  the 
upper  lobe  of  the  light  lung.  The  patient  sank  ra]iid!y 
and  died  in  the  evening,  this  being  the  fifth  day  of  his 
sickness.  The  thigh  in  a  few  hours  became  dark  and 
greatly  swollen,  and  ■nas  covered  with  bulla-. 

"The  symptoms  up  to  the  last  twenty-four  hours  had 
suggested  an  attack  of  la  ginppe.  with  the  usual  acute 
irritation  of  the  kidneys.  The  condition  of  the  right 
kuee  had  suggested  an  acute  inflammatory  rheumatism. 
The  marked  changes  in  the  thigh  did  not  appear  until 
the  last  few  hours.  The  treatment  had  been  supporting 
and  stimulating.  No  depressants  had  been  used.  The 
amovmt  of  pain  was  not  great,  so  that  opiates  were  not 
needed.  The  patient  did  not  associate  his  illness  with 
the  operation,  which  was  its  probable  cause.  It  was 
subsequently  found  ou  investigation  that,  at  tbe  close  of 


the  operation.  Dr.  Strong  had  pricked  one  of  the  fingers 
of  the  left  hand  with  a  needle  which  was  being  used  in 
closing  the  incision. 

"Several  months  earlier  Dr.  Strong  had  suffered  from  a 
synovitis  of  the  left  knee,  but  there  had  been  complete 
recovery ;  and  no  connection  coidd  lie  traced  between 
this  and  the  subst-quent  illness.  There  was  no  evidence 
of  a  chronic  neiihritis. 

"  A><t"/ixi/.  — The  preliminary  bacteriological  examina- 
tion and  autopsy  were  made  by  Drs.  Councilman  and 
Whitney,  about  twelve  houi-s  after  death,  and  the  bac- 
teriological cultivations  were  ma<le  by  Dr.  Stone. 

"There  was  lividity  of  the  dependent  parts  of  the  body, 
and  the  course  of  tlie  cutaneous  veins  was  marked  by 
dark,  dirty  bluish-black  lines  with  illy  defined  edges. 
The  right  thigh  above  the  knee  was  swollen,  dark,  and 
discolored,  with  numerous  bulla'  containing  a  dirty-red 
serum.  The  lungs  contained  a  lar.ge  amount  of  frothy, 
reddish  fluid,  but  there  was  no  evident  consolidation. 
The  muscidar  substance  of  the  heart  and  the  jiarenchyma 
of  the  liver  and  kidney  were  very  pale  and  opaque.  The 
spleen  was  swollen,  pale,  and  very  soft.  The  other  organs 
presented  nothing  remarkable.  The  nnisclcs  of  the  ex- 
ternal asjieet  of  the  right  thigh  were  dry,  infiltrated  with 
blood-coloring  matter,  but  there  was  no  evident  pus. 

"  Cover-glass  preparations  gave  the  character  of  the  bac- 
teria as  micrococci,  chiefly  in  long  chains  (streptococci). 
Cultures  were  made  from  the  heart's  blood,  the  liver, 
kidney,  spleen,  and  subcutaneous  tissite  of  the  thigh. 
From  all  of  these  there  was  obtained  a  pure  culture  of 
streptococci.  These  grew  in  long  chains  in  liouillon  and 
on  agar.  In  the  former  they  made  the  fluid  cloudy  for 
twenty-four  hours,  and  then  settled  as  a  white  precipi- 
tate. In  gelatin  they  grew  along  the  needle  track  in 
small  isolated  colonies.  They  grew  also  in  milk  but  did 
not  coagulate  it.  0:i  blood  serum  the  bacteria  formed 
small  white  colonies,  at  first  almost  like  drops  of  water 
on  the  surface.  They  developed  rapidly  in  the  thermostat 
at  37'  C.  more  slowly  at  the  ordinary  temperature  of  the 
room. 

"  The  sections  of  the  muscles  of  the  thigh  showed  that 
all  the  intermuscular  spaces  were  distended  l).v  a  inass  of 
bacteria,  there  -was  no  infiltration  of  leucocytes  into  the 
ti.ssues,  though  the  blood-vessels  seemed  to  contain  an 
unusuall.v  large  number  of  white  blood  corjniscles.  In 
sections  of  the  kidney  the  bacteria  were  demonstrated 
with  considerable  difficulty,  in  spite  of  the  fact  that  the 
amount  of  kidney  substance  one  coidd  pick  up  with  a 
small  wire  loop  gave  over  one  hundred  colonies  when 
planted.  When  found,  the  cocci  were  in  the  intercellular 
Sluices.  Neither  in  the  kidney  nor  in  the  muscular  tissue 
was  there  any  suggestion  of  arrangement  of  the  cocci  in 
chains.  This  was  to  be  seen  only  w  hen  they  were  culti- 
vated outside  of  the  body. 

"The  case  is  one  of  true  septicwniia  foUoTviug  a  local 
streptococcus  infection,  the  original  point  of  infection 
not  being  evident." 

D.  Df.\c;Nosis. — The  diagnosis  of  dissection  and  opera- 
tion wounds  is  essentially  that  of  the  sepsis  which 
accompanies  them.  When  this  has  a  distinct  local  ex- 
pression, at  the  site  of  inoculation,  as  in  Cases  I.  and  III. 
the  diagnosis  is  not  speciall,v  difficult;  but  when  the 
portal  of  infection  is  concealed,  as  in  Cases  II,  and  IV,, 
the  diagnosis  presents  difficulties  which  may  even  be- 
come extreme.  A  pure  infection  with  pyogenic  germs 
may,  as  we  have  seen,  find  expression  in  a  great  variety 
of  morbid  processes,  and  consequently  sejisis,  as  a  dis- 
ease, may  counterfeit  a  whole  host  of  other  more  familiar 
morbid  conditions;  among  others  grippe,  typhoid  fever, 
malaria,  rheumatism,  and  scarlet  fever,  and  the  specific 
pneumonias  are  those  perhaps  most  likely  to  conftise  the 
diagnosis  for  a  time,  or  even  till  the  end  of  a  fata!  case. 
On  this  account  the  history  of  recent  exposure  to  septic 
infection,  in  a  physician  or  a  pathologist,  should  always 
be  allowed  weight  in  the  diagnosis  of  any  of  these  affec- 
tions occuiTing  in  professional  men.  Two  means  of  dif- 
ferentiaticm  ai"e  available  to  us  in  doubful  cases:  first,  au 
examination  of  the  blood  for  tbe  determination  of  leuco- 
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cytosis,  and,  secondlj-,  a  bacteriological  examination  of 
the  blood  itself.  The  first  of  these  is  quite  easy  of  ap- 
plication, and  is  capable  of  giving  most  important  in- 
formation in  any  case  in  which  the  system  offers  auj-  con- 
siderable resistance  to  the  invasion  of  the  pyogenic  germs. '" 
The  two  conditions  in  which  it  may  fail  to  afford  a  clew 
to  the  proper  diagnosis  are,  first,  when  the  infection  is  so 
slight  as  not  to  evoke  any  considerable  reaction  on  the 
part  of  the  tissues,  and  secondly,  when  the  invasion  of 
the  system  is  such  an  overwhelming  one  that  all  its 
efforts  to  react  are  borne  down,  practically  without 
a  struggle,  and  the  patient  perishes  forthwith  of  "sep- 
ticemic foudroyante."  The  careful  bacteriological  ex- 
amination of  the  blood  is  a  more  considerable  matter, 
the  technique  of  which  does  not  properly  concern  us 
here,  be\'Oud  the  remark  that  it  requires  for  its  accurate 
performance  quite  a  considerable  quantity'  of  blood  (an 
ounce  or  more),  and  that  negative  results  from  the  ex- 
amination of  smaller  quantities  should  not  be  allowed 
jDuch  weight.  The  actual  discovery  of  pyogenic  cocci 
in  the  blood  is  of  most  grave  prognostic  import,  and  is 
gravest  of  all  in  the  presence  of  streptococci  As  it  will 
be  remembered  that  true  septicfemias,  striciiori  seitsii, 
are  by  no  means  as  common  in  man  as  in  the  lower  ani- 
mals inoculated  with  the  bactt'ria  to  which  thev  arc 
specifically  susceptible,  the  appearance  of  even  a  small 
mmiber  of  germs  in  the  circulating  blood  implies  a  most 
profound,  extensive,  and  dangerous  condition  of  general 
sepsis,  A  single  word  may  be  said  in  regard  to  the  discov- 
ery, in  blood  specimens  gathered  by  aspiration  through 
the  skin,  of  the  Staphjlococcus  pyogenes  albus;  this 
coccus,  which  Welch  has  named  the  Staphylococcus  epi- 
derniidis  albus,  has  been  shown  by  him  to  have  its  habitat 
in  the  skin  in  layers  deejier  than  can  be  reached  by  any 
known  means  of  disinfection.  The  discovery,  therefore, 
of  this  germ  alone  in  blood  cultures  has  not  the  grave 
prognostic  import  which  attends  the  appearance  of  the 
Staphylococcus  aureus  or  that  of  the  Streptococcus  pyo- 
genes. 

E.  Treat.mext. — It  will  be  our  duty  in  this  connection 
to  consider  jirincipally  the  treatment  of  the  primary  local 
lesion' and  its  direct  and  immediate  sequeUe,  the  treatment 
of  an  ensuing  pya-mia,  septica-mia,  or  pyo-septica;raia 
being  more  fully  discussed  in  other  parts  of  this  work. 
For  the  formidation  of  a  rational  treatment  for  these  forms 
of  septic  infection  we  are  considerably  indebted  to  E  H 
Ochsner,  of  Chicago,  from  whose  valuable  article  I  shall 
cjuote  freely. '' 

If  the  infection  has  come  from  a  pin  prick  or  similar 
■wound  through  a  thick  and  calloused  layer  of  the  skin, 
it  is  advisable  carefully  to  shave  away  the  horn_v  layer  at 
the  point  of  infection  till  one  gets  down  to  the  quick,  but 
one  should  avoid  cutting  into  the  healthy  tissue.  If  now 
a  little  pus  should  form  at  the  point,  it  will  work  its  way 
to  the  surface  and  discharge  spontaneously,  or  it  can  be 
released  as  soon  as  there  is  macroscopical  evidence  of  pus. 

If  ever  so  slight  a  wound  be  received  upon  the  hands 
during  the  performance  of  a  surgical  operation  or  of  an 
autopsy  upon  a  subject  with  puerperal  fe\'er,  pya'mia, 
septicemia,  a  carbuncle  in  its  acute  stage,  malignant 
erysipelas,  phlegmonous  cellulitis,  or  suppurative  peri- 
tonitis, it  is  worthy  of  the  gravest  ci.msideration  and  of 
the  most  scrupulous  care  on  the  part  of  the  surgeon. 
This  suggestion  of  Dr.  Ochsner,  viz.,  that  of  shaving  off 
the  superficial  epidermic  layers,  is  very  valuable,  but  this 
should  be  followed  by  active  measures  for  disinfection. 
One  of  the  most  effective  of  these  measures  is  the  imme- 
diate application  of  a  drop  of  ninety-five-per-ccnt.  car- 
bolic acid:  indeed,  the  investigations  of  Seneca  D.  Powell 
have  taught  us  that  so  efficacious  is  the  antidotal  effect 
of  alcohol  in  removing  the  excessive  destructive  effects 
of  carbolic  acid  that  tlie  hands  can  be  washed  with  im- 
punity in  niuety-fivc-per-cent.  acid,  if  alcohol  is  at  hand 
in  which  to  bathe  them  afterward.  If  carbolic  acid  is 
not  at  hand,  glacial  acetic  acid  is  a  very  valuable  applica- 
tion, or  an}'  strong  acid  whatsoever;  one  means  will  al- 
ways be  at  hand  during  a  surgical  operation,  namely,  the 
disinfectants  by  which  the  hands  were  disinfected  in  the 


first  instance,  e.g. ,  oxalic  acid  and  permanganate  of  potas- 
siiun  or  chloride  of  lime  and  sodic  carbonate,  or  at  least 
bichloride  of  mercur\'  solution,  and  the  resterilization  of 
the  hands  with  these  should  be  resorted  to  without  delay, 
the  operation  even  being  interrupted,  if  necessary,  for 
the  purpose. 

It  is  well  to  repeat,  for  the  sake  of  emphasis,  that  on 
the  receipt  of  the  most  trifling  scratch  during  the  per- 
formance of  an  operation  or  of  a  post-moitem  section,  in 
the  presence  of  any  of  the  iliseases  enumerated  above, 
some  one  of  the  means  suggested  should  be  applied  with- 
out ilelay.  If  it  should  be  absolutely  necessarj'  for  the 
surgeon  to  continue  the  operation  himself,  he  should 
recognize  the  fact  that  he  resumes  his  duty  with  con- 
siderable risk,  and  that  every  effort  should  be  made  to 
protect  the  tiny  wound  from  further  contamination,  by 
the  use  of  a  finger  cot,  of  a  collodium  film,  or,  at  the  very 
least,  of  a  small  gauze  dressing. 

The  homely  but  simple  recommendation  to  suck  the 
wovuid  vigorously  has  much  to  recommend  it;  not  so 
much  with  the  view,  in  which  it  was  originally  recom- 
mended, of  "drawing  out  the  poison,"  but  rather  because 
vigorous  sucking  occasions  mechanicallj'  a  certain 
amount  of  diapcdesis  of  the  blood  corpuscles  from  the 
vessels,  and  creates  artificially  a  chemolaxis  whose  de- 
fault, as  we  have  seen  above,  was  a  factor  of  some  mo- 
ment in  allowing  the  insidious  development  of  bacteria 
in  cases  of  inoculation  with  but  slight  trauma.  Similarly 
the  constriction  of  the  base  of  the  finger  occasions  an 
engorgement  of  the  part  with  blood,  and  a  diapcdesis  of 
the  blood  corpuscles — a  measure  wliich  has  been  recom- 
mended for  use  in  the  treatment  of  tidierculous  joint 
lesions.  Of  the  two.  it  would  seem  likely  that  vigorous 
sucking  of  the  woimd  would  be  the  simider  and  at  the 
same  time  probably  the  more  efficacious. 

In  discussing  the  treatment  of  the  kind  of  infections 
we  are  considering,  Ochsner  groups  his  cases  under  four 
iieads: 

Class  I.,  that  form  of  infection  which  betrays  itself  by 
a  marked  local  disturbance  with  the  formation  of  ptis  at 
the  point  of  infection,  the  systemic  disturbance  being 
relativel}-  slight. 

Class  II.,  that  form  in  which  there  is  marked  local  dis- 
turbance with  the  formation  of  pus  at  the  point  of  infec- 
tion and  witii  an  a.scending  cellulitis,  the  systemic  dis- 
turbance being  usually  more  marked  than  in  Class  I. 

Class  III.,  that  variety  in  which  there  is  only  slight 
disturbance  locally,  but  in  which  there  is  an  early  and 
severe  involvement  of  the  regional  lymphatic  glands  and 
severe  general  ilisturbance. 

Class  IV. ,  that  form  in  wliich  there  is  no  demonstrable 
local  disturbance  and  only  relatively  little  disturbance  in 
the  regional  lymph  glands,  but  in  which  there  is  severe 
general  intoxication  due  to  the  presence  of  the  pathogenic 
bacteria  or  their  ptomams  in  the  blood. 

In  the  first  two  classes  the  indications  are  jilain  and  the 
treatment  is  relatively  .simple  :  elevation  of  tlie  extremity 
at  the  very  onset,  copious  wet  dressings;  free  incision 
and  free  drainage,  just  as  soon  as  there  is  macroscopical 
evidence  of  pus.  It  is  well  in  these  cases  cai'efully  to 
apply  an  Esmarch  constrictor  to  the  limb,  proximal  to 
the  inflamed  area,  before  the  incision  is  made.  It  is 
claimed,  and,  says  Dr.  Ochsner,  "  I  believe  correctly,"  that 
the  danger  of  disseminating  the  infection  is  greatly  re- 
duced if  this  precaution  is  observed  ;  the  theory  being  that, 
while  the  incisions  are  being  made,  it  is  best  to  compress 
the  lymphatics  and  veins,  thus  closing  them  until  thrombi 
have  formed  in  their  cut  ends,  so  as  to  prevent  particles 
of  infected  material  being  taken  up  by  either  of  these 
systems  and  disseminated  through  the  body,  thus  furnish- 
ing foci  for  pyremic  abscesses,  septic  endocarditis,  or 
septicjemia.  (See  also  in  this  connection  the  observations 
of  Billroth  ''^  on  the  piovocation  of  chills  in  pya'mia,  by 
dressing  the  wound.)  One  other  caution  Dr.  Ochsner 
emphasizes,  namely  this,  that  the  incision  (or  incisions) 
should  be  made  wholly  within  the  infected  area;  that  is, 
they  should  not  pass  beyond  the  line  of  demarcation,  if 
such  exists,  as  is  usually  the  case,  to  a  certain  extent  at 
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least.     By  following  these  rules  the  pus  can  be  evacuated 

with  safety  without  opening  up  new  areas  to  infection, 
anil  the  danger  from  the  ahovementioued  comidications 
or  sequela'  is  re<luce(l  to  a  nuniniuui. 

In  considering  the  treatment  of  the  third  class  of  cases, 
those  in  which  there  is  only  slight  disturbance  locally, 
but  an  early  and  severe  involvement  of  the  regional 
Ivmpli  glandsand  quite  marked  systemic  disturbance.  Dr. 
Oehsner  remarks  that  while  in  Europe  he  noticed  that 
surgeons  and  pathologists  dilTered  very  markedly  in  their 
treatment  of  this  class  of  infections  acquired  during  sur- 
gical operations  or  necropsies.  Jlost  of  the  surgeons 
seemed  to  favor  early  and  fri'C  incisions,  while  the  path- 
ologists had  learned  belter.  They  are  infected  so  fre- 
(piently  that  they  have  learned  to  treat  themselves  nuich 
more  satislactorily  than  I'Ven  the  surgeon  could.  He 
(|  notes  a  conversation  which  brings  out  this  point  forcibly: 
One  day  one  of  the  surgical  assistants  came  to  the  path- 
ological laboratory  with  his  arm  in  a  dressing,  sultused 
eyes,  pyrexia,  and  considerable  systemic  distiu'bance. 
The  director  of  the  laboratory.  Dr.  E.  Frai'ukel,  of  Ham- 
burg, stepped  vi]!  to  him.  asked  him  what  had  happened, 
and,  after  being  lolil  that  he  had  an  iid'ected  linger  w  ilh 
inlargement  of  the  lymph  glands  in  the  elbow  and  a.xilla, 
as  well  as  a  slight  lymphangitis,  said  about  the  follow- 
ing: "Now  do  not  let  the  surgeons  get  at  you  ;  go  to  bed, 
put  on  a  copious  wet  dressing  and  you  will  lie  well  in  a 
few  days,  while  if  you  let  them  lance  it,  you  may  be  laid 
up  for  weeks;  at  best  you  will  not  beable  to  resume  your 
work  for  some  days  if  you  have  a  gash  in  your  linger." 

The  sick  a.ssistant  very  wi.sely  followed  the  advice  and 
was  back  at  his  work  in  less  than  a  week.  This  he  cer- 
tainly could  not  have  done  with  safety  to  himself  or 
justice  to  his  patients  if  he  had  an  infected  knife  wound 
in  his  linger,  as  he  surel_v  would  have  had  if  he  had  per- 
mitted it  to  be  lanced. 

Dr.  Oehsner  thus  briefly  outlines  the  treatment  which 
he  has  nsi'd  in  a  large  number  of  cases:  "I  insist  ujioii 
rest  ill  bed.  elevation  of  the  infected  extremity,  free 
evacuation  of  the  bowels  by  means  of  calomel  and  saline 
cathartics,  not  purging,  simply  free  evacuation,  that  is, 
three  or  four  bowel  movements  the  tirst  day,  plentj-  of 
good  pure  water,  iireferably  jiresented  at  regular  inter- 
vals so  that  the  kidneys  are  able  properly  to  perform  their 
function.  It  is  quite  noticeable  how  much  better  patients 
do  in  hospitals  as  well  as  in  private  practice  if  they  are 
given  a  delinite  (|Uantity  at  definite  intervals.  They 
sulTer  less  from  headache,  pyrexia,  and  gastrointestinal 
disturbances.  To  continue.  I  insist  further  on  liquid 
diei.  avoidance  of  constriction  to  the  lymphatic  channels 
and  blood-vessels,  avoidance  of  pressure  upon  the  lymph 
glands,  and,  finally,  copious  wet  dressings.  The  dress- 
ings must  be  copious  in  order  to  be  effective.  It  is  in  the 
way  of  putting  on  too  small  a  wet  dressing  that  many 
general  ju^actitiiuH-rs  and  even  surgeons  often  err." 

■■  I  experimented."  hesjiys.  "  for  some  time  to  determine 
the  best  form  of  wet  dressing  for  these  as  well  as  other 
imrposes.  trying  to  find  out  the  best  combination,  both 
as  lo  efbeiency  and  comfort  to  the  patient,  and  my  final 
result  is  tlie  following: 

Boric  acid.  sat.  sol 6  parts. 

Carbolic  acid.  5-per-ceut.  sol 1  part. 

Alcohol.  9.5-per-cent 1     " 

The  solution  sliould  be  applied  hot. 

"This  formula  may  sometimes  be  modified  with  advan- 
tage. If  the  part  is  not  painful  I  often  leave  out  the  car- 
bolic acid  entirely.  Again,  some  patients  do  better  if  the 
pio]iortion  of  alcohol  is  increased.  The  boric  acid  is  put 
ill  because  of  its  well-known  germicidal  effect:  the  car- 
bolic acid,  because  of  its  au;esthetic  effect:  the  alcohol, 
because  of  its  action  as  a  germicide,  and  that  it  keeps  the 
whole  limb  warm  and  comfortable.  I  use  the  plain 
sterile  gauze  fordre.ssing  by  preference,  because  I  beliive 
it  to  be  more  effective  and  certainly  more  comfortable 
than  cott(m." 

Should  softening  of  the  affected  Ivmph  glands  take 
place,  a  sequel  which  very  rarelj'  occurs  if  the  dressings 


have  been  pro|)erIy  and  conscientiously  applied  from  the 
very  onset.  Ihey  .should  be  freely  in<-ised  and  drained  with 
a  gauze  (or  a  rubherVl  drain,  but  should  not  be  enucleated, 
as  whatever  can  be  left  may  some  day  act  as  a  barrier 
against  general  infection.  (N.  ]i.  This  last  recommenda- 
lion  of  Dr.  Ochsner's  ajipears  to  me  lo  lie  one  of  ipies- 
lioiiable  wisdom  :  see  Iheeaseof  Dr.  I'ark  di-lailed  above. > 

The  following  are  the  theoretical  reasons  for  believing 
that  the  conservative  treatment  just  (aitlined  is  more 
rational  than  early  free  incision:  The  infective  agent  is- 
usnally  introduced  in  minnle  quanlities.  it  is  virulent, 
and  is  rapidly  carried  to  llienearesi  lymph  glands.  Con- 
trary to  the  eonleiition  of  even  wry  good  sun-'cons,  I  am 
of  the  belief  lliat  the  origiiiid  point  of  infeition  soon 
ceases  to  play  an  imiiorlaiit  role  in  the  ]u-ogiess  of  the 
disease.  If  it  is  just  left  alone,  the  inllammalory  reac- 
tion at  this  point,  if  it  has  not  all  subsided,  will  do  so  in 
a  very  short  lime.  The  leucocytes  are  rapidly  getting 
the  upper  hand.  The  conditions  become  entirely  changed, 
however,  if  the  already  injured  )iart  is  now  subjected  to- 
a  new  traunialism.  as  a  cut,  for  instance.  Now  the  bac- 
teria are  agiiin  given  a  chalice.  The  tissues,  which  are 
full  of  militant  leucocytes,  are  killed,  so  to  speak,  by  thc- 
iiieising  knife,  and  they  then  furnisli  an  excellent  culture 
medium  for  the  bacteria  which  may  not  have  been  de- 
siroyeil;  the  result  being  a  rather  ludfusely  secreting, 
unwholesome-looking,  slowly  healing  ulcer. 

In  the  fourth  class  of  cases,  those  where  there  is  prac- 
tically no  reaction  at  the  point  of  infection,  or  w  here  this 
may  be  undiscoverable:  where  there  may  or  may  not  be 
involvement  of  the  regional  lymph  glands,  and  wheie- 
the  general  septic  intoxication  is  severe.  Dr.  Oehsner 
recommends  practically  the  same  course  of  treatment  as 
in  class  three  just  discussed. 

He  says,  most  properly,  that  even  the  most  aggressive 
surgeons  have  given  up  incising  the  jioint  of  infection  if 
there  is  no  inflammatory  reaction  at  all :  but  he  op])ose& 
the  ]u-actice  of  some  who  "still  persist  in  taking  out  the 
involved  lymph  glands."  The  fortunate  issue  of  Dr. 
Park's  case,  just  alluded  to  and  described  above,  would 
indicate  that  the  removal  of  the  affectetl  lymidi  glands  is 
in  proper  cases  good,  and,  it  is  not  too  much  to  say,  the 
only  good  practice. 

Recent  advances  in  bacteriology  would  indicate  that  in 
this  fourth  class  of  cases,  whose  prognosis  is  always 
grave  and  often  desperate,  another  means,  not  distinctly 
surgical,  may  be  available  for  combating  the  bacteria 
which  are  causing  the  profound  sepsis  which  threatens 
the  life  of  the  patient,  namely,  the  introduction  into  the 
system  of  specific  remedies  calculated  to  destroj*  the 
bacteria  and  to  neutralize  their  toxins.  Experiment  has 
seemed  to  indicate  that  nucleinic  acid  and  some  of  its 
derivatives  and  analogues  have  in  a  measure  lioth  of  these- 
properties,  that  of  inliibiting  the  development  of  the  bac- 
teria, and  that  of  neutralizing  their  toxins.  A  proiu-ie- 
tary  remedy,  claiming  to  present  these  substaines  in 
available  form,  has  Ix-eu  placed  on  the  market  under  Iht^ 
trade  name  of  "  protonuclein  ";  whether  this  particular 
substance,  which  is  recommended  both  forhypodermicii.se 
and  for  administration  "  per  os,"  would  be  valuable  in  the 
treatment  of  these  cases  may  or  may  not  prove  to  be  so, 
but  it  is  not  unrea.sonable,  in  the  light  of  modern  investi- 
gations, to  suppo.se  that  some  chemical  body  of  that  order 
could  be  supplied  to  the  system,  by  the  mouth  or  through 
the  skin,  which  should  gVeatly  .aid  the  system  laboring 
under  an  overwhelming  dose  of  septic  poison,  and  in  just 
so  much  reiideri'd  incapable  of  manufacturing  for  itself  a 
supply  of  defensive  proteids,  sufficient  for  its  iiressing 
needs. 

Certain  favorable  reports,  furthermore,  come  lo  us  in 
regard  to  the  general  use  (in  distinction  from  their  local 
use)  of  certain  silver  salts,  by  inunction,  in  a  manner 
similar  to  the  use  of  mercurial  inimctinns  in  syphilis.  In 
some  cases  of  general  sepsis,  presumably  of  a  strepto- 
coccic type  (puerperal  fever),  half  an  ounce,  or  even  an 
ounce  of  Crcde's  ointment  rubbed  into  the  flanks  or  the 
belly  twice  a  day  has  appeared  to  influence  very  favor- 
ablv  the  course  of  the  disease. 
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The  attempt  to  elimiuate  the  bacteria  themselves,  or 
eveu  their  toxins,  by  means  of  the  eraunctories,  as  ■n^e 
have  seen  above,  is  very  unlikely  to  amount  to  much, 
and  powerful  cathartics,  diuretics,  and  sudorifics  are  more 
likely  to  prove  harmful  than  beneficial. 

One  fiirther  resource,  however,  holds  out  the  brightest 
promise  as  a  successful  means  of  combating  the  difllcul- 
ties  in  question,  and  its  realization  seems  almost  if  not 
quite  within  our  grasp;  I  refer  to  the  injection  of  the 
serum  of  immunized  auiraals.  The  imcertainty  of  the 
■results  obtained  by  Marmorek's  antistreptococcic  serum 
seems  in  a  fair  way  to  be  rectified  since  the  studies  of  Van 
de  Velde  have  thrown  more  light  on  the  probable  reason 
-for  its  occasional  ineificacy  in  cases  apparently  well 
suited  for  its  employ.  Van  de  Velde,  namely,  lias  tried 
to  determine  by  experiment  "^  whether  a  serum  produced 
by  means  of  a  gi  ven  variety  of  streptococcus  is  efficacious 
against  all  other  varieties  of  streptococcus  pathogenic 
for  man,  or  whether  it  is  active  only  against  a  certain 
number  of  varieties.  To  decide  this" question  he  makes 
use  of  a  serum  produced  by  means  of  a  streptococcus 
A,  and  he  inoculates  a  horse  with  another  variety  of 
streptococcus,  P,  which  coccus  is  chosen  because,  in 
citro,  its  development  is  not  inhibited  by  the  serum  A 
added  to  the  leucocytes  of  a  rabbit;  from  the  horse  he 
acquires  another  variety  of  antistreptococcus  serum, 
serum  P.  Now  he  observes  that  serum  A  is  very  active 
when  injected  in  doses  of  ,5  c.c.  ;  it  annihilates  the  effects 
of  five  thousand  [lathogenic  doses  of  streptococcus  A, 
but  is  able  to  ueutndize  the  effects  of  only  one  hundred 
•doses  of  streptococcus  P.  On  the  other  hand,  the  serum 
P  is  able  to  neutralize  the  effects  of  five  tliousand  patho- 
genic doses  of  streptococcus  P,  but  is  completely  inactive 
against  streptococcus  A. 

These  researches,  conducted  at  the  Bacteriological  In- 
stitute of  the  University  of  Louvain,  have  led  them,  at 
that  institution,  to  modify  the  techniciue  of  the  vaccina- 
tion of  horees  for  the  production  of  serum,  and  their  im- 
munizations are  now  made  with  a  mixture  of  streptococci 
coming  from  as  many  different  sources  as  possible.  The 
serum  thus  pi-cpared  has  received  the  name  of  "polyv- 
alent serum."  and  it  is  anticipated  that  a  serum  thus 
prepared  will  be  more  generally  and  uniformly  s\iccess- 
ful  in  practice  than  the  antistreptococcic  serum  prepared 
in  the  usual  maimer. 

In  the  presence  of  proliable.  if  not  indubitable,  strep- 
tococcic infection  of  a  grave  tyiie.  esjiecially  in  cases  in 
which  streptococci  have  lieen  demonstrated  in  the  blood, 
the  question  of  the  administration  of  large  doses  of  a  re- 
liable antistreptococcic  serum  merits,  to  say  the  least,  the 
careful  consideration  of  the  attending  practitioner. 

Zmigrodski,  whose  distressing  personal  experience  with 
an  operation  wound  has  been  detailed  above,  heads  liis 
report  of  his  own  case  with  a  pertinent  (piotation  from 
Dr.  Parkes'^;  it  will  not  be  unfitting  to  repeat  it  here: 

"1  believe  these  cases  of  severe  septic  infection,  if  they 
do  get  well,  scarcely  ever  do  so  because  of  the  doctor, 
butby  the  grace  of  God."  Leoimrd  W.  Bacon,  Jr. 
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''  Perez :  Ueber  das  Verhalten  des  Lymphdri'isensystems  den  Mioro 
organismen  gegeniiber.  Author's  abstract  in  Centralblatt  fur 
Bakteriologie.Bd.  xxlii.,  1898,  p.  404. 

'*  Wauters:  ttp,  cit. 

'*  Ehrlich  :  Quoted  by  Wauters,  lor.  cit. 

•"  V.  Klecki :  Ueber  die  .\usscheidung  von  Bakterien  durch  die 
Niere  and  die  Beeintlussung  dieses  Processes  durch  die  Diurese. 
tArch.  f.  experim.  Path.  u.  Pharmakologie,  Bd.,  x.xxix..  1897,  p.  ir3.1 
Abstracted  in  Centralblatt  fiir  Bakteriologie.  Bd.  xxiv.  p.  42H. 

21  Cotton  :  Ein  Beitrag  zur  Frage  der  Ausscheidung  von  Bakterien 
durch  den  Tlerkorper.  (Sitzungsherichte  d.  k.  Akademie  der  Wis- 
sensch.  in  Wien,  Bd.  cv.,  Abth.  i,  Mathem.-naturw.  Klasse.)  Ali- 
stnicted  in  Centralblatt  fur  Bakteriologie.  Bd.  xxiv..  p.  199. 

^-  Goldberg :  Ceber  Ausscheidung  des  Tetanusiiiftes  durch  Nieren- 
sekretion  be!  Experimentaltetanus.  Centralblatt  fiir  Bakteriologie, 
Bd.  xxrt.,  I8SI9.  p.  ."^7. 

23  Nuttall :  Zur  .iuf kliirung  der  Rolle,  welche  stechende  Insekten 
hei  der  Verbreitung  von  Infektionskrankheiten  spielen.  centralblatt 
fiir  Bakteriologie,  Bd.  x.xiii.,  p.  025.— Also  Experimente  fiber  die  bak- 
ti-rienfeiudlichen  Einflfisse  des  tlerischen  Korpers.  Zeitschrlft  fiir  Hy- 
giene. Bd.  iv..  ISSH.  p.  3.53. 

2*  Gamaleia :  Bakteriolvslne.  bakterienstOrende  Ferraente.  <  Rus- 
siches  Archiv  fiir  Pathologie,  1898.i— Also  Ueberdie  Immunltiit.  (Fest- 
rede,  gehalten  in  der  Gesellschaft  der  russ.  Aertzte  in  (idessa  am  20 
Miirz.  IS98.)— Also  Ceber baktei-ieustoreudc  Fermente.  ^Vortraginder 
Gesellschaft  der  russ.  Aertzte  in  iiiless;v  am  20  .\ovember,  1898.1  — 
Als<i  .\eue  Funde  iitier  Bakteriolysine.  iVortnie  gehalten  in  der  Ge- 
sellschaft niss.  Aertzte  am  '£>  Februar.  1899. »  .\ll  abstracted  in  Cen- 
tralblatt ffir  Biikleriologie,  Bd.  xxvi.,,1899,  p.  m\. 

2»  Siiwtschenko :  Coninlnitlon  il  I'Etude  de  I'lmmuuite.  (Annates 
de  rinstilut  Pasteur,  t.  .\i. )  Abstracted  in  Centralblatt  fiir  Bakteri- 
ologie, Bd.  xxiv..  1S98,  p.  105. 

-'  Zmiirrodzki :  Ein  casuistischer  Beitrag  zur  Heilbarkeit  iler  Py- 
aeniie.  Infectio  pvaemica  sub  operatlone.  Panaritium  septicum. 
Infarctus  pulmonuiii  multipliccs  et  renis  dextri.  Peri-paranephritis 
suppurativa.  Phlebitis  et  iieriostitis  cum  sequestribus  ossium  cniris 
sinistri.  .Vnu'iiiia.  Sanatio.  Meine  Kranklieit,sges<-hichte.  Vortrag 
gehalten  am  2  (ictober,  1890,  im  Vereiu  St.  I'etei-sburger  Aerzte.  St. 
Peterslairger  medicinische  Wochenschrift,  Xeue  Folge,  vli.  Jahrg., 
No.  47,  November  24,  p.  419. 

^'  (iaston  :  Pyiemla  and  Septicieniia.  in  Twentieth  Century  Practice, 
vol.  XV.,  p.  .570.    (Personal  letter  iunn  Dr.  Park.l 

'■"  Gaston  :  ioc.  lit.     (Personal  letter  from  Dr.  Keen.) 

2»  Harrington  :  Boston  Med.  and  Surg.  .lomn..  (or.  cit. 

'"('alHit:  Surgical  Pathology  of  the  Blood,  iii  International  Text- 
Ixiok  of  Sursrerv.  Warren  ,V  Goiild,  p.  80. 

'■"  ochsner:  The  Treatment  of  Septic  Infections  following  Pin- 
pricks, .\lirasions,  and  Similar  Injuries.  International  .louni.  of  Sur- 
gery, vol.  xt..  No.  11.  November,  18tl8. 

'2  Quoted  bv  Cannalt  In  Art.  SepticuMnla,  Pyivmla,  and  Poisoned 
Wounds,  in  Dennis'  System  o(  Surgery,  vol.  i.,  p.  4Ce. 

"  Compte-rendu  par  Denvs:  Liic.cit. 

"  Parkes :  The  Obstetrical  Gazette,  Cincinnati,  September,  1S90. 

DISTOMA.     See  Tremntodes. 

DITA.— The  balk  of  AUt'mia  schnlnrifi  (L.)  R.  Br.  (fam. 
AfKicyitdccii'),  a  large  tree  of  Southeastern  Asia  and  the 
adjacent  islands,  especially  the  Philippines,  yielding  a 
v.iiuable  fine-grained  timber.  The  bark  and  its  alkaloid 
have  been  much  used  at  home,  and  to  some  extent  in  this 
country,  as  an  .<intiperiodic  substitute  for  quinine.  It  is 
a  very  rough,  coarse  bark,  occurring  in  pieces  as  large  as 
the  hand  and  larger,  and  a  fourth  to  a  half  inch  or  more 
in  thickness.  The  otiter  surface  is  coarsely  fissured  and 
of  a  dark-gray  or  brownish  color,  the  inner  is  buff  and 
coarsely  striate.  The  texture  is  largely  cellular  and  it  is 
easily  ground  or  powdeied.     It  is  odorless  but  very  bitter. 

Xuiiierous  crystalline  principles  have  been  extracted 
from  it.  among  them  several  alkaloids.  Ditainc  (or 
echitamine,  Cs-Hj-X^Oj)  is  the  most  important.  It 
occurs  in  brightly  shining,  prismatic  crystals,  soluble  in 
both  water  and  alcohol,  "it  is  said  to  act  like  curare,  but 
its  use  appears  to  have  been  purely  experimental.  Other 
alkaloids  are  dit<iu>ine  (C,f.H,aXOi)  and  ccJiittnine 
(CsoH.tXOj).  "Ditain,"  as  said  to  be  used  in  the  Pliilip- 
pines  in  equal  doses  with  quinine,  is  a  very  indefinite 
substance.  It  certainly  is  very  different  from  the  poison- 
ous bases  noticed  above. 

Dita  has  not  been  found  of  much  value  as  an  antiperi- 
odic :  it  is  useful,  however,  as  a  general  tonic.  It  appears 
to  be  a  rather  powerful  abdominal  stimulant,  of  value  in 
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severe  <liarrh<i-!i.  The  dose  of  the  powdered  bark  is  0.3 
to  (I..1  gm.  (gr.  iij.-viij.)  or  as  many  minims  of  tlie  fluid 
e.\tract. 

The  similar  bark  of  .1.  conntrictd  F.  von  Mueller,  of 
Australia,  lias  there  a  similar  repute  as  an  antiiKT'iodie. 

Henry  J  I.  ItiiKliy. 

DI-THI0-CALCIUMCARB0NATE(CaCS,O)iscaleium 

carbonate  in  wliieh  two  atoms  of  oxygen  have  been 
replaced  by  sulphur.  It  is  a  hygroseopie,  oniuge-red, 
crystalline  [jowcier,  slightly  soluiile  in  water  and  less  so 
in  alcohol.  On  exposure  to  light  and  air  its  aqueous 
solution  is  decomposed,  with  liberation  of  sulphur  and 
sulphuretted  hydrogen.  On  account  of  its  large  propor- 
tion of  snl]ihur  it  was  used  by  Toinmascili  and  Yicini  in 
tive-iH-r  cent,  ointment  or  freshly  prepared  solution  as  an 
application  in  psoriasis,  lupus,  eczema,  and  other  skin 
diseases.  Sabbatiui  has  foiuid  that  a  oue-iier-cent.  solu- 
tion jirevents  the  growth  of  pyogenic  bacteria,  but  does 
not  kill  them.  A  twenty-percent,  solution  caused  a 
vesicular  and  pustular  dermatitis.  IV.  .1.  BaMedti. 

DITTANY.— American  Dittany.  The  herb  of  Cuidla 
rt'f/,iw>i(U.^  iL.  I  Britton  (fam.  Labiaht).  This  aromatic 
jn-renuia!,  found  abundantly  in  rich  woodlands  of  the 
Eastern  United  States,  is  a  more  energetic  carminative 
than  many  of  its  relatives  which  are  ^nore  fretiueutly 
employed.  It  has  a  biting,  peppery,  aromatic  taste  and 
■contains  an  abundance  of  volatile  oil".  This  oil  is  distilled 
for  the  market  and  appears  to  be  very  similar  to  oil  of 
thyme.  The  drug  and  the  oil  are  more  stimulant  to  the 
perspiratory  glands  than  are  most  of  the  aroniatics.  The 
dose  of  the  diied  herb  is  1  to  4  gm.  (gr.  xv.  to  Ix.). 

Henry  H.  Rusby. 

DIURETICS  are  medicines  which  increase  the  secretion 
of  urine.  They  are  divided  into  two  classes,  direct  and 
i  mil  net. 

To  the  lirst  class  belong  all  medicines  that  produce  an 
increase  of  diuresis  by  influencing  the  kidneys  directly ; 
to  the  second,  those  that  accomplish  this  bj'  augmenting 
the  generjtl  blood  jiressure. 

In  order  to  have  a  clear  conception  of  the  practical 
bearing  of  this  division,  it  is  necessary  to  understand  the 
conditions  that  modify  the  urinary  secretion  in  health 
and  disease. 

The  activity  of  the  kidneys,  in  their  healthy  state,  de- 
pends upon  the  quantity  of  blood  flowing  through  the 
renal  vessels,  and  the  amount  of  uriuable  substances  (that 
is.  substances  that  are  eliminated  by  the  kidneys,  such  as 
water,  inorganic  salts,  urea,  uric  acid,  etc. )  wliieh  it  con- 
tains. As  both  the  quantity  and  quality  of  the  renal 
blood  inidergo  marked  changes,  the  urine  secreted  at  dif- 
ferent times  by  healthy  persons  presents  stiiking  varia- 
tions in  amount,  color,  and  density.  These  variations 
are  readily  accounted  for  by  the  fact  that  the  principal 
constituents  of  the  uiine,  the  water  and  the  solids,  are 
secreted  in  difl'erent  ]iarts  of  the  kidneys — the  Malpighian 
bodies  and  the  uriniferous  tubules.  These  two  parts  are 
nfit  always  equally  active,  and  hence  the  normal  varia- 
tions in  the  composition  and  quantity  of  the  urine. 

The  quantity  of  the  water  of  the  urine  depends  chiefly 
on  the  activity  of  the  ^lalpighian  bodies  or  glomeruli. 
They  separate  from  the  renal  blood  its  surplus  of  water 
and  those  salts  which  it  normally  holds  in  solution,  sucli 
as  chloiide  of  sodium,  etc.  From  the  glomeruli  the  water 
pa.sses  into  the  hniien  of  the  uriniferous  tubules,  where 
it  serves  as  a  solvent  or  vehicle  for  any  substance  that 
may  have  been  secreted  by  the  ejiitheliai  cells  of  tlie 
tubules.  The  quantity  of  water  yieliled  by  the  glomeruli 
is  regulated,  according  to  Ludwig.  by  the  ]>ressure  of  the 
blood  in  the  capillaries  of  the  glomeridi,  but  according 
to  Heidenhain.  by  the  velocity  of  the  blood  current. 
Ludwig  holds  that  the  passage  of  water  thrnugh  the  walls 
of  the  capillaries  and  the  simple  layer  of  eiiithelial  cells 
covering  the  tuft  of  capillaries,  is  "merely  a  mechanical 
filtration.  Accordingly,  the  greater  the  pressure  in  the 
capillaries,  the  more  abundant  the  water  that  filters 
through  them,  and  the  more  the  pressure  in  the  glomeruli 


exceotls  the  i)ressure  in  the  tubules,  the  more  rapid  and 
extensive  the  iirocess  of  filtration.  Heidenhain,  on  the 
contrary,  maintains  that  it  is  the  velocity  of  the  blood 
current  that  determines  the  ipiantity  of"  water  flowing 
from  the  glomeridi.  The  mr)re  rapid  the  blood  current 
in  the  glomerular  capillaries,  the  more  copious  the  flow 
of  water.  When  the  liluod  cunvnt  is  very  rapid,  a  larger 
(|Uantily  of  water  is  brought  into  relation  with  the  epi- 
thelial cells  of  the  glomeruli  in  a  given  time,  and  hence 
their  activity  becomes  augmented.  Thus  Heidenhain 
regards  the  removal  of  water  from  the  lilood  of  the 
glomerular  capillaries  to  be  a  process  of  active  secretion 
by  the  ejiiilielial  cells  of  the  glomeruli. 

Xoimally,  bl(K)d  pressure  and  rapidity  of  blood  flow  in 
the  ^Maliiighian  bodies  are  simultaneously  increased  or 
diminished,  but  in  some  patholoi.'i(al  states  the  pres.sure 
may  be  augmented  while  the  flow  is  retarded. 

As  the  quantity  of  water  flowing  from  the  glomeruli 
depends  upon  the  abundance  of  blood  in  their  capillaries, 
it  is  evident  that  the  quantity  of  urine  secreted  must  be 
controlled  by  the  general  arteiial  blood  pressure.  When 
the  blood  pre.s.surc  is  high,  the  urinary  secretion  is  abun- 
dant; when  it  is  low.  the  secretion  is  scanty.  In  the 
nomial  state  of  the  organism  the  general  lilixid  pressure 
is  such  as  to  supply  the  kidneys  with  an  abuiidance  of 
blood,  so  that  they  can  rapidlj"  remove  from  it  the  urin- 
able  substances  it  may  contain.  Some  of  the  nrdinaiy 
changes  in  the  quantity  of  urine  arc  attributable  to  varia- 
tions of  the  general  blood  pressure.  Thus,  when  the  sur- 
face of  the  body  becomes  cold  the  vessels  of  the  skin 
contract,  and  the  general  blood  pressure  slightly  increases; 
the  urine  then  becomes  more  abundant,  less  dense,  and 
light-colored  On  the  contrary,  when  the  surface  of  the 
body  is  exposed  to  a  very  warm  atmosphere,  the  super- 
ficial vessels  dilate,  and  "the  blood  pressure  falls  some- 
what ;  as  a  consequence  the  urine  becomes  scanty,  dense, 
and  high-colored. 

But  the  quantity  of  water  flowing  from  the  glomeruli 
depends  also  upon  the  concentration  of  the  renal  blood. 
When  the  renal  blood  contains  a  minimum  of  water,  the 
glomerular  epithelium  can  remove  or  secrete  liut  little, 
and  the  urine  becomes  dense,  scanty,  and  hi.shcolored. 
On  the  contrary,  when  the  renal  blood  contains  a  maxi- 
mum of  water,  the  renal  epithelium  removes  the  surplus 
rapidly,  and  the  urine  becomes  copious  and  light-colored. 
This  is  well  illustrated  in  health  Ijy  the  variations  in  the 
quantity  of  urine  resulting  from  the  amount  of  fluid  in- 
gested. Soon  after  imbibing  large  draughts  of  water,  a 
copious  flow  of  light-colored  urine  takes  place. 

The  indirect  diuretics  have  been  defined  as  medicines 
that  increase  diuresis  by  augmenting  the  general  arterial 
blood  pressure.  This  results  from  their  action  on  the 
heart,  whose  energy  becomes  increased.  They  do  not,  it 
is  now  held  by  most  authorities,  exert  any  direct  action 
on  the  kidneys,  since  they  are  incapable  of  augmenting 
the  flow  of  urine  when  they  fail  to  increase  the  force  of 
the  heart's  action.  In  the  normal  state  of  the  organism, 
they  do  not  markedly  augtnent  the  quantity  of  urine, 
evidently  because  the  lilood  pressure  is  generally  at  its 
maximum  height.  But  when  the  blood  pressure  is  ab- 
normalh"  low  from  inefficient  heart  action,  and  the  secre- 
tion of  urine  has  abated  in  consequence  of  scanty  supply 
of  arterial  blood,  they  display  great  power  over  the 
secretion  of  urine,  often  in  a  short  time  producing  a 
copious  flow. 

The  quantity  of  the  solids  of  the  urine  depends  upon 
the  activity  of  the  epithelial  cells  of  the  uriniferous 
tubules.  All  authors  accord  to  these  cells  an  active 
secretorr  function.  They  take  from  the  blood  in  the 
capillaries  surrounding  the  tubules  the  urea,  uric  acid, 
kreatinin,  and  other  iiroducts  of  metabolism,  anil  prob- 
ably foreign  substances  such  as  medicines  and  iioisons, 
ami  discharge  them  into  the  channels  of  the  tubules. 
The  activity  of  the  epithelium  depends  upon  the  quantity 
of  such  urinable  substances  contained  in  the  renal  blood, 
increasing  when  they  are  abundant  and  diminishing 
when  they  are  scanty.  It  depends  also  upon  the  velocity 
of  the  blood  current,  since  with  an  accelerated  flow  a 
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larger  quantity  of  urinable  substances  is  brought  into  re- 
lation with  them  in  a  given  time.  AVhen  the  blood  How- 
iug  into  the  kidneys  contains  a  large  amount  of  such 
substances  and  a  niiuimuni  of  water,  the  urine  becomes 
dense,  scanty,  and  high-colored.  On  the  contrary,  wlicn 
the  renal  blood  contains  only  a  minimum  of  them  and  a 
maximum  of  water,  the  urine  becomes  pale,  less  dense, 
and  verj-  copious.  It  is  evident,  therefore,  that  the  de- 
gree of  aclivit}'  of  the  two  secreting  structures  of  the 
kidncv  is  dependent  jirimarily  on  the  quality  of  the  renal 
blood. 

The  kidneys,  like  all  other  organs,  in  a  measure  regu- 
late their  own  blood  flow.  \Yhen  they  are  active,  they 
contain  an  abundance  of  "blood;  when  inactive,  they  are 
comparatively  bloodless.  When,  for  instance,  the  activ- 
ity of  the  ejiithelium  becomes  excited  by  the  jii-esence  of 
ui-inable  substances,  there  quickly  takes  place  a  more 
abundant  flow  of  blood  to  the  kidneys,  or  rallier  to  the 
secreting  apparatus,  in  consequence  of  dilatation  of  the 
renal  arterioles.  This  statement  does  not  rest  merely  on 
general  principles.  Heidenhain  found,  as  a  result  of  his 
experiments,  that  a  ver}-  dilute  solution  of  nitrate  of 
sodium,  or  urea,  injected  into  the  blood,  greatly  increased 
the  How  of  urine,  when  it  had  abated  in  consequence  of 
low  blood  pressure.  Xo  change  of  the  l)lood  pressure 
resulted  from  the  in.iections,  and  licncc  the  augmented 
flow  (if  urine  could  not  be  attributed  to  rise  of  the  gen- 
eral arterial  pressure.  That  it  was  solely  due  to  an  in- 
crease of  the  local  pressure  in  the  vessels  of  the  kidneys, 
and  augmented  velocity  of  the  l)Ioo<l  cuiTent,  is  evident 
from  the  experiments  of  Cohnheim  and  Roy,  These  in- 
vestigators found  that  small  quantities  of  a  very  dilute 
solution  of  urea,  or  of  chloride  of  sodium,  injected  into 
the  circulation,  whicli  in  no  wise  influenced  the  general 
blood  pressure,  soon  caused  a  very  decitled  increase  of 
the  bullc  of  the  kidney.  This  shows  that  the  amount  of 
blood  flowing  through  the  kidneys — tliat  is,  the  degree 
of  dilatation  of  the  renal  nrtcrioles — depends  upon  the 
quantity  of  urinable  substances  in  the  renal  blood  and 
the  activity  of  the  renal  epithelium.  Augmented  activ- 
ity of  the  ei)illielium  is  hence  always  attended  by  an 
active  physiological  hypera-mia. 

From  tiiis  it  follows  that  all  medicines  which  increase 
the  flow  of  urine  by  a  direct  action  on  the  kidneys  cause 
more  or  less  active  liypenemia.  Some  of  the  direct  iliu- 
retics.  if  given  in  large  doses,  diminish  the  i|uantity  of 
urine  and  render  it  bloody  and  albuminous,  which  shows 
that  they  may  so  greatlv  irritate  the  secreting  e]iitlu'lium 
and  the  walls  of  the  capillaries  as  to  produce  inflamma- 
tion, and  thus  retard  and  even  completely  arrest  the 
blood  flow  of  many  parts  of  the  kidney. 

DinF.CT  DniiKTics. — Some  of  the  direct  diuretics  ])ro- 
duce  a  change  in  the  chemical  reaction  of  the  urine, 
ren<lering  it  less  acid  or  even  alkaline.  They  are  called 
siiUne  diureticK.  Numerous  diuretics,  when  administered 
in  e.vccssive  doses,  diminish  the  quantity  of  urine,  and 
cause  other  symptoms  characteristic  of  irritation  or  in- 
flammation of  the  kidneys.  Hence  they  are  distinguished 
as  irritant  or  gtimiilunt  diuretics. 

Soliiie  Diiintim. — To  this  group  belong  many  of  the 
Siilts  of  potassium,  sodium,  lithium,  calcium,  and  mag- 
nesium. The  salts  of  potassium  cause  a  more  decided 
increase  of  the  urinary  secretion  than  the  other  salts,  and 
hence  are  always  preferred  when  an  increase  of  the 
quantity  of  urine  is  indicated. 

Of  the  salts  of  potassium  the  acetate,  citrate,  and  bitar- 
trate  seem  to  possess  equal  diuretic  power.  This  is 
readily  explained  by  the  fact  that  in  the  organism  they 
are  all  converted  into  the  carbonate,  and  as  such  are 
eliminated  liy  the  kiilncys. 

Doubtless,  in  being  eliminated,  the}-  excite  the  renal 
epithelium  to  increased  activity,  in  consequence  of  which 
an  active  hyperamiia  results,  and  hence  an  augmented 
flow  of  watery  urine.  That  the  increase  of  diuresis  is 
not  due  to  an  augmentation  of  the  general  blood  pressure 
is  proved  by  the  fact  that  injections  of  dilute  solutions  of 
chloride  of  sodium  into  the  veins  are  rapidly  followed  by 
an  increase  of  the  lulk  of  the  kidnevs  and  a  free  flow  of 


urine,  although  the  general  blood  pressure  is  not  altered. 
The  action  of  Siilines  is  held  V)y  many  |)li_ysicians  to  be 
due  in  part  to  changes  of  the  general  circulation,  and,  in 
febrile  diseases,  to  lowering  of  temperature.  If  they  are 
capable,  as  claimed  liy  some  recent  writers,  of  pi-oducing 
antipyretic  effects,  their  diuretic  action  in  fevers  may 
partly  result  indirectly.  For  it  has  been  foimd  experi- 
mentally by  ^lendelsou  that  in  fevers  the  kidneys  be- 
come diminished  in  bulk,  in  all  probability  in  consequence- 
of  the  action  of  the  hot  blood  on  the  vaso-motor  centres. 
Husemaun  reconunends  uitiate  of  potassium,  even  in 
.small  doses,  in  inflammatory  diseases,  on  the  ground  that 
it  lowers  the  febrile  temperature  and  improves  the  gen- 
eral condition  of  the  patient. 

Indifdt ions  fur  the  Use  of  Saline  Diuretics.  The  saline 
diuretics  are  employed  to  meet  two  indications:  lirst,  to 
remove  morbid  accumulations  of  serum;  secondly,  to 
neutralize  an  excess  of  acid  in  the  urine. 

Exceasive  accnnuilations  of  serum  occur  iu  a  variety 
of  pathological  states,  diseases  of  the  heart,  liver,  kidney, 
and  as  a  consequence  of  inflammations.  AVhen  the  mor- 
bid condition  giving  rise  to  the  dropsy  is  amenable  to 
treatment,  the  diuretic  action  of  the  salines  is  often  fol- 
lowed by  rapid  absorption  of  the  effused  liquid.  This  is 
especially  the  case  when  an  abundant  effusion  occurs  in 
consequence  of  inflammation  of  serous  mcmbrani's.  as  in 
plcuritis,  pericarditis,  peritonitis,  etc.  After  the  symp- 
toms of  active  inflammation  have  subsided,  the  use  of 
salines  is  generally  followed  by  rapid  absorption. 

Their  utility  is  less  evident  in  dropsies  dependent  ujion 
organic  disea.ses  of  the  heart,  lungs,  liver,  and  kidneys; 
but  when  associated  with  other  therajientic  means  indi- 
cated by  the  jiathological  condition  giving  rise  to  the 
dro]>sy,  they  often  greatly  hasten  absorption.  Thus,  in 
cardiac  dropsy  the  chief  indication  is  an  increase  of  the 
arterial  blood  i)rcssure.  This  the  saline  diuretics  cannot 
acconqilish.  IJut  when  they  are  combined  with  the  in- 
direct diuretics,  which  augment  the  force  of  the  heart's 
action,  they  promote  the  diuretic  action  of  the  latter  and 
thus  accelerate  absorjition. 

In  renal  drojisy  saline  diuretics  may  be  useful  nr  liann- 
ful,  according  to  the  condition  of  the  kidneys.  In  tlie 
dropsy  attending  acute  nephritis,  they  will  (lo  harm  as 
long  as  the  inflammation  is  the  cause  of  the  diminished 
secretion  of  urine.  The  kiilir'vs,  when  inflamed,  like  all 
other  organs,  require  rest.  The  adniinisti'ation  of  salines 
may  not  oidy  cause  injury  to  the  kidneys  directly  by 
augmenting  the  quantity  of  blood  in  them,  but  may 
hasten  the  aiipearance  of  ura'mic  symptoms.  When, 
however,  the  inflammation  has  subsided,  and  the  free- 
flow of  urine  is  ]ncvented  by  the  presence  of  tube  casts 
and  masses  of  blood  in  the  nriniferous  tubules,  they  may 
become  useful  by  liasteniug  the  removal  of  these  impedi- 
ments. 

In  the  dropsy  of  chronic  renal  disease  the  saline  diuretics 
rarely  pos.sess  m\\c\\  utility.  But  in  some  cases  their  ad- 
ministration is  followed  by  increa.sed  diuresis.  This  is 
observed  especially  when  the  dropsy  residts  from  failure 
of  the  compensatory  action  of  the  heart.  Combined 
with  digitalis,  or  other  medicines  that  augment  the  force 
of  the  heart's  action,  thev  often  cause  a  copious  flow  oF 
urine.  So,  too,  in  the  hydramiie  dropsy  followiirir  I'X- 
posurc  to  cold,  or  disorder  of  digesti(m,  the  saline  diu- 
retics, associated  with  such  lemedies  as  thesjiecial  jiatlio- 
logical  condition  indicates,  are  often  followed  by  eliicient 
action  of  the  kidneys. 

In  any  case  of  clironic  renal  dropsy  the  use  of  saliuc- 
dinretics,  if  they  do  not  jiroduce  an  increase  of  diuresis, 
should  not  be  long  continued ;  for  if  the  kidneys  have 
become  so  severely  damaged  that  they  cannot  remove  the 
surplus  of  water  from  the  renal  blood,  they  will  also  be 
unable  to  eliminate  these  medicines.  Their  jicrsistent 
employment  will,  therefore,  soon  be  productive  of  sen 
ous  disorder,  especially  feebleness  of  the  heart's  action, 
and  symptoms  of  uraemia. 

For  the  purpose  of  increasing  diuresis,  the  acetate, 
citrate,  bitartrate,  and  nitrate  of  potassium  are  given  ia 
doses  of  gr.    x.    to   xxx.    every    two   or   three  hours. 


5i4 


REFERENCE   HANDBOOK   OF  THE  JIEDICA.L  SCIENCES. 


Diiirrtlrfa, 
DIurclK-s. 


The  acetate  and  citrate  may  be  administered  in  several 
tablespoonfiils  of  water,  tii  which  may  be  added  a  small 
amount  of  orange  or  lemon  syrup.  The  nitrate,  if  given 
in  large  doses,  should  be  adnihiisterod  in  more  water,  say 
a  wiueglassful.  lest  it  act  injuriously  on  the  gastric 
mucous  membrane.  On  account  of  its  slight  solubility 
the  bitartrate  also  rc(|uires  a  large  amount  of  water. 

To  meet  the  second  indication  for  the  use  of  saline 
diuretics,  namely,  to  neutralize  excessive  acidity  of  the 
urine,  and  thus  to  prevent  the  irritation  resulting  from 
e.xce.ss  of  uric  acid  and  its  deposition  in  the  urinary  pas- 
sages, the  .salts  of  potassium  an'  generally  preferred, 
especially  the  acetate  and  the  citrate.  This  preference 
depends  upon  the  fact  that  the  urate  of  potassium  formed 
luider  these  circumstances  is  a  very  solultlc  salt.  Should 
it,  however,  be  necessary  to  employ  remedies  for  a  long 
time,  and  evidences  of  gastric  disorder  become  manifest, 
tli<'  salts  of  sodium  would  be  more  eligible,  as  they  are 
better  borne  by  the  stomach. 

Recently  the  salts  of  lithium,  especially  the  carbonate 
and  citrate,  have  been  nuicli  used  to  prevent  deposits  of 
uric  acid  and  urates  in  the  urine.  E.xperimen tally  it  has 
been  found  tliat  they  are  more  powerful  solvents  of  uric 
acid  than  the  salts  of  potassium  and  sodium.  They  seem 
also  to  dissolve,  to  some  e.xteut,  the  deposits  of  urate  of 
sodium  occurring  in  gouty  subjects. 

The  carbonate  of  lithium  is  given  in  doses  of  gr.  iij. 
to  X.,  in  a  tumbler  of  water,  several  times  daily.  It 
may  be  ordered  as  follows:  3^  Lithii  carbonatis,  3ij.  ; 
sacchari  albi,  3iv.  M.  Div.  in  partes  a-quales  No,  viij. 
Sig.  :  One  powder  three  times  a  day.  The  citrate  of 
lithium  is  preferable  to  the  carbonate,  and  may  be  given 
in  doses  of  gr.  v.  to  x..  in  a  tablespoonful  of  sweetened 
water,  three  times  a  day. 

Cdffd'iui. — This  alkaloid  acts  as  a  decided  diuretic  in 
some  forms  of  dropsy,  especially  those  resulting  from 
cardiac  disease.  For  some  years  it  has  been  freely  em- 
]doyed  by  French  and  German  physicians  in  cardiac 
dropsy,  when  digitalis  had  failed.  It  has  been  strongly 
recouniiended  by  Gubler,  Dujardin-Beaumetz,  Riegei, 
and  Binz.  According  to  these  observers  it  regulates  the 
heart's  action,  slows  the  pulse,  and  augments  the  arterial 
blood  pressure.  It  produces  these  ertects  more  rapidly 
than  digitalis,  has  no  cumulative  action,  and  is  usually 
well  borne.  Often  it  succeeds  after  digitalis  has  been 
used  in  vain. 

Calfeine  is  indicated  in  cardiac  and  hydrtemic  dropsy, 
esiiecially  when  the  heart  is  fatty. 

The  citrate  or  hydrobromate  may  be  given  in  doses  of 
gr.  ij.  every  three  hours,  or  from  gr.  v.  to  xx., 
in  divided  portions,  in  twenty-four  hours.  The  follow- 
ing formula;  are  recommendeil  by  Riegei:  ^  Caffeina^ 
citrata',  gr.  iv. ;  sodii  salicylalis,  gr.  iiiss.  ;  aqUK,  3  i. 
M.  For  one  dose,  internally.  R  Cafleina'  citrat;?.  gr. 
XX.;  sodii  salicylatis,  gr.  xviiss. :  aqua\  3  i.  M.  Dose, 
from  T^i.  to  vi.,  subcutaneousiy, 

Aihiiiis  rcniiiUK. — Tliis  plant,  long  used  in  Russia  as  a 
popular  remedy  for  dropsy,  was  recommended  by  Bub- 
uoff  in  1879,  and  again  in  1883,  as  a  succedaneum  of 
digitalis.  He  carefully  investigated  its  action  and  uses, 
and  found  it  to  produce  the  following  effects  in  cardiac 
disease  with  dropsy:  the  heart's  impulse  became  decid- 
edly stronger;  its  dimensions  were  markedly  lessened; 
the  heart  sounds  and  murmurs,  especially  the  proesystolic 
and  systolic  murmur  of  aortic  stenosis,  became  better 
defined:  the  rhythm  was  rendered  more  regular  and 
mostU'  slower;  and  the  pulse  was  correspondingly  influ- 
enced, becoming  slower,  stronger,  and  fuller.  The  flow 
of  urine  was  decidedly  increased,  sometimes,  in  the  course 
of  twenty-four  hours,  from  ten  to  eighty  or  one  hundred 
ounces.  Its  diuretic  action  was  equally  marked  when 
cardiac  failure  occurred  in  chronic  kidney  disease,  but 
only  when  the  dropsy  resulted  from  the  weak  heart  action. 

Xothnagel  tried  adonis  in  cardiac  dropsy,  and  gener- 
ally found  it  to  increase  the  general  blood  pressure  and 
the  flow  of  urine,  sometimes  acting  after  digitalis  had 
failed.  More  frequently  tlie  reverse  was  the  case,  adonis 
failing  and  digitalis  succeeding. 
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The  action  of  adonis  on  tlie  heart  is  due  to  a  glucoside, 
adoiiitliii,  isolated  by  C'ervello  in  1882. 

Adonis  has  no  ciunulative  action,  but  it  often  causes 
nausea,  vomiting,  and  tliarrhn^a. 

BubuolT  usually  gave  an  infusion  containing  from  J  i. 
to  ij.,  of  adonis  in  six  ounces,  iu  doses  of  a  table- 
sjjoonfid  every  two  hours. 

Ciniridliiriii  majdlin. — This  drug  contains  a  glucoside, 
convallamarin.  which  was  found  by  Marme  to  act  on  the 
heart  like  digitalin.  Both  convallaria  and  itsactive  prin- 
ci|ile  have  been  tried  in  cardiac  dropsy,  with  varying  re- 
sults. Thus  Leubuscher,  who  administered  as  much  as 
1  gm.  of  the  active  principle  iu  twenty-fotu'  hours, 
in  no  instance  observed  an  increased  flow  of  urine,  a  fall 
of  the  (vdema,  or  a  riseof  the  blood  pressure,  lliller  also 
reported  unfavorably.  JIaragliano,  on  the  contrary, 
found  convallaria  and  its  active  luincijile  useful  in  mitral 
disease  with  cardiac  failure,  the  heart's  action  becoming 
stronger  and  more  regular,  and  the  urine  increased.  It 
had  no  cumulative  effect.  Frederick  Roberts  also  suc- 
ceeded with  convallaria.  In  a  case  of  mitral  obstruction 
the  heart's  action  became  more  regular  and  efficient,  the 
thrill  and  murmur  more  evident,  the  quantity  of  urine 
lu'ogressiveh'  increased,  and  the  dropsy  disappeared. 
But  in  some  other  cases  its  action  was  less  satisfactory. 
Falkenhcim  tried  convallaria  in  eight  cases  of  heart  dis- 
ease, and  found  it  to  exert  a  decided  control  over  the 
heart's  action  and  diuresis,  but  it  seemed  less  certain  than 
digitalis.  He  gave  a  tablespoonful  of  an  infusion  of  the 
strength  of  one  part  of  the  flowers  in  twenty  parts  of 
water  every  two  hours.  Roberts  used  a  liquid  extract 
iu  doses  of  ten  minims  every  four  hours. 

Api>ci/ 1> inn  ciinnahiiirni). — It  has  long  been  known  that 
this  medicine  produces  infrequencv  of  the  pulse  and.  in 
some  forms  of  ^Iropsj'.  copious  diuresis.  From  its  botan- 
ical relations  Husemann  supposed  that  it  contains  an  ac- 
tive principle  affecting  the  heart  in  the  same  manner  as 
digitalin.  Schmicdeberg  has  since  isolated  two  active 
|irinci]iles,  apocynin  and  apocyneiu,  which  resemble  dig- 
taliu  in  properties. 

It  seems  very  probable,  therefore,  that  apocynum  in- 
creases diuresis  by  acting  upon  the  heart,  and  that  it  is 
specially  adapted  to  dropsy  resulthig  from  inefficient 
cardiac  action. 

Usually  it  is  administered  in  the  form  of  an  infusion 
made  with  a  drachm  of  the  bark  of  the  root  in  eight 
ounces  of  water,  of  which  the  dose  is  a  tablespoonful  at 
intervals  of  four  to  six  hours.  Excessive  doses  cause 
nausea,  vomiting,  and  purging. 

Calomel. — The  diuretic  power  of  calomel  was  discov- 
ered b}-  Jendrassik  and  announced  by  him  in  1886.  It 
had,  however,  been  observed  long  before  that  calomel,  in 
cases  of  drops}',  sometimes  cau.sed  very  profuse  diuresis; 
but  this  was  forgotten,  and  the  writers  on  therapeutics 
in  the  two  previous  decades  either  entirely  ignored  the 
use  of  calomel  as  a  diuretic,  or  recommended  it  only  as 
an  adjuvant  to  squill  and  digitalis. 

The  polyuria  does  not  begm  on  the  first  day  of  admin- 
istration, but  usuall_von  the  second,  the  third,  the  fourth, 
or  the  fifth  day.  The  quantity  of  urine  then  augments 
very  rapidly,  "is  most  profuse  on  the  second  day,  and 
subsequently  slowly  diminishes.  As  a  rule,  the  polyuria 
continues  uiitil  the  symptoms  of  dropsy  have  completely 
disappeared.  Iu  cases  of  extensive  dropsy  the  ma.ximum 
quantity  of  urine  voided  iu  one  day  was  twenty  pints. 

As  the  quantity  of  calomel  necessary  to  produce  such 
profuse  diuresis  "is  quite  large,  the  ordinary  effects' of 
large  doses  supervene,  unless  prevented  by  prophylactic 
measures.  Diarrhoea  nearlj- always  results.  If  not  more 
than  two  or  three  stools  occur  daily,  diuresis  may  still 
take  place;  but  if  the  stools  are  very  numerous  no  in- 
crease of  the  quantity  of  urine  will  result,  doubtless  be- 
cause the  calomel  is  expelled  from  the  intestines  before 
absorption  can  take  place.  To  prevent  such  rapid  dis- 
charce  of  the  medicine,  opium  in  small  doses  should  be 
combined  with  it. 

To  prevent  the  effects  upon  the  mouth,  prophylactics 
should  be  used  from  the  beginning  of  the  treatment. 
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Generall_v  chlorate  of  potassium  is  preferred,  the  mouth 
being  riu.sed  everj'  two  or  three  liours  with  a  tliree  or 
four"]3er  cent,  solution  of  the  salt.  Jcndrassilv  supposes 
that  au  acid  reaction  in  the  mouth,  especially  in  the  vicin- 
ity of  decaying  teeth,  greatly  favors  stomatitis,  and  he 
has  used  with  success  a  three  or  four  per  cent,  solution 
of  carbonate  of  sodium.  Tincture  of  myrrh,  tincture  of 
krameria.  and  permanganate  of  potassium  have  also  been 
used  as  preventives.  If,  notwithstanding  the  emplo\'- 
ment  of  these  means,  stomatitis  sliould  take  place,  the 
use  of  calomel  must  be  discontinued.  But  it  is  not  likely 
^to  occur,  or  only  very  mildly,  if  the  calomel  be  given  in 
the  cautious  manner  lately  recommended  by  Jeudrassik. 

Calomel  as  a  diuretic  is  indicated  in  cardiac  dropsy 
when  otlier  appropriate  mean.s.  such  as  digitalis,  stro- 
phanthus,  caffeine,  diuretin,  etc..  fail  to  give  relief. 
The  presence  of  albimiin  in  the  urine  does  not  interfere 
•with  the  action  of  calomel,  and  generally  the  urine,  if  it 
•contain  albumin,  will  become  normal  after  tlie subsidence 
•of  tlie  dropsy.  It  should  be  recollected  that  the  mere 
removal  of  the  dropsy  does  not  restore  compensation  in 
■cases  of  cardiac  insufticiency.  and  that,  after  tlie  diuretic 
lias  proved  successfid,  it  will  be  necessar_v  to  administer 
remedies  to  improve  the  heart's  action.  Should  these 
net  succeed  and  the  dropsy  return,  calomel  sliould  again 
be  used,  and,  if  necessary,  it  maj'  be  employed  as  often 
as  the  dropsy  becomes  extensive.  Its  employment  at  in- 
tervals of  some  weeks  becomes  necessary  in  some  cases  of 
heart  disease  in  which  the  rupture  of  compensation  can- 
not be  rectified.  If  the  calomel  lie  careful!}'  used  no  haiTii 
will  result,  and  the  patient  may  be  made  comfortable  and 
life  be  prolongeil  for  some  years. 

The  dose  of  calomel  in  most  of  the  reported  clinical  ex- 
periments was  gr.  iij.,  given  from  three  to  five  times 
dail}'  for  several  days,  usually  together  with  gr.  J 
of  opium  to  prevent  catharsis.  Lately  Jendrassil^ 
has  stated,  after  further  experience,  that  gr.  iss.  is 
the  best  single  dose,  and  that  this  should  be  given  eight 
or  ten  times  williiii  a  day.  After  the  administration 
for  one  day  the  jiolyuria,  he  says,  is  just  as  profuse  on 
the  third  or  fonrtli  day  as  if  the  medicine  had  been  given 
on  the  intermediate  days,  and  that  it  is  certainly  errone- 
ous to  persist  in  the  administration  of  calomel  after  the 
urine  has  begun  to  increase  in  quantity. 

Dtiintin. — The  term  diuretin  is  applied  to  a  prepara- 
tion of  theobromine,  as  a  convenient  sulistittitc  for  the 
imwieldy  chemical  name  sodio-theobromine  salicylate. 
As  this  chemical  name  indicates,  diuretin  is  a  double 
compound  of  sodium  theobromine,  CMLNaNjOj,  and 
sodium  salicylate,  Cf,Hj(OH)COONa.  (For  further  de- 
tails regarding  the  characteristics  and  physiological  ac- 
tion of  the  drug,  see  the  special  article  on  Diuretin.) 

Christian  Gram,  of  Copenliagcn,  administered  diuretin 
in  cases  of  dropsy  in  wliich  other  diuretics,  digitalis  and 
strophanthus,  had  failed.  He  states  that  he  purposely 
selected  cases  in  which,  as  a  rule,  we  are  titterlj-  helpless. 
Diuretin  always  increased  the  quantity'  of  mine,  except 
in  those  cases  in  which  the  renal  epithelium  was  so  de- 
generated that  no  action  could  be  expected.  In  some 
cases  a  relative  cure  resulted,  or  at  least  decided  im- 
provement, a  result  that  may  be  called  a  good  one  when 
it  is  considered  that  in  severe  organic  heart  disease  and 
in  chronic  nephritis  only  a  relative  cure  can  be  attained. 
The  usual  dose  of  diuretin  was  1.0  (gr.  xv.),  which 
was  given  five  or  six  times  daily.  No  changes  in  the 
circulation  took  place,  and  hence  the  increase  in  diure- 
sis resulted  from  a  direct  action  upon  the  kidneys.  Tlie 
remedy  never  ju-oduced  disagreeable  incidental  effects, 
and  only  once,  in  a  very  cachectic  patient,  did  it  cause 
slight  giddiness. 

A.  Hoffnian  tried  diuretin  in  numerous  cases.  In  four 
cases  of  cardiac  dropsy  lie  employed  it  on  fourteen  differ- 
ent occasions,  and  al wa.ys  obtained  good  results.  Usual)}- 
diuretin  was  not  given  until  digitalis  had  failed  to  act. 
The  polyuria  began  on  the  first  day  of  administration, 
augmented  gradually,  and  reached  the  maximum  in  from 
two  to  six  days.  It  rapidl}'  diminished  when  the  diuretin 
was  withdrawn,  or  when  the  dropsy  had  subsided.     Some- 


times the  diuretic  action  was  delayed  for  several  days, 
perhai^s  on  account  of  slow  absorption.  The  quantity 
of  urine  voided  depended  upon  the  extent  of  the  dropsy; 
when  tliis  was  very  decided  the  quantity  at  the  maximum 
amcnmted  to  five  or  six  litres  a  day. 

Dr.  Koritschoner  employed  diuretin  in  thirty-eight 
cases  of  severe  dropsj-  of  cardiac,  renal,  and  hepatic  origin. 
In  twenty-three  cases  the  effect  was  better  than  from 
other  diuretics,  and  in  eight  of  tliem  very  remarkable,  the 
quantity  <if  urine  having  increased  to  ten  or  twelve  litres. 
In  ten  cases  the  effect  was  moderate,  but  was  not  excelled 
or  equalled  by  any  other  diuretic.  Only  in  one  case  was 
complete  failure  observed.  On  the  average  the  action  of 
diuretin  was  best  in  cardiac  dropsy,  next  in  portal  ob- 
struclion.  and  least  in  uepliritis.  But  this  pertains  only 
to  the  absolute  action;  relativelj-  to  other  diuretics  the 
action  in  chronic  Bright 's  disease  was  ver}-  satisfactory. 
Koritschoner  supposes  that  diuretin  acts  directly  upon 
the  kidneys,  as  he  observed  no  influence  on  tlie'  lieart. 
He  knows  of  no  contraindications  to  its  use.  Even  when 
emjiloyed  for  a  long  time  it  proved  innocuous.  He  be- 
gan witli  4.0  (  3  i.)  daily,  and  increased  by  1  gm.  daily 
until  the  quantity  of  urine,  compared  witli  tlic  ingested 
fluid  and  the  subsidence  of  the  dropsy,  gave  a  satis- 
factory result.  In  sixty  percent,  of  the  cases  5.0  daily 
sufficed;  in  thirty  per  cent.,  6.0  daily;  and  in  ten  ]ier 
cent.,  larger  doses  up  to  10.0.  The  medicine  was  given 
in  solution,  made  with  hot  water,  in  tablespoonful  doses, 
at  intervals  of  one  or  two  hours,  beginning  tliree  hours 
after  the  principal  meal. 

R.  Demme  tried  diuretin  with  good  results  in  dropsy 
occurring  in  children.  The  dropsy  of  scarlaliuous 
nephritis  seemed,  after  the  first  stage  of  the  nephritis 
had  jiassed,  to  be  removed  more  rapidly  by  diuretin  than 
by  all  other  diuretics.  Anasarca  and  effusions  in  the 
serous  cavities  restilting  from  mitral  insufficiency  sub- 
sided, after  the  valvular  disease  had  been  compensated 
by  digitalis,  very  sjieedily  when  diuretin  was  given. 
The  dose  for  chiklren  from  two  to  five  years  old  was  0.5 
to  1.5,  and  for  those  from  six  to  ten  years  old,  1.5  to  3.0 
daily.  Diuretin  should  not  be  given  to  infants  under  one 
year,  as  in  them  it  easily  causes  irritation  of  the  stomach 
and  intestines. 

Von  Schroedcr  states  that  some  preparations  of  diuretin 
found  in  commerce  contain  only  from  thirty  to  thirty- 
eight  per  cent,  of  theobromine,  as  found  in  the  analyses 
made  by  Vul]iius.  KnolTs  preparation  was  found  to 
contain  forty -eight  per  cent.,  and  hence  should  be  pre- 
ferred by  the  practitioner.  Von  Schroeder  recommends 
the  following  formula: 

I?.  Diuretiui  (Knoll) 5.0-7.0 

Aq.  destill 90.0 

Aq.  nienth.  pip 100.0 

Syr.  simpl 10.0 

>I.  S. :  One  tablespoonful  every  two  or  three  hours. 

Stimflaxt  on  Ikkit-vxt  Diuretics. — This  group  in- 
cludes all  direct  diuretics  that  increase  the  urinary  secre- 
tion when  used  in  moderate  doses,  but  diminish  it  and 
produce  various  symptoms  of  .severe  ii'ritation  or  inflam- 
mation of  the  kidnej's  when  given  in  excessive  quanti- 
ties. They  differ  greatly  from  one  another  in  the  ilegree 
in  which  they  manifest  these  properties,  in  some  the  diu- 
retic, in  others  the  initant  property,  preponderating. 
Only  the  former  are  useful  in  cases  requiring  an  increase 
of  diuresis.  Those  most  frequently  employed  are  juni- 
per, scoparius,  and  resin  of  copaiba. 

Jiuiipenis. — Besides  a  volatile  oil,  juniper  beiTies  con- 
tain a  notable  quantity  of  alkaline  salts.  Their  diuretic 
action  is  usually  attributed  solelv  to  the  volatile  oil,  but 
the  fact  long  observed  that  the  infusion  is  more  efficient 
than  a  corresponding  quantit}-  of  the  oil,  shows  that  the 
salts  exert  a  decided  effect. 

Juniper  is  fi-equently  used  as  a  diuretic  in  the  fonns  of 
dropsy  due  to  heart  disease,  affections  of  the  lungs  in- 
terfering with  the  circulation,  and  contracted  kidneys. 
AVithout  other  remedies  acting  directi}'  on  the  heart,  so 
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as  to  increase  the  iirleriiil  IiIimkI  inessui'i'.  it  is  not  vciv 
effective.  Hence  it  is  gcnenilly  coniljiiied  with  ilijiitiilis. 
squill,  and  sweet  spirit  of  nitre,  as  in  the  followin:;  well- 
known  fornuila;  l\  Ol.  jiiniperi,  B  s.s. ;  spimiis  ii'tlieiis 
nitrosi,  tincturiF  iliirilalis,  aa  "iij.  >I.  Sig. ;  From 
twenty  to  lliirly  drops  every  three  lioui-s. 

In  very  large  quantities  juniper,  especially  its  volatile 
oil,  may  excite  much  irriialion  of  the  kidneys,  and  cause 
the  urine  to  become  l)loo(ly.  albuminous,  and  very  scanty. 
Hence  it  iscontraindicated  in  all  cases  of  dropsy  in  which 
the  Uidn<ys  are  inflamed.  It  is,  however,  sometimes  em- 
ployed in  the  dropsy  following  scarlatina,  but  only  in 
the  fonu  of  infusion,  with  saline  diuretics.  It  should 
never  be  employed  until  other  methodsof  treatuient  have 
relieved  the  kidneys.  , 

The  following  formula  has  boon  much  iiscfl  to  hasten 
the  absorption  of  inflammatory  effusions:  IJ  Infusi  juni- 
peri  (extr.  3SS.I.  3  vi.;  juitassii  acetatis,  "iij.;  syrupi 
scilhe.  3  ss.  M.   Sig.:  One  tablespoonful  every  two  hours. 

Sfofiid-ins. — This  medicine  is  highly  esteemed  as  an 
active  diuretic  l)y  English  physicians.  Stille  holds  that 
no  diuretic  is  entitled  to  more  credit  than  broom  for  re- 
moving dro|>sical  effusions.  Administered  in  ordinary 
closes,  it  decidedly  increases  the  urinary  secretion,  and 
sometimes  alsotlie  actiouof  the  bowels.  Excessive  doses 
may  cause  vomiting,  purging,  and  irritation  of  the  uri- 
nary organs. 

Scoparius  contains  two  proximate  principles,  scoparin, 
a  neutnil  substance,  and  sparteine,  a  volatile  liiiiiiil  alka- 
loid, besides  a  notable  quantity  of  potassium  Siilts,  Its 
<Jiuretic  power  is  partly  altributabU-  to  the  sstlts,  but 
■chiefly  to  scoparin,  which  was  found  by  Stenhoiise  to 
produce  very  great  incrcasi-  of  the  tirinary  secretion  in 
<loses  of  gr.  iij.  to  vii.  According  to  FromuiiUer  it  acts 
when  aiiplied  hyi)odermatically  in  doses  of  half  a 
grain,  and  in  noniial  as  well  as  abnormal  states  of  the 
organism. 

Scoparius  is  usually  employed  in  the  form  of  a  decoc- 
tion containing  one  part  in  twenty.  Of  this  the  dose  for 
an  adult  is  aliout  two  ounces,  at  intervals  of  from  three  to 
six  hours.  It  may  be  employed  in  any  form  of  dropsy,  if 
the  kidneys  are  healthy.  Pulmonary  congestion  and  in- 
flammation are  S!iid  to  contraiudicate  itsnse.  Fre(inently 
the  decoction  of  scoparius  is  condiined  with  other  diu- 
retics, as  in  the  following  formida:  R  Potassii  acetatis, 
Z  ij. :  syrupi  scilla>.  3  ss. :  decocti  scoparii  (B.  Ph.)  ad  3 
vi.     yi.     Sig. :  One  tablespoonful  every  two  hours 

Rt'.tiiiii  CojmibtT. — In  some  forms  of  dropsy,  especially 
in  ascites,  tlie  resin  of  copailia  has  been  found  to  be  a 
•very  active  diuretic.  In  1872  Wilks  called  attention  to 
this  property  of  the  resin.  He  hud  succeeded  with  it  in 
numerous  cases  of  drojisy,  but  particularly  iu  ascites, 
after  other  remedies  had  failed.  It  acted  less  certaiuh- 
in  cardiac  dropsy,  but  sometimes  produced  decided  diu- 
resis when  other  remedies  had  been  powerless.  Brudi 
and  others  have  also  reported  decided  success  in  ascites, 
and  in  a  few  cases  of  cardiac  dropsy.  Frederick  Taylor, 
who  used  the  resin  in  more  than  sixty  cases  of  different 
forms  of  dropsy,  fully  coulirms  these  observations. 

The  dose  of  the  resin  varies  from  gr.  t.  to  x.v., 
which  may  be  given  three  or  foiu'  times  daily.  In  exces- 
sive doses  it  may  lucMhiee  great  irritation  of  the  stomach, 
intestines,  and  kidneys.  The  urine  of  patients  taking  the 
resin  may  throw  down  a  prec-ipitate,  on  the  addition  of 
nitric  acid,  which  may  be  mistaken  for  albumin.  It  may 
be  readily  distinguished  from  the  latter  by  its  disappear- 
ance on  the  addition  of  alcohol. 

Wilks  gave  gr.  xv.  or  xx.  of  the  resiu  iu  mucilage 
and  flavored  water  three  or  four  times  a  day. 

Okuiii  Trril/iiitfiiii/r. — In  small  doses,  mx.  to  xx,, 
at  intervals  of  three  or  four  hours,  oil  of  turpen- 
tine slightly  increases  the  urinary  secretion  and  imparts 
to  it  an  odor  of  violets.  I^irge  doses,  from  I  ss.  to  ij.. 
repeated  several  times,  soon  cause  marked  irritation  of 
the  kidneys,  manifested  by  diminished  secretion  of 
tirine,  which  may  l>e  blcMxly  and  albuminous,  and 
by  fre(|Uent  micturition. 

Since  oil  of  turpentine  is  incapable  of  causing  decided 


diuresis,  it  is  never  employed  in  dropsy.  But  in  catarrhal 
allections  of  the  genilo-uriuary  tiact  it  is  frei|Uently  cm- 
Jiloyed.  as  it  usually  soon  diminishes  the  amount  of  nuicus 
and  pus  iu  the  urine.  Thus,  in  cystitis,  EdU-fsen  found 
that  it  ameliorated  the  dysuiia,  res"tored  the  acid  reaction 
of  the  luinc,  and  arrested  the  purident  discharge  in  doses 
of  111  X.  given  five  times  daily. 

Itossbaih  investigati-d  the  action  of  oil  of  turpentine 
on  the  mucous  membrane  of  the  trachea.  Air.  passed 
tbnjugh  the  oil  so  as  to  become  saturated  with  il,  foicibi)' 
projected  against  the  mucous  membrane,  anvsled  the 
secretion  of  mucus.  A  watery  solution  containing  one 
or  two  per  cent.,  dropped  upon  the  tracheal  mucous 
membrane,  caused  an  increase  of  secretion,  but  greatly  di- 
minished the  supply  of  blood.  It  is  held  that  a  similar 
action  on  the  blood-vessels  takes  place  in  catarrhal  alTec- 
lions  of  the  urinary  iiassiiges,  in  consecjueucc  of  which 
the  morliid  action  cea.ses. 

Oil  of  turjientine  acts  destructively  im  low  organisms. 
This  property  is  still  further  increased  by  the  free  oxygen 
which  the  oil  usually  contains  (Binz).  Hence  it  is  very 
probable  that  the  bi'Uelicial  effecls  of  the  t)il  in  putrid 
lu'ocesscs  of  the  respiratory  and  urinary  muc(ms  mem- 
branes are  chiefly  due  to  itsdeslructive  action  on  the  low 
organisms  always  prc-sc-nl  under  such  circumstances. 

Oil  of  turpentini'  is  administered  in  gelatin  capsules, 
or  in  emulsion  with  gum  aral)ic,  oil  of  almond,  or  yolk  of 
egg,  R  Olii  terebinlhiii;v,  olei  amygd.  expres. .  aa  3  i.- 
ij. ;  mucil.  acacia',  syrujii,  aa  3  ss. ;  acj.  dcstill.,  3  iij. 
M.     Sig. :  One  tables|)oonfid  three  times  a  day. 

Coiuiihii. — In  small  doses,  m  x.  to  xx.,  this  oleoresin 
usually  somewhat  increases  the  quantity  of  urine,  and 
imparts  to  it  a  darker  color  and  a  i>eculiar  odor,  Ii  also 
renders  the  urine  a.septic,  so  that  it  resists  putrefaction 
for  a  long  time.  • 

Large  closes.  3  i.  to  ij.,  aix'  apt  to  catise  irritation 
of  the  kidneys,  marked  by  dinvni.shed  secretion,  frequent 
micturition,  and  even  hsematuria.  Often,  however, 
such  doses  are  well  borne. 

Copaiba  is  doubtless  able  to  jiroduce  very  decided 
diuresis,  and  it  was  quite  frequently  employed  in  dropsies 
before  it  was  known  that  the  diuretic  power  is  chiefly 
attributable  to  its  resinous  constituent. 

The  oleoresin  is  often  decidedly  useful  in  catarrhal 
affections  of  the  genitourinary  mucous  membrane,  espe- 
cially in  those  of  specific  origin.  Incasesof  cystitis  with 
alkaline  urine,  copaiba  often  rajiidly  restores  the  normal 
acid  reaction.  Edlefsen.  and  numerous  other  ol>ser vers, 
have  reported  speedy  amelioration  of  all  the  symptoms 
of  cystitis.  Biuz  holds  that  the  constituents  of  copailia, 
or  the  products  resulting  from  their  oxidation  iu  the  or 
ganism,  passing  into  the  urine,  paralyze  the  cells  about 
to  escape  from  the  vessels,  prevent  alkaline  fermentation, 
and  weaken  the  energy  of  infectious  bodies.  The  titility 
of  copaiba  in  gonorrho'a  is  doubtless  chiefly  due  to  its 
antiseptic  action. 

Copaiba  is  given  in  doses  of  iilx  to  3  i.  Rarely  are 
doses  exceeding  half  a  drachm  recjvn'red.  It  is  adminis- 
tered in  gelatin  capsules,  or  in  emulsion  with  gum 
arable  and  sugar. 

(/iilxlin. — In  moderate  doses  cubeb  increases  somewhat 
the  urinary  secretion.  In  excessive  doses  it  may  diminish 
the  urine  and  render  it  bloody.  Some  individuals  are 
veiy  sensitive  to  its  action  and  may  sulTer  from  irritation 
of  the  kidney  after  several  drachms  of  the  powdered  drugs 
have  lieen  administered. 

Ctibeb  is  frequently  eni]iloycd  in  gononhcva  and  other 
catarrhal  dis(asesof  the  mucous  mendirane  of  the  urinary 
passjiges.  Binz  maintains  that  the  resinous  acid  existing 
in  the  cubeb.  or  formed  iu  the  organism  Viy  oxidation  of 
the  oil,  in  flowing  for  several  days  over  the  affectc-d 
mucous  membrane,  lowers  the  vitality  of  the  gonococci 
in  the  s;ime  manner  as  do  injecticms  of  bichloride  of  mer- 
cury and  other  substances. 

The  dose  of  cul>eb  varies  from  gr.  x.  to  3  i.  Tlie 
oleoresin  is  administerc-d  in  doses  of  mx.  to  xxx.,  usually 
in  gelatin  capsules,  or  in  emulsion. 

01(11111  S<i/it'ih'. — AeeordiUL'  to  numerous  oI»s<rvers  the 
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oil  of  yellow  sandal-wood  possesses  properties  analogous 
to  those  of  copaiba.  lu  doses  of  n[\.  to  xxx.  it 
imparts  a  peculiar  odor  to  the  urine  and  rapidly  modifies 
the  symptoms  of  catarrhal  iuflammatiou  of  the  genito- 
urinary mucous  membrane.  According  to  Keyes,  it  is 
less  effective  in  true  gonorrhcea  than  in  ordinary  uretnritis, 
though  sometimes  it  rapidly  diminishes  tlie  discharge  and 
scalding.  In  excessive  doses  it  is  productive  of  severe 
irritation  of  the  kidneys,  marked  by  intense  pain  over  the 
regions  in  which  tliese  organs  are  located. 

The  dose  of  sandalwood  oil  is  from  nix.  to  xx. 
It  is  usually  administered  in  gelatin  capsules,  each 
containing  ten  droj^s,  or  in  emulsion. 

Tlie  following  medicines  stimulate  the  kidneys,  but 
their  diuretic  action  is  not  very  decided,  and  hence  they 
are  not  often  employed  in  cases  requiring  an  increase  of 
the  urinary  secretion.  They  also  exert  a  decided  influ- 
ence on  the  mucous  memlirane  of  the  urinary  passages, 
especially  noticeable  Avhen  a  catarrhal  st^ite  is  present,  as 
in  pyelitis,  cystitis,  and  urethritis.  They  are :  chimaphila, 
buciiu,  uva  ursi,  pareira,  petroselinum,  taraxacum,  erige- 
ron  cauadense.  carota.  armoracia,  anil  cantharis. 

IxDiiiECT  D1CKETICS.--T0  tins  group  of  diuretics  be- 
long all  medicines  which  modify  tlie  heart's  action  so  as 
to  increase  the  general  arterial  blood  pressure.  As  the 
urine  secreted  during  their  action  is  copious  and  watery, 
the.y  are  often  called  hydragogue  diuretics. 

DiyildUs. — In  healthy  persons  digitalis  exerts  no  obvi- 
ous effect  on  the  quantity  of  urine  secreteil.  unless  it  be 
taken  in  excessive  doses,  or  be  too  long  continued,  when 
the  quantity  becomes  lessened.  In  cardiac  dropsy  it  usu- 
ally produces  its  action  \ipon  the  kidneys  as  soon  as  the 
heart "s  action  becomes  slower  and  stronger,  and  the  gen- 
eral blood  pressure  is  increased.  AVlieu  the  cardiac  fail- 
ure is  so  prpfound  that  digitiilis  cannot  invigorate  the 
ventricular  contractions,  it  completely  fails  as  a  diuretic. 

Digitalis  is  indicated  as  a  diuretic  in  cardiac  dropsy; 
that  is,  wlienever  an  abnormal  accumulation  of  serum  in 
the  areolar  tissue,  or  in  a  serous  cavity,  is  the  result  of 
inefficient  lieart  action,  and  hence  of  genei'al  venous  con- 
gestion. Digitalis  is  therefore  applicable  in  the  forms  of 
dropsy  due  to  valvular  disease,  degeneration  of  the  hyper- 
trophied  heart,  fatty  heart,  and  dilatation  of  the  right 
ventricle  in  consequence  of  chronic  bronchitis  and  em- 
pliysema,  or  other  pulmonary  diseases. 

Digitalis  is  always  contraiudicated  when  the  jiulsc  is 
strong  and  hard.  In  all  cases  it  must  lie  very  cautiously 
given,  as  after  some  days,  without  having  produced  an\' 
obvious  effects,  it  may  suddenly  act  with  imexpected 
severity.  The  cause  of  this  cumulative  action  is  not 
known.  Schmiedeberg  supposed  it  to  be  due  to  slow 
absorption  and  apparentl.v  slow  elimination  of  its  active 
princi]iles.  As  a  rule,  its  use  should  be  interrupted  as 
soon  as  the  pulse  has  become  slower  and  diuresis  has  in- 
creased. The  following  sj-mptoms  ai'c  regarded  as  cu- 
mulative effects,  and  their  occurrence  requires  immediate 
discontinuance  of  the  medicine:  Decided  slowness  and 
irregularity  of  the  pulse,  nausea  and  vomiting,  severe 
headache,  dimness  of  sight,  giddiness,  sleeplessness,  and 
delirium. 

The  initial  dose  of  digitalis  is  gr.  i.  or  gr.  ij.  three  times 
daily.  If  it  be  necessary  to  repeat  the  dose  every  two 
or  three  hours,  the  patient  should  be  visited  t->vice  daily. 

Scillii. — Squill  is  a  diuretic  of  very  decided  power, 
often  in  a  few  days  greatly  increasing  the  quantity  of 
urine,  when  before  it  was  very  scanty.  It  is  not,  how- 
ever, equally  active  in  all  forms  of  dropsy,  manifesting 
little  intiuence  when  the  effusions  are  due  to  organic  al- 
terations of  the  kidneys  or  liver,  or  to  inflammations  of 
serous  membranes. 

Formerly  it  was  held  that  squill  acts  directlj-  on  the 
secreting  structures  of  the  kidneys,  since  excessive  doses 
were  sometimes  followed  by  strangury  and  bloody  urine. 
But  the  experiments  of  Husemann  on  animals,  in  which 
toxic  doses  produced  no  marked  changes  of  the  kidneys, 
show  that  squill  exerts  a  very  slight,  if  any,  direct  influ- 
ence. On  the  contrary,  the  recent  investigations  of 
Drouot,  Jarmersted,  and  Husemann  and  Kimig  render 


it  certain  that  its  diuretic  action  takes  place  in  conse- 
quence of  a  modification  of  the  heart's  action.  In  its 
action  upon  the  heart  it  closely  resembles  digitalis,  influ- 
encing it,  however,  more  rapidly  and  less  duralily.  The 
slowing  and  strengthening  of  the  pulse,  which  in  maa 
indicate  an  increase  of  the  blood  pressure,  usually  con- 
tinue for  only  a  few  hours  after  ordinary  doses. 

The  indications  for  the  use  of  squill  as  a  diuretic  are 
the  same  as  for  digitalis.  It  is,  perhaps,  less  efficient  in 
cardiac  dropsy  than  the  latter  remedy,  but  is  often  com- 
bined with  it,  as  the  combination  acts  more  rapidly  and 
effectually  than  either  medicine  alone. 

Squill  is  often  administered  in  the  dropsy  occurring  in 
anaemic  and  cachectic  patients,  geuerall}"  together  with 
iron  and  quinine. 

The  dose  of  squill  is  from  gr.  1.  to  iij.,  administered 
from  three  to  six  times  a  da}'.  In  excessive  doses  it 
rapidly  disorders  the  stomach,  but  never  produces 
cumulative  effects:  hence  it  may  be  continued  for  a  lon^ 
time  in  moderate  doses  without  risk. 

Squill  is  generally  supposed  to  be  contraiudicated  in 
acute  nephritis  and  in  all  forms  of  Bright's  disease. 
There  is,  however,  no  evidence  that  it  causes  decided  irri- 
tation of  the  kidneys,  Saimtel  Ifickles. 

DIURETIN. — This  name  was  given  by  Dr.  Christian 
Gram,  of  Copenhagen,  to  the  salicylate  of  theobromine 
and  sodium  which  he  introduced  as  a  substitute  for  caf- 
feine. Professor  Schroeder,  of  Strasbourg,  had  experi- 
mented with  the  alkaloid  theobromine,  and  had  repoited 
upon  its  important  diuretic  properties  at  the  meeting  of 
the  German  ^Medical  Congress  in  1889.  He  had  found 
that  caffeine  in  small  doses  often  failed  to  produce  diu- 
resis, and  when  the  vascular  tension  of  the  kidneys  was 
increased,  the  flow,of  urine  sometimes  diminished  on  ac- 
count of  the  increased  blood  i^ressure  produced  by  the 
caffeine.  Large  doses  overcame  this  clTect,  but  they  were 
liable  to  cause  nervousness  anil  insomnia,  and  other  dis- 
tressing sj'mptoms.  Theobromine  he  fovmtl  to  lie  an 
equally  efficient  diuretic  without  producing  any  nervous 
symptoms  or  affecting  the  blood  pressure;  chemically,  it 
differed  from  caffeine  bj-  containing  one  equivalent  less 
of  methyl,  it  being  the  dimethyl-xauthin  and  caiTcine 
the  trimethyl-xanthin.  The  difficult}'  in  using  the  alka- 
loid was  its  insolubility,  it  requiring  1,600  parts  of  water 
for  its  solution.  At  his  suggestion  Dr.  Gram  instituted 
a  series  of  experiments,  and  succeeded  in  ]UMdiicing  a 
soluble  salt  by  combining  it  with  salicylate  of  sodium. 
It  is  said  to  be  ijrepared  b.y  dissolving  one  molecule  (.180) 
of  theobromine  in  one  molecule  (40)  of  soda  hydrate,  and 
adding  to  the  solution  one  molecule  (160)  of  salicylate  of 
sodium:  when  evaporated  to  dryness  it  should  yield  363 
parts  of  the  double  sjilt,  which  theoretically  contains 
49.7  per  cent,  of  theobromine  and  38.1  per  cent,  of  saficy- 
lic  acid.  It  is  a  white  powder  with  a  slightly  bitter  and 
disagreeable  taste,  very  soluble;  by  the  aid  of  heat  it  dis- 
solves in  less  than  half  its  weight  of  water,  and  no  pre- 
cipitation occurs  upon  coofing.  Its  .solution  is  very  un- 
stable and  rapidly  decomposes.  It  burns  without  leaving 
any  residue. 

To  estimate  the  amount  of  the  alkaloid  an  aqueous 
solution  is  acidified,  then  made  alkaline  with  ammonia, 
and  the  precipitated  theobromine  collected  on  a  llller. 
washed,  and  dried.  The  amount  of  salicylic  acid  may 
be  determined  by  treating  the  filtrate  and  washings  with 
ether,  separating  the  ethereal  solution,  and  evaporating. 

Theobromine  exerts  its  diuretic  properties  by  its  direct 
action  on  the  secreting  tissue  of  the  kidneys.  It  acts 
promptly  and  energetically,  and  its  effect  is  maintained 
for  a  day  or  two  after  the  withdrawal  of  the  di'ug.  Its 
action  is  not  cumulative.  The  solids  as  well  as  the  fluid 
are  increased.  It  has  a  mild  action  on  the  circulation, 
very  similar  to  that  produced  bycaft'eine;  there  is  no 
marked  change  in  the  blood  pressure,  but  the  heart  be- 
comes slower,  stronger,  and  less  irregular.  An  improve- 
ment in  the  general  condition  of  the  patient  is  also  ex- 
perienced. Reports  of  its  prolonged  use  show  that  it 
may  be  accompanied  bj-  heat  and  burning  at  the  epigas- 
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■trium.  anorexia.  diiiiTlicva  and  otluT  sijrn?  of  irastric  and 
iutt'slinal  iiritaiinn.  In  all  tonns  of  dinpsy  due  in  I'cnal 
disease  its  aetinu  is  nidsl  etHeienl ;  tliei'e  is  nn  irritant  ef- 
fect on  the  secreting  cells,  and  no  luifavorable  results  fol- 
low its  use.  It  is  of  service  in  ail  dropsies  accompanying 
lieart  disease.  \Vlien  digitalis  and  otlier  cardiac  tonics 
liave  been  used  witliont  success,  diuretin  will  often  be 
found  to  succeed,  l)y  its  action  on  the  kidneys  following 
that  of  the  other  forms  of  diuretics.  A  i-onil)inalion  of 
digitalis  an<l  diuretin  will  form  a  very  active  diun  lie  nii.v- 
ture  in  dropsies  in  which  the  blooil  jircssure  rei|uires  to 
l)e  raised.  It  has  not  been  fo\ind  to  be  of  so  nuich  value 
■when  the  dropsy  arises  from  iutlamed  serous  membranes, 
i>v  from  hepatic  disease.  The  following  are  the  conclu- 
sions of  Dr.  Dujarjin-Beaumetz: 

(1)  Wlien  given  in  doses  of  gr.  xv.  it  is  a  much 
■stronger  diuretic  than  calTeine:  (2l  when  there  is  eonsi<i- 
erable  cardiac  degeneration  it  sho\ilil  be  used  with  some 
caution,  especially  when  albuminuria  is  also  present ;  (3) 
tinder  its  intiuenee  the  cardiac  contractions  are  scarcely 
•affected;  (4)  diuretin  ra]iidly  increases  the  (piantity  of 
urine  liassed.  and  the  diiuetic  effect  lasts  twice  or  three 
times  as  long  as  that  produced  by  caffeine;  (5)  the  ac- 
tivity docs  not  wearoft'  asthe  patient  becomes  accustomed 
to  the  drug;  (tinnicturition  is  not  rendered  ditticult  or 
painful ;  (7 1  diuretin  has  no  action  on  the  central  nervous 
system. 

The  dose  is  from  gr.  Ix.  to  xc.  daily.  It  has 
Jicen  found  most  active  in  gr.  xv.  doses  every  two 
-or  three  hours,  in  water  witli  some  aromatic  essence  to 
disguise  its  bitter  taste.  Care  should  be  observed  in 
■selecting  the  remedy,  on  account  of  its  instability. 
T\'hen  exposed  to  theatmosphere  it  absorbs  carbonic  acid 
.and  seinuxtcs  the  alkaloiii,  which  is  insolul>le.  The 
addition  of  acids  or  acid  vegetable  ^uice  also  decomposes 
the  sohuion  by  throwingdown  the  alkaloid.  It  has  been 
found  a  s;ife  remedy  for  children  above  one  year  of  age. 
.and  has  proved  of  marked  benetit  in  scarlatinal  nephritis. 
At  the  age  of  from  two  to  live  years  the  dose  may  be  from 
gr.  viij.  to  XXV.  in  the  day,  and  at  the  age  of  from  six 
to  twelve,  from  gr.  xxv.  to  xlv.  The  total  amount  for 
the  day  may  be  dissolved  in  four  ounces  of  water  with 
ten  or  twelve  drops  <if  brandy  and  a  little  sugar.  It  has 
fceen  given  for  weeks  without  producing  any  ill  effects 
:and  without  any  diminution  of  its  therapeutic  action. 

Bed'imont  Smull. 

DIXIE  SPRINGS.— Knox  County.  Tennessee. 

Post-Okfice. — Knoxville.     Hotelsin  Knoxville. 

The  Dixie  Mineral  Spring  is  an  artesian  well.  185 
-feet  deep,  located  just  across  the  Tennessee  River, 
■aaow  within  the  city  limits  of  Knoxville.  The  location 
is  on  the  northern  slope  of  the  foothills  and  about  l.OtlO 
feet  above  the  sea  level.  The  situation  of  the  spring  is 
4i  charming  one  and  commands  a  magnilicent  view  for 
miles  up  and  down  the  beautiful  Tennessee  valley.  The 
water  was  struck  after  boring  185  feet  through  solid 
Tock.  It  has  a  tem|ierature  of  about  58  F.  the 
year  round.  The  following  analysis  was  made  by  J. 
%V.  Slocum,  analytical  chemist; 

One  United  States  Gallox  Coxtains: 
Solids.  Grains. 

Calcium  cartionate 14.90 

Sodium  chloride 110.3.5 

Sodium  sulphate 9.70 

ScKlium  bicarbonate Ut».9t 

Potassium  nitrate .60 

Lithium  chloride Trace. 

Mapnesium  cari)onate 23..30 

Maimesium  chloride 54 

Magnesium  sulphate 6.18 

Iron  cartM>naie 60 

Alumina 30 

Silica 36 

Total 313.74 

This  analysis  shows  a  very  valuable  water  of  the  alka- 
line-saline-muriated  variety.  It  resembles  the  Vichy  and 
Seltzer  Springs  of  Saratoga,  but  contains  less  lime  than 
ihose  celebrated  waters.     This  water  has  been  found  very 


useful  in  dyspepsia,  biliousness,  and  constipation.  The 
water  has  <liuretie.  laxative,  antacid,  and  also  mild  tonic 
ettecls.  It  has  an  extensive  sale  in  Teune.s.see  anil  the 
adjoining  States.  James  K.  Crook. 

DOCK. — RtMF;x.  "The  root  of  Riime.c  fW»/^w«  L.  and 
of  sonic  oi her  sjiecies  of /?</»«.;•  (fam.  Poli/gunticaf)"  (U. 
S,  P,,  but  likely  to  be  dropped  from  the  forthcoming 
ed,ition.)  />'.  rrinjjiis  is  known  as  "Curly,"  J{.  oht>iKifi>- 
//".f  as  "  Yellow  "  Dock.  Both  are  pernicious  perennial 
weeds  from  Kurope.  with  long  stout  roots  and  tall  wand- 
like stems,  tlie  greenish  Mowers  and  threeconiei-ed, 
winged,  reildish-bi-<iwn  fruits  growing  in  dense,  narrow, 
pyramidal  panicles.  Both  have  leaves  a  foot  or  two  in 
length.  Those  of  the  yellow  dock  are  broad,  nearly 
plane  and  blunt.  Those  of  curly  dock  are  only  two'or 
three  inches  broad,  tapering  and  acute,  of  a  darker  green 
and  with  the  maigiu  much  crisped.  The  leaves,  espe- 
cially of  the  latter,  are  used  as  a  well-known  potherb, 
having  laxative  properties,  lis  root  ife  also  piefiTred  to 
the  other  in  domestic  medicine  and  is  narrowly  fusiform, 
from  six  inches  to  nearly  two  feet  in  length  and  reach- 
ing something  moi-e  than  half  an  inch  in  thickness.  It  is 
little  if  at  all  blanched,  somewhat  annulate  above,  deeply 
wrinkled  below,  decii  reddish-brown  without,  whitish  (if 
fresh)  within,  and  with  i-eddish  medullar^'  rays,  becom- 
iui:  brown  thi-oughout  by  long  keeping.  The  fracture  is 
short.  It  has  a  slight  chai'acteristic  odor  and  a  bitter, 
astringent,  slightly  mucilaginous  taste.  The  root  of  the 
other  is  similar,  but  is  not  so  long,  and  usually  divides 
•just  below  the  surface  of  the  ground  into  a  number  of 
more  slender,  parallel  branches. 

The  important  constituents  are  chi'ysophanic  acid, 
tannin,  and  an  amaroid.  with  starch  and  gum.  The 
herbage  especially  contains  much  oxalic  acid.  The  im- 
mediate effect  of  rumex  may  be  either  astringent  or 
laxative,  according  to  the  conditions,  usually  the  former. 
The  fiesher  the  root  and  the  larger  the  dose,  the  more 
likely,  usually,  is  the  irritant  chrvsophanic  acid  to  over- 
come the  tannic  acid  and  act  as  a  laxative.  It  unques- 
tionably exerts  a  beneficial  tonic  or  alterative  action,  fa- 
voring the  elimination  of  waste  matter  and  stimulating 
both  appetite  and  digestion.  It  produces,  however,  no 
striking  effects  and  has  fallen  into  contempt.  The  dose 
of  the  fluid  extract  is  3  to  8  c.c.  (ti.  3  ss.-ij.). 

Henry  II.  Etisby. 

DOGWOOD.  FLOWERING.— Couxrs.  The  inner  bark, 

preferably  of  the  root,  of  (.'uruus  flurida  L.  (fam.  (Vjt- 
7tticeiif).  The  genus  contains  some  thirty  species  dis- 
tiibuted  through  the  north  temperate  zone,  a  few  getting 
into  the  tropics,  in  the  mountains.  They  abound  in  bit- 
ter substances  and  tannin  and  act  generally  like  the  one 
here  discussed.  Several  have  been  official,  this  being  the 
last  discarded.  C.  Jforidii  is  a  small  tree,  from  twelve  to 
thirty  feet  high,  with  slender,  spreading  branches,  hard 
wood,  ovate,  pointed  leaves,  and  very  showy  flower 
clusters.  These  are  each  supported  by  four  large,  bi'oadly 
obovate  and  notched,  white  or  purplish,  petaloid  bracts, 
which  make  the  whole  look  like  a  large  whitish  flower; 
the  real  flowers,  however,  are  minute,  greenish-yellow, 
and  closely  aggregated  in  the  midst  of  these  bracts. 
Fruit  clustered,  small,  scarlet,  two-seeded  drupes.  It  is 
common  in  the  middle  and  southern  portion  of  the  United 
States,  rarer  and  smaller  in  northern  New  England. 
When  thrifty,  it  is  very  showy  in  blossom,  and  prettj- 
also  when  the  fruit  is  ripe. 

Dogwood  bark  is  in  irregular  flattish  pieces,  or  in 
quills  from  2  to  4  mm.  thick  (i  in.),  and  of  varying 
length.  Both  surfaces  an<l  the  texture  are  reddish,  in 
the  stem  bark  rather  dull,  in  the  root  barkadeep  ciimsim 
purple.  The  outer  surface  is  smoothish;  the  inner  finely 
btit  prominently  reticulate  striate,  and  haid  to  the  touch, 
almost  like  line  Siind  paper;  the  fracture  is  short  and  brit- 
tle; the  texture  hard.  Taste,  bitter  and  astringent ;  odor, 
none.     Dogwood  is  exclusively  an  American  remedy. 

It  contains  the  amaroid  i-nrniii.  in  white,  silky,  very 
bitter  crystals,  soluble  in  alcohol  and  water.     Tannicacid, 
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sugar,  fittty  "il,  and  renin  are  among  the  other  constitu- 
ents. Thecornni  and  the  tannin  are  its  active  principles. 
Corniu  has  been  used  as  a  substitute  for  and  an  adulter- 
ant of  quinine. 

Action  .\nd  Use. — There  is  no  reason  to  suppose  that 
this  medicine  is  anything  more  than  a  slightly  astringent, 
bitter  tonic :  as  such,  however,  it  is  good  and  useful.  It 
was  one  of  the  drugs  proposed  as  a  substitute  for  cinchona 
in  the  treatment  of  intermittents,  and.  like  them  all.  has 
been  completely  set  aside  by  the  general  use  of  quinine. 
The  tiuid  extract  is  given  in  doses  of  1  to  4  c.c.  (ni-w. 
to  l.\. ).  but  the  use  of  the  tincture  is  preferable. 

Henri/  H.  Rushy. 

DOGWOOD,  JAMAICA.— PisciDi.\.  The  bark,  pref- 
erably iif  the  root,  of  IcMliynmetMii  Piscipulii  (L.) 
Kuulze  (Eryflirina  Piscipulii  L.  ;  Piscidin  ErythriiKi 
Jacq.)  (fam.  Legvntinosa).  a  large  West  Indian  tree  yield- 
ing a  valuable  wood.  Its  use  as  a  tisli  poison  is  ancient. 
It  is  crushe<l  and'  prepared,  then  dragged  through  the 
water  in  baskets,  the  tish  being  quickly  narcotized  and 
then  easily  caught.  It  has  also  had  for  a  long  time  a  local 
reputation  for  relieving  pain,  especially  toothache,  which 
was  treated  by  applying  it,  or  some  preparation  of  it. 
locally,  in  the  carious  cavity.  In  this  eountr)'  it  has 
been  used  for  various  conditions,  generally  including 
paiu  of  so-called  nervous  character,  with  uncertain,  but 
on  the  whole  favorable,  results.  Judging  from  the 
published  lejiorts.  it  has  been  more  used  in  the  Western 
and  Southern  States  than  in  the  East. 

The  drug  occurs  for  the  most  ]mrt  in  strips,  from  si.\ 
inches  to  two  feet  long  and  up  to  si.x  inches  in  breadth. 
These  strips  are  usually  more  or  less  curved,  the  smaller 
ones  sometimes  quilled,  the  larger  sometimes  flat,  but 
warped.  The  thickness  of  the  Irark  varies  from  one- 
twelfth  to  one-fourth  inch.  The  bark  of  the  root  is  in 
shorter  and  smaller  pieces,  more  irregularly  curved,  and 
less  fibrous  and  tough.  It  is  grayish  or  yellowish-brown 
and  often  mottled  externally,  dark  brown  and  filjrons 
next  the  wood,  frequently  with  large  patches  looking  as 
though  stained  of  a  bluish-green.  Upon  fracture,  the  cen- 
tral tissue  is  seen  to  be  dark  green.  Odor  narcotic;  taste 
disiigreeable.  acrid. 

It  contains  resin,  the  crystalline  amaroid  piseitlin 
(CssHsjOf),  soluble  in  hot  alcohol,  and  a  water-sohiljle 
glucosiile  which  is  apparently  the  fish-stujiefying  agent. 
The  ■■  piscidin  "  of  the  market  is  not  a  chemical  body  but 
merely  a  resinous  extract. 

Jamaica  dogwood  appears  to  have  decided  narcotic 
powers  over  most  animals,  it  certaiidy  does  in  a  marked 
degree  upon  tish.  as  its  original  use  shows,  and  in  case  of 
frogs  and  .several  kinds  of  liigher  animals  it  exhibits  the 
same  qualities.  Tlie  following  summary  is  from  experi- 
ments by  A.  C.  Nagle:  "It  is  a  narcotic  to  higher  as  well 
as  lower  animals.  It  dilates  the  pupil,  it  causes  an  in- 
crease in  the  res])iration,  followed  by  a  sudden  decrease; 
produces  salivation  and  profound  diaphoresis;  reduces 
the  action  of  the  lieart,  producing  general  paralysis  and 
death  by  asphyxia.  It  has  little  effect  upon  the  tempera- 
ture." In  therapeutics  it  has  been  tried  "ith  good  re- 
sults in  neuralgia,  headache,  hysteria,  "jihantom  tumor." 
"nervousness."  melancholia,  prodromic  labor  pains,  neu- 
rasthenic painsof  various  jilaces,  etc..  as  well  as  for  some 
inflammatory  pains,  such  as  those  of  iritis.  It  alsij  serves 
a  good  purpose  as  a  hypnotic  in  restlessness,  alcoholic 
wakefulness,  etc.  For  certainty  and  uniformity  of  action 
it  is  not  to  be  compared  with  opium  or  chloral,  and  dis- 
agreeable feelings  sometimes  follow  its  administration, 
as  well  as  that  of  these  more  powerful  drugs.  The  fluid 
extract  is  usually  given  in  doses  of  2—1  c.c.  (fl.  3  ss.-i.). 

Henry  H.  Bushy. 
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DOLOMOL  is  a  mixture  of  the  stearatesand  palmitates 
of  calcium  and  magnesium.  On  account  of  its  smooth 
texture  and  neutral  character,  it  is  recommended  as  a 


dusting  powder  for  the  skin.  It  may  be  used  alone  or 
mixed  with  boric  acid,  calomel,  resorciu,  sulphur,  etc. 
With  sodium  bicarbonate  it  forms  a  soothing  ajjplicatioQ 
to  superficial  burns.  \V.  A.  Basttdo. 

DOLORES.— Nuevo  Leon,  Mexico. 

About  40  km.  to  the  south  of  Linares,  on  the 
Fresno  estate,  is  found  a  sulphur  spring  called  Dolores. 
This  spring  has  been  classified  as  a  sulphureted  lime 
spring,  the  water  is  quite  cold,  and  sometimes  during 
very  dry  seasons  the  spring  runs  dry.  In  spite  of  this 
drawback  the  curative  properties  of  the  water  are  so  well 
known  that  large  numbers  of  people  are  attracted  to  the 
place  in  the  hope  of  relieving  rheumatic  ailments  and 
diseases  of  the  skin. 

No  quantitative  .anal^^sis  has  as  yet  been  made  of  this 
water;  we  onh'  know  that  it  contains  a  large  ([uantity  of 
sulphurous  acid.  A'.  J.  Punce  de  Leun. 

DOSAGE. — ^Under  this  title  will  be  discussed  the  prin- 
ciples that  determine  standard  dosage,  and  the  circum- 
stances that  necessitate  modification  of  such  do.sage. 

1.  St.^xd.^kd  Dosage. — The  word  dose,  in  connection 
with  the  matter  of  the  administration  of  medicines,  is 
used  in  two  distinct  senses,  which  must  carefully  be  dis- 
criminated, as  follows:  In  one  sense  the  dose  of  a  medi- 
cine may  betaken  to  mean  the  quantitj- necessary  to  pro- 
duce a  certain  therapeutic  effect  for  the  time  being,  and 
in  another  acceptation  the  same  word  signifies  the  cjuau- 
tity  to  be  administered  in  a  single  portion.  Very  fre- 
quently the  two  doses,  in  these  two  senses,  are  identical 
— the  quantity  necessary  for  an  effect  being  given  all  at 
once — but  very  often  again  they  are  not.  Thus  gr.  ss. 
of  quinme — a  duse  of  that  medicine  for  an  antipyretic 
effect — may  be  udministered  in  four  individual  duses  of 
gr.  V.  each,  taken  at  short  intervals. 

Dose,  in  the  sense  (jf  quantity  necessary  for  a  given 
etfect.  is,  of  course,  determined  by  trial.  In  stating 
doses  in  this  sense,  the  point  must  be  regariled  whether 
the  effect  sought  is  to  be  a  i>assing  one  only  or  a  contin- 
uous one.  In  tlie  former  case  the  dose  can  categorically 
be  stated,  as,  for  instance,  that  the  purgative  dose  of 
ca.stor  oil  is  a  tahlespoouful ;  but  in  the  instance  of  a  con- 
tinuous effect  such  categorical  statement  is  impossible, 
.since  dose  now  refers  to  the  quantity  necessary  to  be 
present  in  the  blood  at  any  sintjlc  moment.  Dose,  in 
such  case,  must  be  stated  in  ternis(]f  the  amount  required 
to  be  given  within  a  certain  jx-riod  for  the  maintenance 
of  the  necessary  impregnation  of  the  system.  In  such 
statement  the  peiiod  most  convenient,  and  therefore  most 
commonly  used,  is  the  term  of  twenty-four  hours.  So, 
for  instance,  we  say  that  the  dose  of  a  bromide  as  a  single 
sleeping  draught  is  simply  so  much;  but  we  state  the 
dose  of  the  same  medicine  for  the  controlling  of  epile|isy 
at  w  much  a  day,  since  now  a  certain  grade  of  bromisin 
must  be  maintained  unremittingly  for  months  or  even 
years. 

Standard  do.sage  never  can  Ik?  set  at  a  precise  figure; 
in  the  first  place,  bec-ause  therapeutic  achievements  do 
not  ]iermit  of  precise  mensuration,  and,  secondl.v,  because 
the  factors  that  determine  degree  of  medicinal  elTect  are 
many  and  impos.sible  of  exact  estimate.  All  posological 
tables,  therefore,  must  be  taken  to  exhibit  only  averages. 
Individual  metlicines  may  have  more  than  one  standard 
dosage  if  they  subserve  different  jiurposes  attained  by 
different  dosage.  Thus  quinine  lias  one  dose  as  a  simple 
bitter  stomachic,  but  another  and  quite  different  one  as 
an  antipyretic. 

Dose,  in  the  sense  of  ammint  to  he  administered  in  one 
portion,  is,  of  course,  based  primarily  on  dose  in  the  fore- 
going sense,  liut  is  also  affected  by  other  considerations. 
In  cases  in  which  a  transient  effect  onU'  is  wanted,  the  rule 
is  to  give  the  whole  dose  at  once,  unless  there  be  positive 
disadvantage  in  so  doing:  and  that  practically  means 
unless  the  whole  dose,  swallowed  in  single  portion,  would 
be  likely  to  disorder  the  stomach.  In  such  case  the  charge 
is  given,  as  the  phrase  is.  in  divided  doses;  that  is,  in 
moieties  administered  in  even  succession  at  intervals  long^ 
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enougli  to  save  the  stomach,  but  short  enough  to  secure 
the  pi-actieal  presence  of  the  whole  charge  in  the  blooil 
al  i>uce. 

Ill  casi-s  ill  wliit-h  the  medichml  impn'ssinn  is  to  be  con- 
liminiis,  the  daily  allnwaiice  is  to  be  jriveii  in  such  divi- 
siiiii  of  (losa.i^c  as  will  best  haniioiii/c  llir  cuiitlicting'  eun- 
sidiratioiis  of  iiiaiiitaiiiiiiir  an  ecuiabli'  impression  on  tlie 
one  hand,  and  avoidins;  an  undue  disturliaiice  of  tlie 
paliiMil  on  the  oilier.  For  the  one  consideration  calls  f<ir 
adniinistration  by  frequent  small  moieties,  and  the  other, 
on  tile  contrary,  for  tlie  mininnini  of  frequency.  Prnc- 
lically.  the  rule  is  to  dose  no  oftener  tlian  necessary  for 
the  Miaintaiiiiiiir  of  a  fairly  ei|Uable  impression,  and  to 
reduce  this  fre<iuency  still  further  if  it  disturbs  the  pa- 
tient, or  his  stomach,  unduly.  The  aniounl  of  eacli  dose 
will  lie  deterniined  by  the  frei|Ueiicy,  In  fnllowiiiif  out 
this  rule,  the  lirst  thing  to  tiiid  with  a  given  medicine  is 
that  minimum  of  frequency  of  giving  which  will  allaiu 
a  practical  eciualiilily  of  elteet.  This  miiiimnni  will  dif- 
fer enormously  witii  dilTereiit  drugs — a  fact  often  not 
properly  recognized. — being  determined  by  the  relation 
lietween  rate  of  absorption  and  elimination,  a  rate  which 
varies  greatly  among  medicines.  In  a  general  way.  com- 
pounds of  the  heavy  metals  are  slow  of  elimination, 
whence  follows  the  fact  that  a  mercurial  impression  is 
jiraclically  equable  with  a  renewal  of  doses,  by  the 
mouth,  of  no  greater  frequency  than  thrice  daily,  or.  by 
inunction  or  fumigation,  once  daily;  and.  similarly,  tliat 
tonic  doses  of  iron  hardly  require" more  frequent  "giving 
;han  three  times  a  day.  Salts  of  the  alkalies  of  high  dif- 
fusion power,  however,  are  much  more  rajiidly  eliiiii- 
nateil;  so  that  to  maintain  an  eqiialile  effect  with  them 
I  he  daily  allowance,  in  continuous  medication,  should  lie 
broken  up  into  four  charges  at  least,  and  a  distribution 
inio  six  may  in  many  cases  be  distinctly  advantageous. 
The  alkaline  iodides  and  bromides  are  prominent  exam- 
Iili-s  of  this  class  of  medicines,  and  the  best  therapeutic 
efl'ects  of  these  .sjilts  are  often  missed  througli  the  error 
of  giving  at  too  long  intervals.  Ditfusible  alcohols  and 
ethers  must  be  given  more  frequently  still,  if  the  effect 
is  to  be  maintained  with  any  a]iiiidach  to  eiiuability.  and 
the  same  is  true  also  of  nuiiiy  neurotic  alkaloids.  A 
prominent  example  in  jioint  among  alkaloids  is  aconite, 
which,  given  for  the  purpose  of  reducing  heart  action, 
should  be  administered  at  least  hourly,  the  amount  given 
on  each  occasion,  of  course,  bearing  proper  relation  to 
the  frequency. 

The  second  consideration  is  so  to  grade  the  frequency 
that  the  individual  doses  will  be  small  enough  not  to 
derange  the  stomach,  nor.  constitutionally,  to  ]n-oduce 
an  initial  over-great  effect.  Here  again  the  importance 
of  the  consideration  is  often  overlooked  by  prescribers.  and 
a  patient  is  unnecessarily  sickened,  or  his  functions  are 
unduly  perturbed,  by  large  infrequent  dosage,  when  pre- 
cisely the  s;une  therapeutic  effect  from  the  medicine  could 
have  been  gotten  without  distress  or  without  derange- 
ment by  the  same  dosage  broken  up  into  more  frequent. 
and  hence  smaller,  individual  charges. 

But  while  there  is,  thus,  an  advantage  in  dosing,  for 
continuous  impression,  by  the  method  of  "little  and 
often."  yet  the  consideration  of  the  disturbing  of  the  pa- 
tient forbids  the  carrying  of  the  method  to  extremes. 
This  consideration  is  serious  in  eases  of  slight  iudispo.si- 
tion  on  the  one  hand,  and  of  desperate  illness  on  the 
other.  In  the  one  case  the  patient,  not  too  sick  to  attend 
to  his  ordinary  avocations,  is  intolerably  annoyed  by  an 
over-frequent  dosing,  and  in  the  other  the  subject,  ill 
nearly  unto  death,  and  needing  the  most  careful  iuirsing 
of  his  fast-ebbing  vitality,  is  likely  to  have  his  life  liter- 
ally worried  out  of  him  by  incessant  wakings  and. lift- 
ings to  swallow  medicine. 

An  ini|ioitant  factor  affecting  standard  dosage^ 
whether  dose  foV  a  transient  ora  continuous  effect — is  the 
bulk-  of  the  subject,  since  obviously,  for  constitutional 
effect  of  constant  degree,  the  amount  of  drug  must  be 
proportioned  to  the  amount  of  blood  in  which  the  drug 
is  to  be  dissolved.  This  consideration  obtains  especially 
iu  prescribing  for  children.     To  meet  the  case  of  ihe  nec- 


essary scaling  of  doses  to  lit  the  varvingbulksof  this  class 
of  patients,  several  foriiuihe  have  been  devised,  of  which 
the  two  in  commonest  use— Voung's  and  Cowling's — 
work  by  the  ".'/cof  the  subject,  on  tlie  presumiition— true 
enough  for  the  purpose  in  "hand— that  children  of  a  given 
age  are  of  a  given  bulk.  Young's  rule  is  that,  taking  the 
adult  dose  at  unity,  the  fraetion'thereof  proper  for  a  child 

age 


of  given  age  is  expressed  by  the  formula 


age  +  13' 


At 


6  +  13~"^ 


age  six,  for  instance,  the  fraction  is 

a  child  six  years  old  should  be  given  one-third  of  the 

dose  proper  for  an  adult.     Cowling's  formula  is,  under 

,,  .        age  at  next  blrtiidav 

the  same  premises,  -^= ~ -.     At  age  six.  by 

this  formula,  the  proper  fraction  of  the  adult  dose  is^V  = 
a  little  less  than  ^.  In  general,  with  the  younger  liges, 
CViwIing's  formula  yields  a  slightly  smaller  dosage  than 
Young's.  A  formula  much  less  used,  because  of  its  in- 
convenience, is  Clarke's,  wherein  actual  weight,  instead 
of  age.  detenniiies  the  dose.  In  this  formula,  standard 
dose  being  uiiily.  the  dose  for  a  subject  of  given  weight 
is  expressed  by  a  fraction  of  which  the  numerator  is  the 
number  correspoiiiliiii;-  to  the  weight  in  avoirdii|)ois 
pounds,  and  the  denominator  is  the  arbitrary  number  loO, 
corresponding  to  the  weight,  in  pounds,  of  the  average 
human  adult. 

2.    CllU f.MST.\XCKS    NlirF.SSIT.\TIX(i    JIoniFICATIOX    OF 

Staxd.\rd  Dos.vge. — These  circumstances,  which  are 
many  and  potent,  are  as  follows:  Ayf.  apart  from  the 
consideration  of  bulk  of  subject,  calls  for  special  adjust- 
ment of  dose  in  the  case  of  many  medicines.  In  general, 
children  are  more  susceptible  to  drug  inlluence  than 
adults,  and  this  fact  obtains  strikingly  iu  the  instance  of 
opium.  In  general,  furthermore,  both  extremes  of  age 
bear  actively  perturbing  medication  liadly.  .S.r  is  an- 
other element  to  be  considered  in  adjusting  dosage — 
women,  bulk  for  bulk,  being  generally  more  susc<qitible 
to  meilicines  than  men,  and  particularly  so  as  regards 
neurotic  drugs.  Oiimite  also  must  be  "regarded,  with 
especial  reference  to  the  fact  that  in  warm  weather  the 
digestive  system  is  unduly  sensitive,  and  the  system 
generally  more  susceptible  to  depressing  inllu'ences. 
C'list'iiii  may  aft'ect  dosage  powerfully,  sometimes  by  en- 
hancing, but  more  commonly  by  lessening,  normal  ef- 
fects. This  lessening  is  seen  markedly  iu  the  case  of  the 
strictly  neurotic  effects  of  so-called  neurotic  drugs,  such 
as  opium  or  alcohol,  although  with  this  same  class  of 
drugs — a  fact  often  overlooked — the  effects  al/iir  than 
neurotic  may  bo  wholly  unintlueuced.  or  even  enhanced 
in  intensity,  by  habit.  Thus,  for  instance,  apjiears 
the  curious  anomaly  in  the  case  of  the  confirmed  toper 
that  with  ever-increasing  indulgence  he  gets  not  any 
more  dnnik  than  before,  iu  the  commonly  understood 
sense  of  the  word,  but  yet  does  get  progressively  more 
and  more  cataiThal  as  to  his  .stomach  and  bowels,  more 
cirrhotic  as  to  his  liver,  more  ajiojilectic  as  to  his  Iirain. 
and  more  debased  astohis  memory,  manners,  and  morals, 
with  every  dioji  added  to  his  daily  allowance  of  li{|Uor. 
Mii-mincms!/  is  another  important  factor  iu  dosage,  work- 
ing now  to  increase,  and  now  to  lessen,  the  standard; 
and,  lastly,  pJii/siohgioil  statui  must  be  regarded,  since, 
in  practice,  morbid  conditions  may  modify  profoundly 
normal  susceptibility  to  medicinal  influences.  A  notable 
instance  of  this  circumstance  is,  once  more,  in  the  case  of 
neurotic  drugs,  which,  in  conditions  of  great  devitaliza- 
tion, require  very  much  larger  iloses  than  normal  to  pro- 
duce normal  grades  of  effect.  Thus  a  subject  at  death's 
door  from  a  sudden  voluminous  loss  of  blood  may  swal- 
low doses  of  opium  or  of  brandy  that  would  actually  be 
fatal  in  health,  but  now  with  no  other  effect  than  to  sus- 
tain the  failing  heart  and  nervous  system  until  natural 
recuperation  begins.  In  actual  prescribing,  therefore, 
particularly  of  neurotic  drugs,  the  wise  physician  regards 
posological  tables  as  furnishing  points  of  departure,  only, 
for  the  increase  or  diminution  of  standard  dosage  accord- 
ing to  the  condition  of  the  patient. 
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From  all  the  foregoing  two  corollaries  appear,  of  obvi- 
ous practical  importaace — the  one  that  dosage  for  a  given 
drug  cannot  be  set  at  one  categorical  figure;  and  the 
other  that,  even  with  given  conditions,  dosage  never  can 
be  estimated  with  any  approach  to  precision. 

Edtcanl  Curtis. 

DOUBLE  MONSTERS.     See  Tcnitohgy. 

DOXTATTERS  MINERAL  WELL— Monroe  County, 
New  York. 

PosT-OFFtCE. — Rochester.     Hotels. 

This  well  is  described  in  some  of  the  older  works  as 
Longmuir's  AVell.  It  is  located  in  the  city  of  Rochester. 
An  analysis  by  L.  C.  Beck,  many  years  ago  (.1842),  resulted 
as  follows : 

One  U.nited  States  Gallon  Contai.xs: 
Solids.  CTfains. 

Calcium  bicarbonate     ) 

Magnesium  carbonate  ^ 11.84 

Irtin  oxide  ^ 

Sodium  sulphate : m."' 

Calcium  cbloride 52.16 

Total  ingredients 119.92 

Gases.  Cubic  incbes 

Sulphureted  hydrogen ■> 17.28 

Carlwnic  acid Trace. 

This  analysis  is  evidently  incomplete.  It  shows  suffi- 
cient sulphate  of  soda  to  give  it  aperient  properties. 
The  water  is  also  highly  charged  with  sulphureted  hy- 
drogen. James  K.  Crook. 

DRACONTIUM.     S.-e  Sl,;n,l-  CMage. 
DRACUiMCULUS    MEDINENSIS.     See  Mmatodes. 

DRAGON'S  BLOOD.— Resina  Dr.\coxis  (Sang dragon, 
Codex  Med.).  A  deep-red  resin  which  e.xudes  spontane- 
ously from  the  ripe  fruits  of  Cnlamus  Drato  Willd.  (fam. 
P(dmana),  one  of  the  rattan  palms  of  Borneo,  Java,  and 
other  Polynesian  islands.  It  is  collected  b}'  shaking  the 
ripe  fruits  in  a  basket,  sifting  out  the  resin  and,  by 
means  of  warmth,  moulding  it  into  little  balls,  or  more 
usuallv  into  slender  sticks,  20  or  30  cm.  long  and  about 
as  thick  as  the  finger.  These  are  wrapped  in  pieces  of 
leaves  and  tied.  Inferior  qualities  are  made  by  boil- 
ing out  the  resin  from  the  fruits,  and  hardening  it  in 
masses.  Large,  brilliant  red  cakes  should  lie  looked  upon 
with  suspicion,  as  they  are  a)it  to  be  heavily  adulterated. 

Dragon's  blood  is  in  mass  a  brown-black,  brittle  resin, 
of  no  odor,  and  of  a  sweetish,  afterward  slightly  acrid 
taste.  It  breaks  with  a  reddish  fracture,  and  is  trans- 
lucent in  thin  layers.  It  is  entirely  soluble  in  alcohol, 
chloroform,  carbon  disulphide,  etc.,  with  the  exception 
of  from  ten  per  cent,  upward  of  vegetable  tissue  and 
other  impurities.  It  softens  and  becomes  sticky  by  the 
warmth  of  the  hand,  and  at  a  higher  temperature  is  partly 
decomposed,  liberating  among  other  things  benzoic  acid. 

It  is  extensively  used  in  coloiing  wood  stains,  var- 
nishes, etc. .  but  has  no  peculiar  medical  properties.  Its 
only  use  in  pharmacy  is  as  a  harmless  coloring  matter  for 
tooth  powders,  ointments,  and  similar  pharmaceutical 
mixtures.  11'.  P.  BoUes. 

DRESSINGS,  SURGICAL.— The  history  of  surgical 
dressings  is  similar  to  that  of  drugs  in  one  particular, 
namely,  that  their  preparation  has  been  gradually  trans- 
ferred from  the  doctor's  office  to  a  factory  especially 
equipped  for  the  purpose.  Many  articles  formerly  used 
on  account  of  their  absorbent  properties,  such  as  peat, 
moss,  sawdust,  etc.,  are  now  entirely  unknown  among 
younger  surgeons.  Similarly  the  increased  use  of  plaster- 
of -Paris  bandages  has  rendered  obsolete  many  complicated 
forms  of  splint.  ' 

The  materials  at  present  used  in  surgery  during  opera- 
tions, and  for  dressings,  will  be  considered  under  the  fol- 


lowing heads:  Sutures  and  Ligatures,  Drains,  Absorbent 
Materials,  Bandages,  Plasters^  Splints,  Lubricants.  A 
brief  consideration  of  Handkerchief  Dressings,  and  the 
Application  of  Plaster  of  Paris  will  close  the  article. 

Sutures  iind  Ligatures. — Some  of  the  materials  ordinar- 
ih-  used  for  ligatures  or  sutures  are  absorbable  in  the  tis- 
siies.  and  some  are  nonabsorbable.  This  distinction  is  of 
the  first  importance  in  the  selection  of  a  suture  or  a  liga- 
ture. Thus,  for  the  suture  of  a  broken  bone  or  to  close 
a  ventral  hernia,  one  would  not  select  a  material  which 
would  be  abs^>rbed  in  a  week.  On  the  other  hand,  many 
surgeons  object  to  the  use,  eveu  in  these  situations,  of 
material  which  can  never  be  absorbed. 

The  length  of  time  during  which  different  materials 
may  be  expected  to  withstand  disintegration  in  the  tis- 
sues of  the  body  may  be  roughly  stated  as  follows;  fine 
catgut,  from  two  to  four  days ;  coarse  catgut,  from  five  to 
seven  days;  animal  tendon,  from  three  to  ten  days.  Cat- 
gut or  animal  tendon  which  has  been  immersed  twenty- 
four  hours  in  a  sohition  of  bichromate  of  potassium  will 
resist  disintegration  for  from  four  to  six  weeks.  Fine  or 
coarse  silk,  silkworm  gut,  horsehair,  and  silver  wire  will 
never  be  absorbed. 

Surgical  catgut  is  made  of  the  small  intestine  of  the 
sheep  and  other  animals,  washed  to  free  it  from  dirt, 
soaked  in  ether  to  free  it  from  fat,  and  then  sterilized. 
For  use  it  is  preserved  either  dry  or  in  alcohol,  or  in  some 
antiseptic  solution.  It  is  sold  in  various  sizes,  from  00 
up  to  10  (Fig.  16.56),  though  the  very  large  sizes  are  sel- 
dom used. 

The  sterilization  of  raw  catgut  has  presented  many 
difficulties.  If  boiled  in  water  it  turns  to  jelh".  Its  ster- 
ilization by  steaiu  is  for  the  siune  reason  impracticable. 
IS  sterilized  by  diy  heat  the  temperature  may  reach 
130"  C.  without  injury  to  the  catgut,  provided  that 
every  particle  of  moisture  be  first  removed  from  the  gut. 
A  special  apparatus  is  therefore  required,  and  the  sterili- 
zation by  dry  heat  is  not  sufficiently  certain  to  warrant 
the  general  adoption  of  this  method. 

If  catgut  is  soaked  in  a  solution  of  formaldehyde  gas, 
formalin  as  it  is  called,  from  one  to  twelve  hours,  accord- 
ing to  the  size  of  the  gut,  the  albumen  will  be  so  altered 
as  to  permit  the  catgut  to  be  boiled  in  water  for  a  time 
without  injury.  This  method  of  stei'ilization  presents 
the  difficulty,  however,  that  the  gut  must  be  kept  tightly 
stretched,  and  that  the  strands  shall  not  overlap  either 
during  the  soaking  in  formalin  or  the  boiling  in  water. 
Various  kinds  of  racks  have  lieen  devised  to  accomplish 
this  end.  One  of  the  simplest  plans  is  thus  described  by 
Fredrick :  Wind  the  gut  in  a  single  layer  on  a  glass  spool, 
in  either  end  of  which  a  notch  has  been  filed.  Pass  one 
end  of  the  catgut  through  the  spool  and  tie  tightly  to 
the  other  end  of  the  catgut.  Di-op  the  spool  intoathree- 
percent.  foriualdehyde  solution.  Leave  it  in  the  solution 
ij  longer  or  shorter  time,  ac- 
cording to  the  size  of  the  gut, 
as  follows;  No.  00,  three 
hours;  No.  1,  three  hours; 
No.  2,  five  hours;  No.  3, 
seven  hours,  etc.  Wash  in 
running  water,  boil  fifteen 
minutes,  and  keep  in  steril- 
ized bottles  in  ninety-per-cent, 
alcohol  containing  eight  per 
cent,  glycerin.  The  glycerin 
should  be  sterilized  by  heating 
in  a  water  bath  before  it  is 
added  to  the  alcohol.  If  a 
spool  of  catgut  is  partly  used, 
tie  the  ends  of  the  catgut  to- 
gether, drop  the  spool  into 
boiling  water,  and  place  it  in 
a  sterile  bottle  as  before.  Cat- 
gut so  prepared  will  resist  ab- 
sorption a  week  or  ten  days. 

Catgut  may  be  sterilized  by  soaking  it  in  antiseptic 
solutions.  A  great  number  of  formuhe  have  been  pro- 
posed.    The  catgut  can  either  be  used  from  the  antisep- 


16-56  —Sizes   of 
tures. 
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tic  solution  or  it  can  be  removed  from  it  after  it  1ms  lain 
ill  it  a  certain  number  of  hours,  ami  be  preserved  for  use 
in  alcohol.  .V  jrood  example  of  this  method  is  the  fol- 
lowiiiir:  Wash  the  calirut 
in  ether  and  soak  it  for 
fnini  one  half  hour  to  two 
liouis,  accordins;  to  the 
size  of  tlic  j;ut.  in  ten-per- 
cent, solution  of  carbolic 
acid  in  alcohol.  Keep  un- 
til wanted  in  alcohol. 
The  o  b  j  e  c  t  i  o  n  to  this 
metliod  is  its  uncertainly. 
No  matter  what  antiseptic 
is  employed,  one  can 
never  be  sure  that  it  has 
penetrated  the  g^ut  in 
every  part.  Jloreover. 
some  antiseptics  weaken 
the  jrwi.  and  if  not  re- 
moved from  it  they  may 
prove  injurious  to  the 
tissues  of  the  Jiatii'iit. 

Catiiut     may    be   steri 
ized    by  boiling   in  alco- 
hol.    The  alcohol  should 
not    contain     more    than 
live   per  cent,    of  water, 
lest   it  weaken    the    gut. 
Ninety-  five  -  per   cent,  al- 
cohol boils  at   about  79' 
C   and   hence   germs  as 
well   as  s|wres   may 
not  be  killed  by  this 
process  if   it  is  con- 
tinueil     for    only    a 
short     time.      Jlore- 
over,    the    alcohol 
evaiKiratesso  ra|)idly    fig.  H»T. 
that  it  is  uecessjiry  to 
add  fresh  alcohol  ev- 

cry  few  minutes.  This  is  expensive,  and  the  fresh,  cool 
alcohol  continually  reduces  the  temperature  and  grad- 
ually increa.ses  the  percentage  of  water.  The.se  diffi- 
culties can  be  avoided  by  using  a  small  still  (Fig.  16.57). 

With  the  apparatus  above  pictured  one  can  prepare 
quickly  and  easily  a  gut  which  will  yield  good  results  in 
minor  surgical  work.  It  cannot  be  recommended  for 
major  surgery,  however,  for  there  is  always  a  possibility 
that  the  ligature  is  not  sterile. 

Catgut  may  be  lioiled  in  alcohol  under  pressure.  In 
this  way  a  temjierature  of  90'  C.  can  be  raaintiilued  for 
one  hour  without  injury  to  the  gut.  Gut  so  treated  will 
be  sterilized  absolutely.  Such  apparatus  is  costly,  and 
will  .scarcely  be  found  outside  of  hospitals  and  manufac- 
tories of  surgical  supplies. 

Catgut  may  be  absolutely  sterilized  by  boiling  in  some 
substance  whose  boiling  point  is  high  and  which  will 
not  injure  the  gut.  Oil  of  juniper  was  once  much  used 
for  the  purjiose,  but  it  makes  the  gut  very  springy,  al- 
most like  wire,  and  if  boiled  too  long  the  gut  becomes 
brittle.  Cuniol  is  (me  of  the  best  substances  for  this  pur- 
pose. It  is  oily,  boils  at  about  1.5.5'  C  and  does  not  in- 
jure the  gut.  When  ligatures  hav*  been  sterilized  in 
this  manner  they  may  be  placed  in  alcohol  for  use.  sealed 
up  in  tubi'S  if  desired,  or  first  placed  in  germ-proof  en- 
velopes when  the  ligatures  and  envelopes  can  be  sterilized 
together. 

The  following  description  is  interesting  a.s  showing  the 
number  of  steps  which  are  taken  in  the  preparation  of 
aseptic  ligatures  by  one  of  the  well-known  manufac- 
turers : 

1.  Exterior  cleansing  by  scrubbing. 

2.  Removal  of  moisture. 

3.  Sealing  in  envelopes  made  of  toughened  filter 
paper. 

4.  Successive  percolations  with  solvents  (naphtha, 
ether,  benzol,  alcohol,  etc.). 


.VpiMratus  for  Boiling  Catgut 
in  Alcohol. 


Fir..  JliiH.  -  SIlTliiZi-il  I  ilt- 

gut  in  Bottle,  Ready  for 
Use. 


').  Sterilization  by  boiling  in  a  solution  of  cumol  com- 
pound at  a  tempeni'ture  of  from  l(iO'  to  170    C. 

6.  Removal  of  cumol  soliitiim  by  heat. 

7.  Final  .sealing  in  an  aseptic  outer  envelope  and  trans- 
ference to  outer  container. 

A  somewhat  simpler  method  is  followed  in  the  .lolins 
Hopkins  Hospital,  but  numerous  bacteriological  tests  have 
proved  it  absolutely  reliable.  The  steps  of  the  steriliza- 
tion ai-e:  1.  Roll  the  catgut,  twelve  strands  in  a  figure- 
of-eight  form,  so  that  it  can  be  slipped  into  a  large  lest 
tube.  2.  Hring  the  catgut  U])  to  a  temperature  of  80"  C. 
and  keep  it  at  that  point  for  an 
hour.  3,  Place  the  catgut  in  cu- 
mol which  must  not  be  above  a 
temperature  of  100'  C.  Then 
raise  it  to  1C.5'  C,  and  hold  it 
at  that  point  for  one  hour.  Pour 
oil  the  cumol.  and  allow  the  heat 
of  a  Siind  bath  to  dry  the  catgut, 
or  dry  it  in  an  oven  at  a  tempera- 
ture of  100  C.  for  two  hours.  .5. 
Transfer  the  ring  of  gut  with 
sterile  forceps  to  a  test  tube  pre- 
viously sterilized  as  in  the  labora- 
tory. In  drying  and  boiling,  the 
catgut  must  not  touch  the  vessel. 
It  is  therefore  suspended  on 
wires,  or  rests  on  absorbent  cot- 
ton. 

To  close  hernial  openings,  and 
uniier  other  circumstances,  a  su- 
ture is  needed  which  will  resist  absorption  longer  than 
plain  catgut.  This  need  led  to  a  search  through  the 
animal  kingdom  for  other  suture  material.  By  far 
the  best  is  the  tendon  of  the  kangaroo's  tail.  "  This 
large,  strong  tendon,  when  dry,  falls  naturally  into  a 
loose  bundle  of  separate  round  cords,  each  about  the 
size  of  very  heavy  catgut.  These  nalurally  separate 
fibres  are  easily  obtained  a  foot  or  more  in  length.  The 
large  tendons  of  the  kangaroo's  leg  are  also  made  up  of 
bundles  of  fibres,  but  the  separation  of  the  individual 
cords  is  not  so  perfect  as  in  the  tail  tendon,  and  the  cords, 
or  mauy  of  them,  are  so  large  as  to  require  splitting. 
These  split  threads  from  the  legs  are  not  so  desirable  as 
the  naturally  rounded  ones  from  the  tail.  Other  animal 
tendons  are  split  into  threads  and  used,  but  they  are  far 
inferior  in  appearance  to  the  ligatures  made  of  kangaroo 
tendon. 

These  animal  tendons  have  a  varying  resisting  power, 
and  the  source  of  supply  in  the  case  of  the  kangaroo  is 
limited.  Hence  the  need  of  increasing  the  durabilit.v  of 
catgut  by  chemical  means.  This  is  done  by  soaking  the 
gut  in  a  watery  solution  of  bichromate  of  potassium. 
The  strength  of  the  solution  and  the  number  of  hours  the 
gut  soaks  in  it  form  a  rough  means  of  telling  how  long 
the  suture  material  will  resist  disintegration.  Thus,  one 
speaks  of  eight  day  catgut,  fourteen-day  catgut,  etc., 
meaning  catgut  which  has  been  so  treated  that  it  is  ex- 
pected to  resist  disintegration  for  so  many  days.  It  is 
only  fair  to  state  that  clinical  results  are  not  so  uniform 
as  the  laboratory  tests,  and  those  who  have  had  occasion 


Fig.  1639.— Sterilized  Calgut  in  S«ale<l  Glass  Tube. 

to  reopen  wounds  at  the  end  of  a  few  days  have  some- 
times found  that  chromicized  catgut  intended  to  la.st  sev- 
eral weeks  has  fallen  to  pieces  in  as  many  days. 

A  well-tried  formula  for  making  chromicized  catgut  is 
as  follows:  3  parts  of  bichromate  of  potassium,  and  20 
parts  of  glycerin  and  carbolic  acid,  are  dissolved  in  2,000 
parts  of  water.     In  this  solution  the  gut  is  soaked  for 


553 


Dressings. 


REFERENCE   HANDBOOK   OF  THE   SIEDICAL  SCIENCES. 


tiA-enty-four  hours.  If  it  is  to  be  snb.sequeutl_v  sterilized 
by  I'omialin.  it  can  be  wound  on  spools  before  it  is  put 
into  the  Imideuiug  solution.  Gut  so  treateil  is  expected 
to  last  six  weeks  in  the  tissues. 

Silk  lias  always  been  a  favorite  suture  material  on  ac- 
count of  its  flexibility,  smoothness,  and  streugtli.  Since 
the  days  of  asepsis  it  has  lost  none  of  its  pop\darity.  for 
it  may  be  sterilized  without  injury  by  boiling  water  or 
steam.  Dry  heat,  if  too  high  or  too  long  continued, 
makes  the  silk  brittle. 

Small  sterile  threads  of  silk  may  be  buried  in  the  tis- 
sues with  impunity,  as  is  constantly  illustrated  by  the 
use  of  silk  in  intestinal  sutures,  while  some  operators  also 
use  it  in  place  cf  catgut  for  ligatures.  As  liue  catgut 
can  be  absolutely  sterilized,  the  use  of  silk  for  ligatures 
is  theoretically  unsound,  as  even  the  finest  threads  can 
never  be  absorbed  but  must  remain  as  foreign  bodies. 
Larger  silk  threads,  even  though  sterile,  may  be  harsh 
enough  to  give  rise  to  a  suppuration  which  continues 
until  the  silk  is  expelled  from  the  body.  In  order  to 
minimize  such  imtation,  the  minor  strands  in  the  larger 
sizes  of  silk  are  often  braided  instead  of  twisted, 
or  are  twisted  loosely,  giving  a  soft  floss  silk.  ^ 
Even  then  the  danger  of  irritation  and  siiiipura- 
tiou  is  not  wholly  done  away  with,  and  it  is  no 
longer  considered  a  sound  surgical  practice  to 
tie  large  masses  of  tissue  with  heavy  uon-absorb- 
able  thread  if  the  conditions  permit  of  the  sepa- 


Fig.  1660.— Walker's  Siution  Apparatus. 

rate  ligation  of  vessels  with  absorbable  catgut  or  with 
tine  silk.  The  larger  sizes  of  silk  are  not  dyed.  The 
smaller  fmes  are  usually  dyed  black,  with  fast  non- 
poisonous  iron  dyes,  in  order  to  facilitate  the  detection 
and  removal  of  the  sutures. 

Silkworm  gut,  or  fl  de  FJorence.  is  made  by  drawing 
out  into  a  single  thread,  the  fluid  silk  in  the  body  of  the 
silkworm  ready  to  spin  its  cocoon.  As  it  is  in  demand 
for  fastening  tish  hooks  to  tlie  line,  it  can  be  easily  ob- 
tained in  bundles  of  one  hundred  threads  each,  twehe  or 
fifteen  inches  long.  The  curled  brittle  ends  are  trimmed 
oft",  and  the  threads  are  ready  for  use.  They  are  smooth, 
strong,  and  springy,  and  occasionally  they  break  if 
tied  in  too  hard  a  linot.  They  are  sterilized  b}  boiling 
water  or  steam.  On  account  of  its  polished  surface 
silkworm  gut,  if  the  ends  are  not  buried,  is  not  irri- 
tating to  the  tissues,  and  the  sutures  are  easily  with- 
drawn. It  is  an  excellent  material  for  tension  sutures; 
but  its  sharp  ends  make  it  a  poor  material  for  buried 
sutures.  It  may  be  dyed  blaclv  like  silk,  to  make  it  more 
conspicuous. 

The  hair  from  a  horse's  tail  resembles  siltn-omi  gut. 
but  is  not  so  strong  nor  so  springy.  It  is  a  splendid  ma- 
terial for  suturing  the  skin  if  the  strain  on  the  sutures  is 
not  great.     Horsehair  can  be  sterilized  by  boiling. 

Pure  silver  wire  is  sometimes  used  for  suturing  the 
abdominal  wall,  and  often  for  suturing  the  cervix  uteri. 
Its  si^ecial  attributes  are  absence  of  springiness  and  the 


fact  that  it  can  be  fastened  by  twisting  the  ends  about 
each  other.  Hence  it  can  be  used  in  a  narrow  vagina, 
where  it  would  be  difficult  to  tie  a  knot.  It  can  be  ster- 
ilized by  moist  or  dry  heat  without  injury. 

Dntiiis. — A  drain  is  intended  to  do  one  or  more  of  the 
following  things:  (1)  To  preserve  a  track  from  tlie  sur- 
face to  a  deeper  part  of  the  woimd;  (2)  to  pre'veut  super- 
ficial parts  from  healing  until  the  deeper  parts  have  done 
so :  (3)  to  favor  the  escape  of  fluid  from  the  deeper  parts 
of  the  wound,  thus  revealing  the  existence  of  liemorrhage 
and  ridding  the  body  of  pus  or  other  objectionable  fluids. 
A  properly  applied  drain  will  readily  accom]ilish  the  two 
objects  first  mentioned.  So  would  a  stick  or  a  solid  rub- 
ber cord.  The  third  object  is  far  more  diflicult  of  at- 
tainment. It  can  be  doue  in  only  four  ways:  (<0  If  the 
drainage  is  down  grade,  gravity  will  bring  the  fluid  out 
through  a  tube  or  arotmd  and"  through  a  gauze  drain. 
(b)  If  the  fluid  Is  secreted  so  freely  that  its  retention 
would  cause  pressure,  a  part  of  it  will  esca|>e  after  the 
wound  and  drain  have  been  filled  with  fluid,  (c)  The- 
drain  may  be  used  to  soak  up  secretion,  either  by  having 
it  made  of  a  mass  of  gauze,  or  by  so  arranging  it 
in  a  tube  of  glass  or  otherwise  that  the  central 
portion  can  be  removed  and  replaceil  at  frequent 
intervals,  (rf)  The  drain  being  a  hollow  one.  like 
a  rubber  tube,  the  fluid  maybe  sucketl  out  througU 
it  by  siphonage.  or  hy  means  of  a  pump.  This  is,, 
properly  speaking,  a  suction  apparatus  rather  than 
a  drain.  If  fluid  collects 
slowly  it  may  be  sucked  out 
with  a  syringe  every  hour  or 
so:  but  to  keep  empty  the- 
urinary  or  biliaiy  bladder 
after  cystotomy,  an  automa- 
tic apparatus  is  most  use- 
ful. The  best  one  yet  offered 
is  that  receiitiv  devised  bv 
Dr.  John  B.  Walker,  of  Xew 
York.  It  consists  of  a  small 
"laboratory"  suction  pump 
/',  which  is  screwe<l  to  a  cold 
water  faucet.  The  eftect  of 
the  stream  of  running  water, 
Tl".  is  t  J  suck  air  through  the- 
tube  -1.  If  one-eightli-iuch 
lead  tubing  is  used  for  this 
purpose  the  cold-water  hy- 
drant may  be  one  hundred 
feet  or  more  away  from  the 
patient's  bed.  Tlie  tube  (.4> 
splits  at  Y.  so  that  it  not  only  sucks  air  from  the  bot- 
tle />',  but  also,  in  case  the  suction  is  too  strong,  from 
the  safety  valve  I'.  The  bottle  is  closed  with  a  tight 
rubber  stopper, through  which  the  two  tubes  pass,  one 
of  which  connects  with  the  catheter  C  wliich  leads  into 
the  bladder,  and  sucks  out  fluid  fix>m  that  viscus  to 
the  bottle  as  fast  as  it  accumidates.  The  safety  valve 
V  is  a  simiile  arrangement,  but  is  the  key  to  the  suc- 
cessful operarion  of  the  whole  device.  It  is  a  test  tute 
fifteen  or  twenty  inches  long,  in  the  bottom  of  which  are 
three  or  four  inches  of  mercury.  The  tube  from  Y 
merely  passes  through  the  rubber  cork  of  V,  so  as  to  suck 
out  air  at  times.  Another  tulje,  T.  in  the  upper  end  of 
which  is  a  little  cotton  to  keep  out  dust,  passes  through 
the  ridjber  cork  and  extends  through  air  and  mercury  to 
the  Ixntom  of  T",  If  the  catheter  in  the  bladder  sucks  a 
bit  of  mucous  membrane  into  its  eye,  or  if  the  water  in 
the  pump  is  running  too  rapidly  so  that  an  undue  suc- 
tion is  exerted  on  the  bladder  wall,  air  will  be  sucked  in 
through  T,  will  bubble  up  through  the  mercury  in  T'. 
and  escape  into  .4  at  Y,  thus  relieving  at  once  the  strain 
upon  the  bladder  wall.  By  changing  the  quantity  of 
mercury  in  T'  one  can  easily  regulate  tJie  maximum  suc- 
tion upon  the  bladder.  WitlT  this  apparatus  one  can 
keep  a  patient  up(3n  whom  suprapubic  cystotomy  has 
been  jierformed  absolutely  dry.  while  all  of  the  urine  is 
collected  for  measurement  and  examinatiiin  if  necessar}'. 
Different  mateiials  are  used  for  drainage,  according  to- 
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tlie  fmiiliasis  laid  ou  flfxiliility,  capillarity,  or  maintc- 
Dauce  of  a  lixfil  size.     A  Inimllr  nf  Uorsi-hair.  a  wicU  of 
gauze,  ami  a  jrlass  tiibt-  aiv  iriKid  illusirations of  the  three 
types  of  drains.     A  bundle  of  horee- 
^^^^^  hail's  twisted   together,   doubled,   and 

^^^^2  alliiwed  to   twist   in    the   opposite  di- 

^      ji  *^'  reeliou  and  Ihcn  tied,  makes  an  e.xcel- 

lent  small  dniin.  for  example  in  scalp 
wiiunds,  since  it  atlonls  little  oppor- 
tunity for  tiUrin  and  jri'smulations  to 
elin;;  In  it  and  make  its  removal  diffi- 
cult. 

Fibrin    is    very   apt   to  till   up   the 
mi-^his  of  L'auze  drjiius.  esi>eeially  in 
alMloniinal   wouuds.    so   that    their  re- 
moval  is   painful.     They  can  best  lie 
,j    at  J  removed  by  twisting  iu  one  din-ction 

>  ;lHlr  sevenil    times,    then    unwinding    and 

twisting  several  times  in  the  opposite 
diivctiou.  Another  plan  is  to  roll  the 
gauze  before  it  is  twisted  in  a  small 
s(|nare  of  guttapercha  tissue  as  a 
<igarette  is  roUeil.  so  that  the  fibrin 
cannot  adhere  to  the  sides  of  the  dnun. 
It  is  open  at  the  bottom,  so  that  what- 
e\-er  capillary  jiower  the  gauze  pos- 
<e.>wes  may  not  be  interfered  with. 

For   draining   a   large   cavity  with 
gauze   Jlikuliez   hit  ujMm  the  idea  of 
spreading  a  single  layer  of  gauze  like 
a  handkerclnef  over  tlie  wliole  cavity. 
Fin.  liiiil.  —  Rubber   and  packing  a  numlx-r  of  thick  wicks 
DnilmiKe  Tubes.       „f  ,^.^^^y^.  j,,^,,  jts  e.,vity.     These  wicks 

c!iu  be  removed  anil  replaced,  if  neces- 
sary, without  difficulty,  as  only  the  outside  handker- 
chii  f  clings  to  the  walls  of  the  wouuds  and  pulls  off 
wilhout  much  tiiiuble  after  all  the  wicks  have  been 
pullid  out. 

Tubular  drains  are  made  either  of  rubber  (Fig.  1661) 
or  of  glass  (Fig.  1B6".3),  and  are  of  various  shapes  and 
sizes.  "There  is  no  capillary  action  iu  tulies  of  tJiis  sort. 
and  fluid  will  come  out  through  them  only  as  a  result 
of  gravity,  pressure  from  Avithiu,  or  aititicial  suction. 
^Vheu  a  patient  lies  in  bed  his  wound  is  apt  to  be  up- 
ward, aud  there  is  rarely  pressure  within  it.  So  the  say- 
ing has  become  a  common  one  that  "drainage  tubes  do 
not  drain."  Their  chief  value  is  in  keeping  open  a 
straight  sinus  from  the  surface  to  the  depth  of  a  wound. 

Al-svi-lt i<t  Miitirt\il!f. — Linl.  peal,  earth,  and  various 
other  materials  capable  of  absorbing  discharges,  have 
lietn  iiserl  for  dressing  wouuds.  O'lkum  aud  rags  are 
still  use<l  somewhat,  but  cut  ton.  either  loose  or  woven 
into  gauze,  has  pretty  nearly  supplanted  all  other  mate- 
rials as  an  absorbent  dressing.  AVhen  the  oil  and  impur- 
ities have  been  removed  from  it.  and  it  has  lieen  bleached, 
\vashe<.l.  and  drieil.  the  cotlon  very  quickly  soaks  uji 
fluid.  It  is  then  in  little  tufts,  and  is  sold  under  the 
name  of  cotton  w  aste.  for  absorbing  free  discharges,  as  it 
co-sts  less  than  cardnl  absorbent  cotton,  aud  will  soak  up 
pretty  nearly  as  luuch  tluiil.  The  c-arded  cotton,  common 
aljsorlxnt  ci>tton.  is  a  tiner  product,  aud  is  so  universjilly 
employtnl  fi>r  dn-ssing  aseptic  and  si'ptic  wounds  that  it 
ueiils  uo  description.  It  is  practically  freed  from  germs 
by  the  process  of  manufactun-.  If  re-sterilization  is  de- 
sireil.  the  cotton  can  be  steamwi  or  Iwked.  It  is  apt  to 
become  moist  iu  a  steam  sterilizer,  aud  it  should  either 
be  dried  artificially  or  exposed  to  the  air  until  dry.  If 
the  latter  plan  is  adopted,  it  is  neces.sary  that  each  pack- 
age of  cotton  should  be  loosely  wound  and  pinned  up  iu 
a  towel  or  gauze,  so  that  when  removal  from  the  steril- 
izer the  moisture  may  rapidly  evaporate.  Dressings 
should  never  be  allowed  to  cool  in  a  steam  sterilizer,  but 
should  be  removed  while  steaming  hot.  This  applies 
eipially  to  packages  of  gauze  aud  cotton  as  well  as  to 
towels  and  gowns,  as  tliey  are  ajit  to  remain  damp  a 
Iniig  time  if  they  are  allowed  to  cool  in  the  steam  cylin- 
der. 

Gauze  for  surgical  dressings  should  be  equally  as  ab- 


sorlx-nt  as  cotton.  Indeed,  its  open  meshes  make  it  even 
more  ready  to  soak  ui>  fluids,  and  it  is  generally  used  to 
keep  a  w(mnd  dry  during  an  operation  in  prefei-ence  to 
cotton,  or  wool,  or  sea  sponges.  The  advantage  of  hav- 
ing each  absorbent  sponge  as  it  is  applii-d  to  the  wcmnd 
fresh  and  clean  anil  slerilc  is  a  very  great  one,  and  few 
surgeons  will  be  ready  t"  return  lo  the  old  |ilan  of  wash- 
ing sea  spiinges  during  an  operalion.  even  though  by  a 
new  method,  which  is  described  below,  the  sponges  can 
be  boiled  without  injury  before  each  operation.  Iu 
many  o|K'rations  there  is  an  infectious  discharge,  which, 
if  sea  siMviiges  arc  used,  will  be  inlroduciHl  into  the  wash- 
water,  will  spread  througli  I  lie  rest  of  the  sponges,  and 
will  iuerease  the  cliniice  nf  a  ditfuse  sujipuratlon  in  the 
wound.  This  risk  is  lliuiled  if  eaeli  gauze  .sponge  ap- 
jilied  is  a  clean  one  and  is  thrown  away  as  .soon  as  us«'d. 
It  may  be  objected  that  in  using  so  large  a  number  of 
sponges  one  may  be  lefl  in  the  periloneal  cavity  in  oper- 
ations upon  the  abdomen.  This  unfortunate  mistake  has 
many  times  In-en  made.  Sea  sponges,  as  well  as  gauze 
sponges,  and  even  instruments,  have  been  sewed  up  in 
the  palietil's  abilonieu.  Many  plans  have  been  devised 
lo  prevent  Ihe  niislake.  and  allbough  the  iK-st  plan  may 
be  Ihwarted  by  carelessness  of  Ihe  surgeon  or  one  of  his 
assistants,  every  abdominal  ojierator  shonhl  adopt  some 
definite  plan  to  minimize  the  risk  of  leaving  a  sponge  ia 
the  alxlomen.  Perhaps  thes»'  two  ruK'S  are  the  best:  1. 
Count  all  sjionges  of  which  only  a  few  are  used ;  for  ex- 
ample, large  flat  sea  sponges  or  gauze  pads.  2.  Use  no 
sponge  nor  pad  unless  it  is  iu  a  sponge  holder  or  has 
some  metallic  instrument  attachwl  to  it. 

Sea  sponges  have  hitherto  been  sterilized  by  soaking 
them  in  antiseptic  solutions.  This  method  is  such  an 
uncertain  one  that  they  are  ordinarily  not  usetl  a  second 
time.  A  far  better  method  is  one  recently  devised  by 
Elsberg.  of  Ixiiling  the  sponges  in  a  solution  of  |x)tassium 
hydrate  1  part,  and  tannic  acid  2  parts,  in  11)1)  iiarls  of 
water.  Sponges  may  lie  boiled  re|ieatedly  in  this  solu- 
tion without  uudergoing  any  material  change.  After 
boiling  they  are  rinsed  in  sterile  water  and  are  ready  for 
use.  Sponges  so  sterilized  are  as  soft  and  absorbent  as 
new  ones,  and  may  be  washed  and  boiletl  and  used  again 
aud  agaiu  until  they  wear  out.  The  fluid  iu  which  they 
are  lioiled  may  also  be  used  over  and  over  again.  Fresii 
sponges  are  soaked  in  an  eight-percent,  solution  of  hy- 
drochloric acid  for  some  houi-s  to  free  them  from  calcare- 
ous matter.  They  are  then  boiled  on  three  successive 
days  for  a  half-hour  each  day,  in  the  potash-taunic  acid 
solution. 

Biiiidiir/en. — A  bandage  may  be  used  for  one  or  more  of 
these  tlire*'  purposes:   to  keep  a  dressing  iu  jilace:   to 


Fig.  lOK.— (ilass  Drainage  Tubes. 

exert  pressure;  to  limit  motion.  The  ironed  bleached 
uiuslin  bandages  of  the  im-rious  generation  have  given 
place  to  gauze  ones,  and  with  this  change  tine  bandaging 
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has  wcllnigh  become  a  lost  art.  The  gauze  bandages  are 
more  easiTv  apjilied,  are  more  comfortable,  and  are 
cheaper.  For  rougher  woik,  unbleaclied  muslin  is  gen- 
erally emploj'ed.  These  materials  have  little  elasticity, 
and  if  pressure  is  desired,  a  layer  of  cotton,  preferably 


Fig.  16ti3.— The  Use  of  Adhesive  Plaster  in  Extension. 

Bon-absorbent,  is  spread  on  the  part  before  the  bandage 
is  applied.  An  all-wool  flannel  bandage,  especially  if 
cut  on  the  bias,  has  a  good  deal  of  clasticily,  so  that  it 
can  be  applied  directly  to  the  skin  and  made  to  e.xcrt  a 
considerable  pressure  without  discomfort,  if  care  is 
taken  to  make  the  ujiper  and  lower  edges  of  each  turn  of 
the  bandage  equally  tight.  Such  a  bandage  applied 
every  morning  is  especially  serviceable  to  relieve  chronic 
axlcma  of  the  feet  and  legs.  A  double  or  tubular  stock- 
inette bandage  is  also  well  adapted  to  this  purpose  and 
for  use  in  the  treatment  of  chronic  ulcer  of  the  lower  ex- 
tremity. 

Gauze,  muslin,  and  flannel  bandages  may  serve  to  keep 
.dressings  in  place  or  to  apply  pressure;  but  if  strong 
pressure  is  desired  for  a  short  time  a  rublier  bandage  is 
preferable,  since  its  great  elasticity  will  make  and  keep 
a  limb  ana?mic  during  an  operation.  Such  a  bandage  is 
often  called  an  Esmarcb  bandage,  from  the  surgeon  who 
so  strongly  advocated  this  method  of  bloodless  operation. 
The  directions  for  its  use  are  as  follows:  elevate  the 
limb,  and  then  wind  the  bandage  spirally,  with  a  constant 
pressure,  from  the  tip  of  the  extremit)'  to  the  middle 
of  the  arm  or  thigh.  There  should  be  no  reverses  nor 
tigure-o£-eight  turns.  Each  turn  should  overlap  its  pre- 
decessor by  one-half  inch  or  less,  so  as  to  facilitate  the  re- 
moval of  the  bandage  from  lielow  upward.  The  upper- 
most two  or  three  turns  should  be  left  in  place,  to  shut 
off  the  circulation,  or  a  separate  ligature  may  be  applied 
for  this  purpose.  The  rest  of  the  bandage  is  removed 
from  below  upward,  and  the  limb  will  be  foimd  to  be 
hloodless  and  will  remain  so  until  the  ligature  is  loosened. 

While  a  bandage  of  any  sort  of  material  may  have  the 
•effect  of  limiting  motion,  "this  end  is  best  achieved  if  some 
stiffening  material  is  incorporated  in  the  bandage  or 
painted  over  it.  Dextrin  and  soluble  glass  are  applied 
on  the  outside  of  a  completed  muslin  liandage, — starch 
and  i^laster  of  Paris  are  incorporated  in  a  gauze  bandage, 
which  is  wet  immediately  before  it  is  i>ut  on.  The  best 
starch  bandages  are  made  of  strips  of  the  heaviest  white 
criudline.  looseh' rolled  up.  Muslin  starch  bandages  do 
not  wet  through  easil}%  and  the  turns  do  not  lie  as  closely 
ujion  each  other,  nor  adhere  as  well  as  the  turns  of  a 
crinoline  bandage.  Crinoline  is  also  the  best  basis  for 
plaster-of-Paris  bandages,  as  it  wets  more  quickly,  holds 
its  shape  better  during  its  application,  and  presents  a 
better  appearance  when  applied  than  a  plaster-of-Paris 
banda.ge  made  of  plain  gauze.  It  is  important  that  the 
plaster  be  fresh  so  that  it  will  set  well  and  that  the  band- 
age be  loosely  rolled  so  that  it  will  quickly  wet  through 
without  being  squeezed. 


Plasters. — The  three  kinds  of  adhesive  plasters  in  com- 
mon use  are  the  ruliber  adhesive  [ilaster,  the  less  known 
zinc  oxide  plaster,  and  the  old  diachylon  plaster,  now 
often  called  a  "  moleskin  "  plaster,  because  the  adhesive 
is  usually  spread  upon  the  smooth  side  of  Canton  flannel. 
Rubber  plaster,  as  formerlj-  made,  was  somewhat  irritat- 
ing. Now  the  quality  of  the  plaster  is  such  that  irrita- 
tion follows  its  use  only  upon  verv  delicate  skins.  Even 
this  slight  irritating  effect  maybe  reduced  if  one  employs, 
instead  of  the  plain  rubber  adhesive,  a  rubber  ailliesive 
plaster  which  contains  a  certain  amount  of  zinc  oxide. 

Jloleskin  plaster  is  chiefly  used  to  enable  the  surgeon 
to  make  extension  upon  arm  or  leg  (Fig.  1(563).  The  ad- 
hesive spread  upon  the  cloth  is  generally  the  diachylon 
plaster,  and  not  a  rulilx'r  adhesive.  To  make  such  plas- 
ter adhere  to  the  skin  it  is  necessary  to  heat  it  or  to  wipe 
its  surface  with  chloroform. 

Adhesive  plaster  may  be  so  applied — either  by  strap- 
ping the  edges  together  or  by  the  ingenious  method  of 
lacing  the  plaster  shown  in  the  illustration  (Fig.  16C4) — 
that  suturing  the  skin  edges  of  a  wound  will  not  be 
necessary. 

Plasters  have  long  been  a  favorite  means  for  the  appli- 
cation of  counter  irritants.  Thotigh  ridiculed  by  some 
physicians,  a  raiitharides  or  capsicum  or  mustard  plaster 
will  often  relieve  an  aching  back  or  side.  One  of  the 
most  erticieut  plasters  forasore  back  is  a  broad  square  of 
rubber  adhesive  plaster  over  which  ground  red  pepper 
has  been  freely  dusted. 

Splints  — A  splint  should  be  light  and  rigid.  If  it  has 
the  third  essential,  the  capability  of  being  readily 
moulded  to  tit  the  part,  it  fulfils  all  demands.  Unfortu- 
nately, no  clieaii  mati'iial  thus  far  found  possesses  the.se 
three  requisites  in  a  high  degree.  One  has  to  think  only 
of  the  various  materials  employed  as  splints  to  see  that 
each  fails  in  at  least  one  of  the  three  essentials.  Wood, 
pasteboard,  tin,  iron,  wire  gauze,  rubber,  celluloid,  felt, 
leather,  and  the  various  manufacturcil  materials,  such  as 
wood  pidp,  papier  mache,  and  cloth  saturated  with  glue 
or  varnish,  are  none  of  them  easily  moulded  at  a  teinjiera- 
ture  which  the  body  can  bear.  Plaster  of  Paris,  freshly 
moisteneil,  will  tit  any  surface,  and  in  a  few  miiuites  will 
set  and  dry  so  that  it  will  retain  its  shape.  But  it  has 
little  strength  unless  in  thick  masses,  and  its  weight  is 
then  prohii)itive  for  most  purposes  as  a  splint.  Hence 
the  plaster  is  usually  applied  in  the  meshes  of  a  gauze 
bandage,  so  that  its  rigid- 
ity may  tinite  with  the 
strength  of  the  cloth,  and 
thus  avoid  the  great 
weight  of  a  jmre  plaster 
cast.  Applied  in  this 
manner  jilaster  of  Paris  is 
easily  the  most  satisfac- 
tory material  for  a  rigid 
splint  which  must  fit 
closely  over  irregular  sur- 
faces. 

The  woods  ordinarily 
selected  for  splints  are  the 
softer  deciduous  woods, 
such  as  bass  wood,  soft 
maple,  white  wood,  etc. 
They  are  sold  in  sheets  of 
varying  thickness,  and  the 
thinner  ones  can  be  made 
even  more  flexible  by 
steaming  or  soaking  in 
hot  water  for  a  few  min- 
utes. To  give  it  an  ad- 
ditional    adaptability,     a 

splint  may  be  sliced  lengthwise,  while  a  stiip  of  rubber 
plaster  spread  upon  one  side  of  it  prevents  the  slices 
from  falling  apart.  Such  a  splint,  called  a  coaptation 
splint,  is  especiall}'  useful  in  fractures  of  the  shaft  of  the 
humerus  or  femur. 

Splints  cut  from  tin  with  a  pair  of  heavy  shears  are 
well  adapted  to  holding  immovable  a  finger  or  thumb  in 


Fig.  1IM4.  —  The  Use  of   Adhesive 
Plaster  In  Place  of  Sutures. 
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I>rptiKlu«;H. 


case  an  infected  wound  of  a  joint  or  tendon  requires  re- 
I)eiil<Ml  eleansiiij;  and  jierliaps  a  wet  dressing.  Such  a 
splint  lilie  a  gutter  may  jiartly  surround  the  linger,  wliile 
it  spreads  out  ovur  the  iialiuor  liaek  of  the  liaiid.     Wlien 


ltiii.j.— Perforated  >tetnnic  Splint  for  Fracture  of  tin.-  Lowit 
End  of  the  Radius. 


Iiaiulaged  in  position  it  ti\es  immovably  tlie  finger.  The 
manufactured  melallie  splints  wliicli  ai'e  made  in  the 
gri'atest  variety  of  shapes  and  sizes  are  liglit  and  rigid, 
and  can  be  bent  somewhat  to  lit  the  limbs  of  the  patient 
(Fig.  Kit).")). 

Splints  nia<le  of  felt,  of  leather,  or  of  cloth  saturated 
will]  glue  and  varnish  are  now  seldom  used.  They  are 
not  sulliciently  fli.wible  when  soaked  in  hot  water  to  offset 
the  disiidvantages  of  exiieuse  and  uueleanness.  A  fairly 
tlexilile  splint  material  can  be  made  of  wood  pidp  in  the 
ceniie  of  which  is  a  coarse  gauze  to  prevent  the  pulp 
from  breaking.  A\'hen  dry  this  material  is  light  and 
riiiid.  AVlien  thoroughly  mi>ist{'ned  it  can  be  easily  bent 
without  lii'eakiug.  and  if  Iiandaged  in  position  it  will 
wlien  dry  retain  the  shape  given  it.  It  will  not,  forex- 
aui|)le.  tit  au  elbow  bent  at  a  right  angle,  and  the  fact 
that  both  splint  and  limb  have  lo  be  kept  in  a  correct 
position  until  the  wood  pvilj)  dries  is  against  its  geuei'al 
adopticai.  However,  such  a  splint,  when  dry,  is  veiy 
light  and  rigid,  and  it  does  not  .soil  easily,  so  that  a  sheet 
of  tliis  material  is  a  very  handy  thing  in  a  doctor's  office. 

Every  splint  requires  a  certain  amount  of  padding. 
Even  if  it  is  ])eifectly  moulded  to  the  limb,  it  will  be 
more  comfortable  if  it  is  lined  with  a  few  thicknesses  of 
gauze  or  a  layer  of  cotton.  The  ordinaiy  Ijoard  splints 
should  be  covered  with  a  tliick  layer  of  cotton,  which 
may  be  either  bandaged  on  the  sjilint  or  simply  allowed 
to  rest  between  the  splint  and  the  arm.  In  the  latter 
case  additional  little  pads  of  cotton  can  be  disposed  in 
such  a  manner  as  to  till  up  the  hollows  of  the  limb. 
Strips  of  adliesive  plaster,  two  or  more,  are  used  to  hold 
the  splints  in  place  and  make  pressure.  The  whole  is 
covered  by  a  bandage. 

Lnhriciints. — The  lubricants  employed  for  the  passage 
of  urethral  and  rectal  and  other  instruments,  and  for 
vaginal  examinations,  are  usually  mixtures  of  vaseliu 
or  lard,  with  antiseptic  or  Ijlaud  substances.  They  are 
easily  sterilized  by  heat,  but  they  are  objectionable  be- 
cause they  are  not  easily  removed  from  the  surgeon,  i)a- 
tieiit.  or  instruments.  Glycerin  is  washed  off  easily 
since  it  mixes  with  water,  but  it  is  not  a  veiw  good  lubri- 
cant, audit  is  somewhat  initating.  Soap  may  be  used 
in  the  vagina,  but  not  elsewhi'rc.  Prejiarations  which 
are  far  superior  to  all  these  are  those  which  closely  resem- 
ble luucus  in  their  physical  ]U'operties.  They  are  ex- 
tremely slipper}-,  can  be  diluted  with  water  with  which 
they  mix  readily,  and  tliey  can  be  washed  otT  as  easily  as 
a  soap.  One  such  a  juvparation.  having  as  a  base  Irish 
moss,  is  called  by  the  awkward  name  of  Lubrichondrin. 
Like  many  other  lubricants,  it  is  sold  sterile  iu  collapsible 
tvibes,  .'io  that  what  remains  iu  the  container  does  not  be- 
come coutaminated. 


lliindkeirhiif  Drei>in'ii(//i. — Handkercliief  dressings  are 
those  in  which  a  "triangular"  or  "  Esmarch  "  bandage  is 
employed.  Such  a  baiuhi.ge  is  made  l)y  folding  a  large 
handkerchief  diagonally,  or  by  cutting  a  piece  <if  muslin 
flirty  inches  square  into  two  triangular  halves. 
The  name  of  Professor  Esmarch  is  sometimes 
given  to  the  triangular  liandage  because  he 
popidarized  its  use  in  Cermany,  in  a  societj- 
for  giving  instruction  in  first  aid  lo  the  in- 
jured. It  has  been  adopted  by  similar  or- 
.ganizations  in  England  and  America.  The 
trian.gular  bandage  is  especially  suited  to  emer- 
gc'Ucies.  because  it  can  be  quickly  torn  from 
some  ])arl  of  the  clothing,  if  a  sulliciently 
large  handkerchii'f  is  not  at  hand,  iind  tlie 
niethoils  of  apjilying  it  are  simple  and  easily 
learned.  A  roller  bandage,  on  the  other  hand, 
is  not  readily  improvised,  its  application  re- 
([Uircs  con.siderable  skill,  and  an  ignorant  per- 
son is  more  likely  to  exert  injurious  pressure 
with  a  roller  bandage  than  with  the  looser 
triangular  bandage. 

The  bandage  is  an  isosceles  right-angled 
triangle,  the  hypotheuuse  being  called  the 
"lower  border, "  the  right  angle  the  "point," 
and  the  acute  angles  the  "ends."  The  size  of 
the  bandage  may  be  reduced  by  folding  the  lower  border 
over  once  or  twice  so  as  to  make  a  hem  two  inches  wide, 
or  the  bandage  ma}'  be  reduced  in  size  one-half  by 
foliling  the  two  ends  together.  It  may  be  changed  in 
shape  from  a  triaugidar  to  a  long  straight  bandage  by 
bringing  the  ]ioint  to  the  centre  of  the  lower  border,  and 
thus  folding  the  bandage  lengthwise  once  or  twice. 

The  triangular  bandage  is  applied  to  control  hemor- 
rhage, to  hold  dressings  on  woinids,  to  support  different 
]iarts  of  the  body,  and  to  fix  splints.  The  Society  for 
Instruction  in  First  Aid  to  the  Injured  of  New  York 
City,  which  since  its  iucorporatiim  in  1883  has  given 
ju-actical  individual  instruction  to  more  than  ten  thou- 
sand men  and  woiuen,  teaches  some  twenty  different 
methods  of  applving  the  bandage,  the  most  iiuportant  of 
which  are  here  illustrated,     (Figs.  I()()fi-16(i9.) 

In  its  triangular  shape  the  handkerchief  iua\'  be  used 
to  cover  tlie  scalp,  shoulder,  chest,  Ijack,  hand  or  foot, 
and  the  hip.  It  may  alsobeemploj-ed  as  a  sling.  Folded 
as  a  straight  bandage,  the  handkerchief  may  be  used 
upon  the  head  (three  position.s),  neck,  arm,  hand,  waist, 
leg,  and  also  as  a 
sling  and  tourni- 
quet. 

To  Cover  the 
Scalp. — Fold  a 
t w o - 1  n c h  he m 
along  the  lower 
border,  and  lay 
the  centre  of  the 
hem  on  the  fore- 
head, the  point  of 
the  bandage 
reaching  over  the 
head  to  the  nape 
of  the  neck.  Car- 
ry the  two  ends 
above  the  cars  and 
cross  them  at  the 
back  of  the  head; 
then  bring  them 
forward  and  tie  or 
pin  them  together 
on  the  forehead. 
Carry  point  of 
bandage  upward 
and  pin  at  top  of 
head. 

To  Cover  the  Shoulder. — Place  the  point  of  the  band- 
age upward,  carry  the  two  ends  around  the  arm  and  tie 
them  together,  fasten  the  point  of  the  bandage  under  a 
second  bandage  used  as  a  sling. 


Fl(i.  llitili. 
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To  Cover  tJie  Client. — Place  the  point  of  the  bandage 
up-ward  on  the  shoulder  of  the  side  most  affected.  Tie 
or  pin  the  two  ends  and 
point  of  the  bandage  at 
the  back. 

To  Covi'i'  the  Sip.— 
Place  the  point  of  the 
bandage  upward  and 
seciire  it  under  a  second 
bandage  folded  long  and 
used    as  a   girdle.     Tie 


the  two  ends  of  the  tri- 
angular bandage  around 
the  thigh. 

To  Core)-  the  Hand  or 
Foot. — Place  the  extrem- 
ity on  the  centre  of  the 
bandage  with  the  dig- 
its directed  toward  ils 
point.  Bring  the  point 
up  over  the  dorsal  sur- 
face to  the  wrist  (ankle), 
■cross  the  two  ends  over 
the  point  and  pass  them 
around  the  wrist  (in- 
step), and  tie  them  to- 
gether. 

To  Make  a  Broad  Sling. 
■ — Place  one  end  of  the 
triangular  bandage  over 
the  shoulder  of  the  well 
side.  Draw  the  point  of 
the  bandage  out  between 
tlie  affected  arm  and  the 
"body.  Carry  the  other 
•end  up  over  the  injured 

arm  and  tie  at  the  back  of  the  neck.     Dra'w  the  point 
around  the  elbow  and  pin  to  the  bandage. 

To  Make  a  yarrow  Slinff. — Fold  the  handkerchief  into 
a  long  strip  and  knot  at  the  back  of  the  neck.  In  this 
form  of  the  sling,  as  well  as  in  the  other,  the  part  of  the 
sling  which  lies  between  the  arm  and  the  chest  passes 
over  the  well  shoulder. 

To  Make  a  Tourniquet  (Fig.  1660). 
kerchief  loosely  about  the  arm  or 
leg.  and   wind   up   with  a  short 
stick. 

Other  simpler  methods  of  ap- 
plying a  folded  handkerciiief  are 
shown  in  the  illustrations  (Figs. 
1667,  166S,  and  1669). 

Application  of  PlaMer  of  Paris. 
— Plaster  of  Paris  is  used  in  bulk 
for   making    impressions  of    any 
part  of   the  body.      The   plaster 
-should    be   of    fine    quality,    but 
above  all  fresh  so  that  it  will  set 
quickly.     The  dry  plaster  shouli 
be  stirred  into  the  required  quan- 
tity of    water  until  a 
thick     paste     results. 
Tills    should   be   held 
for     a     few    minutes 
against  the  part  of  the 
body  of  which  an  im- 
pression     is     desired. 
When  the   plaster  has 
set  it  is    removed    as 
one    piece,    its    inner 
surface    smeared   with 
vaseline  and   used    as 
a    mould,    into  which 


FIO.  1H67, 


-Tie  a  folded  hand- 


a  freshly  made  plaster-of-Paris  paste  can  be  poured  or 
pressed.  In  this  manner  an  exact  reproduction  of  the 
body  can  be  made.  In  such  a  manner  a  model  of  the 
instep  is  taken  for  the  fitting  of  a  flat-foot  brace.  In 
order  to  avoid  holes  in  the  casting  the  outside  plaster 
mould  should  be  moistened  before  the  plaster  paste  is 
poured  into  it. 

If  a  mould  of  a  round  object  is  desired,  such  as  the 
arm  or  the  whole  foot,  two  strings  may  be  fastened  along 
the  limb  on  opposite  sides  with  collodion,  and  pulled  out 
through  the  plasler-of -Paris  casing  before  that  has  set 
too  hard  to  prevent 
it;  or  the  limb  may 
be  placed  horizon- 
tally in  a  basin  and 
the  plaster-of-Paris 
paste  piled  up 
around  it  to  the 
middle  antl  allowed 
to  set.  The  upper 
surface  is  then 
smearecl  with  vase- 
line and  the  limb  is 
entirely  c  o  v  e  r  e  d 
with  a  new  lot  of 
paste.  In  this  man- 
ner two  separate 
m  o  u  I  d  s,  each  of 
which  will  half 
way  surround  the 
limb,  may  be  ob- 
tained. For  use 
they  may  be  tied 
together.  A  little 
vaseline  rubbed 
over  the  skiu  facil- 
itates the  removal 
of  the  limb  from 
the  uninjured 
mould. 

To  immobilize  a 
lunb  plaster  of 
Paris  is  not  used 
alone,  but  is  rub- 
bed into  the  meshes 
of  a  gauEe,  or,  bet- 
ter, crinoline  band- 
age. In  this  man- 
ner the  rigidity  of 
the  plaster  is  added 
to  the  strength  of 
the  cloth,  and  there 

is  a  great  saving  in  weight.     The  crinoline  is  torn  into 
strips   three   or  five  inches  wide  and   six   yards   long. 
These  are  loosely  rolled  up  by  hand;  during' the  process 
the  meshes  of  the  crinoline  are  tilled  with  fresh  dry  plas- 
ter of  Paris,  bj'  scraping  the  powder  over  the  strip  of 
crinoline,  as   it  lies  on  the  table,  with  a 
spoon  or  knife.     To  put  on  a  good  plas- 
ter splint  one  needs  au  assistant  to  steady 
the   part,  make  traction,  etc.,  thin  strips 
of  cotton  rolled  up,  a  gauze  bandage,  a 
pail  of  warm   water,    and    the    requisite 
number  of  ]ilaster-of- Paris  bandages  of  a 
width   suited   to   the  part ;    for  example, 
four  to  six  three-inch  bandages  for  a  frac- 
tured leg,  six  to  eight  five-inch  bandages 


Fig.  16tW. 


558 


REFERENCE  HANDBOOK  OF  THE   5IEDICAL  SCIENCES. 


Dri'»*H!ii«rw, 
OroWKJucfis. 


for  a  plaster  jacket,  etc.  The  assistant  holds  the  limb  in 
tliccoiix'ct  position.  The  .suiireon  covers  it  entirely  with 
the  thin  cotton  tus  with  a  bamlage.  The  sriazed  col  ton 
battinir  used  by  dressmakers  is  excellent  for  this  (lurpose. 
If  absorbent  or  uon  absorbent  cotton  is  used,  a  iiauzc 
bandajje  is  ne.xt  applied  so  tliat  all  shall  lie  sraoi>lh  Ix-fore 
the  pUister  is  put  on.  One  plaster  bandaire  is  sunk  slowly 
into  the  water  initil  it  stands  on  end  on  the  bottom  of  the 
pail.  The  water  must  cover  its  upper  end.  When  the 
air  bubbles  have  ceased  to  ri.se  i(  is  lifted  (nit,  sipieezed 
dry  with  a-s  little  loss  of  plaster  as  iios-sible,  and  ipiickly 
and  evenly  applied.  The  bandaire  sho\ild  be  p>il  on  reg- 
ularly from  the  tots  up.  No  reverses  should  be  niaile. 
nor  iiirure-of-eisrht,  nor  other  fancy  turns.  Each  time 
the  bandaire  should  ascend  sharjily,  |iass  behind  the  limb 
and  descend  sharply,  crossinsr  the  ascendinsrttirn  at  right 
angles.  The  slack  of  the  distal  or  lower  edge  of  the 
hsindage  shduld  lie  taken  u|i  while  the  descending  turn 
is  being  made,  pressed  smoothly  backward,  and  be  fulded 
behind  the  limb  where  it  will  be  covere<i  in  by  subse- 
quent turns.  If  a  l)andage  is  applied  in  this  manner 
it  will  be  perfectly  smooth,  have  a  vuiiform  thickness 
throughout,  and  the  crossing  of  the  ascending  and  de- 
scending turns  nearly  at  right  angles  will  obviate  ridges 
in  tin-  liandage  and  give  it  a  maximum  strength  for  tlie 
aniiiunt  of  material  em])lovi-d.  As  the  turns  are  api)lied 
tJiey  should  be  slicked  wilh  the  hand  fmm  above  down- 
ward to  insure  their  lying  in  close  apposition  so  that  the 
■completed  splint  shall  be  one  piece.  For  the  same  reason 
it  is  better  to  make  each  bandage  cover  a  considerable 
portion  of  the  limb,  making  each  ascending  turn  an  inch 
above  the  preceding  one,  and  starting  the  second  bandage 
far  ImIow  where  the  first  <ine  ends,  than  it  is  to  place 
each  ascending  turn  but  a  fnuiion  of  an  inch  higherthan 
the  preceding  one  in  or<ler  to  complete  the  Ixindage  as 
far  )is  that  particular  banilagc  will  go.  Wlien  the  last 
bandage  has  l)eeu  applied,  the  whole  should  be  rulibed 
down  smooth  with  the  hand  or  a  cloth,  and  if  a  smooth 
surface  is  desired  a  little  plaster  paste  can  be  smeared 
over  tlie  surface.  This  is  of  help  in  sti-engtbeniug  a  weak 
part,  and  it  can  also  be  used  to  obscure  the  turns  of  the 
bandage  if  they  have  been  cjm-lessly  applied. 

If  the  bandage  is  to  be  used  as  a  splint  which  can  be 
taken  on  or  off,  it  should  be  cut  from  end  to  end  before 
it  gets  verj'  hard,  Imt  shoid<l  not  be  removed,  or  if  so, 
shotdd  be  reapplied  and  bandaged  to  tlie  limb  with  a 
gauze  bandaire  until  it  is  thoroughly  dry. 

If  the  splint  is  intended  to  reach  only  part  way  around 
the  limb,  the  edges  may  be  cut  away  as  far  as  desired. 
In  tliis  manner  a  light  rigid  si)lint  may  be  secured  which 
will  exactly  fit  any  part  of  the  b(Xly. 

Plaster-of-Paris  bandages  may  also  be  used  to  make 
splints  by  wetting  them,  and  running  them  back  and 
forth  on  a  tal)le  until  eight  or  twelve  thicknes.ses  of  ma- 
terial have  been  placed  one  on  another  in  a  long  strip. 
Additional  plaster-of-Paris  paste  should  be  rubbed  into 
tliera  if  neces-sjirv.  These  are  well  rubbed  together,  and 
the  tiexible  splint  is  applied.  It  can  be  trimmed  with 
shrars.  and  when  properly  fitted  it  is  bandaged  in  posi- 
tion with  gauze.  Two  such  stiips  liave  been  much  used 
by  Stimson  in  the  treatment  of  Pott's  fractui^. 

To  remove  an  old  plaster  splint  numerous  saws  and 
sliears  liave  been  devised,  which  are  for  the  most  i)art 
imsiitisfactory.  Nothing  is  needeil  but  a  sharp  knife,  a 
little  absorbent  cotton,  and  a  few  drops  of  water.  Draw 
the  knife  lightly  along  the  line  of  incision,  follow  it  with 
a  wet  cotton  swab.  ReiX'at  these  two  steps  many  times. 
As  the  cut  grows  deeper  the  knife  should  be  inclined  tirst 
10  the  right  then  to  the  left,  so  as  to  cut  out  a  V-shaped 
gutteT,  Tliis  will  keep  the  knife  from  catching  in  the 
*ut.  If  this  plan  is  followed  a  plaster  jacket  can  l)e  re- 
moved with  a  penknife  in  a  few  minutes.  A  stronger 
knife  is  preferable,  such  as  a  pruning  knife,  but  keenness 
of  etige  is  more  important  than  size.  When  the  plaster 
has  been  cut  through  the  underlying  cotton  can  l)e  easily 
■cm  with  liandatre  scissors.  Edirurd  Milton  Fwte. 

DROP  FINGER.    See  Hand  and  Fingers. 


DROPSY.    See  Aieiten  and  (Edema. 

DROSERACE^.— (•?«"<few  Fomil;/.)  From  a  biologi- 
cal point  of  view,  this  is  one  of  the  most  interesting  fani- 
ilies  of  plants,  owing  to  its  carnivorous  properties,  as 
ly pitied  in  the  much  celebrated  Venus'  fly  trap.  Since 
this  tendency  to  secivte  llesh-iligesting  tliiids  is  shared, 
to  a  greater  or  less  extent,  by  other  plants  in  the  family, 
ipiestions  have  been  prominent  as  to  whether  they  might 
not  be  titilized  as  digeslants.  The  use  which  has  been 
made  of  those  species  which  are  utilized  in  medicine  has, 
however,  not  been  chielly  in  this  direction,  but  as  pec- 
torals of  an  anodvne  character.  The  species  so  used  anj 
of  the  geiuis  Di-oseni.  or  sundew.  To  some  extent  they 
have  been  utilized  as  carminatives  ami  ga.stric  anodynes. 
The  dose  is  0.3  to  3  gm.  (gr.  v.  to  xx.x.i^ 

IJeitry  II.  It>i»'iy. 

DROWNING.     See  Artifaial  Rexpimiion. 

DROWSINESS  is  the  manifestation  of  the  desire  for 
sleep,  and  is  ordinarily  shown  by  heaviness  of  the  eye- 
lids, liy  difticidty  in  keeping  the  attention  fixed,  and  often 
by  yawning.  Still  these  indications  of  approaching  sleep 
are  not  always  jiresent,  for  many  jiersons  jiass  almost  at 
once  from  a  condition  of  mental  and  ]>hysical  activity  into 
sleep,  especially  when  in  familiar  surroundings,  or  when 
relieved  fmm  responsibilities  which  may  have  been  long 
continued  and  sulficieutly  great  to  act  as  a  stimuliuit 
while  they  lasted.  Nurses  and  sailors  furnish  illustra- 
tions of  this  fact.  The  jihenomena  of  normal  or  physio- 
logical drowsiness  need  little  attention  in  this  ]dace,  for 
every  one  is  familiar  with  them.  Siemens  classes  as 
normal  the  slee|i!ness  of  sucklings  and  children,  of  con- 
valescents, of  the  exhausted,  and  of  those  who  have  been 
exposed  to  extreme  cold.  Still  it  bidiooves  the  phy- 
sician to  be  on  his  guard  not  to  confound  an  imusual 
though  healthy  manifestation  of  sleepiness  with  a  patho- 
logical slate,  nor,  on  the  other  hand,  to  fail  to  recognize 
and  distinguish  the  relations  of  a  drowsiness  of  patholog- 
ical origin.  Before  considering  the  various  fonns  of 
morbid  drowsiness  it  will  be  necessary  to  give  some  atten- 
tion to  the  causes  of  normal  sleep.  This  subject  has  long 
been  a  favorite  one  with  physiologists,  and  many  theories 
have  Vieen  advanced  to  exjilain  the  phenomena.  It  wotdd 
be  foreign  to  our  subject  to  attempt  a  resume  of  all  these 
efforts  to  explain  this  act  of  nature.  In  the  course  of  the 
last  forty  years,  however,  an  agreement  seems  to  have 
been  reached  on  certain  points,  such  as  the  following, 
viz:  1,  That  a  period  of  rest  isare((ui.site  for  the  healthy 
maintenance  and  normal  functional  activity  common  to 
all  jiarts  of  the  animal  system,  even  of  those  the  almo.st 
constant  activity  of  which  is  es.sential  to  the  continuance 
of  life.  Sleep  affords  this  rest  and  an  opportmiily  for 
regenerating  the  energies  of  the  brain  cells.  2.  The  nu- 
trition of  the  nervous  elements  is  believed  by  some  to  be 
favoi-ed  by  the  less  active  circulation  of  the  blood  during 
sleep,  which  latter  condition  is  now  recognized  as  a  fact, 
although  it  is  not  agreed  whether  this  ana-mia  is  to  be 
considered  a  direct  cause  of  sleep  or  an  incident  of  other 
conditions  leading  to  it.  3.  A  relation  between  the  activ- 
ity of  function  in  other  organs,  such  as  the  stomach  or 
the  skin,  and  the  circulation  in  the  brain  has  been  ob- 
served and  n?cognized  too  long  to  be  ignored  as  being 
one  of  the  conditions  favoring  sleep:  but  Avhen  we  come 
to  consider  the  influences  attribuhible  to  changes  in  the 
composition  of  the  blood,  whether  from  the  presence  of 
carbon  dioxide,  of  an  excess  of  the  normal  results  of  di- 
gestion, or  of  the  products  of  the  functional  activity  of 
the  brain  cells  themselves,  we  find  ourselres  again  upon 
deliatable  groimd. 

AVith  a  view  to  presenting  a  summing  up  of  the  most 
recent  and  accepted  views  t  cite  from  Howell,  who  says 
that  sleep  is  required  in  order  to  recover  from  fatigue: 
that  the  cessation  of  stimtili.  decreased  responsiveness  of 
the  aerive  tissues,  a  change  in  the  composition  of  the 
blood,  anil  a  diminution  of  the  blood  supi>ly  to  the  brain 
are  the  preliminaries  to  sleep.     He  regaixis  the  fatigue  of 
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the  vaso-motor  centre  in  the  bulb  as  the  important  cause 
of  the  diminislied  blood  supply  to  the  brain,  this  fatigue 
being  caused  by  the  continuous  activity  of  the  centre 
during  waking  hours.  He  also  considers  that  the  active 
tissues  (nerve  cells  and  muscles)  as  the  result  of  their 
activity  yield  some  by-product  which  is  carried  by  the 
blood  through  the  central  system  and  becomes  the  chief 
cause  of  sleep.  These  views  are  in  substantial  accord 
with  those  of  Lyman  and  Siemens.  Durham  quotes  the 
following  from  Wilson  Philip  in  the  Philosojihical  Trans- 
actions, 1882:  "That  sleep  alone  is  healthy  from  which 
we  can  be  easily  aroused.  If  our  fatigue  has  been  such 
as  to  render  it  more  profountl,  it  partakes  of  the  nature 
of  disease."  Fred.  J.  Smith  also  says;  "If  a  normal 
temjierature  is  found  in  a  man  who  can  be  easily  roused, 
and  if  at  the  same  time  his  pupils  are  active,  probably 
nothing  serious  is  the  matter  with  him  "  ;  and  Hammond 
and  Da  Costa  also  emphasize  the  diagnostic  signilicance 
of  the  ability  to  rouse  a  person  apparently  asleep.  Re- 
turning now  to  our  proper  sub.i'ect  of  drow.siness.  which 
in  the  healthy  state  is  the  precursor  or  the  minor  degree 
of  sleep  itself,  we  find  the  causes  of  this  condition  when 
pathological  thus  grouped  by  Dana: 

"  The  causes  of  ordiuar_v  forms  of  drowsiness  and  som- 
nolence are : 

"I.  Old  age.  when  there  is  a  weakened  heart  or  dis- 
eased aitcries  with  cerebral  malnutrition. 

"II.  The  diseased  vascular  conditions  which  precede 
cerebral  hemorrhage. 

"III.  Tlie  cerebral  malnutrition  or  inflammations  oc- 
curring during  or  before  certain  forms  of  iussiuity. 

"IV.  Various  toxajmife,  t'.j.,  malarial,  ura;mic,  choloe- 
mic.  syphilitic. 

"V.  Dyspepsia. 

"VI.   Diabetes. 

"VII.  Obesity. 

"VIII.  Insolation. 

"IX.  Cerebral  anjemia  and  hypera-mia. 

"X.  Cerebral  tumors  and  cranial  injuries. 

"XI.  Exhausting  diseases. 

"  XII.  The  sleeping  sickness  of  Africa." 

It  will  be  convenient  to  take  up  the  consideration  of 
these  in  order: 

I.  T17(fH  due  fo  the  Wenkmed  Ilenrt  or  Disenaed  Avter- 
ies  witJi  Cerebral  Mulniitritinit  in  M  Aye. — This  is  quite 
in  line  with  the  views  which  Hammond  so  frequently 
urged,  for  he  says:  "Whatever  lessens  the  amount  of 
blood  normally  circulating  through  the  brain  tends  to 
produce  somnolence,  e.(j.,  any  enfeeblement,  especially 
in  the  aged."  Gasquet  also  says  that  "in  old  people 
drowsiness  usuall.v  coexists  with  weak  heart  action  and 
stagnation  in  the  central  and  pulmonary  vessels." 

II.  TId  Diudned  ViiKcnhir  CtindHions  trhich  Precede 
Cerebral  Ilemurrhage. — This  .group  of  causes  includes  es- 
peciall.v  atheromatous  and  syphilitic  disease  of  tlie  arter- 
ies and  miliary  aneurisms,  with  perhaps  the  addition  of 
impoverished  or  toxemic  blood  resulting  from  degener- 
ation or  inadequacy  of  one  or  more  of  the  emimetories. 

III.  The  Cerebral  Malniiirition  or  Inflammations  Occur- 
ring  daring  or  before  ci  rtain  Forms  of  Insanity. — Accord- 
ing to  Boyer,  somnolence  may  at  such  times  be  charac- 
terized by  a  special  form  of  sUipUssness.  He  says  that 
somnolence  is  an  intermediate  stage  between  sleeping  and 
waking,  which  in  health  precedes  normal  sleep,  but  which 
in  sickness  is  accompanied  by  cerebral  excitement,  and  is 
an  obstacle  to  sleep,  with  sometimes  illusions  and  hallu- 
cinations, and  leading  even  to  a  condition  of  sub-delirium 
before  sleep  is  finally  attained,  these  features  not  being 
recalled  bj'  the  patient  on  waking.  Siemens  also  notes 
drowsiness  as  often  occurring  in  the  beginning  and  some- 
times in  the  course  of  dementia  paralytica. 

lY.  Various  2'o.Tm)niir,  e.g..  Malarial,  Urwmic,  Cliola- 
mic,  and  Syphilitic.- — In  regard  to  these  causes  of  drowsi- 
ness we  may  quote  from  Gasquet  as  follows:  "Sleepi- 
ness is  produced  by  the  retention  in  the  blood  of  certain 
products  of  tissue  change,  and  the  active  agent  is  very 
probably  CO2."  Conner  also  lays  it  down  that  there  is 
poisoning  by  COa  in  conditions  of  dyspnoea,  ura-mia.  etc. 


Whatever  the  poison  may  be  of  which  we  recognize  the 
effects  in  what  we  call  uriemia,  as  a  cause  of  drowsiness. 
Da  Costa  declares  that  the  strong  point  in  diagnosis  is 
that  the  coma  is  prececled  by  convidsious.  The  jnipils 
are  apt  to  be  dilated  and  react  slowly  to  light,  while  Fred. 
J.  Smith  says  the  pulse  is  likely  to  be  small  and  rapid. 
Conner  also  considers  that  "  in  icterus  the  toxannia  is  due 
to  the  failure  of  the  action  of  the  bile  as  a  digestive  secre- 
tion and  to  the  reabsorption  of  the  bile  into  the  blood 
through  the  lymph  vessels  of  the  liver."  The  drowsiness 
in  icterus,  according  to  Gilbert  and  Castaigne.  is  due  to 
cholajmia  on  the  one  hand,  and  to  a  nervous  predisposi- 
tion on  the  other.  Da  Costa  and  Osier  refer  to  somno- 
lence as  a  feature  of  acromegaly,  but  do  not  point  out  its 
probable  cause. 

V.  Dyspepsia. — In  its  severer  forms,  disordered  and  de- 
la.yed  digestion,  especially  when  painful,  tends  to  inter- 
fere with  sleep  rather  than  promote  it,  and  the  same  is 
true  of  hunger,  AVhen,  however,  the  stomach,  especially 
after  one  has  undergone  much  bodily  fatigue,  receives  a 
large  quantity  of  food,  this  determines  an  access  of  blood 
to  the  digestive  orgaustosecure  their  functional  activity, 
and  the  brain  is  left  relatively  antvmic.  This  explains 
the  after-dinner  nap  of  well-fed  people  on  Hammond's 
theory  that  sleep  is  always  due  to  cerebral  anamia,  while 
Bruntou  suggests  that  the  lassitude  and  drowsiness,  so 
apt  to  follow  a  full  meal,  may  be  ]iroperly  regarded  as 
a  mild  form  of  auto-intoxication  due  to  the  absorption  of 
an  excess  of  the  normal  digestive  products. 

VI.  Diabetes. — It  woukl  be  foreign  to  our  subject  to 
enter  into  a  full  consideration  of  diabetic  coma.  In  many 
of  these  cases  its  development  is  either  very  sudden  or  is 
preceded  by  symptoms  referable  to  the  stomach  or  lungs 
or  by  headache,  delirium,  and  ditliculty  of  breatl)ing. 
In  some,  however,  as  laid  down  by  Tirard.  it  may  be 
preceded  by  weakness,  fainting,  and  sunmolcnce.  coma 
gradually  supervening.  Da  Costa  emphasizes  the  rapid 
weak  pulse  and  the  absence  of  palsies  as  characteristic  of 
the  disease,  the  diagnosis  Vicing  confirmed  by  examination 
of  the  urine.  The  odor  of  apples  in  the  breath  is  also 
often  distinctive.  Osier  considers  that  we  have  not  yet 
the  data  for  a  rational  explanation  of  the  symptoms,  but 
quotes  with  apijroval  the  tlieory  of  Stadelmann,  Kulz, 
and  Minkowski  that  ,.3-o.\ybutyric  acid  is  tlie  exciting 
cause  of  the  coma.  "It  is  a  di'Composition  product  re- 
sulting from  disintegration  of  the  tissue  albumins." 

VII.  Obesity. — The  occurrence  of  drowsiness  in  the 
obese  may  be  explained  on  several  grounds:  by  the  over- 
loading of  the  blood  current,  by  an  excess  of  the  products 
of  an  imperfect  digestion,  by  cerebral  inactnit.\'  wliii'h 
is  apt  to  belong  to  such  persons,  and  by  relative  feeble- 
ness of  the  heart  and  dilatation  of  the  abdominal  ar- 
terioles. 

VIII.  Insolation. — Drowsiness  can  hardly  be  called  a 
common  symptom  in  heat  exhaustion,  this  condition  being 
often  marked  by  depression,  restlessness,  and  even  delir- 
ium, while  in  true  sunstroke  we  have  unconsciousness,  it 
is  true,  but  speedily  passing  into  a  coma. 

IX..  X.,  and  XI.  The  states  of  drow.siuess  attributable 
to  these  causes,  viz.,  cerebral  anamia  and  hypenrmia, 
cerehral  tumors  and  cranial  injuries,  also  e.vbuusling  dis- 
eases, maj' well  be  grouped  together.  A  conilition  of  cer- 
ebral ana>raia  is  assigned  by  writers  as  the  dii'cct  cause  of 
drowsiness  arising  under  various  conditi<insand  in  differ- 
ent ]iarts  of  the  system.  Sometimes  cerebral  tumors  and 
cranial  injuries  will,  by  pressure  or  otherwise,  so  disorder 
the  local  circulation  as  to  cause  a  hypera'mia  in  one  part 
of  the  encephalon  and  an  ana?mia  in  another.  Some- 
times the  blood  contains  an  excess  of  carbon  dioxide  or 
other  poisonous  constituents  which  act  as  narcotics,  and 
at  other  times  it  is  rendered  degenerate  by  excessive  hem- 
orrhages or  by  chlorosis  (Gueneau  <le  Mussy,  quoted  b.y 
Boyer),  so  that  practically  an  ana?mia  is  produced.  Thus 
Gasquet  argues  "  whether  the  blood  sent  to  the  liraiu  be 
diminished  in  quantity  or  contains  an  excess  of  CO5.  the 
supply  of  new  material  and  the  removal  of  that  already 
used  would  alike  be  impeded.  This  is  seen  in  the  drowsi- 
ness following  healthful  exertion,  if  not  extreme."    Heex- 
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I>l!iiiis.  on  the  theory  of  a  cliiec-t  spnsiii  of  iiilracraniiil 
arleiioh'S  or  of  a  ililatatioii  of  vessels  in  other  parts  of  the 
lioily,  thus  leaving  those  of  the  head  rehitively  empty,  the 
<lro\vsuiess  with  sleei)lessnessof  hysterical  subjeelsand  of 
some  eases  of  insjiuity,  as  well  ;is  llie  drowsiness  follow  in  >r 
eNposure  to  extreme  eold  and  that  ohservahle  in  the  idle 
and  aimless,  whose  brains  are  ever  inactive.  I  may  also 
quote  in  support  of  the  same  view  the  followitiir  from 
Germain  See :  "The  fatigue  and  somnoleuee  whieh  pre- 
cede sleep  are  an  instinctive  warninj;  of  a  conservative 
character  agsiinst  the  dauirer  of  overdoin;;. "  It  is  to  be 
noted,  however,  that  there  is  not  entire airreemeiit  among 
writers  as  to  the  etiology  of  this  morbid  drowsiness  any 
more  tlian  we  found  to  be  the  ease  in  regard  to  normal 
sleepiness.  Thus  Dana  says:  "Jlost  ca.ses  of  morbid 
somnolence  are  closely  related  to  the  epileptic  or  hysteri- 
cal iliathcsis. "  Also  under  the  name  of  cntuphoni  or 
*</xw.  Boyer  describes  "a  morbid  sleep  whieli  <litTers 
from  true  sleep  in  that  it  does  not  answer  to  tlie  need  of 
sleep.  It  is  observed  under  the  sjime  conditions  as  coma, 
when  the  causes  are  less  Intense.  Fevers,  poisonings, 
large  kisses  of  blood,  and  nervous  exhaustion  also  lead 
to  eataphora." 

XII.  The  Sleeping  SickneiDi  of  Af rial. — The  morbid  en- 
tity or  entities  included  under  this  title  exist  not  only 
on  the  West  coast  of  Africa,  where  they  were  tirst  ob- 
served, but  have  been  observed  in  the  French  i.sland  of 
Martinique,  in  Cuba,  in  Xew  South  Wales,  and  even  in 
Paris  (Guerin)  in  a  few  instances,  but  only  among  negroes 
of  African  birth.  The  chai-aeteristie  features  are  that 
tlie  disea.se  attacks  negroes,  that  there  is  a  jirogiessive 
somnolence,  with  emaciation  and  a  fatal  termination. 
There  are  a  marked  ptosis,  piiltiness  of  the  face,  and  en- 
largement of  the  glands  of  the  neck,  together  with  mus 
cidar  tremor  and  an  absence  of  fever,  the  patient  having 
a  sense  of  coKluess  even  when  lying  in  the  sun.  Evi- 
dently the  symptoms  of  other  diseases,  such  as  meningi- 
tis, typhoid  fever,  and  certain  skin  alTeetions  have  l)een 
oonfouiuh'd  with  tliose  of  this  disease  in  some  reported 
cases.  Its  etiology  remains  unsettled.  Da  Costa  and 
others  consider  it  to  resemble  beriberi,  while  Manson, 
regariling  it  as  a  lilariasis,  ascribes  it  to  Filarin  perstans. 
lie  refers  to  a  case  believed  to  have  been  cured  by  the 
use  of  arsenic.  As  a  prophylactic,  he  urges  care  about 
the  drinking-water. 

Besides  cases  which  would  be  readily  refeired  to  one  of 
the  classes  enumerated  above,  the  writers  in  the  medical 
journals  are  constantly  giving  histories  of  unexplained 
or  unclassitied  cases  in  which  drowsiness  or  increasing 
somnolence  is  the  most  prominent  symptom.  Many  such 
ale  associated  with  chorea,  hysteria,  or  hyslero-epilepsy, 
others  with  severe  neuralgias,  with  malarial  poisoning,  or 
follow  u|)on  exhausting  illness  or  hemorrhages.  Thus 
William  T.  Gairdner  tells  of  a  girl  suffering  fiTim  chorea, 
suspended  during  sleep,  who  had  a  peculiar  somnolence 
together  with  normal  sleep.  She  was  intelligent  and  gen- 
erally healthy.  The  abnormal  sleep  occurred  suddenly 
and  was  interrupted  only  by  calling  her  name  loudly. 
wlu'n  she  at  once  awoke  and  went  on  with  \vliat  she  had 
been  doing.  L.  Is.  Sharp  reports  the  case  of  an  old 
woman  of  eighty-two,  who  after  the  supposed  passage 
of  gall  stones,  slept  for  nearly  three  weeks,  being  gradu- 
ally more  easily  aroused  and  sleejiing  less  and  less  till  she 
finally  recovered  strength  and  appetite. 

.Morison  cites  a  case  in  which  deep  and  iinexi)lained 
drowsiness  set  in.  accompanied  by  cyanosis.  There  was 
subnormal  temperature  with  a  weak  and  flabby  heart. 
Avithout  abnormal  sounds.  Albuminuria  one-twelfth. 
The  patient  becaiue  extremely  feeble  so  that  he  could  not 
walk,  but  was  cured  in  three  weeks  by  daily  massage, 
after  digitalis,  tonics,  purgatives,  and  corrected  diet  had 
failed. 

R.  Caton  tells  of  increasing  somnolence  in  a  man  other- 
wise healthy  except  for  .some  ])soriasis.  He  improved 
under  out-of-door  farm  work  with  a  restricted  diet  and 
intestinal  antiseptics.  The  diagnosis  was  that  his  trotible 
was  due  to  auto-infection. 

R.  Matas  reports  persistent  tendency   to  sleep  in  a 
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young  woman  with  a  malignant  tumor  of  the  brain, 
which  gradually  caused  anainia  by  its  increasing  press- 
ure upon  the  cerebral  mass;  also  a  case  of  cervico- 
dorsal  neiualgia  accompanied  by  stupor,  which  tinally 
yielded  to  tonics  and  anodynes. 

Finkler  writes  in  "  Alllnitt's  System  of  >fedicine  "  that 
somnolence,  sometimes  increasing  to  coma,  is  occasionally 
observed  in  the  l)eginning  or  course  of  iutluen/.a.  The 
clinical  picture  resembles  cerebrospinal  meningitis  that 
has  not  fully  developed.  It  is  always  accompanied  by 
fever,  which  distinguishes  it  from"  the  coma  of  dia- 
betes. 

After  directing  attention  to  these  various  systemic 
causes  of  pathological  drowsiness,  we  must  not  overlook 
such  as  are  certainly  very  conmion,  but  not  on  that  ac- 
count to  be  forgotten,  viz.,  the  various  narcotic  drugs, 
most  of  which  arc  in  daily  use.  Do  not  fail  to  come  to 
the  rescue  of  the  drowsy  and  Iialf-starved  baby  whose 
wet-nurse  is  masking  her  own  deficiencies  with  frei|uent 
doses  of  soothing  syrup  or  paregoric  adiiunistered  to  her 
charge,  nor  to  refer  to  tlieir  proper  eaus<>  the  apathy,  tin- 
coated  tongue,  and  the  eruptive  skin  of  the  ana-mic  woman 
whose  friend  has  rcconnneniied  "a  little  bromide  "  to  help 
her  to  sleep.  The  dnndi n  man  may  be  very  drowsy,  he 
luay  also  be  apoplectic  or  have  a  fmctured  skull,  sothal 
tuiding  an  alcoholic  smell  about  his  bieath  does  not  com- 
plete the  diagnosis.  a.>  many  an  ambulance  surgeon  has 
realized  to  his  cost.  Da  Costa  iioints  out  that  he  is  likely 
to  have  a  fre(|uent  pulse,  usually  dilated  pupils,  injeeteil 
coniuncti  va'  with  no  lateral  deviation  of  tlie  eye.  and  I  hat 
there  is  often  violent  struggling.  In  o/iiuui  poisoning, 
on  the  contrary,  there  are  contracted  pupils,  calm,  slow 
breathing,  the  drowsiness  tending  to  i)ass  into  coma.  In 
this  class  of  possible  causes  of  drowsiness  should  also  be 
remembered  i-hUmil,  whieh  gives  a  flushed  face  with  weak 
and  intermittent  heart  action,  while  ehhirofnnn.  tiiiihn- 
ei/iiiiie  iieiil.  and  nili-oheninl  all  give  a  clmiacterislie  odor 
to  the  breath,  the  first  also  a  (piiek  and  tumultuous  heart 
action,  such  as  accompanies  stertorous  breathing,  muscu- 
lar lelaxation,  and  aua'stliesia.  Jfi/dmri/inticaeii/  poison- 
ing, when  not  immediately  fatal,  is  said  to  profluce  a 
peculiar  disturbance  of  breathing,  with  short  inspiration 
and  prolonged  and  labored  expirati(m.  It  seems  hardly 
necessary  to  do  more  than  mention,  as  drugs  that  may 
be  responsible  for  drowsiness,  ciuinnlii»  indii-ti  with  its 
hallucinations,  its  exaltation,  and  its  abolition  of  the 
sense  of  distanceand  of  time,  hiioxrynuoix,  with  iisdiyness 
of  throat  and  dilated  pupils,  and  the  many  new  drugs, 
such  as  sulphonal,  piraldehyde,  liydvaU  of'ainylene,  &i\A 
elilonilamide. 

L'nder  the  head  of  treatment  it  seems  necessary  to  en- 
ter but  little  into  details,  for  this  condition  which  we  have 
been  considering  is  in  most  instances  but  a  symptom  of 
some  pathological  state,  the  diagnosis  of  which  will  point 
the  way  to  its  treatment.  In  the  case  of  ditihetcn.  how- 
ever, the  onset  is  sometimes  so  surldeii  and  the  danger 
from  coma  so  great  that  the  threatening  tliowsine.ss 
should  be  energetically  dealt  with,  and  Tiraixl  mentions 
the  methods  based  upon  the  theory  of  attempting  to  oxi- 
dize the  products  which  might  otherwise  form  diacetic 
or  oxybutyric  acid.  With  this  object  the  inhalation  of 
oxygen  has  been  employed :  also  ozone  dissolved  in  water 
with  the  addition  of  i~>  ])erceut.  of  sodium  liyi)ophos- 
phite.  or  a  solution  of  hydrogen  peroxide  may  be  given 
internally.  The  intravenous  injection  of  hot  normal 
salt  solution,  however,  he  thinks  the  most  hopeful,  on 
the  theory  that  the  solution  helps  to  dilute  the  toxic  agent 
in  the  blood.  In  tlie  hysterical  sleeping  girls  vaiious 
authors  re]iort  success  from  the  use  of  tartar  emetic, 
while  Dana  warns  us  that  in  some  cases,  as  in  a  neuras- 
thenic patient  of  his  own.  food  had  to  hv  given  through 
the  stomach  tube.  In  the  an;vmic  we  must  make  use  of 
arsenic,  of  iron,  of  moderate  opi'n-air  cxeriise,  perhaps 
of  stimulants,  and,  in  cases  in  which  the  heart  is  weak,  of 
diuretics,  including  digitalis,  and  perhaps  purgatives. 
Gas<iuet  gives  thecautiim  that  "in  drowsiness  from  cere- 
bral tumor  or  thrombosis  it  is  doubtful  if  we  shoidd  at- 
tempt to  rtdieve  it  by  medicine.     Probably  it  prolongs 
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life  by  giving  rest  to  tlie  diseased  organ,  and  it  would  be 
rash  to  act  by  drugs  on  diseased  vessels." 

J.  Haun  Emerson. 
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DUBLIN.  N.  H.— The  most  elevated  village  in  New 
Hampshire  ibelween  1.500  and  1.600  feet),  is  situated  iu 
the  south westei'n  part  of  the  State,  S.5  miles  from  Boston. 
Although  not  in  theAVhite  Mountain  distriet,  Dublin  has 
a  greater  elevation  than  any  re.sort  in  that  region,  Bethle- 
hem being  the  highest  with  an  elevation  of  1,459  feet. 
The  town  lies  at  the  base  of  Mount  Monadnoek.  3.18fi  feet, 
near  wbieh  is  Lake  ilonadnnek,  and  possesses  unusual 
beauty  of  scenery.  The  roads,  which  are  good,  afford 
charming  drives.  The  characteristics  of  the  climate  are 
the  purity  of  the  air  and  its  tonic  qualities.  Below  are 
the  meteorological  data  so  far  as  Ihey  are  obtainable: 

Meteorological  Data  of  Dublin,  New  Hampshike. 
(Temperatures  in  Fahrenheit  scale.) 
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There  is  no  record  of  relative  humidity,  but  it  proba- 
bly does  not  differ  very  much  from  th;it  of  Bethlehem, 
which  for  July,  August,  and  the  first  half  of  September 
for  five  years  was  65.8  pev  cent.  There  are  frctiueut 
strong  west  winds,  but  fogs  are  rare. 

The  usual  summer  range  of  temperature  is  from  68° 
to  To  F. ;  the  maximum,  exceeding  80°,  is  reached  per- 
haps once  or  twice  in  the  summer.  The  nights  are  al- 
ways cool.     The  dryness  of  the  air  is  marked. 

There  is  one  fir.st-class  hotel,  and  there  are  several 
boarding-houses,  though  the  predominant  mode  of  life  is 


the  cottage  one:  and  comfortable,  even  luxurious  houses- 
can  be  rented.  There  are  Unitarian  and  Episcopal 
churches,  also  a  good  ptiblic  library.  Dublin  has  now 
become  an  established  summer  resort,  and  possesses  many 
fine  private  residences. 

The  attractions  are  the  charming  excursions  in  the 
country  about,  mountain  climbing,  driving,  boating, 
bathing,  fishing,  tennis,  golf,  and  the  usual  social  life  of 
a  large  summer  community.  The  water  sujiply  is  ex- 
cellent and  the  drainage  good.  The  soil  is  sufficiently 
porous  to  absorb  quickly  the  water  after  rain.  The  sub- 
soil is  a  mixture  of  clay  and  gravel.  From  its  elevation, 
from  tlie  purity  and  dryness  of  the  air  as  well  as  its  tonic 
qualities,  the  climate  of  Dublin  is  a  favorable  one  for 
pulmonarv  tuberculosis.  The  climate  is  recommended 
also  for  bronchitis,  gout,  rheumatism,  neurasthenia,  in- 
somnia, cardiac  indolence,  and  general  depression  of 
health.  From  personal  experience  the  writer  can  testify 
to  the  puritv  and  exhilarating  quality  of  the  air  and  the 
beauty  and  charm  of  the  .scenery.  In  the  early  autumn, 
when  the  leaves  are  coloring  and  the  air  is  crisp,  outdoor 
life  is  a  delight,  and  riding  or  walking  along  country 
roads  affords  a  constant  succession  of  defightful  views. 

Edward  0.  Otis. 

DUBOISIA. — Theieavesof  J}uhoi.na myoporoides  R.  Br. 
(tarn.  S:l,iiiiiceir).  This  is  a  large  shrub  or  small  tree  of 
Australia  and  some  nei.ghboring  islands.  As  the  drug 
occurs  in  commerce,  it  is  usually  binken  up  into  a  mass 
of  fragments,  luostly  from  an  eighth  to  a  half-inch  in 
length.  These  are  brownish,  smooth,  and  slightly  shin- 
ing. When  entire,  the  leaves  are  from  three  to  four 
inches  iu  length  by  from  half  an  inch  to  one  inch  in 
breaJth,  and  are  lanceolate,  narrowed  toward  both  ends, 
and  have  an  entire  margin.  The_v  have  a  very  slight 
narcotic  odor  and  a  bitter  taste.  They  are  not  very 
largely  used,  but  there  is  a  small  steady  demand  for 
them,  for  the  same  uses  as  those  of  stramonium  or  bella- 
donna. The  alkaloids  are  accompanied  by  some  resinous 
matter,  and  the  accounts  of  them  have  been  very  con- 
tradictory. It  is  now  generally  recognized  that  "dii- 
hoisine,"  the  iirincijial  one,  is  identical  with  Jiyuncijinnine 
in  com]iosition  and  action.  It  has  been  used  as  a  substi- 
tute for  atropine  in  e.ye  practice,  and  the  drug  is  the 
equivalent,  in  action,  use,  and  dosage,  of  belladonna. 

I).  Jliipiroinlii  von  Jlueller,  or  "pituri,"  of  Australia, 
contains  an  alkahiid.  pHnriiie  (CulIioNo).  closely  resem- 
bling nicotine.  The  powdered  leaf  is  smoked  like  to- 
bacco, and  is  said  to  be  stimulating  and  supjiorting,  like- 
coca,  kola,  and  other  drugs.  Henry  H.  Rushy. 

DULCAMARA.    %tc  Bittersweet. 

DULCIN  (CoILNII-i-CO.XH.OCoHa).— Sucrol,  Valzin, 
Paraphenetol  carbamide,  Para-ethoxy-phenyl  urea.  It 
maybe  made  from  paraphenetidin  by  the  action  of  potas- 
sium cyanate,  but  preferably  by  acting  upon  paraphene- 
tidin with  phosgene  dissolved  in  toluol,  the  product  being 
treated  witn  ammonia.  It  occurs  iu  colorless,  shining 
needles  soluble  in  800  parts  of  cold  water,  55  of  boiling 
water,  25  of  alcohol,  and  freely  in  ether.  Having  about 
two  hundred  times  the  sweetening  ]iower  of  cane  sugar, 
Uicilel  em])loys  it  to  replace  the  latter  in  the  diet  of  dia- 
betics. It  is  also  used  to  sweeten  bitter  or  otherwise  un- 
pleasant pharmaceutical  preparations. 

Tl'-  A.  Bnstedo. 

DUNCAN  SPRINGS.— Mendocino  County.  California. 

Pust-Offk  E. — lloijland.     Hotel  and  cottages. 

Access. — Via  San  Francisco  and  Northern  Pacific  Rail- 
road to  Hopland  station. 

The  new  hotel  is  located  on  a  picturesque  knoil,  half 
a  mile  from  the  station.  The  springs  are  found  on  a  hill 
250  feet  above  the  valley  and  1,000  feet  above  the  sea 
level.  The  surrounding  coimtry  is  of  a  rough,  broken 
character,  and  the  climate  salubrious.  The  flow  of  water 
from  the  principal  spring,  the  Duncan,  is  one  gallon 
and  a  half  per  minute.     There  are  several  other  springs. 
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known  as  tin- ". Suit zi-r,"  the  "Iron,"  the  "Borax."  and 
till-  "Siilphui  "  spriiijis.  their  names  inilicatinir  in  a  sen- 
<Tjil  way  tlieir  charaeler.  Tlie  followini;  analysis  liy  A. 
W.  Thatcher  shows  the  mineral  ingreili<'nts  of  the  prin 
ei|ial  spring: 

O.NK   fMTKl)  ST.VTKS   CaLLOX    I'O.NTAIXS  : 

Siiliils.  ■  Cinilns. 

Mapiu'sium  tiiciirlxtnale It'.H 

Ma^rilfsiuin  fliluride 1.41 

Majrnesiiun  sitlptiate l.tH 

i'alffuni  biearlxumte I5.tH 

Silica ti.iW 

PotibwUun  t>lcar)M)natt*  (,  .1 3- 

ToUil  solids,    ll.s.ll 
Free  carbonic  acid  (ras,  36.57  cubic  Incbes. 

The  waters  are  said  to  be  much  sought  after  in  the 
treatment  of  rheumatism,  dyspepsia,  and  constipation. 

Jdiiien  K.  Crunk. 

DUODENO-CHOLECYSTOSTOMY.  See  Gall-Blad- 
(it  1: 

DUPUYTRENS    CONTRACTION.      S(c    lf„>i,I    mid 

]''iii;/i  /■.^. 

DYNAMOMETER.— The  word  dynamometer,  derived 
from  lii  >a/i(f,  force,  strength,  and  ///r/jru',  a  measure,  is 
u.sed  to  denote  an  instrument  for  measuring  strength  or 
force.  This  may  he  either  mechanical,  muscular,  or  even 
pliysieal.  As  applied  to  medical  scii'iice.  however,  dyna- 
mometers are  used  chictly  in  I  wo  ways:  (1)  To  determine 
and  regulate  the  strength  of  forces  aiiplied  to  the  human 
liody:  C-il  to  incisure  the  amount  of  strength  or  forec 
which  can  be  iwerted  by  the  liunian  body,  or  various 
portions  thereof,  unih-r  various  conditions.  .More  partic- 
ularly are  these  instruments  used  to  determine  the  force 
of  contraction  of  certain  muscles,  or  groups  of  muscles, 
as  the  tiexors  of  the  lingers  and  thumb  in  measuring  the 
force  of  the  grasp  of  the  lianil,  or  of  the  muscles  con- 
cerned in  pushing  or  pulling  in  dillerent  ways.  Less 
commonly  they  are  susceptible  of  employment  in  deter- 
mining resistances  in  which  not  only  the  muscles  l)nt  the 
firmer  and  more  solid  parts  of  tlie  organismare  involved. 

The  earliest  direct  attempt  to  estimate  the  human 
strengtli  for  scientilie  purposes  seems  to  liave  been  made 
by  De  La  Hire,  who  in  l()fl9  jiublislied  his  "Examen  de 
la  Force  de  ITloinnie,"  in  tlie  "Memoirs  of  the  .\cademy 
of  Sciences"  at  Paris.  He  dcti'rmiiK'd  the  strength  of 
men  from  their  ability  to  lift  weights  and  carry  burdens. 
and  compared  it  with  that  of  horses. 

The  first  instrument,  however,  which  was  directly  used 
for  this  ])urpose,  and  to  which  the  name  of  dynamometer 
was  given,  was  invented  liv  an  Englishman  named  Gra- 
ham: but  it  did  not  obtain  notoriety  until  attention  was 
drawn  to  it  by  Desiiguliers,  who  in  1719  published  his 
work  on  "Experimental  Philosophy."  The  latter  was  a 
Frenchman  by  birth,  but  came  early  to  England,  and 
was  made  professor  at  the  University  of  Oxford.  He 
modified  Graham's  machine  in  various  ways,  and  thus 
produced  a  machine  of  his  own. 

His  machine,  or  rather  machines,  because  different  ones 
were  re(|uired  to  test  different  muscles,  consisted  prac- 
tically of  a  large  wooden  frame  and  stout  uprights  to  af- 
ford iioinlsof  sup|iort  or  resistance,  and  handles  attached 
to  a  crossbar  which  moved  a  steelyard.  Bv  hanging 
weights  (m  the  latter  the  force  used  could  be  directly  de- 
termined. Desiigiiliers  decided  from  his  investi.sations 
that  five  Englishmen  were  eciual  in  strength  to  a  horse, 
while  it  re(|uired  seven  Frenchmen  or  Dutchmen  to  fur- 
nish the  ssime  force. 

These  instruments  were,  however,  too  unwieldy  and 
cumbersome  to  be  used  outside  of  the  laboratory,  and 
being  also  somewhat  expensive  they  fell  rapidly  into  dis- 
use and  were  forgotten.  Meanwhile  Leroy,  like  De  La 
Hire,  a  member  of  the  French  Academy  of  Sciences,  pro- 
posed an  instrument  which  consisted  simply  of  a  metallic 
tube,  within  w  hich  was  placed  a  spiral  spring  with  an  at- 


tached graduated  rod  terminatingabove  in  a  globe.  This 
was  to  be  grasjied  bv  the  hand,  and  the  spring  eom- 
|iressed  from  above,  ilie  amount  of  force  exerted  being 
marked  on  the  rod. 

In  IH07  Re.^nier  first  d<'scribed  his  dynamometer. 
This  consisted  prineip;illy  of  an  elliptic  spring  of  metal, 
to  which  was  attached  a  ilial  furnishi'd  with  two  rows  of 
figures  and  with  two  hands,  one  for  each  row.  The  dial 
was  so  arranged  that  the  haials  were  moved  by  any 
change  in  the  form  of  the  spring,  and  the  force  of  either 
tension  or  pressure  couUl  be  easily  measureil.  The  two 
rows  of  figures  corresponded  to  the  elTects  prixbu'cd  by 
action  on  the  instrnnient  according  as  the  forei' was  ap- 
plied in  the  direction  of  the  long  or  in  that  of  the  short 
axis:  the  upjier  row  in  myriagrams  corresponding  to 
the  former,  the  lower  row  in  kilograms  to  the  latter. 
This  instrument  was  the  first  dynamometer  of  pnictical 
value,  anil  most  of  those  in  i)resenl  use  are  more  or  less 
varying  modifications  of  the  same  type.  As  may  ea.sily 
be  understood,  it  served  not  only  to  measun;  force  as 
connected  with  the  human  frame,  but  also  the  stn-uglh 
of  machines,  and  the  forces  exerted  or  apiilied  by  them. 
It  was  first  employed  in  surgery  by  Sedillot  about  1S;!(J. 
He  used  it  to  delirniine  and  regulate  the  amount  of  force 
exerted  in  reducing  dislocations  and  in  other  surgical 
operations.  For  this  purpose  the  instrument  was  at- 
tached to  one  of  the  cords  which  extended  from  the  pul- 
ley to  the  limb  of  the  patient,  and  the  measure  of  the 
force  exerted  was  read  from  the  dial.  Sedillot  used  the 
dynamometer  of  Regnier,  l)ut  the  needles  worked  in  a 
somewhat  dilTerent  manner.  Instead  of  serving  to  mark 
the  result  of  forces  according  as  they  were  aiijiUed  in  the 
direction  of  the  long  or  of  the  short  axis,  in  this  instru- 
ment one  of  the  needles  simply  markeil  the  iiin.iiiDiim 
variation,  while  the  other  was  freely  movable  and  corre- 
sponded in  position  with  the  amount  of  the  traction  at 
each  given  moment,  thus  enabling  the  o|)erator  to  recog- 
nize variations  and  to  provide  for  continuous  steady 
action.  "He  thus  succeeded  in  producing  continued  ex- 
tensions, that  is  to  say,  those  maintained  at  the  saiue 
strength  and  gradually  anil  regularly  increased." 

None  of  the  dynamometers  tliiis  far  used  aiijiear,  how- 
ever, to  have  been  simple  or  readily  capable  of  aiiplica- 
tion  to  medical  purpo.ses.  In  IH.-jy  Burq  first  published 
his  description  of  a  uvw jvrlet  dynamometer,  "formed  of 
the  metals  most  active  in  metaliotherapy."  This  was  to 
serve,  first,  for  the  ready  ex|iloration  of  the  strength 
of  pressure  and  of  traction  in  all  the  muscular  systems 
of  external  life;  secondly,  for  the  closely  approximative 
determination  of  the  forces  which  the  surgeon  may  be 
called  u]ion  to  use,  as  in  the  reduction  of  certain  disloca- 
tions; thirdly,  for  the  more  usual  metallotherapeiUic  in- 
vestigations. 

Burq's  dynamometer  (see  Fig.  1670)  consists  simply  of 
a  small  box  or  case  of  metal,  rectangular  and  open  in 
front.  Its  u])per  and  lower  portions  are,  when  it  is  not 
in  use,  maintained  at  a  slight  distance  from  the  jioint  of 
complete  closure  by  a  double  .spring  of  steel,  which  is  so 
placed  in  the  interior  as  to  be  always  perfectly  jirotected. 
This  records  accurately,  on  a  dial  placed  in  the  centre  of 
the  ca.se,  the  force  of  all  efforts  which  may  be  made,  di- 
rectly or  indirectly,  with  the  hands  or  the  feet,  to  clo.se 
the  case.  When  it  is  desired  to  test  the  force  of  traction, 
the  hooks  represented  in  the  figurcare  inserted  intoopen- 
ings  made  for  them  in  the  top  and  bottom  of  the  case, 
and  the  tr.iction  is  exerted  by  means  of  the  handles  which 
are  attached  to  them  below. 

Another  important  modification  in  the  form  of  dvna- 
mometers  was  that  introduced  by  Duchenne,  of  Bou- 
logne, and  apparently  first  described  in  bStiS.  A  little 
later  he  speaks  of  it  thus:  "I  have  had  made  a  iiowerfiil 
dynamometer  (measuring  from  1  to  lOil  kgni.),  and  a  sen- 
sitive dynamometer  (measuring  from  1  to  s  kgm.).  Tin- 
powerful  one  serves  to  measure  the  force  of  the  pressure 
of  the  closed  hand,  that  of  all  movements  of  parts,  and 
the  amount  of  what  I  have  called  nervous  excitability 
(irritiibilite  itemuxe),  or  the  degree  of  exhaustion  of  this 
excitability.     First,  we   measure   the  force  of  pressure 
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of  the  closed  hand  b_v  placing  in  the  palm  of  the  hand, 
between  the  thenar  eminence  and  the  second  phalanges 
of  the  tlexed  fingers,  the  handles  of  the  dvnamonu'ter 
crossed.     Secondly,  it  is  designed  to  nieasurethc  force  of 


Fig.  1670.— Burq's  Dynaiuometer. 


the  movements  of  parts.  Then  its  handles  should  he  un- 
crossed. For  example,  if  we  desire  to  mejisure  the  force 
of  the  movement  of  fie.vion  of  the  lower  arm,  we  fasten 
something  to  the  end  of  it  (a  handkerchief  folded  cross- 
ways  or  a  strap),  to  which  we  can  attach  the  handle  of 
one  of  the  branches;  then,  while  the  subject  holds  the 
forearm  powerfully  flexed,  the  operator  seizes  the  handle 
of  the  free  branch  and  pulls  on  it  until  tlie  forearm  be- 
gins to  extend.  The  sensitive  dynamometer,  of  a  form 
analogous  to  the  preceding,  is  designed  to  measure  in 
grams  the  force  of  partial  movements  in  persons  wlio 
sutler  from  paresis.  Thirdly,  the  movable  needles  are 
designed  to  measure  the  force  of  the  nervous  excitability. 

The  instrument  (see  Fig.  1671)  is  composed  of:  (1)  A 
powerfid  spiral  spring,  which  ends  in  two  straight 
branches  (0,  0)  placed  side  by  side  and  parallel — the  siiring 
is  made  tense  by  the  separation  of  thes<' branches;  (2)  two 
handles  (P.  P).  which  are  fixed  at  will  cither  at  the  ex- 
tremity of  the  branches  or  near  their  central  point,  and  by 
means  of  which  the  biimches  oaa  be  separated ;  (3)  a  i)late 
(C),  placed  on  the  anterior  face  of  the  spring,  and  on  which 
are  engraved  two  rows  of  numbers  (.1,  B).  marking  in 
the  first  from  1  to  100  kgm.,  in  the  second  from  1  U)  40; 
(4)  a  needle  (D).  which  is  set  in  movement  by  the  separa- 
tion of  the  branches,  and  marks  the  amount  of  force 
which  causes  this  separation. 

Donhoff's  mvodynamometer  was  designed  to  "deter- 
mine with  mathematical  exactness  the  degree  of  muscu- 
lar power  in  disease."  The  instrument  acts  on  the  lever 
principle.  A  bar  fifty-five  inches  long,  with  a  notch  five 
inches  from  one  end.  is  so  placed  that  the  notch  fits  into 
the  corner  of  a  ]irjsm-shaped  sujjport  on  which  the  bar 
can  be  moved  as  a  lever.  The  long  arm  of  the  lever  con- 
tains fifty  notches  an  uich  apart,  and  on  any  of  .these  a 
ten-pound  weight  can  be  suspended.  The  beam  itself 
can  be  held  in  equilibrium  by  a  two-pound  weight  fast- 
ened to  the  end  of  the  short  arm.  In  order  to  use  the  in- 
strument it  should,  if  possible,  be  placed  on  a  table  near 
which  the  patient  sits.  He  presses  with  his  right  hand 
on  the  short  arm  of  the  lever,  while  the  physician  places 
the  weight  so  as  to  neutralize  the  pressure.  The  limit  of 
the  muscular  power  stands  at  that  point  at  which  the 
patient  is  no  longer  able  to  keep  down  the  short  arm  of 
the  lever. 


Among  dynamometei'S  for  special  purposes  mention 
should  be  made  of  JIallez'  vesical  dynamometer,  intended 
to  measure  the  muscular  force  of  the  bladder.  It  is  com 
posed  of  the  following  parts:  (1)  A  tube  0.04  mm.  long, 
and  0.01  mm.  in  diameter;  (2)  a  little  cap,  which  forms 
one  of  the  extremities  of  the  tube,  extends  into  it,  where 
it  moves  up  and  down  witli  slight  friction,  and  receives 
the  shock  of  the  column  of  liquid;  (3)  the  cap  is  sur- 
mounted by  a  rod.  surrounded  by  a  spiral  spring  of 
known  resistance,  and  this  rod  extends  a  certain  distance 
beyond  the  farther  extremity  of  the  tube ;  (4)  a  pin  placed 
on  the  rod  at  its  exit  from  the  tube  is  in  contact  with  the 
shaft  of  a  needle,  and  communicates  to  it  the  upward 
movements  of  the  rod.  The  divisions  of  the  dial  over 
which  the  needle  plays  indicates  the  degrees  of  imjudse, 
and  the  point  of  stoppage  shows  the  measure  of  the  great- 
est force  developed. 

All  the  instruments  hitherto  described  are  more  or  less 
(I implicated  or  designed  for  special  purposes,  and  they 
are  not  much  used  at  the  present  time.  On  the  other 
hand,  their  place  is  supplied  by  simpler  and  less  costly 
instruments.  Mathieti's  dynamometer,  which  is  now-  in 
geueral  use.  is  a  modification  of  Reguier's,  in  which  the 
dial,  instead  of  projecting  beyond  the  spring,  is  placed 
between  its  branches,  making  the  iustrinuent  smaller  and 
i-asicr  to  handle.  As  it  is  intended  only  for  medical  use, 
the  spring  need  be  oidy  of  a  moderate  resistance.  The 
dvnamometerof  Robert  and  Collin  is  practicallj' the  same 
as  that  of  Mathieu  (sec  Fig.  1672). 

Dr.  Gncme  Hammond,  objecting  to  the  fact  that  the 
hand  of  the  patient  sometimes  covers  the  dial  plate  in 
JIathieu's  instrument,  so  that  the  steadiness  of  the  mus- 
cular contractions  cannot  readily  be  perceived,  has.  in 
his  form,  placed  the  dial  plate  at  one  extremity  of  the 
ellipse  instead  of  on  the  side,  as  does  Regnier.  In  his  in- 
strument the  dial  plate  has  the  double  rows  of  figures, 
which  should  be  used  on  all  dynamometers,  and.  the  plate 
being  larger  and  the  hands  longer  than  in  the  ordinary 
form,  smaller  degrees  of  pressure  can  be  registered. 

Hamilton's  dynamometer  consists  of  a  graduated  glass 
tube  which  dips  into  a  rubber  bulb.     This  bulb  is  filled 


Fig.  1671. — Duchenne's  Dynamometer. 

with  colored  water,  which  lises  in  the  tube  when  the 
bulb  is  compressed.  Hamilton  thinks  that  the  rubber 
bulb  is  better  adapted  to  receive  pressure  exerted  by  all 
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the  flexors  of  the  hanil  than  is  the  spriug  ilynamometer, 
which  is  acted  on  by  only  some  of  tlieni. 

The  uses  of  the  dyuainonieter.  from  a  medical  point  of 
view,  lla^  e  already  been  indicated.  In  disease  it  is  \iseil 
frei|uently  to  determine  tile  amount  of  ninsciilar  force  in 
muscles  or  series  of  muscles,  either  by  comparison  of 
those  on  the  one  side  with  the  corresponding  ones  on  the 
opposite  side,  or  by  comparison  with  the  standard  of 


Fiii.  16TU'. -Draanionieler  of  rollin. 

health.  It  is  of  greatest  value  in  cases  of  partial  paraly- 
sis, in  which  it  is  desirable  to  test  more  or  less  accunitely 
the  strcnsrth  of  special  nuiscles.  In  this  way  it  is  used 
asa  means  both  of  diagnosis  and  of  prognosis.  In  health, 
also,  the  dynamometer  has  been  frecpicntly  used:  1.  To 
determine  the  average  power  wliich  the  human  body  can 
exert  during  a  given  time.  Thus  has  been  calculated 
the  average  amotint  of  labor  of  various  kinds  which  can 
be  jierformed  in  a  day.  2.  As  a  method  of  selection  for 
special  duties. 

In  regard  to  the  muscular  power  of  men  as  determined 
by  the  force  of  the  hand  grasp.  Key  gives  the  following 
table,  which  he  obtained  from  the  examination  of  seamen 
in  the  French  navy  or  applicants  for  the  service : 

Rev"s  Table. 


Mean 

Mean 

Nunit)er 

muscular 

Number 

muscular 

of  subjects 

Ages. 

power  ni 

of  subjects 

Ages. 

power  lu 

oljeerved. 
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obseneU. 

Idlo- 
grams. 

1 

10..5 

20.(«1 

■> 

21.5 

40.00 

1 

12.(1 

15.(11 
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22.0 

4331 

•> 

14..1 

21  ..5' 1 

I 
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2 
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8 
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:fil.75 
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1.1.5 
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•> 
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8 
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4 
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42.75 

4 
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37.75 

.) 

25.0 

37  JO 

41 

17.0 

36.92 

1 

35.5 

46.00 

29 

17.5 

:i5.!<2 

1 

2H.0 

40.00 

47 

18.0 

34.72 

1 

26.5 

44.00 

IT 

18.5 

38.94 

3 

27.0 

44.00 

41 

19.0 

38.80 

1 

27.5 

40.00 

o 

19.5 

4n.OT 

1 

38.0 

35.011 

36 

30.0 

40.61 

4 

29.0 

37.35 

23 

20.5 

40.14 

2 

30.0 

45.00 

51 

21.0 

40.70 

1 

36.0 

43.00 

Mean  between  ages  of  10  ami  30 31..54  Vgm. 

"     15    •■    20 3.5.75     •• 

"     20    "    35 41.11     '• 

•'     30-30 41.35     •• 

••     35    •■    30 41.40     " 

Mathieu's  dynamometer  was  used.  Thesubject  stand- 
ing tirmly,  seized  the  instrument  in  the  palm  of  his  hand, 
and  was  asked  to  exeix-ise  ptfigressively  the  strongest 
pressure  of  which  he  was  capable.  Rev  concludes  that 
the  mean  muscular  power  of  a  man  19.5  years  old.  as 
measured  in  this  way.  eipials  8S.1T  kgm.  Michea  (piotes 
ilarechal  to  the  effect  that  2S  kgm.  is  the  maximum 
etfort  that  a  c-annonier  should  use  to  execute  a  raamcuvre, 
and  "21  kgm.  the  mean.  He  suites  that  in  good  health  a 
man  has  a  power  of  pressure  equal  to  50  kgm..  and  a 
force  of  prehension  ecinal  to  i:$2  kgm.  A  woman  has 
about  two-thirds  that  of  ,i  man. 

The  averace  dailv  work  of  men  has  been  carefuUv  de- 


termined in  various  ways.  A  table  giving  the  results 
obtained  may  be  found  in  the  ninth  edition  of  the  "Eu- 
cyclopa-ilia  IJiitannica,"  article  •'Mechanics." 
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DYSCRASIA.    See  Diiitlicsis. 

DYSENTERY, — IIistouy. — Dysentery  was  one  of  the 
best  known  of  the  diseases  of  the  ancient  world.  It  was 
noliced  before  the  time  of  Hippocrates (430  B.C.),  but  this 
writer  was  the  first  to  give  an  accurate  description  of  its 
symptoms.  He  clearly  dilTercutiates  it  from  diarrhiTa, 
as  the  following  extracts  from  his  works  show:  "But 
when  the  body  being  heated,  acrid  matters  are  discharged, 
the  intestine  is  excoriated,  ulcerated,  and  the  stools  are 
bloody;  this  is  dysentery,  a  grave  and  dangerous  dis- 
ease." "When  there  is  dysentery,  pain  occupies  the 
whole  abdomen;  bile,  phlegm,  and  heated  blood  are  dis- 
charged." From  the  lime  of  Hippoci-atcs  to  that  of  Cel- 
sus  (25  n.c.-4o  a.d.),  the  contention  of  schools  and  the- 
orists did  luit  little  to  advance  medical  knowledge,  but 
the  writings  of  the  medical  Cicero,  as  Celsus  has  been 
called,  may  he  said  to  epitomize  the  learning  and  practice 
of  his  predecessors,  and  that  the  chief  features  of  dysen- 
tery were  then  understood,  this  quotation  from  his  works 
well  illustrates:  "The  next  disease  of  the  intestines  is 
usually  called  tormina ;  in  the  Greek  language  it  is  termed 
dysenteria.  The  intestines  are  ulcerated  internally;  gru- 
mous  evacuations  come  from  them;  .sometimes  the  excre- 
tions are  mixed  with  f;ecal  matter  always  liquid,  at  other 
times  the  discharges  are  slimy  ;  sometimes  jiartides  liki; 
flesh  pass  with  them:  there  is  a  frequent  desire  of  going 
to  stool,  with  paip  in  the  anus:  with  this  pain  a  small 
portion  is  voided,  and  even  by  this  the  pain  is  augmented  ; 
that  is  relieved  after  some  time,  and  then  there  is  a  short 
repose.  The  sleep  is  intcrrtipted.  slight  fever  ensues, 
and  in  the  progress  of  time  that  disease  either  destroys 
the  patient,  when  it  has  become  inveterate,  and  even  al- 
though it  may  be  terminated  exerts  a  balefvd  influence 
for  a  long  time."  Aret:eus  (.50  a.d.)  recognized,  without 
doubt,  by  actual  observation,  that  the  ulcer  was  the  pe- 
culiar and  dangerous  lesion  of  the  intestine  in  dysentery. 
Matters  resembling  flesh,  he  sjiys,  come  away  in  the  dis- 
charges which  accompanj'  ulceration  of  the  lower  bowel. 
The  flesh-like  masses  are  shreds  of  the  lining  merabriine 
of  the  intestine:  healing  takes  place  by  granulation  and 
cicatrization  of  the  outer  coat,  which  remains  intact. 
That  he  also  observed  the  lesiinis  of  typhoid  fever,  and 
appreciated  their  relation  to  continued  and  dangerous 
fever,  is  proved  by  the  statement  that,  if  the  ulcers  in 
the  small  intestine  Iwcome  excavated  and  phagedenic, 
acute  fevers  set  in.  which  in  some  cases  are  latent  and 
smoulder  in  the  intestines;  in  other  cases  ardent  fevers 
occur,  accompanied  by  prostration  of  strength,  thirst, 
anxiety,  dry  tongue,  and  small,  feeble  pulse. 

A  century  later.  Oalen  (104  a.d.  »  sjiid  that  the  physi- 
cians of  his  time  limited  the  term  dysentery  to  cases  of 
intestinal  ulceration.  The  shreds  passed  from  the  bowels 
are  scrapings  from  the  internal  membranous  surface  of 
the  intestine.  "At  first  there  is  an  excretion  of  very  bit- 
ing (i.e..  corrosive)  bile;  then  shreds  of  the  intestines  fol- 
low, afterward  a  little  blood  is  discharged  along  with 
the  shreds,  and  now  the  affection  is  dvsenterv." 
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Cselius  Aurelianus  (400  a.d.)  called  dysentery  rheuma- 
tism of  the  intestines,  an  error  adopted  by  StoU  nearly 
four  hundred  years  later. 

Ale.\ander  of  Tralles  (575  a.t>.)  distinguished  dysen- 
ter}',  "in  which  various  humors  are  discharged  by  stool, 
from  the  graver  variety  due  to  ulceration  of  the  bowels, 
in  which  shreds  of  the  intestine  are  mixed  with  the  dis- 
charges. " 

Other  writers  of  antiquity,  as  Paulus  ^gineta  (660 
A.D.),  who  made  tenesmus  and  dysentery  separate  affec- 
tions. Ferneliusaud  FabriciusHildanus,  gave  more  or  less 
accurate  definitions  of  the  disease  and  of  its  characteristic 
phenomena,  Feruelius  drew  attention  to  the  difference 
in  the  discharges  that  are  found  in  the  two  varieties  of 
dysentery,  the  catarrhal  and  the  diphtheritic ;  in  the  latter 
form,  he  says,  the  ulcer  penetrates  and  eats  more  deeply 
into  the  fiesli,  and  the  proper  substance  of  the  intestine 
drops  out  putrid  or  corrupted. 

From  this  period  until  the  revival  of  the  study  of  hu- 
man anatomy,  in  the  early  part  of  the  fourteenth  century, 
no  opportunit}'  was  offered  for  adding  any  further  knowl- 
edge to  the  rich  legacy  of  these  ancient  observers.  In- 
deed, it  was  not  imtil  the  year  1500  that  the  lirst  records 
of  post-mortem  examinations  of  dj'senteric  subjects  were 
published  in  the  posthumous  work  of  Antonio  Benivieui. 
In  the  writings  of  Hallcrius  (1.565),  Schenekius  (1584), 
Sennertus  (1(;'26),  Sydenham  (1672),  Bonetus  (1679).  and 
Jlorgagni  (1762),  there  gradually  accumulated  a  fund  of 
pathological  data  which  formed  the  basis  for  subsequent 
gains  of  positive  value.  Sennertus  was  well  acquainted 
witli  the  morbid  anatomy,  symptomatology,  and  treat- 
ment of  the  disease.  He  says:  "Dysentery  consists  in 
frequent  bloody  dejections  from  the  bowels,  with  pain 
in  the  abdomen  and  idceration  of  the  intestines;  or  it  is 
an  ulceration  of  the  intestines  with  frequent  bloody  and 
purulent  dejections,  with  pain  in  the  abdomen  and  grip- 
ing, arising  from  an  acrid  matter.  i)eculiaily  adverse  to 
the  intestines  and  eroding  them."  He  also  observed  and 
described  the  difference  between  tlie  sporadic  and  epi- 
demic forms,  and  gave  the  indications  for  healing  the 
ulcerated  surface,  expelling  from  the  bowels  irritating 
substances,  and  checking  profuse  discharges. 

Following  these  came  a  host  of  writers,  who  added 
much  to  the  clinical  knowledge  and  therapeutics  of  dys- 
entery by  a  large  experietice  in  epidemics  in  Europe, 
India,  and  Africa,  and  in  armies  and  fleets.  Among  those 
of  whom  special  mention  sliouhl  be  made  are:  Deirner 
<1743),  Pringle  (1752),  Vogel  and  Mayer  (1765),  Ziininer- 
mann  (1765),  Stoll  (1780),  Rollo  (178!i),  Hunter  (1790), 
Desgenettes  (1802),  Fournier  and  Viday  (1814),  O'Brien 
(1822),  Annesley  (1828),  Cruveilliier  and  Virchow  (1842), 
Cambav  (1847),  Catteloup  (1851),  Dutroulau  (1861). 
Heubner  (1871),  Woodward  (1879),  and  Favrer  (1881). 
Kartulis  (inEgvpt,  1885),  Cotmcilman  and  Lafleur(1892) ; 
Ogata  (1892)  and  Shiga  (1897)  in  Japan;  Flexner  (1890) 
and  Strong  and  Musgrave  (1900),  in  the  Philippine 
Islands. 

It  is  a  matter  for  surprise  to  find  that  the  ulceration  in 
the  intestine,  which  was  considered  so  essential  a  feature 
of  the  disease  by  ancient  observers,  should  have  been  de- 
nied by  those  who  in  the  fi'equent  study  of  morbid  tissues 
had  every  opportunity  for  arriving  at  the  truth,  Pringle, 
in  his  autopsies  of  soldiers  who  had  tiled  of  dysentery  in 
Holland  in  1744,  observed  that  the  mucous  membrane  of 
the  intestine  was  black  and  putrid,  or  thickened  and 
ulcerated,  especially  in  the  lower  part  of  the  colon  and 
rectum;  and  yet  Pringle,  later,  in  consonance  with  the 
opinions  of  Hewson  and  Hunter,  doubted  if  the  intestine 
was  ulcerated,  Fournier  and  Viday,  Chomel,  Andral. 
and  others,  denied  that  there  was  ever  any  ulceration 
of  the  mucous  membrane  in  acute  dysentery.  But 
Thomas,  writing  in  1833,  of  the  epidemic  at  Tours  said: 
"I  recognized,  after  having  made  a  considerable  number 
of  autojisies  with  the  greatest  care,  that  the  ancients 
were  right  in  tlieir  opinions  and  that  the  moderns  are 
completely  in  error.  The  mucous  membrane  is  promptly 
invaded  by  ulcerations,  so  numerous,  so  well-defined, 
and  so  constant  that  I  claim  as  an  undoubted  fact  that 


the  ulceration  of  the  mucous  membrane  is  as  essential  a 
feature  in  dysentery  as  phlyctenula>  in  erysipelas,  le 
bourl)illon  in  a  furuncle,  or  pus  in  an  inflammation  of  the 
cellular  tissue." 

PiiF.DisposiNG  Cai'SES.  —  Oeography.  —  Dysenterj'  is 
ubiquitous,  but  it  is  mo.st  common,  most  intense,  and 
fatal  in  the  tropics.  It  prevails  extensivel.y  on  the  south- 
ern coastline  of  Asia,  especially  in  India  and  in  the  Indian 
archipelago,  on  the  east  and  west  coasts  of  Africa,  in 
Guinea,  in  Senegambia.  at  the  mouth  of  the  Niger  and 
on  the  adjacent  i.slands,  in  Egypt,  and  in  Algeria.  In 
the  western  hemisphere  it  is  also  a  formidable  disease, 
appearing  in  the  southern  and  southwestern  parts  of  the 
United  States,  but  having  a  graver  character  in  Mexico, 
in  Central  America,  on  the  west  coast  of  South  America, 
in  the  Philippines,  and  in  the  West  India  islands.  In  all 
these  localities  it  is  endemic,  and  frequently  destructively 
epidemic,  increasing  its  ravages  in  its  approach  to  the 
equator,  diminishing  in  intensity  in  temperate  regions, 
and  becoming  infrequent  above  48°  north  latitude.  It  is 
met  with,  however,  in  Greenland,  Lapland,  Kamtscliatka, 
and  Iceland,  while  epidemics  have  occurred  at  Esthonia, 
Dorpat,  St.  Petersburg.  Jaroslav.  Novgorod,  in  tlie  north 
of  Russia,  and,  less  frequenth',  in  the  Crimea  and  south- 
ern Russia.  It  was  epidemic  in  Norwav  from  1859  to 
1862.  and  from  1853  to  1860  it  produced  about  2, .500 
deaths  annually  in  Sweden.  In  1857  there  were  37,000 
cases  and  10.000  deaths  in  the  same  country. 

The  statistics  of  the  French  army  illustrate  the  differ- 
ences in  the  rate  of  mortality  in  temperate  and  tropical 
regions.  In  France  the  death  rate  among  the  troops  from 
dysentery  is  one-twentieth  of  the  total  mortality;  in  Al- 
geria it  is  one-fifth;  in  Senegal  one-third.  In  the  Eng- 
lish army  at  hf)me  the  disease  is  rare,  while  in  India  and 
China  more  soldiers  die  from  dysentery  alone  than  from 
all  other  diseases  to  which  they  are  liable  in  Europe,  In 
CeyUm  twenty-three  die  annually  from  dysentery  out  of 
every  thousand  of  effective  force. 

In  the  United  Stales  army,  in  the  Northern  Depart- 
ment, three  die  from  dysentery  out  of  an  effective  of  one 
thousand  men ;  in  the  middle  region  the  pro]iortion  is  one 
death  to  everj-  one  thousand,  and  in  Florida,  it  is  five 
deaths  to  one  thousand. 

According  to  the  report  of  the  Surgeon-General  of  the 
LTnited  States  Army,  for  1900,  the  ratio  of  prevalence  of 
diarrhoeal  diseases  among  the  troops  was,  to  1,000  effec- 
tive strength,  335.05  in  Cuba.  767.61  in  Porto  Rico,  399.60 
in  the  Pacific  Islands,  and  374.19  in  the  United  States. 
The  differences  in  mortality,  however,  were  verj'  great. 
The  death  rate  was  0.12  in  Cuba,  0.35  in  Porto  Rico'.  2.02 
in  the  Pacific  Islands,  and  0.34  in  the  United  States. 
During  a  period  of  ten  months  there  were  ti'eated  in  the 
First  Reserve  Hospital.  Manila,  1,328  cases  of  dysentery 
or  14.64  per  cent,  of  the  total  cases. 

In  regard  to  the  distribution  among  the  civil  popula- 
tion, the  more  temperate  and  colder  regions  do  not.  how- 
ever, seem  to  have  a  greater  inmiunity  than  the  southern 
and  southwestern  parts  of  the  country.  Sporadic  dysen- 
tery prevails  in  all  parts  of  this  eouutrv  aixl  has  proved 
most  fatal  in  the  New  England  States.  In  the  Atlantic 
States  the  greatest  mortality  from  dysentery  in  1850  was 
in  Connecticut  and  ^Massachusetts,  in  1860  in  Jlassachu- 
setts  and  Virginia,  in  bs70  in  Vermont  and  Massachusetts. 
In  1850  the  deaths  from  dysentery  in  Ohio  and  Indiana 
exceeded  by  far  those  in  the  Gulf  States.  The  history  of 
epidemic  dysentery  shows  a  wider  spread  in  the  New 
England  States,  between  the  years  1749  and  1798,  than 
elsewhere,  and  since  these  years  epidemics  have  not 
shown  a  preference  for  any  one  region. 

Tapography  find  Cimditioxs  nf  the  Soil. — Efforts  have 
been  made  to  associate  dysentery  with  special  topograph- 
ical or  geological  features,  but  no  such  association  exists. 
Dysentery  prevails  in  countries  and  in  localities  which 
differ  widely  in  these  respects.  It  is  strange  that  epi- 
demics of  dysentery  have  been  more  general  and  more 
fatal  in  the  country  than  in  the  city.  This  was  the  case 
in  the  epidemic  of  1774  in  France,  and  in  the  epitlemics 
in  Germany  between  the  years  1795  and  1829.     When 
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■  epiclcmiis  pivvailcil  in  tlic  ii  mill  it.  the  disease  was  oftcu 
s|iiini(lic  in  llir  cities. 

Wlieii  liciuses  arc  Imill  upuM  :i  liiw,  dump  soil,  and 
wlicii  tlic  .soil  ill  tlic  iniiiicilialc  iu'ii;lilioiiio<i<l  of  Imild 
iiigs.  as  iiospitals,  lianaclis.  or  prisons,  is  saturated  with 
moisture,  a  favoraljle  condition  exists  for  the  propaga- 
tion of  dysentery.  Ivclscli  and  Kiener  have  sliown  a 
connection  between  dysentery  and  low  lying,  swampy, 
and  ill-drained  localities. 

Knianations  from  a  wet  soil  are  prohalily  prei'udicial  to 
health,  .■ind  exert  a  depressing;  iMtluence  which  is  favor- 
able to  the  inroads  of  disease.  Dr.  lialy,  in  It^i'i.  with  a 
view  of  a.seertaiiiin';- the  i-iusc  of  freipicnt  cpiilemics  of 
dy.seulery  in  Millliank  I'cnilcnliarv.  visited  many  prisons, 
bariaeUs,  workhous<'s,  and  lunatie  asylums  in  Eniiland. 
Tlu'  liowel  complaints,  he  found,  bore  a  close  relationship 
to  Ilie  site  of  the  institution.  They  were  infrei|Uent 
where  the  buildiiii;  was  erected  on  an  elevation,  with  a 
dry  soil  and  a  ,!;ravelly  subsoil;  hut  very  fri^cpient  if  the 
silu.-ilion  was  low.  the  soil  wi't  from  imperfect  drainai;!'. 
anil  the  subsoil  of  peal.  But  dysentery  does  prevail  in 
elevated  and  dry  plateaus  in_ India,  -Mexico,  and  Pern. 

A  soil  salurateil  with  dy.senterie  excri'la  is  a  fruitful 
source  of  the  disease.  This  is  shown  in  the  fact,  mentioned 
by  Czernicki,  of  the  breakinsi  out  of  dysentery  in  two 
French  si|Uadrons  which  in  IST.'i  occupied  ifround  where 
a  cavalry  icniineut  all'eilcd  with  dysentery  had  previ- 
ouslv  camped.  A  similar  uceunenee  was  noted  at 
Chaions  in  KSttd. 

(In  rn-oirdiiii/  and  Imperfect  Ventilation. — Tlic  over- 
erowdinjr  of  Iiuman  bein.ijs  in  baiily  ventilated  bnildin,i;s 
•or  ships  is  often  followed  by  outbreaks  of  dy.senlery. 
It  was  not  rare  for  a  slave-ship,  in  makin.cj  the  transit 
from  .\friea  to  America,  to  lose  three-fourtiis  of  her  liv- 
iiiij  cariro  from  this  cause.  In  ]irisoiis,  reformatories,  etc, 
before  attention  was  paid  to  such  matters,  epidemics  of 
dysenlery  were  frciiuent  and  destructive.  This  was  due 
in  part  to  the  deterioration  of  liealth  from  imperfect 
veniilalion,  and  in  part  to  tlieacciimulalionand  improper 
dispos;d  of  faecal  matter. 

.SrY/s<//(  and  Tcmjienitiire. — In  all  climates  dysentery  is 
most  |irevalent  in  the  hot  season.  In  the  United  States 
Auyusi  is  the  month  of  its  greatest  mortality,  and  in  the 
summer  and  early  autumn  the  largest  number  of  cases 
oe<'iir.  This  is  true  of  sporadic  as  well  as  of  epidemic 
dysentery.  Hirscli  has  collated  the  histories  of  546  epi- 
demics, of  which  40-i  were  in  the  summer  and  autumn, 
113  in  the  autumn  and  winter,  16  in  the  spring  and  sum- 
mer, and  to  in  the  winter.  Figures  given  by  Kelsch  and 
Kiener  show  tli<'  same  preponderance  in  summer  and 
autumn.  The  minimum  mortality  in  this  country  is  in 
January  and  February. 

Elevation  of  temperature  conduces  to  the  origin  and 
spread  of  dysentery.  Unusual  heat  preceded  the  epidemic 
of  l.Hl.'i  in"  Holland,  of  1834  to  1830  in  France,  Switzer- 
land. Belgium,  and  Germany,  of  18.53  in  Sweden,  and  of 
18.VJ  in  Fiance.  In  the  Franco-Prussian  V.'ar  of  1870,  in 
the  wars  of  Italy  and  the  Crimea,  and  in  the  civil  war  of 
18<>l-().")  in  the  Uniteil  States,  the  relationship  between 
extreme  heat  and  dy.senlery  has  been  shown;  but  the  fact 
that  campaigns  are  chietlv  conducted  durin.g  the  summer 
adds  the  etiects  of  other  causes  to  heat  intluenee.  That 
there  is  no  necessary  relationship  between  dysentery  and 
extreme  heat  is  shown  by  the  rarity  of  the  disease  in  the 
cities  of  the  Atlantic  seaboard  in  seasons  of  long-con- 
tinued high  temperature.  Epidemics  have  appeared  in 
cold  weather  in  Russia.  Sweden,  and  Canada.  In  Ireland 
an  epidiMuic  lasted  from  autumn  until  spring,  and  in  lT3i 
there  was  an  epidemic  in  Siberia  in  January.  Of  ]3.9»l(l 
ea.ses  in  Bengal  there  were  2,40t)  in  the  cool  season.  4.000 
<luring  the  warm  and  dry  season,  and  7,000  in  the  period 
of  warmth  and  moisture.  In  warm  climates  endemic 
dysentery  lasts  throughout  the  whole  .year.  Dutrouleau 
says  of  100  deaths  from  dysentery  in  Jlartinicpie  18.76 
took  place  from  January  to  JIarch.  20.5.")  from  Ajiril  to 
June.  27.73  from  July  to  September,  and  32.96  from 
October  to  December. 

Atmosp/teric  Moisture. — The  saturation  of  the  air  with 


moisture  is  recognized  as  ofTering  another  favorable  {-on- 
dition  for  the  spn^ad  of  dysi-ntcry.  Heal  and  moisture 
combined  enfeeble  the  individual,  and  favor  putrefaclive 
di'com  posit  ion  in  animal  and  vegetable  mailers,  ami  hence 
assisi  materially  in  the  propa.gation  of  disease.  .Moisture 
alone  is  not  an  essential  factor,  however,  as  out  of  119 
epidemics  62  were  preceded  by  moist,  and  57  by  dry 
weather. 

When  cold  and  atmospheric  moisture  are  combined  ihe 
eflect  upon  the  indiviclual  is  the  same,  and  dysenlery 
may  result.  Thus,  Pringle  slates  that  at  Ihe  baltle  of 
Detlingen,  the  French  army  was  expo.sed  to  an  abundant 
rain,  and  the  soldiers  spent  the  night  in  their  wet  cloth- 
ing. A  large  number  were  attacked  with  dysentery, 
while  a  corps  stationed  at  some  distance,  and'ncpt  Ihiis 
exposed,  escaped  illness. 

I'iri.wi/iidcH  iif  Tfiiipi-ratiire. — The  season  of  dy.senlery 
has  been  .said  to  be  when  cooler  nights  succeed  hot  days, 
and  when  sudden  changes  of  weather  occur.  In  tropical 
countries  oscillations  of  temperalnie,  after  jieriods  of 
prolonged  heat,  often  precede  epidemics,  and  the  same 
thing  has  been  noted  in  temperate  climates.  Pruner  in 
Egypt,  Lame  in  Guiana,  Mc.MuIlin  in  the  Barbadoes, 
Kutliay  in  China,  and  Lavacher  among  the  negroes  at 
Santa  Lucia,  have  noted  I  he  appearance  or  aggravation  of 
dysenter_v  after  sudden  and  marked  tempi'ralure  varia- 
tions. In  armies  on  the  ballletield  or  in  ex|)osed  camps, 
dysentery  fidlows  unusually  cold  nights  ov  sudden 
changes  in  temperature,  the  oiticers  always  sutTering  less, 
however,  as  they  are  better  clothed  and  "better  jirotected 
against  such  inlluences.  It  is  not  now  thought,  however, 
that  variations  of  temperature  have  much  intluenee  in 
causing  outbreaks  of  dysentery,  although  formerly  this 
was  a  prevailing  belief. 

Impure  Water  Siijiply. — From  the  earliest  times  ba<l 
drinking-water  has  been  believed  to  be  a  iioteni  cause  in 
originating  dysentery.  But  no  part  of  the  study  of  the 
etiology  of  the  disease  gives  a  better  idea  of  the  contra- 
dictory nature  of  the  evidence  than  that  upon  which  a 
belief  or  disbelief  in  theevil  influenceof  impure  drinking- 
water  is  based.  Read  in  1770  noted  that,  in  an  epidemic 
at  Metz,  a  regiment  occupying  a  certain  caserne  had 
ninety -one  cases  of  dysentery,  while  other  rc.giments  suf- 
fered much  less.  The  soldiers  of  this  regiment  used  water 
contaminated  by  sewage  from  neighboring  privies,  and 
the  closure  of  the  infected  wells  was  followed  by  a  dim- 
inution in  the  number  of  cases.  This  is  an  early  ob- 
servation which  is  the  counterpart  of  an  innumerable 
number  of  the  same  sort.  Cases  and  epidemics  have  been 
traced  to  the  use  of  water  contaminated  with  sewage, 
with  animal  excrement,  and  with  matters  from  animal  and 
vegetable  decomposition.  The  cutting  off  of  the  supidy 
from  the  contaminated  sources  has  frequently  not  pre- 
vented outbreaks  of  dvsentery,  nor  stopped  the  spread  of 
it.  The  u.se  of  rain  water  in  ships  at  infected  foreign 
ports  is  not  a  preventive,  nor  do  the  Chinese  escape  who, 
according  to  Dudgeon,  invariably  use  boiled  water.  In 
the  Millbank  penitentiary  three  hundred  and  fifty  prison- 
ers were  given  pure  water  from  an  artesian  well,  while 
seven  hundred  drank  Thames  water,  but  intestinal  dis- 
eases were  as  common  in  the  one  class  as  in  the  other. 
On  the  other  hand,  an  epidemic  of  dysentery  began  on 
the  Pacific  JIail  steamer  Alaska,  and  sevemi  of  the  crew 
were  attacked  eight  or  ten  days  after  the  tanks  were  tilled 
at  Hong-Kong.  The  water  in  the  tanks  was  found  to  be 
tilled  with  bacteria;  the  crew  was  put  on  condensed 
water  and  the  further  spread  of  the  disease  sto]iped. 
Davis  mentions  that  at  Tortola.  in  the  West  Indies,  the 
inhabitants  use  rain  water  only,  and  while  they  escape, 
the  ship's  crews  are  invariably  attackeil  with  dysentery. 
So  well  kn<iwn  is  this  that  the  residents,  when  invited  to 
dinner  on  board  a  man-of-war.  frequently  carry  their  own 
supply  of  drinking-water  with  them. 

Other  observers  mention  facts  which  are  in  direct  op- 
position to  these.  In  1848.  two  French  ships  of-war,  the 
lirandiiii  and  the  Knihtisrade.  visited  St.  Pierre.  A  vio- 
lent epidemic  of  dysentery  attacked  the  crews,  who  used 
distilled  water,  or  water  brought  from  France.      The 
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mercbant  sliips  in  port,  which  took  no  such  precautions, 
escaped  the  disease. 

The  workmen  eugaged  in  the  Suez  Canal  had  a  greater 
immuuit}'  from  dysentery  after  l!!<(lo,  «iien  tlie  purer 
water  of  the  Nile  was  obtained.  Lalluyaux  d'Ormay 
demonstrated  at  The-dau-Not,  in  Cochin  China,  that 
dysentcr\-  could  be  produced  or  ai'rcsted  at  will  bj'  using 
or  not  using  certain  wateis.  In  China  the  water  of  cer- 
tain rivers  is  notoriousl}-  dangerous  to  health,  and  pro- 
duces dysentery.  Thevenat,  iu  his  work  on  "  Diseases 
of  Europeans  iu  Warm  Climates,''  sajs  nothing  is  so 
prone  to  lead  to  disorganization  of  the  large  intestine  as 
infected  water.  The  cause  of  contradict oi'V  evidence  is 
now  easily  understood.  Impure  water  prr  xc  cannot 
produce  dysentery;  the  water  must  contain  the  infecting 
micro-organism  as  one  of  its  impurities. 

Imprii)ier  Fund  Siipply  and Iiidif/estitni. — The  occurrence 
of  dysentery  has  long  been  associated  with  errors  in  diet, 
and  with  indigestion  and  food  dceom]iosition  in  the  intes- 
tinal canal.  Acute  indigestion,  after  taking  food  in  ex- 
cess, or  when  it  is  imtit  for  use,  may  lead  to  diarrhoea  or 
d3'scntery.  Tlie  acrifl  matters,  which  were  dwelt  upon 
by  the  Greeks  as  causes  of  dysentery,  arise  from  the 
putrefactive  changes  in  the  intestinal  contents,  and  are, 
without  doubt,  agents  in  exciting  inflanunatiou  and  in 
predisposing  to  dysenteric'  infection. 

Iiidii-idi/dl  Pfcdi.tpiisitiiiii. — Age. — No  age  is  exempt 
from  dysentery.  It  is  asserted  i)y  Zimmermann  that  in- 
fants whose  mothers  have  dysentery  are  born  with  it. 
Young  children,  in  the  hot  season  in  temperate  climates, 
are  prone  to  it,  but  not  to  tlie  same  extent  as  todianiuea. 
Recruits  from  nineteen  to  twenty-one  years  of  age,  newly 
arrived  in  India  and  Algeria,  are  more  lial)le  to  contract 
the  disease  than  older  soldiers.  Iu  tlie  French  navy  the 
same  ]iredisposition  has  been  noticed  among  the  young 
apprentices.  In  the  old,  d3"sentery  is  a  common  and 
fatal  allection. 

Sex.  —  Dysenteiy  is  more  prevalent  among  males  than 
anu)ng  females. 

liace. — All  races  and  nations  are  subject  to  sporadic  if 
not  to  epidemic  dysentery.  Tlie  natives  as  well  as  for- 
eigners are  attacked  by  it,  and  its  fatality  is  usually 
greater  among  the  native  population.  Iu  this  country 
the  opportunity  is  given  to  contrast  the  di.sease  as  it 
affects  tlie  while  and  lilack  races.  CaiiipViell,  of  Georgia, 
has  desciib<'d  an  e[iideiiiic  which  involved  the  whites 
only,  but  this  is  an  isolated  observation.  In  an  epidemic 
in  Hyhalia,  Jliss.,  in  IHHIi,  both  the  masters  and  .servants 
succumbed  to  dysenteric  symptoms;  iu  a  radius  of  ten 
miles,  out  of  IDb  deaths,  H't  were  from  this  cause. 

A  race  out  of  its  own  habitat  is  a  greater  prey  to  dys- 
entery, owing  to  the  adoption  of  a  mode  of  life  and  diet 
which  are  unsuited  to  the  necessities  (if  the  climate. 

Condition  and  Habits  of  Life. — Dysentery  is  more  fatal 
among  the  poor  tlian  among  the  rich,  and  it  is  especially 
fatal  among  the  poorly  clothed  and  badly  fed.  Over- 
fatigue, loss  of  sleep,  and  anxiety  favor  tlu'  onset  of  the 
disease.  Indulgence  to  excess  in  alcoholic  licjuors  is 
thought  to  be  a  cause  in  hot  climates,  but  as  errors  of 
diet,  exposure,  fatigue,  and  a  general  disregard  of  the 
rulesof  liealthaccompany  alcoholic  indulgence  it  is  prob- 
able tliat  alcohol  alone  is  not  an  active  cause. 

Influence  of  Other  Disea.ses. — The  relation  of  scurvy  to 
dysentery  has  been  much  dwelt  upon.  During  the  civil 
war  in  this  country  the  concurrence  of  diarrhcea.  dysen- 
tery, and  scurvy  was  freiiuently  noted.  All  followed 
prolonged  deprivation  of  vegetable  food,  the  hardships 
of  camp  life  or  exjjosure  in  the  field,  but  that  there  is  no 
causal  relation  between  scurvy  and  dysentery  is  abun- 
dantly proved  by  experienceeverywiiere.  Of  fifty  cases 
of  scurvy  admitted  into  the  Eurojiean  General  Hospital, 
Bombay,  in  18(53,  only  one  had  dvseiitery. 

In  epidemics  of  cliolera.  a  transition  of  the  choleraic 
into  dysenteric  symptoms  lias  sometimes  occurred,  and  in 
fatal  cases  of  cholera  lesions  similar  to  those  characteristic 
of  dysentery  have  been  found. 

A  very  general  belief  has  prevailed  as  to  the  close  asso- 
ciation of  malaria  and  dysentery.     In  the  Southern  and 


Southwestern  States  the  coincidence  of  "bilious"  fever 
and  dysentery,  the  two  diseases  frequentlj'  appearing  in 
the  same  individual,  and  arising  apparently  under  "the 
same  conditions,  led  to  the  opinion  that  botlidiseascs  are 
due  to  one  and  the  same  poison,  developed  iu  the  decom- 
position of  vegetable  matters.  But  the  geographical  his- 
torj-  of  dysentery  shows  that  conditions  leading  to  mal- 
arial disease  are  by  no  means  necessary  to  originate 
dy sen  tery .  Dysentery  and  malaria  prevail  independently 
of  each  other  when  there  are  the  same  conditions  of  sea- 
son, soil,  and  climate.  An  epidemic  of  dysentery  oc- 
curred iu  San  .Joaquin  Valley.  Cal.,  in  May,  June",  and 
July.  JIalarial  fever  prevailed  in  Augusf,  Septenilier, 
and  October  of  the  same  year.  In  Trenton  and  Gib.sdn 
Counties,  Teun.,  in  the  autumn  of  1881,  a  maximum  of 
dysentery  was  reached  while  there  was  but  little  mal- 
arial disease.  In  1874  and  1875,  wlien  intermittent 
fevers  were  so  rife  tliat  there  were  not  well  persons 
enough  to  care  for  the  sick,  there  was  scarcely  one  case 
of  dysentery. 

The  discovery  of  the  malarial  parasite  and  the  belief  in 
the  parasitic  origin  of  dysentery  have  done  away  entirely 
with  this  once  common  opinion.  Such  coincidences  of 
malarial  fever  and  dysentery  or  of  d.vsentery  and  typhoid 
or  otlier  specific  fevers  are  examples  of  double  infec- 
tion , 

Dysentery  complicates  various  acute  and  chronic  dis- 
orders, and  these,  with  former  attacks  of  dysentery,  and 
all  previous  states  of  ill-health,  may  be  regarded  as  prc- 
disjiosing  to  its  development. 

Constipation  has  been  thought  to  bring  about  dj'sen- 
tery,  the  hardened  faecal  mas.ses  acting  as  foreign  bodies 
in  the  coliui  and  rectum.  CHillen  held  that  the  griping, 
freqtu'c;t  stools,  and  tenesmus  were  cau.sed  by  their  pres- 
ence. 

Fou.Ms  OK  DvsEXTKKV. — The  term  dysentery  is  now 
known  to  iiicliidi'  .several  diseases  unlike  in  tlieir  etiology 
and  pathological  anatomy,  occurring  under  dilTerciit  con- 
ditions of  climate  and  locality,  allliougli  resembling  each 
other  to.someextent  in  theirsymptoms.  Forcouvenience 
they  are  spoken  of  as  forms  of  djsentery,  although  their 
differences  are  great  enough  to  deserve  separate  classifi- 
cation. 

The  classification  most  usually  ad<ipted  of  sporadic, 
tropical  or  endemic,  and  epid'-niic  or  di]>ht]ieritic  dysen- 
tery was  based  upon  clinical  and  patliologieal  dilTereuces, 
hut  our  present  knowledge  shows  that  the  differences 
between  these  forms  are  not  great  enough  to  justify  this 
distinction.  The  study  of  the  etiology  of  the  disease  has 
now  advanced  so  far  tlinl  we  are  jnstitied  iu  stating  that 
there  are  several,  perhaps  many  forms  of  so-called  dys- 
entery, each  due  til  infection  by  some  .specific  micro-or- 
ganism. It  is  not  certain,  liowever.  that  any  one  variety 
is  limited  geograpliically,  nor  what  the  relation  may  be 
between  the  dysenteries  of  different  climates  and  coun- 
tries. So  far.  the  onl_v  forms  that  are  definitely  placed  are 
the  dysentery  due  to  the  Amu'ba  coli  and  that  due  to  the 
Bacillus  dysentcria;.  It  seems  probable  that  in  time 
etiological  research  will  lead  to  the  entire  abandonment 
of  tlie  term  dy.sentery. 

Sponulic  dysentery  or  the  dysentery  of  temperate  cli- 
mates is  described  separately  on  account  of  its  clinical 
features. 

I.  Acute  C'.\t.\1!Uii.\i,  or  Spoi!.\dic  Dvsentei?y. 

Etiolof/y.- — Nothing  is  definitely  known  as  to  the  bac- 
teriology of  catarrhal  dysentery.  Without  doubt  it  has 
a  specific  cause,  probalily  a  liaeillus  which  has  so  far 
eluded  discovery.  Etiolii.iiically  it  may  be  the  same  as 
the  bacillary  dysentery  of  Manila;  the  disease  cannot  arise 
from  chemical  or  mechanical  causes. 

Pathntogknl  Aiuitmni/. — The  mucous  membrane  of  the 
rectum  and  lower  bowel  is  inflamed.  In  the  milder  forms 
there  is  no  change  beyond  a  more  or  less  intense  hyjier- 
a?mia  of  tlie  mucous  membrane  over  areas  of  varying  ex- 
tent. Punctiforiu  liemorrliagesare  seen  in  the  nuieosa  or 
submucosa.     The  mucous  coat  is  swollen  and  covered 
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■\vitli  iniicli  mucus,  jius.  and  red  blond  ct-lls.  TlK-surl'juf 
cpiliii'lium  is  iil)si'iit,  uiid  tlic  cxtnliatioii  of  o|iillu-liuiu 
may  iiivuhc  the  glands.  There  issi)metimesd<'strueti()U 
of  the  tissue  of  tile  mucous  membrane ;  shallow  ulcers 
are  seen,  formed  by  extension  of  the  su|M'rliciul  softening. 
Sometimes  the  ulcers  e.\ten<l  to  the  muscular  coat.  In 
the  subnuicosa.  which  is  much  thickened,  there  are  masses 
of  granulation  and  pus  cells,  and  the  connective-tissue 
cells  are  enormously  swollen.  The  solitary  follicles  are 
swollen  and  from  distention  thev  burst,  thus  forminu;  an 
uh'cr. 

Sf/iiijitiiii,!. — In  the  milder  forms  of  the  dysentery  of 
temperate  climates  the  attack  may  begin  with  diarrhoja 
and  with  jiremonitory  distress  in  the  alidomen  and  tym- 
l>anites.  Colicky  pains  follow ;  the  evacuations  very 
soon,  sometimes  at  once,  are  characteristic  of  dysentery. 
tiu'V  are  small,  contain  or  consist  wholly  of  mucus,  and 
are  stained  with  blood.  The  griping  pains,  as  the  attack 
advances,  recur  at  short  intervals  in  the  region  of  the  mn- 
biiieus,  in  the  line  of  the  asccn<lingand  descending  colon. 
exten<ling  to  the  left  iliac  fossa.  The  urgent  desire  to 
empty  the  bowel  follows  ea<di  paroxysm  of  pain,  and 
with  great  straining  (tenesmus)  a  small  mucosjinguinolcnt 
mass  is  expelled.  The  patient  continues  his  unrelieved 
expulsive  etforts  and  complains  of  Imrning  in  the  anus. 
In  casesof  this  kind  there  may  be  very  little  fever  ornonc 
at  all.  I)ut  the  degree  of  weakness  is  out  of  proportion  to 
the  mildness  of  the  attack.  The  patiei\t  ini]iroves  gradu- 
ally after  a  few  days  and  is  well  at  the  md  of  a  week  or 
ten  days. 

In  severer  forms,  lasting  ten,  fourteen,  or  twenty-one 
days,  these  same  symptoms  are  iniinsitied,  esi>eciall_v  the 
constitutional  symiitoms;  the  pul.sc  is  more  frequent  and 
feeble,  and  the  lemperalure  ranges  from  KU"  F.  to  103' 
F.  The  strength  undergoes  n  uKiri' rapid  reduction,  the 
ellecl  of  the  violent  an(l  fiiMiuenl  abdominal  pains  and 
the  fre(|Ueut  mucous  and  bloody  stools,  which  are  at- 
tended with  great  straining,  and  with  the  sensation  as  if 
a  foreign  body  were  in  the  rectum.  In  the  beginning  the 
discharges  are  composed  of  a  visci<l  mucus  floating  in  a 
serous  liijuid.  On  the  second  or  third  day  blcjod  is  mixed 
with  the  mucus,  and  there  is  less  fluid.  After  the  fifth 
or  sixth  dav  blood  is  passed  with  mucopurulent  or  puru- 
lent liuid.  the  source  of  which  is  the  ulcerating  mucous 
membrane.  Grad\ially  the  stools  become  more  abundant, 
and  consist  of  a  dirty  white  or  grayish  fluid,  of  a  slightl}- 
fu'tid  odor.  Their  numlier  varies  from  twenty  to  forty  in 
the  twenty-four  hours,  being  morefreipient  at  night,  but 
there  is  no  limit,  as  many  as  two  hundred  having  been 
noted. 

TIk' progress  of  the  attack  is  attended  with  fever,  with 
thirst.  s<)metimes  with  delirivun  at  night.  alwa3s  with 
restlessness  and  insomnia;  the  abdominal  pains  are  so 
severe  as  to  excite  cries,  and  the  juolouged  expulsive 
efforts  cause  great  exhaustion  and  profuse  sweating. 
Vesical  tenesmus  accompanies  rectal  tenesmiis.  and  pro- 
lapse of  the  bowel  is  not  infreijuent,  especially  in  chil- 
dren. A  sensation  of  oppression  in  the  eiu'gastrium  and 
vomiting  are  due  to  reflex  influences. 

The  loss  of  strength  is  rajiid.  the  pulse  irrows  feeble, 
and  the  patient  lies  on  one  side  wiili  the  kneesdiawu  up. 
If  recovery  is  to  be  the  lesnlt  there  will  be  a  diminution 
in  the  nuudier  of  the  stools  and  a  return  of  foeeal  matter. 
Death  is  preceded  by  offensive  fluid  movements.  Such 
attacks  may  pass  into  the  chronic  form. 

11.    Oysextery  Die  to  (1)  the  Amceb.\  Dysexteri.e 
AND  TO  (2)  TFiE  B.\cn.i.rs  Dysenteri.e. 

Efiol'iff!/. — Ama?ba>  were  first  seen  by  Lambl  in  the  in- 
testinal contents  in  1850.  In  187.)  LiXscli,  in  examining 
microscopically  the  stools  of  a  patient,  twenty-four  years 
of  age,  who  was  suffering  with  an  ulcerative  affection  of 
the  large  intestine,  discovered  an  amteba  which  aj'.pearcd 
in  great  numbers:  this  he  called  "amibe  dn  colon"  or 
amieba  coli.  Xext  he  injected  these  stools  into  the  in- 
testines of  two  dogs,  one  of  which  bad  vomiting  and 
diarrha'a.     The  animals  were  then  killed,  the  intestines 


were  found  to  be  inflamed,  were  covered  with  bloody 
nuicus,  and  showed  many  ulcerations.  The  amo'lia'  were 
found  in  I  he  mm  ous  membrane  anil  in  tlie  ulcers.  The 
parasite  apjieared  as  a  protoiilasmie  mass  and  measuied 
on  an  average  OO  to  ."iO  /;;  in  motion  and  with  their 
greatest  elongation  they  reached  over  (il)  //.  Their  proto- 
plasm was  very  granular  and  enclosed  six  or  eight  round 
vacuoles. 

ICoch.  in  18(S3,  found  the  anueba  in  the  intestines  of 
those  dying  from  Egyptian  dysentery.  Karlulis  in  l.S.8.> 
alteinptcd  to  prove  that  Iheamieba'  jilayed  the  principal 
role  in  the  pathogenesis  of  dysentery.  He  also  found 
them  in  othc-r  ulceralive  affections  of  the  intestine,  viz., 
in  tyiflioid  feverand  in  tuberculosis.  In  certain  complica- 
tions of  dysentery,  and  especially  in  abscess  of  the  liver, 
Kartulis  found  the  ania>b.T  in  the  pus,  associated  nearly  al- 
ways with  the  ordinary  microbesof  suppuration.  Osier, 
first  in  America,  reported  a  case  of  abscess  of  the  liver 
which  developed  in  the  course  of  dysentery  and  in  which  he 
foimd  theauioba' in  large  numbers.  Muchthat  weknow 
of  this  form  of  dysentery  is  due  to  the  work  done  in 
Johns  Hopkins  Hospital  by  Osier,  C<inncilman,  and  La- 
fleur.  and  ue  are  indebted  chiefly  1o  the  paper  of  Coun- 
cilman (Transactions  of  the  American  Association  of 
Physicians,  1802)  for  our  knowledge  of  the  pathological 
anatomy  of  amiebic  dysentery.  Dock  afterward  demon- 
strated the  amieba' in  a  case  of  dy.sentery  contracted  in 
Texas.  Vassi  lias  since  found  1  hem  in  a  case  of  alisci'ss  of 
the  liver:  he  found  only  a  small  nuudier  in  the  ]nis,  but 
they  were  present  in  great  numbers  on  the  side  of  the 
abscess,  also  in  some  of  the  small  branches  of  the  portal 
vein. 

These  observations  .seemedat  one  time  to  havedeflnitely 
fixed  the  amteba  as  the  one  infecting  micro-organism  in 
tropical  dysentery,  and  the  name  "anuebic  dysentery" 
took  firm  root  in  medical  literature. 

Tlie  fact  that  amiebte  are  found  in  other  diseases,  as  in 
cholera  and  typhoid  fever,  and  in  the  iutestinesof  healthy 
persons,  threw  doubt  upon  the  theory  that  this  was  the 
infecting  micro-organism  of  dysentery.  The  inference  is. 
that  there  are  intestinal  ama>ba>  wlxich  are  harmless  "or 
wliich  at  any  rate  do  not  produce  dysentery.  These  have 
been  injected  without  effect  into  the  rectum  of  cats.  On 
the  other  lianii.  Strong  and  JIusgrave  assert  that  they  have 
had  no  diiliculty  in  producing  dysentery  with  ulceration 
of  the  large  bowel  by  injecting  stools  or  contents  of  liver 
absces.ses  containing  mobile  anifcba'  dysenteriap.  Council- 
man and  Larteur  believed  that  there  were  a  number  of 
species  of  amtebte  which  may  inhabit  the  colon. 

From  recent  experience  in  JIanila,  as  well  as  from  pre- 
vious studies,  it  may  be  concluded  that  there  is  an  amrebie 
dy,sentery.  As  aina?b;ie,  however,  were  not  found  in  all 
eases  of  dysentery,  either  in  the  stools  or  in  the  intestinal 
tissues  after  death,  doubt  was  raised  as  to  whether  the 
amoeba  was  the  only  cause  of  ilysentery. 

Bacilli  were  found  in  the  stools  of  dysentery,  and  in  the 
glands  or  walls  of  the  large  intestines,  bv  Klebs  (1887), 
Ziesxler  (1892),  Chante-Messe  and  Widal  (1888),  Grogorieff 
(1802),  Laveran  (1893).  and  Arnaud  (1894). 

Celli  and  Fiocca  (189.j).  studied  02  cases  of  dysentery 
and  concluded  that  the  amieba  coli  is  not  the  cause  of 
this  disease.  They  found  a  colon  bacillus,  called  by  tlicni 
B.  coli  dysentcria.  having  special  virulence,  which  ;hey 
considered  responsible  for  the  U'sions  in  all  cases.  With 
this  bacillus  they  caused  dysentery  in  cats,  and  a  toxin 
separated  from  it  produced  the.same  results.  Celli  in  the 
next  year  reported  that  he  invariably  .succeeded  in  isolat- 
ing B.  coli  dysenteria>  from  dysenteric  cases. 

In  epidemic  dysentery  in  Japan  Ogata  (1892)  found  no 
amitbie  but  he  isolated  tine  liacilli  which,  when  intro- 
duced by  the  mouth  or  rectum,  caused  intestinal  ulcera- 
tion in  cats.  More  recent  observations  were  made  liy 
Shiga  in  Japan  during  an  epidemic  in  1897  when  22,300 
deaths,  24  per  cent.,  occurred  out  of  89.400  ca.ses.  A 
bacillus  was  isolated  that  fidfilled  all  the  reijuirements  to 
give  it  the  plaeeof  causijtiveagent.  It  was  foimd  in  the 
intestinal  coutentsaud  walls  and  in  the  mesenteric  glands 
iu  'S(i  cases. 
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Floxner  in  his  bacteriological  studies  of  Philippine 
■dysenter}'  in  1899  obtained  cultui'es  of  two  t3-pes  of 
bacilli  from  the  intestinal  walls  and  contents.  Type  I. 
was  found  in  acute  eases ;  it  was  pathogenic  for  labw'atory 


Fig.  1673.— Acute  Amoebic  Dysentery.    Spreading  Ulcer,    a,  a.  Amoeba  in  the  Submucosa. 

times.    (After  Kartulis.) 


animals.  Type  H.  was  present  in  all  dysenteric  cases, 
but  less  prominent  than  Type  I.  in  acute  cases.  It  was 
not  found  in  healthy  persons  or  in  those  suffering  from 
other  diseases.  These  observations  conlirm  Shiga's  re- 
sults. 

The  report  of  the  Surgeon-Genei'al  of  the  United  States 
Army,  for  the  year  ending  June  30th,  1900.  contains  a  verj' 
full  and  interesting  report  by  Strong  and  Musgrave  on  the 
etiology  of  the  dysenteries  of  Manila.  In  a  period  of  ten 
months  there  were,  in  the  First  Reserve  Hospital.  JIanila, 
1,328  cases  of  dysentery,  being  14.64  percent,  of  the  total 
of  9,063  cases  of  illness  admitted.  One  hundred  and  eleven 
autopsies  were  made  on  dysenteric  cases;  21  of  these 
were  classed  as  "acute  specific  dysentery,"  11  as  "sub- 
acute specific  dysentery,"  and  79  as  "auKebicdysenterj-." 
A  bacillus  was  isolated  in  IT  out  of  the  21  cases  of  acute 
dysenterj'  and  in  2  out  of  the  11  cases  of  subacute  dysen- 
tery:  this  l)acillus  was  similar  to  that  found  by  Shiga  at 
Tokyo  in  1 897.  Strong  and  ^Musgrave  regard  this  Bacillus 
-dysenteriie  as  the  cause  of  these  acute  and  subacute  forms. 
and  thus  their  conclusions  agree  with  those  of  Shiga  and 
Fle.\ner. 

This  opinion  is  supported  by  the  voluntary  ingestion, 
by  an  Indian  criminal  condenuied  to  death,  but  in  perfect 
health,  of  a  forty-eight-hour  bouillon  culture  of  Bacillus 
dysenteric  in  warm  milk.  In  twenty-four  hours  charac- 
teristic dysenteric  stools  appeared, with  fever;  the  stools 
contained  mucus,  cells,  and  bacteria,  but  no  amoeba?.  This 
attack  ended  in  recovery. 

Flexner,  Strong,  and  JIusgrave  describe  minutely  the 
bacilli  found  by  them ;  they  were  pathogenic  for  mice, 
guinea-pigs,  rais,  and  rabbits;  injected  into  the  rectum  of 
cats  and  dogs  they  did  not  produce  dysenteric  lesions  or 
symptoms.  In  26  cases  of  dysentery  which  presented 
different  lesions  and  in  which  ama>bw  were  present  the 
Bacillus  dysenterite  was  not  found. 

Tlie  Ijlood  serum  of  acute  and  subacute  cases  of  the 
acute  specific  dysentery  has  an  agglutinative  reaction 
with  the  B.  dysenterite  by  the  third  day;  it  is  marked  by 
the  fifth  or  sixth  day. 

(1)  Amcebic  Dysentery. — This  form  of  dysentery  is 
•endemic  in  India,  Egypt,  the  Philippine  Islands  and  else- 
where in  the  Tropics.  It  has  been  met  withas'a  sporadic 
form  in  the  United  States.  Osier  says  that  the  cases  of 
acute  and  chronic  dysentery  admitted  to  his  wards  in 
Johns  Hopkins  Hospital  have  been  almost  exclusively  of 
this  form. 

Pathologiml    Andtomy. — The   sigmoid    flexure  Is  the 
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chosen  seat  of  disease;  it  may  involve  the  ascending  or 
descending  colon,  or  the  whole  of  the  large  bowel  at'one 
time.  The  intestine  is  thickened;  the  muc-osa  coated  with 
a  muco-sanguineous  secretion   is  intensely   hypenemic, 

swollen,  and  in  places 
ecchymotic.  The  solitary 
follicles  appearas  grayish- 
white  points,  surrounded 
with  an  areola  of  injected 
vessels.  Nodular  projec- 
tions of  the  mucosa  are 
seen;  they  result  from 
oedema  and  cellular  infil- 
tration of  the  submucosa. 
This  condition  is  followed 
bj'  an  ulcerative  process, 
beginning  in  the  submu- 
cosa and  undermining  the 
mucous  1  a  y  e  r  above. 
These  overhanging  layers 
next  fall  off,  leaving  large 
exposed  ulcers,  which  may 
deepen  until  the  muscular 
coat  is  exposed  and  forms 
the  base  of  the  ulcer. 
The  ulcerative  process  is 
thought  by  Kruse  and 
Pasquale  to  begin  in  the 
solitary  follicles,  but  ac- 
cording to  Councilman 
and  Lafleur  the  origin  is  in  the  submucosa. 

Ama'ba'  and  other  micro-organisms  are  found  clinging 
to  the  mucous  surface  and  penetrating  into  the  intertu- 
bular  spaces.  Kartulis  believes  that  the  ama'bfe  destroj' 
the  epithelium,  penetrate  the  lymph  channels  and  finally 
reach  the  submucosa,  exciting  iiillanunation  and  necrosis. 
He  does  not  agree  with  Kruse  and  Pasquale  that  the 
bacteria  co-operate  in  causing  the  lesion  of  dysentery,  but 
ia  more  in  accord  with  Coimcilman  and  Lafienr  as  to  the 
exclusive  agency  of  amoeba;. 

The  necrosis  once  begun  leads  to  various  forms  of  de- 
structive metamorphosis — small  cavities  in  the  submu- 
cosa, deep  ro\ind  and  irregular  ulcers  with  undermined 
edges,  serpiginous  ulcers,  and  small  follicular  ulcers; 
the  ulcers  extend  into  the  submucosa;  the  base  is  rarely 
formed  of  the  muscular  or  serous  layer.  Some  ulcers  are 
covered  with  a  slough  of  necrotic  tissue. 

The  ulcers  in  the  early  stages  are  scattered  at  varying 
distances  thi'oughout  the  colon.  Later,  by  the  spreading 
of  neighboring  ulcers  and  by  the  undermining  and  de- 
struction of  the  intervening  tissue,  the  mucosa  is  con- 
verted into  a  ragged  surface  with  hanging  shreds  and 
fringes  of  undestrojed  muc(ms  membrane.  This  ad- 
vanced process  may  be  limited  to  certain  small  areas  or 
may  extend  throughout  a  considerable  portion  of  the 
colon.  (See  also  article  on  Ainceboe  Pailuxjenie  for  Man, 
in  Vol.  I.) 

Abscess  of  the  liver  was  found  in  six  out  of  eight  of 
the  autopsies  of  ama-bic  dysentery  (Councilmau);  in  four 
cases  there  was  moie  than  one  abscess,  and  in  two  cases 
they  were  verj'  numerous  and  small ;  in  every  case  the 
right  lobe  was  the  seat  of  this  change,  and  in  two  cases 
there  wei'e  abscesses  in  the  left  lobe.  In  the  smaller  ab- 
scesses there  was  a  small  amount  of  glairy,  semi-trans- 
parent fluid;  in  the  large  ones  the  contents  were  more 
fluid,  of  a  graj'ish  coloi-,  sometimes  brownish-red  from 
admixture  with  blood.  A  distinct  limiting  wall,  some- 
times dense  and  hard,  is  found  in  the  larger  abscesses, 
but  it  has  not  been  seen  in  the  smaller  ones. 

The  fluid  of  the  smaller  abscesses  is  composed  of  fatt}', 
granular  material,  fragments  of  liver  cells,  and  pus  and 
lymphoid  cells;  that  of  the  larger  abscesses  contains 
fat.  red  blood  corpuscles,  fragments  of  liver  cells,  and 
very  few  pus  cells.  Anittba;  were  contained  in  both,  but 
were  more  numerous  in  small  and  recent  abscesses. 

The  following  table  gives  a  summary  of  the  relations 
of  abscess  of  the  liver  to  dysentery,  as  "deduced  from  ob- 
servations in  India. 
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Strong  and  Miisgnive  found  livei-  abscesses  in  14  out 
of  97  cases.  Other  changes  in  the  liver  consist  in  exten- 
sive necrosis  in  the  centre  of  the  lobules,  the  capillaries 
and  necrotic  cells  containing  numerovi.s  leucocytes;  but 
aniii'liic  are  not  associated  with  the  necrotic  process ;  they 
are  found  onl)'  in  association  with  the  abscesses. 

Abscesses  are  found  also  in  the  lungs;  they  occurred 


in  three  out  of  eight  eases,  and  were  seated  in  the  lower 
lobe  of  the  right  lung  in  every  ease.  In  l\vii<-ases  Ihe 
lung  abscess  eiinimunicateil  wiili  a  liver  abscess  through 
a  perforated  diiiphragin.  Tlie  abscesseavily  in  the  lung 
was  surrounded  by  consoliflat<'d  tissue  of  great  extent, 
einl)racing  the  entire  lobe.  The  contents  of  the  abscesses 
were  granular  detritus,  round  lyiuphoid  <-ells.  r<(l  blood 
corpuscles,  pus  cells,  andaniiebie.  A  driiiiiti' wall  smne- 
times  in('lu(li'd  theabscess.  The  aimeb.e  are  UKire  numer- 
ous in  alveoli  inunediately  iidjoiiiing  the  abscess,  and  in 
those  plai'cs  where  Ihealiseess  is  iikisI  rapidly  advancing, 
and  where  there  is  no  liniilhig  w;dl  or  eonneelive  tissue; 
but  all  the  neighboring  tissues  contain  them. 

Si/mptoma. — The  symptoms  of  amoebic  dysentery  are 
not  uniform  or  characteristic.  The  casesarc  either  acute 
or  chronic. 

Aniti-  Aiiiii'ltic  Dnneiitcri/. — There  is  a  catarrhal  and  an 
ulcerative  stage.  In  the  formera  moderate  feverand  even 
a  slight  chill  maybe  present  at  the  onset.  The  tempera- 
ture soon  returns  to  normal,  or.  if  it  continues  high,  this 
points  to  a  severe  intestinal  lesion  orto  the  involvement  of 
other  organs,  i.e.,  liver  or  lungs.  The  stools  are  at  lirst 
diarrlueal  in  character,  not  very  numerous,  and  soon  be- 
come typically  dysenteric.  They  may.  however,  be  dys- 
enteric from  the  beginning,  with  little  or  no  odor,  and 
alkaline  in  reaction.  Anueb.T  when  present  are  found  in 
the  muco  bloody  iiortions.  Pain  is  usually  jiri'sent  in  the 
region  of  the  navel;  the  entire  eohui,  and  freipienlly  the 
Ciccum.  are  sensitive  to  pressure.  Tenesmus  appears  co- 
incidently  with  dysenteric  stools,  and  points  to  beginning 
ulceration  or  to  involvement  of  the  lower  ci>lnn  and  rectum. 

The  ulcerative  stage  may  begin  with  cholera  like  symp- 
toms, chill,  ra]iid  rise  in  tem])eratiire,  diarrlaea  and  vom- 
iting, liurning  thirst,  and  pain  in  the  legs.  The  tongue 
is  dry  and  chalky.  The  stocils  are  usuall\'  very  numer- 
ous, from  twenty  to  thirty  in  twenty-four  hours;  tliey 
contain  much  blood  ami  soon  liecome  dark  brown  and 
foetid.  The  ({ilic  and  tenesmus  are  severe,  and  large  pieces 
of  necrotic  mucous  membrane  are  often  pas.scd  in  the 
stools.  Micturition  may  also  be  very  painful  and  the 
entire  abdomen,  especially  in  the  region  of  the  colon, 
is  acutely  sensitive.  In  the  more  severe  cases,  with 
gangrenous  destruction  of  the  mucous  membrane,  the 
temperature  rapidly  sinks  to  normal  or  subnormal,  the 
extremities  become  cold,  and  the  patient  soon  dies  in  col- 
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Fig.  1674.— Dysentery  Due  to  Bacillus  Dysenterife.    Section  of  colon  showing  thiokenintr  of  submucosa:  a.  a.  a.  superacial  necnxlc  layer  of 
mucosa  with  areas'of  hemorrhage ;  x,  loss  of  superflclal  layer.    Knlarsed  SO  times.     (Section  from  a  specimen  in  the  .4miy  Mpilical  .Museum. J 
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lapse.     Consciousness  is  usually  maintained  to  the  end. 
Hemoniiage  and  perforation  of  the  bowels  may  occur. 

Severe  attacks  of  amttbie  dysentei'v  may  follow  a  very 
mild  beginning,  and  with  early  and  proper  treatment  even 
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Fig.  167ii.— Dysentery  Due  to  Bacillus  Dysenteriie.    rseotionof  area.r  jnFig.  Irt74.)    Fibrinous 
inllltratiou  and  pta.stua  cells  iii,  o)  iu  the  subniucosa.    tEularged  jX)  limes.") 


severe  attacks  may  be  cured.  Sjioiitaneous  cure  is  very 
infre(|uciit.  Tlie  course  of  the  disease  is  irresrular,  witli 
frequent  intermissions  and  exacerbations,  and  shows  a 
strong  tendency  to  become  chronic. 

Chniiiic  Aiiiivhic  Dysenlcrij. — This  may  follow  a  sub- 
acute attack  or  be  chronic  from  tlie  beginning.  The 
progress  is  irregidar,  exacerbations  alternating  with 
periods  of  improvement  during  which  tlie  patient  goes 
about.  If  a  soldier  he  perforins  his  duties,  entering  the 
hospital  from  time  to  time  witli  subacute  attacks.  Dur- 
ing the  interval  the  bowels  may  be  constijiated,  and  tlie 
patient  looks  well  and  is  well  nourislied.  Tlie  duralioii  is 
long.  Death  results  from  liver  abscess,  from  perforation 
peritonitis,  from  other  complications,  or  from  exhaustion. 

(3)  Dysextehv  DtE  TO  THE  B.\ciLi,vs  Dysentehi.e. — 
This  variety,  first  desciibed  by  Shiga  in  Japan  and  by 
Flexner  and  Barker,  and  by  Strong  and  JIusgravein  tlie 
Philippines,  is  endemic  in  these  localities,  but  may  be- 
come epidemic,  as  noted  by  Shiga.  A  small  epidemic 
occurring  in  Germany  was  described  by  Kruse.  Flexner 
has  observed  one  casi>  in  the  Pennsyh'ania  Hospital,  but 
furtlier  stvidy  is  necessaiy  to  decide  whether  ii  prevails 
in  this  country. 

Pnthnlofiicai  Anatomy. — The  disease  resulting  from  in- 
fectiim  with  B.  dysenteria>  appears  in  both  an  acute  and 
a  chronic  form,  each  having  peculiar  lesions. 

In  the  acute  form  the  serous  coat  of  the  large  intestine 
is  hyperajmic.  Near  tlie  sigmoid  flexure  and  upper  part 
of  the  rectum  the  vessels  of  the  mesentery  are  distended. 
The  wall  of  the  colon  is  thickened:  the  degree  and  extent 
of  this  change  bearing  some  relation  to  the  intensity  and 
duration  of  the  attack.  The  mucosa  and  submucosa 
show  a  relativel}'  greater  increase  in  size  as  compared 
with  the  other  coats.  The  surface  of  the  mucosa,  from 
the  anus  to  the  colon,  is  red  or  brownish-red  in  color,  with 
ecchymotic  patches  and  covered  with  a  layer  composed 


of  necrotic  tissue,  blood,  mucus,  and  epitlielium.     The 

mucosa  is  hypertrophied,  forming  nodulated  areas  that 

give  to  the  surface  an  irregularly  corrugated  ap|iearance. 

These  ridges  are  probalily  more  marked  in  cases  of  longer 

duration  and  less  marked  when  death 

takes   place   within   the    first   week. 

The  change  is  somewhat  greater  in 

the  lower  colon  than  elsewhere. 

There  are  no  ulcers,  but  there  is  an 
irregular  superficial  erosion  of  the 
surface  of  the  mucosa,  that  gives  to 
it  a  worm-eaten  appearance. 

One  of  tlie  most  characteristic  feat- 
ui'es  of  this  form  of  dysenteiy  is  the 
extension  of  the  inflammatory  proc- 
ess into  the  ileum  foi'  a  distance  of 
from  10  to  1.5  cm.  This  condition 
does  not  exist  iu  amn'bic  dysentery 
and  is  found  in  one-third  of  the  cases. 
Fever's  patches  and  the  solitary 
glands  may  be  moderately  swollen. 

In  the  subacute  form  the  mucosa  is 
less  red,  the  solitary  follicles  are  swol- 
len, hemorrhagic,  and  of  a  dark  red 
color.  The  surface  of  the  bowel  is 
uneven,  often  mammillated,  and  the 
necrotic  layer  is  less  marked.  There 
are  superficial  erosions,  but  no  ulcers 
as  in  anKcbic  dj'senter)-,  and  less 
thickening  of  the  intestinal  \valls  than 
iu  the  acute  form. 

Pathijlogicdl  UhMogy* — The  sur- 
face of  the  mucosa  is  covered  with  a 
pseudo-membrane  composed  of  a  fine 
network  of  fibrin  enclosing  multinn- 
clear  cells  and  free  red  blood  cor- 
pu.scles,  or,  as  shown  in  Fig.  1074,  .r, 
the  mucosa  may  also  be  involved  in 
this  process  of  coagulative  necrosis 
and,  in  small  areas,  may  separate 
from  the  sulimucosa.  To  tlie  change 
in  the  submuco.sa  is  chiefly  due  the- 
great  thickening  of  the  gut.  It  is  very  redematous,  ap- 
pears in  places  almost  homogeneous,  and  shows  a  large 
cjuantity  of  fibrin.  There  is  nn  absence  of  infiltration 
with  leucocytes.  Scattered  hemorrhages  are  abundant 
and  large  lymphoid  cells  and  Uniia's  plasma  cells  ajipear 
in  great  number,  especially  in  the  neighborhood  of  the 
blood-vessels.  These  changes  may  take  place  beneath 
an  intact  mucous  membrane.  The  serous  coat  is  usually 
a'dematous,  and  the  blood-vessels  are  injected,  but  hemor- 
rhages are  uncommon.  The  bacilli  and  cocci  are  abun- 
dant in  the  necrotic  mucous  membrane  and  are  said  by 
Strong  to  be  seen  in  all  tlie  coats. 

Si/Diptnms. — The  iucubalion  period  lasts  not  over  forty- 
eight  hours.  Tile  onset  is  sudden,  with  frei]iient  stools, 
consisting  of  mucus  which  is  soon  mixed  with  blood. 
The  movements  accompanied  with  tenesmus  increase  in 
frequency,  except  toward  the  end  of  fatal  cases,  when 
they  become  less  frequent.  The  tongue  is  coated  with 
a  whitish  fur  and  there  is  excessive  thirst.  Nausea  and 
vomiting  may  occur. 

The  abd(  linen  is  not  usually  distended  and  there  may 
be  tenderness  on  deep  pressure  over  the  colon.  The 
spleen  is  not  often  enlarged. 

The  temperature  rises  to  102°  or  103',  or  even  to  104^  F. ; 
it  runs  an  irregular  course  and  rises  or  falls  Ijefore  death. 
The  pulse  ranges  from  100  in  the  early  stiiges  to  1.50  or 
more  as  the  disease  advances. 

Lobar  pneumonia,  broncho-pneumonia,  acute  bronchi- 
tis, and  fllirino-purulent  pleurisy  are  met  with. 

There  is  severe  headache,  and  delirium  may  be  present 


*  The  description  here  given  of  the  pathological  changes  in  bacillary 
dysenterj'  is  based  upon  a  study  of  specimens  brought  from  Manila 
by  Dr.  E.  R.  Hodge,  and  now  in  tlie  Army  Jlcdical  Museum,  Washing- 
ton. Bv  the  kind  permission  of  Majnr  Waller  Reed,  U.  S.  A.,  Curator- 
of  the  .Museum,  the  drawings,  ilhisii-,itins  the  text  of  this  article^ 
were  made  from  sections  of  these  spei.'imens. 
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In  ]irolougfil  ami  fatal  cases.  Tlu'  urino  is  (Iccrca.sc-d  in 
amount  and  may  contain  a  small  amount  of  albumin. 
The  liver  is  not  enlarged  or  lender  and  liver  ab.seess  is 
never  found  in  this  form.  There  may  V'C  a  moderate 
leueoeytosis. 

Tlie  iu-os;ress  and  duration  of  the  attack  are  variable. 
The  most  violent  staire  rarely  lasts  a  week.  Strong  and 
Musgrave  rejiorl  that  out  (pf  Iheir  21  acute  eases  which 
came  to  ueeroi)sy,  4  patients  died  on  the  fourth  and  4  on 
the  liftli  day  of  the  disease;  10  others  died  before  the 
fifteenth  day,  but  none  umh'r  three  days'  illness.  In  the 
<-a.ses  that  are  early  fatal  the  extent  of  llie  anatomical 
<"hanges  in  the  intestine  indicates  how  virulent  is  the 
inrtammatory  process.  It  is  remarkable  how  great  a  de- 
gree of  thi<-kening  of  tissue  can  lie  brought  about  in  so 
short  a  time.     Recovery  is  rare  in  the  more  severe  cases. 

Ill  the  cases  that  ciul  in  recovery  improvement  may  set 
in  at  the  end  of  the  lirst  week,  the  ])alient  entering  upon 
convalescence  by  the  end  of  the  second  week:  or  the  dis- 
ease lasts  in  a  subacute  form  for  months,  with  thin  and 
bloody  mucous  stools.  One  of  Strong's  i)aticnts  died  on 
the  si.xty-fourlh  day. 

When  convalescence  begins,  the  patient  is  feeble  and 
much  emaciuteil  and  improves  very  slowly. 

(.'oMPi,rc.\TiONs. — There  is  no  disea.se  which  has  a  larger 
number  of  complications  than  dysentery.  Out  of  1,537 
cases  of  diarrho'a  or  dysentery  observed  in  Egyjit  only 
40(5  were  uncom])licated :  1,131  were  ecnnplicuied  with 
other  more  or  less  severe  affections.  The  following  list 
includes  many  of  these,  which  may  occur  during  the  prog- 
ress or  as  seijuehe  of  the  disease:  catarrh  of  I  lie  stomach 
and  small  intestines,  acute  bronchitis,  pleurisy,  pletiro- 
luieumonia,  gangrene  of 
the  lung,  albumininia 
and  anuria,  a.sciles,  an- 
asiirca.  meningitis, 
thrombosis  in  the  cere- 
bral sinuses,  convul- 
sions, cerebral  embolism 
with  hemiplegia  and 
aphasia,  para|)legia,  ul- 
cer of  the  cornea,  abscess 
of  the  iiver,  other  lesions 
in  the  liver,  peritonitis, 
perityphlitis,  periproc- 
titis, perineal  fistula, 
parotitis,  erysi  pelas. 
rheumatism,  neuritis,  ar- 
thritis, and  polyarthritis. 

Perforation  and  peri- 
tonitis occurred  in  85 
out  of  ,580  cases  collected 
by  Beranger-Feraud, 

Di.\Gxosts. — The  rec- 
ognition of  acute  dys- 
entery is  not  difficult  if 
the  cliaracteristic  symp- 
toms —  tormina,  tenes- 
mus, and  mucosiincuin- 
oletit  stools — are  present. 
In  a  case  of  hemorrhoids 
blood  and  mucus  are 
passed,  but  the  hemor- 
rhoidal tumors  can  he 
seen,  and  the  discharge 

"ows  a  normal  stool; 


f( 

the  blood  too  is  thinner 
and  greater  in  <|Uantity. 
An  error  of  (liagnosis 
is  not  likely  to  occur  in 
intussusception,     al- 
though  blood   and   mu- 
cus are  passed  with  straining,  but  the  tumor  in  the  iliac 
or  hypogastric  region,  the  more  frequent  vomiting  and 
tympauites,  and  the  more  rapid  collapse  are  significant 
symptoms.    Sometimes  the  disease  proper  may  be  over- 
looked when  dysentery  appears  as  a  complication;   this 
miglit  be  the  case  in  typhoid  («■  typhus  fever. 


The  diagnosis  of  the  nature  of  the  lesion  is  based  upon 
the  general  symptoms  and  the  character  of  the  stools. 
Slight  illness  and  small  mucous  and  bloody  stools  indi- 
cate colitis  without  inliltration  and  necrosis";  but  prostra- 
tion and  serious  illness,  with  largeraiid  more  liiiui(i  stfiols, 
which  n-.ay  In-  offensive,  point  to  intiltration  of  thcdei'per 
layers  of  the  int<'stiiial  wall  and  to  destruction  of  the 
mucous  miiuliranc.  The  higher  up  the  inllammation  is, 
the  more  fliud  are  the  stools:  the  lower  down,  the  more 
mucus  and  blood  will  be  i)resent. 

In  the  future  the  iliagnosis  of  dysenteric  processes  will 
not  be  complete  until  their  nature  is  made  clear  by  the 
discovery  of  the  causative  micro-organism  in  each  case. 
This  being  known,  the  nature  of  the  lesion  and  its  prog- 
ress are  matters  of  certainty:  upon  this  knowledge  also 
the  prognosis  and  perhaps  in  time  the  treatment  will 
be  based. 

The  diagnosis  will  be  facilitated  by  the  presence  or 
absence  of  the  agglutinative  reaction  with  the  i>ure  cul- 
ture of  the  B.  dy.senteria'.  'i"he  .same  test  may  be  made 
applicable  with  other  yet  undiscovered  dysenteric  Hora. 

Piiooxosis. — The  fatality  of  dysentery  varies  very 
much  with  the  conditions  under  wliich  it  appears.  The 
milil  form  in  temperate  climates  is  a  self-limited  disease, 
tending  to  recover  s]iontaneously.  It  rarely  assumes  a 
formidable  nature  outside  the  tropics,  except  when  it  is 
ei)idemic:  but  di'Struetive  epidemics  are  much  more 
rare  than  formerly.  In  Kngland  the  reduction  in  the 
death  rate  in  dysentery  has  been  marked  sin<-e  1S,")().  In 
18.S0  the  mortality  was  si.x  hundred  and  sixtyeiirht  limes 
less  than  it  was  forty  or  tifty  years  before.  In  the  United 
Stales  the  total  death  rate  from  dysentery,  in  18.50,  was 
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Fig.  1676.— Dysentery  Due  lu  Bacillus  Dysemeria;.    Bai-llli  and  cocol  In  superllcial  necrotic  layer.      tMethy- 
lene  blue  staininc)    Enlarged  .500  times.    (Section  from  a  specimen  in  the  Army  Medical  Museum.) 

20.5.56.  orfi.'JS  per  cent,  of  the  total  mortality:  in  ISOO, 
10,468,  or  2.65  per  cent. :  in  I.><70,  7,912  or  l.Oli  per  cent. ; 
and  in  188(1,  out  of  a  total  death  rate  of  756,893,  there 
were  10,825  deaths  from  dysentery. 

The  death  rate  from  dysentery  in  Europe  is  from  six  to 
eight  percent.  (IIirsch)"of  the  number  attacked.     In  the 
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garrisons  in  Fiance  there  were  7  deatlis  in  589  cases,  or 
1.18  per  cent.  Cases  of  a  higher  degree  of  severity  last 
for  from  three  to  four  weelis,  altlioiigh  complete  recovery 
does  not  take  place  for  two  or  three  weeks  later.  In 
epidemic  dysentery  death  may  occur  in  tliree  or  four  days, 
or  at  the  end  of  the  second  week,  or  later. 

In  individual  cases  the  prognosis  depends  upon  the 
previous  state  of  health,  intercurrent  diseases,  as  scurvy, 
malaria,  etc.,  and  recent  residence  in  the  country.  Un- 
favorable S3-mptoms  are  delirium,  distress  in  the  epigas- 
trium, dyspncea,  vomiting,  lowering  of  the  body  tem- 
perature, hiccough,  cyanosis,  cold  skin  and  extremities, 
with  feeble,  rapid  pulse,  offensive  thin  or  blood}'  dis- 
charges, disappearance  of  )iain  with  involuntary  stools, 
aphthfe,  erysipelas,  gangrene  of  lung,  ulcer  of  the  cornea, 
or  suppression  of  the  urine. 

In  epidemics  in  temperate  climates,  the  mortality  varies 
from  7  to  IT)  per  cent.  From  1841  to  184(5,  in  the 
epidemics  which  prevailed  in  France,  one-tenth  of  those 
attacked  died.  In  1836,  1837,  and  1838,  25  per  cent. 
died,  and  in  1857  one  out  of  every  tive  died. 

In  tropical  epidemic  dysentery,  the  mortality  is  from 
20  to  30  per  cent.  In  Bombay  it  is  9  per  cent. ;  in 
Hong-Kong,  20  per  cent.  A  mortality  of  35  or  40  per 
cent.,  and  even  one  of  from  60  to  80  per  cent,  has  been 
reached.  In  the  ilanila  cases  previously  referred  to,  the 
mortality  was  9.4  per  cent. 

Theatmext. — The  preventive  treatment  of  dysentery 
consists  in  avoiding  all  the  known  causes,  and  in  living 
under  the  best  hygienic  influences.  Measures  should  be 
taken  looking  to  the  complete  drainage  of  moist  soil,  the 
procuring  of  jnue  drinking  water,  the  complete  disinfec- 
tion and  removal  of  all  excreta,  and  the  prevention  of 
overcrowding  and  bad  ventilation. 

In  the  treatment  of  the  attack  attention  should  be  paid 
to  ventilation  and  cleanliness,  and  to  the  hygienic  rules 
governing  the  sick-room.  With  the  earliest  symptoms 
the  patient  should  be  put  to  bed  (and  in  a  single  bed,  for 
greater  convenience).  The  beil  covering  should  be  warm, 
and  even  in  warm  weather  a  blanket  shoukl  be  used, 
with  a  view  of  preventing  chilling  of  the  surface  by 
diurnal  variations  of  temperature.  The  feet  especially 
should  be  kept  warm. 

Sponging  the  surface  of  the  body  with  cool  or  tepid 
water,  with  vinegar,  or  with  alcohol  gives  comfort  by  re- 
moving the  sens;ition  of  burning  heat  in  the  skin.  The 
anal  region  shouM  be  cai'efully  and  constantly  cleansed 
with  a  warm  disinfectant  solution,  and  anointed  with 
vaseline  or  other  ointment.  Hot  hip  baths  have  been 
used  with  advantage  in  relieving  the  tenesmus  of  dys- 
entery. Hot  poidtiees  to  the  abdomen,  or  hot  fomen- 
tations covered  with  oiled  silk,  give  some  comfort  to  the 
patient. 

The  diet  best  suited  to  dysentery  is  one  which  is  di- 
gested, as  far  as  possible,  in  the  stomach,  and  which  has 
but  little  waste:  therefore  concentrated  broths,  or  milk, 
should  be  given  in  small  quantities  at  intervals  of  two 
hours.  Milk  ma_y  be  given  pure  or  diluted  with  Vichy 
water,  lime  water,  barley  water,  or  rice  water.  In  the 
earlier  stages  of  severer  cases  with  high  fever,  milk 
should  be  given  in  very  small  quantities,  from  one  to  four 
drachms,  every  half -hour  or  hour. 

To  relieve  thirst,  mucilaginous  drinks,  as  gum-arabic 
water,  flaxseed  tea,  the  white  of  egg  drink,  are  advisable. 
Orange  or  grape  juice  is  not  objectionable,  and  iu  cases 
of  scorbutic  taint  fruit  juice,  or  even  fresh  fruit,  is 
positively  curative. 

Alcohol  is  called  for  in  many  cases  to  sustain  the  feeble 
jjulse. 

Diet  alone,  or  combined  with  rest,  will,  in  many  cases 
of  dysentery,  bring  about  a  cure  in  a  few  days.  In 
severer  cases,  although  we  have  no  si.iecific.  yet  drugs 
are  of  service  in  relieving  pain  and  in  shortening  the 
attack. 

Laxative*. — The  laxative  method  appears  so  rational 
that  it  has  gained  a  firm  foothold  in  popular  favor ;  it  is 
only  liable  to  lose  ground  by  being  supported  as  a 
"method"  and  not  as  an  aid  to  a  combined  effort  to  dis- 


infect the  intestinal  canal  by  removing  contents  that 
irritate  mechanically  and  through  chemical  decompo- 
sition. 

If  the  case  is  seen  early  and  if  the  stools  are  small, 
consisting  of  blood  and  mucus,  the  treatment  can  well 
be  begun  by  a  saline  laxative,  as  ma.gnesinm  sulphate, 
sodium  suljihate,  potassium  and  sodium  tartrate,  or  by 
castor  oil,  the  dose  to  be  repeated  until  a  distinct  effect 
is  produced.  In  certain  cases,  especially  in  children, 
calomel  acts  very  well  and  is  to  be  preferred.  The  pres- 
ence of  hard  fwcal  matter  in  the  stools  and  the  occurrence 
of  watery  f;ecal  movements  are  evidences  that  the  laxa- 
tive has  acted  sufficiently. 

As  purgation  increases  peristaltic  movement  and  irri- 
tates the  uuieous  surface,  it  must,  to  a  certain  extent,  be 
harmful  in  all  cases,  and  is  not  to  be  advised  if  the  stools- 
are  copious  and  fluid  or  if  there  is  nuich  preliminary 
diarrhcea.  The  question  of  repeating  the  purgative  re- 
quires some  judgment,  and  it  is  here  that  the  belief  in 
purgatives  as  a  "method"  may  do  much  harm.  At  the 
end  of  a  week  or  later  a  saline  laxative  should  be  given 
if.  with  sulisidence  of  the  inflammation,  there  are  no- 
natural  faH'al  movements. 

Opium. — The  ]iain  and  the  frequent  stools  suggest  the 
frequent  use  of  opium,  and  in  moderate  doses  this  drug 
is  of  service ;  the  objections  to  it  are  the  danger  of  arrest- 
ing peristalsis  eomiiletely  and  causing  an  accumulation 
in  the  bowel  of  matters  that  are  much  belter  expelled. 
It  is  in  cases  with  large,  liquid,  putrid  stools  that  opiates 
do  positive  harm  by  arresting  the  discharges.  The  in- 
dications for  opium  are  intense  abdominal  ]iain,  sleepless- 
ness from  pain,  or  very  frequent  stools.  Dover's  iiowder, 
deodorized  tincture  of  opium,  and  morphine  hypodcr- 
mically,  are  the  best  forms  of  administration.  For  many 
reasons  the  last  is  to  be  preferred,  the  doses  being  suffi- 
cient to  subdue  great  suffering  and  to  keep  the  nervous 
system  in  comparative  repose.  But  any  effect  approach- 
ing narcotism  should  be  most  carefully  avoided  by  giv- 
ing small  doses  at  first  and  at  .safe  intervals  afterward. 

There  is  very  little  to  be  said  in  ajiproliation  of  any 
other  medicine  given  by  the  mouth.  The  treatment  by 
ipecacuanha  retains  its  place  in  the  books,  but  the  Anglo- 
Indian  method  with  large  doses  has  never  had  a  firm  place- 
in  the  practice  of  this  country,  and  even  its  warmest  sup- 
porters seem  to  be  losing  confidence  in  its  value.  Small 
doses  of  the  drug  are  spoken  of  favorably,  but  there  is 
no  reason  to  think  that  they  have  any  curative  effect. 
The  same  may  be  said  of  the  numerous  di'ugs  suggested 
from  time  to  time.  Astringents  are  without  effect,  and 
are  harmful  because  they  derange  digestion.  Bismuth  in 
large  doses  ma_y  prove  of  use,  and  in  any  event  does  no 
harm. 

Antiseptics  given  by  the  mouth,  although  not  so  cfH- 
cacious  as  when  injected  into  the  lower  bowel,  may  be 
emplo\'ed  to  supplement  their  more  direct  action. 

The  value  of  calomel  in  the  treatment  of  dysentery  no- 
doubt  resides  in  its  antiseptic  properties,  and  the  time- 
honored  combination  with  Dover's  powder  has  some 
rational  support;  but  to  be  of  anj' service  the  drug  should 
be  given  in  small  doses  and  kept  up.  in  this  comliination, 
for  several  da_ys.  Corrosive  sublimate  in  small  doses, 
from  gr.  j\^  to  gr.  5'^  (0.00054-0.0011)  every  hour,  is  em- 
ployed with  the  same  object  in  view. 

Other  intestinal  antiseptics  can  be  much  more  readily 
and  thoroughly  used  by  injection  and  irrigation. 

Tnntiiient  hi/  Suppositories  itiul  liy  Ucctol  and  Colon  In- 
jection and  Irrigation. — The  u.se  of  suppositories  contain- 
ing opiates  and  astringents,  although  at  one  time  a  com- 
mon practice,  is  much  less  in  favor  than  formerly.  It  is- 
not  desirable  to  limit  to  too  ,great  an  extent  the  tendency 
of  the  rectum  to  expel  its  contents.  The  disease  cannot 
be  cured  by  putting  a  stop  to  dysenteric  discharges,  and 
therefore  supiiositories  used  for  this  jnirpose  are  not  to 
be  recommended.  After  the  action  of  a  purgative  an 
opiate  suppository  may  arrest  too  free  purgation  and  keep 
the  Ijowel  at  rest  with  benefit;  after  irrigation,  also,  ad- 
vantages may,  upon  the  same  principle,  follow  the  intro- 
duction of  a  suppository,  but  the  doses  of  opium  should 
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iicvfr  111"  liiri^c  In  iit tempting  to  control  tenesmus  the 
li-inptatiou  is  friviuently  to  give  loo  liirgc  doses,  wliich 
iiiiluce  naieolisin  and  nliieli  involve  danger. 

These  same  roles  hold  against  followhig  the  once 
licipular  method  (if  using  injections  of  starch  water  and 
l.iiidaiium,  uiiieh  may  lie  of  servi.-e  with  the  limitations 
just  mentioned,  hut  as  a  routine  treatment  the  plan  isuot 
to  be  advised. 

The  injection  into  tlie  bowels  of  large  quantities  of 
warm  or  cold  water  has  many  advocates.  The  sedative 
elTect  of  water  of  a  high  or  low  temperature  ujion  an  in- 
tlamcd  mucous  niemliraue  is  of  undcnibted  .service  in 
dysentery.  The  only  objection  is  to  be  found  in  the 
ilangir  of  overdistending  the  inllamed  gut.  Irrigation, 
liy  cleansing  the  ulcerated  surfaces,  washing  away  the 
decomposing  contents  of  tlie  bowel,  and  destroying  bac- 
terial life,  gives  promise  of  aecomidisliing  a  great  deal 
more  than  wouUl  the  mere  injection  of  fluids  into  the 
liowel. 

Cool  or  hot  water  may  be  used  for  irrigation,  but  if  an 
antiseptic  agent  be  added  to  the  water  there  is  an  addi- 
tional benelit. 

Aiilixijilir  Irn'f/ritioii  may  be  practised  with  solutions 
of  mercuric  chloriile  1  to  .),0U(),  (|ninini'  1  to  ."i.OOO  or  i  to 
2,001),  s;ilieylie  acid,  tannin,  thymol,  carbolic  acid,  snlpho- 
carbolateof  zinc,  boraeic  acid.  etc.  The  use  of  bichloride 
solution  nuist  always  be  attended  w  itii  a  certain  amount 
of  danger,  and  precautious  should  be  taken  to  secure  a 
frei'  exit. 

Irrigation  can  be  pnietised  in  tlie  rectum  or  colon:  in 
cither  case  a  soft  rubber  tube  is  passiil  into  the  rectum 
or  is  gently  and  gradually  forced  tipward  through  the 
sigmoid  fle.xure.  This  is  by  no  means  an  easy  task,  as 
the  instrument  so  readily  turns  on  itself;  an  occasional 
examination  ought  to  be  made  with  tlie  finger  to  see  if 
tills  has  liappeiicd.  Experiments  on  the  cadaver  show 
that  the  smaller-sized  rectal  and  colon  tubes  do  not  make 
their  way  as  readily  as  those  of  larger  size.  The  habit 
of  injecting  water,  as  the  tube  progresses,  favors  twist- 
ing: progression  is  more  easily  made  if  the  bowel  is 
empty,  as  llie  mucus-covered  wall  guides  the  instrument 
in  the  proper  direction.  In  many  cases  the  colon  cannot 
be  reached,  and  there  is  danger  of  perforating  the  ulcer- 
ated bowel  if  the  efforts  are  continued  for  too  long  a  time. 
One  must  be  content,  therefore,  to  pass  the  tube  into  the 
sigmoid.  The  fluid  is  then  allowed  to  flow  in  from  a 
fountain  syringe,  oris  thrown  in  by  a  Daviiison;  when 
from  si.x  to  eight  ounci's  have  entered,  the  flind  is  al- 
lowed to  escape  through  the  same  tube.  This  process  is 
repeated  \intil  a  quart  or  more  has  been  used,  or  until  the 
water  escapes  perfectly  clear.  If  the  patient  is  in  the 
dorsjil  position  or  on  the  left  side,  with  the  hips  raised, 
gravity  favors  the  entrance  of  the  fluid.  In  most  cases, 
and  especially  in  bad  eases,  with  putrescent  fluid  dis- 
charges, it  is  safer  never  to  attempt  to  push  the  instru- 
ment beyond  the  rectum. 

The  fre<iucncy  of  the  irrigation  should  vary  with  the 
number  and  character  of  the  stools.  Large,  frequent, 
putrid  stools  call  for  more  frequent  cleansing  of  the 
bowel.  If  the  discharges  consist  of  small  masses  of  blood- 
stained mucus  there  is  less  need  of  frequent  irrigation 
and  less  benefit  is  likely  to  come  from  it.  As  a  rule  the 
benefit  depends  more  upon  the  frequency  of  the  tieat- 
nient  than  upon  the  properties  of  the  antiseptic  em- 
ployed.    (See  also  article  on  Eiiteroclt/xir'\) 

Symptomatic  treatment  is  required  for  sleeplessness, 
tormina,  and  tenesmus,  and  morpliine,  to  he  administered 
hypodermically.  is  the  most  s:itisfactory  remedy.  Small 
doses  (gr,  j\  to  i)  only  are  safe  and  these  can  be  repeated 
at  intervals  of  from  two  to  three  hours  until  some  eiTect 
is  noticed,  but  great  care  should  be  taken  to  avoid  nar- 
cotism, to  which  dysenteric  iialicnts  arc  liable. 

The  strength  of  the  heart  can  be  sustained  by  strychnine 
and  by  nitroglycerin,  when  called  for  in  emergencies. 

Toward  the  end  of  the  attack  solids  are  harmful  when 
given  too  early.  These  should  be  deferred  until  the 
stools  have  been  normal  for  some  days.  Rest  during 
convalescence  favors  a  more  rapid  return  of  strengtli. 


Great  care  to  avoid  exertion  and  imprudent  eating  dur- 
ing the  convalescence  from  an  acute  dysentery,  is  the  best 
way  to  prevent  the  establishment  of  the  chronic  forms. 
If  there  are  evidences  of  the  existence  of  unhealed  ulcers 
patients  should  be  kept  at  rest,  on  a  simple  diet.  f<ir  a  pro- 
longed period.  Colon  irrigation  with  antiseptic  solutions 
or  with  a  solution  of  silver  nitrate,  five  grains  to  the  pint. 
is  the  most  rational  method  of  treatment.  Sometimes  a 
change  of  climate  is  of  use. 

The  treatment  of  the  acute  and  chronic  forms  of  amip- 
bic  dysentery  is  not  invariably  .s;itisfactory  and  oilvn 
docs  not  appear  to  have  much  influence  ujion  the  course 
of  the  disease.  The  Jiatieiit  should  be  kept  in  bed  upon 
a  restricted  diet  even  in  the  absence  of  severe  symptoms. 
Warm  rectal  irrigations  with  a  1  to  ."i.OOd  sobilion  of  qui- 
nine, which,  as  shown  by  Liisch,  readily  destroys  ama'b;e 
outside  of  the  body,  should  hr,  given  two  or  three  times 
a  day,  and  the  patient  should  attempt  to  retain  the  fluid 
for  ten  or  fifteen  minutes.  The  strength  of  the  .solution 
should  be  gradually  increased  to  1  to  300.  The  corrosive 
sublimate  solution  or  a  solution  of  nitrate  of  silver,  thirty 
grains  to  the  quart,  may  be  substituted,  lint  neither  cif 
these  is  .so  ellicient  as  the  (luinine,  which  being  absorbed 
by  the  tissues  undoubtedly  destroys  the  amoebie  embedded 
in  the  deeper  layers  of  the  intestine. 

An  antitoxin  prepared  with  Shiga's  bacillus  by  Kita- 
sato  in  Tokyo  is  being  extensively  used  in  Japan  for  the 
cure  of  haeillary  dy.senlerv.  No  statistics  are  as  yet  ob- 
tainable, but  it  is  ciaiined  that  the  results  are  secoiid  only 
to  those  of  the  antitoxin  treatment  of  diphtheria. 

William  ]V.  Johnston. 

DYSIDROSIS.     See  Pomplwlyx. 

DYSMENORRHCEA.— The  teriu  dysmenorrluea   (fron» 

till-  iiisrparalilr  jKUticle  cJif.  with  difliculty.  iii/v,  a  month, 
and  inui,  I  flow)  is  used  in  its  strict  etymological  sense, 
that  of  painful  menstruation:  but  it  should  be  applietl 
only  to  menstruation  accom|)anie<i  liy  severe  jjain,  as  dis- 
tinguished from  the  moderate  aching  usually  attendant 
upon  the  function.  Dysmenorrha>a  is  commonly  consid- 
ered to  be  only  a  symptom,  and  not  a  disease,  and  that 
view  is  doubtless  true  of  the  generality  of  cases;  but  in 
many  instances  no  structural  pathological  condition  can 
be  discovered  to  account  for  it,  and  it  may  then  be  looked 
upon  as  a  neurosis,  or  perhaps  as  an  expression  of  the 
rheumatic  diathesis. 

Almo.st  all  sytematic  writers  divide  dysmenorrhoca  into 
several  varieties,  founding  their  division  upon  what  they 
conceive  to  be  its  varying  pathology  ;  but  a  few  authors 
will  have  it  that  the  affection  is  necessarily  due  to  ob- 
struction to  the  escape  of  blood  from  the  uterus.  Those 
who  admit  a  number  of  forms  of  dysmenorrhoea  follow 
a  nomenclature  intended  to  express  various  pathological 
states,  such  as  the  neuralgic,  the  spasmodic,  the  conges- 
tive, the  inflammatory,  the  membranous,  the  obstructive, 
etc. ;  while  others  cmiiloy  names  designed  to  indicate  the- 
seat  of  the  fundamental  morbid  condition,  such  as  consti- 
tutional, ovarian,  uterine,  etc.  Both  classes  of  writers- 
enumerate  the  signs  and  symptoms  by  which,  as  they 
maintain,  the  particular  forms  of  the  disease  may  be  diag- 
nosticated. Practically,  these  diagnostic  points  are  not 
much  to  be  relied  upon,  and  we  can  only  s;iy  with  cer- 
tainty: 1.  That  women  who.  so  far  as  we  can  discover, 
are  in  perfect  health  in  other  respecls.  both  constitution- 
ally and  locally.  sulTer  from  dysmenorriuTa :  although  it 
must  be  admitted  that  the  great  majority  of  sulTerers 
show  evidence  of  a  depraved  constitutional  state.  2. 
That  women  of  every  sort  of  systemic  ill  health  escape 
this  ailment,  '.i.  That  the  affection  is  found  as.sociated 
with  every  abnormity  of  the  sexual  apparatus.  4.  That, 
except  |)ositive  occlusion  of  the  uterine  canal,  there  is  no 
condition  of  the  parts  concerned  that  invariably  gives 
rise  to  it.  It  will  be  seen  from  all  this  that  the  relations 
between  dysnienorrliiea  and  its  causes  are  very  diverse 
and  but  imperfectly  underetood.  that  no  single  theory  of 
its  caus:iti(m  will  apply  in  all  ca.ses.  and  that  no  one  of 
the  nosological  systems  covers  the  ground  satisfactorily 
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from  a  clinical  poiut  of  view.  Nevertheless,  it  is  con- 
venient to  treat  of  tbe  affection  under  some  of  the  various 
forms  that  have  been  assigned  to  ii.  whether  from  path- 
ological or  from  anatomical  considerations. 

Obstiuctive  Dysmekoiu!HCE.\. — Olistructive.  or  me- 
chanical, dysmenorrhoea  is  that  form  which  is  supposed 
to  depend  upon  an  obstruction  to  the  escape  of  the  men- 
strual blood  from  the  genital  passages,  either  from  the 
oviduct,  or  from  the  uterus,  or  from  the  vagina.  Practi- 
call}',  we  may  almost  restrict  it  to  some  impediment  to 
the  escape  of  the  blood  from  the  uterus — either  an  actual 
stenosis  of  the  uterine  canal,  a  sharp  flexure  of  the  organ, 
or  the  valve-like  action  of  a  polypus,  a  clot,  or  an  exfoli- 
ated membrane.  Some  years  since  it  was  generalh'  held 
that  mechanical  olistruction  was  almost,  if  not  quite,  the 
sole  cause  of  dysmenorrhea;  now,  however,  the  pre- 
vailing opinion  is  that  it  is  only  one  of  a  number  of  con- 
ditions that  maj'  give  rise  to  painfid  menstruation,  and 
some  authors  go  so  far  as  almost  to  deny  the  possibility 
of  stenosis  causing  dysmenorrha?a.  Each  of  the  extreme 
views  mentioned  is  untenable ;  undoubtedly  there  is  such 
a  thing  as  obstructive  dysnienorrha'a,  but  it  is  the  excep- 
tion rather  than  the  rule. 

The  diagnosisof  obstructive  dysmenorrho-a  should  not 
be  made  from  the  rational  symj)toms,  however  ]ilausil)le 
it  may  sound  to  .say  that,  in  a  given  case,  the  pain  is 
paroxysmal,  each  paroxysm  being  followed  by  an  escajie 
of  blood,  liquid  or  clotted,  and  that  therefore  the  reten- 
tion of  that  blood  in  the  uterus  was  what  caused  the 
pain.  The  blood  may  simply  have  been  retained  in  the 
vagina,  and  cast  out  as  the  tinal  step  of  a  spasmodic  ex- 
acerbation; moreover,  many  sorts  of  pain  are  paroxys- 
mal quite  irrespective  of  their  cause.  Excepting  the 
temporary  obstruction  that  may  result  from  spasmodic 
or  congestive  narrowing  of  the  uterine  canal,  wc  should 
diagnosticate  uterine  stenosis  only  after  a  physical  de- 
monstration of  its  presence.  If  the  condition  known  as 
"pinhole  os"  is  observed:  if  a  small  probe  cannot  be 
passed  into  the  cavity  of  the  body  of  the  uterus,  or  can 
be  so  passed  only  with  great  diiheidty  (esiiecially  with 
the  patient  amcstiictized);  if  a  sharp  flexure  of  the  uterus 
is  detected;  or  if  an  intra-uterine  growth  is  found  so  sit- 
uated as  readily  to  occlude  the  canal,  we  may  reasonably 
conclude,  in  the  absence  of  an)'  other  iliscoverable  cause, 
that  the  pain  is  due  to  obstruction.  It  will  not  do  to 
infer  positively  from  the  good  resultsof  ineehanieal  treat- 
ment that  the  troid.>le  was  caused  by  obstruction,  for  we 
know  too  little  of  the  collateral  elfects  of  such  treatment 
to  limit  its  action  to  so  narrow  a  Held. 

The  treatment  of  obstructive  dysmenorrha>a  is  directed, 
of  coiu'sc,  toward  o\-ereoming  the  obstruction.  The  treat- 
ment of  flexures  and  polypi  of  the  uterus  will  be  found 
in  the  sections  of  this  work  which  are  devoted  to  those 
affections,  and  we  have  here  to  deal  only  with  the  uterine 
canal.  The  procedures  that  have  been  practised  for  the 
relief  of  uterine  stenosis  include  dilatation,  divulsion 
(the  so-called  rapid  or  "liloody"  dilatation),  and  various 
cutting  operations.  Dilatation  by  means  of  expanding 
tents  is  generally  regarded  as  too  temporary  in  its  effects 
to  be  considered  cimitive,  and  too  dangerous  to  be  re- 
sorted to  repeatedly  as  a  palliative.  The  tupelo  tent, 
however,  is  less  objectionable  on  the  latter  score  than  the 
sponge  tent,  and  the  tvibular  tupelo  tent,  as  recommended 
by  Dr.  Sussdorf,  of  New  Yoi'k,  is  perhaps  to  be  regarded 
as  reasonably  free  from  danger  as  a  palliative.  Dilata- 
tion by  means  of  graduated  metallic  or  hard-rul)ber 
sounds  is  safer  than  the  use  of  tents,  and  some  authors 
report  excellent  results  fi-om  their  use.  A  certain  amoimt 
of  force  is  allowable  in  the  passage  of  these  sounds, 
cotinter-pressure  being  made  upon  the  uteriis  through 
the  abdominal  wall  or  (less  to  be  recommended')  traction 
upon  the  cervix  with  a  tenaculum.  Still  greater  success 
has  been  stated  to  have  been  achieved  with  divulsion,  es- 
pecially by  the  late  Dr.  Goodell,  of  Philadelphia,  whose 
experience  with  the  method  was  very  great.  Dr.  Goodell 
preferred  an  instrument  so  constructed  that  the  blades 
remained  parallel  when  they  were  separated,  and  had 
transverse  grooves  on  the  outer  surface  of  each  blade,  to 


prevent  the  instrument  from  slipping  out  during  the 
operation. 

In  regard  to  cutting  operations  in  cases  of  stenosis  at 
the  OS  externum,  a  simple  bilateral  nicking  is  .siitiieient, 
and  this  is  a  proced\u-e  much  ]iractised  by  some  gynecol- 
ogists, who  hold  tlial  the  stricture  is  generally  "at  that 
situation.  Otherspret'er  discission  (bilateral  incision)  of 
the  whole  length  of  the  cervical  canal,  which  they  ac- 
complish by  means  of  special  instruments — metrotomes, 
or  hysterotomes — consisting  cither  of  a  forceps-like 
mechanism,  the  blades,  furnished  with  an  outer  cutting 
edge,  being  introduced  closed  and  withdrawn  expanded, 
or  of  a  stem  upon  which  a  blade  is  slid  into  the  canal. 
Many  operators  insert  a  glass  or  hard-rubber  jjhig  after 
the  incision  has  been  made,  to  maintain  the  calibre  of  the 
canal.  In  cases  of  flexion,  especially  anteflexion,  some 
practitioners  ]irefer  the  more  radical  operation  devised  by 
the  late  Dr.  Clarion  Sims,  for  a  dcscriiition  of  which  the 
reader  is  referred  to  the  heading  Uterus,  Diseases  uf. 

Inasmuch  as  cases  of  obstructive  dysmenorrhoea  con- 
stitute the  minority,  the  successful  treatment  of  the  af- 
fection covers  a  far  wider  range  than  that  of  overcoming 
mechanical  impediments,  and  even  in  cases  that  appear 
to  be  mechanical,  palliative  treatment  is  sometimes  all 
that  the  patient  will  sul)mit  to.  The  flr.st  indication  is 
to  remedy  any  defect  of  tlie  general  health  so  far  as  pos- 
sible. The  subjects  of  dysmenorrhoea  are  apt  to  be  anae- 
mic, and  the  sensitiveness  of  their  nervous  system  is 
commonly  excessive.  Careful  attention  to  hygiene  and 
the  use  of  such  nutritive  tonics  as  cod-liver  oil,  iron 
(preferably  in  conjunction  with  an  alkali,  as  in  Bland's 
pills),  and  esiiecially  av.senic,  ai'e  among  the  measures  on 
which  the  chief  reliance  is  to  be  placed.  "What  is  known 
as  "general  faradi7.ati<m "  is  a  valuable  adjunct.  Any 
abnormal  condition  of  the  generative  organs  that  can  lie 
discovered  shoidd  be  made  the  subject  of  treatment ; 
those  that  most  frecpiently  give  rise  to  dysmenorrlifca 
being  the  remains  of  inflammatory  exudates  which  crip- 
ple the  uterus  by  preventing  its  physiological  increase  in 
volume  during  menstruation,  interfere  with  the  ready 
return  of  blood  from  it,  or  draw  it  into  some  muiatural 
posture  or  eonflguration.  It  is  not  rare  for  a  prolajised 
and  tender  ovary  to  be  foimd  as  the  accompaniment  of 
dysmenorrho-a.  The  management  of  the  various  abnor- 
mities that  maj'  give  rise  to  the  aft'ection  will  be  found 
treated  of  in  other  sections  of  this  work. 

Jlembranous  ilysmenorrluea  is  a  variety  »»j  yeneris. 
Its  pathology  is  not  well  understood.  In  this  form  the 
superficial  part  of  the  endometrium  is  cast  off  more  or 
less  entire  at  each  menstruation,  constituting  the  so-called 
ileeidua  meiistrniilis,  instead  of  tuulergoing  the  natural 
process  of  molecular  disintegration.  The  causes  of  this 
phenomeniui  are  wholly  uid<nown.  and  the  explanation 
of  its  relation  to  the  pain  is  made  doubly  difficult  by  the 
fact  that  this  exfoliation  en  masse  is  not  always  painfid. 
Membranous  dysmcuorrlicea  is  a  particularly  rebellious 
form  of  the  disease,  and  se\'ere  measures  have  often  been 
resorted  to  unsuccessfully  for  its  relief.  Success  has  been 
attained  by  the  application  of  strong  nitric  acid  to  the 
endometrium,  and  it  has  also  followed  the  use  of  a  great 
number  of  other  applications.  The  late  Dr.  Skene,  of 
Brooklyn,  acquainted  the  profession  with  his  very  en- 
coiu'aging  results  from  applications  of  iodoform,  which  he 
credits  the  late  Dr.  Fordyce  Barker  with  having  been  the 
first  to  use  in  this  country. 

As  regards  the  palliative  treatment  of  dysmeuori'lioea, 
a  cardinal  ]ioint  should  be  to  avoid  the  use  of  narcotics, 
except  on  occasions  of  special  urgency,  in  order  that  the 
patient  may  not  acquire  the  habit  of  resorting  to  them. 
If  possible,  the  sufferer  should  maintain  the  recumbent 
posture,  or  at  least  abstain  from  active  bodily  move- 
ments, for  three  or  foiu'  days  before  the  flow  begins,  and 
during  its  continuance.  During  this  period,  especially 
if  tlie  flow  is  excessive  in  amount,  or  if  there  arc  signs  of 
undue  pelvic  congestion,  a  hot-water  bag  or  flannels 
wrung  out  of  hot  water  shoidd  be  applied  over  the  junc- 
tion of  the  dorsal  and  the  lumbar  iiortions  of  the  verte- 
bral column  four  or  five  times  a  da}-,  for  ten  or  tifteen 
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minutes  at  a  time.  The  use  of  hot  aronmlic  drinks  is  a 
])opiil;ir  ronuMiy.  and  one  tliat  is  not  by  any  means  to  lie 
despised  ;  liut  the  resort  to  _s;in.  wliieh  is  far  too  ((ininioii. 
should  be  diseouutenaneed.  Some  sueli  preparation  as 
tlie  iiarsk'V  water  of  tlie  Germans  may  t)e  siilistituted. 
Local  ano(lynes are  best  administered  in  the  form  of  rectal 
suppositories.  A  suppository  eoutninini;  live  grains  of 
iodoform,  with  or  witliout  a  sixth  of  a  jrrain  of  extract 
of  belladonna,  is  very  etticient;  opium  should  be  used 
only  in  case  of  actual  necessity.  .Many  druirs  prove  of 
service  when  iriven  by  the  mouth,  bul  they  are  apt  to 
lose  tlieir  etticieiicy  after  a  few  periods,  and  this  is  a 
strong  argument  in  favor  of  the  neurotic  nature  of  the 
art'ection  in  many  instances.  <  >ne  of  the  most  trustworthy 
is  the  Vihiirimm  uinilus.  in  the  form  of  live  grains  of  the 
abstract  every  three  hours,  during  tlie  jiainful  part  of 
the  period.  The  passage  of  the  faradie  current  tlirougli 
the  pelvis  two  or  three  times  a  week,  during  the  inter- 
menstriial  period,  is  often  of  service.  Apiol.  a  ]>repara- 
tion  made  from  iiarsley,  has  been  used  by  many  practi- 
tioners with  success.  It  is  commoidy  given  in  the  form 
of  capsules.  Potassium  permanganate  was  extensively 
u.sed  a  few  years  ago.  but  is  not  now  often  resorted  to. 
Several  of  the  synthetical  anodynes  are  valuable  in  the 
palliative  treatment  of  dysiuenorrhiea.  especially  anti- 
pyrin.  Recent  reports  make  it  probable  that  "stypti- 
<in "  (cotaridne  hyilrochloride)  is  the  most  etiicieiit  of 
Ihem  all.  Two-fifths  of  a  grain,  in  a  gelatin  capsule, 
may  be  given  four  or  live  times  a  day  for  live  days  pre- 
ceding the  flow,  and  double  that  dose,  repeated  at  like 
interva'.s.  duriug  the  first  few  days  of  the  flow. 

Frank  P.  Foster. 

DYSPEPSIA.     See  Stomach,  Dimiwv  of. 

DYSPHAGIA  (('fc-^aju).— Difficulty  in  swallowing,  or 
in  deglutition. 

Any  imiiairment  of  the  normal  process  of  deglutition 
may  give  rise  to  dysphagia.  Such  impairineut  may  be 
orgjinic,  and  due  either  to  structural  lesion  or  to  surgical 
<ieran,gement.  or  it  may  be  functional,  from  direct  or  re- 
liex  neurosis.  The  organic  derangements  which  most 
frequently  cause  dysphagia  are:  acute  intlammatory. 
tid.)erculous.  cancerous,  syphilitic,  and  diphtheritic  affee- 
lions  of  the  mouth,  phaiynx,  ton.sils.  larynx,  and  oesoph- 
agus; affections  of  the  salivary  glands,  and  retropharyn- 
geal abscess.  In  diseases  of  the  spleen,  dysphagia  nniy 
arise  from  secondary  lymphatic  hyi^erplasia  of  the  ton- 
sils and  the  follicles  of  the  pharyngeal  mucous  mem- 
brane. 

In  pressure  diverticula  or  sacciform  dilatations  of  the 
wsophagus.  also,  this  symptom  is  present.  Again,  it 
may  be  caused  by  direct  pressure  of  a  thoracic  aneurism 
upon  the  oesophagus,  or  by  that  of  a  malignant  new 
growth  located  in  the  pleura  or  in  the  posterior  medias- 
tinum. 

The  surgical  causative  conditions  are  operations  upon, 
and  injuries  of.  the  mouth,  tongue,  superior  and  inferior 
maxillary  bones,  soft  and  hard  palate  and  uvula,  tonsils, 
jiharynx,  larynx,  and  oesophagus.  The  neurotic  condi- 
tions most  commonly  met  with  are :  spasm  of  the  pharyn- 
.•real  constrictors,  paral.vsis  of  the  velum  palati  or  of  the 
pharynx  from  some  cerebral  lesiou  or  as  a  sequel  of  diph- 
theria, general  jiaralysis  of  the  insiine.  progressive  nuis- 
cular atrophy,  glosso-laryngeal  paralysis,  hysterical  atfec- 
tions,  and,  finally,  in  rare  cases,  a  pharyngeal  neurosis  of 
apparently  reflex  origin.  As  instances  of  the  latter  char- 
acter may  be  mentioned  those  cases  in  which  the  spasm 
occurs  in  angina  pectoris  (due  probably  to  the  numerous 
connections  between  the  sympathetic  and  the  vagus),  or 
in  pericarditis,  not  only  when  the  exudation  is  large 
enough  to  cause  direct  pressure  upon  the  oesophagus,  but 
also  when  there  is  only  a  small  amount  of  exudation 
liri'sent. 

The  disastrous  effects  of  dysphagia  will  be  proportion- 
ate to  the  severity  and  duration  of  the  cause,  \yhile  the 
latter  must,  of  course,  largely  determine  the  plan  of 
treatment  to  be  adopted  in  a  given  case,  there  are,  never- 
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theless,  certain  facts  which  must  be  borne  in  mind  wlien 

an  attemiit  is  made  to  formulate  the  measures  that  shouhl 
be  adopicil.  Thus,  fur  cxanqilc,  it  iiiusi  be  remembered 
that  in  conditions  which  arc  attended  with  dysphagia,  the 
act  of  deglutition  will  produce  pain,  either  local  or  reflex, 
or  mechanical  orchemical  in.jury  to  parts  already  iiitl.-iined 
or  idcerated,  or  both.  These,  and  especially  the  lirst,  not 
only  by  interfering  with  the  ingestion  of  food,  but  also  by 
the  depressing  elTect  upon  the  nervous  system  of  frequent- 
ly recurring  jiain,  may  resvdt  in  im])airment  of  nutrition. 
The  general  indications  to  be  met  would  be.  therefore, 
the  securing  of  rest  to  the  parts,  and  the  avoidance  of 
causes  which  excite  pain;  protection  of  the  parts  from 
mechanical  or  chemical  injury;  and  the  maintenance  of 
nutrition. 

It  is  obvious  that  the  above  ends  must  be  met  by  the 
administration  of  highly  initritious  food,  reduced  to  so 
small  a  compass  and  rendered  so  unirritating  that  it  can 
be  ingested  wiili  the  le;ist  iliscomfort  and  with  the  fewest 
acts  of  deglutition.  Thus,  in  tubercidous  or  cancerous 
alTcctions  the  iialient.  unable  to  manage  either  solids  or 
liquids,  will  often  swalloAV  with  success  an  unbeaten  raw 
e.gg,  a  small  luiseasoned  raw  oyster,  lumps  of  rennet  cus- 
tard, orsome  stieh  semi-Huid  and  yet  coherent  bohis.  The 
local  pain  may  be  temporarily  relieved  in  many  instances 
by  the  application  of  morphine,  cocaine,  eucaine,  ortho- 
form,  or.  in  some  cases,  of  menthol. 

These  means  are.  Iniwever.  in  a  large  majority  of  in- 
stances inadequate  to  fulfil  the  necessary  conditions  of 
rest,  avoidance  of  pain,  and  of  injury  to  the  parts,  and 
are,  moreover,  totally  insutlicient  for  the  proper  nutrition 
of  the  patient.  In  many  chronic  cases  pain  and  local  irri- 
tation undergo  a  steady  augnRentation.  and,  in  the  unequal 
struggle  for  life,  enough  food  not  being  taken  at  any  one 
time  to  supply  the  demands  of  nalure,  the  patient  surely 
and  steadily  loses  ground.  In  acute  affections  of  the 
throat  all  nourishment  will  .sometimes  he  declined  imlil 
the  severity  of  the  attack  has  subsided,  thus  adding  to 
the  enfeebiemeut  caused  by  the  disease  itself,  and  pro- 
tracting the  period  of  convalescence;  while  in  the  surgi- 
cal conditions  aliove  referred  to  the  evils  of  dysphagia 
are  sufficiently  evident. 

Since  the  act  of  deglutition  is  the  immediate  cause  of 
dysphagia,  the  most  rational  means  for  relieving  the  dy.s- 
phagia  would  be.  obviously,  to  remove  the  cause;  in 
other  words,  to  abolish  the  act  of  deglutition.  This  may 
be  accomplished  in  the  following  ways; 

1.  When  there  exist  both  dysphagia  and  inability  on 
the  part  of  the  stomach  to  retain  food,  an  invaluable  re- 
source lies  in  rectal  alimentation,  the  utility  of  which 
has  been  so  well  established  that  it  is  only  necessary,  in 
the  present  connection,  to  call  attention  to  the  importance 
of  its  adoption  early  in  the  historj'of  the  case,  and  before 
the  strength  of  the  patient  has  been  reduced  by  want  of 
food. 

3.  When,  on  the  other  hand,  the  condition  of  the  stom- 
ach is  good.  then. granting  the  desirability  of  alimentation 
by  way  of  the  natural  passages,  the  indication  is  clearly  to 
remove  the  obstacle  to  deglutition  or  to  avoid  it.  The 
former  may  be  impossible.  The  latter,  however,  may  be 
accomplished  in  a  large  number  of  cases  by  the  tise  of  an 
oesophageal  tube,  through  which  nutritious  food,  in  liquid 
form,  may  be  injected  into  the  stomach.  The  best  means 
for  accomplishing  this  purpose  are;  (1)  the  employment 
of  a  tube  of  the  smallest  possible  calibre,  and  (2)  the  in- 
troduction of  this  tube,  not  necessarily  into  the  stomach, 
but  merely  into  the  (esophagus  and  past  the  point  of 
obstruction,  or  else  past  the  pharyngeal  constrictors. 
Through  the  tube  the  stomach  may  be  made  to  receive 
food  in  unlimited  amount  and  variety,  wirhout  any  at- 
tempt at  deglutition,  and  with  perfect  protection  to  the 
parts.  By  this  device  all  of  the  indications  mentioned 
may  be  met.  The  apparatus  needed  is  simple,  the  essen- 
tial part  of  it  being  an  English  flexible  woven  catheter, 
an  open-eniled  soft-rubber  catheter,  ora  small  oesophageal 
tube,  attached  by  means  of  a  piece  of  rubber  tubing  to  a 
receptacle  forthe  food.  For  the  latter  a  glass  funnel  will 
be  found  convenient. 
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To  the  great  advantage  of  the  catheter  over  the  large 
and  clumsy  stomach  tube  it  is  hardly  necessary  to  refer. 
Its  introduction  is  much  less  startling  and  uncomfortable 
to  the  patient,  and,  if  the  food  be  properly  prepared, 
highly  concentrated  preparations  being  employed,  after 
the  manner  of  Debove,  the  large  tube  will  be  unneces.sary. 
As  a  general  rule,  the  irritation  caused  by  the  passage  of 
the  tube  increases  with  its  size.  The  tube  should  be 
introduced  in  the  usual  manner:  that  is,  the  patient's 
mouth  being  opened  and  his  tongue  protruded,  the  cathe- 
ter should  be  carried  to  the  base  of  the  tongue,  then  the 
patient  should  be  told  to  swallow,  and.  as  he  does  so,  the 
catheter  should  be  pushed  into  the  oesophagus,  and  thence 
downward  as  far  as  may  be  deemed  necessary.  The  larynx 
may  be  avoided  with  certainty  by  using  the  finger  as  a 
guide.  Before  its  introduction  the  tube  sliould  be  care- 
full_v  lubricated,  for  which  purpose  white  of  egg.  mucil- 
age," or  even  milk,  are  useful.  An  excellent  plan  is  to 
allow  the  patient  to  swallow  slowly,  just  before  the  in- 
troduction of  the  catheter,  a  drachm  or  two  of  pretty 
thick  mucilage.  Vaseline,  glycerin,  and  oil  are  unpleas- 
ant to  the  patient  and  should  on  no  account  be  used.  In 
passing  the  catheter  gentleness  should  be  observed,  and 
great  care  taken  to  avoid,  as  far  as  possible,  all  points  of 
special  tenderness.  In  many  cases  the  patient  himself 
may  be  taught  to  pass  the  tube  much  more  successfully 
and  comfortably  than  it  can  be  done  for  him,  since  the 
manoeuvre  is  not  difficult,  and  no  one  knows  so  well  as 
the  patient  the  exact  situation  of  the  painful  spots. 
Sometimes,  especially  with  children,  the  point  of  greatest 
irritability  is  in  the  palatine  arches,  and  any  attempt  at 
passing  a  tube  across  them  will  be  followed  by  violent 
gagging.  In  such  cases  a  soft-rubber  tube  may  be 
passed  through  the  nostril  and  pharynx,  and  thence  into 
the  oesophagus,  and  thus  contact  with  the  fauces  be 
wholly  avoided.  Should  the  introduction  of  the  tube 
cause  dyspnffia,  direct  the  patient  to  take  full  breaths. 
The  instrument  may  also  cause  nausea  when  it  passes 
the  pharynx,  and  for  the  relief  of  this  Dujardiu-Beaumetz 
advises  the  administration  of  bromide  of  jiotassium;  and 
then  again  it  may  cause  nausea  when  it  reaches  the 
stomach,  in  case  it  be  inserted  so  far.  In  the  latter  case, 
however,  the  introduction  of  food  will  quickly  bring 
relief. 

Of  course,  the  passage  of  the  tube  will  not  always 
prove  an  easy  or  a  painless  operation.  A  little  practice, 
however,  will  render  it  possible  in  nearly  every  instance, 
while  the  advantages  to  be  gained  far  outweigh  any  or- 
dinary objection  to  the  method. 

As  to  the  special  conditions  in  which  dysphagia  will 
call  for  relief,  the  reader  is  referred  to  the  various  arti- 
cles, in  other  parts  of  jthe  Handbook,  in  which  these  sub- 
jects are  discussed.  D.  Bi-yson  Delamn. 

DYSPNCEA. — Dyspncea  is  a  striking  symptom  of  a 
vast  variety  of  diseases,  at  times  very  simple  of  interpre- 
tation, at  other  times  requiring  a  comprehensive  knowl- 
edge of  physical  diagnosis,  clinical  diagnosis,  and  the 
symptomatology  of  disease,  iu  tracing  it  to  its  cause.  It 
is  a  symptom  which  stimulates  careful  efforts  in  differen- 
tial diagnosis,  since  it  is  very  seldom  that  it  can  be  re- 
lieved unless  its  causal  disease  be  correctly  diagnosed  and 
treated.  Pain,  on  the  other  hand,  is  a  common  symptom 
which  can  usually  be  relieved  without  a  diagnosis  of  the 
causal  disease.  The  object  of  this  article  is  to  impress 
upon  the  general  practitioner  the  importance  of  careful 
and  time-consuming  examinations,  and  to  assist  him  in 
tracing  this  particular  symptom  to  its  cause.  In  my 
work  I  have  examined  patients  suffering  with  extreme 
dyspua?a  whose  cases  had  been  diagnosed  renal  asthma 
because  albumin  had  been  found  in  the  urine,  and  cardiac 
asthma  because  of  irregular  pulse  and  cardiac  murmurs. 
In  both  cases  examination  of  the  chest  and  aspiration 
showed  that  the  dyspnoea  was  to  a  large  extent  depend- 
ent upon  extensive  hydrothorax,  which  was  secondary 
to  the  cardiac  and  renal  disease.  In  adult  life  diseases 
of  the  lungs  and  pleurte,  heart  and  kidneys,  are  the  most 
common  caiises  of  dyspnoea,  while  in  childhood  diseases 


of  the  naso-pharynx,  larynx,  trachea,  and  bronchi  play 
this  role. 

We  must  distinguish  between  simply  increased  breath- 
ing (over  twenty-four  respirations  in  the  minute)  and  diffi- 
cult or  hintlered  breathing,  i.e..  dyspmea.  The  former  is 
found  in  emotional  and  hysterical  conditions,  after  exer- 
tion, and  iu  fever.  Dyspncea  bears  about  the  same  relation 
to  normal  breathing  that  palpitation  of  the  heart  does  to 
the  normal  action  of  the  heart.  In  health  and  when  not 
undergoing  exertion,  we  are  unconscious  of  the  action  of 
the  heart  and  practically  so  of  tlie  act  of  respiration. 
When  conscious  of  the  forcible  or  irregular  action  of  the 
heart,  whether  the  rate  be  normal  or  increased,  palpita- 
tion is  present.  In  dyspnoea  one  is  usually  conscious  of 
distress.  The  ake  nasi  move,  there  is  forcible  movement 
of  the  chest,  and  the  auxiliary  nmscles  of  respiration  are 
brought  into  action  proportionate  to  the  degree  of  dysp- 
noea. The  respirations  may  be  normal  iu  rate, "but 
deeper  than  usual,  or  the.y  may  be  increased  iu  frequency 
and  shallow,  or  they  may  be  both  increased  in  frequency 
and  in  depth. 

Dyspuffia  may  be  coutinuotis  or  paroxysmal.  Again, 
it  is  either  inspiratory,  expiratory,  or  mixed,  depeuding 
upon  the  cause.  It  may  be  so  severe  as  to  compel  the 
upright  position,  when  it  is  termed  orthopua?a.  It  may 
be  associated  with  peculiar  alterations  iu  rhythm  and 
strength,  when  it  is  termeol  the  Cbeyne  Stokes  type  of 
breathing.  Dyspnoea  may  be  accompanied  by  peculiar 
sounds  as  iu  laryngismus  stridulus,  hysteria,  intlamma- 
tion  of  the  larynx,  Cheyne-Stokes  breathing,  and  pneu- 
monia. Dyspnoea  with  cyanosis  is  a  very  important 
symptom,  pathognomonic  of  incompensated  heart  disease 
or  aolvano-eol  lung  disease ;  in  rare  cases  abdominal  disease 
which  interferes  with  the  action  of  the  diaphragm  causes 
this  type  of  dyspnu'a.  The  character  of  the  dyspna^a  is 
in  some  instances  indicative  of  the  nature  and  location  of 
the  disea.se  causing  the  obstruction.  Inspiratory  dysp- 
ncea is  caused  by  a  stenosis  of  the  upper  air  pas.sages.  the 
result  of  inHanmiatoiy  conditions,  growths,  or  spas- 
modic contractions.  Expiratdiydyspnaa  is  caused  by  the 
presence  of  a  tinnor.  usually  in  the  larynx,  which  ao-ts 
like  a  valve,  being  foro'ed  up  against  the  glottis  oluring 
expiration.  In  empliysema  anol  asthma  the  expiratory 
form  of  dyspna-a  predominates.  The  mixed  type,  in- 
volving both  inspiration  and  expiration,  is  found  in  dis- 
eases of  the  heart  and  blood,  lungs  and  kidneys. 

In  the  dyspnoea  of  childhood-  it  is  very  important  to 
know  whether  the  obstruction  is  located  in  the  larynx  or 
iu  the  tracho'a,  as  upon  it  depends  the  decision  between 
intubation  and  tracheotomy.  If  the  obstruction  be  in  the 
larynx,  it  is  seen  to  rise  and  fall  during  respiration.  If 
the  dyspnoea  is  severe  the  head  is  bent  back,  the  neck  is 
stretched,  the  muscles  of  the  neck  are  contracted,  the 
spaces  above  the  sternum  and  at  the  side  of  the  tiachea 
are  drawn  in  with  each  inspiration,  the  alie  of  Ihe  nose 
work  vigorously,  anil  there  is  a  change  in  the  voice.  If 
the  d3spnoea  is  from  stenosis  of  the  tiachea.  the  larynx  is 
not  markedly  moved  during  breathing,  anol  the  patient 
bends  the  head  forward  rather  than  backward.  There  is 
no  change  in  the  voice  except  that  it  may  he  weakened. 

C.wsEs  OF  Dyspnoea. — jlusser  gives  the  following 
classification:  1.  Anything  cutting  off  or  lessening  the 
normal  amount  of  air  required  for  oxygenation  of  the 
blood.  2.  Affections  which  lessen  the  amount  of  blood. 
3.  Affections  iu  which  reol  corpuscles  are  diminished.  4. 
Pulmonary  embolism  and  thrombosis.  5.  Fat  embolism. 
6.  Interference  with  the  nervous  mechanism  of  respira- 
tion. 

1.  (a)  Obstruction  of  the  Air  Parages. — Under  this  head- 
ing we  find  many  of  the  common  causes  of  dyspnoea  in 
children,  such  as  occlusion  of  thenaresaud  nasopharynx, 
especially  by  adenoids,  imless  compensated  for  by  mouth 
breathing.  The  importance  of  examining  suspicious  cases 
for  adenoids  and  instituting  the  proper  treatment  cannot 
be  overestimated.  Enlarged  tonsils,  retropharyngeal  ab- 
scess, or  any  obstruction  in  the  throat,  such  as  diphthe- 
ritic swelling,  may  cause  dyspnoea. 

Dyspnoea  is  one  of  the  most  common  symptoms  of 
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Dyopnoea. 
D>'Npu<ra« 


lanii!;eal  ilisease.  Its  causes  are :  (1)  constriction  by  in- 
flaninmtory  or  ivilematous  swelling;  Ci)  spasm;  (3)  tumors 
or  foreign  bodies  in  the  larynx;  (4)  cicatrization  of  ulcers 
after  sypliilis  or  lupus;  ('>)  paralysis  of  abductors  or  ad- 
ductors of  the  larynx. 

PirKsurt'  on  the  Inryiue  producing  dyspnoea  may  be 
caused  by  cellulitis  of  the  neck,  tumors  of  the  lymph 
glands,  goitre,  and  retropharyngeal  abscess.  It  should 
be  remembered  that  in  diphtheria  dyspna'a  may  be  due 
to  pressure  of  enlarged  glands  on  the  larynx  or  bronchi. 
Sudden  a'dema  may  occur  in  syphilitic  and  tuberculous 
ulceration,  and  may  kill  the  patient.  I  have  recently 
seen  a  patient  with  leukaMuia  die  from  the  sudden  develop- 
ment of  o'dema  of  the  gloiiis. 

Pit  inline  (III  the  tiiichea  uiiilhronchi  causing  dyspna>a  may 
be  exerted  by  tumors  of  the  thyroid  gland,  by  thoracic 
aneurism,  by  mediastinal  tumors,  by  cancer  of  the  a^soph- 
agus.  and  in  rare  casi-s  b\'  dilated  auricle;  foreign  bodies 
and  diseases  of  the  walls,  and  syphilis,  also  cause  dysp- 
U(ea. 

In  the  dj'spnoea  of  bronchial  obstruction,  which  may 
be  caused  by  the  pressure  of  an  aneurism,  the  laryngeal 
movement  is  not  increased  and  the  voice  is  not  changed. 
The  physical  signs  over  the  lung  of  the  obstructed  bron- 
chus become  pronounced. 

(6)  Diminution  of  Air  S/mee  from  Cause/t  Within  and 
Outm'ile  of  t/ie  Thoraj. — This  division  is  very  large  and 
includes  the  most  common  causes  of  dyspnfea  in  adults, 
namely,  the  numerous  acute  and  chronic  diseases  of  the 
lungs  and  pleuni,  such  as  the  various  forms  of  tubercu- 
losis, acute  and  chronic,  different  forms  of  pneumonia, 
capillary  bronchitis,  pneumothorax  and  empyema,  em- 
physema, asthma,  new  growths  in  the  lungs  and  pleura; 
the  various  forms  of  pleurisy,  with  effusion  and  chronic 
dry  with  adhesions:  pericarditis  with  effusion,  acting 
like  pleurisy  with  effusion,  with  the  additional  factor  of 
greater  interference  with  the  action  of  the  heart. 

The  extra-pulmonary  causes  which  diminish  the  air 
space  are  chiefly  disea.ses  below  the  diaphragm,  ascites, 
tympanites,  and  ovarian  tumors. 

The  severity  of  the  dyspna?a  is  strikingly  dependent 
upon  the  suddenness  with  which  the  cause  acts.  It  is  a 
ca.se  of  adaptation,  and  the  development  of  compensa- 
tion. In  pleurisy  with  the  rapid  formation  of  a  large 
effusion,  or  especially  in  certain  forms  of  pneumothorax, 
dyspucea  is  at  first  alarming;  while  in  a  chronic  pleu- 
risy or  in  an  advanced  tuberculosis  which  has  been  months 
or  years  in  developing,  and  in  which  a  much  larger  air 
space  is  involved  and  rendered  useless,  there  may  be  no 
dyspnoea  except  on  exertion. 

(r)  Inteiferenee  irith  the  Action  of  Muscles. — This  may 
be  the  result  of  -weakness,  paralysis,  pain,  or  tetanic  con- 
tractions, as  in  hydrophobia  and  tetanus.  Obesity,  myx- 
oedema.  redcma,  trichinosis,  and  myositis  may  interfere 
with  the  action  of  the  respiratory  muscles.  Paralysis  of 
the  phrenic  nerve  causes  an  interesting  form  of  dyspnoea. 
There  is  marked  interference  with  the  action  of  the  dia- 
phragm, with  the  result  that  duiing  inspiration  the  epi- 
gastrium and  the  hypochondriac  regions  are  drawn  in, 
and  during  expiration  pushed  out,  the  reverse  of  the  nor- 
mal i>henomcnon. 

Pain,  due  to  disease  of  the  pleura,  muscles,  or  inter- 
costal nerves,  or  due  to  conditions  below  the  diaphragm, 
may  cause  dyspna?a. 

'2.  Affections  which  Lessen  tht  Amount  of  Blood,  as  ob- 
structive heart  diseases,  and  (rarely)  tumors  pressing 
upon  bloodvessels.  Dyspucea  due  to  heart  disease  is 
nearly  always  associated  with  cyanosis.  It  is  clinically 
divided  into(l)  dyspnoea  caused  or  increased  by  exertion; 
(3)  paroxysmal  dyspua?a:  (3)  orthopnea;  (4)  rhythmical 
dyspnoea  or  Cheyne-Stokes  respiration. 

The  dyspncra  of  effort  comes  on  after  the  slightest 
exertion.  In  paroxysmal  dyspnrea  the  attack  comes  on 
without  apparent  cause.  It  must  be  distinguished  from 
the  paroxysmal  dyspna>a  of  uraemia,  asthma,  or  emphy- 
sema. The  physical  signs  of  lung  disease  tisually  point 
to  the  latter.  The  paroxysmal  dyspna-a  of  heart  disease 
is  attended  by  more  violent  eflorte  in  breathing  than  the 


physical  state  of  the  lungs  admils.  and  the  difficulty  at 
tends  both  inspiration  and  expiration.  Wheezing  is 
not  so  marked  as  in  forms  of  asthma.  There  is  some  ob- 
struction to  the  outgoing  air.  but,  on  account  of  air  hun- 
ger, all  of  the  efforts  of  the  i>atient  are  exerted  to  fill  the 
chest.  In  paroxysmal  dyspnfea  the  breathing  usually 
becomes  quiet  if  the  patient  is  placed  in  a  comfortable 
position,  provided  there  is  no  lung  or  pleura  complica- 
tion. The  position  does  not  modify  the  severe  dyspnoea 
of  asthma  or  emphysema. 

3.  Affections  in  which  Bed  Corpuscks  are  DiminisJied. — 
In  the  various  an;emias.  primary  and  secondary,  even 
with  a  very  low  blood  count,  the  patient  does  not  suffer 
with  dyspnoea  while  resting.  Slight  exertion,  walking, 
or  climl)ing  stairs,  brings  on  labored  breathing.  Cyano- 
sis is  not  u.sually  associated  with  this  variety  of  dyspucea. 

4  and  'i.  P'llinoniiri/  Embolism  and  Thrombosis  an  rare 
causes  of  dyspnrea.  Weak  hearts  favor  their  develop- 
ment. A  clot  may  be  dislodged  from  a  uterine  sinus 
after  labor,  or  a  clot  resulting  from  inflammation  of  the 
veins  in  any  location  may  be  carried  to  the  lungs,  and 
completely  block  a  larger  or  smaller  jiulmonary  vessel. 
Fat  embolism  occurring  in  parturient  women  three  or 
four  days  after  labor,  in  fractures,  and  in  diabetes,  acts 
in  the  ssime  way. 

6.  Inteiferenee  with  the  yercoiis  Mechnnism  of  Bespira- 
tion. — The  possibility  of  tumors,  hemorrhage,  or  degen- 
eration about  the  respiratory  centre  must  be  kept  in  miml. 
The  history  and  the  exclusion  of  other  conditions  by 
careful  examination  will  aid  in  the  diagnosis.  The  irri- 
tation of  the  respiratory  centre  by  toxic  agents  in  the 
blood,  as  in  ur.emia,  diabetes,  auto-intoxication  from 
gastrointestinal  disorders,  and  warm  blood  in  fevers,  is  a 
very  important  cause  of  dyspna'a.  A  routine  examina- 
tion of  the  urine  will  prevent  many  mistakes  in  diag- 
nosis. 

CrTETNE- Stokes  BRE-\TnrNr.. — Modifications  of  the 
breathing  are  among  the  important  symptoms  of  uraemia. 
A  common  type  in  the  urivmia  of  chronic  nephritis  is  the 
Cheyne-Stokes  breathing.  It  is  a  form  of  periodic  respi- 
ration, very  interesting  and  important  as  a  bad  prognos- 
tic sign,  it  is  seen  most  commonly  in  apoplexy,  tumors 
of  the  brain,  meningitis,  incompensated  heart  diseases 
and  toxic  conditions,  such  as  ura'mia.  morphine  poison- 
ing, acute  infectious  diseases,  especially  typhoid  fever, 
and  in  acute  diffuse  peritonitis.  The  patient  is  usually 
stupefied  or  comatose. 

In  this  form  of  breathing  there  is  a  cycle  consisting  of 
two  periods  of  nearly  equal  length.  The  period  of  apnoea, 
during  which  there  is  not  the  slightest  respiratory  effort, 
lasts  a  variable  length  of  time,  from  a  few  seconds  to  two 
minutes.  This  is  followed  by  the  period  of  active  res- 
piration, which  I  have  observed  to  be  a  few  seconds 
longer  than  the  period  of  apna?a.  A  verj-  faint,  scarcely 
perceptible,  sighing  respiration  first  occurs;  this  is  fol- 
lowed by  gradually  increasing  and  deepening  respira- 
tions, till  in  marked  cases  abnormally  deep  ancl  loud  res- 
pirations, accompanied  by  snoring  or  groaning  sounds, 
are  taken.  The  respirations  now  gradually  decrease  in 
strength,  running  down  the  scale,  till  the  period  of  apncta 
is  again  reached.  This  cycle  may  be  repeated  for  several 
da}"S  or  even  for  weeks  or  for  months. 

In  one  of  my  cases  of  apoplexy  the  patient  was  com- 
pletely comatose  during  the  period  of  apncea.  but,  as  the 
respirations  became  deep,  he  roused  himself  sufficiently  to 
groan  and  ask  questions.  The  number  of  respirations  in 
each  cycle  varies ;  most  often  there  are  from  eight  to  twelve 
following  each  other  in  about  normal  celerity,  but  at  the 
beginning  and  end  of  the  period  they  are  sometimes  some- 
what slower.  Occasionally  t  here  are,  besides  some  second- 
ary symptoms,  regular  contractions  of  the  pupil  during 
apniea.  and  dilatation  of  them  at  the  height  of  respira- 
tion, and  retard;ition  of  the  pulse  during  apncea.  Sahli 
has  observed  that  the  patients  become  cyanotic  at  the 
beginning  of  respiration  and  that  the  cyanosis  increases 
till  the  height  of  respiration  is  reached,  which  corre- 
sponds with  the  conduct  of  the  pupils. 

The  cause  of  Cheyne-Stokes  breathing  is  supposed  to 
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be  an  alteration  in  the  function  of  the  respiratory  centre. 
Tlie  theory  is  that  there  is  a  periodic  diminution  in  tlie 
e.xeitability  of  the  respiratory  centre,  or  that  the  exci- 
tability of  the  medulla  oblongata  becomes  exhausted. 
Butt's  resjnrdtioH  is  probably  a  raoditicatiou  of  Cheyne- 
Stokes  breathing,  with  the  same  significance. 

Pulmonary  s.vmptoms  are  quite  common  in  ursemia;  in 
fact,  spasmodic  dyspno'a  is  the  first  and  .sometimes  the 
only  symptom  for  a  long  time.  Later,  the  renal  symp- 
toms become  pronounced,  pointing  to  the  nature  of  the 
disease. 

Dyspncea  in  Special  Diseases. — Ast/nna  is  a  form  of 
paroxysmal  dyspnoea,  dependent  most  often  upon  nasal, 
bronchial,  and"  gastro-intestiual  reflexes.  It  is  a  strilving 
picture  of  air  hunger,  and  suggests  the  following  altera- 
tion in  the  Hues  from  "The  Ancient  Mariner,  "Air,  air 
e\'ery where  aud  not  a  liit  to  breathe."  There  are  dimin- 
islied  respiratory  movement  aud  prolonged  expiiation. 
The  frequency  of  respiration  is  diminished  sometimes  to 
one-halt  the  normal  rate;  the  rhythm  is  altered,  hispira- 
tion  is  short  and  gasping.  A  natural  consequence  of  an 
asthma  of  long  duration  is  the  advent  of  emphysema, 
when  the  dyspna^a  becomes  more  constant.  The  dysp- 
ncea  is  proportionate  to  tlie  degree  of  emphysema  and  is 
aggravated  by  the  coexistence  of  bronchitis,  asthma,  and 
eccentric  hypertrophy  of  the  riglit  ventricle  (whicli  are 
frequent  complications  in  long-standing  cases).  When 
emphysema  is  only  moderate,  dyspna'a  is  not  complained 
of,  except  on  climbing  or  walking  briskly,  or  after  a 
hearty  meal,  but  when  it  is  great,  the  dyspna'a  is  con- 
stant, interferes  with  all  exertion,  frequently  necessitates 
orthopnoja  aud  prevents  continuous  speech. 

In  Aortic  AnenriKm  and  mediastinal  tumors,  dyspnoea  is 
a  frequent  symptom,  and  is  due  chictly  to  ]iressure. 

In  CajnUary  Bn>ne!iiti.i  of  infancy,  respirations  may  be 
as  mauy  as  60  to  80  per  miuule.  Dyspniea  is  more  or  less 
constant,  btit  becomes  urgent  in  paroxysms,  and  the  pa- 
tient may  have  to  be  propped  u|)  in  bed  to  l)reathe.  It 
is  expiratory.  Inspiration  may  be  free  and  easy  or  diffi- 
cult, but  expiration  is  always  difficult  and  prolonged. 

Gagtiir  Bisense. — Dyspna'a  occurs  in  many  cases  of 
dyspepsia,  if  the  subject  is  the  victim  of  asthma,  anse- 
mia,  or  cardiac  disease.  In  astluna  it  is  usually  reflex. 
In  auopmia  it  is  due  to  atony  of  the  stouiach  and  gaseous 
acciunulatiou.  In  cardiac  disease  it  is  mechanical,  from 
the  pressure  of  a  stomach  distended  with  gas. 

In  Hydrophobia,  the  spasmodic  contraction  of  tlie  larynx 
may  become  so  strong  as  to  excite  urgent  dyspnoea,  with 
the  omission  of  curious  sounds. 

Hysteria  sometimes  exidainsoliscure  cases  of  dyspna'a. 
Such  cases  have  been  reported  by  pliysicians  of  the  Ger- 
man army.  In  the  fall  of  1898  a  soldier  entered  the  Uni- 
versitj'  of  Micliigau  hospital,  suffering  with  a  continuous 
dyspncea,  so  severe  at  times  tliat  it  compelled  tlie  orthop- 
noeic  position.  Very  careful  physicjil  and  clinical  ex- 
aminations failed  to  reveal  any  adequate  cause  for  the 
dyspnoea.     It  was  perhaps  hysterical. 

In  Sephiitis  dyspn(ea  may  be  a  pronounced  symptom, 
due  either  to  urtemia  or  to  o'dema  of  the  glottis,  to  effu- 
sions into  the  pleura,  or  to  bronchitis.  If  dilatation  of 
the  heart  occurs,  dyspna'a  may  arise,  due  to  that  or  the 
secondary  oedema  of  the  lungs. 

In  Phthisis  dyspnoea  is  almost  constant.  The  degree 
varies  with  the  association  of  fever:  when  the  latter  is 
present,  dyspncea  is  more  pronounced.  It  is  also  more 
pronounced  in  acute  cases.  In  miliary  tuberculosis  the 
f  requeue}'  of  respiration  is  out  of  all  proportion  to  the 
physical  signs.  In  this  form  cyanosis  is  more  marked. 
In  chronic  localized  phthisis  the  dyspncea  may  occur  only 
on  exertion,  after  eating,  or  upon  excitement.  In  later 
stages  the  dyspnoea  is  constant  and  in  proportion  to  the  ex- 
tent of  involvement  of  the  lungs  and  the  degree  of  fever. 

In  P/ietimonia  frequent  respirations — i0to60  in  adults, 
60  to  90  or  more  in  children,  per  minute — is  a  character- 
istic symptom.  It  is  panting  in  character,  particularly 
when  pneumonia  occurs  in  old  subjects:  both  inspiration 
and  expiration  are  brief,  though  sometimes  separated  by 
a  rather  long  pause.     Expiration  is  usually  accompanied 


by  an  audible  grunt,  indicating  great  oppression.  Dj-sp- 
na'a  may  be  absent,  or.  as  the  case  progresses,  may  be- 
come either  increased  or  greath'  diminished,  according  to 
the  severity  of  the  type. 

The  chief  causes  <.if  dyspnaa  in  pneumonia  are  involve- 
ment of  lung,  bronchitis,  pericarditis  or  extensive  pleu- 
risy, cardiac  failure,  collateral  congestion  with  oedema, 
ferer,  aud  the  intense  pain  in  the  side.  That,  iu  a  frank 
case  of  pneumonia,  irritation  of  the  respiratory  centre  by 
toxins  or  warm  blood,  is  the  chief  cau.se  of  dyspnoea, 
and  not  the  lung  involvement,  is  proved  by  the  fact  that 
synchronous  with  the  crisis  aud  the  fall  of  temperature 
(while  the  consolidalion  of  the  lung  still  exists)  the  dysp- 
na'a disappears. 

In  P»eiimolhvra.i-  develojiing  in  the  course  of  a  tuber- 
culosis, severe  dyspna'a  aud  frequently  cyanosis,  are 
among  the  tirst  symptoms.  The  difficulty  in  breathing 
is  often  accompanied  b)'  a  sense  of  impending  suffocation. 
The  stress  of  the  dyspnoea  depends  upon  the  amount  of 
air  that  suddenly  gains  entrance  into  the  pleui-al  cavity. 
If  the  orifice  be  large  aud  valvular,  the  air  cannot  escape 
and  rapidly  accumulates,  and  forces  all  of  the  air  out 
of  the  lung  by  compression,  and  the  respirations  become 
frequent,  60  or  more  per  miuute. 

In  Tetaiiii.'i.  thoracic  oppression,  dyspnoea,  and  more 
or  less  cyanosis  follow  interference  with  the  respiratory 
function,  especially  if  there  is  spasm  of  the  glottis. 

The  treatment  of  dyspna'a  is  the  treatment  of  the  vari- 
ous diseases  with  which  it  is  associated. 

James  Roe  Ariicill. 

EAR:  ANATOMY  OF  THE  TYMPANIC  MEMBRANE 
AND  OSSICLES. — The  tymiiauir  membnuic  mcnibraua 
tynqiaui.  t)r(lnun  membrane,  iseonqxised  of  three  layers: 
viz.,  the  external  or  dermoid  layer,  the  middle  orfibrous, 
and  the  inner  or  mucous  layer. 

The  dermoid  or  skin  layer  of  the  membrana  tympani 
is  a  continuation  of  the  skin  of  the  external  autlitory 
canal.  In  this  layer,  liowever,  there  are  no  hairs  nor 
follicles,  as  are  found  elsewhere  in  tlic  cutis  of  the  audi- 
tory canal.  In  other  respects  it  is  true  skin,  but  ex- 
tremely thin  and  transparent.  The  outer  or  skin  layer 
of  the  membnuia  tympani  is  the  only  one  of  Ihe  three 
component  layers  of  the  drum  membrane  which  can  be 
inspected  directiv  from  without.  AVhen  the  auditory 
canal  is  illuminateil  and  a  normal  membrana  examined 
from  without,  sevend  prominent  features  in  it  attiact  the 
observer's  attention :  viz.,  its  almost  circular  shape,  and 
peculiar  polish  and  color:  its  vertical  and  hori/(mtal  in- 
clinations: the  ridge  formed  in  one  of  its  radii  by  the 
liandle  of  the  hammer  bone;  the  short  process  at  the  up- 
per end  of  the  latter ;  the  folds  of  the  membrana ;  the  flac- 
cid portion  of  the  tympanic  membrane,  the  portion  above 
the  short  process  of  the  hammer,  the  so-called  Shrap- 
nell's  membrane:  the  white,  tendinous  periphery  of  the 
membrane;  and,  finally, 
the  bright,  triangular 
reflection  of  light  in  the 
anteroinferior  «|uadiant 
of  the  membrane,  run- 
ning from  the  lower  end 
of  the  malleus,  at  the 
centre  of  the  membrane, 
the  umbo,  toward  the 
periphery.  This  reflec- 
tion is  called  the  "pyra- 
mid of  lisht"  (see  Fig. 
1678).  tfenerally  a  dell- 
cate  plexus  of  vessels 
can  be  seen  in  the  re- 
gion of  the  folds  and  in 
the  membrana  flaccida.  and  one  or  two  delicate  arteri- 
f)les  can  be  traced  downward  along  the  manubrium  of 
the  malleus. 

For  purposes  of  convenient  description,  the  membrana 
tympani  is  called  circidar  in  shape.  Its  form,  however, 
varies  between  that  of  an  ellipse  and  an  irregular  oval, 
w^hile  in  some  cases,  in  which  the  lateral  portions  of  the 


Fir,,  larT.— View  uf  Outer  Surface  of 
Wenibrana  Tyiiipani.  ((.rruher.)  A, 
malleus,  nianubrium  ;  B.  lower  end 
of  nianubrium:  r.  sbort  process; 
D,  posterior  fold  of  tlie  meuilirana. 
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annnhiii  tympanieii*  are  especially  curred  outward,  it  as- 
sumes a  heart  shape.     Slriftly.  it  nmy  l)e  funsifliTed  an 
ellipse,  the  loiiir  diameter  of  which,  amountiiiir  to  i»  or  10 
mm.,  runs  from  above  and  in  front 

C^2^  downward  and  backwanl.  and  the 
/^SBfc  shortest  diameter  of  which  runs 
■i^M  from  below  and  in  front,  iijiward 
..^jj^  and  backward.  The  proportion 
between  these  diameters  is  4.3  ': 
4.0  (Von  TriHlIsch  ami  IFyrtl). 
Since  the  difference  between  them 
is  so  sliiiht.  and  iheir  inclinations 
are  so  nearly  vertical  and  horizon- 
tal, the  outline  of  the  tympanic  membrane  is  considered 
circular,  and  is  divided  into  iiuailrants  by  the  horizontal 
anil  vertical  diameters,  which  greatly  aids  in  locating 
points  to  be  dcscril>ed. 

Ci,li,r. — The  normal  color  of  the  membrana  tynipani  is 
not  constant,  tiecjiuse  it  variis.  just  like  tlie  color  of  the 
teeth,  with  the  individual.  As  the  latter  varies  from  a 
bluish  to  a  yellowish  while,  so  the  drum  membrane  varies, 
in  a  ])erfeetly  normal  condition,  from  a  bluish  to  a  yel- 
low ish-sray.  the  former  beini:  the  commoner  tint.  This 
color  is  senerally  spoken  of  as  a  "  pearl  color."  but,  what- 
ever color  the  tympanic  membrane  posses.oe3.  it  is  always 
miMlilied  by  tlie  physicjih-onilitions  incidcmt  to  stretching 
a  nearly  transparent  membrane  over  a  darkened  cavity. 

The  color  of  the  membrana  tympani  is  furthermore 
modilieil  by  the  color  it  transmits  from  the  tympanic 
cavity,  the  latter  factor  beins  nioililied  by  the  varying 
degrees  of  tenuity  of  the  membrana,  as  well  as  by  the 
varying  conditions  and  colors  of  the  niucons  lining  and 
the  contents  of  the  tymp-anic  cavity.  That  part  of  the 
membrana  tympani  Ijehiml  the  lower  end  of  the  manu- 
brium, and  over  the  promontory  of  the  cochlea,  is  ren- 
dered yellowish-gray  by  tlie  luys  of  light  reflected  from 
this  part  of  the  inner  wall  of  tlie  tympanic  cavity. 

The  membrana  tympani  owes  its  pecidiar  lustre  to  the 
delicate  and  shining  epithelium  of  the  skin  layer.  The 
slightest  maceration,  exfoliation,  or  thickening  of  this  deli- 
cate epithelium  deprives  the  membrane  of  its  beautiful 
gloss.  The  dermis  of  the  membrana  is  thickest  in  chil- 
dren, and  hence  their  niembranie  rarely  shine  as  brightly 
as  those  of  adults. 

Till-  Inrliiiiilioiia. — Another  important  feature  attract- 
ing the  eye  of  the  observer  is  that  the  membrana  tynipani, 
in  its  normal  condition,  is  inclined  outward  in  its  vertical 
plane  at  an  angle  of  4.5°.  and  in  its  horizontal  plane  ten 
degrei-s  toward  the  right  on  the  right  si<le  and  ten  degrees 
toward  the  left  on  the  left  side.  If  the  planes  of  both 
membran;e  be  extended  downward  imtil  they  intersect, 
the  angle  they  will  then  form  will  be  eijual  to  from  130' 
to  13.~)  .  Of  still  greater  imporlauee  than  this,  however, 
is  the  direction  of  the  walls  of  the  auditory  canal  from 
the  plane  of  the  membrana  lympani.  Thus  if  a  perpeu- 
dicidar  be  drawn  from  the  up)ier  pole  of  the  drumhead 
to  th<-  inferior  wall  of  the  auditory  canal,  it  will  strike 
the  latter  about  6  ram,  from  the  inferior  ^ 

pole  of  the  membrane.  A  similar  residt 
will  lie  obtained  by  drawing  a  [x-rpen- 
dicular  from  the  middle  of  tlie  posterior 
periphery  of  the  drum  meniljraue  to  the 
anterior  wall  of  the  auditory  canal,  from 
which  it  is  manifest  that  the  lower  an- 
terior part  of  the  membrana  is  farther 
from  the  external  opening  of  the  canal 
than  the  posterior  upper  part  is.  The 
membrana  tynipani  is  inclined  the  most 
in  very  young  children,  being  almost 
horizontal  in  the  early  years  of  life.  As 
the  osseous  canal  does  not  exist  at  this 
early  period  of  life,  the  upper  part  of 
the  membrana  tympani  lies  very  near  the 
external  meatus  at  this  time. 

In  some  instances  there  is  observed 
a  physiological  variation  in  theobliiiuity 
of  the  membrana  tympani.  and  a  tilling 
in  of  the  segment  of  Riviuus  (the  resion 


of  the  membrana  flaccida)  with  os.seous  tissue.  Hence  on 
inspection  it  is  found  that  a  large  portion  of  the  lielil  al  the 
fundus  of  the  canal  is  taken  up  liy  the  upper  wall  of  the 
canal,  which  seems  to  dip  ilown  to  join  the  membrana 
tympani  on  a  line  with  its  folds.  In  such  ca.ses  there  is 
very  little  or  no  membrana  tlaccida.  This  condition  is 
observed  in  the  feeble-minded  with  f)ther  cTanial  defects 
in  development.  Mckis  and  Steinbriigge  observed  in  a 
cretin,  with  defective  cranial  development,  a  dilTerence 
of  40  in  the  inferior  angle  of  the  membrana  tympani,  on 
each  side.  In  such  cases  the  dilTerence  may  be  from  10' 
to  .50'  greater  than  normal. 

The  Ihiiidh  "/  the  .\fiiU(iiii. — Running  from  above 
downward  and  backward  to  the  centre,  or  umbo,  of  the 
tympanic  membrane  is  seen  the  ridge  formed  by  tlie 
tiiiiiiiihrhim  or  handle  of  the  hammer.  This  slightly 
elevated  ridge,  entirely  opaque  and  deciiledly  whiter 
than  the  surrounding  membrana  tympani,  is  in  the  di- 
ameter which  divides  the  tym[)anie  meinbrane  into  two 
une(|UaI  parts,  the  anterior  lieing  the  smaller  and  the 
posterior  (he  larger.  At  the  upper  end  of  this  ridge  is 
the  short  process  of  the  malleus,  projecting  sharply  out- 
ward, somewhat  above  the  general  surface  of  the  handle 
of  the  hammer.     In  general  appearance  it  is  a 

not  unlike  a  pimple  with  pale-yellowish  con- 
tents. The  lower  end,  or  tip  «f  the  ridge, 
which  curves  slightly  forward,  is  flatter, 
broader,  and  yellower  than  the  rest  of  the 
outer  covering  of  the  manubrium.  This  is 
due  to  the  fact  that  the  bone  at  this  point  is 
spiwle-shaped.  and  also  because  the  radial 
fibres  of  the  middle  layer,  the  inewihrniiii  jrrn- 
priii.  centre  at  this  lower  end  of  the  handle. 
The  lower  end  of  the  hammer  draws  the  ^ 
membrana  tympani  very  markedly  inward, 
and  forms  tlie  depressed  centre  of  the  mem- 
brane called  the  umlxt.  The  concavo  convex 
shape  of  the  drumhead  from  the  tip  of  the 
manubrium  outward  toward  the  periphery  is 
due  to  the  comparatively  large  number  of 
circular  fibres  at  a  point  between  the  umbo 
and  periphery,  which  constrict,  as  it  were, 
the  radial  fibres  so  as  to  form  a  kind  of  funnel. 

Pressure  or  traction  applied  to  the  centre  of  ■^' 

a  membrane  stretched  over  a  ring  tends  to  yio.  1680. 
draw  the  former  into  a  conical  shape,  a  ver- 
tical section  of  which  is  represented  by  the  line  AVA 
in  Kg.  16T9.  But  if  a  smaller  concentric  ring  be  placed 
at  BC.  in  Fig.  1680,  so  a-s  to  resist  the  indrawing  force 
at  U,  the  curve  assumed  by  the  membrane  will  be  re- 
presented by  the  line  Al'A  in  Fig.  1680,  and  the  whole 
membrane  will  be  drawn  into  a  concavo-convex  surface, 
the  line  AVA  .  Fig.  1680.  representing  on  the  right-hand 
side  the  curve  of  the  tympanic  membrane  on  its  outer 
surface. 

The  yellow  spot  at  the  end  of  the  handle  of  the  mal- 
leus, in  the  centre  of  the  umbo,  is  a  purely  physiological 
condition.  It  is.  fn  fact,  part  of  the  cartilaginous  struc- 
ture at  the  end  of  the  manubrium  of  the  hammer. 

Trautmann  •  concluded  that:  I.  Its  physiological  sig- 
nificance is  the  same  as  that  of  an  e|iiphysis  of  a  long  hone. 
2,  The  diagnostic  value  of  the  yellow  spot  is  apparent 
in  cases  of"  thickening  of  the  membrana  tympani.  as  the 
former  will  disappear  much  sooner  than  the  sharp  edge 
of  the  malleus.  3.  Opacities  of  the  membrane  with  thick- 
ening change  the  color  of  the  yellow  spot  4,  When  the 
malleus  is  Iwi.sted  on  its  long  axis  the  form  of  the  spot 
will  be  altered.  5.  If  the  spot  does  not  move  during 
alterations  in  the  atmospheric  pressure  in  the  canal  in- 
duced by  the  pneumatic  speculum,  it  is  fair  to  conclude 
that  either  ankylosis  of  the  malleus  or  its  adhesion  to  the 
inner  wall  of  the  drum  cavity  has  occurred.  In  the  latter 
instance,  the  differential  diagnosis  is  aided  by  the  neces- 
sary foreshoitening  of  the  handle  of  tlie  hammer. 

Fnfrh  of  thi'  Mi'mhroixi  Ti/mptini. — From  the  short  proc- 
ess of  the  manubrium  of  the  malleus  two  delicate  ridges 
may  lie  seen,  one  passing  forward,  the  other  backward  to 
the  periphery.     These  are  the  so-called  folds  of  the  mem- 
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brana  tynipani.  The}'  are  formed  by  the  pressure  out- 
ward of  the  short  process  of  the  malleus,  and  constitute 
important  topographical  as  Avell  as  diagnostic  points  in 
the  tympanic  membrane.  Above  these  folds  is  the  so- 
called  membrane  of  Shrapnell,  or  the  membrana  flaccida. 
It  owes  its  flaccidity  to  the  small  quantity  of  fibrous  tissue 
entering  into  its  composition,  and  to  the  loosely  stretched 
cutaneous  and  mucous  la.yers  of  the  membrana  tympani 
which  here  come  together,  in  the  upper  part  of  this 
flaccid  membrane  there  was  once  said  to  be  a  normal 
opening,  the  fonnaen  Eirini.  named  after  the  supposed 
discoverer  in  1717.  Its  existence  finally  was  denied  by 
Hyrtl,  and  his  conclusions  are  now  universally  accepted. 

'Pymiiiid  of  Liyht. — The  pyramid  of  light  is  the  name 
applied  to  the  beautiful  triangular  reflection  of  light  em- 
anating from  the  antero-inferior  quadrant  of  the  normal 
adult  membrana  tympani.  The  apc.x  of  tliis  triangular 
reflection  touches  the  tip  of  the  manubrium  of  the  mal- 
leus, and  its  base  lies  on,  or  near,  the  periphery  of  the 
membrana  tympani.  It  forms,  with  the  handle  of  the 
hammer,  an  obtuse  angle  anteriorly,  that  becomes  greater 
as  the  inclination  of  the  membrana  tynipani  to  the  audi- 
tory canal  diminishes.  Its  average  height  is  from  1.5  to 
2  nim..  and  its  average  width  at  the  base  is  from  1.5  to  2 
ram.  The  causes  of  the  formation  of  this  pyramid  of 
light,  or  its  optics,  have  been  variously  described  by  a 
number  of  careful  observers.  From  the  most  recent  in- 
vestigations.- it  iscoflclusively  shown  that  there  are  three 
elements  indispensable  to  the  formation  of  the  pyramid 
of  light — viz..  a  shining  surface,  the  peculiar  inclinations 
of  the  tympanic  membrane,  and  its  peculiar  funnel  or 
convolvulus-like  shape.  In  these  three  conditions  may 
be  foimd  the  solution  of  three  very  important  questions, 
viz. :  1.  Why  do  we  see  such,  or  any  reflection  from  the 
tympanic  membrane y  2,  Why  do  we  see  this  one  in  the 
anteroinferior  quadrant?  and,  3.  AVhy  is  its  shape 
pyramidal? 

1.  We  see  a  reflection  because  of  the  lustrous  epitlielium 
on  the  dermoid  layer  of  the  membrane.  2.  The  peculiar 
inclination  of  the  tympanic  membrane  so  places  the  latter 
that,  by  the  modifications  of  its  surface  brovight  about 
by  the  traction  inward  at  the  umbo,  or  centre,  the  only 
possible  spot  from  whicli  light  can  be  reflected  is  just 
where  the  pyramid  of  light  is  seen,  as  will  be  explained 
further  on.  3.  The  funnel  shape  of  the  membrana 
t3'mpani  will  e.\|)lain  the  pyramidal  shape  of  this  reflec- 
tion upon  the  physical  laws  of  concavo-convex  mirrors. 

Not  one  of  these  conditions  is  sufficient  of  itself  to  pro- 
duce a  normal  pyramid  of  light  upon  the  tympanic  mem- 
brane. That  the  lustre  of  the  skin  layer  is  an  important 
factor  in  jiroducing  this  peculiar  reflection  may  be  proved 
by  syringing  an  ear  in  which  this  pyramid  of  light  is 
visible.  After  a  slight  maceration  and  consequent  dull- 
ing of  the  lustre  of  the  outer  surface  of  the  membrana, 
the  pyramid  of  light  will  have  disappeared  or  become 
distorted. 

In  order  to  prove  that  the  peculiar  inclinations  of  the 
membrana  tympani  toward  the  walls  of  the  auditory 
canal  have  also  their  part  in  the  production  of  the  pyra- 
mid of  light  at  the  point  where  it  is  normally  found,  (.f.. 
in  the  antero-inferior  quadrant,  it  is  necessiiry  only  to 
inspect  a  normal  tympanic  membrane  during  inflation  by 
the  Valsalvan  or  any  other  method.  It  will  then  be  seen 
that  the  pyramid  of  light  becomes  altered  in  position  re- 
specting the  malleus. 

That  this  reflection  can  come  only  from  the  antero-in- 
ferior  quadrant  is  shown  by  an  experiment  of  Politzer, 
as  follows:  If  the  auditory  canal  be  removed  from  the 
membrana  tympani,  so  that  the  latter  is  attached  only  to 
the  annulus  tympanicus.  and  the  membrane  then  be  re- 
volved so  that  other  parts  of  its  surface  successively  as- 
sume the  position  of  that  from  which  the  pyramidal  re- 
flection formerly  came,  we  shall  perceive  on  each  of  these 
parts  a  reflection  almost  exactly  like  the  original  pyramid 
of  light,  excepting  behind  the  manubrium, ^vhere,  owing 
to  the  different  curve  of  the  membrane,  the  reflection  in 
question  will  be  somewhat  different,  both  in  shape  and 
brilliancy. 


The  third  important  condition  in  the  formation  of  the 
pyramid  of  light  is  the  funnel  shape  of  the  membrana 
tympani.  to  which  is  due,  according  to  Trautmanu,  the 
pyramidal  shajie  of  the  reflection  under  consideration. 

The  cause  of  the  pyramidal  .shape  of  the  "reflection 
of  light "  from  the  membrana  may  be  thus  stated :  The 
normal  tympanic  membrane  has  quite  a  high  degree  of 
lustre,  is  inclined  at  an  angle  of  45^  in  its  vertical  plane, 
and  in  its  horizontal  plane  it  is  inclined  10'  toward  the 
right  on  the  right  side  and  10'  toward  the  left  on  the  left 
siile.  Furthermore,  it  is  drawn  inward  so  as  to  form  a 
concavo-convex  funnel  (page  583),  the  apex  of  which  lies 
in  the  centre  of  the  anterior  part  of  the  yellow  spot  at 
the  lower  end  of  the  handle  of  the  malleus.  The  angle  at 
which  the  sides  of  this  funnel  meet  is  greater  than  a  right 
angle,  the  depth  of  the  funnel  is  equal  to  about  2  mm., 
and  the  distance  from  the  apex  to  the  periphery  is  from 
2.5  to  8  mm.  anteriorly  and  3  mm.  posteriorly.  But  a 
reflection  of  light  from  the  surface  of  the  membrana  tym- 
pani. were  it  flat,  could  not  reach  the  eye  of  an  observer, 
because  the  rays  of  light  from  without,  on  account  of  the 
inclination  of  the  membrana  tympani,  would  fall  upon 
the  plane  surfaces  of  the  same  at  a  very  acute  angle,  and 
since  the  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence, the  rays  of  light  reflected  from  the  planes  of  the 
membrane,  having  an  angle  of  45',  would  strike  the  in- 
ferior wall  of  the  external  auditory  meatus,  and  in  con- 
sequence would  be  unable  to  reach  the  eye  of  an  observer 
from  without.  The  relations,  however,  are  different  in  a 
reflection  from  a  concavo-convex  tract.  For,  on  account 
of  the  vertical  inclination  of  45' in  the  membrana  tym- 
pani, and  of  its  horizontal  inclination  of  10',  and  also 
because  of  its  concavo-convex  shape,  the  antero-inferior 
quadrant  of  the  tympanic  membrane  is  drawn  at  right 
angles  to  the  illuminating  point.  Since,  now,  the  illumi- 
nating body  and  the  eye  are  in  the  stime  line  in  examining 
the  ear.  only  the  rays  of  light  which  fall  perpendicularly 
upon  the  antero-inferior  quadrant  can  reach  the  eye,  since 
all  other  rays  are  reflected  at  such  an  angle  that  they 
strike  the  walls  of  the  auditory  canal;  therefore,  the  only 
reflection  of  light  seen  b_v  the  observer  comes  from  the 
antero-inferior  (|uarterof  the  tympanic  membrane,  and 
constitutes  the  "  pyramid  of  light."  ^ 

Geometrie  Dirimnnsnf  (lie  Tinnpainc  Metiihraitf. — It  has 
been  suggested  ■*  to  divide  the  membrana  tympani  into 
two  grand  tracts,  the  one  above,  the  other  below  the  folds, 
of  the  drumhead  (ne,  ed.  Fig.  1681).  The  upper  tract  is 
subdivided  into  three  sectors:  viz.,  aeb.  bee,  and  ctd.  Fig, 
1681.  The  sectoi-sare  bounded  below  by  the  folds  of  the 
membrana  tymjiani,  and  above  by  the  annidus  tympanicus 
and  the  segment  of  Rivinus,  he.  The  middle  sector,  bee, 
is  separated  from  the  other  two  on  each  side  by  the  two 
suspensory  ligaments  be.  ec.  of  the  handle  of  the  hammer. 
Between  the  anterior  suspensorj-  ligament  be  and  the  an- 
terior fold  of  the  mem- 
brana tympani  lies  the 
anterior  sector,  and  be- 
tween the  posterior  sus- 
pensory ligament  and 
the  posterior  fold  of  the 
membrana  lies  the  pos- 
terior sector.  The  in- 
ferior division  of  the 
membrana  tympani, 
viz.,  that  portion  below 
the  folds,  is  divided  into 
an  anterior  segment,  be- 
ginning at  the  anterior 
fold  and  extending  to  the 
|)yramid  of  light,  and 
the  po.sterior  segment, 
extending  from  the 
pyramid  of  light  to  the  posterior  fold  of  the  membrana. 

It  is  said  that  the  radial  fibres  in  the  tract  of  the  pyra- 
mid of  light  of  a  normal  membrane  are  shorter,  and 
therefore  tenser  and  more  retracted,  than  those  fibres 
which  run  directly  backward  and  forward  from  the  ma- 
nubrium. 


Fig.  1681. 
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The  Tendinous  Ring  (Annulus  Tendinosus). — Before 
oonsiclorinii  tlie  mcmhrana  propriii,  tlic  struct  lire  from 
■H-hifli  till-  librcs  of  this  niiildlc  layer  of  the  t\  nipanic 
nU'inbraiR-  (irigiiiate.  (icniaiKU  a  short  iksiriptioii.  This 
is  the  so-called  tcudiuous  riiii:  of  Arnold.  It  is  a  mass  of 
fibrous  tissue  around  the  i)eripliery  of  the  membrana 
tympani.  elTectinjr  the  \inion  between  the  latter  and  the 
inner  edge  of  the  external  auditory  canal.  This  tendi- 
nous riuir  is  wanting  at  the  segment  of  Hivinus  (upper 
pole  of  the  membrane).  It  is.  furthermore,  not  always 
visible  from  without,  even  when  present  in  its  normal 
})osition  around  the  periphery,  close  to  the  annulus  tym- 
punicus. 

The  fibres  of  the  membrana  propria,  the  origin  of 
which  has  just  been  explained,  are  not  inserted  directly 
into  the  bone  of  the  manubrium,  but  into  a  uirtilaginous 
groove  which  receives  the  manubrium  and  short  process.' 
It  presents  in  genenil  the  aiipearance  of  a  deep  groove, 
■when  seen  from  behind,  after  the  removal  of  the  malleus. 
<3ruber  has  shown  that  this  groove  is  closed  at  its  upper 
end,  so  that  it  forms  a  cartilaginous  cap.  which  covers 
in  the  short  process  on  all  sides:  its  lower  end.  on  the 
contrary,  is  open  behind,  and  it  gradually  becomes  shal- 
lower or  flatter,  until  lost  in  the  substance  of  the  mem- 
brana tympani.  It  extends  from  a  little  above  the  short 
■process  to  a  poiiit  half  a  millimetre  below  the  spade-like 
<'nd  of  the  manubrium.  The  inner  surface  of  this  carti- 
laginous groove,  which  is  in  contact  with  the  malleus,  is 
lined  by  a  very  delicate  layer  of  connective  tissue,  be- 
tween which  and  the  malleus  there  is  found  a  small 
<iuantity  of  fluid  resembling  synovia.  If  this  is  so.  there 
is  here  a  kind  of  joint.  Now  and  then  cases  are  observed 
presenting,  as  it  were,  tim  short  processes.  Such  an  ap- 
pearance is  explainable  as  a  result  of  a  luxation  upward 
of  the  malleus  out  of  this  cartilaginous  groove.  The 
upper  one  of  the  two  is  the  true  short  process,  in  such 
instances.  Kolliker'  regards  this  hyaline  cartilage  as 
ii  remnant  of  fatal  life.  He  does  not  admit  the  presence 
of  a  normally  developed,  constant  space  between  this 
cartilage  and  the  malleus. 

Mtmbruua  Propria :  the  Middle,  Fibrous  Layer  of  the 
Tymptmic  Memhrnne. — This  layer  maj-  be  subdivided 
into  two  distinct  and  very  delicate  layers,  an  ixiter  one. 
■composed  entirely  of  radiate  fibres,  closely  connected 
with  the  skin  layer  of  the  membrana.  and  an  inner  layer, 
t-omposed  entirely  of  circular  fibres,  in  close  relation  with 
the  mucous  membrane  composing  the  inner  layer  of  the 
tympanic  membrane.  These  are  called  the  radial  and 
circular  layers  of  the  membrana  propria.  The  fibres  of 
the  first  arise  from  the  unnulus  te/idinomis  and  the  upper 
wall  of  the  auditory  canal,  and  are  inserted  into  the 
handle  of  the  hammer,  centering  for  the  most  part  at  the 
umbo.  The  fibres  composing  the  circular  layer  arise 
partly  from  the  annulus  tendinosus.  but  the  majority 
arise  from  the  substance  of  the  membrana  tympani  itself 
(von  Troeltsch).  Some  of  them  are  inserted  into  the 
malleus.  The  circidar  fibres  are  most  numerous  a  short 
<listance  from  the  periphery  of  the  tympanic  membrane. 
They  are  thickest  in  the  upper  third  of  the  membrane, 
where  they  are  twice  as  numerous  as  the  radial  fibres. 
The  thicknessof  the  circular  layer  at  this  point  is  0.026  , 
while  that  of  the  radial  layer  is  0.018  "  (Gerlach). 

The  circular  fibres  are  much  less  numerous  at  the  mid- 
dle third  of  the  space  between  the  malleus  and  periphery, 
and  almost  wanting  at  the  centre  of  the  membrana.  A 
knowledge  of  the  arrangement  of  these  fibres  is  impor- 
tant when  considering  pathological  changes  which  may 
have  taken  place  in  the  tympanic  membrane,  and  also 
in  exv)lanation  of  its  peculiar  concavo-convex  shape. 
For.  "if  its  radial  fibres  were  not  united  by  transveree 
•ones,  they  would  be  stretched  in  a  straight  line.  In  point 
of  fact,  however,  they  maintain  a  curved  shape,  with  the 
<"onvexity  toward  the  meatus.  Hence  we  conclude,  that 
the  radial  fibres  are  drawn  toward  one  another  by  cir- 
cular fibres,  and  that  the  latter  are  also  made  tense  at  the 
same  time.  There  is.  in  fact,  in  the  membrana  tympani 
at  rest,  no  other  force  competent  to  hold  the  radial  fibres 
in  a  curved   position,  but  the  tension  of  the  circular 


Fu;.  111H2.— View  (if  Inner  Surface  of 
Membrana T.vn)iiani.  ((iniber.)  A. 
Manubrium  (tt  tiie  nialieus;  B,  the 
lower  end  of  tlie  manubrium  ;  C, 
head  of  tlie  malli-us;  D.  tMKiy  of  the 
ineus:  i*J,  stinrt  pni-essof  tlie  incus; 
F,  processus  lenticulari.s  of  the  in- 
cus; ft  11,  chortla  t.vmpani ;  /.in- 
sertion of  the  lensi^r  tympani  muscle. 


fibres. "'  In  addition  to  the  two  layers  of  the  membrana 
propria,  just  descrilx'd.  there  is  still  another  layer  com- 
posed of  descending  fibres  (Grubc-rl.  They  are  external 
to  the  radial  fibres,  arise  from  tlie  upper  segment  of  the 
annulus  tendino.sus.  and  lying  very  close  to  one  another, 
are  inserted  into  the  sides  and  median  line  of  the  carti- 
laginous groove  of  the 
malleus.  The  three 
layers  of  fibres  entering 
into  the  composition  of 
the  membrana  propiia 
are  lightly  bound  to- 
gether Iiy  a  very  delicate 
connective  tissue,  but 
they  cling  very  closely 
to  the  annulus  tendi- 
nosus, c  a  ]■  t  i  1  a  g  i  n  o  u  s 
groove,  and  the  dermoid 
and  mucous  layers. 

There  is  also  in  the 
membrana  tympani  a 
set  of  fibres  arranged  in 
a  peculiar  way,  and  first 
described  and  named  by 
Gruber  —  the  dendritic 
(arborescent)  fibrous 
structure  of  the  tym- 
panic membrane.  "  They  arise  near  the  periphery,  about 
in  the  middle  of  the  posterior  segment,  pretty  far 
apart,  but  as  they  proceed  on  their  upward  course  in 
the  posterior  segment,  they  approach  one  another  in 
order  to  divide  again,  at  some  distance  from  the  manu- 
brium of  the  malleus,  into  several  branches,  tisually 
about  three,  which  run  in  different  directions,  and  are 
finally  lost  by  intertwining  with  the  fibres  of  the  mem- 
brana propria."'  These  fibres  are  not  confined  to  the 
posterior  segment,  but  traces  of  them  are  found  through- 
out the  membrana  tympani.  The  function  of  these  fibres 
is  considered  by  Gruber  to  be.  in  all  probability,  to  relax 
the  tympanic  membrane,  although  it  cannot  be  shown 
as  yet  that  it  is  muscular.  The  membrana  propria  con- 
sists chiefly  of  connective  tissue  of  tliat  variety,  half-way 
between  the  ordinary  fibrillated  and  the  homogeneous 
connective  tissue  of  Reichert,  as  shown  liy  Gerlach.  The 
fibres  are  0.004  *  broad,  and  0.002  '  thick.  Upon  these 
ribbon-like  fibres  are  found  pecidiar  spindle-shaped  cor- 
puscles, once  supposed  to  be  peculiar  to  the  membrana 
tympani.  and  named  the  "corpuscles  of  the  membrana 
tympani.'' or  the  "corpuscles  of  von  Troeltsch," after  the 
observer  who  first  called  attention  to  them.  They  are. 
however,  only  the  connective-tissue  corpuscles  of  Vir- 
chow.  They  are  0.002'  long,  and  about  O.OO.i  wide  at 
their  broadest  part,  with  two  or  three  processes.  They 
aie  found  imder  two  forms,  the  spindle  shape  and  the 
stellate  (Gruber). 

Internal  or  Mucous  Layer  of  the  Tympanic  Membrane. — 
The  internal  layer  of  the  membrana  tympani  is  of  mucous 
membrane,  a  continuation  of  that  lining  the  tympanic 
cavity.  It  is  thickest  at  the  periphery  of  the  tympanic 
membrane,  growing  thinner  as  it  approaches  the  centre 
of  the  membi-ana  tympani.  where  it  is  extremely  delicate. 
On  the  inner  surface  of  the  layer  various  investigators 
have  found  villous  bodies  (Politzer.  Gerlach,  Kessel). 
They  resemble  intestinal  villi  in  appearance,  and  are 
usually  found  in  delicate  children.  They  are  globular 
or  finger-shaped,  the  former  being  from  0.10'  to  0.12'' 
in  diameter,  and  from  0.12'  to  6.14  in  length.  The 
fin £ei-shaped  villi  vary  in  length  from  0.10  (o  0.12  ', 
and  in  width  from  OOli"'  to  0.08  "  (Gerlach  and  Gruber). 
As  no  nerves  have  ever  been  found  in  these  bodies,  and 
as  thev  are  connected  to  the  mucous  membrane  by  means 
f)f  pedicles,  they  should  be  regarded  as  villi  rather  than 
as  papill:T>  (Ger'acbl.  They  are  never  found  below  the 
upper  third  of  the  malleus,  nor  are  ever  more  numerous 
than  eight.  The  finger-shaped  ones  are  0.02  mm.  long 
bv  0.0.1  mm.  in  breadth,  according  to  Moos.'  who  a.s.scrt9 
that  they  are  prolongations  or  protnision.s  of  the  mucous 
membrane,  covered  by  a  single  layer  of  ciliated  cylinder 
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epitlu'lium,  and  contain  one  vascular  loop.  It  is  not  yet 
decided  whether  they  are  constant  in  the  fcetus  and  new- 
born child  or  not. 

Fold  of  Mucous  Membrane  Enchaing  the  Chorda  Tym- 
paiii. — Xear  the  upper  boundary  of  the  tympanic  mem- 
brane the  mucous  membrane  of  it.s  inner  surface  is  re- 


FIG.  1683.— Membrana  Tympani  of  Dog.  IC.  H.  Bumetl.)  This  wood- 
cut is  from  a  drawing  of  a  chloride  of  gold  preparation  made  by  the 
writer,  a.  a.  Vacancy  left  by  the  handle  nf  tlie  haiuiiier.  nr  malleus; 
h,  h,  b,  b,  vascular  loops ;  c,  c,  ordinary  capillaries,  not  looped. 

fleeted  over  the  chorda  tyiiipaui.  and  back  again  to  the 
drum-head.  This  duplicature  is  visible  in  some  ca.ses 
from  without,  as  a  grayish  line.  Ixith  in  front  of  and  be- 
hind the  malleus.  This  fold  or  duplicature.  iH-inj,'  ad- 
herent to  the  neck  of  the  malleus,  is  thus  divideil  into  an 
anterior  and  posterior  portion,  and  aids  iu  the  formation 
of  the  so-called  pouches  of  the  tympanic  membrane  (von 
Troeltsch)  which  will  Ix'  described  later. 

Blood-  Vessels  of  the  .!/<  nibniiiii  Ti/iiijxmi. — The  tympanic 
membrane  is  supplied  l>y  the  tympanic  branch  of  the  in- 
ferior maxillary  artery,  anil  also  by  a  short  direct  branch 
from  the  internal  carotid  artery,  iu  the  carotid  canal.  By 
the  latter  channel  the  membrana  tympani  may  become 
engorged  very  quickly. 

There  is  in  the  tympanic  membrane  of  the  dog,  the 
cat.  the  goat,  and  the  rabliit,  a  series  of  msailar  loops 
running  from  the  peiiphery  of  the  membrane  towartl  the 
malleus.  A  similar  series  of  loops  runs  both  posterioiiy 
and  anteriorly  from  the  malleus  toward  the  peiipliery  of 
the  membrane  (Fig.  l(iS3). 

There  is  also  a  distribution  of  blood-vessels  in  the 
tympanic  membrane  of  the  guinea-pig  peculiar  to  it.  It 
isari'anged  in  the  form  of  a  net,  with  coarse  quadi'angular 
or  hectagonal  mesh.  In  nmn  the  vascular  mesli  is  similar' 
to  that  of  the  guinea-pig,  but  much  closer  and  with  coarser 
vessels. 

The  Ossicles  of  Uearinij. — In  the  tympanic  cavity  of 
mammals  there  are  three  small  bones:  The  iiidlleiis,  or 
hammer ;  the  incus,  or  anvil ;  and  the  stapes,  or  stirrup. 
Anatomists  of  a  later  day  have  shown  that  the  once  so- 
called  OS  orbiculare,  or  os  Si/lcii,  does  not  exist  as  a  sepa- 
rate bone;  but  that  which  once  received  this  name  is  the 
processus  lenticularis  of  the  long  process  of  the  incus. 
which  fits  into  a  corresponding  clepression  in  the  heatl  of 
the  stapes. 

The  malleus,  or  hammer,  received  its  name  from  Vesa- 
lius.  and  is  divided  into  a  head,  a  neck,  and  a  handle. 
At  the  junction  of  the  handle  with  the  neck  are  two  im- 
portant processes,  viz.,  the  short  process  on  its  outer 


aspect,  and  the  process  of  Rau  or  Folius,  which  passes 
anteriorly  into  the  Glaserian  lissure.  In  the  faHus  and 
the  new-born  child  this  process  is  about  three  and  a  half 
lines  long,  and  can  be  removed  with  the  lualleus.  After 
birth  it  unites  with  the  under  wall  of  the  Glaserian  fissure, 
and  when  the  malleus  is  removeil  only  a  short  piece  of 
the  former  long  process  is  found  attached  to  it.  This 
remnant  attached  to  the  malleus  was  all  that  was  known 
of  the  former  long  bony  process  to  the  okler  anatomists, 
among  whom  was  Folius,  from  whom  this  process  has 
received  the  name  of  processus  Foliauus  (Venice,  IWri). 

In  its  entirety  it  has  been  called  the  processus  Harii, 
after  Rau  or  Ravius,  who  described  it  to  his  pujiils.  It 
has  also  been  called  the  processus  hngus  seu  spimmis.  It 
is  united  to  the  Glaserian  fissure,  in  adults  only,  by  a 
mass  of  ligamentous  tissue,  which  permits  slight" motion 
in  any  direction.  The  head  and  ueek  of  the  malleus  pro- 
ject into  the  tympanic  cavity,  and  are  entirely  free  from 
the  tympanic  membrane.  The  rounded  smooth  head  is 
directed  anteriorly,  and  the  surface  which  articulates 
with  the  incus  is  directed  backward.  The  long  diameter 
of  its  articular  surface  runs  vertically;  theshoit  diameter 
horizontally.  In  the  direction  of  the  former  the  articu- 
lating surface  has  been  said  to  resemble  a  saddle,  for  the 
surface  is  divided  a  little  below  the  middle  bv  a  hoi-i- 
zoiit«l  ridge,  and  depres.sed  on  each  side  of  it.  This 
articulating  surface  is  also  concave  iu  its  short  diameter. 
i.e.,  from  without  inward.  If  a  shallow  oval  basin,  the 
long  diameter  of  which  is  considerably  greater  than  its 
short  diameter,  be  placed  across  a  ridge  and  then  bent 
downward,  and  at  the  same  time  slightly  twisted  on  it- 
self, the  cavity  thus  formed  will  fairly  represent  the 
articulating  surface  of  the  malleus.  The  neck  of  the 
malleus  connects  the /*(<«/  with  the  nuiiiubrium.  or  handle. 
It  makes,  with  the  head,  an  angle  of  about  Kii'.  opening 
inward  toward  the  drum  cavity.  There  are  three  distinct 
surfaces  on  the  neck  of  the  liammer:  a  broad  («««;•  one 
turne<l  toward  the  tympanic  cavity,  bounded  in  front  by 
the  process  of  Rau,  or  the  long  process  of  the  malleus, 
and  behind  by  the  long,  low.  bony  elevation  for  the  in- 
sertion of  the  tendon  of  the  tensor  tympani  muscle; 
an  iiuterior  surface,  lyiu.g  above  the  ridge  running  from 
the  short  i)rocess  to  the  long  pi'ocess.  and  extending  to 
the  angle  made  by  the  head  of  the  malleus  with  the  neck. 
and  separated  from  the  posterior  suiface  by  a  sigmoid 
ridge  for  the  insertion  of  the  ligumeutum  mallei  externum 
of  Helmhultz  ;  and  a  posterior  surface,  which  lies  between 
the  aforesjiid  sigmoid  ridge  in  front,  the  edge  of  the  articu- 
lating surface  of  the  malleus  above,  the  low,  long  process 
behind,  and  a  line  drawn  from  the  insertion  of  the  tensor 


Fig.  16S4.— Malleus  of  the  Right  Side.  A.  From  in  front ;  B.  fnim 
behind.  (Magnified  four  diameters.  Henle.)  n.  Head;  b,  short 
process;  c  Xoag  process:  <(,  manubrium;  c,  articular  surface  for 
the  incus ;  /,  the  neck. 

tympani  to  the  short  process  below.  Of  all  the  surfaces 
of  the  neck  the  posteiior  one  glides  most  gradually  into 
the  manubrium. 

The  handle  or  manubrium  of  the  malleus,  that  part  of 
the  ossicle  Inserted  into  the  tympanic  membrane,  also  has 
three  surfaces,  which  may,  in  fact,  be  considered  pi-o- 
longations  downward  of  those  of  the  neck.  Since  all 
these  surfaces  gradually  approach  one  another,  and  are 
united  in  the  tip  or  point  of  the  manubrium,  the  latter- 
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may  be  Siiid  to  resemble  a  tliree-si<le(l  bayonet,  one  ridge 
of  which  passes  from  the  sliort  process  directly  down- 
ward to  the  tip.  and  cou.sequeritly  is  turned  toward 
the  extermil  auditory  canal.     The  lower  end  or  tip  of 


OuT. 


Fig.  ltiS.5.  —  Llgamentmi9  Support  of  Ossirlt^  s«mi  fnjin  almve. 
I Helmholtz. >  i,  y.  Attaihnieul  of  \\\v  Ugaiiipiiluin  malli-i  e,xteriiimi ; 
111,  head  of  iiiallcu:):  i,  body  of  incus;  )ii,  i>osii  nor  attai-iiment  of 
incus:  Tii.  entrance  to  Eiistaciiian  tuiie  fpnii  the  tympanum  :  St.. 
sta|K's:  .V.jjt..  stapedius  muscle:  TA.,  tendon  "f  stajiedius  muscle 
leayinp  tlieivxhlearifonu  process:  I'li.T..  (.Vi.T..  chorda  tympanl, 
markln?  the  free  edire  of  the  fold  of  mucous  memhrane.  Iviundinsr 
the  |>ouclies :  f.  the  upper  tendinous  Hbn'S  of  the  limimentum  mallei 
anlerius.  ori^uatiuff  almve  the  spina  tymiianica  major,  Sii.t. ," 
*,  malle*:»-iuciidal  joint. 

the  handle  of  the  malleus  is  flattened  into  a  small  disc, 
one  surface  of  which  is  turned  toward  the  auditory  canal. 
This  spot  is  plainly  visible  as  the  pale,  round  centre  of 
the  !///</«. 

The  long  axis  of  the  handle  of  the  hammer  is  convex 
posteriorly  and  inward,  so  that  when  viewed  from  with- 
out the  mauubrium  appears  concave  on  its  anterior  ami 
outer  surfaces.  This  is  especially  marked  at  the  low  er 
third  on  the  anterior  surface,  so  that  the  manubrium 
appears  curved  decidedly  forward  near  its  lower  end. 
Along  the  ridge  of  the  mauubrium.  directed  toward  the 
external  auditory  canal,  several  small,  node-like  promi- 
nences are  sometimes  observed.  These  are  purely  physio- 
logical; but  their  oiigin  is  obscure. 

Tlie  dimi'Miom  of  the  malleus  are  as  follows;  It  is 
nearly  9  nmi.  long,  its  manubrium  being  from  4  mm.  to 
5  mui.  iu  length,  and  its  head  2.,')  mm.  thick.  The  latter 
is  the  greatest  diameter  of  any  part  of  the  bone  The 
long  diameter  of  the  articulating  surface  of  the  malleus  is 
about  3  mm.:  the  short  diameter  is  l>etween  1..5  mm.  and 
2  mm.  In  twenty  cases  examined  by  L'rbantschitsch 
only  five  were  found  in  which  the  mnVe'is  was  equal  iu 
length  on  both  sides.  The  malleus  is  held  in  position  by 
four  ligaments,  viz.;  the  liynmeiiliirii  timlhi  atileiini; 
ligiiiiient'iiii  mallei  s>ii>e>iiis.  lignmentum  mallei  externum. 
and  the  ligamentiim  mallei  jmsteriu^.  The  ligamentum 
inalki  uuterius  is  a  broad  band  of  Ijlires.  liolding  tlie 
proeesi'is  Folianns  against  the  apina  fffi/i/miiiea  major. 
This  ligament  may  be  sjiid  to  arise  from  the  spiim  tym- 
jiaitica  major  and  to  be  inserted  along  the  neck  of  the 
malleiiK  all  the  way  from  tlie  priveswus  Foliamix  to  the 
head  of  the  hamme:'.  A  iicirtion  of  it  also  runs  from  the 
jwvxvwi*  FoliaiiUK  to  the  shoit  process  of  the  hammer 
below,  and  to  the  memhrona  tt/mjmni  aliove.  thereby  aid- 
ing the  division  between  the  anterior  and  posterior 
pockets  of  the  memhrnna  tympaiii  ;  another  fold  of  the 
Slime  ligament  runs  from  the  prureMciix  Foliaii'in  down- 
ward, witli  a  free  margin,  as  far  as  the  line  corresponding 
to  the  insertion  of  the  teimor  tj/mjxmi  muscle.  This  aids 
in  making  the  limiting  wall  between  the  anterior  pocket 
of  the  drumhead  and  the  tympanic  cavity.  The  rciuiid 
ligamentum  mtiUei  ,«"/»;•('« descends  obliinidy  down^vard 
and  outward  from  the  tegmen  tgrn/umi  to  the  head  of  the 
hammer.  Its  function  is  to  jjreveut  the  malleus  froiu  be- 
ing forced  outward. 

The  ligamentum  mallei  externum  is  a  very  important 
collection  of  satin-like,  tendinous  fibres,  which  radiate 


from  the  sigmoid  crest  on  the  front  of  the  neck  of  the 
hammer,  and  are  inserted  into  the  shar])  edge  of  the  seg- 
ment of  Rivinus  on  the  temporal  bone.  It  prevents  tjic 
hammer  from  being  forced  inward,  and.  being  insertetl 
above  the  axis  of  rotation  of  the  hammer,  it  prevents  the 
munuhriuui.  which  is  below  the  axis  of  rolaliou,  from 
moving  too  far  outward  toward  the  auditory  canal. 

The  ligii unlit  11/11  mallei  jwstieum  is  retilly  the  posterior 
edge  of  the  ligament  just  described  as  the  external  liga- 
ment of  the  malhun.  As  the  line  fiiUowed  by  this  liiindle 
of  fibres  ])a.sses  through  the  xpiiia  ti/iupiinirit  majur.  and 
since  it  represents  very  closely  the  axis  of  rotation  of 
the  hammer,  Helmholtz  has  suggested  that  it  should  be 
con.sidered  a  separate  ligament,  and  he  has  given  to  it  the 
name  it  bears.  As  this  ligament  and  the  lignmentuin 
iiiileriun  are,  in  a  mechanical  sense,  one  ligament,  al- 
though the  hammer  comes  between  them,  tlie  two  sets 
of  fibres  have  been  named  the  axis  ligatnent  of  the  ham- 
mer (Helmholtz).  The  plane  of  the  axis  ligament  is  not 
quite  horizontal,  being  a  little  higher  in  ficmt  tli.iii  be- 
hind. In  all  its  luotions  as  a  lever  (pendulum  like)  the 
malleus  swings  about  this  axis  as  the  tixed  point.  All 
portions  of  the  bonelet  above  its  short  process  are  above 
this  axis  ligament,  and  all  below  the  short  process  are  be- 
low this  axis,  or  fulerum-liiie.  The  ligumi  ntum  mallei 
anteri'/s  o{  Arnold  was  once  described  as  a  muscle,  and 
called  the  liu-ntor  ti/mpani  major  (Soemiueiing).  It  is. 
however,  only  a  ligament  which  originates  from  the  spina 
anguhiriii  of  "the  sphenoid,  pas.ses  through  the  petro-lym- 
panic  lissure  (Glaserian  fissure),  and  is  inserted  into  the 
malleus.  Under  the  name  of  ligamentum  nuillei  jxisticum 
aeu  iniiniibrii,  the  ligamentum  mallei  externum  of  Arnold, 
Lincke  describes  a  ligament  which  passes  from  the  upper 
edge  of  the  end  of  the  external  auditory  canal  to  I  he  short 
process  of  the  imilleu-^,  and  occupies  the  posititm  of  a 
supposed  muscle,  once  called  the  Jf.  laxator  tympani 
minor,  or  .V,  mallei  exterior  sen  i'asserii.  It  is  now  uni- 
versally acknowledged  that  muscular  fibres  do  not  exist 
here  (Henle), 

2'lie  Incus  or  Anril. — The  middle  one  of  the  three 
auditory  ossicles  is  the  incus  or  anvil.  The  name  is  de- 
riveil  from  the  shape  of  its  upper  half.  This  small  bone 
is  divided  into  a  body  and  two  processes,  viz.,  a  long  and 
a  short  one.  The  latter  is  also  called  the  horizontal  proc- 
ess. It  is  heltl  to  the  posterior  and  to  the  upper  walls 
of  the  tympanic  cavity  by  ligaments.  This  is  an  impor- 
tant point  in  the  mechanism  of  the  ossicles.  The  longer 
process  is  also  called  the  descending  ramus  of  the  incus 
(see  Fig.  1686),     It  curves  gradually  outward  and  flown- 


Fig,  16S6,— Right  Incus.  (Majmifled  four  diameters.  Henle.i  A. 
Inner  surface :  B,  view  in  front :  Aa.  and  li.  lx>dy :  />,  short  proc- 
ess ;  I',  ]onp  pnx-ess ;  lU  processus  lenticularis ;  /,  articular  siu-face 
for  the  head  of  the  malleus :  c,  surface  which  lies  in  coDlact  with  wall 
of  tympanic  cayity, 

ward,  assuming  a  slight  sigmoid  shape:  at  its  tip  or 
lower  end  it  curves  rather  sharply  inwartl,  to  unite  with 
the  head  of  the  .itapes  by  means  of  the  pr'yessus  U  nticu- 
larin.  The  narrowest  part  of  the  incus  is  at  the  middle 
of  the  body  of  the  bone.  Beneath  this  pait  it  widens  out 
again  anteriorly  into  the  important  part  which  locks  with 
tile  malleus  in  all  its  inward  luovemeuts.  and  posteriorly 
into  the  descending  ramus  or  long  process.  The  articu- 
lation between  the  malleus  and  incus  is  a  true  joint,  in 
which  is  found  a  «if«i.*c".«  (Rildinger).  If  this  articula 
tion  is  viewed  on  its  outer  surface,  i.e.,  on  that  side  which 
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is  toward  the  external  auditory  canal,  it  would  seem  that 
the  incus  quite  overlaps  or  embraces  the  head  of  the 
hammer.  Wheu  viewed,  however,  from  the  tympanic 
side,  it  appears  that  the  largest  share  in  the  joint  belongs 
to  the  ■tnallctis.  This  is  due  to  the  peculiar  structure  of 
this  joint,  first  pointed  out  and  explained  by  Helmholtz 


no.  IBST.— Rlfht  Stapes.  (Magniflcd  four  (iiametcrs.  Henle.  i  ,1, 
From  within ;  B.  from  in  front;  C.  fp'ni  henCMth ;  ?),  foot  plate  or 
base ;  c(,  capitulum ;  c,  anterior ;  a,  posterior  sbaft  or  crus  of  stapes. 

in  1869  ("Mechanik  der  Gehorknochelchen,"  etc.).  The 
greatest  length  of  the  incus  is  in  a  vertical  line  passing 
from  the  top  of  the  body  of  the  bone  through  the  long 
process.  It  measures?  mm.  The  horizontal  upper  edge 
of  the  body  measures  .5  mm.  Its  greatest  thickness,  2- 
2.5  mm.,  isat  its  articulating  surface  for  the  uuilleus. 

Malko-hicudal  Joint. — Helmholtz  has  graphically  de- 
scribed this  joint  as  follows;  "  It  is,  in  fact,  like  the  joint 
used  in  certain  watch  keys,  in  which  the  handle  cannot 
be  turned  in  one  direction  without  caiTving  the  steel  shell 
with  it,  while  in  the  opposite  direction  it  meets  with  only 
slight  resistance.  As  in  the  watch  key,  .so  here,  this 
joint,  between  the  hammer  and  anvil,  admits  of  a  slight 
rotation  about  an  axis  drawn  transversely  thi-ough  the 
head  of  the  hammer  toward  the  end  of  the  short  process 
of  the  anvil;  a  pair  of  cogs  oppose  the  rotation  of  the 
mannbiium  inwaid,  but  it  can  be  driven  outward  with- 
out eariying  the  anvil  with  it."  It  is  of  that  kind  of 
joint  known  as  gingly  mus.  The  mechanism  of  this  joint 
is  best  understood  when  it  is  known  tlial  tlie  malleus  is  a 
level',  the  fulcrum  of  which  jiasses  just  lielow  the  short 
process.  This,  of  course,  leaves  the  head  and  neck — i.e.. 
the  articulating  surfaces  for  the  malleo-incuda)  joint,  and 
all  the  free  tympanic  ]iarts  of  the  malleus — above  the 
line  of  support  of  the  lever,  the  handle  or  manubrium 
being  below. 

The  latter  is  the  long  arm  of  the  lever,  and  conse- 
quently all  its  movements  are  repeated  in  an  opposite 
direction  on  the  head  of  the  malleus.  Each  inward 
movement  of  the  handle,  therefore,  causes  a  slight  out- 
ward motion  of  the  head  of  the  hammer,  and  a  firm  lock- 
ing of  the  malleo-ineudal  joint,  by  which  the  incus  is 
carried  about  an  axis  drawn  transversely  through  the 
head  of  the  hammer  toward  the  end  of  the  horizontal  or 
short  process  of  the  anvil.  The  incus,  or  anvil,  being 
also  suspended  as  a  lever,  about  the  line  just  named, 
when  all  above  that  line  moves  outward,  all  below  the 
line  moves  inward,  i.e.,  as  the  upper  part  of  the  incus  is 
moved  outward  the  long  ])rocess  swings  inward  and  car- 
ries the  stupes  ahead  of  it,  thus  forcing  the  foot  plate  of 
the  latter  into  the  oval  window. 

The  Stapes,  or  Stirntp. — The  smallest  bone  in  the  body, 
and  the  innermost  one  of  the  three  auditory  ossicles,  is 
the  stdiie.i.  or  stirrup.  Its  name  is  derived  from  the  strik- 
ing resemblance  it  bears  to  a  stirrup  (Fig.  1687).  It  is 
divided  into  a  head,  a  neck,  two  branches  or  legs  {crura). 
and  a  foot  plate  or  basis.  The  head,  which  is  like  a 
<}up-sliaped  button,  is  placed  at  the  junction  of  the  two 
crura.  It  is  designed  for  the  reception  of  the  lenticu- 
lar process  of  the  incus,  with  wliicli  it  forms  a  ball-and- 
socket  joint.  There  is  a  meniscus  in  this  joint,  according 
to  Rlidinger.  On  the  posterior  surface  of  the  head  of  the 
stapes  the  stapedius  muscle  is  inserted.  The  two  legs. 
or  crura,  are  furrowed  on  their  inner  surface,  which 
makes  them  stronger  than  if  they  were  Hat.  The  legs 
of  the  stapes  arise  from  the  base  or  foot  plate,  forming  a 
graceful  arch,  and  unite  above  in  the  head  as  stated 
above.  The  foot  plate,  or  basis  of  the  stapes,  is  nearly 
oval  (.slightly  kidney-shaped),  thicker  at  the  peripherv 
than  in  the  centre,  slightly  convex  toward  the  vesti- 
bule, and  concave  on  its  tympanic  surface;  it  fits  into 


the  oval  window,  where  it  is  held  by  a  fibrous  packing. 
This  permits  a  slight  inward  and  outward  motion  on  the 
part  of  the  stapes.  When  this  ossicle  is  in  position,  the 
hmg  axis  of  its  base  is  horizontal  and  coincides  with  that 
of  the  oval  window.  In  this  position  the  convex  edge 
of  the  base  looks  upward,  and  its  concave  edge,  which 
gives  it  to  a  slight  degree  the  shape  of  a  kidney,  looks 
ilownward.  The  ligamentum  ulituratorium  stapedis  is  a 
thin  membrane  stretching  across  the  space  between  the 
base  and  the  legs;  it  is  attached  to  the  crista  of  the  former 
and  the  furrow  on  the  inner  edges  of  the  latter.  The 
stajies  (stirrup)  measures  nearly  4  mm.  from  ils  head  to 
the  under  surface  of  its  base.  The  latter  is  3..5  mm.  long 
in  its  horizontal  diameter,  1  mm.  in  its  vertical  tliameter 
(the  bone,  of  course,  must  be  imagined  in  normal  posi- 
tion), and  about  i  mm.  thick  at  its  edges.  It  is  slightly 
concave  toward  its  centre. 

The  Jdint  between  the  Base  of  the  Stirrup  and  the  Oral 
Window. — According  to  Helmholtz  ("Mechanik  der 
GehiirknOehelehen  ")  the  base  of  the  stapes  is  surrounded 
at  its  edge  by  a  band  of  fibro-elastic  cartilage  (1.7  mm. 
Ihick.  Over  the  inner  surface  of  the  base  of  the  stapes, 
which  is  directed  toward  the  cavity  of  the  vestibule,  in 
the  plane  of  its  outer  wall,  extends  the  periosteum  of  the 
wall  of  the  vestibule,  but  the  fibrous  band  on  the  edge 
of  the  foot  plate,  which  fits  into  the  oval  window,  is  not 
attached  to  the  latter,  which  leaves  the  stapes  free  to 
move  slightly  in  and  out  of  this  fenestra.  The  mucous 
membrane  of  the  tympanic  cavity  extends  over  the  outer 
or  tympanic  surface  of  the  base  of  the  stapes.  Regard- 
ing the  fixation  of  the  base  of  the  stirrup  in  the  oval 
window,  the  conclusions  of  A.  II.  Buck  (1869)  are  as  fol- 
lows; 1.  The  liase  of  the  stapes  is  fastened  to  the  edge 
of  the  oval  window  by  means  of  a  ligament  of  elastic 
fibres.  2.  These  fibres  gradually  converge  toward  the 
edge  of  the  foot  plate  of  the  stapes.  3.  The  ligament 
arises  from  the  periosteum  in  the  neighborhood  of  the 
oval  window  and  passes  over  to  the  base  of  the  stirrup, 
when  it  again  assumes  the  function  of  periosleuin.  4. 
The  breadth  of  the  ligament  is  tlie  same  all  around  the 
periphery  of  the  base  of  the  stapes. 

The  Malliii-Incudul  and  Incudo-Ti/nipanic  Joints. — The 
malleo-ineudal  and  iiTcudo  stapedial  joints  may  be  re- 
garded as  a  variety  of  symphysis  or  synchondrosis. '" 
These  connections,  furthermore,  are  not  to  be  regarded 
as  true  or  ordinary  joints.  They  are  all  of  ])eculiar 
structure,  since  between  the  cartila.ginous  surfaces  of 
the  bones  there  is  a 
fibrous,  or  a  fibro-car- 
tilaginous,  intermediate 
substance.  Rlidinger  re 
asserts  the  true  joint- 
like structure  of  the 
articulations  of  the  os- 
sicula  "  He  also  main- 
tains that  in  both  the 
malleo-ineudal  and  in- 
cudo-stapedial  joints 
there  is  a  fibro- carti- 
laginous disc  connected 
with  the  capsular  liga- 
ment, but  not  with  the 
hyaline  covering  of  the 
articular  surfaces  of  the 
bones. 

If  the  tegmen  tympani 
be  removed,  let  us  say, 
from  the  right  tympanic 
cavity,  the  malleo  -  in- 
cudal  joint  and  the  in- 
cudo-t3'mpanic      joint 

will  be  exposed  to  view  (see  Fig.  1688),  and  just  in  front 
of  the  head  of  the  malleus,  but  below  it,  will  be  seen 
the  tendon  of  the  tensor  tympani  muscle  coming  upward 
and  inward  from  the  left,  to  be  inserted  into  the  tuber- 
cle on  the  neck  of  the  hammer.  Above  this  tendon, 
winding  from  within  outward,  and  to  the  right  (in  the 
figure)  around    the    neck  of    the    malleus,  is  seen  the 


Fig.  liiSS.  —  Kifht  Tympanic  Cavliv 
view('(I  frniti  above;  Mulleo-inrudi.I 
and  Iniinln-iyiMiianic.Ioltits.  (Mag- 
nified two  diameters.  Henle.)  c. 
Head  of  malleus  :  c,  shuri  i)rocessof 
incus:  /,  tendon  of  tensor  tympani 
muscle ;  il,  capsule  of  ineud(i-tym- 
panic  joint ;  a.  ligamentum  mallei 
anterius ;  h.  chorda  tympani  nerve. 
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Fr(;.  l()J<il.— Dia  gram  m  a  t  i  e 
lU'prt'sfiitalioii  (if  the  Rela- 
tion iif  tliV  Ossick'S  tci  One 
AnoilH'i'.  In  the  Mcmbnina 
Tvmpani.  anil  to  ilic  Inter- 
nal Kar.  (Biu'k.l  T.  Cav- 
itv  of  tympanum  ;  L,  latty- 
rihtti ;  M.A.K.,  nieattis 
auditoiins  extemiis;  H. 
hammer;  .1,  anvil;  .S. 
stimip:  M.T.,  luemlirana 
tympani;  F.li..  fenestra 
rotunda. 


dioniii  t!/mp<uii  on  its  way  to  tlic  Glasoriaii  fi.ssure. 
The  stispi'ii.sory  ligameut  of  the  iiialleiis  is  attaclied  to 
tlie  tuulcr  surfaee  of  the  roof  of  the  tyiiiiiaiiic  eavity, 
but  is  not  shown  in  the  lij;iire. 
as  it  has  been  removed  witli 
the  legmen. 

Dimensions  of  the  Osgiciilii. — 
X'rbantschitsch,  by  eoiiiptiriiig 
I  lie  ii.ssic)il<i  (iiiditi'is  of  fifty 
dilTerent  tympana,  finiiid  that 
the  iiKilhiis  varied  in  lenglli 
Iri'iii  7  nun.  to  !•.-  nun.,  llie 
averasie  leiijrih  lieinj;  8.5  mm. 
Tile  short  ])roeess  varies  from 
1.2  mm.  to  2.G  mm.,  with  an 
average  length  of  1.6  mm. 
The  long  process  (the  Folian) 
was  found  in  one  ease,  an  in- 
dividual thirty  years  of  age, 
to  ln'  2..")  nini.  long,  and  in  an- 
other, a  man  twenty  yetirs  of 
age,  o.S  mm.  long.  The  num- 
nhriiiiii  has  an  average  length 
of  5  mm.  from  the  short  proc- 
ess above  to  the  end  below. 
In  the  incim  the  distance  of 
the  upper  end  of  the  articular 
surface  from  the  free  end  of 
the  horizontal  ramus  is.  on  the 
average,  5.3  mm.  The  under 
end  of  the  surfaee  of  the  joint 
is  4,6  mm.  distant  from  the  in- 
cudo-st.aiiedial  joint.  The  incus  is  the  most  porous  of 
tlic  ossicles.  The  average  length  of  the  stdjus  is  3.7 
mm.:  its  average  breadth  between  the  crura,  2.3  mm. 
Its  head  is  either  entirely  straight  (twenty-nine  times)  or 
inclined  toward  the  anterior  (eighteen  times)  or  posterior 
limli  (lliice  times);  in  one  case  the  head  pointed  upward, 
i.e. ,  toward  the  upper  edge  of  the  foot  plate  of  the  ctiipes.  '■ 
Tlif  Weight  of  the  Omcida  Ariditus. — The  weight  of 
the  auditory  ossicles  varies  greatly  with  the  age  of  the 
individual.  "  Itisalso  a  fact  that  the  proportionate  wsight 
of  the  ossicula,  one  to  another,  is  not  constant.  In  the 
new-born  child  the  proportionate  weight  of  the  nuilleiis 
to  the  iiioix  is  generally  as  twenty  to  seventeen,  and  in  a 
malleus  weighing  20  mgin.  the  weight  would  be  distrib- 
uted as  follows:  The  head  of  the  mallens,  including  that 
portion  of  the  neck  just  above  the 
short  process,  16  mgm.  :  the  long 
process,  including  the  short  proc- 
ess. 4  mgm.  In  an  incus  weigh-  7 
ing  17  mgni.  the  body  of  the  in- 
ctis.  including  the  short  process 
and  the  base  of  the  proeessiis  loiirjus 
as  far  downward  as  the  lower  lip 
of  the  inferior  articidating  sur- 
faces, weighs  14  mgm. ;  and  the 
long  process  with  the  proeesnus  len- 
iieularia uttached.  3  mgm..  the  cor- 
responding stapes  weighing  very 
nearly  4  mgm.  In  the  adult  the 
weights  of  tlie  mnllevs  and  the  t«- 
e!/«are.asa  ride,  more  nearly  equal ;  fig.  1690. 
in  some  cases,  however,  the  pro- 
portionate weight  of  the  mulleus 
to  the  incus  is  as  seven  to  eight." 
According  to  the  same  observer, 
the  distribution  of  the  weight  of 
the  ossicula,  tiliove  and  below  the 
axis  line  (see  page  .587),  is  as  fol- 
lows: In  a  )»'(//( //.v  which  weighed 
21  mgm.  and  an  incus  25  mgm., 
the  combined  weight  of  the  por- 
tions of  these  two  bones,  above 
the  axis  line,  was  30  mgm,  ;  that 
below  the  line,  16  mgm..  or  in  the 
proportion  of  fifteen  to  eight. 
This  preponderance  of  weight  in 


Dia^rrammatie 
Representation  of  the 
Formation  of  the  .S(»- 
called  Pouches  of  the 
Menihrana  Tympani. 
IC.H.  Burnett.)  1.  Mu- 
cous memlirane  of  the 
inner  surface  of  the 
niemhrana  tympani,  as 
shown  by  dotted  line; 
2.  reflection  of  .*;anie  over 
the  chorda  tympani;  ;i. 
pouch  of  the  raembrana 
tympani ;  4.  4,  inner  sur- 
face of  the  membrana 
tympani;  .5,  section 
thn.tujrh  osseous  fltntr  of 
the  tympanic  cavity ;  tt. 
umtx)  of  the  membrana 
tympani :  ~.  shoi-t  proc- 
^  of  malleus. 


the  parts  of  the  imiUevs  and  ii>ci/s  above  the  axis  line 
tends  to  act  as  a  mechanical  counterbalance,  and  renders 
the  two  bones  betterable  to  sw  ing  upon  the  axis  line.  It 
al.so  servesto  increase  the  delicacy  of  a  mechanism  which 
responds  to  sound  waves  in  excursions  so  iutinitesimal 
tluit  the  highest  powers  of  the  microscope  cannot  detect 
them  (Ilelmholtz). 

The  three  ossicles  which  have  been  described,  when 
Joined  together,  form  the  so  called  chain  of  auditory 
bonelets.  They  then  act  as  sound  conductors  between 
the  membrana  tympani,  in  the  external  ear,  and  the 
vestibule,  in  the  internal  ear  (see  Fig.  1689).  Every  in- 
ward movement  of  the  tympanic  membrane  is  followed 
by  a  similar  inward  motion  of  the  stapes,  and  the  foot 
plate  of  the  latter  impresses  the  lymph  in  the  labyrinth 
and,  mediately,  the  terminal  filaments  of  the  auditory 
nerve  in  the  cochlea  and  otlier  ]iarts  of  the  internal  ear. 
The  compression  of  the  lymph  in  the  labyrinth  finds  a 


Fig.  1691.— Section  through  the  Lontr  Axis  of  the  Malleus  at  Right 
Angles  to  the  membrana  Tympani.  From  an  adult.  (Brunner.l 
Bony  edge  of  the  siM-alled  scute  or  inner  edge  of  upper  wall  of  audi- 
tory canal,  in  the  segment  of  Rivinus;  y,  head  of  the  malleus;  p. 
neck  of  the  malleus;  o,  handle  of  the  malleus ;  /,  short  pnx-ess  of 
same ;  j,  membrana  flaccida ;  h,  ligamentuiu  mallei  externum ; 
HI,  chorda  tympani ;  rt,  tendon  of  tenstir  tympani ;  (.  a  cavity,  ac- 
cording to  Prus-sak  and  others;  a,  cartilage;  />,  />,  fibres  of  the 
membrana  tympani ;  c,  dermoid  layer  of  the  membrana  tympani : 
(y  Haversian  canals;  f,  medullary  space. 

compensatory  yielding  at  the  membrane  of  the  round 
window.  Were  this  not  so,  the  nerve  filaments  would 
be  in  danger  of  too  much  compression  with  each  .sound 
wave  which  carries  the  chain  of  ossicles  inward. 

The  membrana  tympani  forms  most  of  the  outer  wall 
of  the  tympanic  cavity.  The  limit  of  this  outer  wall  is 
made  by  the  annulus  tympanicus.  Upon  the  inner  sur- 
face of  "this  outer  wall  of  the  tympanic  cavity  lie  the 
manubrium  of  the  malleus,  the  chorda  tympani.  and  the 
duplicature  of  mucous  membrane  about  the  latter,  which 
forms  also  the  so-called  pockets  of  the  tympanic  mem- 
brane. 

These  pockets  or  pouches  of  the  membrana  tympani 
are  the  spaces  lying  between  the  upper  edge  of  the  mem- 
brana tympani  and  the  aforesaid  duplicature  of  mucous 
membrane  around  the  chorda  tympani  nerve,  in  the  so- 
called  horizontal  portion  of  its  passage  through  the  tym- 
panic cavity.     There  are  two,  the  anterior  or  smaller  one 
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and  the  posterior  or  larger  pocket,  formed  in  the  fol- 
lowing manner  (see  Fig.  1690.  1.  2.  and  3).  After  the 
mucous  membrane  of  the  tegmeu  tympani  has  been  re- 
flected over  the  chorda  tympani.  it  ascends  again  to  reach 
the  upper  edge  of  the  diiim  membrane,  in  order  to  form 
the  inner  or  mucous  layer  of  the  tympanic  membrane: 
therefore  the  chorda  tympani  nerve  is  found  at  the  free 
edge  of  a  fold  of  mucous  membrane  wliich.  with  the 
membraua  tympani.  forms  a  groove  oi.ening  downward 
(Fig.  1690,  3).  Since  the  chorda  tympani  clings  to  the 
inner  surface  of  the  neck  of  the  malleus,  this  groove  or 
pocket  is  divided  into  two  compartments,  named  as 
alreadv  mentioned.  They  were  first  described  by  von 
Troeltsch  in  1856.  He  asserted  that  the  posterior  one 
contained  in  its  structure  traces  of  the  tiljrous  layer  of 
the  tympanic  membrane,  but  this  is  denied  by  Gruber 
and  Bochdaleck.  The  posterior  pouch  is  about  3  mm, 
high  and  4  mm.  broad.  This  pouch  is  best  seen  when 
the  tympanic  membrane  is  viewed  from  within,  but  it 
can  also  be  seen  from  without  when  the  tympanic  mem- 
brane is  thin  and  well  illuminated. 

The  (interior  pouch  lies  in  front  of  the  malleus,  and  is 
much  smaller  than  the  posterior  pouch.  Its  inner  wall 
is  composed  of  mucous  membrane  only.  It  contains  "all 
the  elements  which  proceed  from  or  enter  tlie  Glaserian 
fissure." 

There  is  a  third  or  middle  pouch  of  the  tympanic  mem- 
brane described  by  Prussak  and  Gustav  Brunner  (Fig. 
1691.  i).  This  cavity  is  bounded  behind  by  the  neck  of 
the  hammer,  below  by  the  upper  surface  of  the  short 
process  of  the  malleus,  in  front  liy  the  membraua  flaccida. 
and  above  by  a  ligamentous  baud,  the  ligdiiientiim  mallei 
externum,  which  is  inserted  between  the  margo  tympanica 
and  the  spiina  mnllei.  This  cavity  is  separated  from  the 
anterior  tympanic  pouch  liy  the  upper  tilind  end  of  the 
latter  abutting  on  the  neck  of  the  hammer;  jiosteriorly, 
it  communicates  witli  the  tympanic  cavity  by  a  good- 
sized  opening,  above  the  position  of  the  posterior  tym- 
panic pouch.  This  pouch,  being  thus  placed  in  com- 
munication with  the  tympanum,  may  become  filled  witli 
mucus  or  pus,  and  consequently  ruptured. 

Charles  H.  Burnett. 

'  Archiv  f.  Ohrenheilkunile.  Bd.  xi.,  pp.  9S>-113. 

3  Trautmann  :  Arcliiv  f.  Dbrenheilkunae.  Bd.  vili,,  1873. 

3  Traulraann :  Lite,  cit.,  p.  2s. 

*  Kessel ;  Archiv  f.  Ohrfnheilkimde,  Bd.  viii..  1S74. 

^Gruher:  Stiidien  fiber  das  TromQU'Ueii.  Wien.  l!^". 

®  Gewelielehre.  p.  707. 

'  Helmhultz :  Mwhanism  of  Ossicles  ol  the  Ear  and  the  Membrana 
Tympaiii. 

'»  Gruber :  Op.  eit.,  p.  'X>. 

"  Aix-hives  of  Otology,  tsas.  p.  46. 

1°  Gustav  Brunner:  Monatsschr.  fijr  Ohrenlieilk.,  No.  1,  1872. 

"  Mouatsschrift  t.  Ohrenheilkunde,  So.  ;J.  1S72. 

"  Archiv  filr  Ohrenheilkunde,  Bd.  xi.,  1S7G. 

'5 Dr.  C.  J.  Blake:  Transactions  American  Otological  Society,  vol. 
1..  p.  .>43. 

EAR  DISEASES:  ACUTE  CATARRHAL  OR  NON- 
SUPPURATIVE INFLAMMATION  OF  THE  MIDDLE 
EAR. — Genekal  Considerations. — In  the  l>eginning  of 
an  acute  inflammation  of  the  middle  ear,  and  not  infre- 
quently for  a  considerable  length  of  time  after  the  ap- 
parent onset  of  the  attack,  it  is  impossible  to  determine 
whether  the  case  should  be  classified  as  one  of  a  suppura- 
tive or  as  one  of  a  nonsuppurative  character.  It  is  only 
after  the  acme  of  the  disease  has  been  reached,  and  after 
it  has  been  ascertained  what  is  the  character  of  the  in- 
flammatory- product  that  is  poured  out  into  the  t^inpanic 
cavity,  that  we  are  warranted  in  classifying  the  particular 
case  under  observation  as  belonging  to  the  one  or  the 
other  category.  If  the  inflammatorj-  product  is  com- 
posed merely  of  serum,  intermingled  or  not.  as  the  case 
may  be.  with  a  few  Idood  and  lymphoid  corpuscles,  it  is 
generally  customary  to  speak  of  such  :ni  attack  as  an 
acute  cataiThal  or  nonsuppurative  inflammation  of  the 
middle  ear.  But  if  the  product  under  consideration 
quickly  assumes  a  purulent  cbaiacter.  and  especially  if 
the  membrana  tympani  gives  way  and  allows  it  to  flow 
out  into  the  e.xternal  auditory  canal  for  a  period  of  one 
or  more  days,  it  is  proper  to  designate  such  a  case  as  one 


of  acute  suppurative  inflammation  of  the  middle  ear.  It 
is  ditficuit  to  resist  the  belief  that  in  both  of  these  types  or 
varieties  of  middle-ear  inflammation  the  underlying  cause 
is  an  infection  :  some  milder  forms  of  bacteria  serving  as 
the  e.xciting  factors  iu  the  non-suppurative  varietj-,  while 
in  the  other  variety  the  more  virulent  micro-organisms 
must  be  held  responsible  for  the  suppuration  and  for  the 
actual  destruction  of  tissue 

An  acute  catarrhal  inflammation  of  the  middle  ear  is  a 
very  common  affection  in  the  northern  and  middle  zones. 
A  large  proportion  of  the  cases  designated  by  the  laity 
as  cases  of  "earache"  will  be  foimd  to  belong  in  this 
category-  of  acute  catarrhal  inflammations  of  the  middle 
ear 

Etiology. — Undue  exposure  to  cold  while  the  body  is 
in  a  heated  condition,  and  especially  to  a  draught  of  cold 
air,  is  by  far  the  conmionest  cause  of  an  acute  catan'hal 
inflammation  of  the  middle  ear.  Ducking  and  diving 
under  water  (especially  sjilt  water)  is  also  occasionally  a 
cause  of  such  an  attack,  although  in  the  majorit}-  of  in- 
stances the  result  is  a  suppurative  rather  than  a  non-sup- 
purative  form  of  inflammation.  "Water  may  also  enter 
the  tympanum  in  the  treatment  of  the  nasal  cavities  by 
means  of  the  nasal  douche  or  the  posterior  nares  syringe, 
or  even  when  water  is  drawn  into  the  nostrils  by  the 
patient  himself.  Finally,  the  disease  maj' develop  as  a 
consequence  or  accompaniment  of  certain  infectious  dis- 
eases such  as  scarlet  fever,  measles,  smallpox,  whooping- 
cough,  and  cerebrospinal  meningitis. 

Symptoms. — Poin. — Adults  suddenly  find  themselves 
seized  with  au  agonizing  pain  in  one,  rarely  in  liotli.  ears. 
If  they  are  of  an  observing  turn  of  mind,  they  will  recall 
the  fact,  when  they  are  thus  seized  with  pain,  that  the 
throat  felt  sore  and  thickened  for  a  few  hotirs  before  the 
attack  began.  This,  however,  is  not  always  the  case. 
The  pain  is  usually  sudden  in  origin  and  goes  on  increas- 
ing in  intensity  imtil  the  rupture  of  a  distended  veinlet 
in  the  vicinity  of  Slinipm-H's  membrane,  or  of  an  epi- 
dermal siic  containing  Vilnod-stained  senim,  or  perhaps 
even  of  the  membrana  tympani  itself,  puts  an  end  to  the 
tension  of  the  sensitive  parts. 

A  !^»se  of  Fulness  in  the  Eur. — A  marked  sense  of  ful- 
ness or  of  stufiiness  in  the  ear  is  another  very  annoying 
subjective  sj-mptom  of  this  disease.  It  is  likely  to  last 
as  long  as  there  is  any  appreciable  swelling  of  the  walls 
of  the  Eustachian  tube. 

Tinnitus  Auriuni. — This  symptom,  common  to  affec- 
tions of  the  tympanum,  is  often  a  violent  one  in  acute 
inflammation.  In  the  first  stages  it  is  usually  of  a  putting 
or  blowing  character. 

Besonance  of  One's  (hen  Voice. — This  symptom,  some- 
times termed  autophoni/,  is  to  many  patients  very  annoy- 
ing. It  disappears  with  the  subsidence  of  the  swelling 
of  the  inflamed  tym;ianic  mucous  membrane. 

Impiiinnent  if  the  Ileiirinr/. — The  extent  to  which  the 
hearing  is  affected  varies  greatly  in  the  different  cases, 
and  beai's  no  fixed  relationship  to  the  degree  of  hyper- 
iX'inia  and  infiltration  manifested  by  the  visible  portions 
of  the  membrana  tympani.  In  most  ca.ses  the  hearing  is 
not  sufficientl}-  impaired — even  when  l>oth  ears  are  in- 
volved— to  exclude  the  patient  from  the  pleasures  of 
ordinary  conversation.  Now  and  then,  however,  the 
degree  of  impainnent  is  very  marked,  and  in  these  par- 
ticular cases  it  is  diHicult  to  resist  the  belief  that  the 
labyrinthine  cavities  and  structures  are  more  or  less  in- 
volved in  the  inflammation. 

Coiistitntioniil  Distnrljiinre. — In  adults  there  is  usually 
no  rise  in  the  body  temperature  and  verj-  little  if  any  ac- 
celeration of  the  pulse  rate;  but  in  young  children  there 
may  be  well-marked  feverishness.  with  a  temjierature 
reaching  as  high  as  103'  or  even  104'  F.  In  some  cases 
the  child  may  manifest  an  unnatural  drow-siness.  but  in 
others  the  oppo.site  mental  state — that  of  excitableness 
and  fretfulness — will  be  observed. 

Appear.\nces  Presented  by  tite  Membrana  Tym- 
pani.— The  picture  presented  by  the  drum  membrane 
varies  according  to  thestage  which  the  di.scase  has  reached 
at  the  time  when  the  examination  is  made.     If  the  mem- 


5S8 


REFERE.NLE   HANDBUUK   OF   THE   .MEIUCAL  SCIENCES. 


Kar  DlMoaKCH. 


brane  is  scon  at  nn  early  ]HTii«l  of  the  attack,  bcfuri-  jiain 
lias  become  llie  ]irominent  syin|itoMi.  the  periplieral  por- 
tions, espeeiallv  tlie  upper  ami  the  rej;ioii  of  tlie  iiiami- 
briuni  mallei  will  show  eviiUiices  of  congestion  and  he- 
ginning  infiltration  (Fijr.  24.  I'late  x.w.).  Fartheralong 
in  the  attack  it  may  he  fonnd  that  tlie  epidermis,  in  the 
vicinity  of  ShrapneH's  nienihrane.  has  Ix'en  ]nislied  out- 
ward in  till'  form  of  a  bleb  by  exuded  serum  or  even  by 
pure  blood  that  has  escaped  from  a  ruptured  blood-vessel. 
In  other  ea.ses  the  exudalion  remains  eontined  chietty  to 
the  tympanic  cavity  ;  in  w  hieh  i  vent  buljjin;;-  of  the  drum 
membrane — more  noticeably  of  its  posterior  half — will  be 
the  most  conspicuous  alteration.  Finally,  if  the  exami- 
nation is  ma<le  at  a  time  when  a  wati'ry.  perhaps  blood- 
staine<l.  Iluid  is  escaping  from  the  orilice  of  the  external 
auditory  canal,  it  will  be  seen  that  all  the  usual  land- 
marks iiave  disappeared  and  that  at  the  farther  (inner) 
t-nd  of  the  canal  nolhing  but  a  soaked  epidermal  surface, 
of  very  irregular  form,  can  be  distinguished. 

DiKKKKK.NTiAl.  Di.M^Nosis. — There  ale  only  two  other 
pathological  processes  which  might  perhaps  be  mistaken 
for  the  disease  which  is  now  tinder  consideralion.  These 
are  an  acute  ec/.ematous  inllammatiou  of  the  inner  half 
of  the  external  auditory  canal,  involving  the  dermoid  as- 
pect of  the  nienibrana  tympani.  and  an  acute  suppurative 
intiammation  of  the  middle  ear.  So  far  as  the  eczema  is 
concerned,  the  previous  history  of  the  case,  the  absence 
or  the  insignificance  of  the  pain,  the  small  degree  of  the 
impainnent  of  the  hearing,  the  probable  absence  of  tin- 
nitus, and  the  marked  hyjienemia  and  infiltration  of  the 
skin  covering  the  inner  half  of  the  external  auditory 
canal. — all  these  facts  will  warrant  us  in  as.suniing  that 
we  are  dealing  with  this  malady  and  not  with  an  acute 
intiammation  of  middle-ear  origin.  On  the  other  hand, 
no  degree  of  familiarity  with  the  pathological  jiictures 
presented  by  the  niembrana  Iym|iani  and  no  degree  of 
care  in  studying  the  other  data  furnished  by  the  case  in 
band  will  enable  the  expert  otologist  to  predict,  with 
any  degree  of  certainty,  whether  the  disease  will  event- 
ually prove  to  belong  to  the  nonsuppurative  variety  or 
whether  it  will  assume  the  more  serious  characteristics 
of  an  acute  suppurative  inflammation.  Fortunately,  it 
is  not  a  matter  of  any  great  practical  importance  that  he 
should  be  able,  at  this  comparatively  early  stage  of  the 
intiammation.  to  ditlerentiat<'  between  the  two.  In  either 
event  he  would  employ  the  same  ]dan  of  treatment:  a 
change  being  called  for  only  when  it  becomes  clear  that 
lie  is  dealing  with  a  disease  the  essential  nature  of  which 
is  an  invasion  of  infective  micro-organisms. 

Prognosis. — The  prognosis  in  this  disea.se  is  almost 
unqualifiedly  favorable.  The  middle  ear.  after  the  sub- 
sidence of  the  acute  attack,  returns  slowly  to  a  condition 
of  health,  and  it  is  only  in  a  few  exceptional  cases  that 
some  slight  permanent  impairment  of  the  hearing  remains 
after  the  attack  has  entirely  subsided. 

Tre-\tment. — An  acute  inflammation  of  the  tympanum 
usually  requires  active  treatment,  especially  in  adults. 
The  practitioner  should  at  once  combat  the  striking 
symptom,  that  is,  the  pain.  The  first  means  to  be  trie<i 
is  the  hot  douche.  "Water  of  the  temperature  of  from 
HW  to  105'  F.  should  be  allowed  to  run  into  the  ear. 
from  a  fountain  syringe  or  the  like.  The  stream  of 
water  should  be  continuous;  hence,  the  piston  syringe  is 
of  no  use  under  these  conditions.  This  instrument  is 
only  valuable  as  a  means  of  ch'aning  the  ear.  or  of  re- 
moving a  foreign  body.  In  case  the  warm  douche  fails 
to  give  relief  in  a  few  minutes,  and  if  the  patient  is  not 
an  infant  or  a  very  young  child,  from  one  to  four  or 
even  .six  leeches  should  be  api>lied  upon  the  tra.sus.  ac- 
cording to  the  severity  of  the  symptoms  and  the  age  of 
the  patient.  In  addition  to  this  the  patient  should  usu- 
ally be  confined  to  his  room,  and  be  in  bed,  while  the 
general  indications  of  the  disease,  the  condition  of  the 
bowels,  the  skin  and  the  pharynx,  are  met  by  a]>piopriate 
treatment.  Usually  the  leeches  will  soon  subdue  the 
pain,  and  appropriate  hygiene,  without  drugs,  will  al- 
low the  case  to  go  on  to  recovery.  It  will  sometimes 
be  necessary  to  repeat  the  leeching  and  to  continue  the 


use  of  the  douche  for  some  days:  opium  niav  also  be 
reciuired.  but  opium  without  local  blood-letting  will  be 
of  little  or  no  service.  Some  authorities  sjieak  well  of 
the  instillation  of  a  solution  of  sul|ihate  of  atropine, 
gr.  ij.  ad  3  i.,  and  of  hydrochhjrate  of  cocaine  in  a 
four-percent,  solution,  instead  of  the  warm  douche, 
but  these  remedies  will  not  avail,  exc<'pt  in  mild  cases. 
Hot  vapors  are  sometimes  of  .service.  An  old  remedv  is 
a  i)oultice  applied  in  the  canal.  The  "heart"  of  a  "hot 
onion  is  es|iecially  used.  Such  a  poidlice  will  ipiiet  the 
pain  in  many  casts,  but  since  it  favors  su]ipuratioii.  and 
may  lead  to  suiqniration  of  the  <lrumhead,  its  use  is  not 
generally  (proper. 

Inasmuch  as  the  question  of  paracentesis  of  the  niem- 
brana tympani  will  be  discuss<d  by  the  wiiterof  the 
article  on  the  suiJiuirative  form  of  acute  inflammation  of 
the  midiile  ear,  it  will  not  be  necessary  for  me  to  say 
anything  on  this  subject. 

As  soon  as  the  acute  symptoms  have  subsided  it  will 
be  found  a<lvantageous  to  iira(iis<-  I'olitzer's  method  <if 
inflation  daily,  and  to  wash  the  pharynx  freely  with  a 
Siiturated  atpieous  solution  of  warm  chlorate  of  potassium, 
Vichy,  or  tlie  like.  This  treatment  should  be  persisted 
in  until  the  hearing  power  becomes  normal,  as  tested  by 
the  wat/-h.  tuninir-fork.  and  the  human  voice. 

/'.  Ji.  St.  John  R,>',x,i. 

EAR  DISEASES:  ACUTE  SUPPURATIVE  INFLAM- 
MATION OF  THE  MIDDLE  EAR.— Among  the  nunier 
ous  diseases  to  which  liuiMajiity  is  liable  there  is  probably 
no  single  one  which  is  capable  of  causing  so  much  suffer- 
ing for  a  short  time,  or  is  more  dangerous  to  life,  than 
an  acute  suppurative  intlamination  of  the  middle  ear:  to 
Siiy  nothing  of  the  liability  of  the  dis<-ase  to  cau.se  the  im- 
pairment if  not  the  destruction  of  the  function  of  one  of 
the  most  im|iortant  organs  of  special  sense,  on  which  are 
largely  dependent  the  giving  of  knowledge  to  the  indi- 
vidual, his  social  position  in  life,  and  his  general  well- 
being.  Yet  until  within  a  very  few  years  this  disease 
has  been  treated  as  thougli  it  were  a  necessity  in  every 
hou.sehold.  a  condition  through  which  everj-  child  should 
pass:  and  even  at  the  present  time  this  way  of  looking 
at  the  disease  prevails  to  some  extent. 

The  distinction  between  an  acute  catarrhal  inflamma- 
tion of  the  middle  ear  and  an  acute  suppurative  inflam- 
mation is  not  always  well  marked  in  the  early  stages  of 
the  di.sea.se:  the  suppurative  form  being  doubtless  in 
many  instances  the  outcome  of  the  catarrhal,  in  conse- 
quence of  infection  or  of  some  other  unfavorable  cir- 
cumstance. 

Acute  suppurative  otitis  media  con.stitutes  from  five  to 
ten  per  cent,  of  all  ear  diseases,  according  to  the  character 
of  the  climate  in  which  the  patient  resides:  being  more 
prevalent  in  one  which  is  characterized  by  frecnient, 
rapid,  and  extreme  changes  in  temperature,  and  by  the 
prevalence,  to  a  greater  or  les.s  degree,  of  dami>ness. 
Then,  again,  the  disease  is  of  more  frequent  occurrence 
among  the  poor,  among  whom  the  hygienic  conditions 
are  especially  unfavorable. 

The  onsi't  of  the  disease  is  usually  sudden  and  is 
attended  by  violent  febrile  symptoms  lasting  for  from  a 
few  hours  to  several  days:  the  nmission  of  the  most 
severe  symptoms  generally  occurs  soon  after  the  rupture 
of  the  drumhead,  an  occurrence  which  liberates  the  pent- 
up  purulent  exudate.  The  discovery  of  this  discharge 
in  the  auditory  canal  is  often  the  first  indication  of  ear 
disease  and  even  the  first  circumstance  which  leads  the 
physician  to  think  of  the  existence  of  any  trouble  in  that 
organ. 

The  anatomy  of  the  upper  portion  of  the  tympanic 
cavity,  known  as  the  epityinpanic  recess,  is  especially 
favorable  for  the  development  of  supi>iirative  intiamma- 
tion. Enclosed  within  this  little  dome  are  the  bodies  of 
the  two  larger  ossicles,  the  malleus  and  incus,  and  the 
ligamentous  bands  which  hold  these  in  position — re- 
duplications of  mucous  membrane  and  connective  tissue. 
Frequently  this  network  of  tis.sue  is  so  developeil  as  to 
divide  the  tympanum  into  two  distinct  parts.     Opening 
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into  tliis  upper  part  of  the  tympanum  posteriori}'  are  the 
aditus,  mastoid  antrum,  and  mastoid  cells.  In  the  aute- 
rior  wall  of  the  lower  or  main  portion,  at  about  its  centre 
or  a  little  below,  is  the  orifice  of  the  Eustachian  tube, 
and  on  the  medial  wall  are  the  two  fenestra^  of  the  laby- 
rinth— the  fenestra  rotunda,  closed  by  a  membrane,  aud 
the  fenestra  ovalis,  closed  by  a  membrane  on  which  rests 
the  foot  plate  of  the  stajies.  Two  important  nerves  are 
liable  to  be  involved  in  an  inflammatory  process  in  the 
middle  ear — the  facial  and  the  chorda  tympanl.  The 
facial  courses  along  the  posterior  and  medial  wall,  usu- 
ally being  enclo.sed  in  its  bony  canal;  sometimes,  how- 
ever, it  is  covered  only  by  mucous  membrane,  thus  ex- 
posing it  to  an)'  intlammatiou  that  may  be  present.  The 
chorda  tympaniruns  free,  arching  over  the  middle  portion 
of  the  cavity  from  behind  forward,  near  the  upjier  mar- 
gin of  the  membrana  tympani.  Involvement  of  the  lat- 
ter in  an  inflammatory  process  would  be  of  comparatively 
little  moment,  while  inflammation  of  the  facial  might  be 
a  more  serious  matter.  The  anastomoses  between  the 
vessels  of  the  tympanum  and  those  of  the  labyrinth  af- 
ford a  means  wliereby  exudation  may  take  place  within 
the  labyrinth,  injuring  the  hearing  and  .sometimes giving 
rise  to  inflammation  and  sujipurating  disease  in  these 
parts.  And  then  again  the  intimate  relationship  between 
the  tympanic  cavity  and  the  membranes  of  the  brain 
must  be  borne  in  mind;  the  paths  of  communication  be- 
tween the  two  being  often  so  numerous  as  to  afford  the 
most  favorable  conditions  for  pyogenic  iufc-ction  of  the 
structures  within  the  cranial  cavity.  In  children  it  is 
not  uncommon  to  find,  as  a  result  of  the  incomplete  ossi- 
fication of  the  petro-squamosal  suture,  an  opening  of  con- 
siderable size  in  the  roof  of  the  tympanic  cavity,  in  con- 
sequence of  which  the  dura  mater  is  in  contact  with  the 
mucous  membrane  lining  the  tymiianum  or  may  even 
dip  down  into  this  cavity.  In  such  cases  an  acute  in- 
flammation of  the  middle  ear  would  encounter  but  little 
resistance  in  spreading  to  the  intracranial  tissues  and 
might  there  cause  more  or  less  serious  disturbance. 

B.\CTERioLOGY. — Research  has  been  made  by  a  number 
of  careful  observers,  both  in  this  countr}-  and  abroad,  in 
this  interesting  and  important  department  of  medicine, 
for  the  purpose  of  determining,  if  possible,  the  specific 
micro-organisms,  or  particular  combination  of  organisms, 
which  produce  this  form  of  tympanic  inflammation  ;  but, 
so  far  as  can  be  determined  with  any  degree  of  accuracy, 
no  special  microbe  or  constant  combination  of  microbes 
is  to  be  held  responsible  for  this  disease.  It  was  at  one 
time  considered  that  the  streptococcus  was  the  most  con- 
stant etiological  factor  in  the  serious  and  fatal  cases  of 
ear  disease,  but  recent  statistics  have  shown  that  the 
staphylococcus  was  present  in  about  as  many  fatal  cases 
as  the  streptococcus.  During  the  past  four  years,  at  the 
Rhode  Island  Hospital,  the  pus  examined  has  shown,  in 
the  milder  forms  of  inflammation,  a  great  variety  of  or- 
ganisms, various  combinations,  and  some  which  could 
not  be  classified.  In  the  more  severe  cases,  in  which 
septic  intoxication  was  pronounced,  pure  cultures  of 
staph3'lococcus  were  found  in  the  majority  of  cases;  the 
streptococcus  being  present,  however,  in  a  larger  number 
of  the  cases  in  which  the  mastoid  was  involved.  In  com- 
paring the  two  principal  kinds  of  infection,  the  staph.y- 
lococcus  and  the  streptococcus,  from  a  sj-mptomatic 
standpoint,  it  was  found  that  in  the  cases  in  which  the 
Staphylococcus  pyogenes  aureus  was  present  in  pure 
cultures,  the  symptoms  were  more  acute,  and  the  bodily 
temperature  was  higher;  the  pain  in  the  region  of  the 
ear  was  more  intense  and  continued  longer  after  perfora- 
tion of  the  drumhead  had  been  established  either  sponta- 
neously or  by  artificial  means;  the  discharge  of  pus  was 
more  profuse,  the  pus  itself  being  more  acrid,  as  mani- 
fested by  excoriations  of  the  tiss\ies  of  the  external  ear 
and,  after  opening  of  the  mastoid  process,  by  erosions  of 
the  skin  about  the  wound  and  by  the  frequent  sloughing 
out  of  the  stitches;  and,  finally,  the  general  course  of  the 
disease  was  more  rapid,  demanding  operation  sooner,  on 
account  of  the  extension  of  the  disease  into  the  mastoid 
cells.     On  the  other  hand,  an  invasion  by  staphylococci 


seemed  to  be  less  often  accompanied  by  swelling  and  red- 
ness of  the  mastoid  integuments  than  was  the  case  when 
the  infection  was  due  to  the  streptococcus.  In  a  carefully 
prepared  report  of  one  luuidred  and  one  cases  by  Dr.  J. 
Orne  Green  the  examinations  show  the  great  variety  of 
micro-organisms  which  are  present  in  this  disease.  These 
statistics  show  practically  the  same  variety  and  classifica- 
tion as  had  previously  been  shown  by  most  of  the  careful 
and  experienced  observers.  Dr.  Green's  principal  object 
in  his  report  was  to  show  the  character  of  the  original 
infection  of  the  tympanum  before  an  opening  of  the 
drumhead  had  exposed  the  cavity  to  secondary  infection. 
After  making  the  canal  as  nearly  aseptic  as  possible  the 
drumhead  was  incised  and  the  artificial  culture  was 
made  from  the  first  drop  of  pus.  In  seventy-three  out 
of  the  one  Inmdred  and  one  cases  pine  cvdtures  were  re- 
ported as  follows; 

Staptivloroocus  (albus,  8 ;  aureus,  9 ;  variety  not  .stated,  19)  36 

Strrpt.  icdicus 19 

Plli-UMIiM'ucCUS 10 

Bacillii-i  (liplitliprise 2 

IJariilliS  liVdCVUTll'US 3 

A  lapsuk-  haiilliis 3 

Leavius  -^  cayt-s  uf  mixed  infection,  or  28  percent. 

Flesch  and  Haug  found  gonococcus. 

P.\THOLOGT. — From  the  anatomical  make-up  of  the 
epitympauic  recess  we  can  readily  understand  what  a 
perfect  incubator  for  micro-organisms  this  space  must 
make  when  in  a  state  of  inflannnation.  With  the  large 
surface  of  nuicous  membi'ane — which,  as  has  been  said, 
"if  spread  out  would  be  as  large  as  a  silver  qiuvrter, " — 
enclosed  within  a  cavity  no  larger  than  a  dried  pea,  we 
can  imagine  that  when  hy])era>mia  and  infiltration  of  the 
mucous  membrane  take  iilace,  as  must  hajipen  in  acute 
inflammation,  considerable  pressure  must  result  and,  in 
consequence,  the  circulation  and  nourishment  of  the  parts 
must  be  greatly  interfered  with.  This,  together  with  the 
pressure  of  the  surfacesof  the  foldsof  mucous  membrane 
upon  each  other,  rcsidts  in  necrosis  of  the  epithelial  sur- 
faces and  even — as  the  di.sease  progresses — of  the  subejii- 
thelial  tissues.  As  soon  as  swelling  begins  there  is  thrown 
off  an  exudation  consisting  of  pus  cells,  mixed  later  with 
blood  and  mucus,  in  which  are  found  the  bacteria  pre- 
viously spoken  of.  The  purulent  exudate  is  formed  over 
the  whole  surface  of  the  mucmis  membrane,  extending 
into  the  orifice  of  the  Eustachian  tube  and  into  the  mas- 
toid antrum  and  cells.  It  is  often  diffused  into  the  tissue 
substance  itself,  and  small  abscesses  have  been  found  be- 
tween the  mucous  membrane  and  the  surface  of  the  bone. 
When  the  inflammation  takes  place  in  the  presence  of 
scarlet  fever  the  infection  seems  intensely  virulent  and 
tissue  necrosis  takes  place  very  rapidly.  This  is  espe- 
cialh-  noticeable  in  the  rajiid  perforation  of  the  drumhead. 
In  some  cases  the  necrosis  extends  to  the  ossicles  and  to 
the  walls  of  the  tympanum  quite  early  in  the  disease. 
As  was  stated  in  an  earlier  paragraph,  the  epitympanic 
recess  is  sometimes  quite  cut  off  from  the  lower  part  of 
the  tympanum.  When  this  hajipens  the  swollen  mucous 
membrane  is  forced  outward  above  the  short  process  of 
the  malleus,  p\ishing  out  Shrapnell's  membrane,  or  the 
l)Osterior  upper  portion  of  the  membrana  propria.  Some- 
times, before  perforation  takes  place,  the  protrusion  of 
the  mucous  membrane  jmsbes  this  flaccid  portion  out- 
ward to  such  an  extent  that  it  will  hang  down  over  the 
membrana  propria,  obscuring  it  more  or  less  and  being 
often  mistaken  for  a  polypus.  But  it  is  quite  ruilike  a 
polypus,  as  will  be  .seen  if  care  is  used  in  the  examina- 
tion, and,  furthermore,  if  incised,  it  will  discharge  pus. 
In  some  cases  in  which  this  point  of  bidging  is  inci-sed, 
there  will  take  place,  after  the  lapse  of  a  few  da>  s,  a  pro- 
lapse of  the  mucous  membrane.  This  last  condition  is 
even  more  apt  than  that  described  above  to  be  mistaken 
for  a  polyp.  If  this  nipple-like  projection  continues  for 
a  number  of  days  after  incision  and  after  proper  treatment 
has  been  carried  out,  the  case  must  be  closely  watched 
for  other  indications  of  mastoid  involvement,  as  this  is 
one  of  the  important  symptoms  of  that  comjilication. 
Sometimes,  instead  of  forming  this  polyp-shaped  mass, 
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the  pus  dissects  its  way  Ix-twcin  the  nieiiibraiious  portion 
of  the  caual  aiul  tlie  Ixme,  and  fi)riiis  an  abscess.  In 
children  it  is  quite  cDrnninn  for  tliis  dissection  of  pus  to 
continue  ulonj;  the  posti'iior  wall  of  the  canal,  between 
the  bone  and  the  perioslcinn.  and  to  lind  its  way  out  upon 
the  outer  surface  of  tlie  mastoid  |>r(>cess,  where  it  forms 
a  post-auricular  ab.scess.  In  tliese  ea.ses  it  lias  l)een  the 
experience  of  most  suriicons,  wlio  have  looked  for  it,  to 
find  pus  in  the  mastoicl  cells.  The  pus.  after  reaching 
the  post-auricular  rei;ion.  fre(|ucntly  liuds  its  way  into 
the  jrlandidar  and  cellular  ti.ssues  of  tlic  neck.  The  most 
common  cour.sc  of  the  disease,  however,  is  to  extend 
downward  from  the  epitympanic  space,  in  the  direction 
of  least  resistance,  into  the  lower  jiarl  of  the  tympanum, 
involvinjr  the  tissues  in  this  reuion.  and  causinjr  marked 
bidging  of  the  drumheail  pioper.  with  swelling,  intlam- 
niation.  and  o'dema  of  its  tissues.  In  these  cases  the 
perforation  is  more  freipiently  located  in  the  posterior 
half  of  the  dnnnhcatl.  about  half-way  between  the  tip 
of  the  manubrium  and  the  posterior  margin,  or  a  trille 
higher  up.  near  the  iucudo  stapedial  articulation.  Early 
in  this  form  of  the  intlaiiimation  the  Eustachian  t\d)e  be- 
comes closed  by  swelling  of  its  lining  mucous  nienilirane. 
Doubtless  in  many  ea.ses.  if  the  tube  could  be  kept  open, 
the  more  serious  complications  of  the  disease  might  be 
avoiiled. 

Etiology. — The  causes  of  this  disease  are  many  and 
varied.  The  ])rimarv  causes  may  be  divided  into  two 
general  classes:  Krlinm/.  including  traumatic  and  cli- 
matic: Iiikriial,  including  intiammatory  and  circulatory. 
The  secondary  cause,  in  both  classes,  is  pyogenic  infec- 
tion. 

Among  the  external  traumatic  causes  are  the  direct — 
as  by  ojierative  jirocedures  on  the  drumheail  or  in  tlie 
middle  ear:  by  violence  to  the  parts,  e.i?..  by  forcible  re- 
moval of  foreign  hodies:  by  forcible  syringing:  by  a 
direct  stab  wound  of  the  drumhead:  by  boxing  the  ear: 
by  greatly  increased  pressure  upon  the  dnnuhead — t.i/., 
by  compressed  air,  as  in  tiuinelling  and  mining,  in  div- 
ing, and  in  concus.sion  of  the  air  by  an  explosion  or  by 
the  tiring  of  a  cannon  :  and.  finally,  by  scalding,  by  local 
irritants,  by  caustics,  etc.  Among  the  iiu/ircrt  causes 
are  contusion  of  the  skvdl,  as  from  a  blow  or  a  fall. 

Climatic  causes  are  exposure  to  cold  and  wet.  or  allow- 
ing the  wind  to  blow  for  a  long  while  in  the  ear.  Then 
there  are  causes  which  are  external  to  the  middle  car,  as 
for  example,  an  extension  of  inflammatory  conditions  of 
the  external  auditory  canal  to  the  tissues  of  the  drum- 
head, and  from  thence  to  its  mucous  coat,  and  idtimately 
to  the  entire  lining  membrane  of  the  middle  ear.  Among 
these  intiammatory  conditions  are.  external  otitis,  both 
diffuse  and  circiunscribed.  eczema,  hardened  and  im- 
pacted cerumen,  and  foreign  bodies  which  have  been 
embedded  in  the  canal  for  a  long  time.  I  recall  a  case 
of  a  Russian  who  applied  tome  for  relief  from  an  earache. 
I  removed  from  liis  canal  a  piece  of  lead  pencil  three- 
fourths  of  an  inch  long.  When  he  saw  it  he  remembered 
having  hidden  it  in  his  eareight  j  ears  before  while  in  the 
Russian  army.  Dr.  Buck  reports  cases  of  gouty  inflam- 
mations of  the  canal  which  extended  to  the  middle  ear. 
There  is  still  another  iavi,se  which  is  often  placed  in  this 
category.  I  refer  to  the  development  of  an  inflammation 
in  the  mid<lle  ear  from  the  entrance  of  cold  water  into 
the  external  auditory  canal  during  sea  bathing.  In  some 
cases  this  is  doubtless  the  correct  explanation  of  the  otitis 
media,  but.  in  a  larger  number,  it  is  more  probable  that 
the  cold  water  is  forced  into  the  tympanum  from  the 
na.so-pharynx.  during  the  act  of  blowing  the  nose.  In 
a  similar  way  solutions  of  s;ilt  and  water  and  other  solu- 
tions used  for  cleansing  and  for  medication  of  the  mu- 
cous mendirane  of  the  nose  and  nasopharynx,  in  catar- 
rhal conditions  or  after  ojierations,  may  be  forced  into 
the  middle  ear.  In  like  manner  secretions  of  pus.  or 
muco-pus,  coming  from  the  nasal  accessory  sinus,  or  the 
discharge  which  is  present  in  "head  colds."  may  be 
driven  into  the  tube  and  tympanic  cavity,  if  the  patient 
is  in  the  habit  of  blowing  the  nose  violently.  Inflanmia- 
tion  of  the  nuddle  ear  has  occasionally  occurred  after 


nasal  operations — such  as  straightening  the  na.sal  septum 
or  the  removal  of  spurs  and  ridges — and  also  from  eau- 
teriz:ition  of  the  turbinated  bodies.  Now  and  then  such 
an  inflammation  follows  the  operation  for  the  removal  of 
adenoids. 

According  to  the  published  reports,  there  have  been 
cases  in  which  foreign  bodies  have  found  their  way 
through  the  Eustachian  tube,  from  the  na.so-pharynx,  into 
the  middle  ear  I  had  a  case  in  which  a  spear  of  grass, 
overall  inch  long,  worked  its  way  through  the  tube  from 
the  throat  and  set  up  an  acute  iiillarumali<in  of  the  mid- 
dle car  which  continued  for  several  months.  Finally, 
while  moi)pingout  tlieear,  I  discovered  this  dark-i)ointed 
oljject  lying  in  the  tympanum,  and  grasping  it  with  the 
forceps,  I  pulled  out  through  the  perforation  in  the  drum 
memlirane  what  proved  to  be  a  piece  of  grass.  Almost 
immediately  afterward  the  suppuration  ceased  and  the 
perforation  healed. 

Iiitiriiiil  CiiuMit  of  Iiifldinmati'tn. — In  this  list  influ(>n7.a 
or  la  grip]ie  has  been  responsible  for  probably  a  larger 
number  of  cases  of  suppurative  intlammation  of  the  mid- 
dle ear  and  its  complications  than  can  be  attributed  to 
any  other  one  disea.se.  Among  the  other  causes  may  be 
mentioned  nearly  all  of  the  exanthematous  di.seases,  espe- 
cially scarlet  fever  and  measles.  Then  come  "cold  in 
the  head,"  or  acute  nasopharyngeal  catarrh,  diplith(Tia, 
smallpox,  typhus  and  typhoid  fevers,  whooping-cimgh, 
syphilis,  erysipelas,  tuberculosis,  diabetes,  etc.  In  chil- 
dren hyperplasia  of  the  lymphoid  tissue  in  the  naso- 
pharynx— or  "adcnoi<ls,"  as  tliey  are  commonh-  termed 
— is  probably  the  most  common  predisposing  cause. 
When  these  liypcrtrophied  glands  are  prescait  the  slight- 
est exposure  to  cold  and  wet  is  liable  to  precijiitate  aa 
attack  of  inflammation  of  the  niiildle  ear:  and  if  scarlet 
fever,  measles,  or  diphtheria  should  supervene  the  chances 
of  escaping  serious  trouble  would  be  greatly  lessened. 

Ciiriiliitury  Comlilionn. — There  is  yet  some  mysterj'  I'e- 
garding  these  conditions,  but  we  know  that  in  cases  of 
pneumonia  there  occasionally  occurs  an  acute  suppurative 
inflammation  of  the  middle  ear,  usuall_v  on  the  .same  side 
as  the  affected  lung.  There  is  no  direct  extension,  so  far 
as  can  be  seen,  but  it  is  evident  that  the  disturbance  in 
the  circulation  of  the  lung  does  in  some  way  inlluence  the 
circulation  in  the  middle  ear,  and  asa  result  engorgement 
and  intlammation  take  place.  One  or  two  cases  of  this 
nature  may  appropriately  be  cited  here.  A  hack  driver, 
who  while  in  good  health  had  been  exposed  to  severe 
weather,  was  seized,  a  few  hours  later,  with  a  violent 
]>aiu  in  the  ear.  On  examination  it  was  found  that  the 
tympanic  blood-vessels  were  gorged  with  blood  and  that 
the  middle  ear  was  filled  with  serum :  and  in  the  coiuse  of 
a  few  hours  it  became  plain  that  a  suppurative  inflamma- 
tion was  under  full  headway  in  this  tympanum.  Another 
instance  is  that  of  a  young  child,  wlio  while  teething  was 
suddenly  taken  with  earache:  and  this  pain  proved,  after 
the  lapse  of  a  few  hours,  to  be  due  to  the  development  of 
a  suppurative  inflammation  in  the  middle  ear. 

In  some  of  these  cases  the  inflammation  may  be  attrib- 
uted to  reflex  influences,  while  in  others  it  .seems  more 
plausible  to  attribute  it  to  a  suspension  of  vaso-motor  in- 
liibilion.  But  however  this  may  be.  there  can  be  no 
doulit  that  some  disturbance  of  the  circulation  lies  at  the 
bottom  of  these  attacks  of  acute  suppurative  inflammation 
of  the  middle -ear:  and,  if  we  seek  for  the  cause  of  such 
circulatory  disturbances,  we  shall  doubtless  often  be  able 
to  find  it  in  some  other  organ,  as,  for  example,  the  lungs, 
the  liver,  the  kidneys,  the  teeth,  and  the  nervous  system. 

Dr.  Downie  gives  the  following  statistics  of  .501  cases 
of  tympanic  involvement  treated  in  the  Children's  Hos- 
pital in  Gla.sgow: 

Cases.       Per  cent. 

Originatecl  during  measles 131  20.1 

"             "       scarlet  fever 03  12.6 

"       whooping-cough IS  3.0 

muiniKi 3  0.6 

simple  catarrh 147  29,4 

dentition 101  20.0 

Svphilltlc »  1.6 

lioubtful 33  6.7 
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Symptoms. — The  onset  of  the  disease  is  usually  signal- 
ized by  severe  pain  and.  liigh  fever,  both  of  these  syniji- 
toms  being  influenced  by  the  age  of  the  patient,  and  by 
the  former  conditions  of  the  tissuesof  the  region  affected. 

Pain. — In  infants  there  is  little  evidence  of  pain,  as  the 
drum-head  is  very  thin  and  ruptures  very  easily;  and, 
besides,  the  disease,  at  the  stage  of  rupture,  is  more  often 
of  the  catarrhal  ty)ie.  infection  taking  place  later  through 
improper  care  and  imperfect  cleansing.  In  fever  jiatients 
and  in  tuberculous  patients  there  is  often  little  or  no  pain. 
Pain,  however,  is  pre-eminently  the  most  important 
symptom.  It  is  localized  deep  in  the  ear,  and  is  sharp, 
lancinating,  throbbing  in  character,  radiating  from  the 
depths  of  the  ear  forward  to  the  temple  or  overthe  parie- 
tal region  or  backward  over  the  mastoid  and  occipital 
regions.  It  also  frec|uently  e.^tends  down  the  sides  and 
back  of  the  neck  or  into  the  teeth,  to  the  pharynx,  or 
even  to  the  larynx.  It  may  remain  confined  to  either 
one  of  these  locations,  or  it  may  involve  several  at  one 
time.  Often  pain  in  the  temple  of  the  affected  side  per- 
sists for  days  after  the  earache  has  been  relieved.  In 
other  cases  the  pain  in  the  head  is  more  noticeable  than 
that  in  the  ear,  and  the  real  cause  of  it  may  be  discovered 
only  when  attention  is  called  to  a  discharge  from  the 
external  auditory  canal.  In  most  cases  the  pain  in  the 
ear  is  excruciating  and,  on  account  of  the  accompanying 
pain  in  the  head,  becomes  alarming  to  the  patient.  We 
liave  no  standard  for  measuring  pain,  but.  as  affording  at 
least  some  measure  for  comparison.  I  may  mention  the 
fact  that  women  of  expeiience  have  told  me  that  they 
suffered  greater  pain  from  the  earache  of  this  disease  than 
from  the  act  of  childbirth.  Possibly  in  adults  the  pain  is 
more  prolonged  than  it  is  in  childhood  on  account  of  tlie 
greater  resistance  of  the  tissues  of  the  drumhead  to  spon- 
taneous rupture.  The  pain,  furthenuore,  is  usually  more 
severe  during  the  evening  liours  or  during  the  night. 
Relief  generally  follows  perforation  of  the  drumhead, 
whether  it  occurs  spontaneously  or  as  a  residt  of  surgical 
interference;  but  it  is  more  immediate  and  more  com- 
plete if  afforded  by  early  incision.  In  cases  in  which  the 
disease  has  progressed  for  several  days  liefore  tlie  pent- 
up  pus  has  been  liberated,  and  in  which  the  inflammation 
has  become  established  in  the  mastoid  antrum  and  cells, 
only  partial  relief  follows  the  opening  of  the  drumhead. 
In  this  class  of  cases  the  paroxysms  of  ]iain  are  more 
liable  to  occur  between  midnight  and  three  o'clock  in 
the  morning.  Experience  has  taught  me  to  attach  con- 
siderable value  to  this  fact  as  an  indication  of  mastoid 
complication;  and  when  the  pain  recurs  at  about  one  or 
two  o'clock  in  the  night,  for  several  nights  in  succession, 
even  though  the  patient  ma}"  be  comparatively  free  from 
pain  during  the  remainder  of  the  twenty-four  hours.  I 
feel  that  the  case  is  almost  sure  sooner  or  later  to  come 
to  operation,  and  the  earlier  the  mastoid  is  opened,  in  a 
case  of  this  character,  the  better  for  the  safety  and  com- 
fort of  the  jiatient.  Blowing  the  nose,  sneezing,  cough- 
ing, bodily  exertion,  stooping  over,  and  mental  excitement 
increase  the  pain. 

Ferer. — Fever  is  a  very  constant  symptom.  The  usual 
range  of  temperature  is  from  100'  to  lOi'  F.,  and  in  ex- 
ceptional cases  it  may  so  as  high  as  103'  or  even  10.5°  F. 
It  is  usually  higher  in  children  than  in  adults,  and  is  ir- 
regular and  intermittent  in  its  course.  Afti-r  perforation 
of  the  drumhead  takes  place,  the  temperature  usually 
drops,  but  in  some  cases  it  remains  elevated  for  several 
days.  When  it  is  variable  in  character,  with  a  long 
range — say  from  99'  to  103°  F.  or  more,  dropping  and 
rising  irregularly — s^'stemic  infection  and  sinus  involve- 
ment are  to  be  feared.  While  careful  observation  of  the 
bodily  temperature  is  necessary  in  cases  of  feverish  ill- 
ness, yet  in  this  disease  it  is  imreliable  as  a  guide;  for  the 
temperature  may  remain  normal  or  nearly  so.  and  yet 
serious  trouble  may  be  going  on  in  the  middle  ear  and 
mastoid  cells.  In  many  of  the  worst  cases  of  mastoid 
inflammation  the  temperature  does  not  rise  above  99'  or 
100'  F. 

In  children  the  pain  is  often  so  severe  and  the  temper- 
ature so  high  that  meningitis  is  feared,  especially  when 


the  little  sufferer  rolls  its  head  about,  as  it  so  often  does. 
Rupture  of  the  drumhead,  however,  usually  gives  relief 
at  once,  and  the  severe  symptoms  soon  subside. 

Tendcniess. — There  is  frequently  considerable  tender- 
ness about  the  ear,  over  the  tragus,  beneath  the  lobe,  and 
over  the  mastoid,  close  to  the  auricle.  Generally,  this 
soon  passes  off  after  a  perforation  has  become  established 
in  the  drumhead ;  but  if  it  still  jiersists  over  the  mastoid 
region  for  a  day  or  two  after  perforation  has  taken  place, 
it  is  right  to  infer  that  there  is  probably  involvement  of 
the  mastoid  cells. 

Siibji'ctite  Soiscx. — This  symptom  occurs  next  in  fre- 
quency to  pain,  is  present  in  nearly  all  cases,  and  some- 
times causes  the  patient  fully  as  much  discomfort  as  the 
pain  itself.  Subjective  noises  accompany  the  inflamma- 
toiy  process  from  the  earliest  stages  and  ai'e  due  to  dis- 
turbances of  the  circulation  both  in  the  middle  ear  and  in 
the  labyrinth.  Thev  may  also  be  due  to  the  presence  of 
exudate  either  in  the  tympanic  cavity,  where  it  causes 
pressure  on  the  fenestra^  of  the  labyrinth,  or  among  the 
structures  of  the  latter  cavity.  These  noises  vary  greatly 
in  character  and  are  described  by  the  patient  as  roaring, 
hissing,  beating,  pounding,  ringing,  etc.  They  persist 
and  are  more  noticeable  after  the  pain  has  ceased,  and 
are  very  annoying.  The  metallic  ringing  smmd.  hke 
that  produced  by  striking  a  piece  of  suspended  steel,  is 
characteristic  of  serious  involvement  of  the  lal)yrinthine 
structures. 

Disturbances  of  I/eorinf/. — A  feeling  of  fulness  in  the 
ear  with  slight  cleafness  isoftenoneof  the  first  symptoms 
noticed.  The  patient 's  own  voice  does  not  sound  nat  ural, 
and  he  is  much  annoyed  when  using  the  voice  in  talking 
and  especially  in  singing.  As  the  swelling  of  the  nuicous 
membrane  in  the  eiiitympanic  recess  increases  the  bodies 
of  the  malleus  and  incus  liecome  embedded  in  the  swollen 
tissue  and  the  vibration  of  these  ossicles,  as  well  as  of  the 
membrana  tympani,  is  interfered  with  and  tinally  pre- 
vented altogether.  With  the  further  progress  of  the  dis- 
ease the  swollen  mucous  membrane  of  the  whole  tym- 
panum and  the  pressure  of  the  exudate  on  the  windows 
of  the  labyrinth  quite  effccttially  block  the  hearing.  If 
this  tension  is  not  relieved  early  by  opening  of  the  drum- 
head, the  pressure  exerted  on  the  terminal  filaments  of 
the  auditory  nerve  will  cause  them  to  become  jiaralyzed, 
and  serious  impairment  of  the  function  of  hearing,  of  a 
permanent  character,  is  likely  to  result.  On  theother 
hand,  when  relief  is  afforded  to  this  pressure  early,  the 
hearing  is  usually  entirely  restored. 

In  cases  in  which  the  ni]ii)le-like  projection  already 
mentioned  alxive  develo])s  in  the  U]iper  posterior  quad- 
rant of  the  drumhead,  the  hearing  is  apt  to  be  seiiously 
impaired;  ami  yet  it  is  found  that  when  the  persistence 
of  this  lesion  renders  opening  of  the  mastoid  process  nec- 
essary, the  hearing  becomes  qiiite  normal  soon  after  tlie 
healing  of  the  wound.  Ordinarily  the  functional  disturb- 
ance, like  the  physical,  increases  up  to  the  point  of  per- 
foration and  then  decreases.  But.  according  to  Politzer, 
in  those  serious  scarlatinal  and  diphtheiitic  forms  which 
occur  most  frequently  in  childhood,  and  in  which  tlie 
expansion  of  the  atiditory  nerve  is  disorganize!!  Iiy  a 
simultaneous  exudation  in  this  part  of  the  ear  or  through 
immigration  of  microorganisms,  or  in  those  cases  in 
which  the  bony  capsule  of  the  labyrinth  is  opened  by  a 
process  of  acute  bone  caries,  or.  finally,  in  cases  of  syphi- 
litic inflammation  of  these  parts  of  the  ear,  the  power 
of  perceiving  sound  will  completely  disappear. 

To  determine  the  exact  location  of  the  obstruction,  a 
vibrating  tuning-fork  (C,  512  v.  s.) should  be  placed  on 
the  vertex  of  the  skull.  If  the  obstruction  is  in  the  mid- 
dle ear.  the  fork  will  be  heard  louder  on  the  affected  side ; 
but  if  the  lesion  is  in  the  labyrinth,  the  fork  will  be  heard 
better  on  the  unaffected  side. 

Ob.jf,ctive  Signs. — Appearances  of  the  BnimJieaeJ. — 
It  is  seldom  that  the  physician  has  an  opportunity  to 
examine  an  ear  until  the  disease  is  well  under  way.  Dur- 
ing the  stage  of  congestion  the  blood-vessels  along  the 
manubrium  and  those  along  the  upper  margin  of  the 
drumhead  become  prominent;   and  as  the  inflammation 
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progresses  the  whole  vascular  system  of  the  membrane 
becomes  congested,  in  whicli  condition  this  membrane 
presents  to  the  eye  the  pi<inre  of  a  network  of  line  red 
lines,  and  tlie  latter  extend  over  the  adjoining  posterior 
and  upi>er  walls  of  the  meatus  (Fig.  11,  Plate  .\.\v.).  In 
severe  cases  of  inllamination.  such  as  occurs  in  scarlet 
fever,  measles,  and  intlueiiza,  the  drumhead  becomes 
bright,  livid,  or  angry  red  {Figs.  13  and  14.  I'late  .xxv.). 
In  influenza  it  is  commonly  dotted  with  eeehy  inotic  spots, 
or  sometimes  the  posterior  half  of  the  membrane  will  be 
one  large  blood  blister.  The  most  prominent  point  of 
bulging  vaiies  with  the  focal  point  of  the  infection.  If 
it  isiu  Prussiik's  space,  between  the  head  of  the  malleus 
and  the  outer  wall  of  the  recess,  the  prominent  point  will 
he  at  Shrapnell's  membrane.  In  other  eases  the  bulging 
will  be  posterior  to  it  or  lower  down.  After  the  tympa- 
num has  become  tilled  witli  exudation,  the  whole  drum- 
head bulges,  and.  if  perforation  does  not  take  place,  the 
bulging  will  be  strongly  marked,  the  convex  portion 
sometimes  protruding  a  fourth  of  an  inch  or  more  into  the 
meatus.  After  perforation  has  taken  place  there  is  some- 
times a  prolapse  of  the  mucous  membrane  of  the  middle 
ear  which  will  protrude  into  the  meatus,  even  as  far  as 
the  concha,  as  I  have  seen  in  two  instances.  After  per- 
foration has  taken  place,  it  is  necessary,  if  we  wi.sh  to 
see  the  parts  well,  to  cleanse  carefully  the  meatus  and 
remove  all  the  discharge.  The  presence  of  a  small  per- 
foration— too  small  to  be  recognized  by  inspection  under 
ordinary  conditions — may  be  noted  by  the  pulsation  of 
the  fluid  that  may  happen  to  be  lying  upon  the  outer 
surface  of  the  membrane,  or  by  the  presence  of  air  bub- 
bles in  the  depth  of  the  canal.  In  some  cases,  in  which 
the  Eustachian  tube  is  sufficiently  pervious,  if  the  patient 
holds  his  nose  between  the  thumb  and  finger  and  blows 
hard,  pus  may  be  seen  to  exude  through  the  perforation, 
and  frequently  also  the  perforation  whistle  maybe  heard 
under  these  circumstances. 

Omiititutional  Dinturbaiiccs. — In  very  young  children 
the  symptoms  of  ear  disease  are  very  obscure.  The  little 
patient  is  restless,  fretful,  refuses  to  nurse,  ciies  out  in 
its  sleep,  and  appears  to  be  quite  ill.  In  other  cases  there 
are  dulness  and  apathy,  and  in  still  others  there  may  be 
convidsions,  chills,  nausea,  and  vomiting.  After  five  or 
six  days  the  discharge  appears  in  the  auditory  canal,  and 
it  is  only  when  this  takes  place  and  when  simultaneousl)' 
the  violent  symptoms  disappear,  that  the  idea  suggests 
itself  that  all  these  disturbances  were  due  to  acute  otitis 
media. 

Professor  Politzer  urges  that  in  all  cases  of  acute  fever- 
ish illness  in  children,  accompanied  by  broin  symptoms, 
one  should  never  omit  to  make  a  careful  examination  of 
the  ear,  in  order  to  ascertain  the  condition  of  the  drum- 
head and  whether  the  symptoms  observed  in  the  case 
originate  in  the  ear  or  not ;  it  being  possible,  1)}'  the  dis- 
covery of  such  an  acute  inflammation  of  the  middle  ear, 
to  prevent — through  the  adoption  of  suitable  therapeutic 
measures — the  development  of  dangerous  complications. 
An  Important  clinical  symptom  of  this  disease  in  chil- 
dren, when  they  are  not  capable  of  localizing  the  pain,  is 
the  fact  that  they  often  keep  the  head  turned  toward  the 
affected  side  and  place  their  hand  on  the  diseased  ear. 
Posterior  torticollis  is  also  a  prominent  symptom  in  chil- 
dren. 

In  older  children  the  symptoms  are  more  definitely  ac- 
counted for.  They  complain  of  the  earache  early  in  the 
attack,  and  high  fever,  delirium,  rapid  pulse,  heavily 
coated  tongue,  sordes  on  the  teeth  and  lips,  loss  of  appe- 
tite, and  sometimes  chills,  dizziness,  vomiting,  and  diar- 
rhiea  arc  accompaniments  of  the  disease.  In  aiiults  the 
principal  general  disturbance  is  in  the  brain  and  nervous 
system,  being  manifested  by  excitement,  even  delirium, 
and  fear  of  mania,  on  the  part  of  the  patient. 

I  recall  the  case  of  a  man,  sixty-five  years  of  age,  who 
was  a  surgical  patient  in  the  Rhode  Island  Hospital,  and 
who,  for  three  weeks  after  an  operation,  was  delirious 
during  the  night,  and  dull  and  apathetic  during  the  day. 
His  dementia  was  attributed  to  ether,  but  at  the  end  of 
three  weeks  the  nurse  discovered  a  discharge  of  pus  from 
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the  auditory  canal.  Upon  examination  of  the  ear  an  ad- 
vanced suppurative  inflammation,  with  mastoid  compli- 
cation, was  found  to  exist.  After  a  few  days  an  opera- 
tion was  performed  on  the  mastoid,  and,  as"  soon  as  the 
jiatient  recovered  from  the  effects  of  the  ether,  his  mind 
was  found  to  be  perfectly  clear,  and  it  continued  to  be  so 
from  tliat  time  onward."  Another  interesting  feature  of 
this  case  is  to  be  found  in  the  fact  that  the  time  between 
his  other  surgical  operation  and  the  mastoid  operation 
was  a  l)laMk  to  him;  and  when  he  recovered  from  the 
effects  of  the  ether,  after  the  latter  operation,  he  thought 
it  was  the  first  one. 

CouiiSE  OK  THE  DisK,\SE, — The  course  of  this  disease 
is  largely  dependent  on  the  cause,  on  the  virulence  of  the 
infection,  and  on  the  previous  physical  condition  of  the 
patient.  The  presence  of  adenoid  hyperplasia  in  the 
nasopharynx,  of  hypertrophied  faucial  tonsils,  and  of 
purulent  inflammation  of  the  na.sal  accessory  sinuses, 
tends  to  prolong  the  trouble.  Among  the  constitutional 
disturbances  wliich  arc  liable  to  protnict  the  cimrse  of 
the  disease  in  children  are  the  lymphatic  habit,  the  so- 
called  scrofulous  condition,  pneumonia,  the  exanthema- 
tous  diseases,  etc.  In  adults  the  same  effect  is  produced 
by  diabetes  mellitus,  Hright's  disease,  actual  tuberculosis, 
and  a  debilitated  state  of  the  system  from  overwork  or 
from  some  previous  illness.  In  any  case  it  is  the  general 
rule  for  all  the  symptoms  to  increase  in  severity  up  to 
the  time  when  perforation  of  the  drumhead  occurs,  and 
then,  in  the  most  favorable  cjtses,  the  inflammation  slowly 
subsides.  If  the  disease  is  left  to  itself  perforation  usu- 
ally occurs  in  from  three  to  five  days,  unless  the  drum- 
head was  previously  thickened  from  catarrhal  inflamma- 
tion or  as  a  result  of  some  fither  disea.se;  in  which  case 
perforation  may  not  take  place  for  several  days,  I  have 
seen  one  case  in  which,  at  the  end  of  fifteen  days,  the  tis- 
sues of  the  drumhead  were  found  to  be  like  leather  w  hen 
the  knife  was  plunged  through  them.  In  children  and 
also  in  those  cases  in  which  the  drumhead  is  thin,  per- 
foration takes  place  as  a  result  of  pressure;  in  other 
cases,  however,  the  establishment  of  an  opening  is  due  to 
gradual  erosion  and  ulceration  of  the  inner  layers  of  the 
membrane.  That  pressure  contributes  to  the  final  result 
in  these  cases  also  is  scarcely  to  be  denied.  In  all  cases 
in  which  the  drumhead  is  tough  and  resisting,  there  is 
danger  of  erosion  of  the  membranes  of  the  round  and 
oval  windows  and  invasion  of  the  labyrinthine  structures 
and  of  the  brain. 

In  cases  in  which  perforation  takes  place  spontaneously 
there  is,  at  the  time  of  the  occurrence,  a  feeling  of  burst- 
ing followed  by  the  appearance  of  a  discharge  and  by 
more  or  less  immediate  relief.  In  the  most  favorable 
cases,  which  pursue  an  uncomplicated  course,  the  disease 
continues  for  from  two  to  four  weeks,  the  discharge 
gradually  diminishing  after  the  first  week  and  all  the 
distressing  symptoms  sub.siding;  and  if  there  has  not 
been  much  destruction  of  tissue  at  the  point  of  perfora- 
tion, the  drum  membrane  heals  readily  and  soon  resumes 
its  normal  condition  and  appearance.  If  the  perfoiation 
is  large,  sometimes  the  healing  will  be  complete  and  at 
other  times  a  permanent  opening  will  remain.  In  both 
eases  the  return  of  the  parts  to  an  entirely  quiet  condition 
may  require  weeks  or  even  months.  The  hearing  soon 
returns  to  a  normal  condition,  oftentimes  before  the  per- 
foration has  closed  and  before  the  evidences  of  disease 
have  entirely  disappeared. 

The  swelling  in  the  Eustachian  tube  slowly  subsides, 
and  frequently,  when  the  patient  blows  the  nose,  the  air 
whistles  out  through  the  perforation  in  the  drumhead, 
or,  if  that  opening  is  closed,  a  sensation  like  a  "snap  "  is 
felt  in  the  ear. 

SEQtrEL.E  AND  COMPLICATION'S. — If  the  discasc  is  pro- 
longed in  consequence  of  any  of  the  above-mentioned 
conditions,  caries  of  the  ossicles  or  walls  of  the  tympanum 
may  result,  or  a  chronic  supimrative  otitis  media  may 
become  established  and  thus  constitute  a  constant  menace 
to  the  patient's  life.  Then,  besides,  there  is  the  liability 
to  imi>airment  of  the  hearing  from  adhesions  or  perma- 
nent thickening  of  the  mucous  membrane  around  the  ossi- 
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cles  or  oval  window,  about  the  foot  plat€  of  the  stapes. 
Loss  of  hearing  may  also  result  from  paralysis  of  some  of 
the  terminal  firaments  of  the  auditory  nerve  from  contin- 
ued pressure  and  interference  with  the  circulation.  Sub- 
jective noises  may  last  for  months  or  become  permanent. 
Finally,  I  should  add  that  facial  paralysis  is  occasionally 
a  complication  of  an  acute  purulent  inflammation  of  the 
middle  ear,  from  extension  of  the  disease  into  the  Fallo- 
pian canal  and  inflammation  of  the  facial  nerve.  Of  the 
more  serious  complications  of  the  disease — sinus  phlebitis, 
thrombosis  of  the  sigmoid  sinus,  extradural  abscess,  etc. 
— I  do  not  need  to  speak,  as  they  will  be  discussed  fully 
in  other  articles  of  this  series. 

Diagnosis. — It  is  often  impossible  to  make  a  differen- 
tial diagnosis,  in  the  early  stages  of  the  disease,  between 
acute  catan'hal  inflammation,  acute  myringitis,  and  acute 
suppurative  inflammation  of  the  middle  ear,  simply  from 
the  appearance  of  the  parts  that  can  be  seen.  In  bullous 
myringitis,  the  blister  is  sometimes  mistaken  for  a  bulg- 
ing of  the  entire  drumhead,  when,  as  a  matter  of  fact,  it 
is  only  the  outer  dermoid  layer  which  is  pushed  outward, 
the  fluid  lying  between  this  and  the  substantia  propria. 
AVhen  such  a  blister-like  collection  of  serous  fluid  bursts 
and  the  contents  appear  in  the  canal,  it  may  readily  be 
supposed  that  this  fluid  represents  a  discharge  from  the 
middle  ear.  But  myringitis  is  usually  of  very  short 
duration  and.  unless  caused  by  an  external  otitis,  it  soon 
subsides  after  rupture  of  the  bulla.  It  is  of  frequent  oc- 
currence in  children,  and  care  nuist  be  used  not  to  open 
the  tympanum  unnecessjvrily  and  thus  perhaps  ei'eate  a 
more  serious  form  of  disease.  In  adultsmyringitisoccurs 
less  frequently  and  is  usually  caused  by  a  previously 
existing  external  otitis  or  eczema.  To  differentiate  this 
form  of  disease  from  acute  catarrhal  inflammation  is  still 
more  difficult,  for  in  children  and  in  patients  with  atro- 
phic drumheads,  perforation  may  take  place  in  the  ca- 
tarrhal form  of  inflammation;  and  then,  on  the  other 
hand,  a  perforation  does  not  always  take  place  in  the 
purulent  variety,  and  the  disease  may  go  on  to  mastoid 
or  other  serious  complication  without  any  perforation 
occurring.  After  the  suppurative  inflammation  of  the 
middle  ear  is  further  advanced,  the  swelling  of  the  drum- 
head in  its  upper  poition,  and  especially  in  the  region  of 
Shrapnell's  membrane,  constitutes  a  distinctive  feature. 
Then  wlien  a  perforation  occurs  and  gives  exit  to  a  dis- 
charge which  contains  chiefly  pus.  with  more  or  less  ad- 
mixture of  blood  and  stringy  mucus,  the  nature  of  the 
disease  becomes  quite  evident. 

Bacteriological  examination  of  the  discharge,  if  made 
daily  from  the  time  when  it  first  makes  its  appearance, 
is  likely  to  afford  valuable  assistance  in  diagnosis  and 
treatment. 

A  careful  consideration  of  the  history,  etiology,  and 
subjective  symptoms  of  the  case,  together  with  a  careful 
speculum  examination,  should  render  the  diagnosis  a 
comparatively  easy  matter,  at  least  in  adults.  In  chil- 
dren, however,  it  is  much  more  difficult  to  detect  the  ex- 
istence of  the  disease.  Nevertheless,  the  evidence  that 
pressure  on  the  tragus  causes  ]iain,  and  the  character  of 
the  picture  presented  by  the  drum  membrane  as  seen 
bj'  aid  of  the  speculum  and  reflected  light,  should  make 
the  diagnosis  plain.  Considerable  stress  has  been  laid  on 
the  diagnostic  value  of  the  presence  of  riiles  which  can 
be  heard  by  means  of  the  auscultation  tube  while  the 
patient's  middle  ear  is  being  inflated  by  Politzer's  method 
or  by  the  catheter.  Aside  from  the  question  of  its  value 
as  an  aid  to  diagnosis.  I  believe  tliis  to  be  an  extremely 
dangerous  experiment,  inasmuch  as  a  mild  type  of  in- 
flammation may  thereby  be  converted  into  a  serious  one, 
through  the  conveyance  of  infectious  material  into  the 
tympanum  or  even  into  the  mastoid  cells. 

Finally,  the  difficulty  of  reaching  a  correct  diagnosis 
may  be  enhanced  bj'  the  simultaneous  presence  of  furun- 
cles and  pustular  eczema  in  the  external  auditory  canal. 
Here  again  we  must  depend,  for  reaching  a  correct  diag- 
nosis, on  the  aid  afforded  by  the  head  mirror,  the  specu- 
lum, and  a  good  light. 

Mastoid  Inflammation  and  Empyema. — The  most   fre- 


quent complication  of  acute  supperative  inflammation  of 
the  middle  ear  is  inflammation  of  the  mastoid  portion  of 
the  temporal  bone.  As  we  have  learned  from  the  anatomy 
of  this  region,  there  is  a  direct  communication  between 
the  epitj'mpanic  recess  and  the  mastoid  cells,  through  the 
antrum,  and  the  mucous  membrane  passes  continuously 
from  one  region  to  the  other.  Consequently  any  inflam- 
mation that  may  be  present  in  one  cavity  may  easily  ex- 
tend into  the  other.  Thus,  when  the  mastoid  cells  be- 
come inflamed,  we  are  waiTanted  in  assuming  that  this 
inflammation  was  set  up  either  through  a  direct  exten.sion 
from  the  tympanum  or  through  some  of  the  pyogenic  in- 
fective material  having  been  forced  into  them  mechani- 
cally, as  by  the  act  of  inflating  the  middle  ear  with  the 
air  bag  or  by  the  patient's  forcibly  blowing  the  nose. 
As  instances  of  direct  extension  we  may  mention  those 
cases  in  which  mastoid  disease  develops  in  the  course  of 
such  diseases  as  measles,  scarlet  fever,  etc.  During  the 
past  ten  years  influenza  has  been  responsible  for  more 
cases  of  mastoid  inflammation  than  all  other  causes  com- 
bined In  some  cases  the  mastoid  complication  follows 
the  middle-ear  inflammation  directly,  the  severe  pain  and 
other  distressing  symptoms  continuing  without  any  re- 
mission. In  other  cases  there  is  an  abatement  of  the  pain 
and  fulness  during  the  daytime;  these  symptoms  recur- 
ring again  soon  after  midnight.  Then  again,  in  still 
other  cases,  there  seems  to  be  an  intermission  of  several 
days  between  the  abatement  of  the  middle-ear  inflamma- 
tion and  the  manifestation  of  mastoid  involvement.  The 
patient  seems  to  be  convalescing,  wlien  suddenly  the 
pain  returns  in  the  night,  the  patient  is  restless,  and  the 
symptoms  of  acute  inflammation  again  appear.  If  the 
ear  now  be  exauiiueil  the  nipple-like  projection  spoken 
of  on  a  previniis  ]i;ige  will  lie  seen  in  the  upper  posterior 
portion  of  the  drunibead;  the  inner  end  of  the  canal  will 
appear  narrower,  with  a  little  flattening  out  of  its  poste- 
rior upper  cutaneous  wall  near  the  tympanic  margin; 
the  discharge  may  or  may  not  be  more  profuse  ;  but  if 
there  is  empyema  of  the  mastoid  ceils  and  the  perforation 
in  the  drum  membrane  is  large  enough  for  free  drainage, 
there  will  be  a  profii.se  discliarge  of  ]ius — generally  of  a 
creamy  character, — sometimes  enough  completely  to  fill 
the  canal  within  a  few  moments  after  its  removal. 

Sometimes  the  connection  between  the  middle-ear  in- 
flammation and  that  of  the  mastoid  is  not  so  immediate 
as  in  the  cases  just  described.  The  acute  stage  of  the 
middle-ear  disease  may  entirelj'  subside  and  the  perfora- 
tion in  tlie  drumliead  become  perfectly  healed,  and  then, 
weeks  or  even  months  afterward,  the  mastoiil  inflanuna- 
tion  will  appear;  the  only  apparent  connecting  link  be- 
tween the  orii.'iiial  attack  and  this  later  complication 
being  a  slight  dulness  in  the  hearing  and  a  sense  of  heav- 
iness in  the  ear,  with  occasional  headache  and  neuralgic 
pains.  In  a  recent  case  which  came  under  my  care,  there 
was  a  history  of  influenza  and  earache  in  June,  1899,  at 
which  time  the  drum  membrane  broke,  a  discharge  ap- 
peared, and  then  the  ear  in  due  time  healed  without  com- 
plication. Afterward,  however,  the  patient  had  "a  mis- 
erable-feeling head  "  and  slight  deafness,  both  of  which 
symptoms  persisted  up  to  the  time  when  she  consulted 
me,  viz.,  in  June,  1900.  An  examination  revealed  only 
the  picture  of  a  chronic  catarrlial  inflanunation  of  the  mid- 
dle ear.  Under  treatment  the  ear  seemed  to  improve.  In 
the  course  of  a  few  weeks,  however,  swelling  occurred 
behind  the  ear  and  there  was  evidence  of  fluctuation.  An 
operation  revealed  the  existence  of  an  old  mastoid  inflam- 
mation with  the  cell  structure  entirely  disorganized,  and 
its  place  occupied  by  cheesy  pus  and  pyogenic  granula- 
tion tissue. 

The  pain  of  mastoid  inflammation  in  the  acute  stage 
is,  in  its  characteristics,  very  similar  to  that  of  an  un- 
complicated acute  purulent  inflammation  of  the  middle 
ear.  In  certain  cases  it  is  referred  particularly  to  tlie 
teeth,  while  in  others  the  patient  complains  chiefly  of 
the  occiput  or  of  one  or  the  other  temple.  Pressure 
with  the  tip  of  the  thumb  over  the  location  of  the  an- 
trum, over  the  tip  of  the  mastoid  process,  or  over  the 
opening  of  the  mastoid  emissary  veins,  will  increase  the 
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pain.  There  are  usually  swelling,  redness,  and  crdcma 
over  the  mastoid,  and  frequently  the  auriele  is  displaced 
downward  and  outwanl  l)y  these  swollen  tissues.  In 
some  cases  the  swelling  extends  over  the  whole  side  of 
the  head,  as  far  as  tlic  outer  angle  of  the  orbit,  to  the 
vertex,  or  to  the  occiput.  The  swollen  parts  may  present 
the  appearance  of  a  i)hlegraonous  inflammation,  or  the 
amount  of  intlammation  may  be  so  slight  as  to  cause 
scarcely  any  recognizable  alteration  in  their  ai>pearance. 
Sometimes  there  is  no  visible  external  evidence  of  mas- 
toid disease,  although  it  is  rare,  even  in  these  cases,  for 
tenderness  on  pressure  to  be  lacking.  If  the  outer  corte.x 
of  the  bone  has  become  perforated  by  tlie  necrotic  process, 
the  pus  will  escape  beneath  the  periosteum  and  may  bur- 
row beneath  the  scalp  or  into  tlie  cellular  tissues  of  the 
neck,  causing  swelling  and  induration  in  the  upper  part 
of  tlie  cervical  region.  Professor  Bezold,  of  Munich,  was 
the  tir.st  to  describe  a  class  of  cases  in  which  perforation 
occurred  on  the  medial  side  of  the  tip  of  the  process;  the 
pus  in  these  cases  burrowing  down  beneath  tlie  sterno- 
cleido-mastoid  mu.scle.  A  characteristic,  in  this  type  of 
the  disease,  is  the  frequent  absence  of  any  swelling  over 
the  mastoid  itself :  or  if  there  is  any  swelling  it  is  very 
slight  in  amount.  On  the  other  hand,  just  below  the 
tip,  near  the  insertion  of  the  muscles,  there  is  likely  to  be 
some  swelling,  and  this  may  extend  downward  nearlj'  to 
the  clavicle.  In  children  acute  mastoid  disease  frequently 
follows  in  the  wake  of  scarlet  fever,  or  in  connection 
with  a  prolonged  middle-ear  inflammation,  the  outcome 
of  adenoids  in  the  vault  of  the  pharynx  or  of  a  lymphatic 
tendency.  The  mastoid  cells  are  not  developed  in  early 
childhood;  there  being,  as  a  rule,  only  one  cavity  con- 
tinuous with  the  antrum,  and  the  walls  of  this  cavity 
being  very  thin.  In  consequence  of  these  anatomical 
conditions  perforation  of  the  external  bony  wall  takes 
place  very  readily,  and  there  results  a  post-auricular  ab- 
scess. Furthermore,  as  tlie  inner  cortex  of  the  bone  is 
correspondingly  as  thin,  the  pus  is  just  as  liable  to  break 
through  into  the  cranium  as  it  is  toward  the  outside. 

Pkooxosis. — When  the  disease  pursues  a  simple  un- 
complicated course,  and  the  general  constitutional  condi- 
tion and  surroundings  of  the  patient  are  conducive  to 
recovery,  the  jirognosis — when  proper  care  and  treat- 
ment are  employed — may  be  considered  favorable.  On 
the  other  hand,  it  is  unfavorable  in  diabetes,  tuberculosis. 
and  s^-philis.  and  in  cachectic  individuals.  The  outlook 
shoukfbe  stated  in  guarded  terms  in  cases  which  have 
originated  in  intluenza,  scarlet  fever,  diphtheria,  and 
measles;  and  the  same  cautiousness  is  called  for  when 
adenoids  are  present  at  the  same  time.  The  removal  of 
the  latter  will  render  the  prognosis  materially  more  favor- 
able. If  unfavorable  complications  arise,  the  prognosis, 
both  as  to  function  and  as  to  life,  must  be  modified.  In 
the  case  of  mastoid  inflammation  the  prognosis  should  be 
especially  guarded,  as  the  danger  of  systemic  infection, 
pysmia,  thrombosis,  phlebitis,  and  abscess  of  the  sigmoid 
sinus  is  greater  in  mastoid  inflammation  and  suppuration 
than  in  simple  uncompliciited  inflammation  of  the  middle 
ear. 

Treatment.— The  treatment  naturally  falls  into  two 
divisions  as  regards  time:  (rt)  before  perforation  ;  (A)  after 
perforation.  If  the  case  is  seen  early,  nuich  can  be  done 
to  cut  short  the  inflammation,  but  after  it  has  once  be- 
come established  it  runs  a  definite  course.  We  do  not  al- 
ways know  exactly,  within  the  first  twenty-four  hours  of 
tlie  disease,  ■nhether  we  are  dealing  with  the  acute  catar- 
rhal or  the  acute  suppurative  forinof  inflammation;  and 
it  does  not  matter  much,  as  regards  treatment,  whether  we 
are  able  to  make  this  distinction  or  not,  for  both  forms 
call,  at  this  stage,  for  the  same  measures.  If  the  case  is 
seen  within  the  first  twenty-four  hours  from  the  very 
onset  of  the  disease,  diaphoresis,  by  means  of  a  dose 
(adapted  to  the  age  of  the  patient)  of  pilocarpine,  or  of 
Dover's  powder,  or  of  a  hot  lemonade,  together  with 
local  applications  of  dry  heat,  with  douching  of  the  ear 
with  water  a.s  hot  as  can  be  borne,  will  frequently  lessen 
the  severity  of  the  attack.  Dry  heat  may  be  applied  by 
means  of  an  ordinary  rubber  hot- water  bottle,  or  a  hot 


salt  bag  may  be  made  to  fit  around  the  ear,  the  auricle 
being  left  free  from  the  pressure  of  tlie  bag.  In  the  lat- 
ter case  a  hot  towel  or  piece  of  flannel  should  be  jdaced 
over  the  auricle.  A  bag  filled  with  hot  bran  or  hops  is 
preferred  by  some.  It  is  not  a  matter  of  any  special  im- 
portance which  of  these  various  contrivances  is  selected, 
so  long  as  enduring  heat  is  secured.  The  rubber  bag 
shown  in  the  accompanying  illustration  (Fig.  1092)  will 


Fig.  1692.— Rubber  Bag  Devised  by  Dr.  Sprapie  for  Use  with  Either 
Hot  Wat«r  or  Cracked  Ice  in  the  Treatment  of  Acute  luflammatiuns 
of  the  Middle  Ear.    (Half  natural  size.) 

be  found  extremely  useful  in  the  treatment  of  this  class 
of  cases,  as  it  can  be  used  with  either  hot  water  or  ice,  as 
one  prefers.  Poultices  should  never  be  used  unless  their 
action  can  be  closely  watched,  and,  in  view  of  the  danger 
of  macerating  the  soft  tissues  about  the  ear  and  of  the 
auricle  itself,  their  long-continued  use  should  be  avoided. 
The  parts  should  be  kept  as  dry  as  possible,  and  after 
douching  care  should  be  used  in  drying  the  canal  with 
absorbent  cotton.  The  patient  must  be  keiit  in  a  room 
of  equable  temperature  —  say  about  70°  F. — day  and 
night.  It  is  surprising  how  slight  changes  in  tempera- 
ture, or  a  draught  of  air,  can  excite  the  inflammatory 
condition,  influencing  it  unfavorably.  In  the  case  of  an 
adult  it  is  not  neces.sary  to  keep  the  patient  in  bed  after 
the  effects  of  the  sweating  have  subsided.  In  the  case  of 
a  child,  however,  it  will  lie  advisable  t<i  keep  the  patient 
in  bed  for  a  few  days.  During  thisstjige  inflation  of  the 
middle  ear  by  Politzer'smethod  is  recommended  by  some 
as  a  means  of  relieving  the  pain.  After  the  first  twenty- 
four  hours,  however,  this  procedure  is  not  only  of  no 
avail,  but  it  sometimes  actually  increases  the  pain,  and 
at  the  same  time  may  serve  as  a  means  of  transporting 
infectious  material  into  the  middle  ear.  and  thus  may 
convert  a  simple  inflammation  into  a  purulent  one.  An- 
algesics may  be  used  during  this  stage  for  the  relief  of 
pain,  but  tlieir  use  should  not  be  continued,  as  they  will 
mask  important  symptoms,  and  one  can  never  be  sure  of 
the  course  the  disease  is  pursuing  while  the  patient's 
perceptive  powers  are  thus  being  blunted  by  drugs.     If 
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the  measures  alread.y  described  do  not  afford  relief  iu  the 
course  of  a  few  hours  local  blood-lettiug  may  be  resorted 
to  by  means  of  an  artificial  or  a  natural  teeeh.  to  be  placed 
over  the  tragus  or  at  the  opening  of  the  auditory  canal. 
The  use  of  sweet  oil  and  of  other  greasy  substances 
should  never  oe  allowed,  as  they  do  no  good  and  may 
possibly  do  some  harm.  Laudanum,  atropine,  morphine, 
and  cocaine  have  been  highly  recommended  by  some  for 
instillation  into  the  car  for  the  relief  of  pain.  Recent  c-\- 
periments,  however,  have  shown  that  a  concentrated  so- 
lution of  cocaine,  allowed  to  remain  in  the  canal  in  such 
a  manner  as  to  cover  the  drumhead,  had  no  ana>sthetic 
effect  whatever  on  the  parts.  It  is  a  question  whether  it 
is  not  the  heat  of  the  solutions  used,  rather  than  the  ther- 
apeutic value  of  the  drugs  which  they  contain,  which 
affords  the  relief  that  is  sometimes  obtained.  If  deple- 
tion and  the  means  enumerated  do  not  afford  prompt 
relief,  and  if  the  drumhead  is  seen  to  be  bulging  and 
Infiltrated,  an  incision  should  be  made  at  once  through 
the  tense  tissues.  A  simple  paracentesis  or  linear  punc- 
ture, which  may  answer  in  the  milder  forms,  does  not 
always  suflice  in  these  cases,  especially  if  the  membrane 
is  much  swollen.  The  point  of  the  knife  should  be  made 
to  enter  at  the  upper  posterior  portion  of  the  membrane, 
in  the  part  which  bulges  most  prominently,  and,  after 
penetrating  as  far  as  possible  into  the  deep  connective 
tissue,  it  should  be  carried  far  downward  in  a  slightly 
curving  direction.  The  utmost  care  should  be  exercised 
not  to  injure  the  ossicles.  Before  an  incision  is  made  the 
canal  must  be  rendered  as  thoroughly  aseptic  as  possible 
bj'  first  syringing  with  bichloride  of  mercury  solution  (1 
to  2,000)  and  then  swabbing  the  walls  with  alcohol.  The 
surgeon's  hands  and  instruments  should  be  sterilized  and 
every  known  antiseptic  precaution  should  be  used.  After 
the  incision  has  been  made  the  ear  sliould  be  cleansed  of 
the  discharge  bj-  the  surgeon  with  sterilized  cotton.  The 
method  employed  by  the  author  is  to  twist  cotton  on  a 
holder,  then  to  pass  it  through  a  flame  before  putting  it 
into  the  canal.  Tliis  is  done  at  each  visit,  pains  being 
taken  to  cleanse  the  ear  very  thoroughly.  Between  visits 
the  nurse  is  instructed  to  renew  the  cotton  in  the  ear  as 
fast  as  it  becomes  wet  through,  each  pieceof  cotton  being 
handled  with  forceps  and  pas.sed  through  a  flame  before 
it  is  placed  in  the  meatus.  In  this  way.  so  far  as  in  the 
surgeons  power  lies,  every  chance  for  infection  from 
handling  is  removed.  The  ear  is  never  syringed  unless 
the  discharge  becomes  decidedly  purulent.  Placing  the 
patient  in  favorable  surroundings,  using  whatever  con- 
stitutional treatment  may  seem  to  be  indicated,  and  car- 
ing for  the  ear  in  some  such  way  as  has  just  been  de- 
scribed, establishes  those  conditions  in  which  the  disease 
is  most  likely  to  ]>ursue  an  uncomplicated  couree.  "When 
the  discharge  becomes  distinctly  purulent  and  profu.se  it 
must  be  removed  from  the  canal  as  often  as  it  may  seem 
best  in  any  individual  case — i.e.,  from  say  three  times  a 
day  to  as  often  as  every  hour  or  two.  The  best  manner 
of  removing  it  is  by  gentle  syringing,  using  warm  water 
with  sodium  bicarbonate  (a  four-percent,  solution),  or  a 
Siiturated  solution  of  boric  acid,  or  a  bichloride  solution 
(1  to  .5,000).  The  sodium  bicarbonate  solution  is  the  best, 
as  it  dissolves  the  mucus  or  renders  it  less  adhesive,  and 
at  the  same  time  is  harmles,s.  The  bichloride  solution 
should  never  be  used  iu  children  on  account  of  the  danger 
of  its  passing  through  the  Eustachian  tube  and  being 
swallowed. 

Solutions  used  m  syringing  the  ear  must  always  be 
warm  and  non-irritating,  especially  after  the  perforation 
has  taken  place.  During  the  acute  stage,  previous  to 
the  establishment  of  a  perforation,  they  should  be  used 
as  hot  as  possible^ — the  hotter  the  better.  In  some  influ- 
enza cases,  however,  when  there  are  numerous  blood 
blisters  on  the  drumhead  and  neighboring  parts  of  the 
canal,  the  heat  increases  the  pain.  In  such  cases  it  is 
well  to  omit  the  douching  and  to  apply  ice  over  the  mas- 
toid, as  cold  affords  greater  relief. 

After  the  discharge  has  ceased  and  convalescence  is 
fully  established,  there  is  little  to  be  done  aside  from  the 
general  care  of  the  patient.     But  if  the  subacute  stage  is 


prolonged,  some  after-treatment  of  the  middle  ear,  by 
inflations  or  by  apphcations  to  the  Eustachian  tubes,  may 
be  necessary  until  the  drumhead  shall  have  resumed  its 
normal  position.  These  simple  measures  will  generally 
be  all  that  is  necessary.  There  is  danger  of  doing  too 
much  as  well  as  too  little.  There  is  no  condition  that 
needs  to  be  more  carefully  watched,  both  as  regards  the 
e-\ternal  parts  and  especiallj*  as  regards  the  deeper  por- 
tions of  the  canal  and  the  drum  membrane.  At  every 
visit  careful  inspection  of  these  parts  must  be  made,  or 
an  intelligent  understanding  of  the  case  cannot  be  had. 

Treatment  of  local  conditions  in  the  nose  and  throat  is 
•  frequently  necessary.  When  adenoid  hyperplasia  is  pres- 
ent in  the  naso-pharynx  the  redundant  gland  tissue  must 
be  removed,  as  the  ear  disease  cannot  be  permanently 
cured  if  it  is  permitted  to  remain.  On  the  other  hand.  "I 
have  seen  acute  purulent  middle-ear  disease  complicated 
with  mastoid  inflammation  rapidly  recover  after  opera- 
tion for  removal  of  adenoids. 

After  the  period  of  active  inflammation  has  passed  the 
ear  is  apt  to  be  extremely  sensitive,  and  the  patient 
should  exercise  the  utmost  care  to  avoid  a  recurrence  of 
the  disease,  as  relapses  are  frequent.  And  besides,  in 
this  disease  a  recurrence  is  especially  apt  to  lead  to  seri- 
ous consequences.  A  fresh  cold,  or  a  chilling  of  the 
body,  during  the  active  progress  of  the  disease,  is  almost 
certain  to  develop  disastrous  consequences. 

Sometimes  the  perforation  closes  before  the  discharge 
has  ceased,  thus  necessitating  reopening  of  the  mem- 
brane. This  procedure  is  frequently  necessiuy  when  the 
disease  has  extended  into  the  mastoid  cells.  The  mastoid 
region  should  be  constantly  watched  and  tested  by  press- 
ure over  the  antrum  and  tip,  at  each  visit :  and  if  there 
is  the  least  sign  of  tenderness,  after  free  opening  of  the 
tympanum,  ice  or  heat  should  be  applied.  Cold  applica- 
tions are  usually  the  most  comfortable  to  the  patient,  but 
occasionally  dry  heat  is  better  borne.  If  ice  is  used  it 
can  be  ai>plied  by  means  of  either  the  Leiter  cooling  ap- 
paratus (Fig.  1693)  or  the  rubber  bag  devised  bv  the  au- 
thor (Fig.  1692).  This  bag  is  to  be  filled  with  cracked 
ice  every  hour.  It  is  securely  closed  by  a  metal  clamp 
on  the  rim  near  the  top.  It  is  applied  with  the  wide  part 
over  the  mastoid,  the  clamped  end  uppermost,  and  the 
auricle  protruding  through  the  opening.  It  is  held  se- 
curely in  place  by 
tapes  attached  in  the 
ej'elets,  and  can  be 
worn  by  the  patient 
in  either  the  upright 
or  the  rccimibent 
posture.  A  piece  of 
gauze  or  muslin 
over  the  surface  next 
the  skin  will  absorb 
the  moisture  which 
gathers  on  the  sur- 
face and  thus  prevent 
wetting  the  skin. 

Local  blood-let- 
ting, in  combination 
with  the  application 
of  heat  or  cold,  is 
very  valuable.  The 
leeches  should  be  ap- 
plied, one  over  the 
antrum  and  another 
over  the  tip.  I'sually 
the  patient  is  then 
advised  to  go  to  bed, 
and  for  some  reasons 
this  is  a  good  step 
for  him  to  take ;  but 
the  most  important 
thing  for   him  is  to 

choose  such  a  position  of  the  head  and  body  as  will  best 
conduce  to  good  drainage  of  the  ear  and  to  relief  of  the 
congestion.  The  upriglit  position,  or  one  approximating 
to  this,  will  be  found  ti^fulfil  these  conditions  very  closely. 


Fig.  1693.— The  Leiter  Coollcpr  Apparatus, 
which  affords  a  continuous  flow  of  ice 
water  through  the  coll. 
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Till'  use  of  ice  applications  shouUi  not  be  kept  up  longer 
tlmu  for  from  tlirec  to  live  days,  and  they  siicmld  l)e  set 
aside  just  as  so<in  as  it  lieconies  reasoiial)ly  clear  lliat  the 
inflammation  has  ahaled;  for  while  the  ice  uudoubtedly 
reduces  the  congestion  and  conse(|uently  the  pain  and 
tenderness,  yet  it  is  possilile  for  serious  disease  to  lie 
going  ou  within  the  hone  even  when  these  .symiitoms  are 
absent.  At  the  end  of  two  or  three  days  the  ice  should 
be  omitted  for  a  few  hours,  and  if  the  pain  then  returns 
it  may  be  a.ssumcd  that  the  disease  in  the  bone  is  jiroba- 
bly  fully  established,  and  operative  interference  should 
no  longer  be  delayed.  Frank  B.  Sprague. 

EAR  DISEASES:  AFFECTIONS  OF  THE  AUDI- 
TORY NERVE.— The  Mudy  ..|  the  i-alliolouical  proresses 
involving  the  perceptive  auditory  mechanism  is  one  at- 
tended by  exceedingly  great  ditliculties.  Thanks,  how- 
ever, to  the  work  of  a  constantly  growing  number  of  in- 
defatigable workers,  the  mists  which  formerly  obscured 
our  vision  of  this  region  are  gradually  being  dissolved, 
and  we  are  seemingly  warranted  in  hoping  that  in  the 
near  future  we  shall  be  in  position  to  remove  many  of 
the  affections  of  the  auditory  perceiving  apparatus  from 
tlic  gloom  of  ignorance  to  the  light  of  scieutilic  knowl- 
edge, and  the  treatiuent  of  such  conditions  from  an  al- 
most helpless  empiricism  to  a  position  among  the  tri- 
umphal achievements  in  aural  science.  There  will  still 
remain  many  processes  before  which  we  shall  continue 
to  be  helpless  unless,  happily,  work  along  the  line  of 
prophylaxis  may  be  productive  of  beneficent  results.  It 
is  to  be  hoped  that  such  shall  prove  to  be  the  case. 
AVhen  one  thinks  that,  until  of  late,  fourteen  per  cent,  of 
all  aural  cases  were  practicality  coudenmed  to  neglect  and 
hopelessness,  the  incentive  to  renewed  and  tireless  study 
of  the  diseases  affecting  this  region  is  brought  home  to 
every  ambitious  and  conscientious  practitioner  of  aural 
surgery.  For  it  is  demonstrably  true  that  in  nearly  four- 
teen per  cent,  of  all  aural  cases  the  sound-perceiving  ap- 
paratus is  more  or  less  deranged,  either  alone  or  as  a 
complication.  About  ten  per  cent,  of  this  number  occur 
among  children,  and  ninety  per  cent,  among  adults;  the 
larger  percentage  of  adults  being  due  to  the  frequency  of 
disturbances  in  the  middle  and  internal  ears  combined. 
Uncomplicated  disease  of  the  internal  ear  is  more  common 
at  the  two  extremes  of  life. 

Congenital  development  of  the  parts  specialized  for  the 
perception  of  sound  is  subject  to  variations  from  the  nor- 
mal. Thus,  the  labyrinth  or  the  auditory  nerve  ma}-  be 
completely  absent ;  such  cases  have  been  reported.  Or, 
■without  going  so  far.  there  may  occur  an  arrest  in  devel- 
opment, whicli  most  frequentl)-  affects  that  portion  of 
the  labyrinth  called  the  cochlea.  This  arrest  in  develop- 
ment may  involve  both  the  osseous  and  the  membranous 
labyrinth,    or  the  latter  alone.     Fortunately,  however. 


such  congenital  malformations  are  of  rare  occurrence. 
They  are  usually  bilateral  and  of  much  the  .same  degree 
on  both  sitles.     They  may  or  may  not  be  associated  with 
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Fig.  1695.— Section  of  the  Bony  and  Membranous  Portions  of  the 
Semicircular  Canal.  (Alter  Pnlitzer.)  k.  Bony  wall  of  M-mii-in-ular 
canal ;  m,  spot  where  the  iiLeinbranous  canal  isattaclu-il  to  tin*  hone; 
2,  mounrt-like  irregularities  of  the  inner  surface  of  the  nieinbruncus 
semicircular  canal ;  ;/.  vascular  bands  of  connective  tissue. 

similar  changes  in  the  sound-conducting  apparatus.  The 
hearing  ability  :uay  be  very  little,  if  at  all,  impaired  in 
those  cases  in  which  the  defects  are  unimportant,  but  the 
more  marked  the  defects  the  greater  becomes  the  defi- 
ciency in  hearing,  even  up  to  the  total  abolishment  of 
the  function. 

Acquired  nervous  deafness,  if  occurring  in  childhood, 
is  usually  unilateral,  and  probably  is  caused,  in  most 
cases,  by  overlooked  infectious  diseases,  especially 
mumps,  injuries  to  the  skull,  and  hereditary  syphilis; 
the  last  form,  however,  as  a  rule,  is  bilateral. 

In  taking  up  the  pathology  of  this  region,  it  is  well 
to  bring  to  the  mind  of  the  reader  the  difficulties  which 
surround  the  investigator:  the  delicacy  of  the  parts,  the 
scarcitv  of  material,  and  the  amoiuit  of  time  and  patience 
involved  in  the  investigation.  That  so  nuich  in  known 
is  a  matter  for  congratula- 
tion, and  our  thanks  are  prin- 
cipally due  to  such  men  as 
Politzer.  JIoos,  Steinbruegge, 
Habermann.  H.  Knapp, 
Schwabach.  Schcibe.  .1.  Orne 
Green,  Gradeuigo,  and  Be- 
zold. 

First,  there  are  disturb- 
ances in  the  blood-vascular 
supply  of  the  parts.  Thus, 
an  oligaciuic  or  ana'mic  or 
hyperainic  condition  may 
exist  with  little  or  no  altera- 
tion in  the  anatomical  struc- 
tures. Degenerative  changes 
have,  however,  been  attrib- 
uted to  prolonged  ana?niia  or 


Fic.  11)94.— Radial  Vertical  .secti.m  of  the  Papilla  .icustlca  Basilarisor  Corlfs  Orean.  from  the  Middle 
Whorl  of  the  Cochlea  of  a  Man  Twenty-nine  Years  of  Aire,  (.\fter  Reizius.i  ..•<.  I.imhus  lamlnse 
spiralis:  mc.  menibnina  tectoria  or  membrane  of  Corti :  Hh.  Hensen's  band  :  ynf.  Ilbres  which  attach 
the  membrane  of  [Mrti  to  the  basilar  membrane ;  .<p.  sulcus  s)iiralis  intcmus ;   .«i;.  epiihehum  of  the  .  . 

sulcus  spiralis  internus ;  iX  inner  epithelial  or  supp^^rtinL' cells  ;  ic.  inner  pillars,  the  heads  of  which  oligtemia.  and  it   is  certamly 

articulate  with  those  of  the  outer  pillars:  (.  the  lunnel-sMaped  space  under  the  arch  formeil  hy  the  .,.  "'   i]^ni  hvnervmia    if  lone 

junction  of  the  inner  and  outer  pillars ;  i/i.  inner  hair  or  ciliated  cells:  (V/i'.  i'»i'.  ('i/i'.  (7/i«.  four  rows  ,„_,•„,.    •„, ,,.      ,.,'„„„      ;,, 

of  outer  hair  or  ciliated  cells;  rij,  Deiters  cells,  intercalated  between  the  outer  hair  cells;  i/.s.  Hensen"s  conimuKi.     maj      cause      in- 

supiiorting  cells:  rh.  nerve  nbres  of  the  Uanulus  ba.silaris:  )i'.  n'  — »',  outer  Iwips  or  the  spiral  creased  pigmentary   deposits 

nene  Hhres:   rf,  radial  nene  twigs  which  cross  the  tunnel-like  space :  nf.  inner  portion  of  Nuefs  /„  moderate  QUantitv  not  be- 

space:  ml/,  upper  layer  of  the  membrana  hasilaris;   mli'.  lower  la.yer  of  the  membrana  basllarls;  (b,  1  «r.i.oirloi-«H      ahnrii-tnall 

tympanal  coating  of  the  membrana  basilaris ;  lis.  ligamentum  spirale.  '"S      consiuereu     uunorniai;, 
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calcareous  deposits,  hypertrophy  of  the  membranous 
labyrinth,  dilatation  of  the  vascular  structures,  or  serous 
saturation.    Hyperaemia  of  great  intensity  may  cause  rup- 

l 

/ 


Fig.  1696.— Sei'tion  of  the  Canal  of  Rosenthal  and  of  the  Ganellon 
Spirale.  (After  PoUtzer.)  ly-  Ganplion  cells  of  theRaii^Iion  spirale 
packed  In  the  canal  of  Rosenthal:  ii.  »'.  »",  three  sepimite  nerve 
bundles  of  the  cochlear  branch  of  the  auditory  ner\'e  entering  the 
ganprlloii  spirale  ;  If,  bundle  of  nerve  fllaments  emerging  from  the 
upper  poU'  "f  the  ganglion  spirale ;  i,  entrance  of  this  bundle  Into 
the  lamina  spiralis  ossea. 

ture  of  the  vascular  walls  with  consecutive  hemorrhage. 
Such  hemorrhages  may  occur  in  any  portion  of  the  laby- 
rintli,  witli  or  without  any  pre-existing  hy  pei'icmia.  Hem- 
orrhagic exti-avasations,  so  formt'd,  may  eitlier  be  com- 
pletely absorbetl,  or  become  organized,  or  iiudei'go  fibrous 
or  calcareous  degeneration;  may  cause  atrophy  and  de- 
generation of  the  epithelium,  connective  tissue,  and  nerve 
elements,  witli  an  abundant  formation  of  granular  cells, 
hyaline  corpuscles,  and  pigmentary  deposits;  or  luay  in- 
duce inflammatory  changes  terminating  in  suppuration. 
Under  certain  conditions,  emboli  may  lodge  in  the  laby- 
rinth or  infectious  thrombi  may  form. 

The  inflammatory  processes  that  invade  tlie  labyrinth 
the  writer  has  classified  as  hyperplastic  (labyiinthitis  hy- 
perplastica)  and  exudative  ("labyrinthitis  exudativa).  In 
the  former  we  may  liave  hypertiophy  of  tlie  auditory 
nerve  stem,  due  to  iuHltiation  and  proliferation  of  the 
neurilemma ;  deposits  of  calcareous  salts  or  of  amyloiil 
bodies  in  and  about  the  nerve ;  hyperostosis  of  the  petrous 
bone  narrowing  tlie  labyrintliine  cavities;  thickening  of 
the  periosteum;  increased  quantity  of  the  perilympli 
and  endolymph;  intiltration  witli  small  cells  and  h3-per- 
plasia  of  the  connective  tissue  between  the  membranous 
and  the  osseous  labyrinth;  a  similar  condition  affecting 
the  membranous  hiWriuth;  development  of  osseous  tis- 
sue from  chronic  inflammation  of  the  labyrinthine  perios- 
teum; excessive  epithelial  growth  on  the  inner  side  of  the 
membranous  labyiiutli  in  chronic  inflammation;  chronic 
endarteritis;  depositions  of  concretions  of  phosphate  of 
lime  and  of  corpora  amylacea  witliin  the  laljyriuth. 

In  the  exudative  form  of  inflammation  we  have  intense 
hyperemia  which  may  produce  a  serous  saturation  of  tlie 
structures  of  the  labyrinth;  an  infiltration  with  small 
lymphoid  cells  or  round  cells;  a  hemorrhagic  exudation, 
as  from  a  pachymeningitis  hemorrhagica;  a  purulent 
inflammation,  due  either  to  the  direct  propagation  of  pus 
from  neighboring  structures,  or  by  way  of  the  blood- 
vessels, or  by  the  lymph  spaces,  or  by  dehiscences  in  the 
bony  wall  between  the  superior  semicircular  canal  and 
the  cerebral  cavity,  or  to  infection  by  the  immigration  of 
micro-organisms. 


Tliese  inflammatory  processes  produce  various  altera- 
tions of  the  anatomical  elements  of  the  labyrinth:  fatty 
degeneration  of  the  endothelium  of  the  blood-vessels,  de- 
pendent upon  an  iuvasioir  of  micro-organisms  and  caus- 
ing coagulation  and  thrombosis  and  colloid  degeneration 
of  the  labyrinthine  tissues;  injury  of  the  acoustic  nerve 
apparatus  by  hemorrhages  or  mycotic  degeneration — the 
axis  cylinders  resisting  longest;  stasis  and  thrombosis  of 
the  periosteal  blooi.l-vessels;  rapid  destruction  of  the  con 
nective-tissue  elements;  and  destruction  of  the  osseous 
tissue  through  entrance  of  the  micro-organisms  into  the 
periosteum,  the  bone  corpuscles,  and  the  blood-vessels  of 
the  Haveisian  canals.  In  addition,  the  poisonous  prod- 
ucts of  metabolism,  the  toxalbumins,  probably  play  an 
important  jiart.  The  micro-organisms  (streptococcus, 
staphylococcus,  and  Fraenkel's  diplococcus  of  pneu- 
monia) gain  entrance  to  the  labyrinth  through  the  aque- 
ducts, the  periosteal  blood-vessels,  and,  probably,  also 
along  the  sheatli  of  the  auditory  nerve,  as  does  the  pus. 
In  the  beginning,  the  perilymiihalic  cavity  is  almost  ex- 
clusively the  seat  of  tlie  disease,  which  later  extends  to 
the  endolymphatic  cavity.  The  micro-organisms  seem 
to  collect  and  to  develop  their  greatest  working  power 
in  the  most  deiiendent  p;irts  of  the  labyrinth.  The  in- 
ferior portions  of  the  cochlea  are,  therefore,  most  afl'ected. 
Steinbrueggc,  however,  thinks  the  proneness  of  the  dis- 
ease to  localize  itself  in  this  region  is  rather  due  to  the 
propagation  of  the  affection  from  the  cranial  cavity. 

As  a  result  of  the  inflammation  of  the  labyrinth,  the 
nerve  fibres,  cells,  and  ganglia  are  destroyed  or  at  rophied 
through  pressure,  tlieir  jilace  being  taken  by  newly 
formed  connective  tissue,  or  left  vacant,  thus  forming  a 
system  of  lacunae  corresponding  in  arrangement  to  ^he 
normal  nerve  distribution  of  the  part;  the  membranous 
labyrinth  may  lie  totally  destroyed,  likewise  the  structures 
of  the  labyrinthine  windows,  with  displacement  of  the 
stapes ;  coagulation  necrosis  of  the  labyrinthine  ligaments 
may  be  produced,  with  consequent  collapse  of  the  mem 
branous  semicircular  canals;  the  osseous  capsule  may  be 
more  or  less  destroyed.     If  the  quantity  or  virulence  of 


Fig.  1697.— Section  Showing  Atrophy  and  Disorganization  of  the 
Nervous  Elements  In  the  Canal  of  Rosenthal.  (After  Pulitzer.)  (/, 
Nuclei  of  ganglion  cells  in  process  of  disorganization  :  B,  canal  of 
Rosenthal. 

the  infection  be  great,  there  may  be  absence  of  all  ten- 
dency to  reactive  inflammation  and  to  the  production  of 
new  tissue. 

Should  reactive  inflammation  be  established,  it  results 
in  the  production  of  newly  formed  granulation,  connec- 
tive, fibrous,  or  osseous  tissue;  these  new  formations  at 
times  going  so  far  as  to  produce  complete  obliteration  of 
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Ilic  labyrinthine  cavities,  of  the  foniiuina  cribrosji.  of  the 
a(|iKHliuts.  and  of  the  oval  and  round  windows.  Ossili- 
cation  proceeds  from  the  remnants  of  periosteum  and 
from  the  newlv  formed  connective  and  libroiis  tissues. 


Fig.  IfiOS.— Horizontal  Section  of  a  Torhleal  Whorl,  Showing  the  Results  of  Inflammatory 

Aetion.     I  After  rolitzer.)    r».  Cavity  of lilea  completely  fllltHt  with  newly  fonned  bone 

tissue:  c,  buntllf  of  nen'e  filaments  l)eIonjrinir  to  cochleal  branch  of  auditory  nerve;   i\ 
vestibule :  /*,  entire  absence  of  semicircular  canals. 


Among  the  pathological  alterations  of  the  acoustic 
nerve  apparatus  we  will  first  take  up  changes  in  the  stem 
of  the  auditory  nerve.  These  may  consist  of  the  follow- 
ing: hypenvniia  and  ecchymosis:  deposition  of  corpora 
amylacea  or  of  concretions  of  phosphate  of  lime:  fatty 
degeneration;  .gray  degeneration;  atrophy:  leukjemic 
small-celled  infiltration:  purulent  infiltration;  embed- 
ding of  the  nerve  in  meningeal  exudation.  Tumors. 
principally  sarcoma,  fibroma,  and  so-called  neuroma,  maj' 
invade  the  internal  auditory  canal,  exerting  pressure. 
with  consecutive  atrophy,  or  even  solution  of  continuity. 
The  auditory  nerve  is  more  frequently  the  seat  of  mor- 
bid growths  than  is  any  other  cerebral  nerve.  The 
changes  most  likely  to  occur  in  the  region  of  the  acous- 
tic nerve  origin  in  the  luedulla  arc  due  to  thickening  and 
purulent  infiammation  of  the  ependyma  of  the  fourtli 
ventricle  and  softening  of  the  floor;  effusion  into  the 
fourth  ventiicle,  serous,  aqueous,  sero-purulent,  or  puru- 
lent .  tumors  in  or  about  the  fourtli  ventricle.  Disease 
of  the  first  and  second  convolutions  of  the  left  temporal 
lobe  also  iutcrfeies  with  audition,  the  cortical  centre  for 
hearing  probably  being  located  in  this  region.  Of  course, 
any  pathological  condition  along  the  course  of  the  cere- 
bral acoustic  nerve  fibres  also  induces  disturbances  of 
function.  Increased  intracranial  pressure  may  cause 
secondarily  increased  laljyriuthine  pressure  with  depres- 
sion of  Keissner's  membrane  and  bulging  outward  of  the 
membrane  of  the  round  window.  Man\'  cases,  however, 
of  increased  intracranial  pressure,  as  in  chronic  hydro- 
cephalus, show  no  such  change  in  labyrinthine  pressure 
nor  any  impairment  of  the  function  of  hearing. 

The  souud-perceiving  apparatus  is  especially  liable  to 
be  influenced  by  disturbances  in  the  equilibrium  of  the 
system  in  general.  Thus  anitmia  or  oliga?mia  of  the 
lal)yrinth  occurs  in  connection  with  general  anjiemia,  with 
continued  fevers,  with  gestation  and  parturition,  with 
aneurisiu  of  the  basilar  and  atheroma  of  the  internal  au- 
ditory artery,  with  changes  in  the  middle  ear  e.xerting 
pressure  upon  the  labyrinthine  structures  through  the 
round  and  oval  windows. 

Hyperemia  of  the  labyrinth  occurs  in  all  conditions 
producing  congestion  of  the  head:  in  conditions  exerting 
pressure  upon  the  venous  channels  of  the  brain  (causing 
therefore  obstruction  to  the  return  flow  of  blood  from 


the  car),  upon  the  vessels  of  the  internal  auditory  canal, 
or  upon  the  large  veins  of  the  neck;   in  disturbances  of 
the  circulation  originating  in  the  heart,  lungs,  orkiiliK^ys; 
in  prolonged  exposure  to  sharp  sounds;  and,  finally,  in 
the   gouty    or   rheumatic   diathesis. 
lu   the  matter  of  the   influence  of 
prolonged   exposure  to  occupation 
noises,  as  in  the  various  trades,  upon 
the  labyrinthine  structures,  C'oose- 
man,  at  the  sixth  International  Oto- 
logical  Congress,  presented  the  fol- 
lowing   conclusions  as  a  result  of 
his  investigations:  "All  noisy  trades 
are  not  necessarily  injurious  to  the 
hearing.     In  order  that  they  should 
be  injurious   the   following  condi- 
tions   are    necessary:    1.   That    the 
workmen  should  be  predisposed  to 
atfeclions  of  the  ear  bj-  the  exist- 
ence   of     lesions    of    the    nose    or 
pharvnx.  or  else  by  inveterate  ad- 
diction  to   alcohol   or  tobacco.     2. 
That  the  noise  should  be  intermit- 
tent.    3.  That    it    should   l)e  of  a 
comparatively  high-pitched   tone. " 
That  such  drugs  as   salicylic  acid 
and    quinine     do     havt;    an     elTect 
upon  labyrinthine  conditions  is  well 
known,  but  just  what  this  etfecl  is 
was  not  determined   with  sulficieiit 
certainty  until  lalel}',  when  the  cx- 
perimcnta    of     Gruuert,    following 
upon  and  confirming  those  of  Kirch- 
ner,  would  seem  to  settle  the  ques- 
tion in  favor  of  the  production  of  hyperemia  and  ex- 
travasations of   blood.     Alt  anil   others  have  found,  on 
histological  examination,  that  hemoriiiages  in  the  laby- 
rinth  sometimes    result   from  exjiosure   to   compressed 
air,  as  in  caissons.     And,  since  Eichler's  recent  confimia- 


FIG.  1699.— Sptnde-Cell  Sarcoma  of  the  Auditory  Serve,  tirowinu  into 
the  Poms  Acusticus  Intcmus.  (After  Polltzer,)  T.  Sarromatnus 
(frowth  the  size  of  a  walnut ;  ii,  extension  of  the  same  into  the 
internal  auditory  canal;  r,  vestibule;  o,  tympanic  cavity,  with 
malleus  and  iuciis  In  place ;  c.  cochlea. 

tion  of  Schwartze's  clinical  observations,— showing,  as 
it  does,  that  the  congestion  is  the  result  of  a  reflex  action, 
through  the  sympathetic,  \ipon  the  vasomotor  nervous 
system  of  the  labyrinth,  rather  than  of  a  direct  influence 
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through  anastomoses — that  form  of  hyperitmia  of  the 
labyrinth  which  occurs  in  connection  with  inflammation 
of  the  external  or  micklle  ear  must  certainly  be  considered 
here.    Eichler  found,  as  he  claims,  that  the  vascular  sup- 
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Fig.  ITOO.— Section  of  a  Coch'.eal  Whorl  from  a  Deaf  Person,  Thirty- 
Two  Years  of  .Age,  who  had  Died  of  Leukiemia.  (After  Politzer.) 
^  Lamina  spiralis ;  b',  growth  of  bone  and  connective  tissue  in  the 
scala  tympani ;  z.  leukfemia  plaques  in  the  scala  vestibull;  r', 
atrophied  tissue  of  the  ifanglion  spirale  in  the  canal  of  Rosenthal ; 
f,  growth  of  bone  on  the  medial  wall  of  the  scala  vestibuli. 

ply  of  the  labyrinth  is  entirely  distinct  from  that  of  the 
surrounding  tissues,  and  that  the  connection  between  the 
vessels  of  the  tympanum  and  those  of  the  labyrinth, 
which  Politzer  maintains,  does  not  exist.  Schwartze  had 
long  ago  held  that  even  in  the  very  highest  degrees  of  in- 
flammation of  the  tympanum  it  is  only  exceptionally 
the  fact  that  a  simultaneous  hypencmia  is  met  with  in  the 
labyrinth.  It  is  a  matter  of  observation  that  in  chronic 
middle-ear  suppuration  with  granulomata  and  polypi, 
the  functional  tests  show  no  impairmeat  of  function  of 
any  importance  in  the  sound-perceiving  apparatus. 

All  conditions  producing  hypersemia  of  the  labyrin- 
thine structures  may  enter  into  the  causation  of  hemor- 
rhages and  ecchymbses.  These  nuv  also  be  induced  in 
the  infectious  diseases  through  changes  in  the  vascular 
walls:  in  pachymeningitis  h.a-morrhagica :  in  IcukiTinia; 
in  typhoid  fever;  in  nephritis,  gout,  and  rheumatism:  in 
fracture  or  concussion  of  the  skull:  in  diabetes,  and  some- 
times in  embolism  of  the  arteria  auditiva  interna. 

Atrophy  and  degeneration  of  the  acoustic  nerve  appa- 
ratus may  be  caused  by  syphilis:  by  alcoholic  excess;  by 
any  labyrinthine  inflammation  of  sufficient  gravity  to  in- 
terfere with  nutrition  :  by  changes  in  chronic  otitis  media 
exerting  long-continued  pressure  on  the  labyrinth,  and 
thus  producing  antiemia,  which,  if  continued  for  a  suffi- 
cient time,  will  result  in  nutritive  changes  of  the  nature 
of  atroph}-,  and  these  secondary  nerve  affections  may  re- 
main although  the  tympanic  disease  disappears:  by  acute 
hydrocephalus  intemus,  leading  to  softening  and  shrivel- 
ling of  the  nuclei  of  the  auditory  nerve:  and  by  foetal 
ependymitis  doing  the  same.  Atrophy  and  degeneration 
may  also  occur  in  chronic  hydrocephalus  and  in  tumors 
of  the  brain  and  the  nerve  as  a  result  of  pressure:  in  the 
gray  degeneration  and  atrophy  accompan3ing  tabes  dor- 
salis:  and  in  old  age,  through  the  presence  of  calcareous 
deposits  and  corpora  amylacea.  Finally,  they  maj-  be 
caused  by  hemorrhage :  by  nephritis  and  influenza :  by 
contraction  of  the  basilar  artery ;  by  apoplectic  and  iii- 
flammatory  processes  involving  the  floor  of  the  fourth 
ventricle:  by  professional  concussion  of  sound  ;  by  puru- 
lent inflammation  of  the  ependyma:  by  purulent  inflam- 
mation of  the  stem  of  the  auditorj-  nerve  from  a  similar 
condition  of  the  meninges;  and  by  emboli  and  embolic 


softening  along  the  acoustic  nerve  tracts.  Among  the 
nerves  of  sense  the  auditory  is  the  most  "impression- 
able," that  is.  its  function  is  more  frequently  impaired 
by  general  diseases  and  by  chemical  changes  in  the 
blood  in  infectious  diseases.  Affections  of  the  auditory 
nerve  attack,  in  the  majority  of  cases,  both  organs  of 
hearing.  It  is  probable  that  degenerative  processes  in- 
volving one  auditory  nerve  will  in  time  pass  over  to 
the  other.  The  view  that  atrophy  of  the  auditory  nerve 
can  take  place  from  inaction,  as  in  ankylosis  of  the 
stapes,  has  not  yet  been  corroborated  by  experience; 
in  fact,  the  results  of  post-mortem  examinations  point 
the  other  way.  The  changes  which  occur  in  presby- 
kousis  and  otitis  media  sclerosa  seem  to  be  due  to  a  co- 
incident trophic  disturbance  similar  to  that  in  the  middle 
ear  rather  than  to  any  atrophy  from  disuse.  Central 
atrophy  depends  almost  without  exception  upon  cerebral 
disease,  while  the  peripheral  variety  is  most  often  a  con- 
sequence of  disorders  of  the  auditory  organ  itself.  The 
occurrence  of  the  ilisturbances  of  hearing  in  these  proc- 
esses depends  less  upon  the  extent  than  upon  the  seat 
of  the  pathological  accumulation. 

Hyperplastic  inflammation  (labyrinthitis  hyperplastica) 
may  occur  in  syphilis,  which  is  causative  in  most  of  the 
forms  of  this  affection;  in  the  first  stages  of  exudative 
inflammation  of  the  labyrinth  due  to  infectious  diseases, 
and  the  inflammatory  process  may  advance  no  further; 
in  gout  and  rheumatism:  in  rachitis:  in  typhoid  fever 
and  leukaemia :  and  in  old  age. 

Exudative  inflammation  (labyrinthitis  exudativa")  may 
be  caused  by  obstruction,  in  the  internal  auditory  meatus, 
to  the  outflow  of  blood  from  the  labyrinth:  b_v  typhoid 
fever;  by  leukaemia:  by  epidemic  cerebrospinal,  hemor- 
rhagic, pachy-  and  simple  meningitis;  by  syphilis,  tu- 
berculosis, measles,  diphtheria,  scarlatina,  scarlatinal 
diphtheria,  mumps,  variola,  and  influenza:  and  by  an 
extension  from  an  otitis  media  purulenta  of  long  stand- 
ing. This  form  of  inflammation  occurs  more  frequently 
in  children  than  in  adults,  because  of  the  more  frequent 
occurrence  in  children  of  the  acute  exanthemata,  etc. 
Further,  the  anastomotic  connections  between  the  miildle 
ear  and  the  labyrinth  on  the  one  hand,  and  between  the 
labyrinth  and  the  cranial  cavity  on  the  other,  are  more 
numerous  in  children  than  in  adults:  and  further,  be- 
cause in  the  child's  ear,  through  the  aqueducts,  there  is 
a  freer  communication  between  the  labyrinthine  fluid  and 
the  cerebrospinal  cavity  than  in  the  adult. 

Symptom.\toi.ogt. — Funi-tinriiit  lixietinnK  in  General. 
— The  normal  limits  of  audibility  lie  between  a  tone  of 
16  V.  d.  (double  vibrations  per  second)  and  one  of  from 
20,480  to  27,361  v.  d.  Instruments  that  give  40,000  v.  d. 
have  thus  far  not  been  constructed,  nor  can  tones  of  that 
pitch  be  heard.  The  low  tone  is  obtained  by  the  tuning- 
fork,  and  the  higli  tone  by  the  use  of  the  Gallon  whistle 
or  a  modification  thereof.  A  constant  air  current  should 
be  used  to  blow  the  whistle,  and  not  a  rubber  bag  or 
bulb,  as  is  commonly  the  practice.  The  highest  tones 
aie  produced  with  the  Gallon  whistle  at  the  mark  1.5, 
which  represents  about  20.000  v.  d. 

Before  taking  up  the  departures  from  the  normal  reac- 
tions to  functional  tests  in  diseases  of  the  sound-perceiv- 
ing apparattis,  it  is  necessary  to  devote  some  attention  to 
the  normal  decline  in  hearing  evidenced  in  advancing  age. 
Zwaardemaker  has  tabulated  the  average  responses  for 
the  upper-tone  limit  at  the  different  periods  of  life,  about 
as  follows : 

Gallon's  whistle  is  heard  under  10      years  at  the  mark. .  1.22 

from   20-30 1.39 

"       40-50 2.33 

over  60 3.03 

A  presbykousis  (hearing  of  old  age^  may,  however,  be 
considered  normal  which  is  not  lower  than  Gallon  4.8. 
The  lower-tone  limit  is  elevated  to  about  the  same  extent 
in  old  age.  In  old  age  the  B.  C.  (bone  conduction)  does 
not  alone  experience  a  reduction,  but  sinks  proportion- 
ately with  the  lessening  of  the  bearing  distance,  the  A. 
C.  (air  conduction),  etc. 
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Commonly  in  diseases  of  the  soumi-perceivine  appa- 
ratus, tht  Kppir-tiine  limit,  obtained  by  means  of  the  Gal- 
ton  whistle,  in  liiwereil.  i.e..  the  hijrhest  notes  elieited  l)_v 
the  whistle  being  denoted  l)y  one  or  fraetions  of  one.  and 
the  lower  notes  by  multijiles  of  one  and  their  fractions; 
as  the  obturator  is  witlnirawn  the  note  deepens  or  lowers 
at  the  same  time  that  the  indicator  or  graduated  scale 
shows  higher  and  higher  numbers,  and,  therefore,  a  higher 
number  "on  the  scale — as,  e.g.,  4.8 — indicates  a  much 
lower  note  than  a  lower  number,  as  1.22.  The  hnrrr-t'tnc 
limit  by  A.  C.  (air  condviction),  as  obtained  by  a  clamped 
tuning-fork  vibrating  from  26  to  64  double  vibrations  in 
the  second,  i'.*  impnired  very  UttU  or  not  nt  all.  T/u  aluui- 
lutedurationofB.  C.  (bone  conduction),  Schwabach'stest, 
is  shortened  or  aMished  for  all  or  for  certain  tones.  A. 
C.  >  B.  C.  (air  conduction  is  better  than  bone  conduction), 
both  in  intensity  and  in  duration  throughout  the  musical 
scale  (Rinne's  test).  If  the  disease  is  unilateral,  the  ri- 
brating  tuning  fork  C",  placed  in  contact  irith  the  verte.r, 
midway  between  the  ears,  should  be  heard  in  the  un- 
affected ear  (Weber's  test);  or  in  the  better  hearing  ear, 
if  the  disease  is  bilateral.  This  test  is  not  so  reliable  as 
those  previously  described.  In  labyrinthine  disease  the 
patientu  hear  the  deeper  tones  of  speech  tery  xcell.  irhile  the 
higher  tones  are  no  longer  perceived.  It  is  well,  in  testing 
with  the  whisper  or  speech,  to  remember  O.  Wolf's  divi- 
sion of  the  voice  sounds  into: 

1.  The  deep,  like  R  and  V. 

2.  The  middle,  like  the  explosives  B,  K,  and  T. 

3.  The  hiirh  and  strong,  like  S.  Sh,  and  G;  and  the 
high  and  weak,  like  F,  L,  N,  and  H  (which  are  excluded 
as  dependent  on  other  tones — tone-boiTowing). 

Wolf  devotes  particular  attention  to  the  consonants. 
Bezold  employs  the  names  of  numbers  as  test  words,  as 
these  arc  familiar  to  both  children  and  adults.  Equal  in- 
tensity of  sound  can  be  obtained  by  using  the  reserve  air 
left  after  a  forced  inspiration  followed  by  a  normal  ex- 
piration. To  test  the  hearing  for  speech  thoroughly,  it 
is  quite  sufficient  in  most  cases,  after  testing  a  few 
words,  to  note  the  distance  for  those  words  perceived 
with  the  greatest  difficulty. 

It  is  well  to  remember  that  Bezold  has  observed  a 
number  of  otherwise  characteristic  atlections  of  the  inner 
ear  which  showed  a  more  or  less  extensive  defect  in  the 
lower  boundary  of  hearing;  in  addition,  that  not  only 
the  upper  and  "lower  ends,"but  also  the  middle  portions 
of  the  tone  scale,  can  be  lost  to  hearing.  But  when  de- 
fects exist  in  these  portions  the  power  of  hearing  speech 
is  at  the  same  time  more  or  less  completely  lost. 

Bezold  has  definitely  settled  the  question,  by  very  pains- 
taking investigations,  that  after  loss  of  portions  of  the 
labyrinth  no  relnnants  of  hearing  remain.  Ears  with  de- 
fective labyrinths  only  reflect,  more  or  less  completely, 
the  hearing  conditions  of  the  sound  ears;  thus  proving 
that  an  ear  without  a  labyrinth  has  no  independent  hear- 
ing power. 

Disturbances  of  equilibrium  are  apt  to  be  observed  in 
any  process  that  causes  irritation  of  the  nerve  endings  in 
the  vestibule  or  the  semicircular  canals,  or  of  the  corre- 
sponding filaments  in  the  stem  or  at  the  point  of  origin 
of  the  auditory  nerve. 

In  testing  for  disturbances  of  equilibrium,  it  is  well 
first  to  determine  the  static  (the  body  at  rest)  equilibrium 
and  then  the  dynamic  (the  body  in"motion)  equililirium. 
The  author  tests  the  former  by  means  of  an  apparatus 
consisting  essentially  of  a  movable  inclined  plane,  after 
the  method  of  von  Stein.  A  person  with  normal  powers 
of  equilibrium  should  be  able  to  maintain  his  erect  posi- 
tion—when facing  toward  the  apex  of  the  angle  (anterior 
inclination) — until  the  board  reaches  an  inclination  of  3.5° 
to  40'  to  the  horizontal.  In  posterior  inclination,  with 
the  back  turned  toward  the  apex,  the  normal  angle  varies 
from  20'  to  30° ;  in  lateral  inclination,  with  the  side  to- 
ward the  apex,  it  varies  from  37°  to  38%  In  patients 
with  labyrinthine  disease,  giving  rise  to  vertigo,  etc., 
the  angle  measures  20°  or  less  by  anterior  inclination, 
etc.,  and  this  is  much  decreased  when  the  eyes  are 
closed.     The  static   equilibrium  should   also   be   tested 


with  the  eyes  open  and  shut,  with  the  legs  close  to- 
gether, while  standing  on  the  toes,  and  while  standing 
on  one  leg.  A  healthy  person  can  stand  in  these  positions 
for  some  time,  with  slight  balancing,  while  the  eyes  are 
close<i;  but  a  person  with  imperfect  powers  of  equilibrium 
immediately  begins  to  show  some  disturbance  of  these 
powers.  The  dynamic  eciuilibrium  is  tested  by  walking 
forward  and  backward  on  a  level,  by  turning  on  the  ver- 
tical axis  of  the  body  to  the  right  or  to  the  left  with  legs 
together,  and,  finally,  by  turning  about  on  one  leg  alone. 
The  last  movement  is  the  most  dillicult.  but  a  healthy 
person  can  go  through  these  various  motions  with  little 
if  any  trouble;  whereas  aural  patients  with  disturbance 
of  the  powers  of  equilibrium  find  it  more  or  less  difficult 
or  impossible,  and  their  movemenls  are  attended  by  great 
weariness.  (See  also  article  on  Krpiilibrium  and  Equili- 
bration.) 

Given  these  reactions,  the  inference  is  well  founded 
that  we  have  to  do  with  an  affection  of  the  sound- 
perceiving  apparatus.  Still  other  tests  have  been  de- 
vised by  Bing,  Brenner,  Gradenigo,  Gelle,  and  others; 
but  the  above  have  been  more  universally  tried,  are  suf- 
ficient for  the  purposes  of  diagnosis,  and  are  more  reli- 
able. 

The  symptoms  of  affections  of  the  sound-perceiving 
apparatus,  as  they  are  observed  in  various  pathological 
conditions,  arc  more  particularly  described  as  follows: 

Aneemia. — There  is  usually  some  dulness  of  hearing, 
which  is  manifested  either  as  a  slowness  of  perception 
only,  or  as  a  real  impairment  of  the  hearing  power.  The 
impairment  in  the  hearing  ability  follows  along  the  line 
of  the  test  responses  as  given  above,  being  especially 
noticeable,  however,  in  the  curtailment  of  the  duration 
of  B.  C.  Annoj-ing  tinnitus  of  a  low  pitch  is  commonly 
present.  The  patient  may  be  subject  to  occasional  at- 
tacks of  vertigo,  and  usually  is  the  victim  of  general 
antemia. 

IlyperiTmia. — There  is  very  little  if  any  impairment  of 
the  hearing  power,  and  there  may  be  present  hyperaes- 
thesia  of  the  nerve  to  certain  sounds.  Often  there  is  a 
feeling  of  fulness  and  distention  in  the  ears  or  in  the  head, 
with  dulness  of  intellect  or  even  giddiness  or  vertigo  at 
times.     With  this  is  usually  associated  a  high-pitched 


Fig.  1701.— Section  of  a  Semicircular  Canal.  Showlnft  Results  of  a 
Hemorrhape.  (.\fter  Politzer.)  fc.  Bony  wallet  semicircular  canal: 
}i.  membranous  portion  :  f,  exlravasale<i  blood. 

tinnitus.  The  functional  tests  show  a  limited  involve- 
ment of  the  soimd-perceiving  apparatus.  Partcsthesite 
are  likely  to  be  complained  of. 

Hemorrhage  is  usually  immediately  followed  by  marked 
vertigo,  aggravated  on  closure  of  the  eyes,  with  possible 
falling  or  unconsciousness  (the  latter  is  rather  rare)  unless 
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the  hemorrhage  is  eontiiied  to  the  cochlea,  in  which  case 
vertigo  is  absent.  With  or  immediately  following  this 
occur  nausea  or  vomiting,  severe  tinnitus  (in  some  cases 
preceding  the  attacks,  occasionally  profuse  perspiration, 
and  impairment  of  the  hearing  up  to  complete  cieafness. 
The  symptoms  thus  given  constitute  what  was  formerly 
generally  designated  as  Meniere's  disease,  and  is  the  only 
condition  to  which  that  name  should  be  given.  Amelio- 
ration of  these  symptoms  takes  place  in  a  short  time,  the 
vertigo,  hardness  of  hearing,  and  tinnitus  continuing 
longest.  The  hardness  of  hearing  rarely  disappears  en- 
tirely, and  the  tinnitus  is  likely  to  persist,  although  di- 
minished in  intensity-.  There  is  always  danger  of  a  repe- 
tition of  the  hemorrhage.  The  functional  tests  give 
varying  responses  according  to  the  locality  and  the  extent 
of  the  hemorrhage,  but  always  confirm  a  diagnosis  of 
involvement  of  the  sound-perceiving  apparatus.  G.  C. 
Smith,  in  the  Boston  Medical  and  Surgical  Jmirnal  for 
Novemlier  24th,  1898,  thus  describes  a  case  of  so-called 
Meniere's  disease  which  he  observed:  "The  patient,  a 
man,  si.xtv-two  j'ears  old,  in  fair  health,  while  sitting 
one  evening  in  conversation,  sud<lenly  felt  as  though  he 
was  seized  by  some  power  and  hurled  a  considerable  dis- 
tance, striking  against  the  left  side.  He  was  unconscious 
for  the  moment,  but  arose  with  assistance.  He  was  un- 
able to  walk  on  account  of  vertigo,  and  had  to  lie  down. 
This  was  followed  by  vomiting  and  vertigo,  which  con. 
tinned  all  night.  There  was  also  a  hissing  tinnitus,  and 
on  the  following  day  there  was  deafness  in  the  left  ear. 
In  the  following  five  months  he  had  six  seizures  similar 
to  the  first  one.  During  all  this  time  the  noises  in  the 
head  were  continuous.  The  deafness,  though  incomplete, 
never  improved  after  the  first  seizure." 

The  symptoms  of  embolism  and  thrombosis  are  pre- 
sumably similar  to  those  of  lieniorrhage.  Thus  Haber- 
mann,  at  the  meeting  of  the  German  Otological  Society 
held  Jlay,  1898,  mentions  the  case  of  a  man,  fifty-three 
years  old,  who  suffered  one  niglit  from  an  attack  of  hemi- 
plegia, which  in  a  few  weeks  disappeared,  with  the  ex- 
ceiJtion  of  a  slight  weakness.  Four  years  later,  he  had  a 
relapse,  with  frequent  attjtcks  of  tinnitus,  vomiting,  and 
deafness.  The  whisper  was  not  heard  on  the  affected 
side.  The  field  of  hearing  embraced  the  tuning-forks 
from  C  to  C.  The  affection  was  probably  of  embolic 
origin,  possibly  in  the  brain  along  the  course  of  the  audi- 
tory nerve. 

Serous  effusions  may  give  rise  to  the  same  symptoms, 
but  more  fleetingly.  Rosenstein  was  tlie  first  to  consider 
the  possibility  of  an  (edema  of  the  auditor}'  tracts  caus- 
ing disturbance  of  hearing  in  nephritic  patie"nts.  Other 
authors  also  favor  the  assumption  of  a  transitory  cedema 
as  causing  transitory  functional  disturbance  m  parts  of 
the  brain. 

Liiht/rinthitis  Iljjperplastica. — The  most  marked  form 
of  this  inllammation  is  seen  in  connection  with  syphilis, 
usually  as  a  late  manifestation  in  the  acquired  variety,  or 
aroiuid  puberty  in  the  hereditarj',  and  gives  rise  to  deaf- 
ness, appearing  gradually  or  suddenly,  subject  to  periods 
of  quiescence  and  exacerbation ;  it  is  also  commonly  ac- 
companied by  loud  aural  tinnitus.  Vertiginous  attacks 
and  disturbances  of  eqviilibrium  are  usually  slight  unless 
the  exudative  form  of  intlamniation  is  induced.  The 
disease  is  likely  to  be  accompanied  by  very  violent  head- 
ache, often  nocturnal  when  due  to  syphilis.  Both  ears 
are  usually  affected.  The  sudden  deafness  coming  on 
with  serous  saturation  or  lymphoid  infiltration  may  dis- 
appear almost  completely ;  but  usually  the  hyperplastic 
formations  are  causative  of  a  certain  amount  of  perma- 
nent deafness.  The  functional  tests  leave  no  doubt  as 
to  the  seat  of  the  trouble  in  the  sound-perceiving  ap- 
paratus. 

Lahi/rinthitis  Exiidiitim  in  its  most  acute  form  comes 
on  very  suddenly,  with  perhaps  a  rigor;  it  is  commonly 
associated  with  fever,  nausea,  or  vomiting;  with  pro- 
found deafness,  and  marked  derangement  of  co-ordina- 
tion; at  times,  with  stupor  or  delirium  (although  usually 
the  mind  is  clear) :  with  intense  tinnittis  and  vertigo,  and, 
in  some  cases,  with  pain.     This  very  acute  form  occurs 


with  epidemic  cerebrospinal  meningitis  (Voltolini  de- 
scribed this  form  of  inflammation  as  a  primary  inflam- 
mation, but  there  is  not  much  doubt  that  it  is  an  affection 
secondary  to  a  more  or  less  hjcalized  meningitis),  with 
the  acute  infectious  diseases  (measles,  scarlet  fever,  diph- 
theria, etc.),  with  epidemic  parotitis,  etc.  Most  of  the 
symptoms  abate  or  disappear  in  the  course  of  a  few  days 
or  a  few  weeks,  but  the  staggering  gait  and  deafness  are 
more  persistent,  the  latter  rarely  improving  to  any  great 
extent.  Functionally,  the  up|)er-tone  limit  is  greatly 
lowered  ;  15.  C.  is  markedlj'  reduced  throughout  the  entire 
musical  scale,  or  is  destroyed  for  a  part  or  for  all  of  it ; 
A.  C  >  B.  C. ;  the  power  of  equilibriiun  is  much  impaired. 
The  less  acute  forms  of  exudative  inflammation  of  the 
labyrinth  give  rise  to  vertigo  (unless  confined  to  the  coch- 
lea), to  a  sudden  loss  of  hearing  power,  intense  tinnitus, 
lowering  of  the  upper-tone  limit,  with  B.  C.  reduced  or 
absent,  and  A.  C.  >B.  C,  and  to  disturbances  of  equi- 
librium. 

Escape  of  Pus  into  the  Inner  Ear  sometimes  occurs  in 
cases  of  acute  suppuration  of  the  middle  ear  and  presents 
distinct  symptoius.  If  it  breaks  through  into  the  semi- 
circular canals  there  will  be  vertigo,  vomiting,  distiu'b- 
ances  of  equilibrium,  and  nystagmus;  if  into  the  cochlea, 
great  deafness.  Nystagmus  alone  justifies  the  diagno- 
sis. The  pus  may  work  its  waj'  indirectly  into  the  U]iper 
seiuicircular  canal  from  a  subdural  abscess.  In  chronic 
cases,  Jansen  states  that  the  jioint  of  entrance  is  invaria- 
bly the  horizontal  semicircular  canal,  but  J.  Orne  Green 
presented  three  specimens  at  the  1898  meeting  of  the 
American  Otological  Societj-,  in  all  of  which  the  perfora- 
tion was  into  the  vestibule. 

Labyrintliine  yecrosis,  according  to  Bezold,  follows 
otitis  media  purulenta  chronica,  exceptionally  otitis  media 
purulenta  acuta.  Generally  the  inner  coehieal  skeleton, 
with  either  the  entire  first  turn,  or  only  a  part  of  it.  is  the 
structure  most  liable  to  necrosis.  There  are  two  ways  by 
means  of  which  the  otitis  media  purulenta  may  extend  to 
the  cochlea:  (1)  through  the  small  cells  which  lie  at  the 
base  of  the  tympaniun  and  aroiuid  the  comiuencement  of 
the  Eustachian  canal,  and  which  surrovmd  the  lower  as- 
pect of  the  cochlea;  (2)  into  the  cochlea  through  a  per- 
foration caused  by  rujjture  of  the  memlu'ane  of  the  round 
window.  The  sequestrum  formation  is  very  much  more 
extensive  in  the  early  years  than  in  later  life.  Disturb- 
ance of  equilibrium  with  simultaneous  tinnitus  and  occa- 
sional vomiting  is  generally  jiresent.  Vertigo  disappears 
with  the  extrusion  of  the  sequestrum,  and  this  symptom, 
taken  in  connection  with  the  tinnitus  and  vomiting,  may 
be  regarded  as  an  evidence  of  irritation  of  the  nervous 
terminals  in  the  ampulla'  and  sacculi;  these  sym))toms 
may  also  be  taken  as  marking  the  date  for  the  exten- 
sion of  the  middle-car  process  to  the  labyrinth.  Paresis 
or  paralysis  of  the  facial  nerve  is  a  constant  symptom 
of  labyrinth  necrosis,  and  usually  appears  one  or  sev- 
eral months  after  the  first  attack  of  vertigo.  It  exists 
in  from  eighty  to  ninety  per  cent,  of  the  cases,  and 
is  permanent  in  fiftj'  per  cent.  In  the  other  cases,  the 
paralj'sis  exists  only  for  a  short  time  and  disajipears 
before  the  sequestrum  is  extruded.  Prolonged  pain  is  a 
constant  symptom,  and  is  of  such  severit}'  as  to  prevent 
slee|)  for  weeks  or  even  months;  it  also  produces  a  poor 
physical  condition  and  emaciation.  This  pain  comes  on 
from  two  to  nine  months  before  the  expulsion  of  the 
sequestrum;  it  is  at  first  felt  in  the  entire  half  of  the  head 
and  is  accompanied  bv  fever,  vomiting,  etc.,  probably 
due  to  meningeal  irritation.  Later,  tlie  pain  becomes 
localized  in  the  ear  and  takes  on  a  more  boring  charac- 
ter. Preceding  or  at  the  beginning  of  the  symptoms 
the  otorrhoea  becomes  more  profuse  and  is  creamy  and 
very  fetid.  Exuberant  polypoid  hypertrophies  are  pres- 
ent. 

When  the  JS'erre  Trunk  is  affected  the  most  prominent 
symptom  is  impairment  of  hearing.  There  are  also  pres- 
ent: tinnitus,  vertigo,  staggering  gait,  and  excessive  func- 
tional exhaustibilit}-.  I'suallj'  unilateral,  it  may  be 
bilateral,  as  in  tabes  dorsalis.  Hardness  of  hearing  is 
generally  most  pronounced  for  the  tuning-forks  of  middle 
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register,  perception  for  high  and  low  notes  being  fairly 
well  preserved.     B.  C.  is  very  iiiiieli  impaired. 

W<>n/-i/)iifnt/Hi  (sensory  aphasia)  furnishes  the  most  re- 
liable sign  of  involvement  of  t/u-  rortiral  turd,  usually  of 
the  left  tirst  temporal  eonvolulion.  The  function  of  both 
ears  is  usually  impaired:  tinnitus  is  more  conmionlj-  ab- 
sent;  B.  C.  is  reduced  in  duration. 

CoiieiiKttiiin  dui'  to  (Jini-Jiriii;/  occasions  alterations 
chiefly  in  ears  that  were  not  n<irmal  before  e.vposure. 
The  percejition  by  bone  conduction  is  abbicvialcd.  owing 
to  over-irritation  and  subseiiurni  e.xlianslion  of  the  ner- 
vous portions  of  the  ear.  Tlie  tield  for  tones  is  not  con- 
tracted. Tinnitus,  vertigo,  and  headache  are  not  usually 
complained  of,  and,  in  the  case  of  normal  ears,  very  little 
permanent  injtiry  follows  ordinary  artillery  practice. 
PernianenI  injury  to  the  hearing  is  produced  when  the 
ear  has  been  to  some  degree  al)normal  before  the  exposure. 

Ciiiirii.iinoii  iif  t/if  y/<i'r/may  provoke  symptoms  indicat- 
ing an  involvement  of  the  soiuid  perceiving  a))paratus, 
even  up  to  com|)lete  deafness,  and  this  latt<'r  may  be  in- 
duced without  any  recognizable  changes  being  necessarily 
found  in  the  labyrinth  on  post-mortem  examination. 
The  symptoms  usually  present  are:  dinunution  of  hear- 
ing, tinnitus,  vertigo,  headache,  tuiconsciousness,  in  some 
cases  pain,  occasionally  acoustic  hyperoesthesia  or  altera- 
tion in  the  pitch  of  certain  tones,  etc., — one  or  all.  These 
symptoms  have  been  explained  as  due  to  shock  to  tiie 
acoustic  nerve,  or  to  basilar  inflammation  resulting  from 
a  blow,  or  to  hemorrhage  at  the  point  of  origin  of  the 
acoustic  nerve. 

Fmctiins  of  t/ie  Petrous  Bone,  involving  the  labyrinth, 
are  accompanied  by  hemorrhage  from  the  external  me- 
atus, or,  if  the  tympanic  membr-ane  is  not  ruptured, 
the  blood  may  pass  through  the  tympanum  and  the  Eu- 
staihiau  tube  into  the  throat.  As  additional  symptoms 
may  be  mentioned:  a  serous-looking  discharge  in  consid- 
erable quantity;  very  pronounced  subjective  noises;  dis 
turbances  of  equilil)rium  and  vertiginous  symptoms;  and 
facial  paralysis  in  lifty-flve  per  cent,  of  the  cases.  In 
both  concussion  and  fracture  the  functional  tests  all  show 
an  involvement  of  the  sound-perceiving  apparatus. 

Nenrotic  Dintnrhintees  of  the  sound-perceiving  appa- 
ratus, which  may  be  ima.ssociated  with  pathological  ana- 
tomical alterations,  are  by  no  means  uncommon  and  are 
described  below, 

Aci'iistie  3'c((ra«</(«ni'(i  has  as  symptoms:  impairment  of 
hearing,  varying  from  mere  slowness  of  hearing  (acoustic 
torpor  or  lassitude)  to  considerable  deafness,  especially 
marked  under  any  prolonged  strain  or  confusion  of  sound ; 
mental  auxiet}-,  or  extreme  physical  fatigue;  and  rapid 
improvement  of  the  symptoms  after  rest.  Tinnitus  may 
or  may  not  be  present,  and  is  increased  by  fatigue;  par- 
sesthesise  are  common,  with  great  fluctuation  of  the  abil- 
ity to  hear ;  the  upper-tone  limit  is  not  apt  to  be  impaired, 
but  the  duration  of  B.  C.  is  lowered  throughout  the  mu- 
sical scale,  and  there  is  great  functional  e.xhaustibility  of 
the  acoustic  nerve.  Either  one  or  both  ears  may  be  in- 
volved, though  usually  both  are  affected.  The  patients 
are  generally  neurasthenic,  and  any  circumstance  which 
aggravates  this  condition  is  the  cause  of  marked  decrease 
in  the  hearing.  This  condition  is  frequently  associated 
with  that  which  is  next  to  be  described. 

Acotistic  11,1/xteiia  is  usuall_v  associated  with  great  deaf- 
ness which  appears  suddenly  and  is  not  subject  to  the 
fluctuations  noticeable  in  neurasthenia;  it  remains  the 
same  throughout  the  continuance  of  the  attack.  Vertigo 
is  never  present  and  tinnitus  is  not  frequent ;  one  or  both 
ears  may  be  affected  or  the  attack  may  pass  from  one  ear 
to  the  other:  para'Sthesia  or  aua'sthesia  of  the  external 
auditory  canal  and  the  tympanic  membrane  may  be  pres- 
ent; functional  tests  are  apt  to  be  contradictory. 

For  example,  D.  Grant  reports  a  case  of  hysterical  nerve 
deafness  with  spontaneous  recovery.  A  girl,  aged  eigh- 
teen years,  was  first  seen  ilay  2Tth.  1895.  She  gave  the 
histoiy  of  gradually  increasing  deafness  for  three  years, 
the  hearing  having  grown  much  worse  after  the  extrac- 
tion of  some  teeth  three  months  before  the  visit.  Only 
very  loud  conversation  was  heard.     Watch  heard  at  six 


inches;  Galton  up  to  the  mark  3.8.  B.  C.  diminished. 
Rinne's  lest  positive.  Tuning  fork  hearing  lost  forC 
andC.  while  for  tlie  other  forks  from  C  up  to  E'the 
amount  of  hearing  power  varied  from  three  to  fifteen  per 
cent.  Hearing  returned,  aflera  complication  of  ailments, 
in  January,  1.S97. 

\'eit  also  has  reported  a  case  of  hysterical  deaf-mutism 
in  a  man  of  twenty-six  years,  who  awoke  a  deaf-mute 
six  weeks  before  he  was  first  subjected  to  an  exam- 
ination. In  writing  he  could  very  will  make  himself 
understood.  An.-esthelic  regions  and  palsies  were  miss- 
ing. The  deafn<ss  was  absolute.  Attempts  to  speak 
were  followed  only  by  inarticidate  sounds.  After  letting 
him  read  the  sentence,  written  by  the  physician  before 
him.  "You  will  hear  again  in  a"  few  minutes,"  he  was 
catheteri/.ed  with  a  good  deal  of  difliculty,  but  hearing 
and  speech  returned  at  once. 

lIjIIKrfieon.iis  is  an  over-excitable  condition  of  the 
acoustic  nerve,  sometimes  even  painful,  occurring  gener- 
ally periodically  in  connection  with  great  nervous  or 
mental  excitement  or  with  neuralgia,  or  nuuiifesting  it- 
self after  the  patient  has  partaken  of  stimulants.  It  also 
occurs  in  the  incipiency  of  inflannnatory  affections  of 
the  ear. 

PatdeouKiH  consists  in  the  false  perception  of  the  pitch 
of  a  sound.  Paracusia  loci  is  the  term  used  for  desig- 
nating inability  to  tell  the  direction  from  which  the 
sound  coiues;  it  depends  upon  the  difference  in  the  acute- 
ness  of  perception  of  the  two  ears.  As  our  judgment  of 
the  direction  of  .sound  depends  upon  the  binaural  hearing, 
in  unilateral  deafness  the  apparent  .source  of  the  sound 
will  be  projected  in  the  direction  of  the  normal  hearing 
ear. 

Diplticovsia\%o.ioxm  of  paracousis  in  which  a  single  tone 
is  heard  double;  either  each  car  perceives  the  tone  differ- 
ently and  it  seems  doubled  (D.  binauricularis),  or  a  double 
perception  of  a  single  tone  is  got  by  one  ear  (D.  nionau- 
riculaiis);  the  two  tones  differ  from  ejtch  other  in  time 
(D.  echoica)or  in  interval  (I),  hanuonicaordisharmouica). 

"  Xereoiix  Tinnitus  "  may  exist  as  a  pure  neurosis  with- 
out difficulty  of  hearing.  It  is  observed  as  an  irritable 
condition  of  the  nerve  in  convale.scence  from  severe  febrile 
affections;  also  in  connection  with  sexual  excesses,  in- 
temperance, abuse  of  tobacco,  over-fatigue  of  the  auditory 
nerve,  and  extreme  mental  disturbance.  It  may  continue 
indefinitely,  the  hearing  remaining  unimpaired. 

Uallueiiuitions  of  Hearing  may  occur  in  ear  diseases 
without  a  changed  condition  in  the  brain. 

Color-hearing  is  a  term  employed  to  define  that  phe- 
nomenon by  which  certain  tones  always  excite  in  some 
people  the  sensation  of  color;  certain  sounds  invariably 
inducing  the  perception  of  a  definite  color,  which  color  is 
always  the  same  for  any  particular  souiiil.  The  cases 
fall  into  two  groups:  (1)  A  crude  color  sensation,  often 
very  beautiful,  is  associated  with  certjiin  sounds,  such  as 
each  of  the  vowel  sounds,  musical  notes,  or  particular 
musical  instruments;  the  appearance  being  usually  that 
of  a  transparent  colored  film,  similar  to  a  rainbow,  in 
front  of  the  observer,  but  not  obscuring  objects;  (2)  color 
sensations  are  experienced  whenever  letters  or  written 
words  (symbols  of  sound)  are  spoken  or  thought  of,  so 
that  when  a  word  is  uttered  the  subject  visualizes  the 
letters,  each  of  which  has  a  distinctive  tint. 

Deaf-mutism. — One  of  the  most  important  results  of 
labyrinthitis  is  the  production  of  deaf-mutism.  In  the 
United  States  there  were  about  38.3  deaf-mutes  to  every 
100,000  inhabitants,  but  this  proportion  is  apparently 
diminishing.  They  belong,  to  a  great  extent,  by  birth 
to  those  cla.sses  of  societj-  which  are  least  favorably  situ- 
ated economically  as  well  as  socially.  In  the  majority, 
the  deaf-mutism  develops  before  the  end  of  the  third 
year,  but  may  develop  as  late  as  the  eighth  .year.  The 
pathological  seat  of  the  causative  process  is,  almost  with- 
out exception,  in  the  labyrinth.  In  connection  with  the 
labyrinth,  the  middle  ear  is  surprisingly  often  found  to 
be  affected — only  exceptionally  as  regards  lack  of  forma- 
tion, but  almost  regularly  by  violent  inflammation,  gen- 
erally of  a  purulent  nature.     Deaf -mutism  occurs  more 
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frequeutly  in  the  male  sex.  More  than  half  the  cases  are 
due  to  acquired  deafness,  and  epidemic  diseases  are  prob- 
ably most  often  the  cau.se  of  the  deafness.  Bezold  is 
probabl)'  nearly  right  in  his  statement  that  about  forty- 
three  per  cent,  are  totally  deaf,  and  it  is  the  general 
opinion  that  among  these  the  acquired  cases  are  more  nu- 
merous than  the  congenital.  There  is  noticeablj'  a  very 
frequent  occurrence  of  partial  defects  in  the  musical  scale, 
in  which  sometimes  the  upper  and  sometimes  the  lower 
limit  of  tone  is  absent;  sometimes  single  or  multiple 
gaps  or  islands  are  found  wliich  show  no  perception  of 
sound  whatever.  Only  about  8.4  per  cent,  have  hearing 
power  sufficient  for  intercourse  with  other  people.  Dis- 
turbances of  equililiriuni  (static  or  dynamic)  are  present 
in  fifty  per  cent.,  and  those  showing  normal  equilibrium 
are  also  much  more  apt  to  have  normal  speech.  Hered- 
ity e.xerts  a  great  influence,  especiall_v  in  those  families 
in  which  there  arc  man}'  cases  of  hardness  of  hearing, 
but  direct  transmission  is  usually  absent,  as  Mygind 
found  that  not  a  single  child  of  deaf-mute  parents  was 
itself  deaf  and  dumb. 

This  is  somewhat  at  variance  with  the  findings  of  E. 
A.  Fay.  who  has  studied  the  marriages  of  deaf-mutes  in 
America,  and  states  that  the  marriages  of  congenital  deaf- 
mutes  give  birth  to  more  deaf-mute  children  than  mar- 
riages of  persons  with  acquired  deaf-mutism  in  the  pro- 
portion of  12  to  4.2  per  cent.  The  number  of  deaf-mute 
children  is  increased  if  the  deaf-mute's  parents  are  rela- 
tives, especially  if,  besides  themselves,  there  are  other 
deaf-mutes  in  tlie  families.  Consanguineous  marriages 
are  catisative  only  when  joined  to  hereditary  and  otlier 
influences  (as  constitutional  disease).  Deaf-mutism  is 
especially  apt  to  occur  in  those  families  in  which  many 
children  have  been  born  in  rapid  succession.  Gillespie 
has  drawn  attention  to  the  frecpiency  of  goitre  in  deaf 
mutism ;  and  Lemcke,  to  that  of  affections  of  the  naso- 
pharyngeal tract,  especially  adenoid  vegetations.  The 
bodil}-  growth  keeps  pace  with  tliat  of  normal  persons, 
but  there  is  defective  brain  development:  as  a  rule,  how- 
ever, they  are  endowed  with  organic  and  mental  sen- 
sitiveness but  little  inferior  to  the  normal.  They  do 
not  exhibit  a  higher  mortality  than  normal  individuals 
living  under  the  same  circumstances,  but  they  are  espe- 
cially prone  to  lung  diseases.  Nearly  half  of  all  deaf- 
mutes  over  twenty  years  of  age  are  obliged  to  fall  back 
on  the  help  of  others  for  their  maintenance.  Marriages 
contracted  by  deaf-mutes  exhibit  a  very  small  degree 
of  fertility.  (For  further  information  on  this  subject, 
consult  the  articles  on  Deaf-Mutism  in  the  present 
volume.) 

Di.\GNOSis. — The  diagnosis  of  diseases  of  the  auditory 
nerve  has  been  almost  sufflcientlj-  indicated  in  the  symp- 
tomatology, but  there  are  a  few  points  which  it  ma.y  be 
well  to  emphasize  further. 

In  any  case  of  hardness  of  hearing  the  first  thing  to  be 
determined  is  whether  the  lesion  is  located  in  the  sound- 
conducting  or  in  the  sound-perceiving  apparatus.  The 
antagonistic  reactions  to  the  functional  tests  may  be 
tabulated  as  follows: 


Diseases   of    thk    Soc.\d-Con- 
DUCTIXG  Apparatus. 

I-Tpper-tone  limit  very  little  if 
any  lowered. 

Lower-tone  limit  by  A.  C.  ele- 
vated. 

.\bsolute  duration  of  perception 
of  B.  C.  increased  throughout  the 
musical  scale. 

B.  C.  >  A.  C.  lioth  in  intensity 
and  in  duration  in  the  lowest  part 
of  the  nnisic:il  scale,  and  a.sfendinff 
with  the  gravity  of  the  disease 
(Rinne). 

Weber's  test  heard  in  the 
diseased  or  the  harder-hearinp  ear. 

Deeper  tones  of  speech  not 
heard  ;  higher  tones  well  heard. 


Diseases    of  the    Sound-Per- 
ceiving Apparatus. 

Upper-tone  Umit  noticeably 
lowered. 

Lower-tone  limit  by  A.  C.  not 
elevated. 

Absolute  duration  of  perception 
of  B.  C.  diminished  or  abolished 
throughout  all  or  in  parts  of  the 
music^il  scale. 

A.  C.  >  B.  C.  both  in  intensity 
and  in  duration  throughout  the 
musical  scale  (-(-Rinne). 


"Weber's  test  heard  in  the 
normal  or  better-hearing  ear. 

Deeper  tones  of  speech  well 
heard  ;  higher  tones  not  heard. 


normal  reaction  in  the  healthy  ear  is  given  for  purjioses 
of  comparison ;  the  numerals  representing  the  duration 
of  perception  in  seconds,  the  Rinne  showing  whether  the 
respective  forks  are  heard  louder  by  A.  C.  or  B.  C.  at  the 
initial  point. 

In  marked  disease  of  the  sound-conducting  apparatus 
the  reaction  will  be  approximately  as  given  below : 

I.  Average  Normal  Ear. 


In  order  to  bring  differing  reactions  more  graphically 
before  the  eye,  the  author  has  arranged  them  below  in 
the  schema  originally  devised  by  himself.     In  this  the 
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In  disease  of  the  sound-perceiving  apparatus  the  fol- 
lowing reactions  will  serve  as  a  type: 

III.  Average  Case  of  Otitis  Interna. 
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In  cases  in  which  there  is  an  affection  of  both  the  sound- 
conducting  and  the  sound-perceiving  apparatus,  both 
upper-  anil  lower-tone  limits  are  contracted,  the  duration 
of  B.  C.  is  imiiaired,  B.  ('.  is  better  than  A.  C.  (  —  Rinne) 
for  the  lower  forks,  while  A.  C.  is  better  than  B.  C. 
(-|-Rinne)  for  the  higher  forks,  and  both  the  higher  and 
deeper  tones  of  speech  are  imperfectly  heard.  The  de- 
gree in  which  one  or  the  other  apparatus  is  responsible 
for  the  hardness  of  hearing  is  indicated  by  the  closeness 
of  the  resemblance  of  the  results  of  the  functional  tests 
to  the  reactions  given  by  the  one  or  the  other  type  of 
disease. 

In  the  matter  of  locating  the  lesion  in  any  particular 
portion  of  the  sound-perceiving  apparatus  much  lias  yet 
to  be  learned,  but  the  following  deductions  seem  to  be 
well  established  as  the  result  of  post-mortem  examina- 
tions of  cases  clinically  observed  before  death : — Word- 
deafness  points  to  involvement  of  the  cortical  areas ;  lower- 
and  upper-tone  limits  fairly  well  preserved, with  deafness 
for  forks  of  middle  register  and  greatly  impaired  B.  C, 
indicate  involvement  of  the  nerve  stem:  disturbances  of 
equilibrium  may  occur  in  the  course  of  any  jiathological 
process  that  causes  irritation  of  the  terminal  filaments  in 
the  vestibule  or  ampulUic,  of  the  nerve  fibres  in  the  audi- 
tory nerve  stem,  or  of  the  central  origin  of  the  nerve; 
pathological  processes  involving  the  cochlea  alone  do  not 
induce  vertigo:  the  cochlea  is  the  only  part  specialized 
for  the  perception  of  sound,  as  the  retina  is  for  light,  and 
its  total  destruction  is  followed  by  total  deafness;  it  is 
probable  that  the  lower  notes  are  perceived  at  the  cupola, 
and  the  higher  notes  at  the  base. 

When  the  attempt  is  made  to  establish  a  diagnosis 
these  deductions  should  be  borne  in  mind  while  studying 
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the  results  of  the  functional  testing.  At  the  same  time 
it  sliouUl  ahviiys  be  renunibercd  tliat  it  is  nflcn  impossi- 
ble to  iK'termiue  whether  the  disease  is  in  the  labyrinth, 
in  ttie  nerve  trunk,  or  at  some  point  in  the  intracerebral 
course  of  the  nerve. 

According  to  C.  H.  Burnett,  anaemia  of  the  labyrinth, 
causing  deafness,  tinnitus,  and  vertigo,  may  be  diagnosed 
in  two  ways.  vi/. :  by  tlie  temporary  congestion  induced 
by  eating,  and  also  by  the  inhalation  of  nitrite  of  aniyl. 
If  temporary  improvement  in  all  or  any  of  these  symp- 
toms ensues  after  eating  or  after  the  mhalation  of  a  few 
minims  of  amyl  nitrite,  the  eonelusion  is  that  the  case 
is  one  of  chronic  anaemia  of  the  labyrinth. 

In  fracture  of  the  petrous  bone,  the  escape  of  cerebro- 
spinal fluid  is  not  essential,  and  no  certain  conclusions 
with  respect  to  the  anatomical  situation,  gravity,  or  the 
subsequent  behavior  of  the  fracture  can  be  drawn  from 
the  external  api)earances  in  the  ear  and  from  the  func- 
tional disturbances.  In  most  cases  both  tlie  internal 
and  the  middle  ear  are  affected  together.  Fracture  may 
occur  without  loss  of  hearing  if  the  labyrinth  is  not  in- 
volved in  the  fracture  line. 

The  diplacouses  are,  in  the  author's  experience,  usually 
due  to  allections  of  the  middle  ear,  as  in  a  case  recently 
observed  of  diplacusisechoica  coming  on  during  the  acme 
of  an  attack  of  otitis  media  subacuta. 

The  neuroses  are  recognized  by  their  symptoms  and 
by  the  peculiar  constitutional  condition  of  the  patient. 

If  the  few  remarks  made  above  in  connection  with 
the  subicct  of  symptomatology  are  borne  in  mind,  the 
diagnosis,  according  to  our  present  knowledge,  should 
not  offer  insuperable  obstacles  to  the  conscientious  ob- 
server. 

Prognosis.  —The  prognosis  is  always  hopeful  in  those 
cases  in  which  there  has  been  no  destruction  of  the  ana- 
tomical elements,  as  in  ana>mia.  neurasthenia,  etc.  On  the 
other  hand,  it  is  always  unfavorable  in  those  cases  in 
which  such  destruction  has  taken  place.  The  condition 
remaining  after  a  trial  of  treatment  of  moderate  duration 
is  apt  to  be  the  condition  that  will  remain  pcrmanentlj', 
except  in  the  case  of  hemorrhage,  in  which  repeated  at- 
tacks will  tend  to  further  impairment  of  hearing. 

Amelioration  may  and  usually  does  take  place  in  the 
other  symptoms,  such  as  vertigo;  but  the  hearing  im- 
proves only  so  far  as  the  anatomical  elements  develop 
recuperative  power,  and  when  that  power  is  exhausted 
improvement  ceases. 

Treatmen't. — The  treatment  of  ani-emia  of  the  laby- 
rinth is  in  most  cases  practically  that  of  the  treatment  of 
general  anaemia,  as  in  theaua?miaandoliga'mia  following 
gestation  and  parturition:  the  condition  is  often  tem- 
porarily benefited  by  doses  of  trinitrin,  gr.  ^^u.  t^^o  or 
three  times  daily.  In  the  local  auannia  due  to  aneurism 
or  atheroma  very  little  can  be  done;  when  it  is  due  to 
pressure  brought  on  by  clianges  in  the  middle  ear,  oper- 
ative interference  to  relieve  that  pressure  should,  if  pos- 
silile,  be  undertaken. 

Hypera'mia,  if  acute,  should  be  met  by  local  blood- 
letting, purgation,  and  rest,  while  at  the  same  time  the  diet 
is  limited  and  stimulants  are  interdicted.  The  causative 
agency  sliould  always  be  searched  for  and  corrected,  as 
far  as  possible,  on  general  lines.  Regulation  of  the  diet 
and  bowels,  curtailment  or  denial  of  stimulants,  and  cor- 
rect ordering  of  the  care  of  the  body  and  method  of  life 
are  always  indicated  and  produce  the  best  results. 

Hemorrhages  into  the  labyrinth  should  be  treated,  until 
the  acute  symptoms  subside  and  absorption  begins,  by 
complete  bodily  rest,  local  bloodletting,  purgation,  hot 
foot  baths,  limitation  of  diet,  and  abstinence  from  the  use 
of  all  stimulants,  alcohol,  tobacco,  etc.  Later,  compara- 
tive rest  and  al)Steution  from  mental  or  physical  work, 
with  the  regulation  of  the  diet  and  bowels,  will  do  more 
to  favor  absorption  than  the  administration  of  drugs. 
The  use  of  iodide  of  potassium  in  gradually  increasing 
doses  has  given  the  best  results  in  the  author's  hands. 
It  may  be  employed  conjointly  with  the  other  measures 
recommended,  or  independently,  if  for  any  reason  they 
cannot  be  adopted.     Pilocarpine  has  been  strongly  advo- 


cated by  some  authors;  it  should  be  given  either  by  the 
mouth  or  liy|iodinuatically,  beginning  with  gr.  i"  two 
or  three  times  daily,  and  increasing  the  dose  until  the 
physiological  ell'ect  of  the  drug  is  obtained,  when  the  i)a- 
tient  is  held  lo  that  dosage  for  a  shorter  or  longer  time. 

In  the  hyiierpiastic  form  of  labyrinthitis,  regulation  of 
diet  and  of  the  bowels,  and  denial  of  stimulants,  counter- 
irritation  over  the  mastoid,  and  attempts  to  provf)ke 
derivation  and,  most  important,  the  attempted  removal 
of  the  cause,  are  the  proper  measures  to  be  employed. 
Resolution  may  be  eneourageil  by  the  administraticm  of 
iodide  of  jiota-ssium  or  of  |iiliicarpine.  if  these  are  not 
contraindicated  by  the  condition  which  caused  the  lesion 
or  by  the  state  ofhealth  of  liie  patient. 

During  the  acute  stage  of  the  e.\udative  form  of  laby- 
rinthitis as  much  should  be  done  as  possible  to  diminish 
the  intensity  of  the  attack  and  to  limit  the  extension  of 
the  process.  This  in  most  cases  amounts  to  very  little. 
Rest  in  bed  is  imiierative,  limitation  of  the  diet  is  ad- 
visable, cardiac  .sedatives  and  (lia|ilioretics  should  be 
prescribed,  the  bowels  shoidd  be  regulated,  and  deriva- 
tives not  contraindicated  by  the  general  condition  sliould 
be  employed.  After  the  acute  symptoms  have  subsided, 
resolution  is  to  be  encouraged  by  the  continuance  of  rest, 
by  the  adojilion  of  a  light  but  nourishing  diet,  by  the 
regulation  of  the  excretory  organs,  and  by  the  adminis- 
tration of  those  remedies  which  are  known  to  liavean  ef- 
fect on  the  pathological  deposits  and  new  formations — 
such,  for  example,  as  the  iodide  of  potassium,  mercury, 
pilocarpine,  etc. 

Jausen  holds  that  when  pus  penetrates  from  the  mid- 
dle ear  into  the  semicircular  canals,  the  operative  lield 
should  be  extended  so  as  to  iffect  the  removal  of  the 
horizontal  or  even  the  vertical  canal  with  narrow  chisels 
or  with  the  electromotor  drill. 

In  labyrinthine  necrosis  the  treatment,  according  to 
Bezold,  should  consist  in  systematic  cleansing,  insufSa- 
tion  of  boric  acid  powder,  and  removal  of  granulations.  A 
forcible  extraction  of  the  sequestrum  before  it  is  loose  is 
not  advisable.  The  mastoid  process  is  rarely  involved. 
A  properly  executed  radical  operation  insures  a  safer  re- 
covery than  if  the  sequestrum  is  spontaneously  eliminated 
through  a  narrow  canal,  especially  if  signs  of  general 
disturbance  are  present.  Tlie  result  in  six  out  of  ten 
cases  in  which  such  an  operation  was  resorted  to,  was 
complete  recovery  with  epidermization  of  the  cavity. 
Recovery  probably  also  occurred  in  a  seventh  case.  In 
one  case  there  resulted  atresia  of  the  bony  canal.  One 
patient  died  from  some  complication  in  the  other  ear, 
and  one  died  eleven  days  after  the  removal  of  the  seques- 
trtim.  presumably  of  meningitis. 

The  regeneration  of  the  affected  nerve  elements  may 
be  encouraged  b}'  the  administration  of  the  various  nerve 
stimulants  and  nerve  foods,  such  as  strychnine,  phos- 
phorus, etc. 

The  principal  treatment  for  concussion  and  fracture  is 
rest  and  the  meeting  of  symptoms  as  they  arise. 

The  treatment  of  acoustic  neurasthenia  is.  of  course, 
that  of  the  general  neurasthenic  condition.  The  general 
health  should  be  improved  by  all  the  means  at  our  com- 
mand. The  author  has  fouiid  that  the  feeling  of  well- 
being  produced  by  the  administration  of  gelsemium  is  a 
very  important  aid  in  inducing  the  patient  to  attempt 
and  to  adhere  to  those  regulations  which  are  necessary 
to  the  attainment  of  this  much-hoped-for  improvement; 
it  should  be  administered  in  the  form  of  the  fluid  extract. 
Strychnine  has  produced  only  a  temporary  improvement 
in  the  authors  li.-in<ls.  Tlie  general  health  must  be  im- 
proved if  any  permanent  betterment  is  to  be  attained,  and 
gelsemium  has  the  power  of  stimulating  the  ambition  of 
the  neurasthenic  to  the  extent  of  accomplishing  the 
tasks  neces-sarily  set  for  this  imrpose. 

Hysteria  requires  administration  of  those  remedies — 
pharmaceutical,  psychical,  and  physical — usually  recom- 
mended for  use  in  the  general  condition. 

The  various  other  neuroses,  reflex  and  otherwise,  arc 
to  be  treated  from  the  standpoint  of  the  cau.se. 

It  will  be  noticed  that  the  subject  of  the  treatment  of 
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affections  of  the  sound-perceiving  apparatus  by  means 
of  electricity,  phono-massage,  and  Tarious  otlier  more  or 
less  iniperfectlj-  tried  remedies  has  not  been  touclicd  upon 
by  the  writer.  The  reason  for  this  lies  in  the  fact  that 
the  advantage  to  be  derived  from  these  remedies  has  been 
much  doubted  by  very  many  competent  otologists  who 
have  given  them  a  fair  trial,  and  that  certain  disadvan- 
tages in  their  use  have  been  discovered  in  .some  conditions. 
Further  attention  needs  to  be  devoted  to  them  as  remedial 
agencies. 

The  treatment  of  deaf-mutism  consists  in  the  removal 
of  any  curable  pathological  conditions  found  to  exist  in 
the  sound-conducting  apparatus,  and  in  the  improvement 
of  what  hearing  power  still  remains  in  the  sound-perceiv- 
ing apparatus.  Chronic  suppuration  of  the  middle  ear 
is  especialh'  prevalent  among  those  mute  from  acquired 
deafness,  and  should  receive  competent  attention  to  pre- 
vent fatal  results.  Urban tschitscli  has  recommended 
systematic  acoustic  instruction  by  the  pronunciation  of 
vowels,  consonants,  single  words,  and  sentences;  the  in- 
struction to  be  given  for  a  short  time  two  or  three  times 
daily.  Politzer  is  of  the  opinion  that  this  ma}'  be  the 
means  of  effecting  a  modulation  in  speech,  but  that  the 
hearing  cannot  be  affected  therebj-,  because  it  has  gener- 
ally been  lost  through  processes  which  have  run  their 
course  and  have  left  behind  irreparable  anatomical 
changes.  Only  children  with  a  remnant  of  hearing 
should  receive  speaking  exercises.  Bezold  and  Roller 
deprecate  the  combined  instruction  of  the  half-deaf  and 
the  totally  deaf,  as  it  produces  a  waiving  of  the  hearing 
remnants  which  the  former  still  possess. 

}Rnry  A.  Alderton. 

EAR  DISEASES:  AFFECTIONS  OF  THE  AURICLE. 

— CuT.\XF,ous  DiSE-\SEs,  —  C'utaueous  diseases  of  the 
auricle  differ  in  no  essential  particular  from  diseases  of 
the  skin  involving  other  parts  of  the  Ijody,  and  are  of 
interest  to  the  otologist  only  because,  in  their  localization 
at  this  point,  he  may  be  called  upon  to  treat  the  lesion, 
and  also  because  of  the  fact  that  some  of  these  cutaneous 
diseases  may  extend  to  the  epithelial  lining  of  the  ex- 
ternal auditory  canal,  and  give  rise  to  deafness,  or,  in 
neglected  cases,  may  extend  into  the  deeper  structures 
of  the  ear  and  give  rise  to  grave  complications. 

Acne. — Acne  of  the  auricle  is  rare  and  has  no  special 
characteristics  to  distinguish  it  from  acne  elsewhere. 

Ecthyma. — Ecthyma  appeare  in  the  form  of  large, 
single  pustules  witli  au  iutiltrated,  hanl,  and  elevated 
base,  and  flattened  in  the  centre.  They  soon  become 
covered  by  a  dark  crust  wliich,  after  falling  off,  gener- 
ally leaves  a  crater-like,  round  ulcer  witli  sharp,  slightly 
elevated  margins ;  the  surface  of  the  ulcer  is  covered  with 
a  greenish-yellow  scab  under  which  the  pus  wells  up  on 
liglit  pressure.  Through  the  confluence  of  several  ulcers, 
and  the  extension  of  the  disease  into  the  deep  tissues, 
there  may  develop  an  extensive  inflammation  of  the  skin 
and  cartilage.  Barnick  describes  a  case  in  which,  in  the 
edges  of  the  ulcer,  were  many  bleeding  points  ("ecthyma 
haemorrhagicum  "),  as  also  an  endarteritis  of  tlie  blood- 
vessels of  the  skin.  The  base  of  the  ulcer  showed  every- 
where granulation  tissue.  In  the  microscopical  prepara- 
tions staphylococci  and  streptococci  were  found. 

Eczema. — Eczema  may  occur  in  all  parts  oi  the  external 
ear.  It  may  be  confined  to  the  auricle,  or  the  canal  may 
also  be  involved ;  in  some  cases  the  affection  may  even 
extend  to  the  dermal  layer  of  the  drum  membrane. 
Eczema  may  occur  idiopathically  in  the  ear  or  it  may 
extend  from  an  eczema  of  the  face  or  head.  (The  reader 
is  referred,  for  fiirtlicr  information  in  regard  to  eczema 
of  the  auricle,  to  the  article  on  Ear  Diaeases :  Affections 
of  the  External  Auditoni  Canal,  p.  630.) 

Herpes. — Herpes  of  the  auricle  is  rare,  and  occurs  either 
in  its  simple  form  in  connection  witli  herpes  facialis,  or 
as  a  part  of  herpes  zoster  in  the  region  supplied  by  the 
auricido-temporal  branch  of  the  trigeminus  nerve  and  tlie 
auricular  branch  of  the  third  cervical  nerve.  In  the  first 
case  it  is  the  anterior  part  of  the  ear  and  the  tragus  which 
are  affected,  in  the  latter  the  posterior  part  and    the 


lobule.  Sometimes  blebs  are  formed  in  the  canal,  and, 
very  rarely,  on  the  tympanic  membrane.  The  outbreaks 
of  herpes  zoster  are  nearly  always  accompanied  by  neu- 
ralgic pains  on  the  affected  side  of  the  head  and  in  the 
ear.  and  at  times  even  the  mastoid  process  is  painful. 
This  symptom  of  pain  in  the  mastoid  was  so  marked  in 
one  case  reported  that  the  wrong  diagnosis  of  mastoiditis 
was  made,  and  the  true  state  of  affairs  was  not  discovered 
imtil  a  short  time  before  the  proposed  operation  was  about 
to  be  undertaken.  The  hearing  is  often  impaired  during 
the  course  of  the  disease. 

As  to  the  appearance  presented  by  the  disease  wlien  it 
involves  tlie  auricle,  herpes  of  the  ear  differs  in  no  way 
from  herpes  on  other  parts  of  the  bodj'.  The  watery- 
exudation  gradually  becomes  purulent  or  bloody,  and 
after  a  few  days  desiccation  takes  place.  Only  excep- 
tionally can  the  process  assume  a  gangrenous  character. 
Recurrences  are  not  uncommon  in  simple  herpes. 

The  treatment  consists  in  the  administration  of  narcotics 
when  there  is  severe  pain;  in  the  use  of  powders  or  of 
compresses  wet  in  cocaine  solution,  after  the  formation 
of  blebs  has  taken  place ;  in  the  use  of  white  precipitate 
ointment ;  and,  after  ulcers  have  formed,  in  cauterization 
with  silver  nitrate. 

Impetigo  Contagiosa. — Impetigo  contagiosa  appears  as 
a  small  red  spot  which  soon  develops  into  a  pustule  that 
may  reach  the  size  of  a  large  pea.  In  course  of  time  this 
breaks  down  and  a  crust  is  formed.  By  coiitainination 
witli  the  pus  new  foci  may  develop,  and  so  there  may 
be  found  at  one  and  the  same  time  lesions  in  all  the  vari- 
ous stages.  Tills  disease  assumes  the  character  of  an  in- 
fection and  is  mostlj'  epidemic.  The  neighboring  lympli 
glands  are  swollen.  Children  are  the  chief  sufferers  from 
this  affection,  but  adults  are  not  always  exempt. 

The  treatment  consists  in  bathing  with  green  soap  and 
then  applying  zinc  ointment,  or  an  ointment  of  bismuth 
subgallate. 

Pemphigus. — Pemphigus  of  the  ear  is  not  observed 
very  frequently  as  an  independent  affection;  it  is  more 
often  seen  as  a  part  of  the  same  general  affection  of  the 
skin. 

After  a  prodromal  stage  of  lassitude  and  weariness, 
there  follow  fever  and  an  eruption  of  discrete,  slightly 
elevated,  red  spots  on  which  develop  bulht  distended 
with  serum  or  blood.  These  may  be  of  varying  sizes, 
from  the  dimensions  of  a  grape  seed  to  that  of  a  hazel- 
nut. The  bullfe  burst  and  leave  a  red  surface  which  is 
quickly  covered  over  with  new  skin.  Thus  the  disease 
comes  to  au  end  and  the  fever  disappears.  Tlie  disease 
may  last  for  from  one  to  two  weeks,  but  it  can  drag  along 
for  a  much  longer  time  and  may  recur.  In  most  cases 
healing  occurs,  but  it  is  also  possible  for  the  affected 
parts  of  the  skin  to  slotigli.  We  must  regard  pemphigus 
as  among  the  infectious  diseases. 

The  symptoms  are  extreme  itching  and  a  feeling  of 
warmth,  neuralgic  pains  in  the  face,  tinnitus  aurium.  and 
a  greater  or  less  degree  of  deafness.  Tlie  skin  becomes 
scaly  and  as  it  peels  it  leaves  the  underlying  skin  more 
or  less  red,  according  to  the  length  of  time  the  lesion  has 
existed. 

The  treatment  is  the  same  as  for  this  disease  in  other 
parts  of  the  body.  The  general  treatment  consists  of 
cooling  diet,  rest,  and  the  use  of  quinine  or  antipyrin. 
The  internal  administration  of  Fowler's  solution  is  also 
sometimes  indicated.  The  local  treatment  consists  in  a 
copious  washing  of  the  affected  part  with  weak  bichlo- 
ride solutions,  and  the  subsequent  application  of  zinc 
oxide  or  boric  acid,  or  of  talcum  powder  finely  powdered. 
In  the  more  pronounced  cases  the  scalp  should  be  shaved 
in  the  neighborhood  of  the  ear,  the  scales  should  be  re- 
moved from  the  affected  parts  by  thorough  washing  with 
green  soap  (sapo  viridis),  then  a  solution  of  nitrate  of 
silver  of  the  strength  of  two  per  cent,  is  to  be  applied, 
aud  finally  zinc  or  ichthyol  ointment  should  be  used 
freely. 

Tlie  prognosis  is  good. 

Psoriasis. — Psoriasis  of  the  auricle  is  very  rare.  It  is 
characterized,  as  in  other  parts  of  the  body,  by  a  sharply 
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defined,  large  or  small  efflorescence,  with  an  infiltrated 
foundation  covered  with  (learly  epidermic  scales.  This 
is  to  be  differentiated  from  other  scaly  skin  diseases  hy 
the  fact  that  iu  psoriasis  the  scales,  wlien  removed,  leave 
a  surface  which  bleeds  and  appears  sieve-like. 

The  treatment  does  not  differ  from  that  of  psoriasis  in 
other  parts  of  the  body. 

Seborrliaa. — This  is  an  affection  of  the  auricle  of  qtiite 
common  occurrence:  it  develops  especially  in  the  hol- 
lows. It  is  less  like  the  moist  scborrha>a  than  the  sebor- 
rbcea  sicca,  iu  which  form  of  the  disease  the  ordinary 
secretion  of  the  sebaceous  glands  is  hard  and  firm.  The 
skin  is  covered  with  dirty,  fatty,  scab-like  scales  which 
undergo  desiccation.  There  is  no  demonstrable  ana- 
tomical change  of  the  skin.  The  treatment  is  the  same 
as  for  the  disease  iu  other  parts  of  the  body.  Begin  by 
■washing  the  parts  with  tincture  of  green  soap  and  then 
use  a  salicylic  acid  and  sulphur  soap  made  up  with  much 
fat.  Constitutional  anomalies  must  be  taken  into  con- 
sideration. 

Pfiii-itus. — Pruritus  very  seldom  occurs  in  the  auricle. 
Romberg  reports  a  case  of  itching  in  the  left  lobe.  Every 
attempt- to  relieve  this  itching  by  scratching  with  finger 
nails  brought  on  a  severe  attack  of  neuralgia  of  the  first 
and  second  branches  of  the  trigeminus.  The  treatment 
is  the  same  as  for  the  disease  in  other  parts  of  the  body. 
Salves  are  indicated:  either  the  plain  vaseline,  albolene, 
etc..  or  vaseline  combinetl  with  preparations  of  iodoform, 
iodol,  carbolic  acid,  salicylic  acid,  or  chrysarobin.  Equal 
parts  of  chloral  and  gum  camphor,  rubbed  together  to 
make  a  viscid  fluid,  and  applied  to  the  part  affected,  will 
frequently  relieve  a  pruritus  when  other  measures  fail. 

Abscess. — Abscess  of  the  auricle  may  occur  in  connec- 
tion with  skin  affections,  such  as  eczema,  especially 
where  pruritus  is  marked:  the  infection  being  conveyed 
by  dirty  finger  nails  or  in  some  similar  way.  An  abscess 
niay  also  develop  as  a  result  of  freezing  or  of  an  erysipela- 
tous attack.  Finally,  it  may  develop  from  the  sting  of 
an  insect  or  from  a  trauma  of  any  kind,  such  as  piercing 
the  lobe,  etc.  Swelling,  redness,  pain,  a  sense  of  heat, 
and  fluctuation  are  the  symptoms  which  indicate  the 
presence  of  an  abscess  of  the  auricle.  The  condition  may 
become  dangerous  through  a  spread  of  the  infection  to 
the  cartilage,  thus  causing  a  perichondritis.  ^Vhen  a 
perichondritic  abscess  develops  the  cartilage  is  often  de- 
stroyed, with  a  resulting  deformity,  or  fistulte  may  form. 

Treatmtnt. — An  early  free  incision,  curettage,  and  wet 
sterile  dressings. 

Perxio;  Fkost-Bite. — In  this  affection  we  find  vari- 
ous degrees  of  inflammation,  according  to  the  degree  and 
the  duration  of  the  cold.  The  lighter  forms  are  charac- 
terized by  a  bluish-red  coloration,  an  ordinary  amount  of 
swelling,  and  verj-  severe  itching,  which  may  increase  to 
pricking  pains.  In  other  cases,  which  have  resulted  from 
exposure  to  a  more  intense  cold,  the  auricle  appears  ex- 
tremely swollen,  very  much  reddened,  and  covered  in 
various  places  with  large  blebs,  whose  contents  are  of  a 
yellowish  or  bloody  color.  The  pain  is  very  great.  The 
severest  forms  are  seldom  seen.  In  these  gangrene  de- 
velops: there  is  a  black  discoloration  and  abscesses  form. 
Ultimately  the  ear  shows  varying  degrees  of  deformit}-. 
Ears  that  have  been  frozen  will  continue  to  be  sensitive 
whenever  the  temperature  falls  to  a  certain  point.  In 
these  cases  the  swelling,  the  itching,  and  the  formation  of 
nodules,  which  may  go  on  to  form  pustules  and  to  ul- 
cerate, often  recur.  In  weakened  individuals,  especially 
young  ansmic  girls,  frost-bites  and  chilblains  are  likely 
to  develop  at  the  beginning  of  cold  weather. 

Treatment. — In  the  lighter  forms  of  freezing,  cold 
compresses  and  poultices  with  Goulard's  extract  are  suf- 
ficient: in  extreme  hypenemia  and  swelling  there  should 
be  a  continuous  application  of  cold  by  means  of  Leiter's 
coil.  In  regard  to  the  itching  and  pain,  relief  may  gen- 
erally be  obtained  by  the  local  use  of  tincture  of  iodine 
with  the  addition  of  tincture  of  opium.  Afterward, 
ichthyol  ointment  should  be  applied.  The  following 
preparations  will  also  be  found  useful:  boric  or  zinc  oint- 
ment :  two  per  cent,  silver  nitrate  salve ;  and  orthoform 


vaseline.  In  the  deep  ulcersand  also  in  exuberant  granu- 
lations, silver  lutrate  stick  should  be  used.  Gangrenous 
parts  should  be  amputated. 

The  ears  should  be  protected  from  cold  by  ear  muffs, 
and  they  should  receive  frequent  washings  with  absolute 
alcohol.  In  ana-mic  cases  the  general  health  should  be 
looked  after. 

ERVsirEL.^s.— Erysipelas  of  the  ear  is  of  rather  com- 
mon occurrence.  It  takes  its  rise  here  either  primarily, 
from  injured  or  excoriated  spots,  or  secondarily,  from  ex- 
tension from  the  face  or  from  the  throat  through  the 
Eustachian  tube  and  middle  ear.  The  clinical  picture, 
the  course,  and  the  termination  are  the  same  as  when  the 
disease  affects  other  parts  of  the  body.  The  atiditory 
meatus,  at  least  in  the  outer  part,  is  generally  involved, 
and  occasionally  tlie  disease  may  extend  to  themembraua 
tympaui.  In  those  cases  in  which  a  perforation  occurs 
the  inflanmiation  may  extend  from  tlie  middle  ear  to  the 
mastoid  cells. 

Treatment  consists  in  the  use  of  ichthyol  ointment, 
which  both  relieves  the  tension  of  the  skin  and  keeps 
the  infectious  scales  from  being  dis.semiuated.  Poultices 
with  one-half  to  one  per  cent,  bichloride  solution  have 
been  recommended.  Ordinarily  the  further  spreading  of 
the  erysipelas  has  been  prevented  through  frequent 
pencillings  of  the  neighboring  sound  parts  with  strong 
tincture  of  iodine,  or  by  scarifying  tht-m.  The  general 
condition  and  the  complications  demand  suitable  treat- 
ment. 

G.ocGREXE. — Gangrene  of  the  ear  is  seldom  seen. 
Sometimes  it  affects  the  skin  alone:  at  other  times  the 
cartilage  is  also  affected:  but  there  is  always  more  or  less 
extensive  loss  of  substance.  As  causes  we  have  a  pre- 
ceding wound  or  an  abscess  such  as  results  from  measles, 
erysipelas,  or  burning  and  freezing  of  the  third  grade. 
Urbantschitsch  reports  a  case  of  Raynaud's  spontaneous 
symmetrical  gangrene  in  the  upper  third  of  the  ear:  it 
was  caused  by  trophoneurotic  disturbances.  In  the  ma- 
jorit)-  of  cases  the  inflammatory  process  is  of  long  dura- 
tion and  depends  on  a  disturbance  of  nutrition  caused 
by  thrombosis  of  the  vessels.  Treatment  must  consist 
in  the  removal  of  the  necrotic  tissue  and  in  accelerating 
the  formation  of  a  line  of  demarcation.  The  last  may  be 
accomplished  through  the  use  of  antiseptic  poidtices. 
Nourishing  diet  and  tonics  are  indicated.  Skin-grafting 
may  be  found  necessary. 

Ulcer.vtiox.— Ulceration  may  occur  as  a  complication 
of  burning  or  freezing;  it  is  also  observed  in  ecthyma, 
in  herpes,  in  otitis  externa  diffusa,  in  diphtheria,  and  in 
gangrene.  Such  ulcers  are  generally  seated  on  the 
fragus,  the  concha,  or  the  lobule.  They  are  superficial 
and  they  soon  heal  if  suitable  antiseptic  dressings  are  ap- 
plied. On  the  other  hand,  if  they  are  allowed  to  become 
deep-seated,  they  are  very  hard  to  heal  and  are  often  the 
starting-point  of  a  very  severe  eczema.  Every  eczema 
may  give  rise  to  numerous  small  ulcers.  The  most  fre- 
quent ulceration  of  the  auricle  is  due  to  syphilis. 

The  ordinary  ulcerations  do  not  extend  to  any  great 
depth,  and  are  covered  with  a  yellowish,  watery  exudate. 
Those  of  a  syphilitic  nature  present  more  marked  char- 
acteristics; they  are  deep,  crater- like  excavations  with 
sharply  defined,  indurated  borders.  They  are  often  seen 
when  the  chancre  has  been  overlooked.  The  favorite  site 
of  a  secondary  syphilitic  ulceration  is  the  hole  pierced  for 
the  earring  in  the  lobule;  the  mechanical  irritation  sup- 
plied by  tiie  earring  at  this  iioint  favoring  the  develop- 
ment of  papular  infiltration  and  the  formation  of  small 
ulcerations  on  the  anterior  and  posterior  surfaces  of  the 
lobule.  In  tertiary  syphilis,  if  the  ear  is  affected  l)y  the 
ulcerative  destruction  of  the  gummatous  new  growths, 
the  underlying  cartilage  is  apt  to  become  the  seat  of  in- 
flammatory action. 

Primary  syphilitic  infection  of  the  auricle  has  been  seen 
and  descrioed  by  Zucker.  The  case  was  that  of  a  man 
whose  ear  had  been  licked  by  a  syphilitic  woman.  The 
auricle  became  greatly  swollen,  ulcers  formed  upon  the 
anterior  surface  of  the  tragus,  and  the  neighboring  glands 
also  became  very  much  swollen.     Occasionally  the  con- 
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tamination  of  the  ear  with  syphilitic  secretion,  as  after 
contact  with  dirty  hauds  or  other  infected  objects,  has 
caused  a  primary  infection  of  this  organ. 

The  prognosis  and  treatment  of  ulcers  of  the  ear  depend 
upon  the  causative  factors. 

DiPiiTHERi.\. — True  primary  diphtheria  of  the  auricle 
has  been  observed  in  rare  cases,  but  it  generally  occurs 
in  connection  with  a  previous  or  a  simultaneous  diph- 
theritic affection  of  the  throat  structures.  Secondary 
diphtheria  attacks  the  auricle  by  the  infection  being 
convejed  through  an  abrasion  of  its  surface,  or  by  direct 
extension  from  tlie  throat,  by  way  of  the  Eustachian 
tube  and  the  middle  ear.  In  such  cases  the  auricle  and 
the  external  auditory  meatus  are  seen  to  be  covered  with 
the  characteristic  diphtheritic  membrane,  and  when  this 
is  removed  there  will  be  seen  large,  irregularly  formed, 
easily  bleeding  ulcerations  of  the  skin.  Dicul  treatment 
consists  in  the  application  of  antiseptic  solutions  and 
powders. 

Hypertrophies. — Hypertrophies  are  sometimes  con- 
genital, sometimes  acquired.  Under  this  heading  are 
classed :  na'vus  pigmentosus,  nsevus  vascularis,  and  nipvus 
cysticus:  verruca  vulgaris;  cutaneous  horns;  those  skin 
troubles  which,  starting  in  other  parts  of  the  body,  affect 
the  ear  by  extension  or  otherwise  (e.);..  ichthyosis,  sclero- 
derma, and  elephantiasis) ;  and.  finally,  the  thickenings 
which  follow  othaematoma.  perichondritis,  the  different 
inflammations,  traumata,  and  freezing. 

yepvtis  or  mole,  whether  of  the  pigmented,  the  vas- 
cular, or  the  cystic  variety,  is  a  congenital  anomalj' 
which  occurs  with  the  growth  of  the  body  but  causes  no 
constitutional  disturbance.  It  is  seldom  observed  on  the 
ear  (Pipino).  In  old  age  the  change  of  moles  into  malig- 
nant new  growths  (epitheliomata)  has  been  observed. 

The  treatment  is  preferably  surgical — excision  and 
suture;  the  galvano-cautery,  or  the  Paquelin  cauterj', 
or  electrolysis  may  also  be  used. 

The  irart  (verruca  vulgaris)  ma}'  be  treated  with  fum- 
ing nitric  acid,  with  concentrated  carbolic  acid,  or  with 
trichloracetic  acid,  or  it  may  be  removed  by  the  galvano- 
cautery  or  excised  with  the  knife  or  scissors. 

The  eiitaneoiis  ham  should  not  be  regarded  as  a  neo- 
plasm but  as  a  pure  hypertrophy  of  the  skin.  It  is 
often  scratched  off'  by  the  finger  nail,  but  when  this  hap- 
pens the  horn  is  generally  reproduced.  The  use  of  the 
Paquelin  cautery  after  the  removal  of  these  horns  by 
the  knife  or  curette,  prevents  their  recurrence. 

The  hypertrophic  skin  diseases — ichthyosis,  elephan- 
tiasis, and  scleroderma — are  very  seldom  seen  as  independ- 
ent affections  of  the  auricle.  These  cutaneous  diseases, 
as  a  rule,  affect  the  skin  of  the  other  parts  of  the  body  as 
well  as  that  of  the  ear. 

lehthyasis. — Ichthyosis  congenita  is  a  very  rare  affec- 
tion and  never  manifests  itself  on  the  ear  alone.  Under 
this  heading  are  included  those  cases  of  intra-uterine 
hyperkeratosis  of  the  entire  skin  .which  are  characterized 
by  increased  formation  and  exfoliation  of  the  lamelliE  of 
the  skin.  In  its  growth  the  fa?tus  develops  a  skin  abso- 
lutely like  a  coat  of  mail :  the  individual  plates  of  skin 
being  separated  by  deep  furrows,  as  are  the  plates  of  a 
metal  armor.  This  form  of  hypertrophy  causes  the  skin 
of  the  fa?tus  to  contract  to  such  a  degree  that  the  mucous 
membranes  are  everted  and  brought  to  the  lutside  (ecla- 
bium  and  ectropion).  It  is  obvious  that  such  a  fojtus 
either  dies  in  utero  or  m  rare  cases  lives  only  for  a  short 
time  after  birth. 

E/epliiintiasis. — Elephantiasis  of  the  entire  auricle  has 
seldom  been  reported.  In  Haug's  case  the  ear  was  very 
large,  its  measurements  being  as  follows:  circumference, 
73  cm,;  longitudinal  measurement,  12.5  cm.;  breadth,  7 
cm.  Histologically,  it  presented  the  characteristics  of  a 
lymphangiofibroma,  in  which  there  were  rather  numer- 
ous rouncl  cells,  the  result  of  the  early  inflammatory  dis- 
turbance. Elephantiasis  can  occur  after  burns,  freezing, 
and  eczema,  and  after  any  kind  of  chronic  inflammatory 
process,  especially  if  an  erysipelas  develops  on  the  site. 

Aneurism. — An  aneurism  confined  to  the  auricle  alone 
or  involving  also  the  surroundings  is  rarely  encountered. 


It  may  develop  either  spontaneously  or  under  the  influ- 
ence of  a  trauma.  The  artery  which  supplies  such  an 
aneurism  is  either  the  auricularis  anterior,  the  auricularis 
posterior,  or  the  temporalis  profunda.  The  symptoms 
caused  by  the  presence  of  such  an  aneurism  are  a  sense 
of  discomfort,  headache,  and  at  times  tinnitus  aurium. 

Angioma. — Angiomata  of  the  auricle  are  of  relatively 
frequent  occurrence.  They  vary  in  size  from  that  of  "a 
hemp  seed  or  lentil  to  that  of  an  egg.  Their  color  varies 
from  red  and  bluish-red  to  blackisli-blue.  They  are  soft, 
mostly  flat,  seldom  round  or  provided  with  knobby 
prominences  of  the  skin  and  subcutaneous  tissues.  They 
are  observed  on  the  anterior  and  posterior  aspects  of  the 
auricle,  on  the  tragus,  at  the  entrance  of  the  canal,  and 
on  the  lobule — involving  consequently  the  branches  of 
the  auricular,  occipital,  and  temporal  arteries.  The 
smallest  ones  often  manifest  themselves  as  vascular  n£evi, 
which  reach  various  degrees  of  development. 

The  angiomata  of  the  auricle  often  remain  unchanged 
in  size  for  ten  or  more  years.  On  the  other  hand,  there 
are  cavernous  angiomata  which  grow  with  extraordinary 
rapidity,  forming  large  knotty  tumors.  Most  angiomata 
of  the  ear  and  its  surroundings  are  congenital,  but  cases 
have  been  observed  in  which  they  have  developed  as  a  re- 
sult of  a  burn  or  of  freezing,  as  also  from  the  effects  of 
traumatism.  A  true  aneurism  only  rarely  originates  in 
this  way.     Pedunculated  angiomata  are  rare. 

Injuries  often  lead  to  hemorrhages  which  are  difficult 
to  clieck;  spontaneous  bursting  from  momentary  in- 
creased blood  pressure,  such  as  takes  place  during  cough- 
ing, vomiting,  etc.,  may  occur.  One  case  of  death  has 
been  observed  as  a  result  of  the  bleeding  from  spontane- 
ous bursting  of  a  blood-vessel  of  the  auricle. 

The  morbid  anatomy  of  these  angiomata  is  the  same  as 
that  of  other  angiomata;  that  is,  they  are  considered  to 
be  formations  of  enlarged  blood-vessels  with  simultane- 
ous thickening  of  the  vessel  walls,  or  they  are  due  to  the 
formation  of  new  blood-vessels. 

They  are  to  be  reckoned  among  the  benign  tumors  only 
so  long  as  the  process  of  hypertrophy  is  confined  to  en- 
largement of  the  vessel  walls  and  to  formation  of  con- 
nective tissue.  In  this  category  belong  the  .simple  angio- 
mata, the  cavernous  angiomata,  and  the  angio-tibromata. 

Malignant  melanotic  sarcomata  develop  at  times  from 
a  naevus  vascularis. 

In  the  case  of  the  smaller  angiomata — those  sufficiently 
large  to  be  noticeable — the  treatment  consists  in  touching 
with  the  thermocautery  or  in  excision;  electrolysis  may 
also  prove  to  be  an  efficient  remedial  agent.  Growths  of 
greater  size  may  be  incised  and  a  ligature  then  applied 
to  the  larger  vessels,  or  they  may  be  touched  with  the 
thermocautery.  Injections  of  liquor  ferri  subsulphatis 
and  such  procedures  are  strongly  advised  against.  Some- 
times the  larger  angiomata  csm  be  excised  in  t'/to,  espe- 
cially if  the  chief  vessels  leading  to  them  are  easily  ac- 
cessible to  ligature ;  this  is  particularly  true  in  cases  of 
aneurism. 

Cysts. — Cysts  develop  for  the  most  part  in  the  scaphoid 
fossa  of  the  ear,  in  the  form  of  a  soft,  fluctuating  mass. 
They  contain  a  yellow,  thin,  sterile  fluid,  or  one  which 
is  more  or  less  tenacious  in  character ;  it  is  only  seldom 
that  they  contain  a  purulent  fluid.  They  are  often  found 
lying  between  the  perichondrium  and  the  skin,  but  gener- 
all}-  they  are  seated  between  the  two  layers  of  the  car- 
tilage. Rupture  of  the  cartilage  seldom  occurs.  The 
duration  is  from  a  few  days  to  many  j-ears.  Jlicroscopi- 
cally,  the  cartilage  shows  hyaline  degeneration. 

Treatment. ^ — In  general,  it  is  sufhcient  to  incise  the 
tumor  and  evacuate  its  contents;  in  some  cases,  however, 
it  will  be  found  necessary  to  resect  the  upper  or  both 
layers  of  limiting  cartilage.  Healing  occurs  in  a  short 
time,  and  with  little  or  no  deformity.  The  injection  of 
a  mixture  of  iodine  and  glycerin  is  a  less  certain  method 
of  effecting  a  cure,  and  the  length  of  time  required  isalso 
greater.      Massage  is  even  more  uncertain  in  its  results. 

(Jtltamatoma  (.Blood  Tumor). — Oth.Tmatoma  is  an  exu- 
dation of  blood  into  the  subcutaneous  connective  tissue, 
or  under  the  perichondrium,  or  into  the  substance  of  the 
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Tin.  1702.  —  Medium-sized  Othaema- 
loma  of  the  Auricle.  (.After  Sex- 
ton.) 


cartilage.  Gcnorally,  the  swelling  appears  siuldculy 
on  the  surface  of  the  auricle,  in  the  antihelix  or  in  the 
concha,  and  (luickly  reaches  a  certain  size;  in  some 
cases  it  may  be  as  large  as  a  hickory  nut,  or  it  may  even 

involve  the  whole  upper 
two-thirtis  of  the  ear. 
The  swelling,  when  the 
subeutjineous  structures 
are  alone  involved,  is 
hemispherical,  tluctuat- 
ing,  with  a  smooth  sur- 
face and  at  times  a 
bluish  color.  The  skin 
covering  the  tumor  is 
intact.  Fluid  blood  or 
bloody  serum  consti- 
tutes the  contents  of  the 
mass.  Where  the  e.xtra- 
vasiition  is  under  the 
perichondrium  the  de- 
pressions and  elevations 
of  the  auricle  are  defi- 
nitely outlined.  In 
many  cases  there  is  pain 
at  the  outset,  but  seldom 
are  there  other  evidences 
of  inflammation.  Left 
to  itself,  an  otha'mato- 
ma,  in  the  course  of  time,  undergoes  absorption,  or 
■else  it  remains  as  a  local  thickening  between  the  folds  of 
the  ear.  If  intlammation  sets  in,  the  symptoms  may 
be  quite  severe:  otherwi.se  the  only  symptoms  will  be  a 
■change  in  the  fonn  of  the  auricle,  a  certain  feeling  of 
pressure,  and — when  the  area  involved  is  quite  large — 
closure  of  the  external  auditory  meatus. 

The  treatment  is  expectant.  Compression  by  bandage 
and  massage  hasten  absorption.  Puncture  or  incision  is 
-certainly  not  to  be  advised;  only  evidences  of  the  forma- 
tion of  pus  and  necrosis  furnish  indications  for  surgical 
treatment,  in  which  case  evacuation  of  the  cavity,  with 
removal  of  any  bits  of  necrosed  tissue,  is  in  order. 

The  greater  number  of  cases  of  othaeraatoma  are  found 
to  be  of  traumatic  origin,  occurring  in  those  whose  ears 
are  much  exposed  to  injury — such  as  boxers  and  prize 
fighters. 

In  old,  decrepit  persons  otha?matoina  does  occur  with- 
■out  trauma,  and  is  then  due  to  atheromatous  degenera 
tion  of  the  blood-vessels. 

"Deformity  of  the  auricle  to  a  greater  or  less  extent  is 
nearly  always  a  result  of  otha?matoma.  Figs.  1703  and 
1704  represent  some  of  the  strange  and  characteristic 
forms  the  organ  may  assume  after  healing  takes  place; 
they  are  the  s;ime,  it  may  be  said,  whether  occurring  in 
lunatics  or  in  the  mentally  sound.  Obliteration  of  the 
sac  is  accomplished  by  the  union  of  its  walls,  and  where 
the  perichondriinn  has  been  greatly  stretched  by  extreme 
distention  it  contracts  upon  itself  as  reabsorption  takes 
place,  and  adaptation  to  the  cartilage  as  before  cannot 
occur;  the  misshapen  appearance  of  the  cartilage  in- 
creases with  the  continued  contraction  during  the  process 
of  adhesion.  The  ear  tiually  becomes  indurated,  the  skin 
on  the  outer  surface  immovable.  Sometimes  the  organ- 
izable  lymph  which  obliterates  the  cavity  enormously 
increases  the  thickness  of  the  auricle,  as  in  Fig.  1704: 
but  where  a  thin  plastic  layer  only  intervenes  the  auricle 
will  be  reduced  in  size,  and  often  become  even  thin  and 
shrivelled,  as  in  Fig.  1703  "  (Sexton). 

In  a  few  cases  the  luematoma  is  confined  to  the  lobule 
alone.  The  disease  develops  in  the  form  of  a  circum-. 
scribed,  soft,  purplish-red  swelling,  more  or  less  sensi- 
tive to  the  touch.  This  swelling  consists  of  a  liemor 
rhage  into  the  subcutaneous  areolar  tissue.  Owing  to 
the  exposed  position  of  the  lobule  it  often  the  subject  of 
injuries,  but  a  simple  hsmatoma  is  of  very  infrequent 
occurrence  in  this  locality.  Consc^quently,  when  we  en- 
counter this  lesion  in  the  lobule  of  the  ear,  we  have  a 
right  to  suspect  that  the  blood-vessels  of  the  part  may  be 
<liseased,  especially  it  any  brain  disease  or  some  general 
Vof..  III.— 39 


disturbance  of  nutrition  should  be  present  at  the  same 
time.  Hiematoma  may  also  occur  as  a  purely  idiopathic 
condition  in  conditions  of  mental  health,  even  without  a 
preceding  traumatism. 

The  diagnosis  is  not  diflicult.  The  sudilcn  appearance 
and  the  coloration  make  the  confusion  with  angioma  or 
neoplasms  impossible.  The  disease,  however,  lias  been 
confused  with  perichondritis,  but  it  is  easy  todilTerentiafe 
between  the  two,  since  the  latter  does  not  occur  in  the 
lobule.  The  prognosis,  for  those  ca.ses  in  which  there 
are  no  braiu  lesions,  is  good  ;  in  the  others,  it  is  not  favor- 
able, as  the  disease  is  apt  to  recur. 

Treatment  must  be  purely  surgical.  It  should  consist 
in  incising  the  swelling,  cleansing  the  cavity  by  curet- 
tage, and  then  packing  it  with  iodoform  gauze.  Then 
at  each  change  of  dressing  the  cavity  should  be  wa.she<I 
out  with  weak  carbolic  solution.  The  bandage  should 
exert  a  gentle  pressure.  Healing  follows  without  com- 
plications. 

PeriehiindritiK. — Perichondritis  generally  begins  in  the 
external  auditory  canal,  with  ledema  of  the  tissues.  A.s 
a  rule  it  extends  to  the  concha  and  thence  over  the 
other  parts  of  the  auricle,  until  often  the  whole  organ  is 
converted  into  an  irregular,  fluctuating  mass,  in  which 
the  folds  and  prominences  of  the  auricle  are  ol)literated. 
The  meatus  is  stenosed  and  the  lobule  alone  remains  free 
from  involvement,  being  separated  by  a  sharp  line  from 
the  other  parts.  An  increase  of  the  local  temperature  is 
present.  The  neighboring  lymphatics  are  often  involved 
and  may  become  the  seat  of  abscesses:  at  times,  sharp, 
darting  pains,  with  a  sensation  of  heat,  are  referreil  to 
them.  The  fluctuating  mass,  which  has  formed  in  the 
course  of  a  few  days,  contains  a  clear,  serous,  syno- 
viallike  fluid,  which  is  never  bloody  as  in  the  case  of 
an  oth;ematoma;  it  soon,  however,  changes  to  pus. 
Throughout  the  whole  course  of  the  disease  the  cartilage 
of  the  ear  escapes  involvement,  although  here  and  there 
partial  or  entire  loosening  may  take  place.  Tubercidous 
perichondritis  of  the  auricle  has  been  observed  by  Ilaug. 

The  course  of  the  affection  is  either  acute,  lasting  for 
from  three  to  ten  weeks,  or  chronic,  lasting  for  the  si^me 
number  of  months.  Healing  often  occurs  without  any 
deformity,  but  in  some  cases  there  is  a  certain  amount  of 
shrinking.  In  rare  cases  ossification  has  subsequently 
taken  place.  The  left  auricle  seems  to  be  the  more  fre- 
quently affected. 

Etiology. — The  causative  factor  may  be  a  local  infec- 
tion of  the  external  auditory  canal,  or  the  disease  may 


KKi.  1708. 


Flo.  17(M. 


FKiS.  17tJI  AM)   17(M,— Deformities  of  the  Auricle  Due  to  Utbaema 
toiiia.    ( .Vf ter  Sexton,  i 

follow  a  general  infection,  as  in  the  case  of  syphilis.  Id 
some  instances  it  develops  from  a  trauma  or  through  ex- 
tension from  a  furuncutosis,  from  an  otitis  externa,  or 
from  a  purulent  affection  of  the  middle  car.  Accortling 
to  Haug  the  disease  is  sometimes  pf  tuberculous  origin. 
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The  diagnosis  is  very  easy  to  determine.  The  condition 
could  be  confused  only  ^-ith  that  of  otha?matoma  in  its 
later  stage,  when  sometimes  the  bluish  red  color  of  the 
skin,  which  is  dependent  upon  the  presence  of  a  bloody 
serous  exudate,  is  succeeded  by  a  paler  hue,  owing  to  the 
conversion  of  the  latter  into  a  transparent,  syrup-like 
fluid.  The  previous  history,  the  course  of  the  disease, 
and  the  fact  that  the  lobule  is  not  affected  in  perichon- 
dritis confirm  the  diagnosis. 

The  prognosis  is  favorable,  in  that  healing  always  oc- 
curs even  if  a  deformity  results. 

The  treatment  consists  first  in  energetic,  local,  anti- 
phlogistic measures  (ice-bags).  If  these  fail  to  help,  we 
may  resort,  in  the  early  stage  of  the  inflammation,  to 
warm,  wet  compresses,  and,  if  necessary,  to  incision.  It 
is  also  a  good  plan,  after  making  the  incision,  to  scrape 
out  the  necrosed  cartilage  and  the  fungous  granulations, 
to  irrigate  the  cavity  thoroughly  with  antiseptic  fluid,s. 
to  inject  a  mi.xture  of  iodoform  and  glycerin  into  the 
substance  of  the  cartilage  itself,  and  then  to  drain  the 
wound  with  iodoform  gauze.  When  there  is  a  suspicion 
of  tuberculosis,  the  infiltrated  lymph  glands  must  be 
extirpated. 

Ti-iphi. — Tophi  are  deposits  of  uric  acid  salts  in  the 
auricle:  they  are  regarded  as  one  of  the  earliest  symp- 
toms of  goiit.  They  appear  here  more  frequently  than 
in  anj'  other  part  of  the  body.  They  vary  in  number 
and  in  size.  Sometimes  they  are  white  and  contain  a 
milky  or  creamy  fluid;  at  other  times  they  are  as  hard  as 
little  stones  and  are  firmly  attached  to  the  cartilage  by 
an  inflammatory  exudate.  The  patient  afflicted  with 
these  deposits  experiences,  both  before  and  during  an 
attack  of  gout,  a  sen.sation  of  smarting  and  pricking  in 
these  nodules.  In  some  cases  these  deposits  will  appear 
shortly  after  an  attack. 

Tuberculosis. — Tuberculosis  has  been  observed  in  the 
auricle  in  the  form  of  tuberculous  ulceration  and  in  that 
of  a  miliary  skin  tuberculosis  (tulierculosis  cutis). 

Tuberculous  perichondiitis  of  the  auricle  has  been  de- 
scribed by  Haug.  It  ailects  the  concha,  whicli  is  red  and 
doughy  to  the  touch.  The  neighboring  lynipli  glands  are 
also  swollen  and  are  sensitive  to  pressure.  The  skin  over 
the  swelling  is  somewhat  red  or  bluish  in  color,  but  it  may 
be  pale ;  it  cannot  be  indented.  It  must  be  borne  in  mind 
that  these  tuberculous  nodules  resemble  fibromata,  which 
are  common  in  this  region,  and  consequently  a  differen- 
tiation must  be  made  between  the  two  diseases.  In  gen- 
eral, these  tuberculous  nodules  grow  very  slowly  and 
only  rarely  show  an  inclination  to  soften  and  break 
through  on  the  outside.  According  to  Haug,  nodular 
tuberculosis  arises  from  an  infection  with  tubercle  bacilli 
in  piercing  the  ears  or  by  wearing  earrings  which  were 
previous!}-  worn  by  tuberculous  patients.  • 

The  disease,  as  in  the  ordinary  perichondritis,  is  of  slow 
development.  If  it  is  not  operated  upon,  an  abscess  de- 
velops, after  the  lapse  of  a  certain  length  of  time,  and 
tuberculous  ulcers  of  the  skin  make  their  appearance. 
Then  follow  fistuhc  through  which  necrosed  cartilage 
can  be  felt  with  a  probe.  If  the  .swelling  is  incised  at 
an  early  stage  and  widely  opened  up,  discolored  pus  and 
granulations  containing  tubercle  bacilli  will  be  disclosed, 
and  tlie  affected  cartilage — sometimes  in  the  form  of  a 
disconnected  sequestrum — will  also  be  seen.  In  ca.ses 
tliat  are  not  operated  upon  early  the  disease  lasts  for  a 
period  of  many  months  and  deformities  of  the  ear  often 
result. 

The  prognosis  of  nodular  tuberculosis  is  relatively 
good,  and  if  the  nodules  and  affected  glands  are  operated 
upon  and  removed  early,  a  complete  cure  may  lie  looked 
for. 

Ossification  of  the  CartiUuie  of  the  Auricle. — A  few  in- 
stances of  this  affection  have  come  under  observation. 
In  these  the  cartilage  was  always  found  to  be  partially 
but  never  wholly  atfected ;  the  upper  part  of  the  cartilage, 
the  helix,  the  scaphoid  fossa,  the  antihelix,  and  the  fossa 
triangularis  were  the  localities  affected,  while  the  tragus, 
antitragus,  and  lobule  remained  perfectly  free. 

Ossification  does  not  seem  to  occur  with  special  fre- 


quency at  any  particular  period  of  life ;  it  has  been  ob- 
served in  persons  as  young  as  fifteen  and  in  others  as  old 
as  seventy-five.  In  a  large  proportion  of  the  cases  the 
change  represents  the  termination  of  an  otli^ematoma ;  in 
still  other  casesasimple  perichondritis  has  been  observed 
to  give  rise  to  the  deposit  of  bone.  In  many  instances 
the  cause  is  to  be  sought  in  trophic  changes.  These 
newly  deposited  bone  masses  possess  all  the  anatomical 
features  of  true  bone;  the  Haversian  canals  being  sur- 
rounded by  well-formed  bone  coipuscles,  marrow,  etc. 
The  process  goes  on  without  visible  appearance  of  in- 
flammation and  without  the  subjective  .symptoms  of 
pain.  Treatment  is  scarcely  required.  Knapp  has  in 
one  case  extirpated  the  bony  cartilage. 

New  Growths. — The  following  benign  new  growths 
of  the  ear  have  been  observed:  angioma,  atheroma, 
chondroma,  ehondro-myxoma,  cysts  (both  serous  and 
dermoid),  fibroma,  lipoma,  na'vi,  and  papillomata  ( warts). 

Among  malignant  tumors  the  more  imiiorlant  are  the 
sarcomata  in  theirdiffereut  forms.  The  relatively  benign 
fibro-sarcoma  is  found  in  tlie  lobule  as  well  as  i>n  the 
other  parts  of  the  ear.  It  is  oidy  by  the  aid  of  the  micro- 
scope that  a  distinction  can  be  made  between  such  \arie- 
ties  of  new  growths  as  the  angiosarcoma,  the  chondroma, 
the  cylindroma,  etc. 

The  etiology  of  these  growths  is  obscure.  Scars,  ero- 
sions, moles,  a  clironic  eczema,  a  na'vus,  etc..  may  be  the 
starting-point.  Sarcoma  of  the  auricle  affects,  as  a  rule, 
individuals  under  fifty  years  of  age.  The  different  forms 
vaiy  as  to  the  rapidity  with  which  the)'  grow.  The  canal 
is  generally  first  affected,  then  the  auricle.  The  round- 
celled  sarcomata  affect  the  auricle  very  seldom,  while  the 
fibro-sarcomata  are  tlie  most  common  among  the  new 
growths  of  the  ear.  The  primary  nodule  often  remains 
for  quite  a  long  time  relatively  stationary  until  it  receives 
some  traumatism — the  usual  cause  of  a  renewed  activ- 
ity of  growth.  This  lighting  up  of  the  disease  may 
manifest  itself  either  in  the  form  of  superficial  erosions, 
which  bleed  easily,  secrete  a  thin  serum,  ;in(i  liave  their 
edges  markedly  infiltrated,  or  in  that  of  the  rodent  idcer, 
which  is  of  slow  development  and  is  situated  in  the  skin 
and  perichondrium.  Lupus  is  often  mistaken  for  sar- 
coma, especially  when  the  characteristic  lupus  eruptions 
are  wanting,  and  when,  in  the  neighborhood  of  the  ulcer, 
neither  macular  nor  papvdar  infiltrations  are  to  be  found. 
In  both  cases  the  neigh lioring  lymph  glands  are  swollen. 

The  sarcomata  are  theraiieutically  accessible  only  in 
the  early  stage,  and  they  yield  only  to  extensive  excision; 
the  use  of  caustics  and  all  other  means  of  treatment  tend 
rather  to  accelerate  their  growth. 

Another  variety  of  ulcerative  new  growth  is  the  car- 
cinoma. In  this  variety  the  ulcer  has  sharp,  bitten-out 
edges,  beset  with  papillary  excrescences,  and  its  floor  is 
covered  with  discolored,  cheesy  detritus.  The  viscid 
secretion  that  is  given  off  has  a  most  disagreeable  and 
characteristic  odor,  and  the  destruction  takes  ]ilace  very 
rapidly,  so  that  not  only  the  auricle  but  also  the  meatus, 
the  neighborhood  of  the  parotid  gland,  and  the  deep  parts 
of  the  temporal  lione  are  eaten  away.  The  glands,  even 
those  far  removed  from  the  seat  of  the  disease,  show  evi- 
dences of  being  involved. 

In  the  benign,  slowly  developing  carcinomas  there  is 
an  abundant  formation  of  connective  tissue  stroma  which 
gives  a  thick,  tough  structure.  On  the  other  hand,  in 
the  malignant  type  we  have  a  stroma  rich  in  \  essels  and 
in  embryonic  connective-tissue  cells.  In  this  variety 
there  is  developed  a  rich,  thick  layer  of  typical  strings 
of  cells  which  grow  through  tlie  whole  substance  of  the 
cartilage,  and,  after  destroying  the  capsule  of  the  carti- 
lage, they  take  its  place. 

While  the  rodent  ulcers  can  be  removed  by  operation, 
even  relatively  late,  with  good  results,  in  the  case  of  the 
deep-seated  cancers,  unless  taken  at  the  very  earliest 
stage,  the  involvement  of  tissue  is  so  great  that  excision 
is  not  al  ,vays  practicable.  In  both  cases  the  infiltrated 
lymph  glands  should  be  removed. 

yonut. — Noma  is  a  very  infrequent  affection  and  ob- 
served, up  to  the  present  time,  onl}'  in  ill-nourished,  young 
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cliildrcn.  especially  after  typhoid  fever,  the  acute  exan- 
tliciimta.  or  diphtheria,  and  mostly  in  association   with 

(ilcirrha'u. 

The  liiasrnosis  and  prognosis  are  the  same  as  for  noma 
of  therhi'ck.  The  disease  is  to  be  treated  locally  hy  daily 
apiilieatioiis  of  nitrate  of  silver,  or  by  means  of  the  Pa- 
(juelin  or  ,i;alvano-cautery :  the  sraniirenoiis  ]iarts  arealso 
to  be  removed  with  a  curette.  Coiistiliitionally  the  treat- 
ment should  be  of  a  stimulating  character,  witii  a  liberal 
diet. 

NEHVors  Afficottoxs. — Amist/iesifi  nf  the  A'in'cli-.  in 
association  with  a  similar  condition  of  one  side  of  the  head, 
is  one  i>f  the  symptoms  oliserved  in  cereliro  spinal  menin- 
gitis, as  well  as  in  hysteria.  It  is  generally  a.ssociated 
with  ana'sihcsia  of  the  external  auditory  meatus.  In 
the  various  affections  of  the  middle  ear  the  loss  of  the 
tactile  and  temperature  senses  in  the  auricle  and  it.s  im- 
mediate vicinity  is  relatively  fre(|uent. 

llillxnrKthisi,!. — This  condition  is  ob.servcd  much  more 
fre(|uently  than  is  usually  suppos<'d.  It  is  cliicHy  found 
in  hysteria.  .\t  tinii's  it  is  noticeable  in  one  s]iot  and  re 
mains  stationary,  while  at  other  times  it  spreads  over  the 
entire  lobule  and  aurich-. 

.1.  Orue  Green  describes  a  case  of  hypersBsthesia  which 
remained  after  .-in  attack  of  herpes  zoster. 

Hubert  \'allerou.\  observed  a  case  which  developed 
suliseiiuently  to  an  attack  of  tertian  intermittent  fever 
which  had  not  In-cn  intlueiiced  by  quinine.  In  this  case 
it  was  found  possible  to  ward  off  or  control  the  attacks 
by  compression  of  the  carotid  on  the  corresponding  side 
shortly  before  the  attack  was  expected. 

Hypera'sthesia  ought  not  to  be  confused  with  neuralgia 
of  tile  auricle,  nor  with  the  pain  which  is  a  concomitant 
symptom  of  affections  of  the  meatus,  the  middle  ear,  and 
tile  auricle. 

ymriiUiiiK — Neuralgia  of  the  auricle  is  an  affection  of 
rare  orcurrcnce.  It  is  observed  most  often  in  connection 
with  an  herpetic  eruiitionaud  is  caused  by  some  affection 
of  the  twigs  of  the  trigeminus  on  the  anterior  surface  and 
of  the  cervical  idcxus  on  the  posterior.  It  is  often  at- 
tended with  congestion  and  swelling.  Pain  is  caused  by 
slight  pressure,  while  strong  compression  will  sometimes 
cause  the  pain  to  cease. 

Cramp  of  the  Outer  £■«;•.— Spastic  contractions  of  the 
auricle  occur  very  seldom.  Romberg  states  as  a  reason 
that  these  muscles,  in  man,  are  only  rarely  voluntary. 
This  condition  has  been  oliserved  after  syringing  the  ear 
( Voltolini) ;  on  the  introduction  of  a  speculum  and  on  the 
application  of  friction  (Blau);  as  one  of  the  symptoins  of 
bniin  lesions  (Romberg);  as  an  aura  preceding  epileptic 
attacks  without  visible  cause  (Wolff);  in  cases  of  deaf- 
ness, in  strained  attention  (Schwartze);  and,  finally,  as  a 
symptom  of  habit  spasms  (Politzer).  The  branches  of  the 
facial  nerve  are  always  involved.  Romlierg  cites  a  case 
of  an  old  woman,  forty-nine  years  of  age,  who.  twenty- 
seven  years  previously,  had  sulTered  from  an  apoplectic 
attack  with  paralysis  of  the  tight  arm.  and  in  whom,  after 
emotional  disturbances,  convulsions  of  both  ears  occurred, 
causing  them  to  be  rapidly  wagged  up  and  down.  Tin- 
nitus aurium  and  headache  followed  the  attack.  The 
ca.se  reported  by  WolIT  concerned  the  retractors  and  the 
transverse  niu.scles;  the  ear  was  dragged  far  backward 
and  the  muscles  were  felt  to  be  hard  and  contracted, 
theircontraction  causing  a  pain  Vihich  extended  from  the 
ears  to  the  back  of  the  head.  Subcutaneous  section  of 
the  muscles  cured  this  case.  Schwartze  often  noticed  a 
quivering  motion  of  the  ears  in  the  deaf  when  their  at- 
tention was  strained,  and  he  noticed  an  instance  of  this 
in  a  boy  of  fourteen.  In  this  case  no  other  visible  cause 
than  that  of  intense  attention  could  be  discovered.  The 
case  observed  by  Blau  concerned  a  boy  of  ten  years,  in 
whom  every  rulibing  of  the  ear  and  every  introduction 
of  the  speculum  caused  pain  and  a  quick  up-and-down 
motion  of  the  ears,  lasting  for  some  minutes.  The  ex 
ternal  application  of  the  acetate  of  morjiliine  (froin  two 
to  ten  per  cent,  with  olive  oil),  stuthng  the  meatus  with 
cotton,  and  the  use  of  general  constitutional  treatment 
relieved  this  ca.se. 


The  treatment  must  depend  upon  the  cause.  When 
such  is  not  discovered,  IIk'  treatment  can  only  be  ,synip- 
tomalic.  Klectricity,  massjige.  and  n,'ircolics  arc  io  be 
used  in  such  cases,  but  where  they  fail  subcutaneous 
section  <if  the  miiscli's  is  indicated. 

BfKN's  AND  S(  Ai.Ds. — ( )«  iiig  to  their  very  exposed  posi- 
tion the  ain-icle.s  often  suffer  trom  burns  or  scalds.  This 
liap|)ens  either  through  hot  liquids  being  thrr)wn  at  or 
falling  upon  the  head,  or,  as  is  often  the  case,  by  the  pa- 
tient's falling  accidentally,  or  being  pushed,  against  a 
hot  substance — a  stove,  steani-pipe,  etc.  All  grades  of 
burning  arc  observed  as  in  the  case  of  other  parts  of  the 
body.  Wliili-  these  Imrns  of  the  aiirii-ie  are  irenerally  of 
a  superficial  iliaracter,  Ilartmann  of  Berlin  has  reported 
a  case  in  which  the  damagi'  infliiteil  was  sulliciently 
severe  to  cause  a  perichondritis.  (For  further  informa- 
tion in  regard  to  this  subject  consult  the  article  ou 
Ihi  rim. ) 

Ix.tiniKS. — Superficial  injuries  affecting  the  auricle  are 
to  lie  treated  in  the  s;ime  manner  as  those  which  alTect 
other  parts  of  the  liody.  Neglect  here,  as  elsewhere,  is 
likely  to  lead  to  infection,  and  this  in  turn  may  cause  a 
perichondritis.  Parts  of  the  ear  which  are  severed  must 
l>e  very  carefully  sewed  together.  Cases  have  been  re- 
port e<l  in  w  Inch  the  ear,  after  lieing  entirely  severed,  ha.s 
been  sutured  in  its  iiroper  place  lias  taken  a  tirm  hold, 
and  has  healed  without  deformity.  When  this  operation 
is  perf'ornied,  the  surgeon  must  si'c  that  the  meatus  is 
kept  open  and  not  allowed  to  become  dosed  by  the  forma- 
tion of  new  tissue. 

The  artificial  opening  for  earrings  is  apt  to  be  torn 
through  and  a  resulting  inflammation  may  arise.  A  very 
simple  plastic  operation  will  correct  the  resulting  de- 
fonnity;  for  its  performance,  local  anajsthesia  will  be 
found  sufficient. 

While  otinematoma  may  in  certain  cases,  as  before 
stated,  arise  without  previous  injury,  it  is  dependent  in 
most  cases  upon  trauma  of  the  ear.  It  is  a  noteworthy 
fact  that  otlnematoma  is  seldom  seen  in  the  army.  In 
lunatic  asyluius.  furthermore,  it  has  become  less  frequent 
since  the  patients  have  received  more  humane  treatment. 
The  capacity  for  hearing  is  not  very  much  lessened  by  in- 
jtuies  inflicted  iijioii  the  auricle,  even  when  the  loss  of  sub- 
stance is  considerable. 

CoNtiEMTAT.  Malformations. — Congenital  malforma- 
tions may  be  due  either  to  an  arrested  or  to  an  excessive 
development;  they  may  be  unilateral  or  bilateral. 

Miilforiii/itioiiK  due  to  eirrexted  development  include  (n) 
absence  of  the  whole  or  parts  of  the  organ ;  (h)  microtia 
(diminutive  ear);  and  (p)  congenital  fistula.  The  cases 
belonging  to  the  latter  class  are  by  far  the  most  impor- 
tant, as  a  lack  of  development  in  other  portions  of  the 
auditory  apparatus  is  often  found  associated  with  tlii* 
condition. 

The  external  auditory  canal,  the  membrana  tympani. 
the  ossicular  chain. — one  or  all  of  these  may  tie  nnli- 
mentary  or  wanting,  or  the  labyrinth  may  be  only  par- 
tially develo])ed  ;  and  even  the  lack  of  development  may 
include  the  maxillary,  s])lienoid,  and  palatal  bones,  and 
the  striictures  of  tlie  throat.  In  .some  cases  a  lack  of 
cranial  development  is  found. 

Gruber  describes  a  case  in  which  the  right  auricle  was 
very  rudimentary  and  the  external  auditory  canal  was 
entirely  wanting.  In  addition,  the  following  abnormal 
conditions  were  observed ;  The  right  half  of  the  forehead 
was  mcue  prominent  than  the  left;  the  left  zygoma  was 
smaller  than  the  right:  the  right  nasolabial  fold  was 
obliterated;  the  right  eyeball  remained  partially  exposed 
when  the  patient  attempted  to  close  the  eye.  ami  he  was 
not  able  to  wrinkle  the  skin  of  the  forcheail  on  flu'  Siime 
side;  the  right  side  of  the  soft  palate  was  lower  than  the 
left,  and  the  uvula  was  drawn  over  to  the  left  side;  when 
the  patient  made  an  attempt  at  whistling,  the  mouth  was 
draw  11  to  the  left;  the  sense  of  taste  was  normal:  air 
entered  the  Eustachian  tubes  on  catheterization;  the 
watch  was  heard  on  contact ;  and  the  tuning  forks  placed 
on  tlie  vertex  were  best  heard  on  tlie  defective  side. 
This  case  showed  defective  development  of  the  iieripheral 
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portion  of  tlie  facial  nerve  as  well  as  a  lack  of  develop- 
ment of  the  auditory  apparatus  and  tlie  zygoma. 

Virchow,  cited  by  Gruber.  considers  that  deformities 
of  the  auricle  are  to  be  regarded  as  connected  with  faulty 
morphological  development  in  the  region  of  the  first 
branchial  cleft. 

Congenital  absence  of  the  entire  auricle  is  very  rare,  as 
some  portion  of  the  auricular  cartilage  covered  with  in- 
tegument is  generally  to  be  found.  Defects  of  particular 
portions  of  the  auricle  are  more  common  and  possess, 
except  from  a  cosmetic  point  of  view,  but  little  patho- 
logical importance.  In  this  category'  belong  those  cases 
in  whicli  the  normal  iurolling  of  the  heli.x  may  fail  to 
take  place,  ami  as  a  result  we  then  have  the  ape-like 
auricle,  or  Darwinian  pointed  auricle;  those  in  which  the 
autihelix  is  larger  than,  and  overrides,  the  helix — the 
"  Wildermuth  auricle  "  ;  and,  finally,  those  cases  in  which 
the  auricle  is  lapped  over  on  itself  ("cat's  auricle  "),  with 
or  without  the  growing  together  of  the  helix  and  tragus 
(see  article  in  Vol.  I.,  on  Auricle,  Aitittomy  niid  Phyx- 
inJogn  of). 

Mirrtiiid  is  comparatively  rare  and  the  ear,  though 
diminutive,  may  be  well  developed,  or  it  may  be  mal- 
formed. When  this  latter  eonilition  is  present  it  is  often 
found  that  the  malformation  occupies  some  abnormal 
position,  as  in  front  of  or  below  its  usual  location — a 
possibility  which  should  idways  be  remembered  if  an 
operation  to  form  an  external  auditory  canal  isattempted. 

Conyeiiitiil  miml  Jtsttihi:  am  to  be  found  in  front  of  the 
tragus  or  in  the  ascending  portion  of  the  helix  ;  they  are 
short  blind  canals  lined  with  an  epithelium  which  pro- 
duces a  white  ereanij-  secretion.  They  are  liable  to  mild 
inflammatoiy  attacks  from  closure  of  the  entrance. 

MiilfiirriKjtioiis  dne  to  an  ej-cegxife  derelopmeiit  include: 
((/)  sui)ernumerary  appendages;  (ft)  abnormal  develop- 
ment of  a  part  or  of  tlie  entire  auricle  (macrotia  partialis 
vel  totalis);  and  (c)  supernumerary  auricles  (|)olyotia). 

SKpirinnntrary  afipeixliiijen  are  most  often  seen  in  front 
of  the  tragus  and  are  composed  of  reticulated  cartilage 
with  its  coverings  of  pericliondrium,  subcutaneous  areo- 
lar tissue  and  skin;  such  a  structure  must  therefore  be 
considered  to  be  a  true  auricular  ap]X'ndage. 

Macrotia  partialis  is  not  rare  anil  is  often  foimd  among 
the  women  of  those  races  which  wear  heavy  earrings.  In 
such  women  the  lobes  are  often  to  be  found  to  be  of  an 
enormous  size.  Macrutia  ti'talis  is  ran:.  I'ulyutia  \s,  t\ 
tremely  rare.  Lauger  relates  the  cases  of  two  double 
bodied  monsters  each  of  which  had  four  auricles.  The 
most  freijuent  and  most  readily  corrected  of  the  mal- 
formations of  the  auricle  are  those  in  which  the  cephalo 
auricular  angle  measures  5.")°  or  over.  Tliis  latter  condi- 
tion is  not  always  congenital,  but  is  fre(|uently  caused  by 
a  faulty  style  of  dressing  the  hair  or  of  using  strings  in 
adjusting  the  headgear;  for  this  reason  it  is  more  fre- 
quently to  be  found  among  women. 

Pwi/ramx. — In  cases  of  malformed  auricles,  when  there 
is  an  absence  of  an  external  auditory  canal  and  the  tuning 
fork  is  not  heard  by  bone  conduction,  it  is  best  not  to  at- 
tempt any  operative  interference  unless  it  be  for  cosmetic 
reasons.  In  eases  of  unilateral  deformity  in  infants  it  is 
almost  impossible  to  state  whether  they  hear  or  not,  and 
it  is  therefore  best  to  give  an  unfavorable  prognosis 

Treatiiitiit. — In  the  correction  of  some  of  the  above- 
mentioned  defects  otoplasty  is  of  service,  but  its  I'ange  is 
limited.  It  is  often  best,  in  a  case  of  marked  auricular 
deformity,  to  remove  the  entire  auricle,  w  ith  the  excep- 
tion of  a  stump  to  which  an  artificially  devised  auricle 
may  be  fastened.  Supernmnerary  appendages  may  be 
removed.  Congenital  aural  tistuhe  must  be  opened  and 
thoroughly  exposed  to  view;  the  lining  membrane  must 
then  he  carefully  exsected :  and.  finally,  the  whole  cavity 
must  be  thoroughly  curetted  and  the  wound  then  allowed 
to  granulate.  Excessively  large  ears  may  lie  reduced  in 
size  by  an  operation  of  which  the  following  are  the  two 
fundamental  features:  the  removal  of  an  elliptical-shaped 
piece  of  cartilage  from  the  fossa  of  the  helix,  and  the  ex- 
cision of  a  triangular  section  from  the  posterior  border  of 
the  helix.     The  apex  of  this  triangle  should  be  located  in 


the  posterior  portion  of  the  concha.  After  the  removal 
of  these  two  portions  of  the  auricle,  the  edges  of  the 
wound  are  to  be  united  with  fine  interrupted  silk  sutures. 
For  the  correction  of  the  handle-shaped  ears,  if  the  pa- 
tient be  young  enough,  pressure  bandages  applied  for 
some  time  may  suffice.  If  this  does  notaccomplish  the 
enil  desired,  an  elliptical  piece  of  the  posterior  auricular 
fold  should  be  remo\-ed  and  the  edges  of  the  wo>md  united 
by  sutui'es.  In  very  marked  cases  it  may  be  necessary  to 
remove  a  small  portion  of  the  cartilaginous  framework  as 
well.  In  operating,  care  must  be  taken  to  have  the  cepha- 
lo-auricular  angle  the  same  on  both  sides. 

In  the  so-called  "cat's  auricle"  the  holding  of  the 
auricle  in  a  correct  position  by  means  of  adhesive  strips 
or  bandages  may  remedy  the  deformity.  At  the  same 
time,  if  adhesions  are  found  to  exist  between  tlie  helix 
and  the  tragus,  they  will  have  to  be  cut  through,  and  if 
the  cartilage  is  not  sufficienth'  flexible  it  may  also  have 
to  be  cut  through  along  the  line  marking  the  folding. 
In  some  cases  it  niaj'  be  necessary,  in  adiiition,  to  hold 
the  auricle  upright  by  denuding  a  small  area  (m  its 
posterior  surface  and  a  similar  area  on  the  side  of  the 
head,  and  then  causing  these  two  denuded  surfaces  to 
adhere  together.  Every  case  will  call  forth  a  certain 
amount  of  ingenuity  on  tlie  part  of  the  operator. 

Hubert  Leiris.  Jr. 

EAR  DISEASES:  AFFECTIONS  OF  THE  EUSTA- 
CHIAN TUBE. — The  diseases  of  the  Eustachian  canal 
may  be  classed  in  two  general  divisions,  viz.,  one  in 
which  there  is  more  or  less  obstruction,  anil  one  in  which 
there  is  more  or  less  dilatation. 

The  obstructive  class  comprises  by  far  the  greater 
number  of  cases  and  constitutes  practically  all  in  which 
treatment  is  of  use. 

The  obstructions  are  of  two  kinds:  one  in  which  the 
occluding  element  lies  without  the  tube,  and  the  other  in 
which  it  lies  within  the  tube. 

The  most  common  of  the  extra-tubal  causes  is  the  naso- 
pharyngeal tonsil  (Luschka's  tonsil,  post  nasal  adenoid, 
third  tonsil,  etc,),  which  is  fully  described  elsewhere  in 
this  work.  Let  it  suffice  to  .Siiy  here  that  this  tonsil, 
growing  from  the  roof  and  sides  of  the  nasopharynx, 
may  entirely  cover  the  pharyngeal  orifices  of  the  tubes 
and  absolutely  prevent  any  aeration  of  the  middle  ear. 
From  this  extreme  condition,  found  only  in  young  chil- 
dren, there  are  gradations  to  so  small  an  amount  of  ade- 
noid tissue  as  to  be  harmless.  Whether  the  occlusion 
be  complete  or  partial,  there  is  originally  no  attachment 
between  the  tubal  prominences  and  the  adenoid,  but 
usually  some  attachment  is  soon  formed  by  reason  of 
continued  contact  or  plastic  inflammation.  With  theap- 
liroach  of  adult  life  the  glandular  tissue  of  the  adenoid, 
if  not  removed  by  operation,  gradually  gives  place  to 
connective  tissue;  and  this,  in  turn,  as  it  contracts,  will, 
tlirough  the  attachments  just  mentioned,  draw  the  lip 
of  the  tubal  orifice  backward.  Some  degree  of  flexion  is 
caused  in  this  way  and  as  a  further  result  there  is  pro- 
duced a  degree  of  internal  occlusion  which  may  be  even 
more  serious  than  that  due  to  the  earlier  pressure  of  the 
hypertrophied  gland.  In  addition  to  its  interfering  with 
the  functions  of  the  Eustachian  tube  the  enlarged  Lusch- 
ka's tonsil  may  retard  its  development. 

There  are  still  other  external  conditions  which  in- 
direc'  ly  favor  obstruction  of  the  lumen  of  the  Eustachian 
tube.  The  various  pathological  conditions  located  in  the 
nasal  cavities  belong  in  this  category.  The  tubal  orifices 
lie  in  the  track  of  the  inlet  through  which  air  is  supplied 
to  the  lungs.  Anything  tending  to  retard  this  supply  of 
air  causes  a  partial  vacuum  in  the  naso- pharyngeal  vault; 
in  other  words,  it  establishes  a  condition  in  which  suction 
is  exerted  on  the  mucous  membrane  lining  this  canal. 
Chronic  hypenpmia  and  .some  measure  of  hyperjilasia 
of  the  mucous  membrane  ultimately  follow,  and  the 
calibre  of  the  tube  undergoes  a  corresponding  degree  of 
reduction. 

All  the  acute  febrile  diseases  of  childhood  affect  the 
middle  ear  through  the  Eustachian  canal,  and,  as  a  niat- 
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ter  of  course,  involve  the  canal  walls  themselves.  Of 
these  diseases  scarlet  fever,  diplitluria,  and  measles  are 
the  most  troublesome.  It  is  doubtful  whether  a  direct 
spread  of  specilie  infection  takes  place,  particularly  in 
diphtheria;  but  there  is  intense  eonirestion  alTccling  the 
whole  tract  of  the  iniddli'  car,  as  a  rcsull  of  which  the 
Eustachian  tube  is  occluded  and  all  drainaarc  from  the 
tympanum  ceases.  The  previous  existence  of  a  certain 
deLMcc  of  tubal  stenosis,  due  to  hypertrophy  of  the  ade- 
noid tissue  in  the  vault,  serves  only  to  ag.^rravale  lli<' 
conditions  pr(/ducc<l  by  the  febrile  disease.  The  partial 
paralysis  of  the  throat  muscles,  that  so  often  follows 
diphtlicria.  sometimes  also  involves  the  tubal  muscles. 
When  (icafuess  develops  as  a  seijuel  of  diphtheria,  the 
))OS,sibility  of  its  association  with  faucial  paralysis — /.<., 
with  paralysis  of  lh<-  tubal  muscles — should  be  carefully 
borne  in  mind.  While  it  will  scarcely  be  possible  to 
establish  a  jiositive  diairnosis,  the  probalilc  dependence 
of  the  impaired  luarins  uiion  the  cause  in  question  may 
be  inferred  from  the  absence  of  tidial  narrowin,i;  depend- 
ent upon  a  swollen  condition  of  the  lininu;  mucous  mem- 
brane. For  example,  gentle  catheterization  and  inflation 
reveal  the  absence  of  any  narrowing  such  as  woidd  be 
produced  b.v  a  swollen  mucous  membrane,  and  yet  the 
inllation  improves  the  hearing  to  a  noticeable  degree.  In 
the  presence  of  this  evidence  we  are  warranted  in  draw- 
ing the  conclusion  that  the  habitual  and  frequent  open 
in,g  of  the  tube  that  results  from  the  normal  activity  of 
the  muscular  fibres  attached  to  it  has  been  absent  for  a 
certain  length  of  lime,  and  that  consequently  the  atmos- 
pheric pressure  upon  the  outer  surface  of  the  drum 
membrane  has  during  this  period  been  in  excess.  Then 
again,  the  mere  fact  that  the  tulial  jirominences  in  the 
pharynx  are  covered  with  mucus  does  not  warrant  the 
inference  that  an  exudative  intlammation  is  present,  for 
oftentimes  the  mucus,  which  is  secreted  at  some  other 
part  of  the  nasopharyngeal  tract,  flows  down  over  the 
tubal  oritiecs  and  so  gives  the  appearance  as  if  it  were 
being  secreted  from  parts  situated  higher  up  in  the  tubes 
themselves. 

The  other  diseases  which  produce  local  lesions  in  the 
F.ustachian  ttd)es  are  syphilis,  tuberculosis,  smallpox, 
carcinoma  and  other  varieties  of  new  growths.  Syphilis 
and  smallpox  may  cause  almost  any  degree  of  distortion. 
according  to  the  location  of  the  ulcer.  The  other  dis- 
eases, on  the  other  hand,  mav  completely  destroy  the 
tulx's  and  the  surrounding  tissues. 

Foreign  bodies  are  rarely  encountered  in  the  Eustachian 
lube.  Bougies  have  been  bi.jken  while  in  use  and  the 
distal  fragment  has  been  left  in  the  tube.  I  have  twice 
removed  a  pin  from  the  tubal  prominence  of  a  patient 
who  habitually  carried  several  pins  in  her  mouth  in  spite 
of  repeated  acci<lents.  A  man  who  amuse  i  himself  by 
passing  curved  wires  through  his  nostril  and  letting  them 
slip  past  his  palate  into  his  mouth,  came  to  my  office  in 
great  distress  because  a  wire  had  engaged  in  one  of  his 
Eustachian  tubes.  Particles  of  food  are  sometimes  forced 
a  little  way  into  the  tubes  by  vomiting.  (Sec  also  the 
case  mentioned  by  Dr.  Sprague,  on  p.  591  of  the  present 
volume.) 

The  obstructions  lying  within  the  tubes  are  usually 
stenoses  that  have  restdted  from  inflanunations.  These 
consist  chielly  in  hypertrophies  of  the  mucous  mendirane 
and  secondarily  in  hyperplasias  of  the  submucous  con 
nective  tis.sue.  The  lower  ends  of  the  tubes  are  most 
frequently  atTeeled.  the  upper  ends  rarely,  and  the  cen- 
tral portionsalmost  never.  The  stenosis  at  the  lowerend 
of  the  tube  is  caused  by  liyperaMina.  This  is  induced  in 
some  of  the  ways  already  mentioned,  and  leads  to  a 
chronic  thickening  of  the  membrane.  This  may  be  said 
to  be  the  intermediate  link  in  the  series  of  pathological 
changes  which  underlie  chronic  inflammation  of  the 
middle  ear  with  its  annoying  suljjective  noises  and  asso- 
ciated deafness.  It  is  often  the  condition  that  catises  the 
patient  to  come  for  treatment.  It  must  be  relieved  if 
deafness  and  a  wide  rangi;  of  nervous  disturbances  de- 
pendent upon  defective  or  perverted  hearing  are  to  be 
prevented.     The  degree  of  hypertrophy  should  be  ascer- 


tained as  aeenrately  as  possible  by  learning  as  fully  as 
wc  can  from  the  |)alicnt  the  past  rust<iry  of  the  trouble, 
and  by  making  a  thorough  iiivestigatioii — by  digital  ex- 
]iloralion,  by  direct  inspection  through  the  anterior  nares, 
and  by  aid  of  the  rhinoseopie  mirror — into  the  condition 
iif  the  vault  and  nasid  ]ias.sages.  Indirectly,  inspection 
of  the  membrana  lympani  is,  of  course,  valuable. 

TiiK.MMKNT  — So  far  as  hypertrophy  of  Lus<hka's 
t<insil  is  concerned,  there  is  only  one  plan  of  treatment 
which  is  likely  to  be  of  much  service,  viz.,  the  removal 
of  all  the  redundant  tissue  l)y  suitable  surgical  measures. 
These  are  descrilied  in  detail  in  another  part  of  this  work, 
and  it  will  therefore  not  be  necessjiry  for  me  to  discuss 
the  matter  any  further  in  this  place.  The  same  remark 
ap])lies  e(|ually  well  to  all  the  various  proceduies  which 
arc  em|)loyed  for  the  relief  of  hyperlniphied  conditions 
in  dilTercni  parts  of  the  nasal  passages.  In  the  methods 
ailopleil  for  the  removal  of  spurs  of  bone  or  cartilage 
from  the  septum  narium.  to  the  ])roper  manner  <]f  intro- 
ducing the  Eustachian  calheter,  and  to  the  plan  of  forc- 
ing air  through  the  Eustachian  tube  into  the  middle  ear 
by  means  ol  what  is  known  as  Folitzcr  s  method.  There 
are  a  few  matters,  however,  in  regard  to  which  I  may 
sjicak  without  incurring  mucli  risk  of  repealing  what 
will  be  st.-iled  elsewhere. 

Electrolysis  for  llie  reduction  of  long  standing  hyper- 
troplii<-s  has  many  advocates.  It  is  accomplished  by  in- 
troducing an  insulated  metal  catheter,  thoroughly  pol- 
ished and  slightly  oiled  on  the  inside,  and  passing 
through  this  a  gohl  probe  with  a  smooth  nodular  end. 
The  probe  is  connceled  with  the  negative  pole  of  the 
battery,  and  the  i)r>sitive  jxile  may  be  held  against  the 
side  of  the  neck.  When  theslricturc  is  reachcil.  the  probe 
is  allowed  to  rest  against  il,  and  then  an  electric  <  lurent 
of  from  two  to  live  milliainiieresis  jiassed  for  live  minutes. 
No  pressure  whatsoever  is  lo  be  used  on  the  probe.  It. 
is  claimed  that,  after  a  varying  number  of  sittings,  there 
will  be  no  stricture  for  the  prolte  to  rest  against. 

Such  diseased  conditions  of  the  middle  car  as  are  ac- 
companied liy  an  irritating  discharge  may  cause  inflam- 
mation of  the  tube  by  the  drainage  which  takes  place 
through  it.  As  the  drum  membrane  is  |)crfonited  in  these 
cases,  the  tidie  may  be  washed  with  aniiseplic  ami  styptic 
solutions  b_v  fliling  the  external  canal  wiih  Ihe  desired 
fluid  and  forcing  it  through  by  jiressing  on  the  tragus 
as  it  is  bent  backward  over  the  meatus.  Pure  alcohol 
anil  weak  solutions  of  nitrate  of  silver  may  be  thus  used. 
They  cause  pain  at  the  lime,  but  much  relief  almost 
immediately  follows.  Polypi  in  the  middle  ear  sometimes 
close  the  upiierenil  of  the  tube.  These  or  any  accretions 
should  be  ntmoved. 

Dilatation  of  the  tulje  is  sometimes  observed  in  connec- 
tion wilh  atrophic  conditions.  Richurd  I!.  Ihilij. 

EAR  DISEASES:  AFFECTIONS  OF  THE  EX- 
TERNAL AUDITORY  CANAL.--.MAi.ioiiM AT]oN>.— .Mai 

formalions  nf  llic  auditory  in<'atus  are  usually  combined 
wilh  <ongciulal  <li  feels  of  Ihe  auricle  and  middle  ear, 
somelimes  with  arrest  of  development  of  the  bones  (if  Ihe 
head  (.Mich.  Jaeger.  Moos,  Zuckerkandl.  Sleinbriigge, 
and  others).  Conlractions  of  the  canal,  complete  closure, 
o.sseous  or  membranous  (congenital  atresia),  and  entire 
absence  of  the  auilitory  meatus,  represent  the  three  dif- 
ferent degrees  of  congenital  defect. 

In  place  of  the  cxiernal  orilice  of  the  ear  there  may  be 
a  shallow  depression,  or  a  short  blind  canal,  or  a  very  tine 
canal  extending  inward  for  some  distanci-  beyond  the 
narrow,  funnel  shaped  carlilaginous  jiortion.  The  I'anal 
mav  be  uniformly  narrowed  Ihroughout  its  extent,  or 
constricted  near  ils  middle  like  an  hour-glass,  or  Ihe 
principal  contraction  may  be  near  the  membrana  tympani. 
Congenital  bridge  like  bands  of  connective  tissue  cross- 
ing the  meatus  have  been  described  by  Moos  ("Klinik 
der  Ohrenkrankheilen."  p.  85).  Abnormal  width  of  (he 
meatus,  amounting  to  deformity,  is  sometimes  a  con- 
genital condition. 

Some  instances  of  thniUf  mentu»  are  known  ;  these  are 
to  be  referretl  to  an  arrest  in  the  closure  of  the  first 
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branchial  cleft  (Schwartzc).  lu  Velpeau's  case  one  canal 
tenjiinatetl  at  the  drum  membrane;  the  other,  situated 
farther  back,  in  the  mastoid  process;  the  two  canals  may 
also  communicate  before  reaching  the  drumhead.  Up 
to  the  fourth  year  of  cliildhood  an  ossification  gap  exists 
as  a  normal  condition  in  the  anterior  lower  wall  of  the 
meatus. 

Congenital  closure  of  the  meatus,  even  wheu  complete, 
is  not  incompatible  with  a  usefid  degree  of  hearing,  pro- 
videtl  tlie  developraeul  of  the  labyrintli  Vie  normal.  Op- 
erative interference  for  the  relief  of  congenital  atresia  is 
justifiable  oul_v  when  the  closure  of  the  canal  can  with 
certainty  be  proved  to  consi.st  of  a  thin  septum,  when 
sjieech  can  be  understood  through  the  ear  trumpet  ap- 
]ilied  tc  the  closed  part,  and  when  the  Eustachian  catheter 
jind  otoscope  have  demonstrate<l  the  existence  of  a  tjin- 
panic  cavity.  It  follows  from  this  that  operable  cases 
of  congenital  atresia  are  extremely  rare, 

Imp.\cted  Certoex,  Hvpersecketios  of  the  CeI!U- 
-MINAL  Gl.^xds. — The  secretion  of  the  cennniual  glands 
is.  under  perfectly  normal  conditions,  jirobably  never 
retained  to  the  extent  of  impairing  the  fimction  of  hear- 
ing, but  is  gradually  n^moved  toward  the  exterior,  and 
finds  its  way  out  of  the  ear.  partly  in  consequence  of  the 
movements  of  the  jaw,  which  are  communicated  to  the 
meatus,  partly  from  the  natural  outgrowth  of  the  epithe- 
lium lining  the  meatus  (Blake),  and,  finally,  in  conse- 
<iuence  of  certain  manual  operations.  These  [irocesses 
are.  however,  not  infrequently  unavailing,  and  the  ceru- 
men remains  in  the  meatus,  forming  a  plug  which  blocks 
up  the  canal  and  cau.ses  a  mechanicsU  impairment  of 
licaring.  An  accumulation  of  cenunen  is  promoted  in 
various  ways:  1.  It  is  favoreil  by  hypersecretion  of  ceru- 
men. Anything  which  induces  persistant  hyiienvmia  of 
the  auditory  canal  may  lead  to  this  result.  In  some  cases 
the  cavise  of  the  hypersecretion  cannot  be  recognized, 
b\it  may  fairly  be  assumed  to  depend  on  some  trophic 
disturbance  in  the  glandular  secreting  apparatus.  Tlieu. 
again,  in  a  certain  number  of  cases,  a  thin,  rather  copious 
secretion  from  the  meatus  (evidently  from  the  ceruniinous 
glands)  occiu-s.  Jlore  often,  however,  there  is  an  absence 
of  cerumen,  as  in  many  cases  of  chronic  sclerosing  otitis 
media.  These  two  opposite  conditions  are  evidently  due 
to  trophic  causes.  2.  Contraction  of  the  meatus,  espe- 
cially the  well-known  partially  collapsed  condition  of 
the  cartilaginous  meatus  incident  to  old  age,  is  another 
favoring  condition,  3.  Still  another  favoring  factor  is 
lo  be  found  in  the  abnormal  natvue  of  the  secretion, 
which  sometimes  aci{uires  a  tough,  adhesive  property, 
and  readily  becomes  matted  with  exfoliated  epidermis 
and  the  liairs  of  the  cutis.  4.  Foreign  bodies  in  the 
external  meatus  furnish  a  nucleus  around  which  ceru- 
men accumulates,  until  a  plug  is  formed.  .").  Finally, 
the  imiiacted  conditi<in  is  favored  by  misdirected  efforts 
at  cleansing  the  ears.  Thus,  for  example,  in  washing 
the  ear  a  certain  amount  of  moisture  is  introduced  into 
the  canal,  and  then  this  is  followed  by  the  insertion  of  a 
pointed  piece  of  the  towel,  or,  what  is  still  more  mis- 
chievous, by  the  use  of  the  so-called  aurilave  or  ear 
swab. 

It  is  well  to  remember  that  cerumiual  plugs  are  fre- 
qiiently  met  with  in  persons  suffering  from  chronic 
middle  ear  disease.  Such  accumulations  are  apt  to  be 
dry  and  hard ;  after  their  removal  there  may  be  little  or 
no  improvement  in  the  hearing  power,  to  the  great  dis 
appointment  of  both  physician  and  patient.  So  long  as 
even  a  small  space  remains  free,  ceruminal  plugs  do  not 
materially  interfere  with  the  function  of  hearing:  but  if 
the  plug  pres.ses  upon  the  membrana  tympani.  or  if  it 
suddenly  becomes  swollen,  as  in  washing,  or  from  fiee 
perspiration,  so  as  entirely  to  occlude  the  lumen  of  the 
canal,  discomfort  and  hardness  of  hearing  ensue.  It  is 
owing  to  the  latter  reason,  as  the  writer  believes,  that  he 
has  met  with  imjiaeted  cerumen  much  more  frequently 
in  the  months  of  July  and  August  than  at  any  other  sea- 
sou  of  the  year. 

Symptoms. — Temporary  attacks  of  deafness,  coming  on 
suddenly  and  lasting  for  a  few  houre  or  days,  and  as 


suddenly  passing  off.  are  a  very  common  symptom  of 
impacted  cerumen.  At  such  times  there  is  apt  to  be  a 
feeling  of  fulness  and  confusion,  wi(h  subjective  noises  in 
the  ear,  and  a  disagreeable  resonance  of  the  subject's 
own  voice.  Refiex  phenomena  such  as  cough  of  a  spas- 
modic iliaracter.  which  in  turn  may  induce  laryngeal  con- 
gestion, sometimes  mislead  the  physician  as  to  tl)e  real 
nature  of  the  alTection.  and  not  a  few  cases  have  been  re- 
ported in  which  epilejitiform  seizures  have  been  traced 
to  the  presence  of  inqiacted  cerumen,  or  of  foreign  bodies 
in  the  external  auditory  canal.  Temporary  impairment 
of  the  function  of  the  other  ear  is  also  claimed  by  some 
lo  occur  as  a  refiex  condition  in  consequence  of  impacted 
cerumen.  Vertigo,  mental  depressiim,  and  neuralgic 
pains  sometimes  occur.  AVlien  pain  has  lieen  at  all  a 
prominent  symptom,  circumscribed  excoriation  or  inflam- 
mation of  the  auditory  canal  or  membnma  tympani  is 
not  uncommonly  foimd  after  removal  of  the  accumulation. 

Impacted  cerumen  of  itself  never  gives  rise  to  total 
deafness.  If  in  this  condition  speech  cannot  be  under- 
stood, there  is  probably  serious  disease  of  the  nuddlc  or 
internal  ear.  Complete  occlusion  of  the  canal,  and  con- 
tact of  the  plug  with  the  membrana  tympani,  may,  how- 
ever, occasion  great  hardness  of  hearing,  lasting  in  some 
instances  for  months  or  years,  before  efficient  steps  are 
taken  for  its  remo\al.  The  presence  of  impactecl  ceru- 
men alone  probably  never  occasions  serious  injury  to  the 
walls  of  the  auditory  canal  or  membrana  tympani.  En- 
largements or  irregular  dilatation  of  the  meatus,  with 
more  or  less  destruction  of  the  drum  membrane,  belong 
to  other  morbid  conditions — e.g.,  antecedent  chronic  sup- 
puration, with  the  subsequent  formation  of  laminated 
epithelial  plugs  (a  somewhat  rare  condition  to  be  de- 
scribed presently). 

Diagiiimit. — In  connection  with  the  above-mentioned 
symptoms,  the  meatus  is  seen,  by  speculum  or  naked-eye 
examinatii)n.  to  be  plugged  with  a  dull  yellow,  brown, 
or  black  mass  which  has  a  dull  or  glistening  surface.  If 
touched  with  a  probe  the  mass  is  found  to  be  soft  and 
sticky,  or  doughy,  or  of  stony  hardness.  Variovis  foreign 
substances  in  the  meatus,  covered  with  cerumen,  are  apt 
to  be  mistaken  for  ceruminal  plugs. 

PathiihKiy. — Cerumen  is  connnonly  a  rather  soft  and 
somewhat  oily.  Siiponaeeous  substance  readily  softened 
with  warm  water,  but  when  combined  with  a  large 
amoimt  of  epithelium,  or  when  very  nmch  desiccated, 
the  mass  may  present  considerable  resistance  to  the  ac- 
tion of  water.  After  the  removal  of  an  impacted  mass 
of  long  standing,  it  is  sometimes  found  that  its  inner  ex- 
tremity presents  a  tolerably  perfect  impression  of  the 
membrana  tympani.  The  w'alls  of  the  canal  rarel.y  show 
any  considerable  departure  from  the  normal:  in  some 
cases  the  surface  of  the  skin  is  completely  covered  bj' 
layers  of  desquamated  epithehum.  Small  unsuspected 
foreign  bodies  in  the  meatus,  becoming  coated  with  ceru- 
men, may  form  the  starting-point  of  an  accumulation 
containing  a  large  percentage  of  oil  or  fat. 

Tmttmeiit. — All  that  is  usually  required  for  the  re- 
moval of  the  impacted  cerumen  is  a  syringe  and  warm 
water,  or,  better  still,  a  warm,  weak  solution  of  the 
biehloritle  of  mercury.  The  syringe  itself  should  of 
course  be  aseptic,  and  the  precaution  of  using  an  anti- 
sejitic  solution  is  recommended  because  it  is  impossible 
to  tell  beforehand  whether  the  fluid  used  may  not  enter 
the  drum  cavity  through  a  perforation  or  an  accidental 
rujiture,  and  thus  light  up  a  doniiant  septic  process.  In 
any  case  the  fluid  used  should  be  lukewarm.  If  it  is  too 
hot  or  too  cold,  sensations  disagreeable  to  the  patient  may 
result.  The  use  of  scoops,  proljes.  curettes,  and  forceps,  as 
I  a  means  of  clearing  the  auditory  canal,  ma_v,  in  the  hands 
of  persons  thoroughly  skilled  in  the  manipulation  of 
aural  surgery,  be  permitted:  otherwise  such  instnmients 
should  not  be  employed,  except  within  the  limits  stated 
below.  To  syringe  the  ear  effectually,  a  large  vulcanite 
syringe  should  be  used.  The  instrument  should  be 
capable  of  containing  at  least  two  ounces,  and  should 
be  provided  with  a  ring  for  the  thumb  on  the  end  of  the 
piston  rod.  and  with  a  flange  for  the  fore  and  middle 


f.l4 


KEFERENCE  HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Kar  Diai'aoeo. 
Kar  DlMcaaes. 


finccrs  at  tin-  lii-el.  Slijiht  manipulations  of  the  mass  with 
a  silvrr  probe  often  ureally  faeilitate  the  action  of  the 
water  from  tlie  syrinire.  The  small  vulcanite  syrinires. 
sold  in  the  shops  for  ear  syri uses,  are  very  inetVieient, 
anil  cheap  ghiss  syringes  are  simply  useless  for  this  pur- 
pose. 

In  syringing,  the  patient's  head  should  be  held  erect, 
the  clothing  should  be  protected  with  a  towel,  and  a  ves- 
sel such  as  a  glass  finger  bowl  should  lie  pressed  tirmly 
against  the  integumi'nt  below  the  auricle.  In  order  to 
throw  a  strciim  of  water  effectively  into  the  auditory 
canal,  the  geneml  inward,  forward,  and  downward  direc- 
tion of  the  canal  must  be  made  uniform  by  exerting  gen- 
tle trjution  upon  the  pinna,  with  the  left  thumb  and  fore- 
finger, in  a  direction  upward  and  slightly  backward.  The 
force  used  may  be  considerable,  but  never  sutbciently 
great  to  cause  actual  discimifort.  Sonic  (li/.zines.s.  how- 
ever, may  vmavoidably  result  from  the  o|ieration. 

The  point  of  the  syringe,  which  should  be  rounded 
and  smooth,  but  not  so  large  as  to  till  the  orifice  of  the 
meatus,  should  rest  lightly  against  its  upper  margin  and 
should  point  in  the  stime  direction  as  that  of  the  straight- 
ened auditory  canal.  It  these  precautions  are  observed, 
the  stream  of  water  will  pass  along  the  upper  wall  of  the 
canal  and  force  the  obstruction  out  below  the  point  of 
the  syringe.  From  one  to  four  injections  will  ordinarily 
sudice  to  remove  the  imjiaction.  After  two  or  three  in- 
jections, it  is  often  advisjible  to  examine  the  ear  and,  if 
neces-sary,  move  the  mass  a  little  with  the  end  of  a  probe 
to  facilitate  its  removal  with  the  syringe  and  water,  as 
stated  above.  In  ordinary  cases  impacted  cerumen  can 
and  should  be  removed  at  one  sitting. 

In  otherwise  healthy  ears,  the  function  of  hearing  is, 
as  a  rule,  restored  inuiiediately  by  the  removal  of  the 
ceruminal  accumulation,  and  the  subjective  noises  cease; 
occasionally,  however,  several  days  elapse  before  a  feel- 
ing of  perfect  relief  is  obtained.  On  the  other  hand, 
n^any  persons  immediately  perceive  all  ordinary  soimds 
with  unusual  distinctness  for  some  hours  after  removal  of 
the  impacted  mass.  After  syringing,  the  meatus  should 
be  lightly  closed  for  a  few  hours  with  cotton  wool.  A 
recurrence  of  the  ceruminal  accumulation  may  be  ex- 
pected to  take  place  after  an  interval  of  several  months 
or  years,  occasionally  at  intervals  of  even  a  few  weeks. 

A  want  of  ceruminal  secretion,  with  undue  dryness  of 
the  ears,  is  usually  symptomatic  of  chronic  middle-ear 
disease;  if  it  is  attended  with  itchiness,  painting  the 
meatus  with  some  softening  substance,  such  as  vaseline, 
affords  a  certain  degree  of  relief. 

L.\Mix.\TED  EriTHELi.\L  PLUGS  (Kemtonis  obturaiii, 
Wreden.  Burnett). — Occasionally,  the  meatus  is  found 
obstructed  with  a  mass  which  at  first  sight  resembles  an 
ordinary  ceruminal  plug,  but  the  use  of  the  syringe  only 
brings  away  a  small  quantity  of  cerimien,  without  reliev- 
ing the  deafness,  which  in  these  cases  has  commonly  been 
of  long  duration  and  high  degree.  An  examination  now 
shows  the  meatus  to  l)e  tilled  with  a  tough  adhesive  sub- 
stance of  lighter  color  than  ordinary  cerumen.  The  con- 
tinued use  of  the  syringe  is  fruitless,  but  cnuubling 
fragments  of  the  partially  softened  mass  can  be  removed 
with  curette  or  forceps.  The  removal  of  this  form  of 
obstruction  is  tedious  and  difficult,  on  account  of  its 
cohesive  properties  and  close  adherence  to  the  walls  of 
the  canal ;  small  fragments  may  be  detached  and  brought 
away  by  the  use,  from  day  to  day,  of  the  syringe,  blunt 
probe,  and  forceps,  and  in  the  intervals  repeated  instilla- 
tions of  warm  alkaline  solutions  may  be  made.  The 
writer  has  seen  several  cases  in  which  this  plan  of  treat- 
ment had  to  l)e  pursued  for  four  or  live  days  before  the 
accumulation  was  all  removed,  and  in  everj-  instance 
the  auditory  canal  was  found  more  or  less  eroded  and  ir- 
regularly excavated,  jirobably  from  pressure  of  the  mass. 

The  tenn  laminated  epithelial  plug  indicates  the  com- 
position of  the  obstructing  substance,  which  appears  to 
be  formed  by  the  gradual  accretion  of  eiiithelial  laminiE, 
derived  from  the  horny  elements  of  the  ctitis  lining  the 
e.xternal  auditory  c-anal.  the  result  probably  of  a  chronic 
inflammatory  process  in  this  situation.     A  n'currence  of 


the  obstniction  may  be  avoided  hy  suitable  treatment  of 
existing  intlanunatiiiu  and  by  the  early  removal  of  any 
commencing  accumulation.  This  disease  of  the  external 
auditory  canal  is  analogous  to.  if  not  |)athoiogically 
identical  with,  the  so  called  cholesteatoina  t<(  the  ti-ni 
poral  bone,  which  originates  in  the  tympanic  cavity  and 
mastivid  antrum  in  conseipience  of  chronic  desi|uamative 
intianuuatiou  of  thcsi-  |)arts.  but  is  of  course  not  attended 
with  the  dangers  which  attend  such  accuuuilatious  in 
the  deeper  parts. 

P.\l{.^SITfC  IXKL.\M.\I.\TION.^  OI/'lliliroitiK.  Myiiiirioiiijico- 
in'ii  A»]iei(iiUin<i.) — A  definite  knowledge  of  this  subject  is 
of  comparatively  recent  date.  Isolated  observations  of 
vegetable  fungi  growing  in  the  living  human  ear  were 
made  by  Mayer  in  18-f4  (MUller's  Arr/iinn.  p.  410);  I'a 
cini  in  IH.")!  (sopra,  "  Una  nuiffa  para.sita  [muceilo]  nel 
condotto  auditivo  csterno,"  Firenze,  p.  T);  Carl  Cramer 
in  l.H.")!)  (  Viirleljnhmrh.  d.  ynliiif.  Ges.  in  Zitrirh).  and 
by  Schwartze  in  1867  (Arch,  fiir  Ohrtnheilk.,  Bd.  ii.. 
Heft  i.).  Wreden's  publication  of  six  ca.ses  of  myringo 
mycosis  (.4 ;rA. /.  Ohriiduilk-..  Bd.  iii..  Heft  i.),  followed 
by  his  monograph  in  18(iH,  drew  the  attention  of  otolo- 
gists generally  to  this  peculiar  form  of  disea.se. 

Since  this  time  numerous  observations  of  a  similar 
kind  have  been  made  both  in  Europe  and  in  America, 
and  the  existence  of  sevcrjd  species  of  parasitic  aural 
fvingi  has  been  demonstrated.  The  fungus  most  com 
monly  met  with  in  the  ear  is  the  Aspergillus,  several 
species  of  which  have  been  described  by  otologists. 
These  are  the  A.  nigricans,  A.  flavus,  and  A.  fumigatus; 
some  doubt,  however,  still  prevails  as  to  whether  the 
two  latter  are  not  merely  accidental  modilications  of  the 
Aspergillus  glaucus.  The  fungus  is  found  under  the  mi- 
croscope to  consist  of  four  distinct  elements;  (1)  .Myce- 
lium, a  network  of  filaments,  tubules,  or  rootlets;  (2) 
tlie  fruit  stalk  or  hypha:  {'A)  the  fruit  head  or  sporan- 
gium; (4)  the  conidia  or  free  spores. 

The  mycelial  tilamentsor  tubules  consist  of  pale,  trans 
parent,  straight  or  curved,  branching,  double-contotired 
fibres,  which  are  divided  at  irregular  intervals  by  trans 
verse  septa :  they,  as  well  as  the  fruit  stalks,  contain  a 
faint  Iv  granular  plasma.  Their  diameter  varies  from 
0.0(.H):J8  to  0. 01 1.5  mm.  The  fruit  stalks  are  consider- 
ablv  thicker  than  the  mvcelium,  varving  in  diameter 
from  0.009  to  0.013  mm.  Their  length  "is  from  0.3  to  0.8 
mm.  The  terminal  bulbous  enlargement,  called  the  re- 
ceptaculum  or  sporangium  (the  placenta  of  Micheli),  is 
about  0.028  mm.  in  diameter,  and  bears  upon  its  surface 
a  large  number  of  long  radiating  cells  (sterigmata^  from 
the  free  ends  of  which  grow  the  round  spores  or  conidia. 
the  whole  forming  the  so-called  capitulum  or  fruit  head. 
The  sjiores  are  spheroidal,  smooth  or  echinate,  exceed- 
ingly numerous,  and  very  small,  about  0.003  mm.  in 
diameter;  their  color  determines  that  of  the  fruit  head, 
and  is  black-brown  in  A.  nigricans,  yellow  or  greenish 
in  A.  flavus  or  A.  glaucus,  and  grayish-black  in  A. 
fumigatus. 

According  to  Siebenmann  ("Die  Fadenpilze,"  Wies- 
baden. 18881.  the  distinctive  features  of  the  fruit-bearing 
portions  of  A.  flavus,  A.  fumigatus,  and  A.  nigricans  are 
as  follows: 

A.jliinis.  Fniit  stalk  firm,  colorless,  somewhat  rough- 
ened, increased  in  thickness  just  below  the  head.  0.4  cm. 
in  length,  7  to  10  «  in  diameter,  fniit  head  loosely  formed, 
of  a  golden  yellow  color.  Sterigmafji  undivided,  \isually 
found  only  on  upper  half  of  receptacubun.  conidia  .sul- 
phur-yellow or  brownish  in  color,  round  or  oval,  surface 
echinate. 

A.fiiiuit/dtuK.  Fruit  stalk  short  and  delicate,  .5 /i  in 
diameter,  and  shaped  like  a  revers<'il  ninepin  at  its  free 
extremity;  sterigmata  undivided,  elongated,  sjiring  only 
from  the  convex  extremity  of  reeeptaculum;  the  latter 
is  occasionally  spheroidal,  or  long  oval  in  shape.  The 
fully  formed  fruit  head  is  never  globular,  its  color  is 
yellow  or  greenish-gray,  conidia  round  or  oval,  smooth, 
and  pale. 

.4.  /(/■'/»■;■  or  niffrirani).  Fruit  stalk  8  nun.  in  length, 
thick  and  strong,  of  uniform  width  throughout,  con- 
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tains  a  somewhat  granular  dark -colored  plasma,  of  a 
deeper  shade  toward  the  recejitaculum ;  its  diameter  is 
about  10  to  1.5  ,«:  sterigmata  20  to  100  u  in  leugth.  of  a 
brown  color,  larger  toward  distal  extremity,  where  they 
apparently  subdivide  into  from  three  to  eight  prolonga- 
tions. Conidia  blackish-brown  in  color,  smooth  or  echin- 
ate.  and  very  numerous.  The  fruit  heads  of  A.  glaucus 
are  smaller  and  narrower  than  those  of  A.  nigricans  (Bur- 


chant,  and  is  all  the  more  remarkable  because  young  peo- 
ple are  seldom  affected  in  this  way.     This  patient  "came 
under  notice  again  about  a  year   later  on  account  of  a 
slight  diffuse  otitis  externa  without  any  recurrence  of  the 
fungus. 

The  disease  is  prone  to  occur  in  ears  that  are  already 
diseased,  but  is  seldom  or  never  found  in  the  presence  of 
an  active  purulent  otitis.  Substances  which  readily  un 
dergo  decomposition,  such  as  fats  and  oils, 
instilled  into  the  ear,  are  Siud  to  favor  the 
development  of  Aspergillus.  The  presence 
of  normal  ear  wax  is  unfavorable  to  its  de- 
velopment. There  can  be  little  doubt  that 
this  affection  was  formerly  often  mistaken 
for  impacted  cerumen,  or  for  ordinary  otitis 
externa  diffusii.  The  fungus  usually  origi- 
nates in  the  deeper  portions  of  the  audi- 
tory canal  and  upon  the  membrana  tyni- 
pani ;  hence  the  name  mj-riugomycosis. 
The  irritation  which  it  causes  may  induce 
ulceration  of  the  membrana  tympani  and 
an  extension  of  the  fungus  to  the  tympanic 
cavity;  but  when  the  new  growth  is  met 
w'ith  in  this  situation  an  exhausted  suppu- 
ration, with  perfoi-ation  of  the  membrane, 
has  usually  preceded  the  development  of 
the  fungus. 
FIG.  1705.-Asperpillus  Nlfrricans.  (.^fter  Politzer.)  a.  Mycelium  covered  with  %'"/'("""'. -Growths  of  fungus  in  the 
numerous  fallen  spores;  h.h\  hypha;  o,  sporanslum.  with  ripe  spores:  d,  recep-    external  meatus  and  tympanic  cavity  may 


taculum;  c,  steritriuata.  with  spores. 

nett,  Am.  Jour,  of  Otology.  1879).  The  sporangium  of  A. 
fumigatus  is.  according  to  Bezold,  still  smaller  than  these. 

If  we  exclude  the  Ot&myres  Hagtni  of  Hagen  and 
Hallier.  the  Graphium  penicilloidis  of  Hassenstein  and 
Hallier,  and  the  Penicillium  of  Blake,  on  account  of 
their  having  been  obtained  by  culture  from  substances 
of  doubtful  nature  taken  from  the  ear,  there  are  still  four 
varieties  of  aural  fungi  to  be  mentioned.  They  aie;  1. 
Tiicotfieeeiini  roseinn  of  Steudener  (Arch.  f.  Ohnriheilk., 
Bd.  v.,  p.  163),  and -V^f/cof /«!/(•«/<>.«.  /'««(•((«  of  Boke  (Hun- 
garian Med.  Chirg.  Press.  1868-9, 'pp.  12,  16.  19),  both 
varieties  of  doubtful  identity.  3.  Ascophora  clegans  of 
von  Troeltsch  ("Die  Myringomycosis. "  p.  44).  4.  Oto- 
7>ii/ces  pnrpuri'us  of  Wreden  (Arc/i.  of  Ojilitli.  and  Otol- 
ogn.  vol.  vi..  No.  1,  p.  87).  The  last-named  fungus  has 
also  been  once  observed  liy  Burnett  (Arel(.  of  Otnlogi/. 
vol.  X.,  No.  4,  p.  319).  In  Wredeus  case  the  false  mem- 
brane also  contained  spots  of  Aspergillus  nigricans,  and 
he  was  led  to  believe  that  the  O.  purpureus  represented 
the  ftsnimycete  tf  the  Aspergillus  nigricans,  that  is,  the  high- 
est form  of  the  specific  aural  fungus.  Burnett,  however, 
found  no  evidences  of  such  relationship  in  his  case,  and 
regards  the  (J.  purpureus  as  a  species  sui  generis. 

All  the  conditions  requisite  for  the  growth  of  aural 
fungi  are  not  yet  fully  understood,  but  since  attempts 
to  cultivate  the  growth  in  the  healthy  human  ear  have 
uniformly  failed,  it  seems  probable  that  the  presence  of 
certain  pathological  changes,  attended  with  undue  moist- 
ure or  a  softened  and  loosened  condition  of  the  epithelial 
lining  of  the  meatus,  are  essential  to  the  development  and 
growth  of  the  fungus  in  the  ear.  The  age  and  hvgienic 
surroundings  of  the  patient,  the  climate,  and  the  season 
of  the  year  are  not  without  influence.  The  Russians, 
living  as  they  do  in  artificially  heated  and  badly  \entilated 
dwellings  during  the  long  winter  season  of  that  climate, 
seem  especially  liable  to  otomycosis.  The  poorer  classes, 
who  live  in  damp  apartments,  are  said  to  be  more  fre- 
quently affected  than  those  whose  circumstances  are 
more  fortunate.  If  this  be  true,  the  comparative  im- 
munity of  the  English  people,  notwithstanding  the 
dampness  of  their  climate  and  the  large  pauper  popu- 
lation, is  somewhat  remarkable.  In  Germany  and  the 
United  States  the  disease  is  by  no  means  rare,  but  in  the 
province  of  Quebec  the  writer  has  met  with  only  one 
example  of  aural  fungus  among  thirty-five  hundred 
patients.  This  case  was  one  of  A.  nigricans;  it  occurred 
in  a  youth  fifteen  years  of  age,  the  son  of  a  wealthy  mer- 


exist  for  a  considerable  time  without  excit- 
ing any  troublesome  irritation;  according 
to  Bezold  this  is  especially  true  of  the  A.  fumigatus. 
Sooner  or  later,  however,  the  form  of  infiammation  known 
as  otitis  externa  parasitica  sets  in.  This  results  from  the 
fungus  having  penetrated  the  epidermis  and  reached  the 
living  tissues  (Politzer),  or  in  consequence  of  irritant 
qualities  of  the  fermentation  products  to  which  the  grow- 
ing fungus  gives  rise  (Siebenmann). 

The  subjective  phenomena  of  parasitic  otitis  are  itcli- 
ing  of  the  meatus,  lancinating  pains,  and  a  feeling  of 
fulness  in  the  ear;  tinnitus  is  usually  present,  vertigo- 
rarely  so;  the  imi)airment  of  hearing  is  often  consider- 
able. On  examination,  the  walls  of  the  meatus  and  the 
membrana  tymjiani  are  seen  to  be  partly  or  completely 
hidden  by  a  membranous  substance  of  a  dull  whitish, 
yellowish,  or  blackish  color.  In  Otomyces  ]iur|iureus.  the 
meatus  has  been  found  occUuied  with  a  red  substance  re- 
sembling blood  clot,  and  in  A.  flavus  it  is  spoken  of  as 
containing  a  yellow,  dust  like  substance,  like  pollen  dust. 
There  is  often  a  watery  discharge  from  the  ear.  When  the 
ear  is  syringed,  shreds  of  membrane  resembling  wet  jiaper 
may  be  removed ;  sometimes  the  aid  of  forceps  is  required. 
The  fruit  heads  of  the  fungus  are  visible  to  the  naked 
eye  as  black  or  yellow  dots  on  the  surface  of  the  false 
membrane;  the  microscope  will  readily  show  their  pecul- 
iarities of  structure.  When  the  fungus  is  removed,  the 
auditory  canal  is  found  to  be  more  or  less  reddenefl  and 
tender;  if  no  other  measures  are  resorted  to.  the  growth 
may  be  reproduced  in  a  few  hours. 

The  prognosis  is  favorable  in  all  varieties  of  otitis  ex- 
terna parasitica,  as  there  is  no  difficulty  in  destroying  the 
growth  by  the  use  of  suitable  remedies  and  thus  effect- 
ing a  speedy  cure.  Fresh  attacks  may  occur  if  the  sur- 
roundings of  the  patient  remain  the  siime. 

Treatment. — Of  the  many  remedies  recommended  for 
the  destruction  of  the  fungus,  alcohol  is  probably  tlie 
best.  The  ordinary  spirits  of  wine  may  be  used.  After 
removal  of  the  casts  with  a  syringe  and  warm  water,  the 
meatus  may  be  filled  with  warm  spirit,  which  should  be 
allowed  to  remain  in  the  ear  for  ten  or  fifteen  minutes. 
This  may  be  repeated  twice  daily  for  several  days.  The 
spirit  may  lie  diluted  if  it  causes  jiain,  and  gradually  in- 
creased in  strength  if  necessary.  Three  or  four  days  of 
this  treatment  will  suffice  to  effect  a  cure.  To  prevent 
relapses.  Politzer  advises  the  occasional  use  of  the  spirit 
for  at  least  a  year;  this  precaution,  however,  will  seldom 
be  necessary. 

Many    other   remedies    have  been   found   sufficiently 
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c-fficlive;  repeated  syringing  with  wsinn  water  would 
probably  sullice.  though  uot  so  nipiilly  as  when  com 
bined  with  the  use  of  some  parasiticide.  Wreden  extols 
the  use  of  ehlorinated  lime(O.II7  to  0.1.5  in:i.).Oaq.  dest.), 
Blake  and  Burnett,  the  hyi)osulphite  of  soda  (O.i  in  300). 
Boraeie  acid  in  powder,  alone  or  with  an  eipial  quantity 
of  o.xide  of  zinc  (TheobaUl),  or  in  alcoholic  solution  (1  to 
20);  permanganate  of  potas,sium  in  one  or  two  percent, 
solution  (V.  Troeltsch  et  iil.);  carbolic  acid  in  glycerin 
(3  in  100.  I,uc;p):  salicylic  acid  in  alcoholic  solution,  two 
percent.  (Bezold);  bicldoride  of  mercury  in  water  (1  to 
500).  and  various  other  remedies,  are  mentioned  l)v  ditTer- 
enl  observers.  Painting  the  meatus  with  strong  solutions 
of  nitrate  of  silver  is  found  beneficial  if  intlamnmtion 
persists  after  removal  of  the  fungus  (Roosa).  If  the 
affection  be  eonipliiated  with  middle  ear  disease,  this 
too  will  recpiirc  appropriate  treatment. 

Pitjiriiixi"  (ithii  of  the  external  meatus  has  been  de- 
scribed by  I-adrcit  LaeharriiTe  {Anniiles  iles  .Vanj-  tie 
I'OreUlc.  IHT."))  as  a  rare  form  of  mycosis,  for  which  the 
treiitmeut  is  extraction  of  the  stilfest  hairs  and  painting 
the  meatus  witli  a  one-per-cent.  solution  of  corrosive 
sublimate. 

Diffuse  Ixfl.vmmatiox  (Otitis  Externa  Diffusa). — 
Diffuse  iutiammation  of  the  external  auditory  meatus  is 
either  acute  or  chronic.  ]irimary  or  consecutive.  The 
consecutive  form  occurs  in  connection  with  inflammatory 
affections  of  the  middle  ear,  and  is  subordinate  to  the 
deeper-seated  disease.  As  a  primary  affection,  dittuse 
intlammation  is  rarely  of  idiopathic  origin,  but  may  usu- 
ally be  traced  to  the  instillation  of  irritating  substances, 
or  to  mechanical  and  traumatic  causes.  The  lining  of 
the  osseous  section  of  the  canal  is  the  part  chietiy  affected, 
though  the  menibrana  tynipani  and  the  outer  portion  of 
the  meatus  may  become  involved  as  a  complication  of. 
and  consecutive  to.  chronic  purulent  otitis  media.  It  is 
l)y  no  means  uncommon,  especially  in  unhealthy,  badly 
nourished  children. 

Si/iiiptoms. ^The  acute  form  of  the  disease  begins  with 
itching  sensations  in  the  ear,  followed  by  a  feeling  of 
fidness  and  heat.  Pain  of  moderate  or  intense  severity 
occurs  early,  and  is  always  increased  by  pressure  on 
the  ear  and  by  movements  of  the  jaw.  Tinnitus  and 
giddiness  are  sometimes  complained  of.  The  impairment 
of  hearing  is  slight,  except  when  the  membrana  tympani 
is  considerably  swollen  and  the  auditory  canal  contains 
a  sufficient  quantity  of  secretion  and  exfoliated  epithelium 
to  obstruct  its  lumen. 

The  objective  signs  are  a  whitish  exudation  lining  the 
walls  of  the  canal,  and  consisting  mostly  of  exfoliated  epi- 
thelium, often  of  a  pasty  consistence  from  admixture 
with  viscid  secretion;  sometimes  it  consists  of  a  continu- 
ous pouch-like  membrane.  The  real  condition  of  the 
auditory  canal  can  be  seen  only  after  removal  of  this 
abundant  exfoliated  material.  After  syringing,  or  care- 
ful cleaning  with  the  ordinary  cotton-wrapped  applica- 
tors, the  meatus  is  found  to  be  more  or  less  narrowed 
from  swelling,  especially  of  its  deejier  parts,  and  at  the 
same  time  reddened  and  sensitive.  The  line  of  demarca- 
tion between  the  meatus  and  membrana  tympani.  as  well 
as  the  usual  anatomical  features  of  the  latter,  may  be  ob- 
literated by  the  swelling  and  iinifomi  redness  of  these 
parts;  occasionally  the  meatus  is  so  contracted  by  diffuse 
swelling  that  a  view  of  the  deeper  parts  is  not  obtain- 
able. If  the  drum  membrane  is  found  to  be  fairly  nor- 
mal, it  is  fair  to  a.ssume  that  the  disease  is  confined  to 
the  auditory  canal.  The  writer  once  observed  a  case  of 
diffuse  otitis  externa,  occurring  in  a  profoundly  hysterical 
subject,  which  was  characterized  by  attacks  of  intense 
pain  followed  in  a  few  hours  by  the  formation  of  large 
blebs  containing  serous  exudation  of  a  pale  yellow  color; 
in  tiiis  way  the  entire  epidermis  of  the  meatus,  and  prob- 
ably of  the  membrana  tympani.  was  several  times  thrown 
off.  leaving  a  moist,  not  swollen,  but  reddened  and  in- 
tensely sensitive  surface,  which  speedily  became  covered 
after  each  attack  with  normal  epidermis.  With  the  ces- 
sation of  the  recurring  inflammation,  complete  ansesthesia 
of  the  meatus  and  membrana  tympani  supervened;  there 


was  also  sudden  and  total  deafness  which  lasted  for  s<'V- 
eral  months  and  was  obviously  of  a  functional  characli-r. 

The  acnt<'  form  of  otitis  externa  dilTusji  usuallv  sub- 
sides under  proper  treatment  in  the  course  of  a  few" days; 
in  less  favorable  cases  there  may  be  relap.ses  of  the  in- 
tlammation. ulceration  of  the  meatus  or  membrana  tym- 
pani. and  the  formation  of  polypoid  growths. 

In  chronic  diffuse  inllanunation  there  is  little  or  no- 
pain,  but  more  or  less  itchiness  witli  scanty  discharge; 
its  duration  will  depend  largely  upon  the"  presence  or 
absence  of  complications,  sucii  as  purulent  diseasi'  of  the 
middle  ear.  If  the  discharge  is  distinctly  of  a  f<etid 
character,  careful  examination  should  be  made  for  other 
evidences  of  chronic  mastoid  disease  or  of  bone  caries 
involving  the  o.ssicles  or  tympanic  walls.  Suspicious- 
looking  tlakes  or  casts  should  be  examined  for  fuugous- 
gro  w  ths. 

The  |)ossible  consecutive  nature  of  the  disease  should 
always  be  held  in  view,  and  the  diagnosis  not  considered 
complete  until  proper  steps  have  been  taken  to  prove 
the  non-existence  of  deeper  seated  disi-ase. 

Tlie  progmmii  of  uncomplicated  otitis  externa  is  favor- 
able in  all  its  forms. 

Treatment. — While  the  acute  symptoms  last,  leeches, 
anodynes,  scarification  of  the  inflamed  parts,  and  warm- 
water  irrigation  are  in  order.  If  the  disea.se  be  of  trau- 
matic origin,  continuous  applications  of  cold  compres.ses, 
or  of  Leiter's  coil,  to  the  region  of  the  ear  are  serviceable. 
Leeches  when  applied  should  be  jjlaced  in  front  of  the- 
tragus;  an  artificial  leech  specially  adapted  lor  abstnietion 
of  blood  in  the  vicinity  of  the  ear  may  be  used  with 
advantage  and  is  free  from  the  objectionable  qualities  of 
the  Hirudo  officinalis.  In  this  affection  it  is  claimed  that 
the  best  results  from  the  use  of  the  artificial  leech  are 
obtained  when  it  is  applied  to  the  mastoid  region  (Dench). 
Scarifications  are  to  be  made  only  in  the  earlv  stage,  be- 
fore exudation  has  occuiTcd.  The  incisions  should  be 
three-fourths  of  an  inch  long  in  the  walls  of  the  canal 
(Gruber).  For  warm-water  Irrigation,  the  fountain 
syringe,  or  some  form  of  continuous  aural  douche,  may 
be  employed.  Anodyne  instilbitionsof  solutions  of  mor- 
phine or  atropine  may  beu.sed;  in  childhood  the  latter 
cannot  be  used  with  too  much  caution,  especially  if  the 
drum  membrane  is  perforated. 

Poultices,  if  used  at  all,  should  not  be  applied  for  more 
than  two  or  three  hours  consecutively,  not  only  on  ac- 
count of  their  tendency  to  promote  the  formation  of  poly- 
poid growths,  but  because  in  painful  atfections  of  the 
ears  they  may — when  used  to  an  excess,  as  is  often  done 
by  the  laity — prove  to  be  veritable  incubators  for  the 
nurture  of  innumerable  disease  germs.  In  this  way  they 
may,  in  effect,  aggravate  the  disease  which  they  are  de- 
signed to  cure. 

In  all  chronic  cases,  repeated  cleansing  of  the  ear  with 
some  mild  antiseptic  irrigation  is  indispensable.  Insuf- 
flations of  boric  acid  powder,  after  the  canal  has  been 
cleansed,  often  act  like  a  chanu.  and  may  be  emidoyed 
even  in  acute  cases,  when  discharge  has  set  in.  This  may 
be  repeated  whenever  the  powder  has  become  moist. 
Strong  solutions  of  nitrate  of  silver  are  often  very  useful, 
but  must  be  avoided  so  long  as  there  is  pain.  In  some 
chronic  cases  the  insertion  of  a  l>lug  of  cotton  wool, 
smeared  with  diachylon  ointment,  effects  a  speedy  cure 
(Buck,  Roosti).  In  these  cases  the  disease  luis  probably 
been  of  an  eczematous  character. 

Acute  Circumsciiibed  IxKL.\M>f.\Tiox  (Follicular 
Inflammation.  Furiinchs.  Ihils,  Otitis  Externa  Circum- 
scripta).— This  form  of  inflammation  seems  to  have  a 
special  predilection  for  the  external  auditory  canal,  hav- 
ing its  s<'at  almost  exclusively  in  the  cartilaginous  por- 
tion. The  disease  is  quite  conunon  in  adults,  rare  in 
childhood,  and  seldom  or  never  met  with  in  infancy. 
It  is  said  to  occur  with  special  frequency  in  spring  and 
autumn,  sometimes  as  an  epidemic,  and  sometimes  asso- 
ciated with  a  more  general  furuncvdosis.  Aniemia,  gout, 
disorders  of  menstruation,  diabetes  mellitus.  and  change 
of  life  are  sjjid  to  predispose  to  auditory  funincles. 
Strong  and  cjtherwise  healthy  persons  are  by  no  means 
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exempt  from  it,  but  deliility  induced  by  an  iinheulthy 
mode  of  life,  or  by  living  in  badly  ventilated  houses, 
seems  to  exert  a  predisposing  influenee. 

As  local  causes  may  be  mentioned :  chronic  discharges 
from  the  ear;  chronic  eczema  of  the  meatus;  mechanical 
irritation,  such  as  may  be  caused  by  the  presence  of 
foreign  bodies;  frequent  syringing;  scratching  the 
meatus  with  hard  instruments,  such  as  hairpins  and  tooth- 
picks; irritating  medicinal  applications,  and  the  use  of 
alum  lotions.  The  sebaceous  and  ceruminous  follicles 
are  probably  the  starting-point  of  the  inflammation :  occa- 
sionally it  originates  more  deeply,  in  the  perichondrium, 
or  in  the  substance  of  the  cartilage  (Buck). 

The  pus  of  aui~dl  furuncles  has  been  found  loaded  with 
micrococci  (LOwenberg),  and  it  is  not  unreasonable  to 
suppose  that  furuncular  inflammation  may  originate  from 
these  having  found  their  way  into  the  glanilular  follicles 
from  the  air,  or  from  the  water  used  in  syringing;  in 
any  case,  moisture  would  favor  their  rapid  development, 
and  this  may  be  the  reason  that  syringing  the  ear  is  apt 
to  excite  furunctdar  inflammation.  AltlKuigh  slight  local 
lesions,  such  as  woukl  favor  the  introduction  of  pus-pro- 
ducing disease  germs,  einnmonly  initiate  otitis  externa 
circumscripta,  the  affection  caiuiot  always  be  shown  to 
originate  in  this  way.  Trophic  disturbances  of  the  parts, 
possibly  of  a  reflex  nature,  are  alleged  to  be  the  active 
causative  agents  in  this  case. 

Syiiijitiiiii.'i. — The  first  ])erverted  senssition  isa feeling  of 
fulness  and  discomfort,  soon  followed  by  slight  lancinat- 
ing pains  or  by  itchiness.  If  the  inflammation  is  super- 
ficially situated,  the  pain  is  usually  slight ;  if  it  is  deep- 
.seatc(l,  tlie  pain  may  be  veiy  severe,  of  a  tearing  or 
beating  character,  and  radiating  to  otjier  parts  of  the 
head  and  neck.  It  is  intensified  by  jircssure,  l)y  traction 
of  the  auricle,  and  by  movements  of  the  jaw.  Hard- 
ness of  hearing,  a  feeling  of  fulness,  and  tinnitus  arc 
complained  of  in  some  instances,  es]iecially  wlien  the 
meatus  is  mtich  obstructed  liy  the  swelling,  which  al- 
ways involves  the  cartilagino\is  portion  of  the  meatus. 
and  is  most  marked  in  that  part  of  the  canal  which  hap- 
pens to  be  the  seat  of  the  inflammatory  focus.  Accord- 
ing to  Dench  the  inferior,  posterior,  and  superior  walls 
are  luore  frequently  affected  than  is  the  anterior.  Infil- 
tration and  induration  of  the  adjacent  lymphatic  glands 
are  by  no  means  infrequent  changes,  anfl  occasionally  the 
parotid  becomes  involved.  A  large  and  deep  furuncular 
abscess  in  the  posterior  wall  may  be  mistaken  for  mas 
toid  disease,  but  the  absence  of  tenderness,  except  when 
pressure  is  so  directed  as  to  move  the  wall  of  the  meatus, 
differentiates  the  two  conditions.  Sometimes  the  tissues 
behind  or  in  front  of  the  ear  are  swollen  and  the  skin  is 
reddened. 

Superficial  funincles  appear  more  or  less  red  from  the 
outset;  when  they  are  deep-seated,  the  redness  is  not 
present  tuitil  the  abscess  approaches  the  surface.  Febrile 
symptoms  may  be  present  in  the  severer  eases.  Tender- 
ness over  the  inflamed  centre  is  a  constant  symptom; 
several  furuncles  may  occur  at  the  Siime  time,  or  follow 
each  other  in  rapid  succession.  Repeated  attacks  are  not 
uncommon. 

Resolution  of  the  inflammation  without  suppuration 
seldom  occurs.  If  the  disease  is  left  to  nature,  rupture 
of  the  abscess  will  take  jilace  sooner  or  latt-r,  often  not 
for  many  days  if  the  disease  is  deep-seated.  After  rupture 
of  the  abscess  the  swelling  and  pain  quickly  subside. 
Polypoid  granulaticms  re<iuiring  removal  may  develop 
from  the  point  of  rupture.  The  locality  of  tlie  swelling 
and  the  tenderness,  together  with  the  absence  of  symp- 
toms indicative  of  deep-seated  disease,  render  the  diagno- 
sis a  matter  of  no  difliculty.  The  presence  of  an  exostosis 
covered  with  inflamed  cutis,  or  bulging  of  the  posterior 
wall  of  the  meatus  from  mastoid  disease,  might  be  mis- 
taken for  funmcular  inflammation.  Imt  neither  of  these 
conditions  could  deceive  a  careful  ol)server.  Inflamma- 
tion of  the  deeper  portions  of  the  meatus  in  which  gland- 
ular elements  are  wanting,  is  probably  not  furuncular. 

Tfenlriietit. — Pleasures  must  be  employed  to  allay  pain, 
to  shorten  the  duration  of  the  disease,  and  to  prevent  re- 


lapses. If  the  case  is  seen  sufficiently  early  an  effort 
may  be  made  to  abort  the  attack.  Some  aurists  recom- 
mend local  depletion  by  leeching  or  by  means  of  the 
artificial  leech;  others  have  no  confidence  in  this  pro- 
cedure, but  rely  upon  the  topical  application  of  strong 
antiseptics  such  as  a  saturated  solution  of  boric  acid  in 
alcohol  frequently  applied,  or  alcoholic  solutions  of  men- 
thol, carbolic  acid,  creosote,  eucalyptol,  etc..  these  latter 
being  sedative  in  their  action  as  well  as  antiseptic. 
They  may  be  applied  in  solutions  varying  in  strength 
from  five  to  ten  per  cent.,  on  pledgets  of  cotton  wool, 
and  they  have  the  further  advantage  of  teiuling  to  pre- 
vent the  formation  of  fresh  foci  of  infiammation.  Of 
all  these  menthol  is  probably  the  best. 

If  a  fair  trial  of  such  measures  does  not  afford  relief, 
the  local  application  of  some  form  of  dry  heat  will  have 
a  soothing  effect,  and,  by  softening  the  tissues,  will  assist 
nature  in  bringing  the  suppurating  area  nearer  the  sur- 
face ;  at  the  same  time  syringing  the  ear  every  few  hours 
with  some  warm  antiseptic  solution  is  recommended. 
Most  otologists  are  agreed  in  recommending  an  early  in- 
cision of  the  swollen  parts  at  the  point  of  greatest  ten- 
derness, which  may  be  ascertaineil  liv  the  use  of  a  cotton- 
guarded  prol)e.  The  incision  slionlil  be  sutliciently  deep 
and  long  thoroughly  to  diviiie  and  relieve  tension  of  the 
inflamed  area:  a  short  strong  and  very  sharp  bistoury 
shoidd  be  used.  General  ana'Sthesia  is  hardly  necessary, 
but  the  winter  can  from  his  own  experience  confidently 
recommend  the  administration  of  ether  up  to  the  jioint  of 
producing  the  first  stage  of  amesthesia,  the  patient  sit- 
ting upright  in  a  chair  and  taking  the  anaesthetic  him- 
self. When  the  proper  moment  arrives,  an  instantaneous 
incision  can  be  made  witliout  inflicting  ]iain.  After  the 
incision  has  been  made  syringing  with  warm  bichloride, 
1  to  6,000  or  8,000,  is  in  order.  This  cleansing  may  be 
repeated  several  times  daily  and  supplemented  by  the 
use  of  a  dilute  solution  of  boric  acid  in  alcohol,  to  be  in- 
stilled aftersyriuging,  until  the  discharge  ceases.  Should 
granulations  or  polypoid  excrescences  spring  from  the 
wound,  their  removal  with  the  cold  snare,  by  curetting, 
or  by  caustic  applications  will  be  indicated. 

Tiie  sulphide  of  calcium.  Fowler's  solution  of  arsenic, 
iodide  of  jjotassium,  and  other  remedies  given  internally, 
have  been  recommended  by  several  otologists  of  repute, 
but  their  actual  value  has  not  been  sufficiently  established 
to  warrant  more  than  a  ])assing  mention.  Ana'mia,  con- 
stipation, etc.,  must  be  corrected  by  suitable  therapeutic 
measures.  Change  of  air  may  be  advi.sable  if  the  disease 
is  protracted  by  repeated  formation  of  furimcles,  and  if 
the  patient's  sjuiitary  surroundings  are  obviously  insalu- 
brious. Errors  of  diet  and  all  the  recognized  exciting 
causes  should,  as  far  as  possible,  be  avoided. 

A  mild  form  of  membranous  otitis  externa  is  seen  as  a 
rare  affection,  the  membrane  being  detjichable  without 
exposing  a  bleeding  or  ulcerated  surface,  and  belonging  to 
the  type  of  .so-called  croupous  exudation. 

EczEM.\ — To  avoid  repetition  it  has  been  thought  best 
to  consider  the  subject  of  eczema  of  the  auricle  and  of 
the  external  meatus  in  the  same  section,  and,  for  the 
same  reason,  the  sections  relating  to  pathologv,  causa- 
tion, and  general  principles  of  treatment  will  be  omitted; 
the  reader  being  referred,  for  information  in  regard  to 
these  subjects,  to  the  general  article  on  Ezcemti.  'We 
have,  therefore,  to  consider  the  subject  only  from  the 
standpoint  of  the  otologist,  which  means  an  attention  to 
certain  details,  chiefly  in  the  matter  of  local  signs,  diag- 
nosis, and  treatment,  not  likely  to  be  found  in  the  text 
books  on  dermatology  or  in  the  article  above  mentioned. 

This  form  of  dermatitis  may,  and  as  a  matter  of  fact 
often  does,  invade  the  auricle  and  meatus  as  a  part  of  a 
more  extensive  affection,  and  the  patient  will  then,  as  a 
rule,  not  come  under  the  observation  of  the  otologist  at 
all.  There  are,  however,  a  considerable  number  of  ca.ses 
in  which  the  aural  disturbances  appear  to  be  the  more 
important,  and  the  subjects  thereof  naturally  .seek  the 
advice  of  an  otologist,  if  such  can  conveniently  be  ob- 
tained, before  going  elsewhere.  It  is  then  to  this  local 
manifestation  of  eczema   that   we  purpose  calling   the 
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reader's  attention.  As  in  efzema  of  other  parts,  tlie 
niorbiil  eonditiun  of  the  intiirunient  of  tlir  niealns.  auri 
cle,  an<l  adjacent  parts  presents  itself  under  two  forms, 
acute  and  chronic. 

Acuii  Eczema  of  the  Auricle. — In  typical  cases  of  this 
disease  the  eruption  is  seldom  eontineil  strictly  to  the  in 
tegument  covering  this  structure,  but  involves  to  some 
extent  that  of  the  meatus  and  also  the  ailjacent  hairy 
scalp;  nevertheless  the  red,  swolk'n,  and  intlamed  auricle 
is  the  chief  feature  of  the  disease  and  becomes  the  source 
of  no  little  distress  and  an.\iety  to  the  patient.  Here,  as 
in  eczema  generally,  the  predisposing  cause  seems  to  be 
some  constitutional  diathesis  or  fault  in  nutrition,  as 
gout,  rheumatism,  or  scrofulosis,  of  which  there  may 
be  no  signs  until  some  further  disturbing  influence  is 
brought  into  play,  such  as  disorders  of  digestion,  unsuit- 
able articles  of  diet,  jierverted  habits  of  life,  or  anything 
which  interferes  with  the  proper  balance  between  as- 
similation of  fofid  and  excretion.  This  will  account  for 
most  of  the  apparently  s])onlaneous  attacks  of  eczema; 
but  there  are  many  cases  which  seem  to  come  on  as  the 
result  of  some  local  irritation,  refle.x,  mechanical,  or 
thermic  in  character,  or  as  a  secondary  manifestation, 
following  some  ichorous  discharge  from  the  middle  ear 
and  meatus.  In  these,  also,  some  of  the  above-mentioned 
underlying  causes  doubtless  play  a  part;  children  and 
members  of  certain  religious  conuuvmities  W'hose  ears  are 
kept  closely  hooded  in  warm  weather  arc  particularly 
liable  to  eczema  about  the  auricle,  which  often  appears 
to  commence  as  an  intertrigo  between  this  part  and  the 
skin  behind  it. 

An  acute  eczema  of  the  auricle  begins  with  a  sensation 
of  heat  and  tension  (which,  later  on,  gives  place  to  an  in- 
tense ]iruritus);  thus  there  is  much  swelling  and  redness. 
The  ear  now  appears  to  jirojcct  unduly  from  the  siile  of 
the  head,  and  the  clinical  picture  strongly  resembles  that 
of  erysipelas,  but  lacks  the  peculiar  cedenia,  the  mode  of 
extension,  and  the  severe  constitutional  disturbance  of 
this  disease;  the  last  mentioned  being  absent  or  compara- 
tively slight  in  acute  eczema. 

An  exudation  of  fluid  occurs  beneath  the  epidermis, 
and  this  manifests  itself  in  one  of  two  ways;  either  there 
is  a  multitude  of  line  vesicles  or  else  the  superlicial  epi- 
thelium may  simply  be  cast  off  by  the  exudation,  with- 
out distinct  vesiculation.  In  either  case  there  is  an  exu- 
dation, from  the  surface,  of  a  copious  yellowish  or  san- 
guinoleut.  sticky  fluid,  and  the  skin  appears  raw  and 
inflamed.  Pus  also  now  appears  upon  the  surface,  and 
the  discharge,  in  drying,  forms  crusts  or  scabs  over  the 
aflfected  part.  If  these  are  removed,  a  raw,  sometimes 
bleeding,  surface  will  be  found  underneath. 

After  this  stage  has  been  reached,  if  the  disease  attacks 
the  hairy  scalp,  as  it  is  especially  apt  to  do  in  strumous 
children,  the  lymphatics  become  affected,  as  shown  by 
enlargement  of  cervical  glands.  The  skin  lining  the 
auditory  canal  may  be  involved  to  such  an  extent  that 
tinnitus  and  partial  deafness  occur.  If  left  untreated, 
the  disease  readily  becomes  chronic,  with  thickening  and 
induration  of  the  deeper  layers  of  the  skin. 

If  a  local  irritation,  such  as  chronic  discharge  from  the 
ear,  is  the  chief  factor  in  bringing  on  an  attack,  it  often 
remains  unilateral;  but  when  the  affection  is  due  .solely 
to  constitutional  causes  both  ears  are  generally  affected 
at  the  same  lime.  AVhen  an  acute  eczema  is  limited  to 
the  auricle  and  canal,  it  is  scarcely  possible  to  differen- 
tiate it  from  a  diffuse  otitis  externa  due  to  any  other  cause. 

Chronic  eczema  is  not  necessiirily  or  indeed  often  trace- 
able to  an  acute  attack,  and  is  by  far  the  more  common 
form.  It  occurs  as  an  extension  from  the  hairy  scalp,  or 
as  the  result  of  some  local  irritation,  or  from  a  conslitu 
tional  tendency  which  may  give  rise  to  a  localized  eczema 
at  any  part  of  the  general  integument.  It  often  remains 
localized  at  some  particular  part  of  the  ear  for  an  in- 
detinile  period.  The  localities  nio.st  often  affected  are; 
the  meatus  or  the  lobule,  as  a  result  of  chronic  otorrhcea 
or  from  wearing  faulty  earrings;  the  posterior  attach- 
ment of  the  auricle  to  the  head,  especially  in  children; 
the  fossa  of  the  helix;  the  antihelix;  the  concha;  and. 


lastly,  the  entire  auricle.  A  slight  scaly  irritation  of  the 
outer  half  of  thecxiernal  auditory  canal,  alleudcd  with 
pruritus,  repiesenis  a  very  common  and  ndld  form  of  the 
disease.  This  condition  in  a  more  pronounced  form  is 
often  met  with  in  women  suffering  from  the  tlcbility 
which  belongs  to  various  pelvic  disorders  and  their  at- 
tendant <ligestive  disturbances. 

Thickening  of  the  entire  integument  is  characlerislic 
of  chronic  eczema;  it  .sometimes  amounts  to  a  veritable 
hypertrophy  of  the  affected  [lart,  and  may  occlude  the 
external  meatus  so  nuich  as  to  interfere  with  auditicm. 
The  skin  usually  feels  hard,  leathery,  and  thick.  Its  ap 
pearanc(;  is  not  always  llic  same,  but  varies  somewhat 
from  linu'  to  timi'cveii  in  the  sjiiue  case.  A  dull  |iinkisli 
color  is  often  present;  sometimes  I  lie  skin  is  smooth  and 
glossy,  as  if  it  were  tightly  stretched,  or.  if  the  epithelium 
is  cast  off  rapidly,  it  will"  be  covered  with  wliitish  scales 
and  will  |ireseiit  a  more  or  less  rough  surface.  Kfforts 
to  relieve  the  pruritus  may  lead  to  abrasions  and  per- 
haps bleeding;  lieiice  blnml  stained  crusts  or  scabs  arc 
often  seen,  and  a  temjiorary  increase  of  the  local  inflam- 
mation may  ensue  from  the  same  cause. 

Pruritus  is  a  constant  .symptom  of  chronic  eczema  and 
is  sometimes  exceedingly  annoying.  AVherever  the  skin 
is  much  thickened,  the  suifaceisapt  topre.sent  tissvu'csex- 
tending  into  the  corium.  These  are  particularly  notice- 
able about  the  entrance  of  the  auditory  canal  wherever 
the  meatus  has  long  been  the  seat  of  a  chronic  eczema. 

Treatment. — In  both  varieties  of  eczema  the  constitu- 
tional as])ect  of  the  di.sease  should  first  be  considered, 
and  suitjiblc  treatment  for  this  must  be  adojited.  Habit- 
ual errors  of  diet,  etc..  must  be  corrected.  The  internal 
administration  of  various  alkaline  and  laxative  reme- 
dies— such  as  Kochelle  .salts,  the  neutral  tartrate  of  pot- 
ash, l)icarb(mate,  acetate  or  citrate  of  sodium,  in  rather 
large  doses — materially  aids  local  treatment  in  bringing 
about  a  cure.  Local  exciting  causes,  if  present,  nuist  of 
course  be  eliminated. 

In  the  acute  form  the  subjective  symptoms  require 
special  measures  for  their  relief.  Cold  evaporating  lotions 
tend  to  allay  the  heat  and  itching,  often  so  distressing  to 
the  patient.  Pledgets  of  lint  laid  over  the  part  and  kept 
moist  with  a  solution  containing  liquor  plumbi  acetatis3 
parts,  glycerin  6  parts,  and  water  100  parts,  will  be 
found  to  answer  the  purpose  very  well.  One  per  cent, 
of  bismuth  subnitrate  and  a  small  quantity  of  morphine 
may  be  added  to  this  to  increase  its  soothing  eft'ect.  In 
the  presence  of  a  profuse  discharge  from  the  inflametl 
surface  a  drying  powder,  containing  combinations  of 
starch,  lycopodium,  oxide  of  zinc,  stearate  of  zinc,  bis- 
muth, etc..  in  varied  proportions,  may  be  found  prefer- 
able to  the  moist  dressing;  but  if  the  burning  sensation 
in  the  skin  is  intense,  some  form  of  ointment  is  indicated. 
One  or  more  of  the  four  last-mentioned  drugs  (with  or 
without  boric  acid,  or  morphine),  combined  with  vase- 
line, make  an  excellent  dressing.  The  luiguentum  dia- 
chyli  or  an  ointment  containing  two  per  cent,  of  creolin. 
smeared  on  pieces  of  soft  rag,  may  be  applied  constantly. 

It  is  not  at  anj-  time  desirable  to  irritate  the  inflamed 
surface  mechanically ;  hence,  when  crusts  have  formed, 
they  must  be  softened  with  olive  oil  or  vaseline  until  the}" 
can  easily  be  removed,  after  which  the  surface  should 
be  treated  with  some  sootliing  protective  powder,  or  with 
one  of  the  ointments  already  mentioned.  Washing  the 
affected  parts  with  water  is"  always  to  be  avoided,  but 
cleansing  occasionally  with  a  solution  of  subacetate  of 
lead  may  be  practised  with  benefit. 

Chronic  eczema  of  the  car  is  apt  to  run  a  protracted 
course,  even  under  the  most  favorable  circumstances,  and 
especially  so  if  suitable  treatment  be  not  persistently 
carried  on,  or  if  it  be  omitted  too  soon. 

The  local  apjilieations  employed  will  require  to  be 
varied  from  time  to  time  in  most  chronic  cases.  In  a 
general  way  applications  of  an  astringent  and  .stimulating 
character  are  to  be  employed,  but  in  the  presence  of  an 
acute  exacerbation  it  may  be  necessary  to  resort  to  more 
soothing  remedies.  A  light  covering  to  protect  the  auri 
cle  may  often  be  used  with  advantage,  but  not  to  the 
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extent  of  causing  undue  heat  and  moisture  of  tlie  skin, 
a  circumstance  wbich,  as  already  mentioned,  may  bring 
on  eczema  in  certain  persons. 

There  are  many  formula;  for  mild  stimulating  and  as- 
tringent ointments,  such  as  diachylon  ointment;  oil  of 
cade  in  vaseline,  three  per  cent. ;  beuzoated  lard,  with  or 
without  oxide  of  zinc  or  bismuth ;  boric  acid  in  vaseline, 
four  per  cent.,  etc.  All  of  these  act  beneficially .  in  part 
at  least,  hj-  excluding  the  air  from  the  inflamed  sUin. 
Olive  oil  or  vaseline  should  be  used  freely  to  soften  scales 
and  crusts,  so  that  they  can  be  wiped  away;  some  warm 
emollient  poultice  is  a  useful  adjuvant  to  these,  if  the 
softening  effect  of  the  oil  is  insufficient.  When  the  skin 
is  greatly  thickened,  indurated,  and  covered  with  dry, 
exfoliating  epidermis,  stronger  stimulation  is  indicated. 
Under  these  circiuustances  one  of  the  following  oint- 
ments may  advantageously  be  employed:  an  ointment 
containing  tar  or  ammonio-chloridc  of  mercury;  a  mix- 
ture of  equal  portions  of  ung.  picis  lin.  and  zinc  oint- 
ment; simple  benzoinated  lard,  or  the  latter  with  four  or 
live  per  cent,  of  the  ammonio-chloride;  and,  tinally,  ich- 
tliyol  and  benzoinated  lard.  Acetum  cantharidis,  which 
is  a  still  stronger  stimulant,  has  been  found  to  act  better 
llian  any  other  remedy  in  allaying  the  itching  and  reduc- 
ing the  brawny  infiltration  of  the  skin.  This  effect  is 
due  to  the  free  sero\is  transudation  which  it  induces.  It 
may  be  painted  over  the  affected  part  with  a  cotton- 
wool swab  once  every  twenty-four  hours,  tmtil  the  proper 
effect  is  obtained — that  is.  exfoliation  of  all  thickened 
epidermis  and  softening  of  the  skin,  which  then  becomes 
covered  with  a  thiiuier  and  more  normal  epithelium. 
Should  the  reaction  be  excessive,  some  soothing  oint- 
ment will  allay  all  discomfort  in  a  few  hours.  The  proc- 
ess may  V)e  repeated  every  few  days  until  all  thickening 
has  disappeared.  Many  authorities  highly  recommend 
nitrate  of  silver — iu  solutions  of  from  two  to  four  per 
cent,  or  even  greater  strength — as  a  local  apjilication  in 
chronic  eczema.  Paint<'d  over  the  surface  after  all  .scales 
have  been  removed,  it  stimulates  the  epithelium  to  a 
more  healthy  growth,  es|iecially  after  the  thiikciiiiig  of 
the  skin  has  been  reduced  by  the  u.se  of  the  renii'dies 
already  mentioned.  For  the  relief  of  fi.ssures  in  the  skin 
of  the  meatus  the  writer  has  foimd  repeated  i)ainting 
with  a  strong  (ten  to  twenty  per  cent. )  soluticm  of  sil- 
ver nitrate  most  ellicient.  Practitioners  wlio  are  in  the 
habit  of  prescribing  arsenic  in  all  cases  of  chronic 
eczema  will  do  well  tn  rememlier  that  this  treatment 
has  not  found  much  favor  with  dermatologists  of  the 
present  time;  its  effects,  although  sometimes  favor- 
able, have  on  the  other  hand  often  been  found  de- 
cidedly injurious. 

Tunc  Diphtheritic  Otitis  Exteun.\  does  sometimes 
occur,  but  very  rarely,  and  then  almost  always  as  a 
complication  of  scarlatinous  diphtheritis  of  the  throat 
and  middle  ear  (Politzer).  Primary  diphtheritis  of  the 
meatus  has  been  observed  during  epiiU'Uiics  of  di])htheri- 
tis;  but  in  these  few  instjinces  there  already  existed  an 
inflanunation  or  excoriation  of  the  meatu.s,  an<l  it  was  in 
this  favorable  soil  that  the  accidental  infection  oc- 
curred. This  primary  form  is  s<iid  not  to  be  attended 
with  constitutional  disturbance  and  readily  yields  to 
treatment. 

A  false  membrane  of  a  dirty  white  color  and  firmly  ad- 
herent to  the  walls  of  the  meatus  is  characteristic  of  diph- 
theritic otitis  e.vterna.  When  the  membrane  is  forcibly 
removed,  the  exposed  parts  are  found  tender  to  the  touch, 
excoriated,  ulcerated,  and  bleeding.  Severe  pain,  a  feel- 
ing of  fulness,  tinnitus,  and  deafness  only  occur  in  the 
jniniarv  form  of  this  disea.se;  when  it  is  associated  with 
diphtheritis  of  the  throat  and  middle  ear,  there  is  little 
or  no  pain,  but  there  may  be  ana'sthesia  of  the  parts 
around  the  ear(Wreden,  Wendt,  Blau).  Primary  diph- 
theritic otitis  externa  usually  terminates  in  recovery 
without  injury  to  the  ear.  The  consecutive  form  (in 
reality  a  diffuse  otitis  externa)  is  apt  to  result  in  destruc- 
tive ulceration  of  the  membrana  tympani,  exfoliation  of 
the  ossicles,  and  more  or  less  extensive  caries  of  the  tem- 
poral bone.     Such  destructive  changes  depend  upon  the 


severity  of  the  original  disease — diphtheritic  inflammation 
of  the  fauces,  or  the  angina  of  scarlatina  with  tympanic 
complications. 

The  tiratiiii /it  of  diphtheritic  otitis  externa  should  be 
antiseptic.  Lime-water  instillation,  followed  by  syring- 
ing with  a  solution  of  lioric  acid,  will  favor  separation 
of  the  membrane  (Burkhardt-Merian).  After  .springing, 
the  meatus  may  be  filled  with  powdered  boric  acid.  Car- 
bolic glycerin  (1  to  1.")).  carbolic  spirit  (1  to  20).  or  a  solu- 
tion of  boric  acid  iu  spirit  (1  to  20),  may  be  painted 
over  the  affected  parts  if  the  membrane,  after  being  once 
detached,  tends  to  form  again.  Forcible  detachment  of 
the  membrane  is  injurious  and  likely  to  be  followed  by 
fresh  infection  of  tlie  denuded  surface  and  an  aggrava- 
tiim  of  the  local  condition.  The  treatment  with  anti- 
toxin and  the  employment  of  constitutional  remedies 
are  indicated  in  this  as  in  other  forms  of  diphtheria. 

Syphilitic  Affections  of  the  Meatus  are  discussed 
in  one  of  the  later  articles  of  this  series,  and  the  reader  is 
therefore  referred  to  this  for  information  upon  the  sub- 
ject. 

Exostoses  and  Htperostoses  of  the  external  auditory 
canal  are  not  of  infrequent  occurrence.  They  are  con- 
genital or  acquired,  and  may  be  single  or  multiple,  spongy 
or  eburnated,  pedunculated  or  with  broad  base.  Their 
favorite  situations  are  at  the  outer  portion  of  the  osseous 
meatus,  or  at  its  inner  extremity,  clo.se  to  the  membrana 
tympani.  Occasionally  they  entirely  close  the  lumen  of 
the  canal,  but  only  in  this  event,  or  when  the  already 
narrowed  meatus  liecomes  blocked  with  secretion,  do  they 
eau.se  much  disturbance  of  hearing.  This  is  the  more 
likely  to  occur  bc'cause  the  presence  of  these  tumors 
favors  inflanunation  of  the  cutaneous  lining  of  the  mea- 
tus. Exostoses  an:  often  bilateral,  and  they  are  much 
more  fre(|uent  in  the  male  than  in  the  feuiale  sex.  The 
cau.ses  of  aciiuired  exostoses  have  not  been  determined 
with  certainty.  Rheumatism,  arthritis,  and  syjihilis  are 
spoken  of  as  constitutional  causes,  but  these  tumors  arc 
often  hereditary  and  unassociated  with  any  of  these  dis- 
eases. Among  the  aliorigines  of  America  and  the  na- 
tives of  the  Sandwich  Islands,  they  seem  to  ocevir  with 
special  frequency;  in  the  latter,  excessive  indulgence  in 
sea  bathing,  with  the  consequent  irritation  of  the  auditory 
canals  by  salt  water,  is  alleged  to  be  the  cause  of  this  de- 
velopment. Local  processes  involving  chronic  hyper 
a?mia  of  the  auditory  canal  seem  to  predispose  to  over- 
growth of  the  adjacent  bone,  sometimes  in  the  form  of 
diffuse  hy perosto,ses  but  more  often  as  circuniseribi'd  out 
growths  or  exostoses,  ^Vllen  they  coexist  with  rhionic 
sujipuration  of  the  middle  ear,  their  presence  forms  an 
additional  source  of  danger  by  favoring  r;'tention  of  pus. 
Fig.  1706  gives  a  good  idea  of  the  appearance  presented 
by  multiiile  exostoses.  They 
usually  appear  as  white  or  yel- 
lowish, smooth  |ironiinen<'es,  and 
when  examined  with  a  ]U'ol)e  are 
found  to  be  exceedingly  firm  to 
the  touch.  This  feature  serves 
to  distinguish  them  from  all 
other  pathological  formations  in 
the  meatus,  even  when  the  skin 
covering  them  is  red  and  in- 
flamed. 

Small  exostoses  may  last  a 
lifetime  without  detriment  to 
the  subject,  but  larger  os.seous 
growths  are  apt  to  give  trouble 
bj'  favoring  the  accumidation  of 
cerumen,  epidermis,  etc. 

Trent  lite  lit. — Medication,  local 
or  general,  with  a  view  to  pro- 
curing absorption,  is  useless. 
When  the  exostoses  are  of  small 
size  and  present  no  evidences  of 
irritation,  they  slnndd  not  be  interfered  with.  If  chronic 
.suppurative  disease  of  the  tympanum  is  present  it  should, 
if  possible,  be  healed ;  if  this  is  impracticable,  the  auditory 
canal  must  be  kept  scrupulously  clean.     An  accumula- 


FIG.  1706.  — Two  E.xasToses 
of  tlie  Extfrnal  Auditory 
Canal,  in  Contact  Inter- 
nally.   (After  Toynljee.) 
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tiou  of  secretion  boyond  the  iirowtlis  may,  with  riiro.  be 
removed,  even  throuirli  a  small  aperture.  The  otTend- 
ing  .substance  may,  if  necessary,  tirst  be  softened  by 
injeetiuj;  a  few  ilrops  of  warm  solution  of  carbonate 
of  soda  (1  to  20)  tlirouiih  a  suitable  cannula,  the  point 
of  which  is  l)ushed  into  the  aperture;  then,  on  the  fol- 
lowing day.  a  free  injection  of  warm  water  tliroujih  the 
s;une  instrument  will  probably  brinit  the  accumulation 
away.  When  the  narrowini;  of  the  canal  is  too  great  to 
admit  of  such  cleansing  measures,  and  there  are  great 
deafness  and  deep-seated  pain,  indicating  pressure  from 
retained  .secretion,  surgical  removal  of  the  exostosis  may 
become  imperative,  or  a  counter-o]iening.  extending 
down  to  the  antrum,  may  be  established  in  the  mastoid 
process.  The  operative  iirocedure  to  be  chosen  will 
depend  chietly  on  the  particular  characters  of  the  case. 
If  the  growth  is  obviously  iiedunculate  and  can  be  sur- 
rounded liy  a  suitable  steel  snare  wire,  it  may  be  removed 
in  this  way,  or  the  peduncle  may  be  broken  by  a  few- 
taps  with  ciiiscl  and  mallet.  .Vs  a  rule,  however,  growths 
of  this  kind  requiring  operative  interference  are  of  a 
more  sessile  kind  and  must  be  chiselled  away  piecemeal 
or  drilled  through  at  their  bases  and  then  detached  with 
<-hisel  and  mallet.  Formerly,  operations  of  this  kind 
were  done  through  the  external  meatus,  but  the  dillicul- 
ties  encountered  were  such  as  to  make  some  casiei' 
method  desirable.  This  has  been  attained  by  first  de- 
taching the  auricle  from  behind,  throwing  it  forward,  and 
so  exposing  the  comparatively  short  bony  canal — a  iiro- 
cedure which  has  been  found  greatly  to  facilitate  removal 
of  the  growth,  esjiecially  if  it  springs  from  the  inner 
portion  of  the  canal. 

AnsENCK  OF  THK  JIeati's. — Occasionally  the  meatus  is 
found  terminating  as  a  smooth,  cutaneous  cul-de-sac, 
without  any  appearance  of  a  tympanic  membrane;  the 
canal,  under  these  circumstjinces.  being  smooth,  pale, 
and  shoi-ter  than  normal.  This  condition  resrdts  from 
ulcerative  intlammation  of  the  meatus,  with  innuediate 
contact  and  union  of  its  walls,  or  the  union  may  take 
place  through  the  intervention  of  granulation  tissue. 
The  atresia  may  be  formed  by  osseous  or  tibrous  tissue, 
or  it  may  consist  of  only  a  thin  seiituiu.  If  the  obstruct- 
ing tissue  does  not  consist  ot  b<ine,  the  fundus  of  the  cul- 
de-siic  will  be  found  to  be  yielding  and  elastic.  If.  un- 
der these  circumstances,  bone  conduction  shows  a  normal 
condition  of  the  internal  ear,  the  septum  may  be  divided 
or  partially  excised,  and  a  ]iermaneut  opening  secured  liy 
the  introduction  of  leaden  pegs.  or.  better  still,  a  smooth 
glass  plug  conical  in  shape  may  be  retained  in  the  canal 
until  heaiing  has  taken  place.  Pulitzer  relates  a  case  of 
this  kind  in  which  he  obtained  great  and  jicrmanent  im- 
provement in  the  hearing.  The  writer,  too,  has  had  ex- 
cellent results  through  the  use  of  a  perfectly  smooth  glass 
cone  instead  of  the  leaden  plug. 

Poi.YPi. — The  development  of  jiedunculated  connec- 
tive-tissue growths  in  the  meatus  is  a  conunon  sequence 
of  neglected  chronic  suppuration  of  the  middle  ear. 
Those  which  grow  from  some  part  of  the  tymjianic  mu- 
cous membrane  will  receive  due  consideration  in  the  ar- 
ticle which  treats  of  the  latter  subject.  Polypi  may  also 
ilevelop  from  the  lining  of  the  meatus,  their  point  of  at- 
tachment conunonly  being  the  posterior  or  superior  wall, 
near  the  membrdua  tympani,  while  only  rarely  do  they 
originate  from  a  more  external  jiart-of  the  auditory  ca- 
nal. In  the  case  of  those  growths  which  spring  from 
the  meatus,  it  is  said  that  they  often  result  frcjm  ]iro- 
louged  and  injudicinus  ]ioulticing. 

Aural  jioly pi  are  usually  single;  several  may,  however, 
grow  simidtaneously  in  one  ear.  Their  surface  is 
smooth  or  finely  lobtilated.  and  they  are  always  covered 
with  epithelitun.  They  are  sometimes  large  enough  to 
fill  the  meatus,  and  they  may  even  project  for  a  short 
■distance  beyond  the  external  oritice;  others,  again,  do 
not  exceed  the  size  of  a  pea  and  present  no  external  evi- 
dence of  their  presence.  When  they  are  small  but  yet 
large  enough  to  be  moulded  by  the  meatus,  their  shape 
is  globular^  pear-shaped,  or  elongated.  Those  which 
project  beyond  the  external  meatus  are  of  a  pale  color 


and  have  a  surface  covered  with  ei)ithelium  nut  unlike 
that  of  the  adjacent  integument. 

The  diagnosis  of  polypi  presents  nodiflicullies.  Simple 
inspection  w  ill  sulllce  todi'terminetheir  |iresence.  Malig- 
nani  new  formations,  siu-inging  from  the  same  parts,  may 
possilily  lead  to  an  erroneous  diagnosis.  C'arefid  exjilora- 
tiou  of  the  meatus  willi  n  liiunt  iirobe  will  generally  enable 
the  surgeon  to  determine  the  jioint  of  attachment  of  the 
polypus.  .Vccoriling  lo  I'olitzer,  pale-red  or  jiearl  gray 
polypi,  with  a  smooth  or  moderately  rough  surface, 
spring  usually  from  Ihe  meatus;  while  the  sodden,  red, 
vascular,  raspberry-shaped  growths  with  villiform  iiajiil- 
latcd  surfaces,  most  fre(piently  arise  in  the  tympanic 
cavity. 

The  piw/iiiiKM  is  generally  favorable,  especially  in  Ihe 
case  of  polypi  which  sju-ing  from  the  meatus,  their  llior 
ough  eradication  being  le.ssdilticult  than  when  the  growth 
originates  in  the  lessaccessible  tympanum.  Large  jiolypi. 
of  course,  always  act  as  nu'Chanical  inqiediments  to  hear- 
ing, and  their  removal  may  be  followed  In'  great  imjirove- 
ment  in  the  hearing  power;  the  prognosis,  however, 
must  be  guarded  in  this  respect,  even  when  there  is  reason 
to  believe  that  the  condition  of  the  internal  ear  is  normal, 
since  the  pliysical  coiiditiims  in  Ihe  middleear  isubje<'t  as 
it  has  been  to  the  pathological  changes  incident  to  a  long 
period  of  chronic  suppm-ative  intlanunation)  may  render 
a  restoration  of  the  hearing  imitossible. 

Treatmeiit. — Removal  of  polypoid  growths  is  always 
advisable;  it  may  be  accomplished  in  various  ways. 
When  the  fact  can  be  established  that  the  growth  springs 
from  the  walls  of  the  meatus,  its  extraction  l)y  means  of 
Wilde's  or  Blake's  snare  may  be  tuidertaken.  The  loop 
of  the  snare  should  bi-  tightened  around  the  ]iedicle  of 
the  growth,  close  to  its  insertion,  and  the  operation  com- 
pleteil  by  traction;  or,  if  a  moderate  amoimt  of  traction 
will  not  suffice,  ligature  of  the  polypus  may  be  etfected 
by  rotating  the  instrument  on  its  long  axis  until  a  greater 
resistance  is  felt ;  whereupon  the  wire  is  cut  loose  from 
the  cross  bar  and  the  instrument  removed,  leaving  the 
twisted  wire  looji  arovmd  the  pedicle.  This  causes  stran- 
gulation and  death  of  the  growth. 

If  there  is  a  probability  that  the  growth  springs  from 
the  membraua  tympani  or  from  the  tympanic  cavity,  it 
should  lie  snared  off  as  deeply  as  possible,  traction  not 
being  adnnssible  on  account  of  the  damage  that  might 
accrue  to  the  drum  membrane.  Politzer's  annular  knife 
is  also  a  valuable  instrument  for  t!ie  excision  of  polyjii. 
Small  pedunculated  growths  may  sometimes  lie  crushed, 
or  rem<ived  with  suitalile  forcejis.  or  with  one  of  Buck's 
loop  curettes.  In  most  cases,  after  removal  of  the  mass, 
the  root  will  require  to  lie  touched  at  intervals  of  three 
or  four  days  with  chromic  acid,  applied  very  can-fully, 
under  good  illumination.  1)V  means  of  a  cotton-tipiied 
probe. 

The  galvanocautery  may  be  used  with  advantage  for 
the  removal  of  large,  tirnily  attached  fibroid  polypi,  and 
also  for  cauterizing  granulations  and  the  remnants  of 
polypi.  Its  usi'  is  said  to  lie  followed  liy  less  intlamma- 
tory  reaction  than  is  observed  after  the  employment  of 
caustics. 

As  the  subject  of  benign  growths  in  the  external  audi- 
tory canal  is  fully  discu'ssed  by  the  writer  of  the  article 
on'chnmic  suppuVative  infianimatiou  of  the  middle  ear. 
and  inasmuch  as  there  are  lo  be  special  articles  d<'V<ited 
to  malignant  new  growths  and  to  injuries  of  Ihe  ear  re 
spectivelv.  the  present  writer  considers  himself  at  liberty 
to  omit  "all  further  mention  of  these  subjects  in  this 
article.  Fiuiuli  Biithr. 

EAR  DISEASES:  ALTERATIONS  IN  THE  TYM- 
PANIC MEMBRANE  AND  ADJACENT  BONY  WALLS 
DUE  TO  FORMER  DISEASE.— Inasmuch  as  the  a<tiv,- ..r 
current  changes  of  the  ilruinhead  and  adjacent  walls  inci- 
dent to  the  vanousdisea.sesaretobedealt  with  in  ihemori! 
clinical  articles,  it  is  here  designed  to  present  the  sequent 
and  more  persistent  changes  and.  in  any  overlapping  of 
fields,  to  take  the  standpoint  of  the  morbid  anatomy  and 
the  general  processes  producing  them.     My  topic  does 
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not  deal  with  the  drum  meiiibi-ane  alone,  but  also  with  the 
related  structures;  for  clinical  otology  is  accepting  in 
slowly  increasing  degree  the  teachings  of  aural  anatomy 


Fifi.  1707.— Inner  Aspect  of  8qiiiim;i  in  it.s  Relation  to  tlie  Annttlus 
and  Ossicles.  The  scute  is  partly  hidden  by  the  incus  and  malleus 
head,  but  the  posterior  and  descending  portions  are  well  shown, 
\yith  the  legmen  roofing  in  bipth  antrum  and  attic. 

which  we  owe  to  Leidy.  and  i.s  recognizing  that  the 
tyinpanum  includes  always  tlie  antrum  and  attic  as  well 
as  the  lower  cavity,  and  hence  that  its  outer  bony  wall 
must  be  considered  with  the  membranous.  And  just 
as  modern  anatomy  has  ceased  to  lay  stress  upon  tliose 
details  of  structure,  like  the  bony  laliyrinth,  wliich  have 
a  merely  picturesque  interest  but  are  without  develop- 
mental or  physiological  importance,  so  as  pathologists 
we  should  slight  luere  morbid  changes,  however  demon- 
strable as  results,  in  favor  of  the  study  of  the  perverted 
piocesses  which  they  indicate  and  which  it  is  our  clini 
eal  duty  to  combat. 

The  outer  wall  (more  strictly  the  lower,  as  it  looks  more 
down  than  out)  of  the  tympanum  consists  of  the  tense  or 
vibrating  drumhead,  the  flaccid  membrane  above  the 
folds  that  stretch  in  both  a  backward  and  a  forward 
direction  from  the  short  process,  and  the  bony  wall  ( pars 
iissea,  Walb)  that  separates  the  attic  and  antrum  from 
tlie  auditory  meatus.  This  last  is  in  the  adidt  an  unde- 
tincd  part  of  the  canal  wall:  but  in  the  infant  it  is  a  tri- 
angular process  of  the  S(|uama  (the  "scute"  of  Leidy) 
wliicl,  can  be  readily  detached  from  the  petro-mastoid 
to  uncover  these  upper  tympanic  cavities  (Fig.  1707). 
Fiom  this  plate  all  of  the  upper  and  most  of  the  back 
wall  of  the  canal  develops,  just  as  the  reiuainder  of  the 
wall  is  the  outgrowth  of  the  tympanic  bone  or  annulus 
Hence  the  region  of  election  for  opening  the  antrum,  and 
the  ftpiiiit  siijira  meutiim  which  marks  it  in  the  adult,  are 
located,  at  least  iu  infancy,  in  the  squamosal  and  not  in 
the  true  mastoid  portion  of  the  temporal  bone.  But  it  is 
only  the  innermost  part,  corresponding  with  the  unde- 
veloped "scute."  which  remains  a  bounding  wall  of  the 
tympanic  spaces. 

Something  of  the  same  sort  may  also  be  said  of  tlie  orig- 
inal annulus,  since  the  bottom  of  the  tyiupanum  proper 
almost  undermines  it,  foriuing  a  "cellar"  (Kretschmann) 
below.  The  usual  lack,  in  this  region,  of  septal  folds  in- 
terfering with  drainage  makes  it  far  less  liable  to  special 
involvement  than  the  antium  and  attic:  although  it  is 
not  infrequently  the  seat  of  persistent  caries,  and  its 
close  relation  to  the  bulb  of  the  jugular  and  the  lower 
curve  of  the  carotid  can  render  such  a  caries  serious. 

As  the  triangular  light  s]iot  should  constitute  the  most 
conspicuous  feature  of  the  normal  drumhead  (Plate  .\xv.. 
Figs.  1  and  2).  so  its  alterations  are  among  those  most 
easily  recognized.  Its  changes  of  form,  brightness,  and 
position  are  dealt  with  in  relation  to  the  tympanic  inflam- 


mations by  other  contributors ;  yet  some  reiteration  seems 
fair  in  regard  to  so  important  a  matter.  Based  upon  the 
glossy  smoothness  of  its  epiderm.  the  oblique  position  and 
the  centrally  depressed  but  slightly  convex  contour  of  the 
membrane,  the  light  sjiot  is  generally  seen  downward  and 
forward  from  the  tip  of  the  lualleus  handle,  becau.se  this 
part  only  of  the  drumhead  is  at  right  angles  to  the  line 
of  illumination  and  of  sight  and  can  thus  reflect  back  to 
the  observer  the  light  thrown  upon  it.  The  light  spot 
can  be  shortened  by  slight  depression,  reduced  to  a  point 
by  more  marked  retraction,  altered  to  a  crescent  or  even 
to  a  peripheral  line  concentric  with  the  annulus  by  dis- 
tinct cupping,  changed  lo  a  more  horizontal  or  vertical 
direction  by  localized  displacement,  or  divided  fan-like 
by  plications  of  a  relaxed  membrane.  Its  lustre  may  be 
dulled  by  ledematous  maceration  of  the  epiderm  or  lost 
when  this  is  extreme  or  exfoliation  is  going  on:  and  it  is 
important  in  this  section  to  note  that  these,  which  are 
often  the  earliest  symptoms  in  the  inflammatory  process, 
are  also  generally  the  last  persisting  vestiges  of  its  course. 
The  light  spot  may  be  simulated  by  reflection  from  fluid 
in  front  of  the  drumhead  or  even  from  a  mass  of  wax 
with  its  greasy  lustre,  when  carelessly  observed  through 
a  poorly  ilhuuinated  canal;  and  it  may  be  absent  from 
view  simply  because  the  tortuosit}'  of  the  canal  humps 
up  the  floor  or  anterior  wall  so  as  to  hide  the  region  of 
the  light  spot  from  view. 

Any  change  from  the  typical  cusp  like  triangle  of  light 
in  the  anterior  inferior  iiuadrant,  or  any  reflection  else- 
where from  the  surface  of  the  drumhead,  is  to  be  closely 
scrutinized  as  anomalous  if  not  strictly  pathological.  De- 
pression of  the  flaccid  "Shrapnell"  membrane  above  the 
short  process  ustially  gives  a  point  of  light  here  which  is 
of  evil  import,  and  the  prominence  of  the  posterior  fold 
or  of  any  other  protruding  portion  of  the  membrane  can 
give  a  reflection  from  its  convex  surface.  The  play  of 
these  light  spots  under  the  pneumatic  speculum  is  also 


Fig.  17(1S.— Vertical  Section  of  Lower  Part  of  Dnimhead.  X  35. 
(Bnmner.)  On  the  left  the  skin  of  the  canal  thins  as  it  pa.sses  over 
the  tendinous  annulus  ((),  until  at  (Jit  is  hardtv  more  than  epi- 
derm (e) ;  so  too  does  the  tympanic  mucous  memhrane  on  the 
right  Ch).  The  memhrana  propria  shows  its  i-adiate  fibres  (f)  pass- 
ing into  the  thickened  fibrous  annulus  for  insertion  into  the  Ijony 
gniove  im) :  whib'  xh*-  tnin-^versely  cut  circular  fibres,  sparse  at  g, 
thicken  at  the  margin  into  a  firm  ring  (xx). 

full  of  instruction,  not  only  as  to  the  past  and  present  of 
the  case,  but  also  as  giving  at  times  indications  for  suc- 
cessful treatment. 

The  color  of  the  drum  membrane  may  also  show  much 
of  meaning.     Normally  of  a  rather  bluish-gray,  it  ought 
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Fig.  1.  -Normal  left  drum  membrane  as  seen  by  suffused  daylight. 

Hg.  2.— Nornml  right  membrane  by  lampljeriit. 

Fn;.  3.— Rupture  uf  a  partially  thinned  left  membrana  tvmpani  bv  a 
kiss.  Slight  eccbymosis  «>f  the  lower  flap-like  margin  of  the  tear,  with  in- 
je<_-tion  of  the  vo^^sels  of  the  manubrium. 

Fig.  4.— Rupture  of  the  left  drum  membrane  by  a  bos  on  the  ear.  Rag- 
ged rent  with  extravasation  in  the  wound  mai'gins  and  injection  of  the 
vessels  alonp:  the  malleus  handle.  The  rent  extends  nearly  vertically  be- 
hind the  umbo  and  gapes  slightly. 

Fui.  5. -Rupture  of  tiie  left  membrane  by  punclure  with  a  knitting- 
needle.  Ecehyraosis  at  the  lower  periphery  of  the  rounded  opening  and 
Injection  of  the  manubrium  vessels. 

Fig.  6.— Oouble  rupture  of  the  right  membrana  tvmpani  caused  by  a 
fall  int^  the  water.  Slight  injection.  A  semilunar  rent  in  unner  poste- 
rior quadrant  and  a  longer,  more  crescentic  tear  below.  Both  ai  e  rather 
parallel  to  the  circular  fibres. 

Fig.  T.—Ecchymosis  on  the  right  membrana  tympani  back  of  the  tip  of 
the  malleus  handle. 

Fig.  8.  -Pigmentation  of  the  region  of  the  umbo  in  the  right  membrana 
tympani— the  remains  <"'f  an  extriivasation. 

Fig.  9.  Fracture  of  the  malleus  handle  on  the  left,  with  malposition  of 
the  anteriorly  displaced  lowi-r  fnitnuent.  Retraction  of  ihtr"  cicatrized 
neighbprhood  of  the  umbo,  with  distorted  reflection  of  light  and  crescen- 
tic opacity  of  the  lower  anterior  quadrant. 

Fig.  10.  Injection  of  the  rutis  of  tht-  upper  half  of  the  rightdrum  mem- 
brane.   Slight  dulling  of  the  lustre  or  obscunntr  of  details. 

Fig.  11.— Radiate  Injection  of  thn  right  membrana  tympani.  The  mal- 
leus handle  hidden  by  vascularization,  and  only  the  short  process  vis- 
ible. 

Fig.  12.— Acute  myringitis  of  the  left  membrana  tympani.  Inflamma- 
tion limited  to  upper  half,  where  a  hemispherical  swelling  hides  all  de- 
tails except  :l  faint  indication  <<{  the  short  process. 

Fig.  13.  Acute  myringitis  of  the  left  membrane,  with  intense  radiate 
dark  injection.  Exfniiated  epithelium  upturn  the  posterior  portion  and  a 
line  of  purulent  fluid  below. 

Fig.  14.— Aiute  myringitis  of  the  right  membrana  tympani,  with  two 
abscesses  in  the  posterior  half. 

FiG.  15. — c;ranu!ations  upon  the  left  membrane  in  chronic  myringitis. 

Fig.  16.— Chronic  myringitis,  with  concealment  of  all  details  by  epider- 
mal exfoliation. 

Fig.  17.— chronic  myringitis  of  the  left  membrana  tympani.  with  radi- , 
ating  injection,  swelling  of  rue  entire  membrane,  and  a  sac-like  bagging 
posteriorly  fliled  with  pus. 

Fn;.  18.— Ulceration  of  the  right  membrana  tympani  in  chronic  mjTin- 
gitis.    Line  of  pus  roUection  below. 

Fig.  19.— riiolesteatomata  on  the  left  membrana  tympani.  after  the  re- 
moval of  an  Impacted  mass  of  cerumen.  Injection  of  the  vessels  of  the 
manubrium  and  dulling  of  the  light  triangle. 

Fig.  2t'.— Exostoses  upon  the  left  drum  membrane,  before  and  behind 
the  manubrium. 

Fig.  21.— Sunken  left  drumhead  in  simple  acute  otitis  media,  with 
prominence  of  the  posterior  fold,  dark  coloration  of  the  membrane,  and 
bright  point  in  front  of  the  short  process. 

¥ui.  2-^  —Strongly  indrawn  right  drumhead  in  a  case  of  acute  simple 
otitis  media.  Marked  prominence  of  the  pf>sterior  fold  :  broken  triangle 
of  light  and  anomalous  liiriit  spot  In  front  of  the  short  proce-ss. 

Fig.  2:i.— Marked  retraciion  of  the  left  membrana  tympani  in  acute 
catarrhal  otitis.  Both  anterior  and  postertiT  folds  prominent ;  incus 
shank  discernible ;  "kneeing"  of  the  intermediary  zone,  and  dark  col- 
oration of  the  membrane. 

Fig.  24.— Injection  and  swelling  of  the  left  membrana  tympani  in  acute 
simple  otitis  n.edia. 

Fig.  25.— Exudation  in  the  right  drum  cavity,  with  curved  siutace  line 
visible  through  the  membrane. 

Fig.  20.— Exudation  with  angular  surface  line  in  the  left  tsTnpanum; 
marked  prominence  of  the  posterior  fold ;  punctate  light  spot  in  front  of 
the  short  process. 

Fig.  37.— Distention  of  the  upper  posterior  quadrant  of  the  left  mem- 
brana tvmpani  by  serous  exudation. 

Fig.  28.  -  Sac-like  distention  of  the  posterior  half  of  the  right  membrana 
tympani.  Acute  otitis  media  simplex,  with  diffuse  injection  of  the  mem- 
brane. 

Fig.  29.— Bubbles  formed  by  the  air  douche  in  the  exudate  within  the 
left  tympanum. 

Fig.  'SO.  —Distention  of  the  left  membrana  tympani  by  exudate  in  simple 
acute  otitis  media.  Bulging  hypenemia  and  swelling  of  the  entire 
membrane. 

Fh;.  31.— Crescentic  opacity  of  the  posterior  portion  of  the  left  mem- 
brana tympani  in  chronic  otitis  media  simplex. 

Fig.  :52.— Peripheral  opacity  of  the  riirht  membrane  in  chronic  catarrh. 

Fig.  33.— Flaky  opacity  of  the  left  membrana  tympani  in  chronic  otitis 
media. 

Fi(i.  34.— Sunken,  clouded  membrane,  with  prominent  posterior  fold 
and  quadrate  reflex. 

Fig.  35.— Radiate  atrophic  area.s  iq  the  opaque  R.  membrana  tympani. 

Fig.  36.— Atrophic  left  membrana  tympani.  showing  the  incudo-stapedial 
joint. 

Fig.  37.— Atrophic  and  relaxed  L.  membrane  in  chronic  catarrhal  otitis. 

Fig.  38.— Distention  of  the  posterior  half  of  the  nght  membrana  tym- 
pani by  yellowish  exudate. 

Fig.  39.— Hyp^ri^uiia  of  the  promontory  in  sclerotic  catarrh  of  the  tym- 
panum, showing  through  the  retracted  membrane. 

Fig.  40.— Right  membrana  tympani.  showing  hypersemia  and  swelling 
of  its  mucosa,  and  opacity  in  the  membranji  propria. 

Fig.  41.— Milky  opacity  of  right  membrana  tympani,  witli  marked  per- 
ipheral thickening  and  broken  light  spot. 

Fici.  42. —Thickened  and  sunken  left  membrana  tympani,  with  shining 
through  of  promontory ;  sclerosis. 

Fig.  4^1— Broadened  and  distorted  manubrium ;  promontory  discerni- 
ble ;  sclerotic  catiirrh. 

Fig.  44.— Attiichment  of  the  umbo  to  the  promontory  in  case  of  marked 
retraction  of  right  membrana  tympani. 

Fig.  4o.~Adhesion  of  the  upper  posterior  quadrant  of  the  sunken  drum 
membrane  to  the  chorda  tympani  and  the  incudo-stapedial  joint.  Umbo 
in  contact  with  promontory. 

Fig.  46.— Adherent  bands  in  lower  posterior  part  of  tympanum  tying 
down  the  membrane. 


Fig.  47.  -  Injection,  swelling,  and  discoloration  of  the  right  membrana 
tympani  with  congestion  of  the  manubrium  ;  crescentic  light  reflex,  and 
exudation  in  tympanum  visible  in  lower  portion.  Acute  suppurative  otitis 
media. 

Fig.  48.— Small  perforation  in  lower  anterior  quadrant  of  the  injected 
left  membrana  tympani.  Exfoliation  of  epidermis  hiding  manubrium  and 
leaving  but  faint  indication  of  the  short  process.  Small  fpulsating  >  point 
of  light  from  the  fluid  in  the  perforation.    Acute  otitis  media  suppurativa. 

Fig.  49.  Purulent  collection  in  front  of  lower  portion  of  right  mem- 
brana tympani  hiding  details. 

Fig.  oil.  -  The  same  membrana  tympani  after  cleansing.  Perforation 
back  of  umbo:  gray-red  membrane  with  inegular  and  dim  light  spot. 
Acute  suppurative  otitis  media. 

F'G.  51.— Pouting  perforation  of  the  posterior  portion  of  the  right  mem- 
brana tympani.  Membrane  red,  especially  the  verv  prominent  posterior 
half.  At  the  nipple-like  apex  of  its  lower  piirt.  a  small  perforation.  Light 
reflex  broad  and  faint,  and  short  procnss  barely  disceniible. 

Fig.  .52.— Small  perforation  in  Shrapnell's  membrane  above  the  short 
process,  from  whi'-h  a  drop  of  exudation  is  hanging.  Membrana  fljiccida 
red  and  swollen,  and  manubrium  strongly  injet-ted.    Broken  light  spot. 

Fig.  5:3.— Recent perforationintheswolien and  livid  R.  drum  n:emhrane, 
showing  a  'pulsating)  point  of  light  from  the  fluid  within  it.  Membrane 
bluish-red,  with  sodden  flakes  of  exfoliated  epidermis  giving  here  and  there 
tiny  glistening  reflections.  VesS'-Is  idtMig  malleus  handle  visible.  Fluid 
in  the  bottom  of  the  meatus  gives  a  faint  crescentic  reflex. 

Fig.  54.  Small  perfi  ration  in  centre  of  anterior  half  of  membrane  in 
chronic  suppurative  otitis.  Membrane  dull,  with  apparently  thickened 
manubrium,  and  the  mucosal  of  the  inner  tympanic  wall  dark  red. 

Fig.  55.-  Perforation  in  the  upper  posterior  quadrant  of  the  right  mem- 
brana tympani  in  chronic  suppuration  with  caries.  The  dislocated  incus 
Is  seen  in  the  opening. 

Fig.  5t).— The  same  membrane  several  months  later,  showingthickening 
along  the  manubrium,  the  incus  gone,  and  the  stapes  visible.  Granulation 
masses  hang  out  over  the  lower  margin  of  the  opening. 

Fig.  57.-  Reniform  perforation  in  lower  half  of  membrana  tympani,  with 
thickening  of  the  membrane,  especially  along  the  malleus  handle,  and  dul- 
ness  of  the  surface.    Glistenmg  layer  of  fluid  near  anterior  margin. 

Fui.  58.— Heart -shap'*d  perforation  involving  the  major  part  of  the  left 
drumhead,  leaving  but  a  narrow  remnant  along  the  manubrium  and  at 
the  periphery.  Discharge  has  ceased  and  the  tympanic  mucosa  appears 
yellowish-red,  with  a  glistening  streak  ptisteriorly  and  branching  vessels 
upon  the  promontory. 

Fig.  59.  Central  perforation  of  the  middle  of  membrana  tympani.  with 
the  tip  of  the  manubiium  projecting  into  the  opening,  through  which 
the  congested  Inner  wjiH  can  be  seen. 

Fig.  60.- Partially  adherent  central  perforation,  with  marked  retraction 
of  the  membrane.  Manubrium  drawn  in  and  up,  and  posterior  fold  promi- 
nent. A  cicatricial  band  fastens  the  upi>er  margin  of  the  opening  to  the 
congested  promontory.    Comma-shaped  reflection  of  light. 

Fig.  61.— Double  perforation  in  lower  part  of  the  left  membrana  tym- 
pani in  chronic  suppurative  otitis  media.  Manubrium  indrawn;  Ught 
spi't  broken  and  tympanic  mucosa  injected. 

Fig.  62.  Two  large  oval  perforations  of  the  right  drum  membrane, 
leaving  but  a  narn-w  b  ind  of  normal  membrane  extending  up  to  the  mal- 
leus handle.  Anteriorly  a  whitish  crescent  of  chalk  deposit.  Discharge 
has  ceased  and  the  proniontory  is  reddish-yellow. 

Fig.  6:i.— Large,  round  perforation,  with  marked  retraction  of  the  right 
membrana  tympani.  through  the  upper  part  of  which  the  incus  is  discern- 
ible.   Promontory  red  and  hN'perplastic. 

Fn;.  04.— Extensive  destruction  of  the  right  dnim  membrane,  leaving 
but  a  narrow  periphery,  with  such  retraction  of  the  manubrium  that  it  is 
almost  lost  to  view.  Thickening  around  the  short  process,  and  granular 
condition  of  tympanic  mucosa. 

Fig.  65.— Large  perforation  In  lower  anterior  quadrant,  fllied  by  poly- 
poid granulations  of  the  mucosa  of  the  tympanum,  standing  out  as  a  rasp- 
berry-like mass  in  the  plane  of  the  membrane. 

Fig.  6*>.— Perforation  in  lower  quadrant,  through  which  projects  a  knob 
of  polypoid  granulations  hiding  the  margins  of  the  opening.  Manubrium 
markedly  retracted,  with  prominence  of  the  posterior  fold.  Ciesceutle 
opacity  of  the  posterior  part  of  the  membrane. 

Fig.  67.— Commencing  clcairizatiim  of  a  perforation  below  the  umbo  of 
a  much  retracted  left  membrana  tympani,  with  "cone  of  hght "  extending 
in  upon  the  bluish-gray  scar  tissue. 

Fig.  (i8.— Scar  in  anterior  portion  of  opaque  and  retracted  left  mem- 
brana tympani.  Broadening  of  the  tip  of  manubrium  and  area  of  thicken- 
ing of  membrane  posteriorly. 

Fig.  69.— Central  heart-shaped  perforation  closed  by  a  thin  cicatrix.  Light 
spot  upon  the  depressed  scar,  and  thickening  of  the  perforation  margins. 

FIG-  70.— Centra!  depressed  cicatrix  of  L.  membrane,  with  the  tip  of  mal- 
leus handle  projecting  into  the  opening,  chalk  dei>osit  near  anterior  mar- 
gin. 

Fig.  71.— Almost  complete  replacement  of  the  left  membrana  tympani 
by  scar  tissue.  Marked  retraction  of  manubrium,  behind  which  the  incus 
is  visible.    Broken  retlex  up^jn  the  indrawn  cicatrix. 

Fig.  72.— Two  rounded  cicatrir-es  in  L.  membrana  tympani.  with  retract- 
ed malleus  handle.  The  membrane  is  thin  and  dark  above,  showing  the 
descending  process  of  the  Incus,  but  gives  a  marked  r-one  of  light  below. 

Fig.  73.— Cicatrized  double  perforation,  with  irregular  chalk  deposit  be^ 
low  in  the  right  drum  membrane. 

Fig.  74.— Sunken  left  membrana  tympani,  with  thin  cicatrix  which  closes 
a  rounded  perforation  below,  bellying  out  after  the  inflation. 

Fig.  75.— Irregular  crescent  of  calciflcation  in  posterior  portion  of  the 
dull  left  drumhead. 

Fig.  76.— Two  oval  deposits  of  chalk  in  the  left  membiana  tympani,  oc- 
cup>ing  the  greater  part  of  each  half  of  the  membrane,  and  extending, 
on  either  side,  close  to  the  manubrium. 

Fig.  77.— Right  membrana  tympani.  showing  a  larg*'  calcifled  area  ante- 
riorly, a  small  one  up  and  back,  and  a  perforation  below  with  chalk  deposit 
in  its  thickened  lower  margin. 

Fig.  78.— Left  membrana  tvmpani,  with  irregular  chalky  deposits  on 
either  side  of  a  depressed  cicatrix  closing  an  oval  opening,  the  lower  mar- 
gin of  which  Is  calcifled. 

Fig.  79.— Dark-red  retracted  left  membrana  tympani,  with  large  perfo- 
ration, out  of  the  anterior  portion  of  which  a  dark  crimson  polypus  pro* 
trudes.    Promontorv  yellonish-red. 

Fig.  80.— Cholesteatomatous  mass  protruding  from  a  perforation  in  the 
red  and  swollen  right  membrane. 
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Kar  OlMraNCN. 
l£ar  DlHeancM, 


to  he  transpaifnt  onniigh  to  slin%v  nivich  of  the  coloration 
of  the  parts  licyond  it  ;  ami  llir  iiiilUiiuss  of  opacilies  or 
the  ilarkiicssiir  thinncil  areas  serves  easily  to  (liU'ereutiate 
the  alTected  porlions.  Yet  it  is 
fair  to  iiiu'slion  liow  far  we  clini- 
cians are  really  familiar  with  the 
ideally  normal  drnnihead:  cer- 
tainly anionjr  hundreds  of  pre- 
sumably normal  school  children  I 
have  seen  few  thai  even  approach- 
ed to  a  nioderale  iili-al;  and  once, 
in  a  child  with  liearini;  that  seem- 
ed to  be  absolutely  normal,  I 
fottnd  a  drum  membrane  so  deli- 
cate that  it  was  almost  as  invisi- 
ble as  thoush  a  microscopic  cover- 
glass  had  been  |>laeed  across  the 
canal.  Such  transparency  or  any 
approach  to  it  deprives  us,  to  a 
large  extent,  of  our  jiower  to  ap- 
preciate the  extreme  oblit|nity  of 
the  drumhead.    On  the  other  hand, 


Fill.  ITKl.  l:]i.'l]l  Mi'lll- 
liniiui  Tyinpimi,  Show- 
ing an  Oval  fieatrix 
t'luyintr  a  IVrforation  in 
Front  of  the  Manuhrl- 
uni.  Posteriorly  a  larKe 
crescentic  mass  of  chalk 
(M'cupies  the  entire 
thickness  of  the  inein- 
brane  and  stands  out 
alKive  it  fin  both  sur- 
faces. From  a  prepara- 
tion of  ivilitzer's  in  the  an  opaeifv  makes  this  conspicuous 
rullea-e  <.f  Pli;^'rtanf.  and  leads  the  beginner  to  think 
'mdMoS"''-  that    such     inclination    is    exc.-p- 

tioual.  Confusion  in  this  ri'gard 
is  likely  to  continue  so  long  as  text -books  teach  that 
the  adult  drum  membrane  differs  in  its  inclination  from 
that  of  the  infant,  which  every  one  knows  to  approach 
the  horizontal. 

Only  a  totally  ojiaque  drumhead,  then,  shows  us  solely 
its  own  color:  in  all  other  cases  much  must  depend  upon 
the  degree  of  congestion  of  the  inner  tympanic  wall  and 
the  degree  to  which  its  tint  is  revealed  by  the  transparency 
and  proximity  of  the  drum  membrane.  The  promontory 
is  normally  of  a  pale  straw  color  and  about  3  mm.  distant 
from  the  umbo,  but  depression  may  bring  this  or  other 
portions  of  the  drumhead  nearer  to.  or  even  into  contact 
with,  the  tmderlying  structures  (Plate  xxv.,  Figs.  39  and 
44).  The  opacity  inay  vary  from  epidermal  thickenings 
or  exfoliations  or  similar  changes  in  the  mucosa,  to  fibrous 
thickenings  of  tlwmemhrnna  propria  or  the  chalky  forma- 
tions which  succeed  cellular  inliltrations  of  slight  vitality. 
The  thinnings  may  be  cicatricial  closures  of  former  per- 
forations or  atrophic  areas  hardly  differentiable  from  such 
scars.  While  the  thinnings  may  be  non-intlammatory 
and  due  to  mere  pressure,  the  perforations,  sears,  or  in- 
filtrations point  back  to  antecedent  congestion,  intiltration 


Fin. 
M 


nil.  Uelracli.d  l.vft 
iiiliniiia  Tyrnpani. 
Sh<»\vintr  a  Depressed 
and  Adherent  ('lcatri.K 
hcluw  the  rmb",  with 
Cah-illratinii  of  the  Mar- 
fin  of  the  i'erfofatlon. 
Jlelow  the  .short  process 
there  is  a  round  dlw  i»f 
chalk  apparently  stand- 
ing alK>vo  tlie  general 
surface. 


Fig.  1710.— Se.  tinii  ..f  a  I'artially  CalciBed  Membrana  Tyinpani  from  a  Young  Man 
who  Died  of  TulierculosisafterSufferine  with  a  Purulent  Otitis.    The  layers  of  the  .         -         .  t 

membrane  are  altered  bevond  clear  recognition,  and  alsmall  area  in  the  midst  of    area  of  pertoration.     It 


cially  in  the  rarer  cases  in  which  binocular  vision  can  be 
used,  to  clear  up  many  ihuilits;  an<l  the  ilelieale  use  of  the 
cotton-tipiied  probe  can  SiUely  and  (piieUly  remove  most  of 
the  merely  adherent  material.  If 
the  parts  are  moistened,  this  may 
be  accomplished  moi'C  easily,  iinil 
any  de]H)sit  of  boric  acid  and  siieb 
medicainenis  can  be  piomi)tly  re 
moved.  The  lilirous  plaiiues  can 
usually  be  distinguished  from  the 
chalky  by  the  interstitial  vague- 
ness of  the  former  and  the  sharp 
cut  and  a  p  p  a  r  e  n  1 1  y  i>roininent 
characterofthechalk.  (Plate xxv.. 
Figs.  31-34,  7.5-78).  Such  ii  chalky 
area  is  often  thicker  than  the  nor- 
mal memlirane  and  seems  to  stand 
out  above  its  surface  (Figs.  170'J 
and  1711);  butit  is  really  seated  in 
the  middle  layer  and  is  covered  by 
a  thin  tiliu  of  living  tissue,  which 
on  the  exterior,  as  seen  in  life,  can 
be  made  to  flush  by  touching  it. 
Such  congestion  gives  a  yellowish  or  orange  tint  (o  tin? 
chalk  plaque  or  can  wholly  hide  it  from  view, — |ioints 
that  must  be  taken  note  of.  especially  in  tho.si'  cases  in 
which  chalk  deposits  have  come  to  view  as  though  newly 
formed  within  a  few  weeks.  Months  or  years  are  usii 
ally  recjuired  for  such  formations.  The  seat  of  chalk 
may  be  in  any  portion  of  the  tense  membrane,  iirobably 
never  in  the  flaccid;  it  is  most  commonly  seen  in  the  in 
termediary  zone  between  the  margin  and  the  manubrium. 
Peripherally  along  the  annulus  and  centrally  along  the 
malleus  han<lle  unealcitied  areas  are  tisiially  iiresent  even 
in  extreme  cases  of  caleitieation ;  and  it  is  curious  bow 
extensive  can  be  the  process  without  interference  with 
the  hearing  or  with  the  even  excessive  mol)ility  elic- 
ited by  the  pneumatic  speculum.  Virtual  ankylosis  of 
the  malleus  by  a  rigid  membrane  is  possible,  but  must 
be  extremely  rare,  since  perhaps  the  only  recorded  case 
is  that  shown  in  the  accompanying  figure  (Fig.  1712). 

The  margins  of  perforations,  open  or  cicatrized  (Fig. 
1711),  may  show  crescentic  areas  of  chalk;  and  the 
scar  tissue  itself  may  in  rare  in- 
stances undergo  such  chalky  in- 
filtration. In  very  exceptional 
cases  true  bone  has  been  found 
(Fig.  1710);  but  usually  we  have 
merely  the  amorphous 
deposit  of  lime  salts  in 
the  poorly  vitalized  in- 
filtiating  cells,  as  in 
other  parts  of  the  body. 
The  fibrous  thicken- 
ings of  the  drumhead 
differ  principally  in 
having  had  more  vi- 
tality and  thus  having 
gone  farther  in  the  pro- 
cess of  organization. 
They  may  be  found  en- 
circling nearly  all  open 
perfoi'ations  and  many 
of  those  which  have 
healed,  forining  a 
rounded  rim  contrast- 
ing more  or  less  strong- 
ly with  the  thin  scar 
tissue    or    the    darker 


the  caleitieation  shows  bone  corpuscles.     (Politzer.) 

and  consecutive  changes,  and  often  rebut  any  negative 
history  ftirnished  by  the  patient. 

The  iliagnosis  between  epidermal  flakes  lying  upon  the 
drumhead  and  the  fibrous  or  chalky  areas  in  its  sul)stanee 
is  not  always  easy ;  but  good  illuminaticm  through  the 
•well-straightened "canal  can  give  enough  parallax,  espe- 


is  largely  by  the  pres- 
ence or  absence  of  this 
marginal  thickening  that  we 
judge  whether  such  a  thin  area 
is  cicatricial  or  merelv  atrophic 
(Plate  XXV..  Figs.  69-72). 

Far  more  important  than  some 
more   conspicuous   changes  are 


Fig.  1712.— Extensive  Talci- 
flcatlon  of  the  Left  Mem- 
brana Tympani.  (View 
from  wiiiiln.)  r.  Narrow 
uncalcilli'd  iKirlion  at  the 
lower  periphery  of  the 
ineinbnine :  in  front  of  the 
manubrium  mallei  a  se<'- 
ond  narrow  strip  of  un- 
ealcitied tissue  is  visil>le ; 
it,  an  irregularly  shaped 
opening  in  the  upper  pos- 
terior (juadnini  of  the 
membrane.  Tlie  nuilleiis 
and  the  drum  menil)rane 
are  stilT  and  immovalile. 
The  incus  and  stain's  are 
disconnected.  The  latter 
ossicle,  however,  is  per- 
fectly movable.  Similar 
imthological  alterations 
existed  in  the  right  ear. 
In  both  ears  the  patient 
was  al)le  t4>  distinguish 
whis[K'n'd  wonls  corre<iIy 
at  a  distance  of  eighteen 
metres  (the  entire  length 
of  the  room).  (After 
Politzer.) 
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Fig.  1713.— Scarred  and  De- 
pressed Drumhead,  with 
Fibrous  Bands  Within. 
(From  Politzer.  t 


the  fibrous  thickenings  which  may  be  seen  in  the  drum- 
head (Plate  XXV..  Fig.  46)  as  expressions  of  adhesions  to 
the  structures  within  (Fig.  1713).  Tliese  may  seriously 
impede  the  due  mobility  of  the 
ossicular  chain,  even  when  they 
are  invisible  or  microscopically 
small.  Many  definite  and  still 
more  numerous  indeterminate 
or  accidental  bands  span  the 
various  parts  of  the  tympanic 
cavities,  especially  the  attic, 
and  may  here  immobilize  es- 
sential parts  of  the  conducting 
meclianisiu.  Through  normal 
or  excessively  thin  membranes 
the  delicate  tendon  of  the  sta- 
pedius can  generally  be  seen 
emerging  from  the  opening  of 
the  pyramid  to  insert  it.self 
upon  the  head  of  the  stapes:  and  about  this,  as  well  as 
about  the  crura  of  the  stirrup  and  from  them  to  the  walls 
of  the  oval-window  niche,  folds  of  mucous  memlirane 
are  apt  to  stretch  which  need  little  iufiamtiiatory  thick- 
ening to  become  obstructive.  Some  of  them  may  bind 
the  tympanic  membrane  to  the  incus  sliauk,  to  the 
Troeltsch  fold,  or  to  the  iiromoutory.  Similar  fokls  may 
accompany  the  tendon  of  the  tensor  tympaui;  and  al- 
though they  are  out  of  sight  behind  the  malleus  handle, 
their  pathological  contraction  may  be  noted  by  the  ro- 
tation of  the  retiacted  manubrium.  In  the  pernicious 
or  sclerotic  catarrhs  such  le- 
sions, especially  at  the  oval 
and  rountl  windows,  may  cause 
great  deafness  with  little  or  no 
external  sign, — deafness  much 
greater  than  that  due  to  even 
extreme  displacement  of  the 
ossicles  and  drum  membrane 
by  pneumatic  pressure  depen- 
dent upon  Eustachian  stenosis. 
This  last,  indeed,  is  often  con- 
spicuously absent  and  the  tube 
gapes  widely  to  adiuit  air  too 
freely, — in  clear  evidence  that 
treatment  per  tubam  must  be 
medicinal,  not  mechanical. 
Some  indication  of  the  abnor- 
mal condition  of  the  tympanic 
lining  is  often  furnished  in 
sclerotic  cases  by  Loewenberg"s 
test  of  inflating  vapors  of 
chloroform ;  for  it  must  needs 
be  a  much  altered  raucous  luembrane  to  which  chloro- 
form feels  cold:  yet  this  occurs  even  in  earlj-  stages  and 
at  times  when  visible  cimgestion  is  present  both  in  the 
drumhead  and  on  the  inner  or  labyrinthine  wall  of  the 
tympanum. 

The  depressed,  retracted,   or  collapsed   drumhead  of 
chronic  tympanic  catarrh  has  been  elsewhere  considered, 
but  some  points  in  connection  with  it  may  be  dealt  with 
liere.     Primarily  this  abnormal   position  tends  to  affect 
the  drumhead  as  a  whole,   for  preponderant  cxteinal 
pressure  is  the  cause  of  the  displacement.     The  umbo  is 
deepened,   the  luallcus  handle 
is  foreshortened,  and  the  short 
process  becomes  more    prom- 
inent, perhaps  even  thorn-like 
in    its    appearance,    although 
rather  because  of  the  depres- 
sion  of    surrounding  portions 
than  from  its  own  protrusion  : 
finally,  the  posterior  and  some- 
times  the   anterior   fold  show 
an  equal  or  even  a  greater  de- 
gree of  prominence  (Fig.  1714). 
FIG.  in.').— The  Same  Mem-    If  retraction,  strictlv  speaking, 
brana Tympani immediately    ^javs    a    nart     in  "  i)ro(liieinfr 
alter  the  Inflation.    tPoUt-    P'''.*  *    %   P^".   >"     proaucing 
zer.)  these  effects,   it  must   be  due 


Fig.  1714.  —  Left  Membnina 
Tympani  of  a  Man  Thirty 
Years  of  Xge,  in  whom,  as  a 
Consequence  of  Coryza.  a 
Marlied  Swelling  of  the  Mu- 
cosa of  the  Tube  has  Oc- 
curred. The  indra\vn  mem- 
brane is  of  violet-grray  color. 
Relief  of  the  e-\treme  dul- 
ness  of  hearing  was  secured 
after  thive  weeks*  treatment 
by  inflation.    (Politzer.) 


Fig.  1716.— Diagram  of  Normal  Posi- 
tion of  Membrane  Tympani,  Show- 
ing the  Inclination  of  the  Manu- 
brium and  Upper  Segment  to  the 
Axis  of  the  Auditory  Canal. 


to  excessive  tension  of  the  tendon  of  the  tensor  tj'si- 
pani,  and  then  usually  shows  itself  in  a  slight  rotation 
and  forward  displacement  of  the  manubrium.     One  is 

sometimes  puzzled  how 
to  explain  why  the  mal- 
leus handle  can  be  drawn 
so  sharply  in  without 
being  arrested  by  con- 
tact with  the  promon- 
tory, for  its  tip  may  be 
lost  behind  the  short 
process,  or  in  collapsed 
cases  it  may  be  drawn 
back  and  seem  higher 
than  the  short  process 
(Fig.  1718).  Inflation 
may  largely  reduce  the 
displacement  (as  shown 
in  Fig.  171.5)  moving  the 
malleus  as  well  as  the 
membrane  farther  outward  than  should  be  possible  in 
health,  or  it  may  wholly  fail  to  produce  more  than  a  tin_v 
bleb  like  protrusion,  perhaps  at  the  upper  posterior  mar- 
gin, in  demonstration  that  air  has  entered  the  tympanum, 
but  has  not  been  able  to  lift  the  depressed  drumhead  from 
its  contact  or  adhesion  with  the  inner  wall.  Such  rigidity 
of  the  apparatus  is  not  always  due  to  attachments  to  the 
inner  structures:  for  we  must  remember  that  the  circular 
fibres  of  the  membrana  pro- 
pria do  much  to  give  the  fun- 
nel shape  to  the  normal  drum 
membrane  (Fig.  1716)  and 
tend  to  increase  this  when  the 
other  elements  of  tension  are 
removed,  as  when  the  drum- 
head is  cut  loose.  Hence  a 
deep  depression  (Fig.  1717) 
might  be  maintained  or  even 
caused  by  a  pathological  in- 
crease of  the  influence  of 
these  filjres. 

Of  some  practical  interest 
also  are  the  partial  depres- 
sions of  the  tympanic  mem- 
brane, since  they  may  escape 
hasty  study  and  the  appear- 
ance be  considered  normal;  or  the)'  may  be  noted  and 
misunderstood,  ilore  commonly  at  the  lower  anterior 
portion  the  drumhead  may  show  a  darker  zone  bordered 
peripherally  by  a  sharp  line  of  light  reflection.  This 
"Knickung"  of  the  Germans — "kneeing,"  as  I  have 
termed  it — is  a  terrace-like  break  of  the  contour  of  the 
membrane  (Fig.  1719)  which  may  be  single  or  multiple 
(Fig.  17iih  Miiil  the  peripheral  line  of  light  comes  from 
the  edge  of  the  undepressed  mem- 
brane. Why  this  margin  main- 
tains its  normal  plane  is  evident 
from  the  section  shown  in  Fig. 
1708,  where,  at  the  margin,  the  cir- 
cular fibres  are  so  speciallj'  in  evi- 
dence. When  such  a  depression 
occurs  near  the  middle  of  the 
drumhead  it  is  readily  mistaken 
for  the  surface  line  of  fluid  within 
the  tvmpanum  (Figs.  1723  and 
1724)." 

The  epidermal  exfoliations  from 
the  surface  of  the  drumhead  con- 
cern us  here  in  several  relations. 
It  is  probable,  as  is  elsewhere  dis- 
cussed, that  the  epithelium  of  the 


Fio.  1717.— Diagi^m  of  a  Re- 
tracted Membrana  Timpani. 
Showing  the  Mauubrium 
Drawn  almost  Directly  In- 
ward. 


Fio.  171S.  —  L,-ft  M.-m- 
brana  Tympani  of  a  B<»y 
of  .<i.\  Yeai^  with  Nasal 
and  Tubal  Obstniction. 
Manubrium  drawn  up 
almost  out  of  sight,  the 
tip  being  higher  than 
the  short  process:  be- 
hind it  the  incudo-stape- 

dial  joint  is  visible,  and     ,         ,        ,  .  i  -,       r  i 

below  and  posteriorly  drumhead  is  capable  of  reproduc- 
the  dark  niche  of  the  ing  itself  more  rapidly  than  am 
that  of  anj-  other  part  of  the  body. 
This  has  great  physiological  im- 
portance, since  it  is  most  active 
at  the  centre  and  as  it  were  over- 
flows the   rest  of   the  membrane 


round  window  is  dis- 
cernible. There  is  a 
faint  reflection  of  light 
near  the  normal  posi- 
tion and  a  stronger  one 
on  the  promontory 
near  the  stapes. 
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from  this  point,  seeming  to 
push  the  rest  of  tlie  epider- 
mal layer  liefore  it  to  the 
periphery  or  out  upon  the 
wall.  lu  health  sueh  a  mi- 
gration carries  tlie  older  skin 
free  of  the  driunhead,  so  that 
not  even  these  tiny  scales 
shall  exfoliate  upon  its  sur- 
face where  they  might  inter- 
fere with  the  (lelicacy  of  its 
function.  Tliis  cannot  con- 
tinue, of  couree.  in  disease, 
when  the  des(|uamation  is 
exaggerated,  as  it  is  after  all 
dermal  intlanimations:  and 
much  subjective  noise  and 
annoyance  is  sometimes  oc- 
casioned by  tile  jiresence  of 
such  tlakcs  upon  the  vibrat- 
ing membrane.  This  migra- 
tion can  transport  superticial 
extrava.s;Uions  and  other  lesions  to  the  periphery  or  clear 
of  the  membrane:  and  it  has  been  claimed  that  even 
an  artificial  perforation,  with  an 
eyelet  inserted  to  keep  it  open, 
has  been  observed  thus  to  traverse 
a  part  of  the  drumhead.  In  medi- 
co-legal cases  siK-h  change  of  po- 
sition might  give  rise  to  conflict- 
ing testimony  as  to  the  location 
of  lesions,  which  although  intrin- 
sically of  no  special  significance, 
Fui.  irai.  — Retracted  "ligl't  be  magnified  into  impor- 
Veiiibrane,       Showing    tant  discrepancies. 

"'  ""'         The  bleb-like  liftings  of  the  epi- 
dermis, which  form  in  some  acute 


Foresliorteninp  of  Mal- 
leus Handle.  Promi- 
nence of  the  Pf'sterlor 

Fold,  and  visiiiility  of  cases  (Fig.  172.5),  are  sometimes 
slow  to  detach  themselves,  and 
may    present     puzzliuj 


the  Margin  of  the  Pocket 
of  von  Troelt.^-h  as  it 
Passes  Forward  to  the 


appear- 


Of  more  inipor- 


Manubrium.    The  light  ances:   and   localized  livperplasia 

fTvUltlSt^iVr  mayformwart-likegrowthsorepi- 

two  parallel  cur\ilinear  aeimal  horns  as  in  Jrigs.  1.21  and 

bright    lines,    martin?  1722.     The    pearlv  tifmors  (Plate 

?el,^Sra"r^a.fo7?.!e  f"^^-  ^\?-'^-  "^  ^'V^h  PolHzer 
druin-head,  one  within  "as  published  a  notable  case  (Fig. 
the  other.  From  a  frirt  1726),  have  always,  in  mv  limited 
s4J,d']rn^:^"J?nd™S:  observation  of  tliem.  occupied  the 
bal  obstruction.  vicinity  ot  a    former  perforation. 

They  are  cystic  collections  of  epi- 
thelium and  cholesterin  and  doubtless  mark  an  involuted 
perversion  of  the  epidermizing  process, 
tance.  by  far.  is  the  occa- 
sional tendency  of  the 
epiderm  to  overrun  the 
margins  of  a  perforation. 
This  results  not  merely  in 
"skinning  over"  its  edges 
and  causing  it  to  remain 
open,  but  also,  by  estab- 
lishing grafts  of  epider- 
mal flakes  upon  the  mu- 
cous surface,  in  setting  up 
a  train  of  pathological 
changes  the  full  impor- 
tance of  which  we  are  as 

yet  scarcely  able  to  appre-  Fig.  1731.— Horn-like  Growth  m  a 
ciate.  It  may  prove  to 
be  no  overstatement  if  I 
say  that  all  chronic  sup- 
purations owe  their  per- 
sist<-nce,  in  greater  or  less 
degree,  to  the  resulting 
formation  of  cholcsteato- 
matous  material. 

Perforation  of  the  drum- 
head  will   be    considered 
elsewhere    in   relation  to 
Vol.  UL— m 


Man  Aged  Seventy.  A  lilackLsh 
conical  nia.ss,  kM>king  like  ceru- 
men, lay  in  from  of  tiie  right 
dnim  membrane,  with  its  outer 
part  touching  the  anterior  wall  of 
the  meatus.  When  seized  with 
the  forceps  it  was  found  to  be  at- 
tached to  the  short  process,  but 
was  removed  by  slight  torsinn  and 
traction.  It  proved  to  be  a  culicu- 
lar  horn,  6  mm,  long  l)y  2  mm.  in 
diameter,  composed  of  cap-like 
laj'ers  arising  fnim  the  short  proc- 
ess. No  reaction  nor  recurrence 
followed  IIS  removal. 


Fkj.  i;ia,— a  S<-liematic  Se<'tion 
of  an  Indrawn  Membrana 
Tynipani,  Showing  Abnipt 
I  liange  of  Plane  near  the 
I."wcr  Margin.  The  edge  of 
tlif  depression,  being  at  right 
angles  to  the  illuminating 
rays,  reflects  tliem  back  and 
forms  a  nam.)w  glistening 
lino;  while  the  adjacent  sur- 
face is  ilepressed  .so  as  to  give 
back  little  of  the  Incident 
light. 


Fi(i.  ITii. -ThH  lA-tl  Mi-iiibnina 
Tynipani  of  a  .Man  Tlilrtv-six 
Years  of  Ag.-,  in  a  gn-at  .Measure 
Destroyed  by  Scarhiiinal  (Hills  in 

t'hildl I.  only  a  Triangular  Pnr- 

tion  Ketuaiuiug  Anteriorly.  Ils 
place  Is  supplied  by  a  thin  cli-a- 
tri.x  irregularly  ilepri-s,sed,  leaving 
the  malleus  appan'iitly  promi- 
nent, although  n'allv  retractiii 
and  fust  to  the  iiroinontory.  From 
the  short  pn»cessa  blackish  string, 
slightly  bifurcated  at  lUs  lip.  pp>- 
je<-ts  forward  and  d<»wnward  and 
moves  but  slightly  under  pressure. 


the  suppurating  processof 
which  it  is  a  distinguish- 
ing characleristic.  We 
may  here  deal  with  ils 
production  by  trauma,  by 
external  or  intnilamellar 
ulceration,  or  by  the  more 
usual  outbreak  of  serous, 
mucous,  or  purulent  fluid 
from  the  tympanic  cavit  v. 
Ruptures  of  the  drum 
membrane  are  generally 
described  as  straight  or 
angled  linear  tears,  gaping 
.so  little  thiit  the  "blood- 
stained margins  alone 
mark  the  site  until,  on  in- 
flation, the  lips  of  the 
opening  are  separated  by 
the  escaping  air.  Some- 
times they  are  round,  oval, 
or  jiolygonal ;  and  Pulit- 
zer seems  more  frequently 
to  have  met  them  in  this 
fonn.  They  are  rarely 
multiple  (Plate  xxv,". 
Fig.  6)  and  their  form  doubtless  depends  upon  the  relation 
of  their  direction  to  that  of  the  tibres  of  the  membramt 
pro]>ri(i.  Helmholtz  claimed  that  rupture  of  the  circular 
fibres  should  precede  that  of  the  radial,  which  would  ex- 
plain such  railiate  openings  as  Pi>- 
litzer  has  depicted  (Fig.  17211). 
The  majority  of  those  which  I 
have  seen  were  vertical  slits  back 
of  the  manubrium,  as  shown  in 
Fig.  172S.  Those  due  to  penetra- 
tion by  a  vuluerating  body  are 
usually  round  (Plate  "xxv.,"  Fig. 
•5)  and  arc  more  apt  to  be  followed 
by  su]ipuratiou.  perhaps  from  in- 
jury to  the  inner  wall.  In  such  a 
case,  as  a  matter  of  course,  the 
Fig.  1T23.  — Collection  ot  suppuration  would  soon  efface  au^- 
Fluid   Exudate  in  the   characteristic  appearance. 

Llceration  oi  the  outer  surface 
of    the    drumhead,  as  shown    in 
Fig.  1731,  is  rare;  and  interlamcl- 
lar   abscess 
is  no  more 
common. 
The    latter 
has    been  described   as  a  yellow 
point,  which  resembles  the"  local- 
ized pointing  of  pus  that  is  about 
to   escape    from    the   tympanum. 
The    diagnostic    point    has    been 
made  that  pressure  with  a  jirobe 
will  usually  indent  the  prominent    Fig.  1734. —  Marked  Par- 

and    inelastic    abscess,    and    this      "  '   "        ' 

dimple  will  remain  for  some  time, 
as  shown  in  Fig.  1730.  The  con- 
tents of  such  an  abscess  arc  also 
unaffected  by  inflation  of  the 
tympanic  cavity:  and.  on  evacua- 
tion, no  complete  perforation  will 
be  found.  Such  abscesses  may 
burst  inward  instead  of  outward 
(Politzer).  as  recognized  by  the 
disjtppearance  of  the  pus  and  the 
distention  of  the  empty  sac  when 
the  air  douche  is  used.  Toynbee 
is  authority  for  numerous  in- 
stances of  ulceration  found  post 
mortem:  they  were  limited  to  the 
cutaneous  or  the  mucous  surface 
and  were  sometimes  extensive. 
Yet  they  must  be  very  rarely  rec- 
ognized in  life,  and  such  appear- 


Lower  Pari  of  the  Tym- 
panum, Marked  by  a 
Glistening  Line  Across 
the  Membrane.  From 
the  right  ear  of  a  young 
man  in  the  middle  of  an 
acute  coryza.  Cure  by 
inflation.    (Politzer.l 


tlal  Retraction  of  the 
.Middle  of  the  Right 
Menihnina  Tynipani,  In 
a  Ca.se of  ihriinic  Catar- 
rhal otitis.  The  lower 
riortiiui  is  m  alKiut  nor- 
mal iMislllon.  and  the 
manubrium  ami  upper 
jtart  are  not  greatly  In- 
drawn: while  the  iulil- 
dIe|K)rtion  is.so abruptly 
retracted  as  to  form  a 
shari)  *■  kuee "  ttver- 
banging  the  dark  de- 
presased  area  alK>ve  It. 
The  apiM-amnce  pre- 
.s«'nled  u>  the  eye  L«  that 
of  a  glLstening  line  run- 
ning a4-n>ss  the  meui- 
tunne  near  Its  middle 
and  closely  simulating 
the  surface  line  of  an 
exudate  in  the  cavity. 
In  fn>nt  of  the  manu- 
brium Ls  visible  a  whlt- 
Lsh  lll-dellned  thicken- 
in£. 
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Fig.  ITii. —  D  I'll  rat  f 
Bleh  on  the  Dniiii- 
head  in  Acute  Mvrin- 
Kitis. 


ances  may  generally  be  ascribed  to 
the  usual  cause  of  perforation,  viz.. 
the  outbreak  of  fluid  from  the  tym- 
panum. Sucli  an  occurrence  is  very 
common:  and  the  history  of  any 
flow  from  the  ear  generally  points 
to  such  perforation.  Few  chiUiren 
escape  one  or  luore  attacks  of  ear- 
ache ;  and  these  acute  inflammations 
are  as  often  relieved  by  an  escape 
of  exudate  through  the  drumliead 
as  by  one  that  follows  the  channel 
of  the  Eu.stachian  tube  The  quan- 
tity of  the  fluid  which  escapes  is.  in  many  instances,  not 
more  than  a  drop  or  two;  consequently  it  may  be  wholly 
unnoticed,  and  the  denial  that 
there  has  been  any  discharge 
may  be  entirely  honest,  how- 
ever unequivocal  the  evidence 
of  perfomtion.  In  this  coupec- 
lion  we  nuist  in.sisi  that  there 
is  no  anatomical  or  clinical 
basis  for  the  claim  that  a  "  fora- 
men of  Uivinus"  should  nor- 
mally be  jiresent  above  the 
short  process.  It  is  absent  in 
the  embryo  and  the  infant  and 
appear.s  with  increasing  fre- 
quency only  as  tile  child  grows 
older  (in  ten  per  cent,  of  the 
children — most  of  them  over 
ten  years  of  aire — which  were 


Fin.  1726.-  In  a  ynung  man 
whose  ear  atTection  liad 
lasted  a  year,  there  was  a 
tiny  per-fomtion  in  the 
lower  anterior  quadrant  of 
tlie  left  nieniliiana  tyni- 
pani.  and   upon  the  upiier 


eicht  itlisteninn  ^'lobular 
Ijodies  of  pinhead  size  ar- 
ranged in  a  seinieirele. 
These  wert^  found  with  the 
protie  to  l>e  hard  and  llrmly 
seatetl  upon  the  uiembiane. 
(Polltzer.) 


part  of  the  druniheail  were  e.xaniined  bv  me  for  this  piir- 
pose).  In  adullssuchan  open- 
ing or  scar  may  be  noted  by 
careful  scrutiny  in  twenty-flve 
per  cent,  of  all  druinlieads. 
Most  of  these  cases  can  give  no 
history  of  dischaige;  but  we 
often  find  even  gros.ser  lesions  with  a  like  negative  his 
tory.  The  presence  of  such  an  opening  or  scar  conlirms 
my  claim  that  disease  in  the  attic  is  not  necessjuilv  sivei-e 
and  intractable,  bad  as  certainly 
are  many  attic  suppurations 
with  perforation  in  the  flaccid 
membrane  (Fig.  1733). 

The  tense  membrana  vibrans 
is  much  the  more  fre(|Ueiit  seat 
of  such  an  outlireak  of  discharge 
from  the  tympanum,  and  most 
authorities  state  that  it  is  most 
common  in  the  lower  anterior  or 
light-spot  region.  A  summary 
of  1,000  consecutive  cases  in  mj- 
juactice  was  made  by  Dr.  Bar- 
ton H.  Potts  and  it  shows  only 
2.5  per  cent,  at  this  part  as 
against  37  per  cent,  down  and 
back,  and  l(i  per  cent,  up  and  back.  The  Shrapnell  per- 
forations were  10  per  cent,  and  those  called  central  (often 
too  large  for  their  region  of  oi'igin  to  be  longer  deter- 
minable) were  less  than  7  per  cent.  I  feel  confident  that 
_  more  extended  observation  will 
^^^^^■^■H  show  that  the  upper  ]iosterior  re- 
^^^^^^^^H  which  is  the  site  of  the  most 

^B  ■'- X-  L^^l  common  and  conspicuous  disten- 
^K  ^  »  »^B  tion,  will  be  found  to  have  a 
^^  ^"  I  ^M  larger  proportion  of  perforations 
^^L        J^^M        than   that   which   has    just  been 

^^^l^^^^l  While  the  form  of  the  opening 

is  as  varied  as  its  site,  it  generally 

Fig.  1728.— Rupture  of  the  begins  as  a  small  lound  vielding 

l«ft    Membrana^ Tym-  ^f    ^^^    distended    tissues    (Plate 

extends"  almost    aoross  XXV.,    Fig.    51),    and    only  in  the 

the  posterior  half  of  the  very  septic  conditions,  as  in  scarlet 

memhrdne.  and  the  ves-  -     *  

sets  are  full,  especially 


FtG.  1727.— Irrefiular  Linear 
Rupture  of  Posterior  i'or- 
lion  of  Riirht  Membrana 
Tympani,  with  its  Edges 
in  .Opposition.  (Toynbee.) 


Fir.  1729.— Double  Rupt- 
ure of  Riirlit  Membrana 
Tympani  in  a  W<^inanof 
Thirty,  Produced  by  a 
Fall  upon  the  Ear— seen 
on  the  Third  Day.  The 
u\o  tears  have  radiat- 
ing directions,  and  show 
marked  grajiing.  (Po- 
litzer.) 


Sff  a'^'^/tlirl'p'fcil^iy    f'-ver  and   diphtheria,  is   there  a 
behind  the  manubrium,    rapid  loss  of  substance  by  ulcera- 


tion to  enlarge  it  or  even  to  destroy  almost  every  vestige 
of  the  drumhead.  Almost  always  in  infancy,  and  fre- 
quenth'  throughout  childhood,  the  perforation  is  but  a 
pinhole  at  the  apex  of  the  bagging 
portion  of  the  membrane ;  and  this 
nipple-like  or  pouting  perforation 
may  be  recognized  only  by  tlic 
drop  of  discharge  which  forms 
upon  it  almost  as  fast  as  it  can  be 
wiped  away  (Plate  xxv..  Fig.  52). 
The  persistence  of  such  a  protru- 
sion after  an  opening  has  formed 
doubtless  marks  some  impediment 
of  free  drainage ;  and  in  adult  eases 
this  often  has  its  serious  aspect 
(Fig.  1732).  In  early  life,  how- 
ever,and  in  the  luvsence  of  muco- 
purulent discharge  of  no  great 
virulence,  it  may  be  regarded  with 
less  concern.  It  serves  as  a  com- 
plete bar  to  penetration  of  medi- 
caments from  without,  and  there- 
fore is  an  iiidieutioii  for  the  use  of 
heat   by  the   douche   as   our   best 

asti-ingent;  for  the  heat  can  penetrate  whci'c  the  fluid 
which  conveys  it  to  the  bottom  of  the  canal  fails  to 
pass.  It  is  claimed  that  such  openings  are  specially 
liable  to  clogging  under  iiisurtlations  of  powdered  boric 
acid,  'a  phenomeniui  which  de- 
pends prineipally  on  the  insolubil- 
ity of  boric  acid  in  luueus.  ami 
which  Iheret'ore  brings  it  ill  all 
^uch  cases  under  the  ban  which 
forbids  the  use  of  any  insoluble 
[lowder.  Such  incomplete  iliain- 
uge  may  also  afford  an  indication 
for  operative  enlargement  of  the 
opening;  but  incision  through 
siK'h  a  peiforation  may  serve  only 
to  freshen  its  edges  for  premature 
closure  an<l  wholly  defeat  the  in- 
tention of  the  operator.  It  is  bet- 
ter to  incise,  if  at  all,  freely  at  the 
periphery  of  the  membrane,  avoid- 
ing the  site  of  the  perforati(ui ;  but 
in  many  cases  it  .seems  simpler 
and  better  to  introduce  a  pair  of 
fine  forceps  into  the  perforation  and  by  separating  the 
blades  to  cause  slight  divulsiou,  thereby  securing  a  more 
patulous  condition  with  lessened  tendency  to  close.  As 
there  is  frequently  a  tendency  of  the  swollen  mucous 
menibi'ane  to  prolapse  into 
the  opening  and  limit  the 
exit,  the  application  of 
silver  or  other  astringents 
to  the  edges  of  the  per- 
foration may  cause  the  tis- 
sues to  retract  and  thus 
favor  drainage.  The  same 
result  may  be  attained  at 
times  by  light  dusting 
with  boric  acid,  and  the 
assertion  that  this  medi- 
cament will  enlarge  per- 
forations testifies  in  some 
measure  to  its  eflicacy. 

With  any  increase  in 
the  size  of  the  opening  a 
dark  hole  may  be  seen 
when  the  occluding  dis- 
charge has  been  removed ; 
and  in  all  acute  cases  any 
fluid  within  the  opening 
can  generally  be  seen  to 
pulsate  (Plate  XXV.,  Fig. 
48),  in  evidence  that  the 
arterial  pulse  is  propagat- 
ed into  the  distended  cap- 


Fifi.  I7;!().  —  Interiamellar 
Absces.ses  of  Right 
Membrana  Tympani. 
one  at  UinlK>  Showing 
tlie  Pitting  caused  by 
Pressure  of  a  Probe. 
Three  others  are  seen 
backward  and  upward, 
(Scbwartze.) 


FIG.  17:S1.— Ulceration  of  the  Right 
Membrana  Tympani  of  a  .Man 
Sixty  Yeai-s  nf  .\ge  after  the  Re- 
moval of  a  Hard  and  very  Adher- 
ent Plug  of  Cerumen.  A  dark 
red  rough  and  moist  surface  wa.s 
seen  in  front  of  the  iiialleiis  tian- 
dle,  t)ounded  by  a  raised  edge. if 
cuticle.  The  remainder  of  the 
membrane  was  nearly  normal  ex- 
cept for  injection,  and  the  light 
spot  was  merely  lacking  in  bril- 
liancy. Examiii:ili"n  of  theceru- 
minous  plug  sliowed  that  it  had 
been  in  contact  with  the  ulcerated 
surface.  Healing  was  prompt  un- 
der boric  acid  powder. 
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illaries  of  the  tviiipamim.  The  proximity  of  the  carotid 
has  been  eiteil  as  ii  cause  for  this  visible  ]iulsation  (wliicli 
may  be  as  thrcil)liini:ly  felt  in  the  inllamed   linirer  tip). 

Siicli  pulsation  is  therefore 
usually  indicative  of  per- 
foration and  is  noted  only 
in  or  near  the  opening; 
yet  in  rare  cases  the  un- 
ruplureil  memlirane  has 
been  oliserved  to  pul.sate. 
but  only  when  thinned  to 
the  verge  of  rupture. 
i(  'onipare  Fig.  1T49. ) 

Further  enlargement  of 
the  opening  is  apt  to  as- 
sume a  more  oval  form, 
partly  because  of  the  ob- 
liipiity  cpf  the  membrane 
and  its  foreshortening. 
Near  the  upper  back  mar- 
gin this  may  make  the 
])erforatiou  appear  even 
slitlike;  or.  if  its  margin 
be  swollen,  no  visible 
opening  may  be  noted 
(Compare  Fig.  1T38),  al- 
though the  curved  probe 
can  be  readily  carried 
through  it.  This  is  the 
more  important  since  the 
peripheral  jierforations  at 
this  locality  are  apt  to  indicate  carious  involvement  of 
tlie  shank  of  the  incus  (Plate  x.w..  Figs.  5.5.  56)  or  of  the 
bony  tympanic  margin,  and  to  demand  prompt  recogni- 
tion and  vigorous  treatment.  Still  larger  openings  are 
commonly  reuiform  (Figs.  173K  and  1746)  and  embrace 
the  tip  of  the  hammer  handle  (Plate  x.w..  Figs.  58  and 
59).  which  may  seem  to  protrude  naked  into  the  open- 
ing. Such  denuding  of  the  malleus  is  not  in  reality 
very  common  and  the  cotton-tipped  probe  will  not  catch 
upon  it,  for  the  condensed  drumhead  tissues  still  cover 

it  and  are  well  nourished 
liy  its  vessels.  Caries  and 
visible  truncation  usually 
follow  quickly  actual  de- 
nudation. Destruction  of 
the  drumhead  may  be 
romplete.  leaving  no  vis- 
ilile    remnant;    but    more 


Fin.  ITS-.-Hifflit  Mcnilinilin  Tyiii- 
palli  (if  a  Man  Tliirty-two  Years  of 
Age.  Recently  Kecnvered  from 
Typhoid  Fever.  .Mucti-purulent 
catarrh  of  the  uiirtdle  ear  of  two 
weeks' duration.  lieluw  Iheumlm 
is  a  reddish-yellow  protrusion, 
yielding  but  "lilile  on  pressure, 
frtmi  the  point  of  which  the 
discharge  flows,  and  on  being 
cleansed,  a  minute  opening 
visible,  (ieneral  injection  of 
membrane,  especially  behind  the 
manubrium.  Treatment  failed 
until  a  good-sized  opening  was 
made  with  a  paracentesis  needle: 
then  prompt  recovery  ensued. 


Fig.  1733.— Right  Membrana  Tyra- 
pani  of  a  Boy  of  Five  Years,  with 
Constant  Discharge  for  Three 
Y^ars.  A  i)erfi 'ration  about  1.5 
mm.  in  diameter  is  with  difllculty 
seen  above  tlie  short  process,  and 
inlratympanic  injections  bring 
away  epithelial  flakes  and  masses 
of  fcetid  secretion.  The  rest  of 
the  membrane  is  slightly  opaque, 
thickened,  and  injected. 

often  there  is  a  rim  of  the 
thicker  tendinous  aiiuulus 
recognizable  t  li  r  n  u  g  h  o  u  t 
more  or  less  of  the  circum- 
ference (Plate  XXV..  Fig.  64), 
and  this  may  form  a  jierfect 
basis  for  regeneration  of  a 
cicatricial  membrane  after  the 
<lestructive  process  has  ex- 
hausted its  force. 

The  perforation  of  the 
drumhead  is  generally  sin- 
gle, but  it   is  not  unnatural, 


Fir,.  1734,— Large  Loss  of  Bone 
at  the  Inner  Knd  of  the  Upper 
Wall  of  the  Meatus,  in  a 
Woman  Twenty-si.\  Y'ears  of 
Age.  in  whom  the  Tympanic 
Suppuration  began  in  Child- 
hood, and  Ceased  only  a  Few- 
Years  since.  Membrana 
tympani  dry,  gray,  and 
opaque,  retracted  down  and 
forward  from  the  umbo,  atro- 
phic behind  the  manubrium. 
Through  the  opening  are  seen 
the  malleus  head,  the  anterior 
ligament,  and  the  body  of  the 
incus  with  its  long  process. 
A  very  delicate  membrane 
which  closes  the  opening  and 
applies  it.self  closely  to  the  os- 
sicles, bellies  out  on  inflation. 
Hearing.  (t..T  metre  for  acou- 
meter.  a  metres  for  loud  whis- 
per.    iPolit;yr.) 


Fig.  173.5.  —  Purse-like 
Distention  of  the  Upper 
Posterior  Quadrant  of 
the  Left  Memt>rana 
Tympani.   (Schwartze.j 


Fig.  17;tti.- I'crrnnition  of 
I'pper  Posterior  yuad- 
i"unt.  sudi  as  sometlme.s 
remains  after  rupture 
of  tile  distended  pf»rti(m 
shown  in  the  previous 
illustration. 


when  one  opening  is  ill-placed 
fur  draining  the  complex  cavity. 
that  aniither  should  result  from 
the  action  of  retained  tliiid  (Plate 
XXV.,  Figs.  Gl,  62,  7->,  and  73). 
K  specially 
is  this  the 
case  as  re- 
gards t  h  e 
attic  with 
its  subdi- 
vided area, 
which  may 
require  sev 
cral  open 
ings  in  the  flaccid  membrane  to 
drain  it.  irrespective  of  openings 
in  the  tense  membrane  below. 
The  objection  often  raised,  that 
high-placed  openings  (Figs.  1733 
and  1736)  arc  ill  suited  for  drain- 
age, is  usually  specious.    Whoever 

raised  this  objection  ignores  the  fact  that  most  persons 
are  recumbent  at  least  one-third  of  the  time.  and.  fur- 
thermore, that  capillary  attraction  counts  for  more  than 
gravitation   in  this  matter  of  draining  the   tympanum. 

As  stat<'d  above,  I  believe 
that  the  majority  of  per- 
forations are  located  in 
the  upper  quadrant  and 
are  so  efficient  that  they 
permit  of  prompt  cure 
with  little  or  no  recog- 
nizable scar.  Perforations 
occur  liigli  up  because  in 
this  region  there  is  reten- 
tion of  Huid  which  is  not 
drained  away  by  the  nor- 
mal channel  of  the  Eusta- 
chian tube.  Yet  the  oc- 
FiG.  17:!7. -Right  Ear  of  a  Boy,  ciirrence  of  multiple  per- 
Eigiu  Years  of  Age,  with  Long-  forations  in  the  tense 
standing  Supimrative  otitis  after  ,„p,,,hr'inp  slinnid  tIwsvs 
Scarlatina.  The  menilirane  is  e.\-  "'V'""""'^  siJOUKt  an\  a\  s 
tensively  destroyed,  leaving  but  a  raise  a  question  as  to  the 
narrow  margin  all  around. except  e.xistence  of  a  tuiiercu- 
where  a  triangular  portion  re- 
mains along  the  retracted  manu- 
brium. The  tip  of  the  loni:  [uoc- 
ess  of  the  incus  is  just  \  isiblr  pos- 
teriorly, the  niche  of  tlie  round 
window  appears  behind,  and  the 
irregular  depressions  of  the  floor 
of  the  lympanuin  may  be  seen 
below.  Anteriorly,  we  look  into 
the  Eustachian  tube,  as  far  as  to 
the  isthuuis. 


lous  process;  and  when 
we  come  to  investigate 
these  cases  we  shall  often 
find  that  there  is  a  pro- 
longed expiratory  .sound, 
if  not  more  marked 
trouble,  at  one  or  both 
lung-apices,  or  that  the 
family  history  shows  a 
tendency  to  consumption.  At  times  the  perforations 
almost  merit  the  term  "sieve-like."  as  in  the  cases  fig- 
ured (Figs.  1739  and  1740);  and  if  the  process  is  notably 
painless  and  the  drumhead  pre- 
sents rather  a  pallid  than  congested 
aspect,  we  may  feel  nearly  siii'e  of 
the  diagnosis  even  though  other 
wise  unsupported.  The  fact  that 
the  promontory,  in  the  later  stages 
of  such  cases,  is  not  infre(|iiently 
denuded  of  its  covering  of  mucous 
membrane,  or  may  even  be  carious, 
may  likewise  be  regarded  as  an  ex- 
tremelv  suspicious  circumstance. 
Miliary  tubercles  have  been  noted 
in  the  drum  membrane  as  yellow 
points  which  rapidly  soften  and 
leave  perforations;  but  I  cannot 
say  tliat  I  have  ever  recognized 
them,  iind  I  know  of  no  certain 
means  of  differentiating  them  frimi 
the  more  ordinary  pointing  of  re- 
tained pus.  unless  it  be  in  the  fact 
of  their  multiplicity. 


Fig.  1738.  — Ix?ft  Mem- 
brana Tympani  of  a 
Woman  Thirty  Y'ears  of 
Age,  with  Umg-slantl- 
ing  Purulent  Otitis 
Media.  A  renifnrm  per- 
foration involves  mui-h 
of  the  lower  half  of  the 
drumhead,  and  a  poly- 
pus arises  l)y  a  Dam>w 
p«'dum-le  in  front  of  ilie 
.short  pnx'ess.  I'pon  it-s 
removal,  no  perforation 
was  recognized  at  its 
point  of  origin. 
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The  usual  tendency  of  a  perforation,  of  wliatevcr  size 
and  however  produced,  is  toward  closure.  Even  the 
most  thorough  excision  of  the  entire  drumhead  lias  been 
followed  by  complete  regenera- 
tion ;  and  Kessel  urged  that  the 
tympanic  margin  should  be  cliis 
elled  away  in  such  cases  if  a  per- 
manent opening  was  desired.  The 
liealing  takes  place  more  promptly 
in  youth  than  in  later  life  and  in 
acute  than  iu  chronic  cases:  yet  it 
is  sometimes  a  far  slower  process 
in  the  case  of  small  tlian  in  that  of 
large  oi)eniugs. — the  reason  lieiug 
tliat  the  "skinning  over"  of  the 
margins  bv  ingrowth  of  the  drtnn- 


Fitt.  1739.  —  Risht  Mem- 
brana  Tympanl  of  a 
Man.  alx)ut  Fifty  Tt^rs 

<>t  Age.  Sliowirig  Four    i       r        -.i    i-  .1 

Perforations      in     the    •"'«(1    epithelmm    suppresses    the 
Lower  Portion.      The    growth  of  re|)aralive  granulations. 
Tbc>    further  great   iinportanee  of 
this  process  in  the  production  of 
cholesteatoma  and  the  lenewal  or 


narrow,  most  posterior 
openinjr  closed  under 
ol)servation.  (Patleut 
liad  laryngeal  tubercu- 
losis.) 


maintenance  of  suppiuation  will 
be  dealt  with  later. 
Drumhead  healing  in  its  sim|)!est  form  is  seen  in  many 
of  the  acute  cases,  in  which  the  perforation  liasbien  a  mere 
jiressing  apart  of  the  tissues,  especially  the  tibres  of  the 
membrana  propria,  with  little  or  no  loss  of  substance. 
The  tissues  come  together  and  unite  as  if  by  .serous  ag- 
gUitination.  the  epidermal  anil  the  mucous  epitlielium  are 
)>romptly  renewed,  and  in  a  short  time  every  vestige  of 
the  opening  has  disaji- 
peared.  ^Vliere  tlieiv  has 
been  loss  of  substance  this 
must  be  rei)laced  by  new 
tissue,  and  in  the  trauma 
tie  ruptures,  even  when 
judniptly  heah'd  without 
suppuration,  there  is  apt 
to  be  enough  new  tissue 
to  make  a  permaiieni 
scar,  often  more  visible 
than  tlie  inconspicuous 
rent.  Such  cicatrices  in 
volveonly  the  fibrous  lay 
or,  as  a  rule;  for  tin- 
epithelial  and  mucous  sur- 
faces soon  lose  any  al- 
tered appearance  if  the 
supporting  tissue  appro.\- 
imates  the  normal.  This 
it  often  does,  and  it  is  at 
times  easy  to  overlook 
large  cicatrices  or,  in  rec - 
ogiuzing  their  thinness,  to 
be  in  doubt  as  to  whether 
the  condition  is  one  of  at- 
rophy or  of  a  healed  perforation.  Most  perforations 
present  a  thickened  margin,  which  may  be  recognizable 
lifter  they  have  healed  an<l  which  fiuiiish  the  character- 
istic wbieli  distinguishes  them  from  mere  atrophic  areas. 
This  thickening  contains  most  of  the  pecub'tr  sidistantia 
propria  tibres  which  spanned  the  site  of  the  opening, 
and  in  the  healing  inoeess 
the.se  may  be  drawn  back 
into  place;  but  regeneration 
of  these  tibres  probably  does 
not  occur,  although  it  has 
been  reijorted.  Some  new 
tissue  will  be  present  to 
unite  theseiiaiateil  til)re  ends, 
but  this  may  be  hardly  dis- 
cernible under  mienwcopic 
study.  Most  conuiionly,  in 
openings  of  any  size,  granu- 
FiG,  1741,— The  Same  Dram  lations  form  on  the  margins: 
Membrane  immediately  after  they  arise  from  any  or  all  of 
whVh-'^,sesh'!shtirinrnea?:  the" layers  and  a,e  clinically 
lyto  the  normal.    Cl'olitzer.)    recognized  as  a  Jiink    or  red 


Fir,.  1740.— Itlplit  Membrana  Tym- 
pani  of  a  Man.  Forty  years  of  Ace. 
who  TJied  alMiut  a  Year  Ijil4T  of 
TiilK'n-ulosis.  An  oval  perfora- 
tion occupies  the  anterti)r  i)ortlon 
of  the  nu'inbrane,  a  mon*  iiear- 
shaped  one  is  down  and  liack  from 
the  umlKf.  and  a  thlnl,  (tf  kidney 
shaiM',  is  up  and  iMick.  Two  small 
and  elonjrat^'d  oiwnink's  are  <'Iose 
to  the  Ilixt  and  the  ihlnl.  Tlie 
niembnine  shows  plications  below 
the  umbo. 


Catarrti  for  Ei^'lit  Years. 
Na.so-pharvnffeal  catarrh  with 
preat  swelltnir  i>f  the  mucous 
membrane  of  the  tut»e.    The 


edging.     They  grow  inward,  cicatrizing  as  they  do  so. 
and  drawing  inward,  like  a  sphincter,  any  of  the  old  tis- 
sues which  may  be  present.     Finally,  they  meet  anil  co- 
alesce.      Vascularization     or 
other  factors  may  make  this 
process   unsymmetrical,    and 
the  new  tissue  may  be  even 
a  tongue-like  growth  which 
proceeds   from  one  side  and 
closes  all  but  a  cleft  at  the 
opposite  margin.     I  have  ob- 
served this  especially  in  per- 
forations  healing   under   the 
stimulation  of  a  paper  patch. 
This  new  tissue  is  soon  con- 
Fio.  1742.  — Kight     Membrana    verted  into  a  Hbrons  scar,  but 
T-e;ro[-te,w.Io'''iu™s'^rf"    '\   .■■an-ly   l,as  much   of    the 
fered  with  Chronii' Middle-Ear    rigidity  ot   the  original  mem 
braiie    and     almost     always 
shows  a  Haccidity  and  undiie 
inoliility  which  are  apt  to  iii- 
depivssed  area  ivsis  uiwn  the    crease.     Hence  such  scars  arc 
inner    wall    ami   shows   the    n-eneralh-    more    nr    less    rle 
incudivstaiHHllal  Joint.     (Po-    gi  "<  raij    inore    01     itss    ue- 
lltzer.i  pres,sed    and    may  even  col- 

lapse into  contact  with  the 
inner  structures  of  the  drum  cavity  (Figs.  1741  and 
1743).  They  may  not  only  fail  to  serve  as  jiarts  of  the 
vibrating  meiiilirane  but  may  even 
hamper  its  ino\ cmi'iits  or  tliosi'  of 
the  deeper  structures,  blanketing 
the  stapi'S  if  in  its  region  and  seri- 
ously interfering  with  hearing.  On 
intlatioii  thi'v  often  bag  out  into 
the  caiinl  in  single  or  multiple  bos.ses 
and  may  furnish  strikingly  variable 
pictures  as  shown  in  Figs.  1742  and 
1744.  So  complete  may  be  the  de- 
pression of  a  sear  that  it  may  be 
practically  unseen,  its  jieripheral 
portions  liiding  beneath  the  per- 
foration margins,  while  its  centre, 
instead  of  lieing  concave  and  giving 
baik  the  usual  relleition,  may  apjdy 
itself  to  the  convex  proinonlory  and 
seem  but  a  glossy  coating  of  its  sur- 
face (Fig.  174."i  and  174f)).  The  per 
fonition  may  therefore  seem  still 
open:  but  intlalion  will  usually  dis- 
tend its  cieatii.N  conspicuously  in 
front  of  the  drumhead.  Such  Hac- 
cid  scars  often  interfere  with  the 
hearing.  .Multiple  incisions  have 
therefore  been  made  in  the  hope  of  effecting  a  tinner 
cicatrization:  but  I  have  generally  found  that  lielter 
results  may  be  obtained  from  .McKcown's  plan  of  paint 
ing  the  distended  drumhead  with 
contractile  collodion.  The  tempo- 
niry  splinting  is  accompanied  by 
enough  irritant  effect  to  thicken  up 
the  llaccid  tissue,  and  even  though 
there  is  little  visible  difference,  there 
is  often  inuch  gain  in  hearing  after 
a  few  rejietitions. 

Small  scars,  however  much  they 
may  collapse,    and    provided    they 
FiiJ.  1744.-lnliatlon  of    are   not    located   directly   over   the 
stapes,   rarely  disturb   the   hearing 
so  long  as   they    remain   free;    but 
ttie  'meatui  where'lt    adhesion  to  the   underlying  struct- 
seems  larger  than  the    ures.  especiallv  those  of   the    inner 

e!;g::^";;,d";l,e'han,lie  ^^<^^^- 1'^-).  'f  "^i-^ny  -'■'■>■  .ns- 

of  the  malleu.s.    In  a  aiding  to  the  conducting  apparatus. 

few  minutes  the  dis-  Such  attachment  inav  be  iirimarv. 

renston,?;.  '.rm'^  "'  ^^"'^  ."»;  remains  of  the  drumheid 

plicated    as    it    col-  are    uniteil    thus    to    the    tympanic 

lapses,  soon  to  i-esume  walls  bv   granulations  that    should 

its    old     position     in  i,j,v,,  l.nilt    un  a    eientrieial    elnsuri- 

contact  with  the  inner  "",,   "U"'    >'P /'  ticairiciai   ciosuit 

tympanic  wall.  of  the  perloration;  but  it  may  also 


Fio.  174:1.  —  A  large 
rounded  hiss  of  siili- 
atance  of  thi'  iiiem- 
braiui  tympani  below 
reai-hes  u|i  lo  llie  tip 
ot  the  ituinubrUim. 
which  projects  slight- 
ly Into  the  upper 
margin.  It  is  closed 
bv  a  delicate  cicalri.\ 
applied  lo  the  pro- 
montory and  moulde<l 
upon  lt.s  lne<|ualliles. 
The  edges  of  the  de- 
pres-sion  are  shan>-i*tit 
and  overhang,  so  that 
ttie  ap'a  sei'itis  an  un- 
closed perfondloii. 


the  middle  ear  forces 
the  ilellcate  cicatrix 
out  like  a  liublile  into 
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be  secondary  to  the  collapse  of  a  full -formed  scar.  Not 
very  rarely  vigorous  inflation  or  piieumntic  massiige  is 
seen  to  be  followed  by  extravasations  in  a  scar  lifted 

from  a  contact  that  has 
given  rise  to  inosculation 
of  its  vessels  with  those 
of  the  underlying  tis- 
sues. Where  the  mar- 
gins of  the  open  per- 
foration are  bound  down 
to  inner  structures,  very 
puzzling  pictures  are 
sometimes  presented;  for 
we  generally  recognize 
a  hole  by  its  sharp-cut 
margins,  and  with  the 
FIG.  1745.— DlagranniiaiicStvtiiin  of  a  melting  of  these  into 
LargeFree  ( icatrix  Iiepressfd  imo  other  parts  landmarks 
C(.ntact  with    the  Inner  Tympanic  i      wlinllv  i.tT-ipcd 

Wall  and  Stretched  in  all  Directions,  ^^^  "<^  w  nou>  aiacta. 
so  that  the  Margins  ol  the  Perfora-  In  very  rare  mstances  a 
tion  overhang  it.  free  cicatrix  may  form  in 

advance  of  parts  tlius 
bound  down  and  such  a  condition  of  "'detachment  of 
the  manubrium  "  results  as  is  shown  in  Figs.  1748  and 
1749. 

Occasionally  a  complete  new  membrane  may  form  ex- 
ternal to  the  annulus,  arising  apparently  from  the  tmion 
of  granulations  which  spring  from  the  canal  walls.  Those 
which  I  have  met  were  located  in  the  inner  third  of  the 
canal,  at  the  upper  part,  very 
close  to  tlie drumhead;  but  tliey 
were  placed  almost  at  a  right 
angle  to  the  axis  of  the  canal. 
wilh  none  of  the  obliquity  of  the 
real  drumhead.  The  usual  land- 
marks of  the  drumhead  were 
also  lacking.  As  they  probably 
impede  hearing  very  little  if  at 
all  and  are  excellent  protective 
partitions  for  the  drum  tissues, 
interference  for  their  removal  is 
rarely  advisable. 

Where  healing  of  a  perfora- 
tion is  long  delayed  and  it  seems 
advisable  to  secure  the  protect- 
ive effect  of  an  intact  drum- 
head, this  result  may  often  be 
promoted  by  the  .surgeon,  either 
through  freshening  the  edges  by 
rubbing  or  by  stimulants  such 
as  silver  or  trichloracetic  acid 
(2.5  per  cent.),  or — more  safely — 
by  Blake's  method  of  covering 
it  with  a  patch  of  thin  writing 
or  tissue  paper.      This   may  be 

moistened  so  that  it  shall  adhere  by  its  own  sizing,  or  it 
may  be  coated  with  a  littk'  glycerin  or  boroglyceride 
of  tannin  and  cariied  by  a  probe  or  forceps  into  snug 
contact  with  the  margins.  In  a  week  or  two  it  may  be 
washed  away  and  replaced  if  the  healing  is  incomplete; 
but  a  dry  non-vitalized  opening  that  has  been  rather 
widening   than   narrowing   for   weeks   or  months,  will 

sometimes  be  found  per- 
fectly healed  at  the  end 
of  a  week  or  ten  days. 
The  lining  membrane  of 
the  egg  shell  has  also 
been  used,  but  with 
doubtful  advantage.  In 
this  delicate  procedure 
full  recognition  of  the 
obliquity  of  the  drum- 
head is  essential  if  pre- 
cise placing  of  the  patch 
is  to  be  sccuied.  It  is 
also  very  important  to 
FTG.  1747.— Diagrammatic  Section  of  .^^,,.„  ,i  '  patient  that  a 
a  Small  Depressed  acatrix  attached  "'"."  '  ,  I'aLitui,  luai  a. 
to  the  Promonton-.  decided  loss  of  heanng 


Fig.  174H.— a  large  reni- 
fonn  perforation  of  the 
left  merabrana  tyni- 
pani,  in  a  man  twenty- 
one  years  of  age.  is 
closed  by  a  delicate,  al- 
most invisible  cicatrix 
closely  applied  to  the 
underlying  structures. 
The  niche  of  the  round 
window  posteriorlv.  and 
the  incudo-stapedial  joint 
ab<;>ve,  are  seen  as  clearly 
as  though  not  covered. 
The  tube  was  but  slightly 
permeable.  and  little 
functional  improvement 
or  change  of  the  picture 
was  afforded  by  inflation. 


may  be  the  primary  result  of  such  interference;  for 
otherwise  he  may  be  greatly  disturbed  by  this  temporary 
change  for  the  worse. 

Perforations  in  the  flaccid   membrane  show  a  much 
less  marked   tendency  to  close,  and   this   is  especially 
true  of  those  cases  in  which  there  has  been  any  carii-s 
of  the  adjacent   margin  of 
the  scute.     .'>ome  of  this  is 
ascribable  to  the  ingrowing 
of  epithelium  and  the  for- 
mation    of     cholesteatoma 
within  the  attic  and  anlnmi. 
The    rapidly    proliferating 
e  p  i  t  h  e  1  i  ti  m    (Blake   has 
shown   that  the  growth  is 
most    rapid    above)   trans- 
planted   to    tlie    succulent 
mucous  surface  grows  with 
imprecedentcd   activity. 
Desquamation    takes  place 
Fk;    174S. -Diagrammatic  Section    promptlv  and  finds  the  re- 
Ku^'r  BXv'^a1^d'?hT'l.r-    gi"n    unprepared  to  ,id  it- 
hiium    Drawn   in   Behind   the    .self  of   the   debris.      These 
Middle  of  the  Membrane.  cavities  are  naturally  lined 

with  cells  which  break 
down  into  mucus  and  are  suppHed  with  cilia  to  sweep 
the  fluid  down  the  Eustachian  tube;  but  the  cilia,  if  not 
already  destroyed,  are  incompetent  to  move  the  flake.s 
of  epidermis,  and  these  remain  to  excite  further  the 
proliferating  tendency.  Onion-like  masses  are  formed 
as  layer  is  added  to  layer,  and  tnider  pressure  of  the 
collection  the  bony  walls  may  undergo  absorption,  the 
soft  tissues  stretch  or  yield,  or,  with  the  help  of  anj' 
infective  mateiial  that  may  be  present,  a  suppuration 
may  be  set  up.  This  is  likely  only  to  swell  the  collec- 
tion and  painfully  increase  the  destructive  pressure. 
Fortunately,  the  outward  direction  often  offers  the  least 
resistance,  and  through  the  old  perforation  or  one  new- 
fonned  the  pearly  mass  may  escape  into  the  canal;  too 
frequently,  however,  it  is  only  by  absorption  or  carious 
destruction  of  the  bony  walls  that  an  exit  can  beseemed. 
The  ossicles,  if  uninjured  by  the  earlier  suppuration,  are 
apt  to  sulTer  displacement  or  caries,  granulations  form  as 
the  natural  jiroiest  of  the  parts,  and.  as  a  result  of  their 
endeavor  to  rid  themselves  of  the  really  foreign  mate- 
iial. all  the  malign  elements  of  chronic  suppuration  are 
called  into  activity. 
Strictly,  the  cholesteato- 
ma should  be  called  a 
pi-iiilnct,  not  a  neoplasm, 
although  its  analogy  to 
the  ])earl_v  nodule  of  epi- 
thelioma is  very  close; 
yet  it  acts  at  times  almost 
as  destructively  as  does  a 
vascular  growth  and  has. 
a  similar  tendency  to  re 
new  itself  after  removal. 
Absorption  or  carious  de- 
struction of  the  scute,  or 
so  much  of  it  as  forms 
the  outer  wall  of  the  af- 
fected region,  may  afford 
adequate  exit  for  the 
material  so  often  as  it 
forms,  although  the  soft 
parts  are  apt  to  grow- 
more  or  less  over  the  gap 
and  a  parturition  in  min- 
iature has  to  be  suffered 
each  time  that  a  mass  finds 
exit.  In  some  cases,  even 
without  such  opening  up 
of  the  affected  area,  the 
proliferative  t  e  n  d  e  n  c  y 
seems  to  wear  itself  out; 
but  more  often  there  is  at 
best    recurrent    suppura- 


FiG.  1749.— Kight  Membrana  Tym- 
pani  of  a  Woman,  aged  Forty-flve, 
with  Long-standing  Interiinttent 
Suppuration  of  the  Tympanum 
Recently  Recurring.  Small  cen- 
tral perforation  in  a  free  cicatrix 
stretched  across  in  front  of  the 
lower  half  of  the  manubrium. 
Periphery  of  membrane  thickened 
and  opaque,  calcilled  anteriorly  : 
the  central  portion  depressed  and 
presenting  a  sharp  "kneeing" 
below.  Closure  of  the  perforation 
by  drying  of  the  scanty  discharge 
leads  to  further  depression  of  the 
cicatrix,  and  brings  it  into  con- 
tact with  the  lower  portion  of  the 
manubriimi.  which  is  then  seen  to 
be  entire  and  perhaps  bound  down 
to  the  promontory.  Before  rup- 
ture the  thin  scar  wa.s  visibly 
pulsating  and  gave  way  spontane- 
ously under  obsenatioh. 
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tion, — "repeated  gatherings"  as  the  sufferer  naturally 
talls  them, — if  not  a  persistent  discharge  with  exacerl)a- 
lions,  until  some  serious  accident  occurs  or  the  surgeon 
forestalls  it  l)y  oi)eration.  No  branch  of  surgery  has 
made  greater  advance  within  tlie  past  active  decade 
ihan  has  otology  in  dealing  with  these  cholesteatoma- 
tous  conditions  and  their  results.  It  is  a  subject  for  most 
earnest  congratulation  that  we  are  growing  into  a  bet- 
ter compreheusion  of  the  pathological  principles  which 
\mderlie  these  cases,  and  while  our  diagnostic  skill  is  in- 
creasingly efficient  in  bringing  them  to  recognition  aud 
clearing  the  mystery  which  often  enshrouded  them,  we 
are  also  more  prompt  and  rational  in  combating  them. 
For  a  long  time  to  come,  however,  we  may  expect  to 
see  cases  in  whidi.  owing  to  neglect  (on  the  part  of  the 
patient  rather  than  on  that  of  the  physicians),  these  clio- 
lesteatomatous  masses  continue  to  exert  their  injurious 
effects  unchecked.  I  have  repeatedly  seen  the  entire  mas- 
toid hollowed  out  into  one  huge  cavity  tilled  with  such 
a  laminated  mass,  with  absorptitm  or  caries  of  the  inner 
table  and  serious  pressure  on  the  dura  and  brain.  Knuckle- 
like |)orlions  may  invade  the  CRinial  cavity  and  give  all 
tlie  pressure  symptoms  of  lirain  tumor,  or  the  whole  mass, 
with  the  pus  which  it  has  induced,  may  enter  the  cranial 
fossji  as  an  extra-dural  abscessand  make  its  way  outward 
lliro\igh  the  si|uam!i.  In  this,  or  in  one  of  many  other 
ways,  which  will  be  set  forth  in  detail  in  other  articles 
of  this  group,  cholesteatonmtous  masses  may  involve  ex- 
tensive portions  of  the  temponil  bone  and  set  up  a  variety 
of  pathological  pnMisses  of  the  most  serious  i  liaracter. 

Caries  of  the  ossicles  is  to  be  expected  in  many  of  tlie.se 
cases:  in  some  of  tliem,  indeed,  it  may  have  already  led  to 
their  dislocation  or  exfoliation  before  the  patient  is  tirst 
seen.  If  the  disease  has  not  advanced  as  far  as  this  it 
may  often  be  stayed  and  the  ossicular  chain  restored  to 
usefulness  or  at  leiust  to  innocuousness.  It  is  often  most 
surprising  liow  i)erfect  the  hearing  may  l)e  with  the  altic 
full  of  pus  and  the  ossicles  bare  or  clearly  carious.  The 
most  vulnerable  bi-cause  least  vascularized  portion  is  the 
shank  or  descending  process  of  the  incus,  anil  its  destruc- 
tion sets  the  stapes  free  of  hindnuue.  as  well  as  of  help, 
from  the  rest  of  the  ossicular  chain.  The  neck  of  the 
malleus,  where  I'russaks  pouch  holds  infective  material 
in  contact  with  it.  is  next  in  the  freipiency  of  its  involve 
ment;  yet  it  may  be  eaten  Ihrough  and  the  head  loosened 
or  lost  without  great  impairment  of  function.  These  and 
many  i>tli(r  carious  portions  are 
after  all  almost  microscopic  in 
size,  and  operative  interfereuce  on 
a  very  mimite  scale  may  prove 
ade(|uate  for  s<'curing  resolution. 
Thus,  for  example,  rubbing  the 
bare  surfaces  with  a  l)are  or  cotton- 
tipped  |u()be  may  luit  only  reveal 
liut  at  the  same  time  sulliciently 
curette  the  caries,  and  a  speedy 
and  lasting  cure  has  fre(|uently 
rewarded  this  procedure  in  my 
experience.  Persi.slent  ])olyps  or 
granulations  ju.stify  suspicion  of 
the  integrity  of  souic  jjortion  of 
the  bony  structure,  even  when  it 
wholly  eludes  careful  probing; 
but  painstaking,  and  if  need  be 
painsgiviug,  search  and  minutely 
thorough  use  of  the  measures  else- 
where detailed  will  brinir  most  of 


Kii;.  IT.Tll.  Extensive  De- 
stnicllon  of  Mfiiil)rana 
'i'yiniwini.  Partfull.v  Re- 
piiireil  l).v  11  Kctracted 
ain»t  IMi«'ate<l  Cicatrix. 
Tlie  iiialleus  liandle 
«rcatly  thicki'iiwi  and 
apparentl.v  lruncate<l. 
witli  its  short  priM-ess 
oovenHl  with  j?rannhi- 
tions.  The  Incus  «'eins 
to  he  lost  and  Ihestaiies 
is  exposed  to  view,  cov- 
ered by  an  almost  invisi- 
ble nieinbrane  through 


le  thniuiFh    .,  ^  -      . 

which  its  diniplwi  iiead   ""'.se  cases  to  an  apparent  cure. 


shows  perfectly.  The 
promontory  is  rouirh. 
aiid  there  is  a  red  strealc 
posteriorly  of  uncertain 
naime. 


This,  however,  should  be  regarded 
as  a  mere  truce,  and  minute  crusts 
should  be  seai'ched  for  at  inter- 
als;  and  when  found  they  are 
often  best  removeil  dry.  so  that  we 
may  see  if  the  under  surface  is  wet  w  itli  reciiit  discharge. 
When  the  ossicular  chain  is  broken,  as  by  loss  of  the 
incus  or  its  shank,  any  remains  of  the  damaged  larger 
ossicles  are  of  interest  only  as  possible  maintainers  of 
suppuration,  and  if  not  soon  brought  to  healing  should 


be  removed :  but  when  the  chain  is  unbroken,  more  can 
generally  be  accomplished  for  the  improvement  of  the 
hearing  by  judicious  mobilization  and  massage  than  by 
excision.  Adhesions,  after  being  cut.  often  unite  more 
firmly  than  before;  but  the  blunt  (u-obe  may  stretch  tliciii 
so  as  to  afford  lasting  relief.  When  the  dimpled  head  of 
the  stapes  comes  to  view  (Fig.  1750)  we  know  that  the 
incus  is  disarticulated,  if  not  lost,  and  we  should  confine 
our  intervention  to  freeing  the  oval  and  round  windows. 

B.  Alu-tinder  Rinidiill. 

EAR  DISEASES  :  ARTIFICIAL  AIDS  TO  DEFECTIVE 
HEARING. — When,  in  llie  course  of  disease,  cillier  of  tin- 
sound -conducting  or  of  the  the  sound-perceiving  appara- 
tus, pathological  changes  have  become  so  pronounced  lis 
to  render  ordinary  conversjitiou.  or  even  that  of  a  higher 
pitch,  unintelligible  to  the  unfortunale  individual,  and 
when  all  of  the  well  lecognized  methodsof  treatment  have 
proven  unavailing,  then  it  may  become  necessary,  for  his 
comfort  and  convenience,  and  that  of  his  friends  as  well, 
to  resort  to  the  adaptation  of  one  of  the  mechanical  ile 
vices  which  experience  has  shown  lo  be  useful  in  such 
conditions. 

For  convenience  of  description  these  appliances  may 
be  divided  into  three  elas,ses: 

1st.  Those  for  use  within  the  auditory  canal  and 
tympanic  cavity  and  w  hich  are  concealed  from  view,  or 
nearly  so. 

2d.  Those  in  which  the  bulk  of  the  instrument  is  ex- 
posed to  view  and  the  sound  waves  hit  ti-.iiisinilted  by 
means  of  a  conveniently  sliaiied  ti|)  inlroduced  into  the 
meatus. 

3d.  Instruments  which  are  brought  into  use  by  simply 
placing  the  proximal  end  against  the  auricle  and  the  dis- 
tal  end  in  the  direction  from  which  the  sound  waves 
emanate. 

The  ideal  instrument  in  all  respects,  did  it  but  suffl- 
cienlly  contribute  tothe  augmentation  of  the  sound  waves, 
would  be  one  of  the  tirst  class,  for  llicy  are  of  necessity 
very  small,  being  limited  in  size  to  the  dianuler  of  the 
meatus  and  auditory  canal,  and  hence  could  be  worn  nu- 
observedly.  Hul.  unfortuimlely,  they  can  aid  only  by 
affording  support  to  the  remnant  of  drum  membrane 
which  may  be  present  or  to  the  ossicles,  and  by  directing 
or  concentrating  upon  the  sound  perceiving  appamlus 
such  aerial  vibrations  as  are  collected  by  the  auricle  for 
transmission  into  the  meatus.  Could  a  small  instrunienl 
be  devised  that  would  render  the  same  service  as  one  of 
the  larger  kind  later  to  be  ile.scribed.  the  ideal  would  be 
reached.  The  problem  has  not  yet  been  solved  and  will 
not  be  easily. 

Marcus  Banzer  (1640)  suggested  the  introduclion  into 
the  auditory  canal  of  an  ivory  tube,  over  I  he  end  of  which 
was  stretched  a  jiortion  of  pig's  bladder.  Leisclievin 
(176:i),  Antereith  (181")),  and  IJuckc  (1K40)  used  similar 
devices  in  cases  of  perforation  of  the  drumhead,  but  .seem 
iiigly  with  the  only  object  in  view  of  jirotecfing  the  ex- 
posed delicate  structure  of  the  tynipanie  cavity,  as  we 
have  no  account  of  any  attempt  on  their  part  to  improve 
the  hearing.  It  is  well  known  to  those  familiar  with 
otohigical  literature  that  the  tirst  account  of  a  device 
worn  within  the  (•ar.  for  the  purpose  of  improving  the 
bearing,  was  iccorded  by  Dr.  Yearsley,  of  London,  in 
1848.  He  was  informed  by  a  patient  from  this  country 
who  consulted  him  that  he  ctmld,  by  |>la(ing  a  lolled 
strip  of  paper  in  the  auditory  canal,  markedly  improve 
his  hearing.  Tests  made  at  the  time  proved  the  state- 
ment to  be  true  beyond  i|uestion. 

Dr.  Yearsley  was  (juick  to  take  advantage  of  the  dis- 
covery, and  subsequent  exp<'riiu<'ntation  led  him  to  sub- 
stitute pellets  of  cfitton  for  the  twisteil  pa]ier.  since  fre- 
quent trials  of  the  latter  had  invariably  failed  on  other 
jiatients. 

Toynbee  in  1853  introduced  his  artificial  tympanic 
memlirane  (Fig.  ITol),  which  consists  of  a  disc  of  vul 
canized  rubber  of  the  .size  and  thickness  of  the  normal 
membrane,  and  to  the  centre  of  which  is  attached  a  wire 
about  an  inch  in  length,  terminating  in  a  little  ring  to 
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Tig.  1751.-  Toynbee's 
Artificial  Drum 
Membrane. 


•enable  the  thumb  and  finger  more  readily  to  grasp  it  for 
the  purpose  of  introduction  and  removal.  Modilications 
of  the  original  membrane  of  TnynlK-e  arc  numerous,  and, 
as  sold  in  the  shops  of  to-day,  it  con- 
sists of  a  thin  circular  disc  of  india- 
rubber  tissue,  to  the  centre  of  which 
is  attached  a  gold  wire.  Politzer  in- 
vented for  use  among  the  poor  an  arti- 
ficial membrana  tynipani,  the  manu- 
facture of  -which  is,  as  he  states,  very 
simple.  A  piece  is  cut  from  the  side 
of  an  India  rubber  tube  2  to  3  mm. 
thick,  and  to  the  lower  end  of  this  is 
fixed  a  strong  piece  of  wire  as  indi- 
cated in  Fig.  17.52. 

Gruher,  on  account  of  the  liability  of 
the  Toynbce  disc  to  become  detached 
from  the  wire,  the  conspieuousness  of 
the  latter  when  in  position  in  the  canal, 
and  the  liability  of  the  deeper  parts  to  be  injured  i  f  a  blow- 
should  fail  upon  the  ear,  substituted  for  tlie  wire  a  thread 
passed  through  the  centre  of  the  disc,  and  then  provided 
for  its  introduction  by  si)eciall}-  devising  for  the  purpose 
an  instrument  which  is  nothing  more  than  a  wire  with  a 
small  ring  at  its  end  and  bent  at  right  angles  to  the  shaft. 
The  thread  is  passed  througli  the  rin,g,  and  then,  after  tlie 
disc  has  been  introduced,  the  wire  is  removed,  and  the 
thread  is  left  lying  in  tlie  canal  with 
■one  end  protruding  from  the  meatus — 
an  arrangement  which  renders  it  easy 
for  either  the  surgeon  or  the  patient 
to  remove  the  disc.  A  siuall  piece  of 
soft  lint  has  been  used  instead  of  the 
india-rubber.  Again,  an  india-rul)ber 
tube,  cemented  at  the  end  to  the  disc, 
has  been  employed  instead  of  the 
wire. 

It  matters  not  whether  the  original 
Toynbee  drum  or  one  of  its  modifi- 
cations be  used,  it  will  be  found  ad- 
vantageous to  moisten  it  before  in- 
troduction, either  with  warm  water, 
an  antiseptic  solution,  or  vaseline,  to 
cut  and  trim  it  until  the  desired  size 
is  secured,  and,  finally,  to  change  its 
position  until  the  right  spot  has  been 
found,  and  the  improvement  in  hearing— if  in  an}-  way 
attainable — has  been  obtained.  Frequent  changes  are 
often  found  to  be  necessary  before  the  contrivance  can  be 
worn  comfortably  by  the  patient,  while  at  the  same  tiiuc 
rendering  efficient  service.  If  the  use  of  this  device  im- 
proves the  hearing,  the  patient  can  readily  be  taught  to 
introduce  and  remove  it,  and  soon  he  becomes  so  expert 
as  to  be  better  able  to  judge  when  it  is  in  the  proper 
po,sition  than  the  surgeon. 

The  Yearsley  pellet  of  cotton  (Fig.  1753),  is  probably 
raore  often  used  at  tlie  present  day  than  any  other  intra- 
aural  device,  and,  as  stated  by  Dr.  Thomas  Barr,  it  has 
the  following  advantages  over  Toynbee's  artificial  mem- 
brane: "(1st)  It  is  softer  and  excites  less  irritation;  (2d) 
it  is  a  convenient  medium  for  applying  medicaments  to 
the  interior  of  the  ear;  (3)  it  does  not  cause  disagreeable 


Fig.  1753.  —  PoUtzer's 
M  o  d  i  fl  c  a  1 1 0  n  of 
Toynbee's  Artificial 
Membrana  T  y  m  - 
pani. 


Fig.  1753. 


-Tearsley's  Ball  of  Cotton  and  Introducer. 
(After  Barr.) 


tainly  recommend  it  in  clinical  practice,  and  it  is  doubtful 
if  the  disc  would  be  useful  where  the  cotton  pellet  fails. 

AVhile  the  cotton  pellet  may  be  used  dry,  better  results 
will  be  obtained  by  moistening  with  gljcerin,  or  with  a 
suitable  antiseptic,  if  suppuration  still  exists.  The  cot- 
ton is  ea.sily  introduced  with  a  delicate 
forceps  or  by  an  instrument  such  as  is 
shown  in  Fig.  1753,  or  by  one  made  for 
the  patient's  use,  like  that  shown  in 
Fig.  17.54. 

The  method  which  should  be  fol- 
low-ed  by  the  patient  in  introducing 
the  cotton  pellet  is  so  well  shown  in 
Fig.  1755  tliat  no  further  explanation 
is  needed.  The  piece  of  thread  which 
is  attached  to  the  ball  of  cotton  and 
which  lies  in  the  canal,  enables  the 
patient  to  remove  it  at  his  pleasure. 

Hasseustein's  device  consists  of  a 
small  hard-rubber  stem  (split  thiough- 
out  a  part  of  its  length  and  ]irovided 
with  a  sliding  metal  ring)  which  holds 
the  cotton  plug  firml_y  and  is  intended 
to  remain  with  the  plug  in  the  canal. 
Hartmann  recommends  as  a  substitute 
for  an  artificial  membrane  a  small  thin 
roil  of  whalebone  enveloped  by  cotton 
wool.  Leichtenberg  suggested  the  ap- 
plication of  flexible  collodion  to  cover 
over  the  perforation  in  the  membrane. 
Blake  has  had  marked  success  in  some 
cases  by  the  application  of  sized  paper 
to  the  perforation  in  the  membrana 
tympani.  This  not  only  enables  the 
patient  to  hear  better,  but  contributes 
as  well  to  the  permanent  healing  of 
the  opening.  Gruber  states  that  he  has  tried  various 
materials  for  use  as  an  artificial  membrane  and  that  those 
made  from  linen  or  silk,  as  suggested  by  Czarda,  some- 
times accomplish  more  than  the  others. 

In  all  of  these  devices,  it  matters  not  which  may  be 
used,  success  depends  upon  so  placing  the  appliance  as 
to  induce  pressure  on  the  stapes  or  the  long  process  of 
the  incus,  and  as  a  rule  the  proper  location  can  be  found 
only  by  repeated  trials.  In  rare  instances  it  is  possible 
to  improve  defective  hearing  by  means  of  one  of  these 


Fig.  17.i4.  —  Forceps 
for  Patients  t<j  Use 
in  Introd  u  c  i  n  fr 
Cotton  Pellets  in- 
to the  Ear.  (After 
Barr. ) 


.noises  when  the  wearer  is  chewing,  as  does  the  wire  of 
Toynbee's  membrane;  (4)  it  has  the  advantage  of  being 
entirely  concealed."     Its  cheapness  and  convenience  cer- 


FiG.  17.t5.— Patient  Introducinpr  Disc  of  Cotton  into  his  Own  Ear. 
{Fi-om  Barr.) 

devices  when  the  drum  membrane  is  intact,  but  it  is  onh' 
in  those  ca.ses  in  which  continuity  of  the  ossicular  chain 
has  been  broken,  or  in  those  in  which  extreme  relaxation 
of  the  parts  exist.s,  that  we  can  hope,  by  making  pres- 
sure against  the  manubrium  mallei  or  against  the  stapes, 
appreciably  to  improve  the  hearing. 

AVhen  there  is  acute  inflammation  in  the  ear,  or  when 
there  is  profuse  suppuration,  or  when  the  wearing  of  the 
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Fig.  17.56.  —  Politzi-r's  Metallic 
Horn,  to  he  Worn  as  an  Aid  U* 
I)ef*rtive  Hearing,  d.  End 
whlrh  is  to  be  inln>dueed  int() 
the  (irillce  of  the  external 
auditory  eanal ;  /*,  larsrer  tlar- 
ing  enii  which  i-t  to  lie  directed 
toward  the  hollow  of  the 
concha. 


artificial  drum  causes  tinnitus  and  vertigo,  or  when  the 
patient  has  one  good  ear.  no  attempt  sliould  be  made  to 
use  an  artificial  membrane.  Neither  should  it  ever  be 
forgotten  that  where  the 
tympanic  cavity  is  the  seat 
(if  a  chronic  suppuration,  be 
the  otorrhoea  ever  so  slight  in 
(juantity,  the  necrotic  proc- 
ess is  liable  at  any  time  to 
e.vtend  to  the  mastoid  antrum 
and  cells,  or  through  the  teg- 
men  antri  to  the  dura.  The 
mere  matter  of  iiuproving 
the  hearing  sinks  into  insig- 
nificance in  the  presence  of 
the  danger  which  constantly 
menaces  the  patient. 

It  is  needlcs.s  to  say  that 
the  canal  and  the  device,  whatever  it  may  be,  should  be 
rendered  jweptic  before  the  latter  is  introduced,  and  the 
appliance  should  be  changed  as  often  as  need  be  to  keep 
the  parts  in  a  jx-rfeclly  healthy  condition.  Such  pre- 
cautions sh<iul<l  lie  taken  as  Id  not  induce  suppuration 
where  none  already  e.vists.  The  appliance  should  be 
worn  but  a  short  time  at  first,  and  the  periods  should  be 
gradually  iii<rea.sed 
from  day  today  'mtil 
the  instrument  ceases 
to  cause  any  discom- 
fort, and  even  then 
it  is  best  to  remove 
it  on  retiring  for  the 
night. 

W'e  now  come  to 
the  .second  cla.ss  of 
appliances  —  those 
designed  so  to  collect 
the  sound  waves  as 
to  enable  the  very 
deaf  to  hear,  or  those 
modenitcly  deaf  to 
hear  at  a  greater  dis- 
tance. The  pid.\imal 
end  of  the  instrument 

is,  by  meansof  a  conveniently  shaped  tip,  introduced  into 
the  meatus.  Small  devices,  which  are  sufficiently  small 
to  escape  notice,  and  yet  which  possess  the  power  to  in- 
crease one's  hearing  power,  are  being  constantly  sought 
for  by  persons  wlm.  while  deaf,  are  naturally  anxious  to 


Fic.  i:.'>9.— The  I.oiiilon  lUiirinK  Puine. 


FIG. 


Fig,  ITJS,— Ear  of  Dionysius. 

conceal  their  infirmity.  Many  of  them  are  on  the  market, 
but  as  a  rule  they  are  worthless,  except  where  the  de- 
fect in  hearing  is  due  to  collapse  of  the  walls  of  the  canal, 


which  is  a  rare  condi- 
tion and  seen  only,  so 
far  as  I  know,  in  very 
old  people. 

Politzer  has  intro- 
duced an  instrument 
the  shape  of  a  hunting 
horn  (Fig.  1T56),  and 
about  an  inch  in 
length.  The  narrow 
end  is  introduced  into 
the  meatus  and  the 
mouth  directed  to  the 
hollow  of  the  concha. 
The  object  of  this  in- 
strument is  to  increase 
the  normal  effect  of  the 
inner  surface  of  the 
tragus  in  reflecting  the 
waves  of  sound  com- 
ing from  the  concha 
into  the  external  ciinal. 
Politzer  noted  im- 
provement in  three  fourths  of  his  cases  from  tlie  use  of 
this   instrument.     Other  surgeons  have   not   met   with 

the   sjime  degree   of 
success. 

For  use  in  healing 
a  pi'ison  speak  at 
only  a  short  distance, 
till'  besi  instrument 
of  this  class  is  ])rob- 
ably  Currier's  conico- 
cylindrical  tube  (Fig. 
17.">7).  This  instni- 
ment.  which  is  often 
termed  a  "convcrsji- 
tion-tiilie."  consi.sts 
of  a  tulle  thi-ee  and 
one  half  feet  long, 
which  has  a  bone  or 
hard  ruliber  tip  at 
one  end,  while  the 
other  end  is  a  bell- 
shaped  mouthpiece  made  of  the  same  material.  The 
tip  and  mouthpiece  are  connected  liy  an  elastic  spiral 
wire  tube  covered  with  rubber  and  over  spun  with 
either  silk  or  moliair.  The  tube  is  conical,  tlnis  funn- 
ing a  gradually  decreasing  channel  from  the  moutli- 
picce  to  tlie  ear.  The  lips  should  be  jilaced  close  to  the 
mouthpiece,  and  the  speaker  should  at  first  modulate 


-  currier's  «.'onlco-Cytindrleal  Tube. 


Fig,  1760.— Acoustic  Cane. 


his  voice,  as  loud  tones  are  often  very  distressing  to  the 
listener  It  maybe  worn  around  the  neck  under  the  coat 
or  cloak  or  rolled  up  and  carried  in  the  pocket.     It  is  use- 
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less  for  listening  to  a  public  speaker  or  for  general  con- 
versation. The  best  appliances  for  this  purpose  are  the 
ear  trumpets.  They  are  more  efficient  for  general  u.se 
owing  to  the  greater  diameter  of  the  bell-shaped  mouth- 
piece. The  larger  the  size  and  the  greater  the  length  of 
the  conical  tube  the  more  powerful  is  their  sound-con- 


Fiii.  1761.— Folding  Fan  Ear  TruiiiiH't. 

vej'ing  capacity.  An  instrument  not  designed  to  carry 
about  is  such  an  one  as  is  represented  in  Fig.  1758,  which 
may  be  placed  on  a  stand  or  any  convenient  place  and  is 
useful  in  listening  to  general  conversation. 

The  London  hearing  dome  answers  in  many  instances 
remarkably  well  for  those  who  are  moderately  deaf.  It 
can  be  easily  carried  in  the  pocket  and  is  concealed  in  the 
hand  when  in  use. 
It  consists  of  a  small 
cup-shaped  bowl, 
provided  with  a 
mechanism  peculiar- 
ly adapted  for  soimd- 
wave  concentration 
and  conduction.  A 
])  e  r  f  o  r  a  t  e  d  d  i  a- 
phragra  over  the 
mouth  of  the  trum- 
pet admits  the  sound 
waves,  while  a 
curved  tube,  extend- 
ing from  the  base  of 
the  bowl,  conducts 
them  to  the  ear.  This 
issliown  in  Fig.  1759. 
The  acoustic  cane 
(Fig.    1760)    consists 

of  a  walking  stick  with  a  conical,  curved,  hollow  metal 
handle,  open  at  the  end  to  receive  the  sound  waves,  and 
an  ear  tube  at  the  side  below  the  handle.  It  is  conve- 
nient for  gentlemen's  use. 

The  fan  ear  trumpet  (Fig.  1761\  answers  a  like  pur- 
pose as  an  aid  for  ladies.  It  consists  of  a  folding  fan  of 
black  silk,  one  side  of  which  is  formed  into  a  trumpet 
with  an  ear  tip  at  the  handle,  making  an  appliance  which 
can  be  carried  and  used  without  attracting  much 
attention. 

All  these  appliances,  together  with  many  others 
similar  in  construction,  which  have  not  been  re- 
ferred to,  have  a  conical-shaped  tip  for  introduc- 
fetion    into   the   meatus  and 
canal.     They  are   liable   to 
cause   irritation   and   some- 
times furuncles.     Again,  in 
^^      many  instances,  the  unnat- 
^Sk     ural  augmentation  of  sound 
HH^    anil  the  reverberations  are 
"^         '^^^^^W    confusing  and  distressing  to 

The  thiid  class  of  instru- 
ments are  of  a  newer  type 
and  to  a  marked  degree  have 
overcome  the  objections  named  in  connection  with 
the  others.  They  do  not  permit  the  column  of  air 
to  strike  against  the  drum  membrane.  The  sound 
waves  are  intercepted  by  means  of  a  diaphragm, 
and  it  is  claimed  for  them  that  they  transmit  only  proper 
voice  tones.  The  instrument  is  placed  against  the  auricle, 
thus  avoiding  all  danger  of  irritation  to  the  meatus.    The 


best  appliance  of  this  type  for  near  conversation  is  prob- 
ably the  otophone  (Fig.  1763),  which  consists,  as  described 


Fig.  1764.— otophone  with  Handle. 

by  Dr.  Charles  H.  Burnett,  of  Philadelphia,  "of  a  flexible 
tube,  three  and  one-half  feet  long  and  one  inch  in  diame- 
ter, with  a  mouth- 
piece of  convenient 
arrangement  for  the 
speaker.  The  aural 
end  has  the  great  ad- 
vantage and  comfort 
of  terminating  in  a 
disc,  resembling  the 
receiver  of  a  tele 
phone,  which  is  held 
to  the  ear.  By  an 
arrangement  of  dia 
phragm  in  this  ear- 
piece of  the  otophone 
the  disagreeable  reso- 
nance prominent  in 
the  entirely  open  in- 
strument is  prevent- 
ed, and  it  seems  to 
convey  sound  to  the 
deaf  more  completely  than  any  other  instrument  as  yet 
offered." 

The  otophone  No.  2  (Fig.  1763)  is  made  in  three  sizes, 
and  this  style  of  instrument  is  particularly  adapted  for 
church,  concerts,  lectures,  and  general  conversation.  Its 
use  for  such  purposes  may  be  rendered  more  convenient 
by  the  application  of  a  handle  such  as  is  used  in  connec- 
tion with  opera  glasses,  and  as  is  shown  in  Fig.  1764. 


otophone.     (No.  1.) 


Fig.  1763.-The  Otophone. 
(No.  2.) 


no.  1765.— The  Audlclare. 


Another  instrument  similar  to  the  otophone  firet  de- 
scribed is  the  audiclare  (Fig.  1765),  which  provides  a 
protection  for  the  diaphragm,  so  that  the  earpiece  can  be 
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pressed  tightly  against  tlie  auricle  without  in  any  way 
interfering  with  its  vibrations.  The  spring  connection 
between  tlie  disc  and  handle  gives  to  the  user  control 
over  the  matter  of  degree  of  contact.  If  the  patient  is 
very  deaf  the  diaphragm  should  be  pressed  firmly  against 
the" ear.  Another  form  of  this  instrument  is  tiseful  for 
heaiins  at  a  distance  and  for  general  conversation. 

The'Rhodes  audiphone  (Fig.  1T66).  wliich  does  not 
come  under  my  classification,  is  an  appliance  made  of  a 
thin  plate  of  vulcanite  which  is  shaped  like  a  fan  and  by 


Fig.  17t)6.-Tlie  Rhodes  Audiphooe. 

means  of  a  cord  may  be  bent  t<i  any  degree  of  curvature. 
The  upper  margin  is  placed  against  the  upper  teeth  and 
the  instrument  is  held  with  convexity  forward.  In  this 
invention  a  large  convex  surface  is  jirovided  for  tlie  re- 
ception of  waves  of  sound,  and  these  are  transmitted  first 
to  the  teeth,  and  thence  tlirough  the  bones  of  the  skull 
to  the  labyrinthine  tluid  and  the  auditory  ucrve  inde- 
pendently of  the  normal  sound-conducting  apparatus. 
This  instrument  is  very  limited  in  its  conducting  prop- 
erty :  hence  waves  of  sound  with  no  greater  intensity 
than  those  of  the  human  voice  can  affect  it  but  slightly, 
and  on  account  thereof  it  has  |iroved  disjippointing  in 
most  instances. 

The  Akouphone,  which  has  recently  come  into  use,  is 
perhaps  attracting  more  attention  than  any  instrument 
yet  devised.  It  is  the  inveiiiion  of  Mr.  51.  R.  Hutchin- 
son, an  electrical  engineer,  and  is  seemingly  the  best  aid 
to  defective  hearing  yet  discovered.  A  most  satisfactory 
<iemonstration  of  its  usefulness  was  recently  made  before 
the  Otological  Section  of  the  New  York  Academy  of 
Jledicine.  The  instrument  consists  of  a  receiver,  an  ear- 
piece, a  dry  pocket  storage  battery,  and  a  small  flexible 
cord  connecting  the  parts  together.  The  ear-piece  is  ad- 
justable at  will  t<i  conform  to  the  degree  of  deafness  of 
the  person  and  the  intensity  of  sound  desired.  The 
pocket  storage  battery  can  be  easily  recharged  from  any 
direct  electric  light  current.  5Ir.  Hutchinson  also  manu- 
factures a  desk  and  opera  outfit  to  meet  the  mdications 
which  the  names  imply. 

Numerous  appliances  which  liave  not  been  refeiTed  to, 
both  of  foreign  and  domestic  manufacture,  might  with 
advantage  be  brought  within  the  scope  of  this  article. 
It  seems  best,  however,  to  limit  description  to  those  which 
experience  has  proven  to  be  the  best.  In  any  given  case 
we  should  try  many  of  them  and  not  be  content  until  tlie 
one  is  found  which  jiroves  to  be  most  beneficial.  The 
improvement  in  hearing  which  may  be  temporarily  se- 
cured from  the  use  of  these  instruments,  in  cases  in 
which  the  function  of  the  auditory  nerve  has  not  been 
destroyed,  is  very  often  indeed  most  gratifying  to  the 
individual,  and  the  relief  afforded  his  friends  is  by  no 
means  an  unimportant  consideration.  Where  acute  in- 
flammation exists  they  are  never  to  be  used.  In  chronic 
ear  affections,  they  should  be  used  at  a  sufficiently  early 


stage  to  furnish  the  necessary  stimulus  to  the  nerve, 
which  is  tending  toward  atrophy  owing  to  the  absence 
of  its  normal  vibration.  Franklin  M.  Stephem. 

EAR  DISEASES:  CHRONIC  CATARRHAL  OR  NON- 
PURULENT INFLAMMATION  OF  THE  MIDDLE  EAR. 

— Etioi.ooy. — In  considering  the  etiology  of  tlie  jiroeess 
which  is  usually  treated  in  the  text  books  under  the  title 
of  chronic  catarrhal  inflammation  of  the  middle  ear,  it  is 
necessary  to  recognize  two  separate  and  distinct  processes : 
one  in  which  the  thickening  process  is  tubal  in  its  origin, 
whether  in  consequence  of  nasal  trouble  or  the  result  of 
some  other  pathological  process :  and  a  second  in  which 
the  process  begins  primarily  at  the  base  plate  of  the 
stapes  (primary  periostitis  of  the  labyrinthine  capsule: 
Politzer)  and  is  for  a  long  lime  confined  to  that  region, 
later  extending  to  the  internal  ear  and  also  to  the  other 
middle-ear  structures. 

The  first  sei'ies  of  cases  are  usually  nasal  or  post-nasal 
in  their  origin,  although  such  nasal  trouble  need  not 
necessarily  be  organic.  In  these  patients  the  first  process 
is  an  acute  secretory  middle-ear  catarrh  which  is  neglected 
by  the  patient  anil  which  passes  oft'  leaving  a  certain 
amount  of  middle-ear  thickening  to  be  increased  by  the 
next  attack  until  the  resulting  deafness  becomes  percepti-  ' 
ble  to  the  patient  and  his  friends.  Of  all  diseases,  adenoid 
disease  in  the  nasopharynx  imquestionably  causes  the 
greatest  number  of  chronic  middle  ear  thickenings, — 
many  of  which  never  receive  treatment  until  the  patient 
reaches  adult  life.  Next  to  this,  acute  or  chronic  hyper- 
trophy of  the  turbinates,  spurs  on  the  nasal  septum,  and 
any  process  interfering  with  nasal  respiration,  have  an 
important  bearing  on  the  etiology.  The  prominent  part 
formerly  assigned  to  disease  of  the  faucial  tonsils  and  of 
the  naso-pharynx  (other  than  adenoid)  was  undoubtedly  a 
mistake. 

In  many  pereons  a  head  cold  lias  a  decided  tendency 
to  produce  an  acute  catarrlial  middle-car  trouble  and  to 
repeat  this  process  with  each  succeediu,g  cold.  Often  the 
entire  deafness  can  be  definitely  traced  to  a  simple  acute 
rhinitis  where  the  ear  complication  was  at  the  time  dis- 
missed with  the  too  common  remark  that  "it  would  im- 
prove as  the  cold  grew  better." 

Many  of  the  acute  infectious  diseases,  although  more 
frequently  causing  acute  suppurative  processes,  often 
start  a  chronic  catarrhal  middle  ear  trouble.  Especially 
where  both  ears  are  simultaneously  affected. — the  one 
with  an  acute  inflammatory  process,  the  other  with  an 
acute  catarrhal  iirocess.— the  pain  of  the  former  is  apt  to 
cause  the  patient  completely  to  overlook  the  existence  of 
the  latter.  When  the  catarrhal  process  occurs  as  a  com- 
plication of  influenza  or  of  typhoid  it  is  apt  to  be  disre- 
garded, while,  on  the  other  hand,  a  painful  ear  disease 
would,  under  these  circumstances,  be  at  once  recognized. 
Infections  of  the  middle  ear  are  apt  to  terminate  in  a 
chronic  catarrhal  process;  this  being  especially  likely  to 
occur  in  influenza,  typhoid,  and  measles. 

A  large  number  of  middle-ear  thickenings  come  from 
certain  "constitutional  diseases,  particularly  rheumatism, 
gout,  and  syphilis. 

Certain  occupations  are  important  factors:  those  in 
which  the  patient  is  exposed  to  draughts,  dust,  or  other 
conditions  tending  to  cause  an  acute  rhinitis;  and  those 
in  which  the  ear  is  subiected  to  the  jar  of  loud  sounds, 
particularly  boiler  working,  nail  making,  the  shuttle 
rooms  in  mills,  etc.  Also  the  constant  use  of  the  tele- 
phone certainly  idays  the  part  of  a  cause  in  a  number  of 
cases.  It  has'  beeii  the  writer's  experience  that  where 
the  ear  is  healthy  when  the  patient  enters  an  occupation 
such  as  that  of  a  telephone  operator  or  a  mill  operative, 
no  trouble  will  be  experienced,  but  this  is  not  true  of 
boiler  making  and  nail  working. 

Those  cases  in  which  the  disease  process  begins 
primarily  in  the  neighborhood  of  the  stapes  base  jilate  are 
rarely  tiibal  in  origin  and  not  catarrhal  in  nature.  The 
process  is  apparently  a  vaso-motor  one  in  many  instances 
and  often  a  sequel  of  neurasthenia.  In  many  individuals 
it  is  clearly  hereditary.     In  other  cases  syphilis,  gout,  and 
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rheumatism  are  prominent  faotors.  as  are  also  debilital 
ing  diseases  or  severe  ana-mias. 

Pathology.— The  pathological  eonilitions  found  in 
chronic  catarrhal  middle-ear  disease  are  either  local — i.e.. 
confined  to  the  neighborhood  of  thestapedo-vestibular  ar- 
ticulation— or  diffuse  throughout  the  middle  ear.  accord- 
ing to  the  tj]ie  of  disease  present.  In  Ihe  first  form,  the 
Eustachian  tube,  mastoid  process,  and  nicnilirana  tvni- 
pani  are  vmalVected.  The  stapes  may  lie  fi.xed  by  a  union 
of  the  base  iilate  only  or  by  union  of  tlie  crura  to  one  or 
more  sides  of  the  fenestra  ovalis.  or  the  rigidity  may  be 
due  to  a  general  membranous  or  bony  fi.xation.  the  latter 
often  in  extreme  ca.ses  projecting  into  the  vestibule  and 
cochlea.  The  [latliological  lesion  lure  was  well  under- 
stood and  studied  very  early  by  Toyuliee  and  carefully 
<le.scribed  by  him.  but  liis  oliservations  se<'m  to  have  been 
too  long  neglected.  In  an  examination  of  1.149  eases  he 
found  53  in  which  there  was  a  membramius  ankylosis  of 
the  base  plate  of  the  stapes  without  any  enlargement  of 
the  base  or  of  the  articular  surface.  In  49  cases  there  was 
ankylosis  from  enlargement  of  the  base  idate  with  no 
alteration  of  the  structure.  Twenty-nine  cases  showed 
an  osteoma  of  the  base  of  the  stapes,  hypertrophy  of  the 
normal  bone  tissue,  firm  ankylosis,  and  the  enlarged  base 
plate  projected  into  the  cavity  of  the  vestibule.  New- 
bony  tissue  beyond  the  limit  of  the  oval  window  was 
foimd  in  3-5  cases.  In  4  cases  there  was  firm  adherence 
to  the  inferior  jxirtion  of  the  oval  window,  and  in  13  cases 
the  entire  circumference  was  ankylosed.  In  13  cases 
the  circumference  and  vestibular  surface  were  affected 
and  the  rest  of  the  stirrup  was  normal. 

In  the  second  form  of  chronic  middle-ear  catarrh  we 
may  find  the  stapes  ankylosed,  but  such  ankylosis  is  asso- 
ciated with  other  pathological  changes  in  the  tympanum. 
Often  the  fenestra  rotunda  is  filled  with  connective  tissue 
and  greatly  thickened:  some  cases  of  calcifieatit>n  at  this 
point  have  been  reported :  at  other  times  the  tympanic 
mucous  membrane  over  the  oval  window  is  greatly 
thickened.  Ankylosis  of  the  malleo-incudal  articulation 
is  occasionally  seen,  but  that  of  the  incudo-stapedial 
joint  is  rare — Toynbee  reports  only  two  cases  in  his 
1.149  dissections. 

In  beginning  cases  the  mucous  membrane  of  the  tym- 
panum is  swollen  and  infiltrated,  so  that  the  depressions 
in  the  attic,  the  round  anil  oval  windows,  and  the  prom- 
ontory are  obliterated  and  the  normal  mucous  mem- 
brane folds  are  much  swollen.  At  a  later  stage  organi- 
zation takes  place,  the  mucous  membrane  is  much  thicker 
than  normal,  and  the  folds  of  the  tympanum  as  w  ell  as 
the  capsules  of  the  joints  of  the  o,ssicles  are  consequently 
much  more  rigid. 

Similar  alterations  take  place  in  the  Eustachian  tube 
so  that  the  lumen  is  narrowed  by  the  swelling  of  the 
mucous  membrane,  but  actual  stricture  is  rare.  Second- 
ary changes  take  jtlace  in  the  intratympanic  muscles, 
largely  from  their  disuse:  they  become  degenerated  or 
atrophied.  From  the  swelling  of  the  mucous  membrane 
of  its  inner  coat,  the  membrana  tympani  becomes  less 
and  less  transpai  ent  and  thicker,  either  in  whole  or  in  part. 

SvMi"TOM.\Toux;v. — The  onset  of  this  disease  is  so 
gradual  and  the  ]ireliminary  symptoms  are  so  slight  that 
usually  several  years  elajise  before  the  patient  presents 
himself  for  treatment.  His  friends  have  assured  him  for 
some  timethat  he  was"becomingabsent-minded."  and  he 
himself  has  probably  noticed  a  slight  tinnitus,  possibly  at 
first  only  with  an  acute  rhinitis,  but  later  constant.  For 
many  years,  in  slowly  progressive  cases,  tlie  deafness  and 
tinnitus  remain  the  only  subjective  evidence  of  trouble. 
Then,  as  the  stapes  and  the  membrane  of  the  round  w  in- 
dow  become  more  rigid,  the  patient  begins  to  have,  with 
a  marked  increase  of  these  symptoms,  auditory  vertigo 
&nd  nausea.  The  latter  symptoms  are  much  more  com- 
mon in  ear  disea,se,  and  especially  this  particidar  form  of 
ear  disease,  than  is  ordinarily  supposed,  and  it  is  the  ex- 
perience of  every  aurist  that  the  correct  diagnosis  is  not 
made  until  the  patient  has  been  put  through  a  long  course 
of  stomach  treatment. 

The  amount  of  vertigo  varies  very  much,  but  in  the 


middle  ear  cases  it  is  usually  of  a  mild  type  and  not  apo- 
plectiform in  character,  but  instances  <)f  this  are  occa- 
sionally seen.  It  varies  directly  with  the  amount  of 
thickening  about  the  stapes  and  within  the  labyrinth, 
and  with  the  general  condition  of  the  iiaticnl,  lie  may 
stagger  when  he  walks,  as  if  drunk,  or  in  the  ajioplecti- 
forni  ty|)e  he  may  fall  to  the  ground  so  suddeidy  as  to 
injure  himself.  The  vertigo  is  usually  worse  in  the  dark 
and  continiu's  when  the  eyes  are  closed.  In  some  cases 
the  attack  wakes  the  patient  from  his  slecj).  Pure  aural 
vertigo  is,  however,  never  accompanied  by  unconscious- 
ness or  local  paralysis. 

The  amount  of  nausea  and  vomiting  is  as  a  rule  de- 
peniienl  on  the  amount  of  vertigo  and  is  indeiiendent  of 
indiscretions  in  diet.  With  some  the  vomiting  is  persist- 
ent for  four  or  five  days  and  requires  rectal  feeding. 

In  many  cases  of  chronic  middle  ear  catarih  the  patient 
complains  of  a  dull,  heavy  pain  in  the  deitth  of  the  ear: 
acute  pain  is,  however,  never  caused  by  the  disease. 

In  the  beginning  stage  there  is  apt  to  be  an  over-ac- 
cumulation of  cerumen,  so  that  once  in  si.\  or  eight 
months  a  large  mass  blocks  the  canal  and  has  to  be  re- 
moved. In  the  later  stages  of  chronic  middle-ear  thick- 
ening the  reverse  is  true, — little  or  no  wax  forms,  the 
canal  is  dry  and  glistening,  and  the  resultant  itching 
from  the  dryness  of  the  canal  is  often  very  aimoying  to 
the  patient. 

It  was  long  ago  noticed  that  many  of  these  patients 
possess  the  ability  to  hear  better  in  a  noise  than  persons 
with  normal  hearing  (paracusis — Willis),  and  this  often 
leads  those  engaged  in  noisy  occupations  to  disregard 
their  deafness  until  it  has  reached  a  high  degree, 

A  more  annoying  symptom  which  is  occasionally 
noticed,  especially  in  neurotic  |>eiiple,  is  a  hypenrsthesia 
to  tones  either  of  a  certain  pii<h.  usually  high,  or  of  a 
certain  loudness.  This  jiresumably  arises  from  the 
unnatural  tension  of  the  auditory  mechanism  and  will  be 
fovind  very  difficult  to  treat  successfully. 

When  the  membrana  tympani  is  relaxed,  and  also  in 
some  cases  from  the  simple  increase  of  intratymiianic 
pressure,  the  patient  is  annoyed  liy  a  sharping  or  flatting 
of  tones  in  the  affected  ear,  producing  a  discord  w  hen  a 
simple  musical  tone  is  sotmded.  This  symptom  is  prob- 
ably ])resent  in  many  cases,  but  is  observed  only  when 
the  patient  has  a  knowledge  of  music.  The  middle  and 
upper  registers  are  most  often  affected,  A  variation  of 
this  symptom  is  seen  in  some  persons  when  a  jarring 
sound  is  beard  in  tiie  ear  whenever  a  certain  note  is 
struck. 

In  thebeginningstagesof  middle  ear  thickening  autoph- 
ony  is  often  complained  of.  Either  the  patient's  own 
voice  or  the  sound  of  his  footsteps,  or  outside  sounds,  echo 
in  the  ear  as  if  a  resonator  were  held  to  the  auricle.  Of 
all  the  annoyances  to  which  this  type  of  ear  disease  sub- 
jects one,  the  tinnitus  is  usually  the  most  wearing.  All 
sorts  and  vaiieties  of  sounds  are  heard  in  most  cases — 
either  vascular  (u-  from  spasmodic  action  of  the  intratym- 
panic or  pharyngeal  muscles:  hence  we  have  clicking, 
buzzing,  beating,  roaring,  or  singing  sounds.  In  the 
cases  of  stapes  fixation  a  very  characteristic  symjitom. 
often  noted  one  or  two  years  before  any  other,  is  a  con- 
tinuous high-pitched  tinnitus  like  escaping  steam  or  the 
sound  of  the  fields  in  August.  All  the.se  varieties  of 
sounds  are  of  course  dependent  upon  the  circulation  and 
general  condition  and  are  apt  to  increase  when  certain 
drugs  are  ingested  or  when  certain  jiositions  of  the  body 
are  assumed.  Thus,  for  example,  a  beating  tinnitus  is 
usually  increased  by  alcohol  or  by  bending  forward  or 
lying  down.  As  eLsewheie  stated,  the  rarefaction  of  air 
obtained  at  an  altitude  of  over  one-thousand  feet  will 
modify  many  cases  decidedly. 

Both  the  tinnitus  and  the  deafness  arc  apt  to  be  worse 
in  damp  weather,  and  at  such  times  the  patient  also  notices 
a  feeling  as  if  the  tympaiuim  were  filled  with  wool. 
Bodily  fatigue  also  inHuenees  both  symptoms  to  a  marked 
degree. 

DiAOSOSis. — The  diagnosis  of  this  affection  is  made  by 
the  objective  examination  of  the  ear  combined  with  a 
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functional  examination.  In  the  cases  in  which  tlie  process 
starts  in  tlie  fenestra  ovalis,  we  may  expect  to  tind  no 
patliolosiical  change  in  the  memliraua  tvmpuui.  except 
that  in  some  rare  cases  a  reddisJi  glow  is  seen  instead  of 
tlie  normal  yellowish  reflex  from  the  nmcous  membratie 
of  the  tympanic  cavity.  This  congestion  may  cover  the 
whole  inner  wall  of  the  tympanum  or  be  ccmtiued  to  the 
region  of  the  oval  and  round  windows. 

When  the  process  is  tubal  in  its  origin  we  get  imme- 
diate objective  changes.  The  membrane  is  retracted,  the 
short  process  of  the  malleus  more  prominent,  and  the 
manubrium  less  so,  being  pulled  backward  and  upward 
and  foreshortened.  When  the  retraction  is  extreme,  espe- 
ciallj'  in  children,  a  band  extending  nearly  horizontally 
from  the  short  process  of  the  malleus  to  the  periphery 
of  the  membrane  is  put  on  the  stretch  and  made  more 
prominent.  The  color  of  the  memliranu  lympani  is  much 
altered,  being  whiter  than  normal,  and  there  is  of  course  a 
more  or  less  comjiletr  loss  of  trans|)arcncy  from  the  in- 
crease in  thickness  of  the  mucous  layer  of  the  drum  mem- 
brane. Except  where  some  acute  process  is  present,  the 
lustre  of  the  membrana  tympani  is  either  unaffected  or 
increased  in  brilliancy. 

The  functional  examination  is  the  more  important  of 
the  two  in  all  forms  of  middle-ear  thickening,  and  should 
always  be  made  with  instruments  giving  tones  of  several 
different  pitches.  In  even  a  routine  examination  at  least 
the  amount  of  deafness  for  spoken  words,  the  results  ob- 
tainable by  the  Uinne  test  with  a  fork  of  the  middle  regis- 
ter, and  the  upper  and  lower  tone  limits  shoidd  be  ascer- 
tained before  an  intelligent  opinion  can  be  given. 

As  a  general  nde  it  may  be  siiid  that  the  more  fixed 
the  stapes  becomes  in  the  oval  window  and  thennn-e  rigid 
are  the  membrana  tympani  and  the  ossicular  chain,  the 
greater  the  loss  for  air  conduction  of  bass  tones.  At  the 
same  time  there  will  be  a  diminution  of  air  <'on(hiction  for 
all  tones,  this  being  more  marked  the  lower  the  pitch  of 
the  tuning-fork  used;  the  hearing  by  bone  conduction 
will  also  be  found  to  be  either  unaltered  or  increased. 
If  the  labyrinth  is  unafTected,  the  hearing  for  high  tones 
will  be  unaltered  even  where  the  deafness  for  tones  of 
the  middle  or  low  register  is  very  pronounced. 

As  a  matt<'r  of  jiractieal  experience,  it  will  be  often 
found  that  in  cases  of  thickening  and  rigidity  of  the 
membrana  tympani  alone,  or  of  this  membnuie  and  the 
nialleo-incudar  and  incudo  stapedial  articulations,  the 
amount  of  deafness  for  the  watch  will  be  [iroportionally 
greater  than  for  other  tones,  whereas  in  the  primary  stapes 
fixations  the  hearing  for  the  watch  is  better  than  for  otlier 
tones  and  the  bass  tone  hearing  is  the  most  aileeted. 

In  all  testing  allowance  must  be  made  for  the  intelli- 
gence of  I  he  patient,  and  the  t(tst  should  be  made  in  a 
quiet  room,  for  the  reason  that  many  of  these  patients 
hear  much  better  in  a  noise.  One  should  also  be  careful 
not  to  allow  the  patient  to  see  the  lips  in  testing  with 
spoken  words,  as  such  patients  are  often  proficient  lip 
readers. 

Prognosis.- — Chronic  middle-ear  catarrh  has  always 
been  considered  tlie  opprobrium  of  aural  surgery,  and 
certainly  the  jirognosis  of  this  disease  in  the  |iast  has 
often  been  given  too  hastily  and  with  too  littk  regard  to 
the  etiology  and  the  general  condition  of  the  patient. 

The  prognosis  of  those  cases  in  which  the  middle-car 
thickening  is  confined  to  the  membrana  tympani  alone, 
or  to  this  membrane  and  the  malleo-incuilal  and  incudo- 
stapedialarticidatious,  is  usually  much  more  hopeful  than 
where  the  process  starts  in  the  stapedo-vestibular  articu- 
lation. In  all  eases  in  which  the  chronic  middle-ear  ca- 
tarrh is  the  result  of  a-general  disease  process,  as  for  in- 
stance gout  or  rheumatism,  the  prognosis  must,  of  course, 
depend  upon  that  of  the  causative  disease. 

As  a  general  nde.  all  cases  in  which  the  tuning-fork  re- 
action in  the  Riiine  test  shows  the  bone-conduction  hear- 
ing a  great  deal  prolonged  over  the  normal,  and  especially 
in  those  cases  in  which  the  air  conduction  is  lost  for  forks 
of  513  V.  s.  or  over,  the  chance  of  any  restoration  of  hear- 
ing is  very  small.  Much  depends  uijon  the  duration  of 
the  disease;  and  owing  to  the  fact  that  the  onset  is  in  the 


great  ma.ioiity  of  cases  slow  and  insidious,  the  treatment 
is  apt  to  be  begun  long  after  the  middle-ear  thickening 
has  become  far  advanced.  It  should,  however,  never  be 
forgotten  that  the  disease  left  to  itself  naturally  tends  to 
increase  year  by  year,  and  it  is  as  much  the  duty  of  the 
l)hysician  to  arrest  its  progress  as  to  relieve  what  deafness 
lias  already  liecome  the  fate  of  the  patient. 

The  tinnitus  is  often  as  annoying  or  even  more  annoy- 
ing to  the  patient  than  the  deafness  and  reipiires  as  care- 
ful consideration  in  the  prognosis  of  any  individual  case. 
In  brief,  it  may  be  said  that  any  symptomatit'  treatment 
of  this  symptom  by  drugs — such,  for  exanijile,  as  the 
bromide — will  prove  an  utter  failure  except  to  tide  the 
jiatient  over  a  tem])orary  increasi'  of  the  trouble.  Treat- 
ment of  this  sym)itom  should  be  with  reference  to  the 
pathology  of  tlie  disease,  and  no  .symptom  will  be  found 
more  dependent  upon  the  patient's  general  health  than 
this. 

Many  patients  with  middle-ear  thickening  are  troubled 
with  a  certain  amount  of  vertigo  and  often  also  nausea 
— symptoms  which  increase  in  proportion  as  the  rigidity 
of  the  ossicular  chain  increases,  and  which  are  decidedly 
more  common  in  neurotic  individuals  than  in  those  who 
show  no  such  predisiiosition.  Here  we  may  hope  to 
effect  some  improvement  by  the  administration  of  drugs, 
especially  those  which  act  on  the  circulatory  system; 
but  we  should  again  remember  that  the  vertigo  is  a  symp 
tom  of  a  disease  and  that  it  is  our  chief  duty  to  consider 
its  causation  in  our  treatment. 

Especially  in  the  primary  stapes  fixations,  we  may 
consider  the  prognosis  worse  when  there  is  a  history  of 
hereditary  deafness.  When  the  chronic  middle-ear  thick- 
ening clearly  results  from  nasal  or  post-nasal  trouble  and 
is  worse  after  colds,  much  can  be  done  in  cheeking  the 
progress  of  the  disease;  but  certainly  far  too  hopeful  a 
progn<isis  has  often  been  given  in  these  cases,  for  it  is 
manifestly  impossible  for  any  nasal  or  jiost-nasal  opera- 
tion to  improve  a  case  of  middle-ear  trouble  where  there 
is  ankylosis  of  the  ossicular  chain,  and  especially  of  the 
stapeclo-vestibular  articulation,  and  where  the  air  con- 
duction for  bass  tones  has  been  markedly  diminished  for 
any  length  of  time. 

Wlii'U  the  disease  process  is  owing  to  syphilis  or  to 
myxo'dcma.  and  has  not  been  fif  too  long  duration,  much 
iiiiprovement  can  be  obtained  by  appropriate  treatment 
even  when  the  deafness  is  of  a  high  grade. 

TitK.VT.MENT. — Treatment  of  this  disease  may  be  divided 
into  two  great  classes,  local  and  general.  Considerin,g  gen- 
eral treatment  first,  we  tind  that  a  very  large  number  of 
cases  are  na.sal  or  post-nasal  in  their  origin,  and  such  must 
receive apiiropriale  loi'al  treatment  before  any  permanent 
improvemi'iit  can  be  attained.  A  large  nunibir  also  are 
secondary  to  some  disease,  particularly  gout,  rheumatism, 
and  syphilis,  or  originate  during  some  acute  disease,  such 
as  inHuenza,  typhoid,  or  pneumonia.  Furthermore,  mid- 
dle ear  thickenings  of  whatever  cause  are  always  much 
infiuenced  by  an  intercurrent  neurasthenia  or  anaemia. 
The  treatment  in  these  cases  is,  of  course,  plain. 

So  eommonlv  is  the  syphilitic  element  ju'esent  in  middle- 
ear  thickening  that  the  aullior  believes  that  iodide  of 
potassium  and  ])ilocarpine  should  always  be  tried  before 
a  case  is  abandoned  as  lio|ieless.  The  disease  process 
here  is,  as  a  rule,  a  tertiary  manifestation.  Pilocarpine 
hydrochlorate,  in  doses  of  gr.  ^  to  i  once  or  twice  a  day, 
is  often  of  very  great  benefit  to  such  patients,  especially 
when  given  subcntaneously ;  but  as  a  rule  it  is  of  only 
temporary  value,  unless  given  in  conjunction  with  iodide 
of  potassium  or  mercury. 

In  the  deafness  which  develops  in  the  course  of  myxtr- 
dema  niucli  may  be  expected  from  the  use  of  thyroid 
extract,  but  it  has  been  the  author's  experience  that  no 
improvement  is  to  lie  expected  from  this  drug  in  any 
other  class  of  middle-ear  catarrh,  although  many  claims 
have  been  made  for  it,  especiallj'  in  cases  of  primary 
stapes  fixation. 

For  the  relief  of  tinnitus  aurium  and  vertigo  a  formi- 
dable list  of  drugs  has  been  advocated  by  various  authors, 
and  a  careful  consideration  of  the  individual  case  must 
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always  be  made  in  the  selection  of  treatment.  Iron  and 
arsenic  will  of  course  lienetit  the  ana'nne  case,  and  anaemia 
will  lie  foimil  to  be  a  factor  in  a  very  larije  proportion. 
The  bromides  will  often,  at  least  temporarily,  benetit  the 
neurotic  patient.  In  such  cases  as  are  circulatory  in 
their  origin,  digitalis,  nitroglycerin,  or  strychnine  will 
be  found  of  benetit.  Small  doses  of  quinine,  gr.  .['^  to  1 
(■very  three  hours,  have  been  strongly  advocated  for  the 
relief  of  vertigo,  especially  by  the  French  writers,  but  the 
author  has  found  that  very  little  improvement  follows 
such  treatment.  In  an  occasional  case  some  improvement 
may  be  obtained  from  the  use  of  other  drugs  fretiuenlly 
mentioned  for  the  relief  of  tinnitus— as.  for  example, 
gel.seminm,  hydrobnmiic  acid,  etc.  Particularly  in  the 
nasal,  rheumatic,  and  gouty  cases  climatic  conditions  may 
havean  inlluence,  and  much  may  be  gained  if  the  patient 
is  able  to  make  a  change  of  surroundings.  When  the 
tinnitus  has  been  due  to  an  increased  intralabvrinthine 
pressure  from  iiulrawing  of  the  drum  memlirane  and 
locking  of  the  ossicular  chain,  much  temporary  improve- 
ment may  be  .secured  by  residence  at  an  altitude  of  one 
thousand  feet  or  over. 

Repeated  head  colds  being  a  very  common  cause  of 
this  disease,  much  benetit  may  be  derived  from  fresh  air 
and  e.xercise,  proper  clothing,  and  other  measures  de- 
signed to  prevent  the  recurrence  of  the  acute  rhinitis. 

Loful  Treatment. — Pre-eminent  in  local  treatmentstands 
inflation  of  the  middle  ear  by  the  Eustachian  catheter  or 
by  means  of  the  Politzer  bag,  but  there  is  no  doubt  that 
in  the  past  this  treatment  has  been  adopted  too  indis- 
criminately and  that  much  harm  has  been  done  thereby. 

The  Eustachian  catheter  should  be  used  in  preference 
to  Politzerization  in  all  ca.ses  in  which  its  use  is  possible,  as 
in  this  way  the  amount  of  intratympanic  pressure  can  be 
much  better  gauged.  Also  it  is  possible  by  this  mode  of 
inflation  to  treat  one  ear  independently  of  the  other.  In 
children  and  old  people  the  Politzer  bag  must  usually  be 
employed.  Care  must  be  taken  not  to  inflate  too  vigor- 
ously or  too  frequently,  and  in  all  cases  treatment  should 
be  abandoned  when  the  dnan  membrane  shows  signs  of 
overstretching,  as  indicated  by  an  abnormal  light  reflex 
in  the  upper  posterior  part  of  the  membrane.  The  Val- 
salvan  inflation  is  very  little  used  at  present  and  is  of 
doubtful  benefit,  if  not  of  positive  harm,  to  the  average 
patient.  By  many  auiists  the  middle  car  is  inflated  by 
means  of  a  compressed  air  apparatus  instead  of  a  Pulitzer 
bag;  in  this  case  the  pressure  should  not  exceed  fifty 
pounds  to  the  inch. 

The  Eustachian  bougie  was  formerly  much  used,  and 
at  the  present  time  Eustachian  electrolysis  is  having  some 
vogue;  both  are  based  on  an  insutflcient  study  of  the 
pathology  of  the  disease,  as  actual  stenosis  of  the  Eus- 
tachian tube  is  comparatively  rare. 

Occasionally  the  Eustachian  catheter  is  used  for  in- 
jecting fluids  or  vapors  into  the  middle  ear;  pilocarpine, 
menthol,  muriate  of  ammonia,  and  albolcne  are  the  reme- 
dies which  have  been  especially  recommended  for  use  in 
fluid  form,  while  as  vapors  the  fumes  of  iodine,  chloric 
ether,  camphor,  and  ammonia  are  generally  employed. 
In  the  author's  experience  very  little  benetit.  other  than 
that  due  to  the  effect  of  the  simple  inflation  of  the  ear, 
is  to  l)e  derived  from  the  emploj-ment  of  these  drugs  in 
this  manner. 

In  primary  stapes  fixation  little  or  no  benefit  can  be  de- 
rived from  any  form  of  middle-ear  inflation,  as  it  is  obvi- 
ous that  such  a  process  does  not  start  in  the  Eustachian 
tube.  Here  some  form  of  aural  massage,  such  as  the 
tragus  pressure  of  Hommell,  or  one  of  the  various  meth- 
ods of  instrumental  massage — e.g..  that  by  means  of  the 
Siegle  speculum,  or  the  Delstanche  masseiu',  or  Lucae's 
pressure  probe,  or  that  which  is  based  upon  the  employ- 
ment of  some  form  of  musical  tone  vibration — may  be  of 
some  service.  Undoubtedly  the  simjile  Siegle  or  the 
Delstanche  instrument  is  vastly  preferable  to  their  elec- 
tric prototypes,  and  by  their  use  an  occasional  improve- 
ment as  to  tinnitus  may  be  obtained  ;  but  there  is  a  great 
risk  of  stretching  the  mcmbrana  tympani.  The  Luca' 
pressure  probe  also  relieves  an  ocoisional  tinnitus  aurium. 


but  is  usually  unsatisfactory  in  its  results.  All  the  dif- 
ferent forms  of  musical  massairc  now  on  the  market  are 
unscientilic  in  principle  ami  either  jiroductive  of  no  bene- 
fit or  positively  deleterious  to  the  patient. 

In  this  form  of  the  disease  much  more  is  to  beexpectcd 
from  general  than  from  local  treatment,  and  a  careful 
consideration  of  the  etiology  of  a  given  case  will  usually 
give  a  clew  to  the  best  treatment  to  adojjt. 

"Where  a  patient  with  tiiuntus  iiresents  one  spot  on  the 
membrana  lympani  which  is  thinner  than  the  rest  of  the 
memlirane.  relief  may  occasionally  be  obtained  liy  cover- 
ing this  place  with  a  very  thin  piece  of  rice  pa]M'i-  or  with 
the  vitelline  membrane  of  the  egg.  The  paper  in  such 
cases  must  be  highly  sized  and  thin,  and  nuist  be  made 
to  adhere  by  inoistening  it  with  water.  Where  relief  is 
obtained  by  its  use  the  tinnitus  will  return  when  the 
paper  works  off  the  thin  spot  over  which  it  has  been 
placed,  i.e..  usually  at  the  end  of  about  eight  or  ton 
weeks.  The  egg  film  is  best  moistened  in  the  egg  albu- 
men, and  will  then  remain  in  place  for  about  tlie  Siime 
length  of  time  as  the  paper  iiatcb. 

AVhcre  from  treatment  or  otherwise  the  mcmbrana 
tympani  has  become  stretched,  the  patient  will  conqilain 
of  a  flatting  or  sharping  of  tones.  Such  cases  may  nearly 
always  be  relieved  by  placing  a  paper  or  egg-film  |ia1ch 
over  the  stretched  portion  of  the  mendirane,  but  in  some 
cases  it  may  be  necessary  to  ])lace  several  layers  one  above 
the  other.  The  same  result  is  obtained  by  painting  the 
flaccid  portion  with  contractile  collodion. 

From  the  very  beginning  of  otology  aurists  have  tried 
by  operative  means  to  relieve  the  patient.  Among  these 
operations  may  be  enumerated:  making  a  permanent 
opening  in  the  membrana  tympani;  tenotomy  of  the  ten- 
sor tympani  alone,  or  of  both  the  tensor  tympani  and 
the  stapedius;  cutting  the  posterior  fold;  removing  the 
membrana  tympani,  malleus  and  incus,  or  the  incus  idone ; 
and,  finally,  excision  of  the  membrana  tympani,  malleus, 
incus,  and  stapes,  or  of  the  stapes  alone.  All  these  have 
had  more  or  less  extravagant  claims  made  for  them,  have 
had  a  vogue  for  a  time,  and  then  have  graduall}'  been 
abandoned.  Unquestionablj-  each  of  these  measures  is 
applicable  to  an  occasional  case  and  harmful  to  most 
others,  but  this  subject  will  be  better  handled  in  the 
chapter  devoted  to  it.  (See  article  on  Ear  Dimednes : 
Operatioh.1  iipiin  tfie  Tyiirpiinie  Meml/rtnie  and  Ossicles.) 

Eugene  A.  Crockett. 

EAR  DISEASES:  CHRONIC  PURULENT  INFLAM- 
MATION OF  THE  MIDDLE  EAR. —  (Synonyms:  Otitis 
Media  Purulenta  Chronica;  Chronic  Purulent  Ear  Ca- 
tarrh; Chronic  Suppuration  of  the  Middle  Ear.) 

In  the  present  article  it  is  to  be  understood  that  the 
term  chronic  purulent  otitis  media  applies  only  to  those 
cases  in  which  the  inflammation  has  lasted  for  a  period 
of  three  months  or  more,  with  or  without  tr<-atment :  and 
that  the  parts  involved  in  the  inflammation  are  the  struc- 
tures which  form  the  middle  ear. 

Etiology. — A  chronic  purulent  inflammation  of  the 
middle  ear  may  be  said  to  develop,  in  all  cases — with  the 
exception,  perhaps,  of  tho.se  which  are  of  a  tuberculous 
nature, — oiit  of  the  acute  form  of  purulent  otitis  media; 
and  the  factor  which  jilays  the  most  important  jiart  in 
conferring  the  characteristic  of  chronicity  upon  them  is 
the  lack  of  proper  drainage.  There  are  various  patho- 
logical conditions  which  may  favor  such  imperfect  drain- 
age. Thus,  for  example,  the  perforation  in  the  drum 
niembrane  may  be  of  such  small  size  or  may  occupy  such 
a  position  that  it  can  drain  only  inadequately  the  cavity 
which  lies  behind  it.  Polypi  and  large  granulations  may 
form,  and  these  may  partially  obstruct  the  escape  of  the 
discharge;  while  at  the  same  time  they  aid  in  rendering 
it  more  (irofuse.  Then,  as  a  result  of  the  retention  of 
the  discharge,  the  solid  elements  which  it  contains  will 
accumulate  in  constantly  increasing  amount,  until  finally 
there  will  be  lodged  in  the  attic,  or  farlhcr  back  in  the 
mastoid,  a  cheesy  substance — the  so-called  cholesteato- 
matous  material.  Through  the  agency  of  the  bacteria  of 
decompositi(m  this  material  soon  becomes  foul-smelling. 
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Still  other  factors  often  aid  iu  producing  or  in  aggra- 
vating the  unfavorable  conditions  just  enumerated.  For 
example,  adhesions  ma_y  form  and  may  serve  as  further 
means  of  retaining  the  secretion  iu  small  spaces  or  pock- 
ets. Necrosis  or  caries  of  the  ossicles  or  of  any  portion 
of  the  tympanum  may  take  place  when  the  disease  has 
been  prolonged  for  any  length  of  time,  and  this  is  partic- 
ularly apt  to  be  the  case  where  the  disease  has  been  con- 
fined to  the  attic  region.  In  this  locality  the  head  of  the 
malleus  and  also  the  inner  portion  of  the  superior  part 
of  the  tympanic  ring,  upon  which  the  head  of  the  mal- 
leus rests,  are  usually  found  to  be  necrotic. 

Pathology. — In  chronic  purulent  otitis  media  we  en- 
counter a  series  of  pathological  pictui'cs  quite  different 
from  those  observed  in  the  acute  or  subacute  form  of  the 
disease.  The  drum  membrane,  or  what  is  left  of  it,  is 
usually  out  of  all  semblance  to  its  former  shape  and  posi- 
tion, and  whatever  portion  remains  is  so  distorted  from 
its  natural  shape,  owing  to  previous  involvement  and  the 
pressure  exerted  upon  it  from  behind,  that  it  looks,  at 
first  sight,  like  one  red  mass  of  granulation  tissue,  with 
usually  a  small  depression — sometimes  a  pouting  out- 
ward— at  the  point  of  exit  of  the  discharge.  If  this  con- 
dition be  not  speedil}'  relieved,  we  very  soon  have  the 
destructive  process  attacking  not  only  the  ossicles  but 
various  portions  of  the  tympanic  wall.  The  bony  part 
attacked  first  is  \isMally  that  part  which  has  a  scant  sup- 
ply of  blood-vessels,  and,  as  the  incus  is  not  at  all  bounti- 
fully supplied  with  blood,  we  usually  find  necrosis  be- 
ginning here  first.  Later,  the  malleus  becomes  involved, 
especially  that  part  which  articulates  with  the  incus, 
and,  still  later,  the  head;  and  if  the  deslructive  process 
be  not  arrested  here,  very  soon  erosions,  exfoliations,  and 
necrosis  will  develop  in  other  parts  of  the  tympanum, 
and  particularly  at  the  inner  and  upper  surface  of  that 
portion  of  the  tympanic  ring  on  which  rests  the  head  of 
the  malleus,  as  well  as  over  th<'  tym|ianic  orifice  of  the 
Eustachian  tube.  Very  rarely  in  this  disease  is  the  inner 
wall  affected.  The  amount  of  destruction  involving  the 
drum  membrane  varies  greatly:  at  one  time  there  may 
be  nothing  more  than  a  small  perforation,  and  then  at 
another  time  the  membrane  may  be  almost  entirely  de- 
stroyed. In  some  cases  SlirapiieU's  membrane  remains 
intact,  but  in  others  it  also  is  destroyed.  The  perfora- 
tion, in  the  cases  in  which  the  damage  done  to  the  mid- 
dle ear  is  not  s]K'cially  great,  is  usually  located  in  the 
posterior  infeiior  (luadraiit.  When  the  ossicidar  chain 
and  other  parts  of  the  bony  structure  are  implicated, 
then  we  find,  as  a  nde,  that  the  perforation  is  located  in 
the  posterior  superior  (luadnint,  below  or  on  a  level  with 
the  articulation  of  the  incus  and  stapes,  and  the  higher 
up  the  perforation  is  located  in  these  cases  the  more  sure 
are  we  to  find  iutratymiianie  caries. 

The  presence  of  a  cholesteatomatous  deposit  in  the  ear 
is  caused  by  a  rapid  des(|uamation  of  the  superficial  epi- 
thelial layer  of  the  mucous  membrane,  and  it  indicates 
that  the  drainage  from  the  region  in  which  the  deposit  is 
found  has  for  a  long  time  l)ecn  inadequate — so  inade- 
quate, indeed,  that  the  solid  elements  of  the  discharge 
have  been  retained  in  constantly  increasing  quantity. 
Decomposition  sets  in  and  there  is  then  confe-red  upon 
the  fluid  portion  of  the  discharge  a  highly  acrid  and  irri- 
tating character  whieli  doid)tless  jilays  an  important  part 
in  perpetuating  and  rendering  more  active  the  desquama- 
tive process.  Wherever  the  mucous  membrane  is  free 
to  expand  the  acrid  discharge  excites  proliferation  of  the 
connective-tissue  elements — that  is,  granulation  tissue  is 
formed  ;  but  where  the  mucous  membrane  is  under  a  cer- 
tain amount- of  pressure — as  in  the  epitympanic  space 
and  the  antrum. — the  irritation  caused  by  the  acrid  dis- 
charge manifestsitself  in  an  active  desquamative  process. 
A  very  offensive  odor  characterizes  these  cases.  At 
first,  tiie  cast-off  epithelium  mingles  with  the  other  solid 
elements  of  the  discharge,  but  when  these  accumulate  to 
such  an  extent  as  to  form  a  mass  of  a  certiiin  degree  of 
solidity  the  desquamated  epithelium  is  cast  loose  in  lami- 
nated sheets,  oftentimes  quite  leathery  in  character.  As 
these  increase  in  bulk,  layer  by  layer,  they  cause  press- 


ure and  then  give  rise  to  a  most  distressing  set  of  symp- 
toms, to  be  followed  later  by  sclerosis  of  the  cavity  in 
which  they  are  formed,  or  they  may  cause  absorption  of 
adjacent  bony  walls,  thus  establishing  communications 
between  two  adjacent  bony  cavities.  When,  as  some- 
times occurs,  we  find  a  collection  of  this  material  in  a 
middle  ear  the  drum  membrane  of  which  is  not  at  that 
time  perforated,  we  are  warranted  in  concluding  that  the 
cholesteatoma  developed  at  some  earlier  period  in  life,  at 
which  time  there  was  doubtless  a  perforation  of  the  drum 
membrane  as  also  a  purulent  discharge  from  the  tym- 
panic cavity. 

The  complications  which  may  arise  from  such  a  condi- 
tion as  I  have  ju.st  described — viz.,  mastoid  disease, 
meningitis,  infective  sinus  thrombosis,  brain  abscess,  etc. 
— will  be  treated  at  length  in  other  articles  of  this  series. 

SvMPTOM.\TOi,OGY. — (Jtorrhmi. — This,  which  may  be 
the  only  sj'mptom  jiresent,  varies  greatly  as  to  its  quan- 
tity, in  some  cases  being  so  profuse  as  completely  to  fill 
the  canal  and  meatus,  no  matter  how  often  these  parts 
are  cleansed ;  at  other  times  it  is  present  only  as  a  dry 
secretion  upon  the  walls  of  the  canal  or  around  the  edges 
of  the  meatus.  During  the  early  stages,  the  discharge  is 
rather  thin,  resembling  yellow-colored  serum,  but  after- 
ward it  becomes  thicker,  and  finally  changes  its  character 
to  that  of  the  purulent  type. 

In  certain  cases  of  this  disease  we  find  no  discharge 
whatever,  and  only  the  history  of  this  symptom  occiu'- 
ring  from  time  to  time.  The  reason  for  this  is  easily  ex- 
plained if  we  remember  that  partial  destruction  of  tln^ 
drum  membrane  occurs  in  many  of  these  eases  early  in 
life,  and  then  at  some  later  date  cicatrization  takes  place, 
leaving  a  certain  area  of  the  middle  ear  exposed  ;  and  it  is 
in  these  cases  that  we  get  the  history  of  an  intermittent 
discharge,  caused  by  an  acute  infiammatory  ju'ocess 
travelling  from  the  mucous  membrane  of  the  ni>se  or 
naso  ]iliaiynx  through  the  Eustachian  tube,  and  thus 
starting  u]i  a  similar  infiammuticm  of  the  membrane  lin- 
ing the  inlericir  of  tlii'  tymjianum,  the  restdts  of  which 
woidd  naturally  find  their  way  where  a  minimum  of  re- 
sistance was])resent.  namely,  through  these  old  openings. 
in  the  drum  membrane,  and  later  appear  at  the  meatus. 
The  absence  of  any  obstruction  to  the  escape  of  the  dis- 
charge from  the  middle  ear  wmdd  explain  the  absence  of 
pain  under  ciieumstanees  such  as  I  have  just  described. 
It  will  also  readily  be  apiucciated  how  much  more  easily 
in  these  eases,  owing  to  the  absence  of  a  portion  of  its 
protective  covering,  the  tympanum  may  become  infected. 

Pnin. — This  symptom  is  of  exceptional  occurrence. 
During  an  acute  exacerbation  of  the  disease,  when  there 
is  an  abundance  of  secretion  and  not  enough  space  for  its 
exit,  the  patient  is  likely  to  comjilain  of  jiain.  In  some 
of  the  cases  of  long  standing,  iiarlicularly  where  destruc- 
tion of  the  osseous  tissues  has  taken  place,  there  is  a 
localized  and  welldefined  headache  on  the  side  corre- 
sponding to  that  of  the  affected  ear.  This  symjitom  is 
also  present,  in  its  most  severe  form,  in  those  cases  in 
which  the  cartilaginous  part  of  the  canal,  and  more  par- 
ticularly the  bas(;  of  the  tragus,  becomes  the  seat  of  an 
acute  otitis  circumscripta,  caused  by  an  infection  from 
the  discharge  coming  from  the  middle  ear.  This  inter- 
current affection  is  by  no  means  an  uncommon  on<'.  and 
usually  takes  place  by  reason  of  the  patient,  iu  his  at 
tempts  to  cleanse  the  meatus,  causing  an  abrasion  of  any 
of  these  structures,  thus  opening  a  gateway  for  infection 
from  the  discharge  which  passes  over  these  parts. 

Eczema. — This  develops  in  con.sequence  of  the  irritat- 
ing qualities  of  the  discharge  that  appears  at  the  orifice 
of  the  meatus.  It  is  encountered  more  frequently  in 
children  than  in  adults,  because  the  former  are  continu- 
ally carrying  their  fingers  to  the  affected  ear,  and  thus 
causing  a  rajiid  spread  of  this  most  distressing  disease. 
At  times  the  eczema  completely  encircles  the  external 
ear.  involving  a  goodly  portion  of  the  skin  of  the  mas- 
toid process  and  the  cheek ;  and,  when  present,  it  is  the 
cause  of  a  great  deal  of  suffering  on  account  of  the  con- 
stant desire  to  rub  the  parts  infected. 

Facial  Paralysis. — This   occurs    in   chronic   ]MM'ulent 
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moved  from  the  Rislit 
External  A  u  d  i  t  o  r  v 
C'an;il  ot  a  Man  Aged 
Twenty-nine  Years. 
Peduncle  attached  t<> 
upper  and  posterior 
wall  or  tympanum. 
{Actual  size.) 


Otitis  wlien  a  portion  of  the  bony  ranal  through  which 
the  facial  nerve  passes  has  become  diseased,  tliereby  ex- 
posing the  nerve  trunk.  It  may 
also  develop  without  any  sueli  dis- 
ease of  the  bone,  simply  through 
the  effect  of  pressure  exerted  by  in- 
flammatory products  upon  a  facial 
nerve  which  congeuitally  lacks  an 
outer  sheathing  of  bone. 

Vertigo. — This  may  take  place  at 
any  stage  of  the  disease,  but  when 
present,  it  is  usually  associated  witli 
cases  of  long  standing.  It  is  caused 
by  pressure  upon  the  walls  of  the 
FIG.  176J-— Polypus  Re-  tvmpanum,  due  to  the  presence  of 
Hind  exudation  or  other  mtlam- 
matory  product  in  the  tympanic 
cavity,  or  by  a  congestion  of  the 
laliyriuth.  In  connection  with 
chronic  purulent  intlamniatiou  of 
tlie  middle  ear  in  an  aggravated 
form,  vertigo  is  very  frequently  a 
symptom  of  some  grave,  intracranial  complication.  The 
symptoms  which  indicate  tlie  development  of  some  laby- 
rinthine disturbance  are.  briefly  stated,  dizziness  appear- 
ing sud<lenly,  nausea,  and  marked  deafness,  lasting  for  a 
variable  length  of  time  according  to  the  persistency  of 
the  cause. 

Fii/iffoua  Groict/isor  Polypi. — These  sometimes  develop 
from  the  cutaneous  walls  of  the  meatus,  and  doubtless 
they  owe  their  existence  to  the  fact  that  an  irritating 
discharge  from  the  middle  ear  constantly  bathes  the  skin 
of  the  canal.  Those  which  grow  in  themiddle  ear  iliffer 
very  much  in  size,  some  being  no  larger  than  a  jiinhead 
wliile  others  are  more  than  an  inch  in  Teugth  and  of  vary- 
ing breadth.  The  usual  size,  however,  is  that  of  a  pea 
or  a  small  bean.  In  sliape  they  differ  also,  some  being 
lierfectly  round,  while  others  are  spherical,  oblong, 
kidney-shaped,  or  lobulated,  each  one  possessinga  small, 
firm,  fibrous  peduncle,  whereby  it  is  attached  to  its  base. 
Polypi,  although  the  majority  of  them  spring  from  some 
part  of  the  tympanic  cavity,"  are  usually  found  either  in 
the  external  audilory  meatus  or  protruding  from  it.  In 
some  cases,  however,  they  are  entirely  concealed  in  the 
vault  of  the  tympanum.  The  smaller  and  soft  ones  are 
made  up  of  simple  granulation  tissue,  while  many  of  the 
larger  ones  contain  fibrous  tissue 
alone.  In  the  latter,  the  peduncle, 
although  small,  is  exceedingly 
strong.  These  masses  usually  arise 
from  the  margin  of  an  area  "of  ex- 
posed or  carious  bone,  and  their 
usual  point  of  attachment  is  in  the 
epitympanic  vault  or  at  the  upper 
and  posterior  end  of  the  tympanum. 
Occasionally,  however,  they  arise 
from  the  mucous  membrane  in  the 
vicinity  of  a  mass  of  decomposin,g 
material  without  any  connection 
with  a  localized  necrosis  of  bone. 

DiAGXosis. — Our  first  duty  in 
making  a  diagnosis  is  to  determine 
what  structures  of  the  tympanum 
and  parts  adjacent  are  "involved, 
and  to  what  extent  such  involve- 
ment has  taken  place.  In  order 
that  this  may  be  done  properly,  it 
is  necessary  in  every  case,  at"  the 
very  beginning,  thoroughly  to  cleanse  the  walls  of  the 
auditory  canal  and  the  drum  membrane  of  an}'  secretion 
or  debris  which  may  be  present.  This  once  done,  we 
have  a  clear  liekl  for  inspection  and  can  arrive  at  an  ex- 
act knowledge  of  the  structures  under  examination. 
The  technique  for  such  cleansing  will  be  dealt  with  in 
full  when  the  treatment  is  spoken  of. 

Tlie  various  appearances  which  the  drum  membrane 
presents  in  this  disease  are  so  numerous  that  it  is  an  im- 
possibility to  give  an  accurate  description  of  them  all  in 


detail.     Certain  types,  however,  occur  more  frequently 
than  others,  and  it  is  of  these  that  we  shall  speak  more 

particularly. 

Among  the  commonest  perforations  are  those  which 
occupy  the  posterior  inferior  (luiulrani  nt  the  drum  mem- 
brane.    They  have  rather  sharplv  delined  eilgcs,  and  as 


FIG.  1798.-Polypus  Re- 
moved from  the  Left 
External  Auditory 
Canal  of  a  Woman 
Aged  Thirty-six 
Years.  The  slender 
peduncle  was  attach- 
ed to  the  upper  and 
posterior  part  of  the 
vault  of  the  tym- 
panum. (Actual 
size. ) 


Fig.  1769.— Cross  Section  of  a  Mucous  Polypus.  Covered  with  Ciliated 
Cylindrical  Epithelium.     (From  a  drawitig  by  l)r.  Ira  Van  Gieson.) 

a  rule  the  remainder  of  the  membrane  is  unaffected.  The 
discharge  is  scanty,  and  for  periods  of  varj-ing  length  it 
may  cease  altogether.  This  type  of  chronic  purulent  in- 
flammation of  the  middle  ear  is  seen  more  frequently  in 
children  than  in  adults,  and  is  usually  associated  with  a 
poor  state  of  health  or  with  some  diatliesis. 

In  another  group  of  cases  we  find 
a   perforation   in   Shraiinell's  mem- 
brane, about   on   a    level    with,   or 
slightly  higher  than,   the  articula- 
tion of  the  malleus  with  the  incus. 
This  opening  is  usually  somewhat 
irregular  in  shajie.  and  in  not  a  few^ 
instances  granulation  tissue  may  be 
seen  protruding  Ihi-ough  it.     Such 
granulation   tissue   is   usually  cov- 
ered    with     a    grayish    secretion, 
which,  upon  removal,  gives  forth  a 
Fir.   1770.— Perforation    decidedly  unjjleasant   odor.     Upon 
0°  The^'DJum  ""M^en.    P«ssi."g  a  tine   probe  through   the 
brane.  opening,    we   sliall    almost  always 

encounter  disea.sed    bone,    existing 
in  an  upward  and  posterior  direction. 

In  a  third  group  of  cases  the  perforation  is  of  rather 
large  dimensions,  involving  the  greater  part  of  the  pos- 
terior half  of  the  membrana  tympani,  and  its  edges  look 
somewhat  jagged  and  irregular,  owing  to  the  existence 
of  bands  oif  adhesions  which  stretch  from  the  free  bor- 
der of  the  opening  to  the  adjacent 
wall  of  the  tympanum.  In  this 
group  of  cases  we  find  either  a  thin 
serous  discharge  present,  or,  as  in 
the  majority  of  cases,  we  find  an 
abundance  of  granulation  tissue, 
with  a  discharge  of  a  purulent 
character.  If  a  probe  is  passe<l  di- 
rectly upward,  or  upward  and  back 
wani,  through  the  perforation,  it 
will,  in  nearh'  every  instance,  en- 
counter exposed  and  roughened 
bone  within  the  tympanum.  ^  ^[^r^T^t^^^v'^rs 

In   a   fourth   group   of  cases  the       Membrane. 
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Fifi.  3772. —  Large  Per- 
foration with  Irrepu- 
lar  Edges.  Occupying 
the  Greater  Part  of  the 
Posterior  Half  of  the 
Membrane. 


raembrana  tympanl  will  be  found  to  be  destroyed 
thiougbout  from  one-half  to  two  thirds  of  its  entire 
area.  The  opening,  in  such  cases,  usually  extends  as 
high  as  tlie  short  process  of  the 
malleus  above  and  as  low  as  within 
a  few  lines  of  tlie  inferior  portion  of 
the  tympanic  ring  below;  it  also 
e.Ktends  lateially  almost  to  the  cir- 
cumference of  the  ring,  thus  show- 
ing prominently  a  goodly  portion 
of  the  handle  of  the  malleus,  al- 
most directly  in  the  centre  of  the 
opening.  In  many  of  these  cases 
the  opening  is  tilled  in  with  exu- 
berant grantilation  tissue,  spring- 
ing from  tlie  inner  wall  of  tlie 
tympanum.  There  may  be  only  a 
singi(!  mass  of  this  tissue  or  it  may 
be  present  in  two  or  more  distinit 
masses;  and  when  this  occurs,  we 
find  one  overhanging  tho  oilier. 

In  tlic  fifth  group  we  find  destruction  of  the  entire 
membrane,  except  that  portion  known  as  the  membrana 
flaccida,  or  Shrapnell's  ineinbrane.  At  the  margin  of  this 
opening  we  usually  find  a  thick  re<ldish  membrane,  which 
extends  over  the  entire  background  and  which  is  covered 
with  secretion.  At  first  sight  this  looks  like  a  mass  of 
tlattciiid  gniuulalion  tissue.  In  reality  it  is  the  thickened 
mucous  iiicmbianc  covering  the  inner  tympanic  wall. 

In  the  sixth  group  we  find  complete  absence  of  the 
drum  mcinbrane,  except  a  portion 
of  ShnipneU's  membrane,  which 
has  been  left  by  the  diseasi-.  and 
wliicli  tliroiigh  thickening  and  dis 
torliori  has  entirely  lost  its  natural 
appearance.  'I'lie  handle  of  tlie 
hammer  lias  been  completely  ile- 
slroycd,and  if  anything  is  left  of 
the  os.sieular  chain,  it  is  hidden 
from  view  behind  the  thickened 
Slira])iieirs  membrane.  It  is  only 
by  usuig  the  prolie  that  we  are  able 
to  asciMtaiii  wlielher  these  little 
bones  arc  picsciil  or  not.  In  a  case 
<if  this  description  we  may  find  that 
the  background  — the  inner  wall  of 
the  tympamim — consists  cither  of 
bone  divested  of  its  niitural  cover- 
ing, or  of  thickened  mucous  mem- 
brane. In  both  of  these  conditions  the  amount  of  secre- 
tion present  may  be  very  slight.  In  other  ca.ses,  how- 
ever, and  especially  in  liiose  in  which  proper  cleansing 
measures  have  not  been  carried  out.  there  may  be  a  con- 
siderable accumulation  of  a  foul-smelling  secretion. 

Finally,  in  a  seventh  group  of  cases,  we  find,  though 
only  in  exceptional  instances,  a  white  cyst-like  body  oc- 
^uiiying  tl.'c  region  of  the  posterior  superior  quadrant  of 
the  iuembnina  ty  mpaiii.  In  some  cases  the  surface  of  the 
cyst  is  dry,  but  if  it  has  opened  spontaneously,  or  if  a 
])uncture  has  been  made  in  it,  a  small  amount  of  a  purulent 
secretion,  or  a  thin  serous  discharge,  will  be  seen  esca|>iiig 

from  the  small  o|K'ning.     The  ]ires- 

ence  of  such  a  condition  is  due.  no 
doubt,  to  the  fact  that  prolonged 
pressure  exerted  from  within  upon 
the  drum  membrane  at  this  point 
causes  a  loss,  to  a  certain  extent, 
of  the  inherent  ela.sticity  of  the 
ilnim  tissue  (atrophy  of  the  sub- 
stantia propria),  and  later  a  grad- 
ual stretching  and  giving  way  of 
this  structure  takes  place,  so  that  a 
cul-de-sac  or  pouch  is  formed  which 
becomes  filled  with  the  retained  se- 
cretions. During  the  past  j-ear  the 
writer  has  had  occasion  to  observe 
one  of  these  cysts  in  private  prac- 
tice.    In  size  it  was  as  large  as  a 
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brane, with  preserva- 
tion of  the  entire 
malleus. 
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small  pea,  occupied  the  middle  portion  of  the  posterior 
half  of  the  membrane,  was  white  and  glistening,  showed 
no  evidence  of  any  discharge,  and  was  not  associated 
with  pain  or  discomfort.  When  it  was  opened,  it  gave 
escape  to  a  light-colored  serum,  which  seemed  to  be 
contained  between  the  outer  and  inner  layers  of  the 
drum  membrane,  for  close  inspection  failed  to  establish 
any  posterior  opening  leading  to  the  tympanic  cavity. 

Special  Methods  of  Erploring  tlie  Middle  Ear  in  Cmses 
of  Chronic  Purulent  Inflammation. — It  is  always  a  very 
important  point,  in  these  cases  of 
(■lironic  purulent  otitis,  to  discover 
the  exact  location  from  which  the 
discharge  emanates,  as  quite  fre- 
ipieiitly  we  see  an  area  of  exposed 
lionc.  or  a  granulating  surface  cov- 
ered with  secretion  or  with  pus,  and 
arc  misled  into  believing  that  at  this 
point  we  have  found  the  source  of 
tlie  trouble,  whereas  in  reality  we 
have  only  exposed  to  view  some  sub- 
ordinate area  of  inflammatory  action 
— as,  for  example,  a  swollen  and 
granulating  mucous  membrane  cov- 
ering the  inner  wall  of  the  tym- 
panum, the  inflamed  condition  of 
which  is  actually  due  to  the  fact  that 
irritating  jius  from  a  distant  jioint,  situated  at  a  higher 
level,  constantly  flows  over  its  surface.  In  order  to  make 
sure  of  our  diagnosis,  we  should  bring  to  our  aiil,  in  the 
examination,  tlie  u.se  of  the  silver  ))robe.  the  tip  of  which 
should  be  bent  in  accordance  witli  the  anatomical  rela- 
tions of  the  particular  part  wliicli  is  to  be  explored.  Hy 
carefully  palpating  the  various  regions  of  the  lym|iuiium. 
we  shall  often  be  able  to  demonstrate  the  cxisliiKc.  in 
some  part  of  the  attic,  of  a  sinus,  or  of  a  polypoid  growth, 
or  of  an  area  of  diseased  bone.  In  all  cases  we  should 
make  a  most  careful  inspection  of  the  entire  surface  of 
what  remains  of  the  membrana  tymiiani.  not  forgetting 
the  margins  at  their  insertions  into  the  tympanic  ring. 

The  method  of  examining  for  dead  bone  in  the  attic 
recommended  by  Dcncli  ("  I)iseases  of  the  Ear,"  p.  ;li)7) 
has  been  found  very  eflicienl  by  tlii'  writer  in  a  large 
number  of  cases.  It  is  as  follows:  Wind  a  small  iiiece 
of  cotton  around  the  point  of  a  delicate  probe,  bend 
the  latter  to  the  proper  angle,  and  insinuate  it  gently 
into  the  various  portions  of  the  tympanum,  particularly 
above  the  margin  of  the  superior  portion  of  the  tympanic 
ring.  In  this  way,  when  dead  bone  is  encountered,  the 
cotton  at  the  tip  of  the  probe  will  often  catch  upon  the 
roughened  bone  surface,  thus  transmilliiig  the  sensation 
to  the  fingers:  orupoii  its  withdrawal  weshall  liiid  Mines 
of  the  cotton  which  have  been 
pulled  upon  and  drawn  from  the 
main  mass  attached  to  the  end  of 
the  ])robe.  Other  authorities  pre- 
fer to  use  the  probe  without  any 
such  wrapping  of  cfitton.  In  not  a 
few  instances  a  mass  of  firm  granu 
lation  tissue,  springing  up  from 
the  tympanic  cavity,  has  been  mis 
taken,  under  iner<'  ocular  exaniinii 
tion,  for  a  bulging  drum  memlirane; 
but  in  such  doubtful  cases  the  u.se 
of  the  probe  will  at  once  render 
any  such  error  impossible. 

In  cases  in  which  there  has  been 
a  purulent  condition  of  long  stand- 
ing. foUoweil  afterwaril  by  a  ces.sa- 
tion  of  the  secretion  and  by  a  jiartial  regeneration  of  the 
drum  membrane,  the  perforation  may  be  so  small  that  we 
cannot  locate  it  upon  .simjile  inspection  or  by  jiassing  the 
end  of  the  probe  over  the  surface  of  the  membrane. 
Under  these  circumstances  we  have  at  our  command  two 
simple  and  fairly  accurate  methods  of  finding  out  if  a 
solution  of  continuity  exists.  In  the  first,  wc  ask  the 
patient  to  perform  inflation  for  himself  bj-  the  Valsalva 
method,  and  then  we  watch  what  takes  place  in  the  drum 
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■membrane  during  this  act  of  inflation.  In  a  certain  per- 
■centagc  of  these  cases  we  shall  be  able  to  note  the  facts 
that  a  slight  motion  takes  place  at  a  particular  point, 
and  that  immediately  afterward  there  is  jiroduced  a  hiss- 
ing or  sqiicaking  noise  due  to  the  passage  of  the  air 
through  a  minute  perforation.  In  the  second  method 
the  inflation  is  made  by  means  of  the  Eustachian  cathe- 
ter, and  the  operator  connects  his  own  ear  with  that  of 
the  patient  by  means  of  the  soft-rubber  diagnostic  tube. 
In  this  manner  tlie  hissing  or  .squeaking  noise  mentioned 
.above  will  be  heard  more  distinctly  than  when  the  other 
plan  is  adopted.  There  are  a  few  other  conditions  in 
which  it  is  possible  to  arrive  at  a  fairly  accurate  diag- 
nosis.    Such  are.  for  example,  the  following: 

When  a  discharge  is  finding  its  way  through  the  mem- 
brana  flaccida.  or  ShrapneH's  membrane,  we  may  count, 
with  considerable  certainty,  on  linding  caries  of  that  por- 
tion of  the  malleus  which  lies  above  the  tympanic  ring, 
within  the  vault.  If  a  mass  of  granulation  tissue  hangs 
■over  the  superior  portion  of  the  drum  membrane,  and 
■especially  over  the  membraua  flaccida,  then  we  ma}'  feel 
conlident  that  the  principal  area  of  disease  is  located  in 
the  vault,  that  it  has  been  of  long  standing,  and  that  in 
all  probability  both  the  malleus  and  the  incus  are  in 
volved.  A  mass  of  granulations  springing  from  the 
region  of  the  superior  posterior  ([uadrant  woidd  indicate, 
more  particularly,  a  diseased  condition  of  that  part  of  the 
tympanum  wliich  corresponds  to  tlie  aditus  leading 
to  the  mastoid  antrum.  Furthermore,  in  all  of  these 
•cases  much  can  be  determined  from  the  character  and 
■e.vtent  of  the  discharge ;  for  when  the  discharge  is  slight, 
the  area  of  bone  destruction  is  of  a  correspondingly  small 
■extent.  On  the  other  hand,  if  the  existing  discharge  is 
profuse,  and  if  it  possesses  a  pronounced  odor,  then  we 
usually  tind  a  much  larger  area  of  bone  involved.  In  a 
very  large  number  of  the  cases  suffering  from  this  dis- 
ease and  accompanied  bj-  a  discharge,  even  though 
scanty,  we  are  enabled  by  inspection  to  locate  readily 
the  opening  in  the  drum  membrane;  for  when  the  pa- 
tient performs  Valsalva's  method  of  inflation,  we  see  bub- 
liles  of  air  escaping  with  the  secretion  through  the  open- 
ing, at  some  particular  point  in  the  membrane;  or  we 
may  see  only  a  drop  or  two  of  serum  or  jius  forced 
through  the  opening.  If  the  pus  is  very  thick  and  the 
opening  a  small  one,  the  former  will  be  forced  against 
(he  opening  in  such  a  manner  as  to  be  seen  distinctly; 
and  then,  when  tlie  pressure  from  behind  ceases,  the  pus 
will  disajipear  within  the  tympanic  cavity  again.  In  cases 
in  which  we  are  in  doubt  as  to  the  existence  of  a  perfora- 
tion, we  may  derive  aid  from  the  use  of  the  pneumatic 
■speculiun,  but  by  far  the  larger  number  of  diagnoses  are 
made  by  simple  inspection  rather  than  by  any  other 
method.  When  only  a  fissure-like  perforation  exists, 
inflation  will  show  that  the  edges  of  such  a  perforation 
move  toward  the  person  inspecting  it,  and  this  condition 
is  often  seen  during  the  later  stages  of  convalescence, 
particularly  when  the  perforation  exists  in  the  posterior 
quadrant.  It  is  only  rarely  that  we  meet  with  cases  in 
which  the  Eustachian  tube  will  not  adndt  sufficient  air 
to  aid  us  in  making  a  diagnosis.  At  times,  when  an 
■opening,  though  small,  exists  in  a  drum  membrane  the 
tissues  of  which  are  greatly  swollen,  we  see  upon  inspec- 
tion, at  the  point  where  such  an  opening  exists,  a  dis- 
tinct, rhythmical  pulsation,  synchronous  with  the  heart 
beats.  This  is  due  to  the  tension  of  the  blood  in  the 
small  vessels  at  this  point. 

When  the  mucous  membrane  covering  the  inner  wall 
of  the  tympanum  is  exposed,  it  may  very  often  be  mis- 
taken for  a  bulging  and  markedly  inflamed  drum  mem- 
Tjrane.  although  scarcely  a  vestige  of  the  latter  may  be 
jiresent.  But  if  we  examine  carefully  with  a  probe  be- 
tween the  margins  of  the  canal  and  this  reddened  surface, 
it  will  easily  be  seen  that  a  soluticm  of  continuity  exists, 
for  the  mucous  membrane  at  this  point  lies  on  a  much 
lower  plane  than  that  of  the  canal. 

In  each  and  every  case,  in  order  to  arrive  at  a  correct 
■diagnosis,  and  thus  be  able  to  give  an  intelligent  progno- 
sis, an  examination  of  the  hearing  function  should  be 
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made.  As  a  rule,  the  following  conditions,  with  slight 
variations,  will  be  found  to  be  present  in  patients  suffer- 
ing from  this  disease;  The  acoumeterof  Politzer  will  not 
be  heard  so  well  as  whispered  words.  Words  spoken  in 
an  ordinary  tone  of  voice  are  often  not  heard  so  well  or 
so  distinctly  as  those  spoken  in  a  forced  whisper.  In 
many  cases  it  is  found  that  the  upper  tone  limit  is  nor- 
mal, while  the  lower  lone  limit  is  elevated.  If  the  dis- 
ease has  lasted  over  a  long  period  of  time — for  several 
years,  for  example — the  upper  tone  limit  is  almost  invar- 
iably lowered,  owing  to  the  involvement  of  the  labyrinth. 
The  majority  of  cases  show  an  increase  in  bone  conduc- 
tion. ^\*ilen  the  fork  is  iilaced  on  the  vertex  of  the  skull, 
the  patient  nearly  always  hears  it  more  distinctly  in  the 
affected  ear,  and  the  difference  which  is  ordinarily  ob- 
served between  the  bone  conduction  and  that  through 
the  air  is  usually  reversed.  No  mention  will  be  made 
here  of  the  various  signs  of  mastoid  involvement,  as  this 
part  of  the  subject  is  fully  treated  in  another  portion  of 
this  work. 

Prognosis. — In  this  disease,  more  than  in  almost  any 
other  form  of  aural  disease,  does  the  prognosis  depend 
upon  the  treatment  and  care  of  the  case,  for  in  a  large 
majority  of  instances  the  general  tendency  is  not  toward 
a  spontaneous  resolution.  We  can  usually  sum  up  the 
prognosis  under  the  following  heads;  as  to /learijig,  ((s 
to  curing  tlie  vtorrhmi.  iind  an  to  life. 

As  to  Hearing. — We  should  never  (except  under  ceitain 
conditions  to  be  named  later)  encourage  the  patient  to 
believe  that  the  hearing  will  be  improved  when  an  ar- 
rest of  the  discharge  is  effected.  In  fact,  it  is  well 
known,  clinically,  that  many  of  the  cases  do  not  hear  so 
well  after  the  existing  discharge  has  ceased  as  they  did 
before,  and  to  such  patients  the  discovery  of  this  fact 
always  brings  marked  disappointment.  The  cau.se  of 
such  a  diminution  in  the  hearing  power  is  probably  to 
be  found  in  the  increased  dryness,  or  diminished  succu- 
lence, of  the  soft  tissues,  and  this  is  particularly  true  of 
those  which  are  in  the  vicinity  of  the  stapedial  foot-plate ; 
for  here  the  drying  of  the  soft  tissues  and  perhaps  more 
or  less  cicatiization  can  scarcely  fail  to  inliuence  injuri- 
ousl}'  the  mobility  of  this  plate  of  bone.  For  this  reason, 
if  for  none  other,  each  case  should  be  tested  functionall}' 
when  first  seen,  and  this  test  should  be  referred  to  as  a 
standard  during  the  continuance  of  the  discharge  and 
after  it  has  ceased.  AVhen  any  large  area  of  the  niem- 
brana  tympani  is  destroyed,  and  particularly  when  this 
area  corresponds  to  the  upper  and  posteiior  quadrant; 
and  when,  furthermore,  there  is  no  obstruction  in  the 
region  of  the  oval  window,  and  wo  find  ujion  the  use  of 
the  probe  that  the  stapes  is  movable,  then  we  are  quite 
safe  in  telling  the  patient  that,  when  the  discharge  ceases, 
the  hearing  will  be  as  good  as  it  is  at  that  time,  although 
but  little  or  no  improvement  beyond  this  point  can  with 
reason  be  looked  for.  On  the  other  hand,  if  adhesions 
exist,  binding  down  the  stapes,  we  ma.v,  by  dividing 
them,  effect  a  distinct  improvement  in  the  function  of 
hearing. 

When  labyrinthine  involvement  is  shown  by  the  tests 
to  be  present,  then  a  guarded  prognosis  should  always 
be  given.  It  was  formerly  supposed  by  many  that  the 
amount  of  local  destruction  would  give  us  a  fairly  accu- 
rate idea  as  to  the  extent  of  functional  impairment,  but 
clinically  this  has  been  found  not  to  be  true;  for  there 
are  many  cases  in  which,  from  a  mere  physical  examina- 
tion, we"  should  be  led  to  give  a  very  bad  prognosis  as 
regards  the  hearing,  and  yet,  when  we  compare  the  re- 
sults of  our  functional  examination  in  these  cases  with 
the  physical  conditions  observed,  we  are  surprised  to  find 
that  tiie  hearing  power  is  out  of  all  proportion  better 
than  we  anticipated. 

If,  upon  simply  cleansing  the  external  auditory  canal 
and  gently  inflating  the  middle  ear,  the  hearing  improves 
to  ail  appreciable  degree,  we  may  safely  ]iredict  that 
treatment  will  restore  a  useful  degree  of  hearing  power 
to  the  affected  ear.  If,  however,  these  simple  measures 
produce  no  effect  upon  the  deafness,  and  especiall.y  if 
with  it  there  be  associated  distressing  tinnitus  and  de- 
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fective  bone  conduction,  we  may  confidently  assume  that 
tlie  case  is  one  in  whitli  uo  remedial  measures  of  any  kind 
are  likely  to  improve  the  hearing  to  an}'  material  extent. 
When  a  large  amount  of  granulation  tissue  is  present 
over  and  around  the  stapes,  its  removal  almost  always  is 
followed  by  an  improvement  in  the  hearing,  and  this  im- 
provement continues  undiminished  so  long  as  the  granu- 
lations are  not  reproduced. 

If  ankylosis  of  the  stapes  has  already  taken  place, 
there  will  be  marked  and  incurable  impairment  of  the 
hearing. 

As  to  the  Otorrhim. — In  many  cases  the  discharge  seems 
to  cease  s|)ontancously  without  any  treatment  whatever; 
but  if  we  follow  the  history  of  these  cases  we  shall  tiud 
that  the  disease  recurs  from  time  to  time,  usually  from 
the  effects  of  a  cold,  thus  showing  that  the  pathological 
condition  still  exists  and  needs  only  such  an  irritant  to 
become  active. 

If  no  carious  condition  of  the  bone  is  present  and  if 
free  drainage  exists,  then  under  proper  treatment  the  dis- 
charge will  cea.se  in  a  short  time;  but  when  it  persists, 
we  are  sure  to  find,  upon  careful  examination,  that  the 
bone  is  diseased  in  one  or  more  of  the  regions  already 
mentioned.  If  the  ossicles  alone  are  involved  in  llie 
process,  we  can  then  give  a  favorable  opinion  as  to  the 
cessation  of  the  discharge  under  proper  treatment  ^m(•n- 
tion  of  which  will  be  ma<le  later).  If.  however,  the 
deeper  structures  show  involvement,  and  the  history  is 
one  of  long-continued  suppurati(in,  then  the  discharge 
will  not  cease  until  after  a  radical  operation  u|H)n  these 
parts  has  been  performed,  and  this  will  be  spoken  of  in 
full  in  anotlier  (lart  of  tliis  work.  Where  no  dead  bduc 
exists,  we  can  usually  iironiise  innnunity  from  mastoid 
and  oilier  involv<'nient.  Before  expressing  an  opinion  as 
to  the  length  of  time  a  discharge  will  probably  last,  we 
should  always  make  sure  that  we  have  discovered  its 
source;  and  if  we  find  that  it  is  seated  in  the  attic,  we 
should  give  a  guarded  prognosis — at  least  so  long  as  the 
patient  declines  to  submit  to  a  radical  operation. 

The  character  of  the  existing  secretion  will  often  en- 
able us  to  give  a  fairly  trustworthy  jirognosis.  Thus, 
for  example,  if  it  is  thick  and  if  the  drainage  is  inadequate, 
we  may  say  that  the  case  will  jircibably  be  one  of  long 
duration.  When  a  discharge  has  lasted  for  a  long  time, 
and  in  spite  of  frecjiu'nt  aseptic  irrigations  we  continue  to 
get  a  foul  odor,  both  from  the  discharge  and  from  the 
recently  cleansed  canal,  we  may  be  certain,  iinder  such 
circmnstances,  that  we  are  dealing  with  a  case  in  which 
diseased  bone  is  jiresent.  Again,  when  we  find  a  pro- 
fuse, stringy  discharge,  draining  through  a  large  opening 
in  the  drum  membrane,  we  may  expect  that  the  disease 
will  pursue  an  obstinate  course,  on  account  of  the  extent 
of  mucous  membrane  involved.  It  is  not  an  uncommon 
experience,  in  such  cases,  to  find  that  there  is  a  certain 
amount  of  hypertrophied  adenoid  tissue  in  the  vault  of 
the  pharynx ;  and  the  removal  of  it  by  operative  pro- 
cedure often  exerts  a  most  favorable  iufluenee  upon  the 
otorrhcea, 

'As  to  Life. — If  at  the  time  of  the  examination  we  find 
no  evidence  of  any  mastoid  or  intracranial  involvement, 
we  can  safely  say  that,  under  proper  care  and  treatment, 
no  danger  to  life  exists;  neither  is  there  immediate  dan- 
ger to  life  even  though  a  simple  uncomplicated  mastoidi- 
tis exists.  But  if.  on  the  other  hand,  we  find  that  some 
intracranial  com]ilication  is  actually  present,  the  progno- 
sis is  certainly  grave,  though  not  to  such  an  extent  as  we 
were  wont  to  look  upon  it  several  years  ago  before  the 
aurist  accomplished  such  brilliant  and  successful  results 
in  the  treatment  of  intracranial  conditions.  The  subjec- 
tive noises,  which  are  jiresent  in  some  of  these  chronic 
purulent  cases,  have  proved  to  be  so  disturbing  to  the 
mental  condition  of  certain  ])atients  that  their  lives  have 
been  in  danger  from  attempts  at  self-destruction. 

In  every  case  in  which  intratympanic  caries  exists, 
there  is  always  present  the  danger  that  at  some  subse- 
quent time  the  patient's  life  may  thereby  be  placed  in 
peril.  Such  diseased  tissue  should  therefore  be  removed, 
and  the  best  time  for  accomplishing  this  is  shortly  after 


the  discovery  of  the  fact  that  bone  caries  exists  in  some 
part  of  the  middle  ear.  That  this  is  a  wise  rule  to  adopt 
is  shown  b}'  the  fact  that  in  the  past  very  many  people 
have  lost  their  lives  from  the  sequelae  of  chronic  purulent 
otitis  media,  and  in  quite  a  large  proportion  of  these  it 
was  not  even  suspected  that  a  diseased  condition  of  the 
ear  was  the  real  cause  of  death. 

Before  taking  up  the  treatment  of  this  disease,  we  must 
consider  its  bearing  upon  the  question  of  life  insurance, 
for  tlie  companies  are  continually  rejecting  applicants 
for  insurance  because  they  have  formerly  suffered  from 
this  disease;  and  yet  many  of  the  cases  so  rejected  are 
not  rendered,  by  the  mere  fact  of  their  having  once  had 
a  purulent  otitis  media,  less  desirable  risks  than  those 
who  have  never  suffered  from  such  disease.  The  im- 
portant question  in  every  such  case  is.  Did  the  patho- 
logical process  really  undergo  healing?  If  we  find  in 
such  an  applicant  complete  closure  and  cicatrization 
of  a  former  perforation,  then  such  an  applicant  should 
be  accepted  as  a  risk.  If.  however,  a  perforation  still 
exists,  even  though  perfectly  dry  and  perhaps  very  small 
in  size,  then 'by  no  means  is  the  applicant  an  entirely  safe 
risk. 

The.vtment. — In  treating  a  case  of  chronic  purulent 
inflammation  of  the  middle  ear  we  should  have  three  ob- 
jects in  view:  first,  the  cure  of  the  otorrho'a;  second,  the 
improvement  of  the  hearing;  third,  the  relief  of  the  dis- 
tressing subjective  sounds,  if  present. 

In  the  treatment  of  the  discharge  the  first  cardinal 
]irinciple  is  to  secure  cleanliness,  and  this  can  be  accom- 
plished in  two  ways.  In  the  first  place,  if  the  discharge 
is  rather  scanty,  and  if  the  patient  can  be  seen  frequently 
by  the  surgeon,  it  will  be  an  easy  task  to  remove  the  ex- 
isting discharge  by  mopping  the  parts  with  sterilized 
cotton  wound  on  a  cotton  carrier.  After  the  field  lias 
been  gone  over  in  this  way,  it  sliovdd  be  thoroughly 
cleansed  with  some  rather  strong  non-irritating  germicide 
or  disinfectant,  and  one  which  the  writer  has  found  bene- 
ficial  is  the  following: 

If  Acid,  boric gr.  xx. 

Sol.  hydrarg.  bichlor.  (1  to  1,000) 1  ij. 

Spir.  villi  rect ad   x\. 

M. 

The  parts  are  to  he  thoroughly  cleansed  with  this  solu- 
tion, and  then  any  granular  surface  which  may  be  pres- 
ent is  to  be  touclied  with  a  small  cotton-tipped  probe, 
dipped  in  silver  nitrate,  of  a 
strength  ranging  from  20  grains 
to  240  grains  to  the  ounce  of 
distilled  water.  Such  applica- 
tions will,  in  a  large  number  of 
the  cases,  so  stimulate  these  gran- 
ulations that  we  may  expect,  by 
using  such  treatment  two  or  three 
times  a  week,  to  effect  a  speedy 
cure. 

In  the  second  place,  if  we  are 
dealing  with  a  case  in  which  the 
discharge  is  profuse,  then  the  pa- 
tient, or  whoever  is  to  care  for 
him,  must  be  taught  the  projier 
method  of  syringing  the  ear,  and 
the  treatment  must  be  carried  on 
by  irrigation.  In  adults  a  hard- 
rubber  ear  syringe,  provided  with 
a  blunt  point  or  nozzle,  and  hold- 
ing an  ounce  of  fluid,  is  usually 
employed  for  this  purpose  In 
the  case  of  young  children,  how- 
ever, it  is  desirable  that  the  syringe  should  be  of  soft 
rubber  in  order  that  it  may  not  irritate  the  meatus  or 
the  canal.  In  a  general  way  its  shape  should  be  like 
that  shown  in  the  accompanying  figure  (Fig.  177T). 

A  point  to  be  remembered  in  syringing  the  ear,  and 
one  also  to  be  impressed  upon  the  patient  or  nurse,  is 
that,  in  all  adult  cases,  the  auricle  should  be  grasped 


Fifi.  1777.— Simple  Model 
of  Soft-Kubber  Syringe. 
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gently  between  the  thumb  and  fingers  of  the  left  hand 
and  drawn  upward,  backward,  and  a  little  outward,  thus 
straightening  the  meatus  and  cartilaginous  canal  and 
bringing  it  on  a  line  with  the  osseous  canal.  Otherwise, 
when  we  use  the  syringi\  we  shall  be  directing  the  stream 
of  fluid  against  the  side  of  the  canal  wall  instead  of 
straight  into  the  lumen  of  the  passage.  In  syringing  the 
ears  of  a  child  under  three  years  of  age,  the  avu'icle 
shoidd  be  drawn  outward  and  tlownward,  as  this  position 
best  aids  us  to  overcome  the  natural  curve  of  the  canal 
at  that  age.  The  frequency  of  irrigation  will  depend 
largely  upon  the  character  and  quantity  of  the  dis- 
charge, and  at  no  time  must  the  latter  be  allowed  to  ac- 
cumulate to  an_y  extent  in  the  auditory  canal.  In  an  or- 
dinary adult  case,  the  ear  should  be  cleansed  every  three 
or  four  hours  at  flrst,  and  then,  as  the  discharge  begins 
to  lessen,  the  frequency  of  irrigation  may  Ijc  diminished 
to  three  times  a  day,  or  once  or  twice  a  day.  and  later 
even  to  every  second  or  thini  daj'.  In  a  child  it  will  be 
necessary  to  irrigate  more  frequently  on  account  of  the 
smallness  of  the  canal  and  the  tendency  of  the  walls  at 
the  oritice  to  lie  in  contact,  thus  preventing  the  escape 
of  the  secretion.  In  these  cases  we  should  irrigate  as  fre- 
quently as  everv  two  hours  until  we  notice  a  gradual 
lessening  of  the  discharge;  and,  from  this  time  onward, 
the  frequency  may  be  reduced  to  every  three,  four,  or 
si.x  hours,  according  to  the  quantity  of  the  discharge  that 
presents  itself  each  day.  It  is  always  well  to  liear  in 
mind  that  an  ear  should  be  irrigated  only  frequently 
enough  to  keep  the  discharge  from  accumulating  in  the 
canal,  inasnuich  as  too  frequent  irrigation  serves  to 
soften,  make  flabby,  and  lessen  tlie  integrity  of  the 
parts,  thus  prolonging  the  disease.  Only  a  small  amount 
of  force  .should  be  used  in  irrigating  an  ear,  whether  the 
case  be  that  of  a  child  or  that  of  an  adult,  and  we  .should 
never  use  a  cold  solution,  but  one  tepid,  or  slightly 
warmer,  depending  upon  the  amount  of  comfort  given 
to  the  patient.  The  quantity  to  be  used  at  each  irriga- 
tion varies  anywhere  from  a  ((uarter  of  a  pint  to  a  pint. 
Rarely  is  it  necessary  at  one  sitting  to  use  more  than  the 
maximum  quantity  given  above. 

If  irrigation  produces,  as  it  sometimes  does,  disagree- 
able symptoms,  as  pain,  vertigo,  or  nausea,  and  tlicse 
persist^,  then,  no  matter  how  profuse  the  existing  dis- 
charge, we  must  cease  the  irrigation  and  remove  the  dis- 
charge by  frequent  mopping  and  cleansing  with  cotton. 
In  all  cases,  after  irrigation,  it  is  desirable  to  dry  the 
deeper  parts  as  well  as  the  meatus  with  cotton. 

The  various  solutions  that  have  been  used  for  syringing 
the  ear  are  legion,  but  only  those  will  be  mentioned  which 
the  writer  has  found  of  value  from  a  clinical  standjioint. 

A  solution  of  bichloride  of  mercury  in  boiled  water,  of 
a  strength  ranging  from  1  to  5,000  to  1  to  2,000,  is  the 
solution  most  used,  and  the  one  from  which  we  obtain 
the  best  results  at  the  present  time. 

A  solution  of  value,  and  one  largely  used  to-day  by 
tile  general  practitioner,  is  that  of  boric  acid  of  the 
strength  of  twenty  grains  to  an  ounce  of  boik'd  watei'. 
As  a  cleansing  solution  it  answers  the  purpose  very  well, 
but,  if  considered  from  a  disinfecting  or  germicidal  stand- 
point, it  leaves  much  to  be  desired. 

A  solution  of  carbolic  acid  in  sterilized  water,  of  the 
strength  of  one  or  two  per  cent.,  was  formerly  used,  but 
in  recent  times  it  has  been  practically  abandoned.  In  re- 
cent cases,  a  weak  solution  of  formalin.  1  to  ."iOd,  is  often 
of  service,  owing  to  its  active  germicidal  properties,  but 
even  in  this  strength  it  has  to  be  fre(|uently  discontinued, 
owing  to  its  irritating  qualities.  If  it  be  thought  advis- 
able to  continue  its  use,  a  much  weaker  solution  must  be 
employed. 

A  solution  of  potassium  permanganate,  of  tlie  strength 
of  half  a  drachm  of  the  liq.  potass,  permanganat.  in  from 
four  to  six  ounces  of  sterilized  water,  is  often  used  to 
abate  the  discharge  on  account  of  its  strong  disinfecting 
properties.  It  possesses  the  fiu-ther  advantage  that  it 
acts  as  an  excellent  deodorizer  when  we  have  a  foul- 
smelling  discharge  to  treat. 

When  a  certain  amount  of  exfoliated  epithelium  is 


found  in  the  discharge,  accompanied  by  a  roughened 
condition  of  the  canal  walls  and  a  roughened  and  excori- 
ated condition  of  the  meatus,  we  have  found  of  the  ut- 
most value  a  solution  containing  from  one  to  two  drachms 
of  an  eight-per-cent.  alcoholic  .solution  of  salicylic  acid 
and  foiu- ounces  of  sterilized  water;  the  acid  here  seeming 
to  exert  a  marked  healing  effect  on  the  exccjriated  tissue. 

For  sim]ile  cleansing  purpo.ses,  a  tepid  S(jlutionof  plain 
sterilized  water  will  be  all  that  is  needed. 

In  a  few  of  the  casi-s  that  come  under  the  aural  sur- 
geon's observation,  tlie  so-called  irrigation  treatment 
seems  to  increase  rather  than  diminish  the  amount  of  the 
discharge.  When  this  occurs,  th<'  patient,  or  whoever 
is  caring  for  the  case,  must  systemati(  ally  use  the  dry 
treatment  spoken  of  above,  in  order  to  obtain  the  bene- 
ficial results  desired. 

In  order  to  save  the  patient's  clothing  while  using  the 
irrigation  method,  we  should  always  have  him  hold,  be- 
neath the  ear,  a  kidney -shaped  hai'd-rubber  or  agateware 
basin  into  which  the  water  coming  from  the  canal  may 
escape.  These  are  easily  obtained  and  are  furnished  for 
sale  in  all  sizes. 

As  soon  as  the  discharge  begins  to  lessen  perceptibly, 
the  congestion  and  swelling  gradually  subside,  and  the 
structiu-es  slowly  regain  their  normal  appearance. 

In  all  cases,  before  we  undertake  the  local  treatment  of 
the  ear,  we  should  make  a  thorough  investigation  of  the 
upper  respiratory  tract,  anil  when  we  find  that  these 
structures  are  involved  in  a  catarrhal  process,  we  should, 
while  giving  the  ear  proper  attention,  direct  our  treat- 
ment to  the  cure  of  these  pathological  conditions;  for,  if 
the\-  be  neglected,  we  sliall  doubtless  observe  that  exac- 
erbations of  the  ear  disease — although  the  latter  may  be 
benefited  for  a  time  by  the  measures  which  we  have 
adopted — occur  fiom  time  to  time,  owing  to  the  influence 
exerted  by  the  pathological  conditions  in  the  nose  and 
nasopharynx.  We  should  search  especially  for  any 
lymphoid  hypertrophies,  and  if  found  they  shoidd  be 
promptly  removed.  If  we  discover  any  other  obstructive 
condition,  which  interferes  with  a  normal  uaso-pharyn- 
geal  function,  this  also  should  be  removed. 

When  the  drum  membrane  has  to  a  large  extent 
been  destroyed,  and  we  find  the  inner  tympiinic  wall  ex- 
posed and  presenting  a  mucous  .surface  that  is  swollen, 
congested,  and  covered  with  mucus,  or  even  if  it  is  only 
slightly  moist,  then  we  must  stimulate  this  surface  by 
applying  to  it  some  suitable  remedial  solution.  That 
which  gives  the  best  results  is  one  of  silver  nitrate.  At 
first  a  weak  solution  should  be  employed,  one  of  ten  grains 
to  the  ounce  of  distilled  ■\vater,  and  then  afterward,  ac- 
cording to  the  indications,  the  strength  may  be  gradually 
increased  to  as  much  as  240  grains  to  the  ounce,  or  even  to 
360  grains  to  the  ounce,  when  a  rapid  effect  is  desired.  A 
point  of  value  in  applying  the  silver  solution  may  be 
mentioned  here,  and  that  is,  care  should  be  taken  not  to 
touch  other  parts  of  the  tympanum  or  any  portion  of  the 
skin  lining  the  canal.  The  application  should  be  restricted 
to  the  particular  area  tliat  we  wish  to  stimulate,  and  this 
can  be  accomplished  easily  by  exercising  a  little  care  \a 
preparing  the  cotton-tipped  probe.  It  should  not  be 
large  or  bulky,  but  quite  small,  and  only  the  tip  should 
be  dipped  into  the  solution;  all  the  excess  of  fluid  should 
be  pressed  out  from  the  small  mop  before  we  introduce 
it  into  the  canal,  as  other^\  ise  there  is  a  strong  probabil- 
ity that  some  of  it  will  come  in  contact  with  normal  tis- 
sues, and  thus  cause  excessive  irritation.  Other  solutions 
which  may  be  used  with  beneficial  results  are  varying 
strengths  of  the  zinc  and  copper  salts;  of  the  latter,  a. 
two-percent,  solution  is  the  one  most  frequently  used. 

As  the  discharge  becomes  less  abundant  and  tlie  pa- 
tient is  seen  less  frequentlj',  a  solution  to  lie  used  at 
home  should  be  prescribed — as,  for  example,  one  like  the 
following : 

IJ  Boric  acid gr.  xx. 

Bichlor.  of  mercury  solution  (1  to  1,000)    I  ij. 

Absolute  alcohol enough  to  make  §  i. 

M. 


643 


Ear  Di<iieases. 
£ar  Diseases. 


REFEREKCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Five  or  ten  drops  of  tbis  solution — to  be  placed  in  the 
ear  twice  a  day  at  first,  then  later  once  a  da_y,  and  finally, 
as  the  need  for  stimulation  diminishes,  only  every  second 
da)' — will  be  found  to  act  admirably,  not  only  as  a  stim- 
ulant, on  account  of  its  alcoholic  properties,  but  also  as 
an  antiseptic,  on  account  of  the  boric  acid  and  the  bichlor- 
ide solution  which  the  mixture  contains. 

There  are  two  effective  methods  of  bringing  such  a 
solution  into  contact  with  the  diseased  mucous  mem- 
brane. Either  a  droppei-  can  be  used,  or  the  requisite 
number  of  drops  can  be  placed  in  a  small  spoon  and  then 
poured — after  first  warming  the  fluid,  if  this  be  thought 
best — into  the  auditory  canal :  in  each  instance  the  head 
being  held  well  over  toward  the  opposide  side.  If  any 
residue  remains  after  one  or  two  minutes,  it  can  be  re- 
moved by  turning  the  head  in  an  opposite  direction,  thus 
allowing  the  liquid  to  escape. 

When  the  discharge  is  markedly  persistent  and  the 
applications  mentioned  above  fail  to  bring  about  a  satis- 
factory result,  the  writer  has  found  of  benefit  the  so- 
called  Powell's  method  of  treatment,  which  consists  of 
the  application,  to  the  disea.sed  surface,  of  a  solution  of 
pure  carbolicacid  (ninety -five  percent.).  This  is  allowed 
to  run  into  the  canal,  the  head  being  held  well  over 
toward  tlie  opposite  side,  until  the  auditory  canal  is 
nearly  filled.  It  is  retained  in  this  position  for  from 
thirty  to  sixty  seconds,  and  then  the  canal  is  quickly 
syringeil  with  a  sulutiou  of  absolute  alcohol.  In  this  way 
the  alcohol  counteracts  any  escharotic  action  which  the 
carl)oli<-  acid  woidd  exert  upon  the  normal  tissues,  and 
yet  at  the  same  time  the  diseased  parts  are  stimulated 
and  thoroughly  cleansed.  15y  this  form  of  treatment 
excellent  results  are  obtained  in  many  cases  that  would 
not  yield  to  the  urdinary  methods  in  vogue. 

The  (|uestion  will  naturally  be  asked  as  to  how  great 
is  the  amount  of  jiain  involved  in  this  procedure.  It  is 
very  slight,  for  the  carbolic  aci<l  exerts  an  ana>slhetic 
elTeet  superficially;  and  then,  ui)on  the  quick  application 
of  the  alcohol  al'terwanl,  the  patient  simply  complains 
of  the  ordinary  stinging  sensation  which  is  usually  expe- 
rienced, in  a  mild  degree,  tipon  tlie  application  of  this 
liquid. 

In  all  cases  under  treatment  we  should,  after  thor- 
oughly cleansing  the  canal  and  before  applying  the  rcm- 
ed,v,  direct  the  patient  to  perform  inflation  by  the  Val- 
salva method,  so  as  to  drive  out  from  the  middle  ear  any 
retained  secretion  that  may  be  lucsent.  Should  he  be 
unable  to  do  this,  then  gentle  inflation  by  means  of  the 
catheter  should  be  practised,  and  the  secretion  thus  dis- 
placeil  shovdd  be  removed  before  our  final  application  is 
made  to  the  surface  to  be  stimulated. 

The  practice  of  instilling  oil  of  any  kind  into  the  audi- 
tory canal  should  not  be  countenanced,  as  it  affords  a 
medium  which  is  favorable  for  the  development  of  veg- 
etable fungi  of  vaiious  kinds;  and  when  once  these  con- 
ditions are  established  in  the  canal  they  prove  exceedingly 
irritating  and  difficult  to  get  rid  of.  As  to  the  use  of 
hydrogen  peroxide  in  the  auditory  canal  of  a  patient  suf- 
fering from  chronic  jnu'ident  otitis,  there  is  a  wide  di- 
versity of  opinion.  Someauthoritiesreport  most  brilliant 
rcsidts  from  its  use,  both  by  syringing  the  canal  freely 
with  it  and  also  bv  simply  instilling  it  into  the  canal. 
They  claim  that,  when  so  used,  it  cleans  out  the  small 
cavities  by  displacing  retained  secretions,  which  other- 
wise would  not  appear  without  the  use  of  this  a.cent.  I 
believe,  however,  that  we  have  other  means  at  our  com- 
mand that  will  do  the  work  quite  as  well,  without  ex- 
posing the  patient  to  the  risk  of  our  displacing  and  driv- 
ing backward  into  the  mastoid  antrum,  through  the 
aditus,  this  retained  secretion,  and  thus  exciting  an  in- 
flannnation  of  this  cavit}'  by  the  infection  contained  in 
the  secretion  so  displaced.  It  must  be  admitted  that 
such  secretion,  when  it  is  disiilaced.  can  travel  this  path 
quite  as  easily  as  any  other,  and  the  writer  has  seen  sev- 
eral cases  of  purulent  otitis  in  which,  under  the  employ- 
ment of  hydrogen  peroxide,  a  distinct  mastoiditis  devel- 
oped ;  in  fact,  in  four  of  them  the  mastoid  liad  to  be 
opened.     In  all  of  these  cases  there  had  been  no  sign  of 


mastoid  involvement  until  after  the  peroxide  was  em- 
ployed, and  in  a  general  way  the  ear  affection  had  been 
progressing  favorably  up  to  the  time  mentioned; — there- 
fore, from  observation  and  personal  experience,  I  am  op- 
posed to  the  use  of  this  remedy  in  this  form  of  ear  dis- 
ease. 

Under  no  circumstances  or  conditions  should  we  in 
this  disease,  either  early  or  late,  put  a  large  quantitj'  of 
powder  in  the  canal  and  allow  it  to  remain,  for  it  be- 
comes moistened  and  later  forms  a 
crust,  thus  favoring  what  we  wish 
to  avoid,  namel.v,  a  damming  back- 
ward of  the  secretion.  Further- 
more, the  practice  of  supplying  a 
patient  with  a  quantity  of  powder 
to  use  by  himself  cannot  be  too 
strongl_v  condemned,  for  in  many 
instances  he  will  cause  the  secretion 
to  be  driven  backward, — a  result 
which  is  brought  about  by  the 
formation,  at  the  point  of  perfora- 
tion, of  such  a  crust  as  has  just 
beeji  mentioned,  and  which  sub- 
jects the  patient  to  the  tlanger  of 
mastoid  and  other  intracranial  in- 
volvement. 

After  the  dischar.ire  has  been  re- 
duced to  a  minimum  amount,  so 
that  it  only  moistens  the  jiarts,  then 
we  can  use  with  uuicli  advantage 
some  of  the  many  antisejitic  and 
astringent  ]iowdi'rs,  by  insufflating 
a  small  quantity  over  the  moistened 
area.  The  powders  more  commoidy 
used  inider  such  circumstances  are: 
boric  acid,  aristol.  acetanilide.  noso- 
])hen,  zinc  oxide,  iodol,  and  alum. 
Iodoform  was  formerly  u.sed  exten- 
sively, but  owing  to  its  disagreeable 
odor  it  has  been  lar.irely  discon- 
tinued. This  drug  is  certainly  very 
unpleasant  for  both  tlie  paliei.t  and 
the  surgeon,  on  account  of  its  peculiar  odor,  and,  besides, 
it  often  gives  rise  to  a  most  distressing  dermatitis,  Der- 
matol has  also  been  used,  but  it  possesses  no  particular 
curative  effects.  In  many  cases  in  which  the  discharge 
is  intractable  and  comes  from  the  attic  region,  the  use  of 
the  intralynqiaiuc  syringe  is  of  the  greatest  value,  as  by 
its  use  we  can  introduce  solutions  of  various  strengths, 
upward  and  backward,  beyond  the  point  of  vision.  The 
writer  1ms  used  a  small  glass  instrmnentof  various  sizes, 
with  short  or  long  tip  and  broad  end,  fitted  closely  with 
a  rubber  cap  similar  to  that  of  the  pipette.  These  little 
glass  pipettes  are  made  in  almost  any  size,  and  tlie  tip 
can  be  made  at  any  angle  one  wishes.  They  are  easily 
handled,  neat,  clean,  and  inexpensive,  and  contain,  for  use 
in  treatment,  all  the  way  from  one  to  twenty  drops  of  the 
remedial  fluid,  which  is  usually  a  solution  of  silver  nitrate. 

In  cases  in  which  we  find  a  large  amount  of  granula- 
tion tissue  present,  we  proceed  to  destroy  this  after  first 
cleansing  the  canal  and  the  area  to  be  destroyed.  If  the 
granulations  are  cnily  moderately  large,  we  can  easily 
destroy  them  by  means  of  chemical  agents.  The  two 
agents  of  this  cliar-acter  most  used  are  silver  nitrate  and 
chromic  acid.  The  surface  to  be  cauterized  is  first  dried, 
and  then  uponamelal  probeabead  of  either  of  the  above 
a.gents  is  fused  and  ap])lied  carefully  to  the  granulating 
area.  Care  should  be  taken  not  to  smear  these  agents 
over  adjacent  parts,  and  all  excess  or  residue  should  be 
mopped  up  with  a  cotton  pledget.  The  actual  cautery 
has  been  recommended  as  admirable  for  the  destruction 
of  these  granulations,  but  its  use  here  is  altogether  too 
difficult  of  application;  and  besides,  we  have  other  means 
at  hand,  equall,y  as  good,  and  much  easier  to  use. 

After  cleansing  the  area  to  be  cauterized,  we  should 
apply  to  the  granulating  surface  about  to  be  destroyed  a 
solution  of  cocaine  hydroehlorate  of  a  strength  of  from  five 
to  ten  per  cent.     This  application  can  be  made  by  soak- 
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ing  a  small  pledget  of  cotton  in  the  cocaine  and  carrying 
it  with  the  forceps  directly  against  the  surface  we  wish 
to  aua'stlu'tize.  or  we  can  apply  it  by  means  of  a  cotton- 
tijiped  probe,  which  we  are  to  hold  against  the  surface 
for  a  moment  or  two  until  the  ana'sthetic  effect  lias  been 
produced.  If  this  preliminary  stei>  is  taken  in  these  eases, 
the  ]iatient  will  experience  little  or  no  pain  during  the 
destruction  of  this  exuberant  tissue;  and  this  in  itself  is 
a  factor  to  be  taken  into  consideration,  for  no  one  likes  to 
suffer  pain  when  it  <-an  be  so  easily  avoided.  AVhen  the 
granulations  are  larger  and  polyjioid  in  character,  then 
their  removal  is  best  effected  by  means  of  the  wire  snare. 
The  I0011  of  the  wire  is  passed  over  the  growth  and  car- 
ried backward  and  inward  to  its  ])oint  of  attachment. 
and  then  the  growth  is  cut  off  by  the  successive  turning 
or  screwing  of  the  thumb-piece  of  the  snare,  thus  tight- 
ening at  each  turn  the  loop  of  wire  surrounding  the 
growth. 

As  a  more  rapid  means  of  removing  these  growths  a 
sharp  curette  is  preferred  by  some  operators.  This  in- 
.strumentcan  be  passed  (piickly  into  the  canal,  at  the  side 
of  or  beneath  the  growth,  and  carried  backward  to  its 
point  of  attachment,  which  is  usually  a  rather  tirm  ped- 
imcle.  When  this  point  is  reached,  the  curette  is  raised 
and  manipulated  so  as  jiartially  to  twist  the  stalk  around 
the  shank  of  the  instrument,  care  being  taken  that  the 
sharp  curve  of  the  instrument  shall  rest  upon  the  superior 
or  upper  surface  of  the  jpedunclc.  The  curette  is  then 
presseil  inward  against  the  surface  from  which  the  growth 
sjirings,  the  peduncle  is  severed  close  to  its  attachment, 
and  the  growth  is  removed  at  the  .same  time  that  the  in- 
strument is  withdrawn.  Cocaine  should  always  be  used 
previous  to  the  removal  of  such  growths,  in  order  to  re- 
lieve the  patient  of  as  much  pain  as  possible.  As  an  ad- 
junct of  great  value  in  the  removal  of  these  growths,  we 
may  mention  the  local  use  of  a  solution  of  suprarenal 
capsule.  The  following  is  the  fornuda  used  by  the 
writer: 

R  Adrenals  (Armour  desic.) 3  i. 

Boric  acid gr.  xvi. 

Cinnamon  water 3  iv. 

Camphor  water  (liot) 31. 

Distilled  water  (hot) — enough  to  make  a  two- 
ounce  mixure. 
M.     Macerate  for  four  hours  and  tilter. 

The  use  of  this  solution,  which  should  be  applied  par- 
ticularly to  the  base  of  the  growth,  renders  it  easy  to  re- 
move quite  large  polypi:  and  furthermore,  what  would 
otherwise  be  a  bloody  ojieration  is  converted,  by  the  aid 
of  this  fluid,  into  one  that  is  practically  bloodless.  The 
solution  .should  remain  in  contact  with  the  tissue  to  be 
removed  for  at  least  five  or  ten  minutes  prior  to  the  oper- 
ation. The  after-treatment  is  also  greatly  facilitated  by 
the  use  of  the  remedy,  for  bv  its  aid  we  can  cauterize  the 
base  left  after  the  removal  of  the  growth  without  con- 
tinually going  ovjer  the  surface  for  several  minutes  with 
cotton  jdedgets  trying  to  stanch  the  oozing  of  blood  be- 
fore we  apply  our  cauterizing  agent.  Fornierly.  when 
the  removal  of  a  polypus  had  to  be  done  without  the  aid 
of  the  suprarenal  extract,  it  was  very  frequently  found 
necessary  to  carry  out  the  cauterization  of  the  base  at  a 
second  sitting  on  account  of  the  free  hemorrhage  existing. 

For  the  first  twenty-four  hours  after  the  removal  of 
such  a  growth,  it  is  well  to  pack  the  canal  loosely  with  a 
strip  of  plain  sterilized  ,gauze.  This  acts  in  a  twofold 
manner.  .  First,  its  pre^•ents  any  marked  secondary  hem- 
orrhage taking  place,  as  sometimes  occvirs  after  the  use 
of  the  suprarenal  extract :  and,  secondly,  it  acts  as  a  pro- 
tection ;  but  it  should  always  be  removed  on  the  follow- 
ing day.  If  the  patient  is  not  to  be  seen  for  a  few  ilays, 
then  under  no  condition  should  the  canal  be  jiacked :  but 
if  much  discharge  is  present,  the  patient  should  be  di- 
rected to  use  the  irrigation  method  for  a  few  days  until 
the  discharge  diminishes  sufficiently,  or  vmtil  the  patient 
again  comes  under  the  observation  of  the  surgeon  for 
further  treatment.  In  all  cases  in  which  exuberant  gran- 
ulations or  polypi  have  been  removed  from  the  auditory 


canal  and  middle  ear,  the  subsequent  treatment  is  to  be 
carried  out  on  exactly  the  same  lines  as  those  already 
stated.  /.(■..  the  ]iarts  aVc  to  be  kept  sterile  and  clean,  they 
are  to  be  stimulated  from  time  to  time  as  may  be  needed, 
and  later,  when  the  discharge  diminishes,  the  drops  re- 
ferred to  in  a  previous  paragraph  are  to  be  used  twice  a 
day. 

If,  after  an  ear  lias  been  treated  in  this  way  for  a  period 
of  ten  days  or  two  weeks,  the  di.scharge  is  "still  luesent, 
and  there  is  a  marked  tendency  to  a  re-formal  ion  of  the 
granulation  tissue,  then  it  may  be  said  with  a  degree  of 
certainty  that  we  have  to  de;il  with  dead  bone  situated 
farther  back,  and  no  time  should  be  lost  in  its  removal. 
The  technique  of  this  procedure  will  be  found  in  the  arti 
cle  on  Maxtoifl  Opera) inni',  in  a  later  volume. 

Aspergillus  is  cpiite  frequently  found  just  within  the 
meatus,  on  the  canal  wall,  on  tiie  remains  of  the  drum 
mcmVirane.  or  on  the  exposed  internal  tynqianic  wall,  in 
cases  in  whith  the  car  has  |ueviously  been  the  seat  of  a 
purulent  intlanunation.  Its  i)resence  may  mislead  us  into 
thinking  that  the  ear  has  begim  to  discharge  again.  This 
new  discharge  is  caused  b_ythc  presence  of  thisftmgus  at 
one  or  more  of  the  points  just  mentioned.  It  develops 
slowly  in  the  beginning  when  it  lodges  tipou  the  siu'face, 
owing  to  a  lack  of  moisture,  but  later,  when  even  a  slight 
amount  of  moisture  comes  in  contact  with  it,  the  growth 
is  a  rapid  one,  and  the  discharge  given  out  from  it  is  often 
offensiveand  accumulates  around  the  meatus.  The  treat- 
ment required  is  simply  to  cleanse  the  parts  by  tlic  ordi- 
nary method,  and  then  to  scrub  the  surface  all  over  with 
a  cotton-tipped  probe  dipped  in  the  alcoholic  solution 
previously  mentioned.  Afterward  it  is  well  to  insufflate 
just  enough  finely  powdered  acctanilid  or  boric  acid  to 
cover  the  surface  from  which  the  fungus  grows.  A  few 
treatments  like  this  will  suffice  to  clear  up  the  condition 
as  well  as  to  relieve  any  excoriations  at  the  meatus  which 
may  have  been  causetl  by  the  discharge. 

In  all  cases  of  purulent  disease  of  the  middle  ear.  in 
which,  upon  examination,  we  find  the  drainage  insuffi- 
cient, we  should  lose  no  time  in  enlarging  the  opening 
through  which  the  discharge  is  passing;  and  oftentimes 
it  is  desirable,  instead  of  enlarging  the  old  perforation, 
to  make  a  free  incision  through  the  drum  membrane  at 
some  other  point,  to  facilitate  more  rapid  drainage.  This 
is  particularly  imperative  when  the  discharge  emanates 
from  the  lining  membrane  of  the  middle  ear.  and  we  find 
it  being  inadequately  drained.  It  is  in  these  cases  that 
the  subsequent  use  of  the  middle-ear  syringe  is  of  the 
utmost  value,  as  after  a  thorough  cleansing  of  the  tym- 
panic cavity  we  can  introduce  the  stimulating  or  astrin- 
gent solutions,  and  a  sufficient  quantity  should  be  used 
each  time  to  fill  completely  the  tympanic  cavity.  The 
fluid  will  oftentimes  ]iass  into  and  down  through  the 
Eustachian  tube,  but  this  will  do  no  harm,  provided  the 
solutions  used  are  not  too  strong,  and  rarely  should  we 
use  for  the  first  time  in  this  manner  a  solution  of  sil- 
ver that  is  stronger  than  one  per  cent.  If  the  case  is  one 
of  a  persistent  character,  this  intratympanic  syringing 
should  be  practised  each  day  until  the  discharge  is  per- 
ceptilily  lessened;  then  every  second  day:  and  later  less 
frequently — for  example,  twice  a  week. 

When  a  small  amount  of  discharge  continues  despite 
all  treatment,  and  the  parts  upon  inspection  look  indo- 
lent, the  method  suggested  and  practised  by  Blak( — viz., 
that  of  fitting  a  small  sterilized  piece  of  very  thin  jiaper 
over  the  existing  opening — will  oftentimes  heal  these 
perforations.  It  is  not  imprtibablc  that  this  effect  is  pro- 
duced by  the  mechanical  irritation  set  uj)  by  the  contact 
of  the  disc  with  the  indolent  surface  of  the  inenilirane. 
In  applying  these  pajier  discs,  after  they  are  approxi- 
mated closely  to  the  drum  membrane,  they  should  be 
irently  pressed  around  their  edges  so  as  to  comjiel  the 
paper  to  adhere  firmly.  After  the  disc  has  been  ssitisfac- 
torily  applied,  a  small  amount  of  powdered  acetanilide 
or  boric  acid  is  to  be  dusted  over  its  surface.  Such  a 
dressing  will  remain  in  place  for  from  two  to  eight  days, 
and  when  the  parts  arc  again  inspected,  we  shall  find  tliat 
the  disc,  though  still  adherent  to  the  drum  membrane, 
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has  gradually  worked  its  way  toward  the  edge  of  the 
membrane,  exposing  a  part  or  the  whole  of  the  perfora- 
tion, wliile  little  oi-  no  moisture  is  present.  A  second 
disc,  sterilized  in  the  same  manner,  should  now  be  placed 
over  the  opening,  leaving  the  primary  one  imdisturbed. 
and  partially  overlapping  it.  Usually  two  or  three  sucli 
applications  serve,  in  a  Uirge  proportion  of  the  cases, 
completely  to  stop  the  discharge  and  close  the  opening. 
The  protection  given  by  the  disc  no  doubt  hastens  the 
favorable  changes  which  take  place  in  the  pathological 
mucous  membrane  of  the  middle  ear. 

To  improve  the  hearing,  after  we  have  cured  the  dis- 
charge, is  the  next  step  in  the  treatment  of  this  disease. 
When  a  large  part  of  the  tympanic  membrane  has  been 
destroyed  and  the  ossicles  are  boimd  down  by  adhesions, 
we  usually  And  that  the  hearing  is  markedly  diniin- 
islied.  However,  by  dividing  the  existing  adhesions — ■ 
a  procedure  which  can  be  quite  easily  carried  out  after 
the  discharge  has  ceased — we  often  succeed  in  effect 
ing  a  decided  improvement  in  the  hearing.  On  the 
other  hand,  some  of  the  cases  thus  operated  upon  show 
no  improvement.  Nevertheless,  as  those  whose  hear- 
ing is  improved  b_v  the  operation  constitute  a  majority, 
we  should  not  fail  to  give  this  part  of  tlie  treatment 
a  fair  trial.  Personally,  I  have  seen  only  two  cases  out 
of  a  total  of  twenty-four  that  did  not  improve  under 
this  procedure. 

It  is  usual,  in  an  ordinary  case,  in  which  the  greater 
part  of  the  tympanic  membrane  remains,  for  the  hearing 
to  improve  slightly  when  the  discharge  ceases,  and  under 
these  circumstances  we  maj'  use,  as  an  aid  to  restoring 
the  function  of  hearing,  the  ordinary  method  of  inflation 
and  vaporization  of  the  middle  ear,  as  it  prevents  the 
excessive  formation  of  adhesions,  and  tends,  furthermore, 
when  these  adhesions  have  already  taken  place,  to  stretch 
them,  as  well  as  to  stretch  and  make  more  i)lial)le  that 
porlion  of  the  drum  membrane  which  is  still  intact.  This 
method  of  treatment  should,  if  possible,  be  carried  out 
three  times  a  week  at  tirst.  and  as  improvement  Ijegius 
to  take  place,  the  frequency  should  be  diminished,  ac- 
cording to  tlie  indications  present  in  each  case.  In  many 
of  these  <?ases.  during  convalescence,  and  after  the  dis- 
charge has  ceased,  comjilaint  will  be  made  of  a  most  dis- 
tressing tinnitus,  one  which  does  not  yiehl  even  though 
the  frequent  inflations sjioken  of  have  been  practised.  In 
these  cases  the  internal  administration  of  small  and  grad- 
ually increasing  doses  of  the  iiotassium  iodide  will  be 
followed  by  a  marked  relief  in  a  large  number  of  in- 
stances. At  the  beginning  the  dose  should  be  five  grains 
three  times  a  day,  but  afterward  it  should  gradually  be 
increased  luitil  the  desired  relief  is  secured.  Usually, 
when  the  patient  has  taken  about  ten  grains  three  times  a 
clay  for  several  days,  this  symptom  will  gradually  dimin- 
ish, and,  in  a  fair  number  of  cases,  will  disjippear  alto- 
gether. This  effect,  no  doubt,  is  due  to  the  stimulating 
properties  of  the  remedy,  which  causes  an  absorption  of 
5\  small  amount  of  exudate  or  recently  formed  deposit 
within  the  middle  ear. 

If  any  decided  labyrinthine  involvement  is  already 
present,  then,  of  course,  the  severing  of  the  adhesious 
mentioned  above  is  contraindicated,  for  the  operation  is 
not  likely  to  be  followed  by  any  improvement. 

Excision  of  the  ossicles,  and  operative  procedures  for 
the  relief  of  intratympanic  caries  will  receive  full  consid- 
eration in  another  article  of  this  series. 

In  all  cases  that  come  under  our  observation  for  treat- 
ment, we  should  never  lose  sight  of  the  fact  that  we  arc 
practitioners  of  medicine  first,  and  specialists  second; 
and  all  cases,  in  which  the  indications  demand  it.  should 
have  general  building-up  and  tonic  treatment  in  order 
that  the  local  condition  may  improve  the  more  rapidly, 
as  it  must  when  the  patients  receive  a  surplus  of  nutri- 
tion through  the  medium  of  the  general  system.  There 
are  many  chronic  cases  which,  if  they  had  been  subjected 
to  the  building-up  process  when  they  were  tirst  attacked 
by  the  local  disease,  would  never  have  reached  the 
chronic  stage  at  which  they  afterward  presented  them- 
selves for  treatment.  James  F.  McKenwu. 


EAR  DISEASES:  FOREIGN  BODIES  IN  THE  EX- 
TERNAL  AUDITORY    CANAL   AND    MIDDLE    EAR.— 

I.  ArniTOitv  C-\n.\l — Altlnnigh  the  position  of  the  ear 
is  not  such  as  to  favor  the  entrance  of  foreign  bodies  into 
the  external  auditory  canal,  it  not  unfrequently  happens 
that  they  find  lodgment  there.  Children  are  much  given 
to  thrusting  into  their  ears  such  bodies  as  glass  beads, 
pebbles,  coffee  grains,  and  the  like :  adults  "  lose  "  plugs 
of  cotton  in  their  ears  or  break  off  in  the  canal  part  of  a 
match  or  toothpick  with  which  they  have  been  scratch- 
ing an  itching  meatus  or  endeavoring  to  remove  cerumen : 
while  insects  occasionally  enter  the  ear  by  accident,  and 
sometimes  by  design,  being  attracted,  jjerhaps,  by  the 
odor  of  an  offensive  discharge.  Flies,  attracted  in  this 
way,  now  and  then  deposit  their  eggs  in  the  ear:  and, 
unless  the  discharge  be  sufficiently  profuse  to  wash  them 
out,  they  quickly  develop  into  maggots,  which  soon  make 
their  presence  known  by  the  great  irritation  they  create. 
Foreign  substances  are  sometimes  put  into  the  ear  with 
criminal  intent:  luit.  jiopular  belief  to  the  contrary,  the 
auditory  canal  furnishes  a  most  indifferent  avenue  for  the 
introduction  of  poisons  into  the  system,  since  its  dermal 
lining  does  not  permit  of  their  ready  absorption. 

The  presence  of  a  foreign  body  in  the  ear  does  not 
necessiiril}"  give  rise  to  serious  consequences.  If  the  suli- 
stance  introduced  possess  irritant  or  caustic  properties, 
inflanuuation  will  quickly  supervene,  the  drundiead  may 
lie  destroyed,  and  not  only  the  integrity  of  the  hearing, 
but  life  itself,  may  be  jeopardized.  And,  also,  when 
living  insects  invade  the  ear.  they  usually  cause — espe- 
cially when  their  wings  or  claws  come  in  contact  with  the 
tympanic  membrane — great  suffering,  and.  perhaps,  se- 
vere inflammation  of  the  membrane  and  the  cutaneous 
lining  of  the  meatus.  But.  on  the  other  hand,  such  in- 
nocuous bodies  as  beads,  cherry  stones,  coffee  beans,  etc., 
unless  they  be  tightly  wedged  in  the  canal,  or  be  so  placed 
as  to  press  rudely  upon  the  dnunhead,  may  scarcely 
make  their  presence  felt,  or  induce  even  a  transient 
earache. 

The  prevalent  belief  is  that  the  entrance  of  a  foreign 
body  into  the  auditory  canal  is  a  serious  accident,  and 
that,  however  harndess  in  itself  the  foreign  substance 
may  be,  dire  consequences  will  ensue  unless  it  be  quickly 
gotten  out.  As  a  rule,  it  is  doubtless  judicious  to  remove 
without  unnecessjiry  ifelay  any  body  which  has  found  its 
way  into  the  external  ear.  because  its  presence  may  ex- 
cite inflammation,  or,  as  sometimes  happens,  troublesome 
reflex  irritation,*  and  because,  moreover,  we  shall  scarcely 
be  able,  without  doing  so,  to  allay  the  alarm  of  the  pa- 
tient or  the  anxiety  of  his  friends.  But,  on  the  other 
hand,  as  in  most  instances  no  immediate  ill  consequences 
need  be  apprehended,  we  should  not  be  too  eager  to  un- 
dertake this  oftentimes  delicate  operation,  imperfectly 
e(iuipped,  perhaps,  for  its  perfonnance.  and  under  con- 
ilitioiis  which  render  doubtful  its  successful  completion; 
for,  if  the  o|)eration  fail  of  its  purpose,  the  injury  result- 
ing from  the  repeated  efforts  to  extract  the  foreign  body 
will  jirobably  leave  the  auditory  canal  inflamed  and 
swollen,  and  the  ear  in  much  worse  condition  than  before. 
Indeed,  thediflicult  cases  which  the  specialist  has  to  deal 
with  are  almost  always  those  in  which,  through  previous 
unskilful  manipulation,  the  delicate  walls  of  the  meatus 
have  been  lacerated  and  bruised,  and  the  foreign  body 
tightly  impacted  in  the  bottom  of  the  canal. 

Before  attempting  to  remove  a  foreign  body  from  the 
ear  the  operator,  by  careful  inspection,  shoidd  first  assure 
himself  that  one  is  present.  This  it  is  not  alwaj'S  possi- 
ble to  do  without  the  aid  of  an  ear  mirror  and  speculum. 
If  these  are  not  at  connnand,  and  there  be  doidjt  as  to 
the  presence  of  a  foreign  body  (for  it  is  to  be  borne  in 
mind  that  patients  frequently  imagine  that  something 
has  entered  the  ear  when  such  is  not  the  case),  it  is  i)er- 

*  Among  the  reflex  ptienomena  wbich  have  been  obser\ed  in  con- 
sequence of  ttie  irritation  prtKiuced  by  the  presence  of  a  foreign  body 
in  the  ear  may  l)e  mentioned,  cough,  vomiting,  excessive  saHvary 
secretion,  liemicrania.  facial  paralysis,  and  epileptic  convulsions 
(Poulet).  Tile  writer  also  hJis  reported  a  case  'Trans.  Am.  Otologi- 
cal  Society,  vol.  v..  p.  .508)  in  which  inatiility  to  swallow  food  was 
caused  by  the  presence  of  a  plug  of  cerumen  in  the  ear. 
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missible  to  attempt  to  solve  tlieiloubt  by  the  use  of  warm 
water  ami  the  syringe:  but.  under  such  cireumstanees.  to 
grope  blindly  in  the  ear.  with  any  sort  of  instrument,  is 
a  practice  fraught  with  great  danger  and  utterly  un- 
justifiable. It  may  be  well  to  mention  that  the  glisteu- 
iug  surface  of  the  tympanic  menibraue  is  sometimes  mis- 
taken for  a  foreign  body  by  those  unaccustomed  to 
e.xamining  the  ear;  and,  as  such  a  mistake  is  apt  to  lead 
to  serious  consequences,  the  possibility  of  it  should  be 
borne  in  mind  in  order  that  it  may  be  avoided. 

Irenimcnt. — The  question  of  how  to  deal  with  a  foreign 
body  lodged  in  the  ear  depends  upon  a  variety  of  circum- 
stances: In  the  first  place,  upon  the  nature  of  the  intrud- 
ing body,  whether  it  be  an  animate  or  an  inanimate  ob- 
ject :  and,  if  the  latter,  whether  it  be  au  irribint  or  an 
innocuous  substance,  and  what  its  shape  and  size.  In  the 
second  place,  uiion  the  manner  of  its  lodgment,  whether 
it  be  tiglitly  wedged  or  lying  loose  in  the  canal,  and 
whether  resting  near  its  oritice  or  beyond  its  constricted 
middle  third,  in  the  neighborhood  of  the  tympanic  mem- 
brane. In  the  third  place,  ujKm  the  skill  and  experience 
of  the  operator:  for  what  would  be  a  judicious  and  safe 
metbofl  of  procedure  for  one  accustomed  to  operating 
upon  the  ear.  might  be  an  extremely  unwise  and  hazard- 
ous one  for  a  tyro  in  this  department  of  surgery  to  under- 
take. Generally  speaking,  it  may  be  said  that" unless  the 
foreign  body  be  near  the  external  oritice  of  the  ear,  and 
be  of  such  shape  that  it  may  be  readily  grasped  by  suit- 
able forceps,  in  the  absence  of  special  skill  upon  the  i)art  of 
the  operator,  the  syringe  is  the  sjifest  and  best  instrument 
with  which  to  undertake  its  removal.  Inmost  cases  this 
plan  will  prove  successful,  and.  when  it  does  not,  at  least 
no  harm  will  have  been  done  by  the  attempt.  If  it  can- 
not be  removed  in  this  way,  resort  must  be  had  to  the 
forceps,  or  to  the  blunt  book  devised  for  this  purpose. 
Neither  of  these  instruments,  however,  can  be  used  with 
safety,  or  to  good  purpose,  unless  the  meatus  be  illumi- 
nated, so  that  the  foreign  body  may  be  kept  in  view  and 
every  movement  of  the  in,strument  watched  If  the  in- 
truding body  be  lying  near  the  external  oritice  of  the 
canal,  it  is  possible  to  obtain  a  satisfactory  illumination 
by  turning  the  ear  toward  a  window  or  a  bright  artificial 
light:  but,  if  it  be  lodged  near  its  inner  extremity,  a 
concave  ear  mirror  attached  to  a  head  baud,  by  means  of 
which  either  diflFuse  sunlight  or  artificial  light  may  be 
concentrated  and  reflected  into  the  ear,  and  in  most  in- 
stances an  aural  speculum,  must  be  employed.  Unless, 
however,  the  operator  be  used  to  this  method  of  examin- 
ing the  ear,  he  will  find  that  he  cannot  accomplish  much 
in  this  way:  and,  under  such  circumstances,  supposing 
that  the  syringe  has  been  tried  without  avail,  he  will 
serve  his  own  interest  and  his  patient's  welfare,  if  with- 
out more  ado  he  refer  the  case  (if  it  be  in  his  power  to  do 
so)  to  some  one  having  more  skill  in  this  particular  direc- 
tion than  himself:  for  farther  instrumental  effort  upon 
his  part  is  little  likely  to  be  successful,  and  may  result 
in  serious  damage  to  the  ear. 

In  skilful  hands  a  traction  hook,  such  as  is  represented 
in  the  woodcut,  is  the  most  generally  useful  instrument 
for  the  removal  of  foreign  bodies  from  the  ear.*  It  is 
especially  useful  when  the  foreign  body  is  spheroidal  in 
shape,  or  is  so  large  as  to  be  wedged  tightly  in  the  canal. 
Under  such  circumstances  forceps  are  worse  than  useless : 
for  it  is  almost  impossible  to  open  them  wide  enough  to 
grasp  the  foreign  body,  and  each  unsuccessful  attempt 
to  catch  hold  of  it  tends  to  force  it  more  deeply  into  the 
meatus.  With  the  hook,  however,  which  can  be  gently 
insinuated  between  the  foreign  body  and  the  walls  of  the 
canal,  and,  when  it  has  been  gotten  beyond  it,  can  be 
turned  so  as  to  catch  the  body,  and,  upon  its  withdrawal, 
either  roll  or  drag  it  toward  tlie  external  orifice  of  the 
meatus,  any  body  which  has  found  its  waj-  into  the  ear 

*  The  writer  employs  a  honk,  the  shank  of  which  is  6.5  era.  in  length 
and  forms  an  anple  of  aliout  100°  with  the  handle.  The  hook  at 
the  e.\tremitT  of  the  shank,  as  repre.spnted  in  the  cut,  is  bent  over 
not  too  abruptly,  and  is  serrated  upon  its  under  surface.  In  his  opinion 
the  angular  form  is  preferable  to  the  straight  traction  hcwk  which 
some  aurists  employ,  as  with  it  the  operator's  hands  are  less  likely  to 
interfere  with  the  illumination  of  the  meatus. 


may  be  extracted— unless,  indeed,  it  lias  become  greatly 
enlarged  (as  sometimes  lia|>pens  from  the  imbibition  o"f 
moisture),  or  the  calibre  of  the  canal  has  been  consider- 
ably lessened  by  inflammatory  swelling.  When  such  an 
instrument  is  not  at  command,  a  silver  probe  suitably 
bent  near  its  extremity  may  be  used  in  its  stead:  or  an 


excellent  substitute  for  it  may  be  fash 
ioned  out  of  an  English  steel  hairpin, 
by  separating  the  "prongs  until  they 
form  with  each  other  an  obtuse  or 
light  angle,  as  may  be  preferred,  bend- 
ing one  into  a  loop  for  a  handle,  and, 
after  filing  the  extremity  of  the  other 
prong  somewhat  flat,  bending  it  over 
very  close  to  the  end  and  seirating  its 
under  surface  with  a  file  or  knife. "that 
it  may  more  readily  calch  hold  of  the 
foreign  body.  With  such  a  contriv- 
ance the  writer  has  extracted  many 
foreign  bodies  from  the  ear.  Indeed, 
it  has  become  quite  a  favorite  instru- 
ment with  him,  and  several  of  these 
improvised  hooks,  their  extremities  dif- 
feiently  shaped,  form  a  u.seful  part  of 
his  anuamentarium.  The  wire  loop  of 
an  auial  snare,  which  may  be  passed 
around  the  foreign  body,  is  recom- 
mended especially  for  the  extraction 
of  spherical  bodies  which  fill  the  lu- 
men of  the  canal,  and.  it  would  seem, 
should  answer  an  excellent  purpose. 
In  the  case  of  peas  or  beans  or  other 
softish  bodies  a  sharp  hook,  which 
may  be  made  to  penetrate  and  in  this 
way  to  catch  hold  of  them,  is  useful. 
If  the  body  be  so  impacted  that  it  can- 
not be  drawn  out  in  this  way.  it  may 
be  cut  in  pieces  with  the  hook  or  with 
a  narrow -bladed  knife  and  removed 
piecemeal  with  the  angular  forceps  or 
syringe. 

When  a  corrosive  substance  finds  its 
way  into  the  ear,  it  should  be  syringed 
out  as  quickly  as  possible  with  tepid  water,  without  loss 
of  time  in  searching  for  something  which  may  neutral- 
ize it  chemically.  If  such  an  agent  be  at  hand — as  for 
instance  a  weak  acid,  such  as  vinegar,  in  the  case  of  an 
alkaline  caustic,  or  carbonate  of  soda  or  potassa,  if  the 
corrosive  substance  be  acid, — it  should  be  added  to  the 
water  with  which  the  ear  is  syringed. 

When  animate  objects  invade  the  ear  they  usually 
cause  mtich  suffering.  Insects,  by  the  rapid  movements 
of  their  wings  and  feet,  not  only  excite  severe  pain,  but 
create  an  uproar  which  renders  nearly  frantic  the  un- 
foitunate  individual  into  whose  ear  they  have  penetrated. 
Their  movements  may  be  arrested,  and  their  lives  put  an 
end  to,  by  pouring  into  the  meatus  any  bland  oil,  such 
as  olive  or  almond  oil,  or  melted  lard  when  these  are  not 
obtainable.  Their  bodies  may  then  be  removed  by  means 
of  the  syringe  or  forceps.  The  writer  met  with  a  case 
some  years  since  in  which  a  pliysician.  po.ssessed  of  some 
originality,  succeeded  in  arresting  very  promptly  the 
distressing  movements  of  a  small  insect  which  had  entered 
the  ear,  by  pouring  into  the  meatus  a  (piantity  of  melted 
cerate.  Unfortunately,  however,  upou  parting  with  its 
heat  the  cerate  became  hard,  and  moulded  itself  firmly  in 
the  canal.  The  remedy,  as  may  be  imagined,  was  worse 
than  the  disease,  for  the  discomfort  it  caused  was  almost 
as  great,  and  the  diflicultj-  of  getting  rid  of  it  ten  times 
greater. 


Fig.  1779.— Traction 
Hc)ok  for  Remov- 
ing Foreign  Bodies 
from  the  External 
Auditory  Canal. 
(From  a  u  t  h  o  r's 
drawing.) 
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Maggots  are  not  only  difficult  to  remove  from  the  car, 
but  cause  very  great  suffering,  because,  as  Blake  has 
-pointed  out,  thej-  attach  themselves,  by  an  apparatus 
l)rovided  for  the  purjiose,  to  the  walls  of  the  meatus,  and 
feed  upon  the  inflamed  integument.  It  is  frequently 
necessary  to  seize  and  extract  them  with  forceps,  as  the 
syringe  will  not  always  bring  them  out.*  They  survive 
for  some  time  in  oil.  live  ouh'  live  or  ten  minutes  in  al- 
cohol, and  are  killed  instantaneousl}'  by  chloroform  (Bur- 
nett). Alcohiil,  liciwcver,  is  not  a  desirable  thiug  to  pour 
into  an  inflamed  and  e.xcoriated  meatus,  and  to  use 
chloroform  in  this  way  is.  of  course,  out  of  the  question. 
Dr.  Roosa  recommends  chloroform  vapor  and  also  Labar- 
raque's  solution  of  chlorinated  soda  to  destroy  them 
witli,  wlien  it  becomes  necessary  to  do  this  before  re- 
moving them  from  the  ear. 

In  the  removal  of  foreign  bodies  from  the  ear,  espe- 
cially if  the  walls  of  the  meatus  have  been  lacerated  or 
there  is  a  probability  that  the  tympanic  membrane  has 
been  injured,  antiseptic  precautions  should  be  employed. 
Sterile  water  should  be  used  in  syringing  the  ear;  all 
tlie  instruments  used  should  be  sterilized,  preferably  by 
boiling,  and  the  hands  of  tlie  operator  should  be  surgi- 
cally clean.  After  the  intruding  substance  has  been  re- 
moved, it  will  be  well  to  syringe  the  car  gently  with  a 
sterile,  saturated  solution  of  boric  acid,  and.  as  a  further 
precaution,  to  close  the  orilice  of  the  meatus,  but  not  too 
tightly,  with  a  plug  of  sterile  cotton. 

To  nOieve  the  pain  and  iuflanunatiou  caused  by  a  foreign 
body  in  the  ear,  or  by  the  efforts  to  remove  it,  the  writer 
has  found  u.seful  the  French  anodyne  oil,  known  as 
oleum  cwnpositum  or  baiime  tra»r/iiiHe,^  of  which  eight  or 
ten  drops  may  be  warmed  anddro|iped  into  the  ear  three 
or  four  times  a  day.  Perhaps,  a  still  more  efficacious 
remedy  is  the  solution  of  atropine  and  cocaine  (atropi;calk., 
gr.  i. ;  cocaine  alk.,  gr.  ij.  ;  ol.  amyg.  dulc,  3  ij.)  which 
the  writer  has  recommended  in  the  tnatment  of  otitis 
media,  and  of  which  si.x  or  eight  drojis  may  be  poured 
into  the  ear  as  often  as  may  be  thought  desirable. 

To  facilitate  the  removal  of  foreign  bodies  from  the 
ear  the  anaesthetic  action  of  cocaine  (ten-iier  cent,  solu- 
tion) or  holoeaiue  (two-per  cent.  solution)may  be  availed 
of;  but,  as  might  be  anticipated,  the  effect  obtained  is 
not  very  satisfactory.  With  nervous  children,  it  is  neces- 
sary, in  many  cases,  to  administer  a  general  anesthetic, 
not  so  much  to  lessen  the  pain  of  the  operjition  (which  in 
uncomplicated  cases  should  not  be  considerable),  liut  to 
overcome  the  fear  and  quiet  the  resistance  of  the  patient. 

II.  Ty.mpanum. — Foreign  bodies  occasionally  find 
lodgment  in  the  tympanic  cavity.  They  commonly  en- 
ter thrnugh  thcexternalauditory  canal,  but  exeeptionallv 
reach  the  cavity  by  way  of  the  Eustachian  tube.  When 
the  tympanic  membrane  has  lieen  destroyed  b}'  pre-exist- 
ent  disease,  a  foreign  body  which  has  entered  the  audi- 
tory meatus  may  easily  find  its  way  into  the  tympanum. 
Usually,  this  happens,  however,  in  consequence  of 
awkward  elTorts  to  extract  it.  AV'hen  the  ear  jjrevious 
to  the  entrauee  of  the  foreign  body  is  in  normal  condi- 
tion, rupture  of  the  drumhead  must,  of  course,  take  jilace 
before  it  can  pass  into  the  cavity  beyond.  This,  again, 
happens  commonly  through  persistent  and  unskilful  at- 
tempts to  remove  the  body  from  its  original  point  of 
lodgment.  It  maj' occur  also  when  the  foreign  body  has 
entered  the  ear  with  such  force  as  to  drive  it  at  once 
through  the  membrane,  as,  for  example,  might  happen 
with  small  shot  tired  from  a  gun.  Again,  the  destruction 
of  the  meinlirane  and  the  |)assage  of  the  body  beyond  it 
may  be  due  to  the  caustic  action  of  the  latter,  or  to  its 
being  .so  lodged  as  to  cause  continuous  pressure  upon 
the  membrane,  leading  in  time  to  ulceration. 

*  The  writer  once  removed  from  the  ear  of  a  woman  a  live  tick, 
which  had  been  there  for  about  a  fortnight.  It  was  firmly  attached  to 
the  wall  of  the  meatus,  and  when  it  was  seized  with  forceps  consider- 
able traction  was  required  to  break  its  hold.  A  black  erranular  ma- 
terial  lits  excrement)  had  been  coming  from  the  ear  for- some  days. 
at  times  a  sound  "  like  broiling  "  had  lieen  heard,  and  pain  was  be- 
ginning to  be  experienced. 

+  For  formula  see  French  Codex,  and  National  Dispensatory.  .5th  edi- 
tion, 1894,  p.  854. 


As  might  be  supposed,  by  the  other  route  of  entrance 
— the  Eustachian  tube — substances  other  than  fluids  very 
rarely  find  their  way  into  the  tympanum.  Still,  instances 
of  this  character  have  occurred.  Urbantschitsch  has  re- 
ported a  case  in  which  a  fragment  of  an  oat  stalk  entered 
the  tympanm  in  this  way,  and  another  case  is  on  record 
in  which  a  broken  bit  of  a  hard-rubber  syringe  passed 
from  the  nose  into  the  drum  cavity  by  way  of  the  Eus- 
tachian tube.  Ascarides  have  also  been  known  to  enter 
the  tympanum  in  this  manner.     (Cf.  also  p.  .591.) 

The  passiige  of  irritant  fluids  from  the  nasal  cavity 
into  the  middle  ear  is  a  misadventure  of  comparatively 
frequent  occurrence,  and  often  gives  rise  to  unfortunate 
results.  It  usually  happens  as  a  consequence  of  em- 
ploying a  nasal  douche,  and  formerly,  when  this  practice 
was  more  in  vogue  than  it  is  at  present,  severe  cases  of 
otitis  media  brought  about  in  this  way  were  constantly 
coming  into  the  hands  of  the  aural  surgeon. 

The  consequences  likely  to  ensue  fi'om  the  presence  of 
a  foreign  body  in  the  tympanum  are,  as  might  be  su])- 
posed,  usually  more  grave  than  wlicn  a  similar  body  is 
lodged  in  the  external  auditory  canal.  If  it  has  entered 
by  way  of  the  Eustachian  tube,  the  irritation  provoked 
b_y  it  will  almost  certainly  lead  to  suppurative  inflamma- 
tion of  the  middle  ear  with  perforation  of  the  membrane. 
This,  indeed,  is  nature's  method  of  ridding  itself  of  the 
offending  body,  and  in  most  instances  it  is  likely  to  suc- 
ceed, the  foreign  body  escaping,  with  the  discharge, 
through  the  external  ear.  If  the  foreign  substance  has. 
been  forced  through  the  drumhead  from  the  external 
canal,  or  has  passed  into  the  tympanum  thi'ough  a  previ- 
ously existing  iierforation.  inflammation,  attended  by 
severe  pain  and  pmbably  by  symptoms  of  cerebral  irri- 
tation, is  likely  to  supervene  quickly,  and  still  more  .seri- 
ous consequences  may  ensue,  unless,  by  surgical  inter- 
ference, relief  is  obtained. 

It  should  be  sttited,  however,  that  some  ears  are  very 
tolerant  of  the  presence  of  a  foreign  body  even  in  th& 
tympanic  cavity,  and  that  such  serious  consequences  as 
have  just  liecn  described  do  not  invariably  follow.  "As- 
illustrative  of  the  slight  degree  of  disturbance  which  may 
be  set  up  by  the  presence  of  a  foreign  body  in  the  driinx 
cavity,"  to  quote  from  Dr.  Huntington  Richards'  excel- 
lent article  upon  this  subject  in  the  first  edition  of  the- 
Reference  Handbook  (p.  H.IS),  "  reference  may  be  made 
to  certain  cases  related  by  Voltolini  {}f(iinitxschiiff  fiii-  Oh- 
reiiheilkxnde.  1876,  No.  .5)  where  a  Politzer's  eyelet,  a 
small,  smooth  body  made  from  hard  rubber,  lay  within  the 
drum  cavity  without  exciting  inflammation,  and  to  a 
case  rciiorted  by  Bartseher  and  ipKited  by  Gruher,  where 
for  nine  months  a  corset  ring  lay  impacted  in  the  tym- 
panum of  a  chiUI  previously  affected  with  chronic  otitis- 
media  purulenta.  without  giving  rise  to  serious  trouble." 

Since  nearly  all  that  has  been  said  in  regard  to  dealing 
with  foreign  bodies  lodged  in  the  external  ear  applies  tO' 
similar  bodies  in  the  tympanum,  there  lemains  but  little 
to  add  as  to  the  tniitiiieiit  of  this  class  of  cases.  When 
the  drumhead  is  intact  it  is  difficult,  and  may  be  quite 
impossible,  to  assui'c  one's  self  of  the  presence  of  a  foreign 
bod}'  in  tlie  cavity  beyond.  The  inflammation  which  is 
almost  sure  to  supervene  would  of  itself  probably  call 
for  the  making  of  a  free  incision  in  the  membrane;  so 
that,  under  such  circumstances,  one  need  not  hesitate  to 
resort  to  this  measure  to  facilitate  the  escape  of  the  body, 
because  of  imccrtainty  as  to  its  presence.  On  the  other 
hand,  if  symptoms  of  inflammation  have  not  manifested 
themselves,  such  a  step  wcjuld  hardly  bi'  warranted, 
though  there  might  be  no  roont  for  doubt  as  to  the  pres- 
ence of  the  foreign  substance.  When  the  body  has  en- 
tered through  a  iierforation  in  the  tymiianic  membrane, 
or  has  been  forced  through  the  membrane,  it  will  some- 
times be  necessary  to  enlarge  the  opening  to  facilitate  its- 
removal,  whether  this  be  attempted  with  the  syringe, 
with  slender  forceps,  with  some  form  of  traction  instru- 
ment, or  with  a  polj'pus  snare,  as  von  Troeltsch  has  recom- 
mended. The  possiliilit}'  of  driving  the  foreign  body 
from  the  tympanum  by  forcing  air  or  a  non-irritating, 
sterile  liquid — such  as  normal  salt  solution — through  the 
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Eustacliiiiu  tube,  by  mians  of  the  air  bag  and  catheter, 
shi>ukl  not  be  lost  siglit  of.  Fiually.  it  may  be  added 
that  if  the  operation  of  displacement  of  the  auricle  and 
cartilaginous  meatus  is  ever  indicated  for  tiie  removal  of 
a  foreign  body  from  the  ear,  it  is  in  cases  in  which  such 
body  is  iiupaeteu  in  the  tympanic  cavity-.  Among  others 
who,  under  snch  circumstances,  have  resorted  to  this 
procedure  with  success  may  be  mentioned  Israel,  Jlolden- 
haur,  Bezold,  Iluber,  Politzer,  Buck,  Roosa,  and  Bishop, 

Samuel  Theobald. 

EAR    DISEASES:    GENERAL    THERAPEUTrCS.— In 

writing  upon  general  aural  therajieutics  a  inaclical  divi- 
sion of  the  subject  has  seeiued  to  me  one  of  the  great  dif- 
ficulties. That  iirevious  writers  have  exjierienced  the 
same  difficulty  seems  shown  by  the  fact  that  scarcely  two 
of  them  have  written  along  parallel  lines.  Almost  every 
one  has  divided  this  chapter  in  a  ditlerent  manner  froiii 
all  the  others.  At  first  it  seemed  to  me  as  if  the  rational 
plan  would  be  to  take  general  symptomatology  as  a 
basis;  the  objection  to  this,  however,  is  the  fact  that  each 
symptom  is.  or  may  be,  produced  by  many  of  the  indi- 
vidual diseases,  ami  that  general  therapy  along  this  line 
would  resolve  itself  more  or  less  into  a  consideration  of 
what  could  be  done  for  these  individual  diseases,  which 
seems  without  the  scope  of  such  a  chai)ter  as  this  one. 

Considerable  deliberation  on  the  subject  has  resulted  in 
the  determination  to  pursue  the  following  line  of  thought : 

First.  To  consider  briefly  some  prophylactic  lueasures 
whereb_v  those  having  sound  ears  may  avoid  and  over- 
come conditions  which  are  prone  to  originate  ear  diseases, 
and  whereby  those  already  the  subject  of  such  condi- 
tions, or  already  having  some  ear  trouble,  may  take  such 
precautions  as  will  tend  to  prevent  those  conditions  from 
growing  worse. 

Second.  To  take  up  the  subject  of  local  remedies, 
under  which  heading  will  be  considered  those  procedures 
in  more  or  less  frequent  use,  such  as  blood-letting,  Iieat, 
cold,  inflation  by  the  various  methods,  massage,  electric- 
ity, etc.,  and  to  assign  to  them  in  a  general  waj-  their 
various  values  and  uses;  and  fiually. 

Third.  To  consider  very  briefly  general  remedies — 
;".('.,  the  treatment  of  the  ear  by  means  of  constitutional 
nieaT;ures. 

I.  Pkophyl.wis. — "To  prevent  disease  is  better  than 
to  cure  disease  "  has  become  a  trite  saying,  and  to-day, 
more  than  ever  before,  do  we  very  properly  follow  out 
the  principles  of  prophylaxis,  both  in  general  medicine 
and  in  our  own  limited  specialty  of  otology.  Much  can 
be  accomplished  in  luany  cases  by  the  carr^'ing  out  of 
simjile,  yet  important,  hygienic  measures,  in  other  cases 
through  a  practical  and  timely  resort  to  medication  or  to 
(jperative  procedures. 

In  order  to  a  wise  prevention  a  moment's  consideration 
must  be  given  to  the  manner  in  which  the  ear  becomes 
involved  as  a  residt  of  general  or  local  tlisease  elsewhere. 
We  know  that  vinder  noriual  conditions,  and  in  jierfect 
health,  we  carry  aliout  in  our  mouths  a  large  number  of 
pathogenic  germs,  whose  possibilities  for  harm  are  be- 
yond question.  We  remain  in  health  .so  long  as  the  nor- 
mal protective  factors  retain  their  functional  activity ; 
but  when  they  suffer  injury,  then  these  pathogenic  fac- 
tors become  capable  of  harm  to  the  health.  One  of  the 
most  important  factors  in  protection — a  factor  which 
varies  in  efficiency  according  to  the  locality — is  the  un- 
broken continuity  of  the  epithelial  layer:  another  is  the 
fact  that  some  germs  and  their  products  arc  antagonistic 
to  others. 

Inflanunatory  processes  in  the  ear  may  develop  from 
within  and  also  from  without.  By  far  the  most  frequent 
point  of  origin  is  the  naso-pharynx.  Given  a  "cold  "  or 
a  surface  chill,  a  congestion  of  the  naso-pharyngeal  mu- 
cous membrane  is  sure  to  develop,  and  soon  thereafter 
there  will  be  a  decrease  or  cessation  of  the  ciliary  activity 
of  the  tubal  epithelium ;  and  with  this  will  be  as.sociated 
an  interference  with  the  normal  ventilation  of  the  tym- 
panic cavity,  which  is  thereby  rendered  much  more  acces- 
sible to  pathogenic  germs. 


From  without  arise injuriesand  inflammatory  processes 
of  the  auricle  and  external  canal  which  may  extend  from 
thereto  the  parotid  region,  the  side  of  the  neck,  o|-  \\\v. 
mastoid  process,  or  which  may  set  up  some  general  dis- 
ease, c.f/.,  erysipelas,  or  may  reach  (he  tympanic  cavity. 
These  paths,  or  methods,  of  infection  point  the  way  for 
prolihylaxis,  or  for  treatment  in  the  early  stages. 

I'rcvcntive  lueasures  should  begin  then  wiih  the  naso- 
pharynx, and  first  of  all  may  be  mentioned  some  of  the 
sinijile  means  that  should  !)<■  employed  when  a  condition 
of  health  exists.  An  important  matter  is  the  hygiene  of 
the  mouth  and  nasopharynx,  wher;-  may  at  any  lime  be 
found  a  list  of  germs  that  is  already  astimndiiiglv  large, 
but  is  still  growing.  The  care  of  t'he  teeth,  even"  among 
those  who  give  them  care,  is,  as  a  rule,  insullieient ;  they 
shoidd  at  least  be  thoroughly  cleansed  on  retiring  and  on 
rising;  I  believe,  too,  wiUi  l)io  Lewis,  in  the  proper  use 
of  the  toothpick  after  each  meal,  and.  if  this  is  sujiple 
mented  by  a  mouthful  of  water  forced  rapidly  to  and 
fro  between  the  teeth  to  as  far  as  possible  wash"  out  any 
remaining  fragments  of  food,  certainly  the  condition  of 
most  mouths  would  be  much  improved.  Garglini;  may 
also,  in  ray  judgment,  be  made  a  more  valuable  cleans- 
ing means  than  is  ordinarily  the  case.  The  noisy  proc- 
ess with  which  we  are  most  fanuliar  accomplishes  but 
little,  the  fluid  employed  not  reaching  as  a  ride  beyond 
the  anterior  pillars. 

The  following  procedure,  described  by  Haug,  is,  I  be- 
lieve, much  better:  "Take  a  medium-sized  mouthful  of 
some  good  antiseptic  lucmth  wa.sh,  thrown  the  head  i)ar- 
tially,  not  too  far,  backward,  allow  the  fluid  to  rim  by 
gravity  slowly  and  quietly  downward  until  the  reflex 
irritiition  causes  a  contraction  of  the  muscles  of  degluti- 
tion, when  the  head  is  thrown  slightly  forward,  and  the 
contents  expelled  through  the  mouth."  By  this  nutans 
certainly  the  tonsils  and  much  of  the  pharynx,  possibly 
also  some  of  the  nasopharynx,  are  influenced  by  the 
cleansing  process. 

In  acute  catarrhal  inflammation  of  the  nasopharynx 
and  nose,  whether  in  the  form  of  a  simple  angina  or  "as  a 
symptom  of  measles,  scarlatina,  etc.,  the  middle  ear  is 
tlireatened ;  and  here  we  may  properly  say  a  word  or 
two  in  relation  to  the  various  procedures  which  may 
compress  the  air  in  the  nasopharynx,  and  as  to  which 
prophylaxis  requires  a  warning.  First  of  all,  as  regards 
blowing  the  nose — a  homely  subject,  but  one  of  decided 
importance.  So  far  as  is  possible  this  should  be  avoided 
during  the  first  few  days  of  such  an  acute  coryza,  and, 
when  it  must  be  done,  jet  it  be  done  with  both  nostrils 
open,  and  as  gently  as  possible;  for,  as  a  matter  of  fact, 
it  accomplishes  but  little  good,  whereas  the  tendency  is 
distinctly  toward  an  increase  of  the  congestion,  which  in 
turn  increases  the  desire  to  again  blow  the  nose.  Again, 
snuffs  which  cause  sneezing  are,  as  a  rule,  irritating,  and 
sneezing  itself,  especially  if  it  be  a  person's  haViit  more 
or  less  to  suppress  it,  may  forcibly  open  the  Eustachian 
tubes  with  bad  results.  Adopting  the  same  line  of  rea- 
soning we  should  say  a  word  against  the  use — certainly 
the  general  and  indiscriminate  u.se,  without  previous- 
cleansing  of  the  no.se  and  nasopharynx — of  the  various, 
therapeutic  measures  (Valsalva,  Politzer  bag,  and  Eus- 
tachian catheter)  which  cau.se  compression  of  the  air  in 
the  nasopharynx  and  tympanic  cavity.  This  jirecaii- 
tion  is  advisable,  not  only  so  long  as  the  acute  naso- 
pharyngeal irritation  remains,  but  also  during  the  con- 
tinuance of  pain  and  deafness  in  the  ear,  with  exudate 
in  the  tympanic  cavity.  The  danger  to  be  feared  is  that 
fluid,  and  with  it  the  agents  of  infection,  may  be  forced  . 
back  into  the  mastoid  antrum  and  cells. 

During  many  of  the  acute  illnesses  of  infants  and  cliil 
dren,  or  even  of  adults,  especially  if  attended  by  symp- 
toms not  easily  accounted  for, — e.;/.,  coma,  gastrointesti- 
nal disturbances,  etc., — adaily  insjiectionof  the  tympanic 
membranes  may  wisely  be  made,  so  that,  if  occasion  arises, 
prompt  incision  may  be  made,  and  thereby  certain  dan- 
gers and  unnecessary  destruction  of  tissues  be  avoided. 

In  the  ca.se  of  people,  whether  children  or  adults,  who 
are  the  subjects  of  frequently  recurring  or  chronic  colds 
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or  catarrhs,  the  hearing  is  at  all  times  more  or  less  threat- 
ened. The  cause  of  such  catarrhal  manifestations  needs 
to  be  carefully  looked  for  and  rrmoved.  and  consists  usu- 
ally iu  some  form  of  nasal  obstruction  or  intranasal  press- 
ure. Under  this  general  designation  comes  adenoid  hy- 
pertrophj*.  by  far  the  most  important  single  item  to  be 
mentioned  uuder  the  heading  of  "prophylaxis  of  ear 
diseases.  "  The  presence  of  these  glandular  masses  must 
be  looked  upon  as  a  distinct  threat  to  the  hearing  not 
only  of  children,  but— and  upon  this  point  I  wish  to  lay 
special  emphasis— of  adults  as  well,  even  those  who  may 
not  necessarily  in  childhood  have  had  the  ear  symptoms 
attributable  to  adenoids.  I  saj-  this  because  I  am  thor- 
oughly convinced  of  the  need,  from  the  aurist's  stand- 
point," for  removal  of  adenoids  when  present  in  any  con- 
siderable amount,  even  though  the  ear  symptoms  at  the 
time  be  slight  or  nil.  The  faucial  tonsils,  while  not 
exerting  by  any  means  the  same  harmfid  influence  upon 
the  ears  as"  does  the  enlarged  third  tonsil,  may  still,  when 
much  enlarged,  and  especially  if  the  seat  of  frequently 
recurring  acute  intlanunatory  attacks,  do  considerable 
harm.  They  should  tliercfore  be  removed,  both  in  the 
interest  of  the  ears  and  in  that  of  the  general  health. 

The  nasal  douche,  when  considered  from  the  viewpoint 
of  tlie  ear.  must,  on  the  wliole,  receive  our  condemnation, 
since  occasionally,  even  when  used  with  much  care,  it  is 
the  source  of  violent  middle-ear  and  mastoid  inflamma- 
tions. 

Inflammations  of  the  auricle,  external  canal,  and  mid- 
dle ear,  arising  from  external  causes,  are  many  of  them 
capable  of  easy  prevention.  Eczema,  erysipelas,  tumors, 
inoculation  tuljerculosis,  and  abscesses  of  the  lobule,  are 
all  of  them  conditions  which  may,  and  do,  arise  from 
piercing  the  lol)e  of  the  ear  for  the  wearing  of  earrings, 
and  may  all  of  them,  therefore,  be  prevented  if  people 
■can  be  reasoned,  or  shamed,  out  of  that  form  of  vanity 
which  is  especially  an  inheritance  from  our  heathen  an- 
cestry. 

Improper  methods  of  cleansing  the  external  canal  are 
.accountable  for  many  ear  troubles,  e.;/..  for  simple  im 
paction  of  cerumen,  for  localized  and  diffuse  inflamma- 
tions of  the  caiiiJ  walls,  and  even  for  serious  middle-ear 
troubles,  all  of  which  are  largely  or  entirel}-  prevent- 
able. I  refer  to  the  various  ear  spoons  of  wood,  hard 
rubber,  ivory,  or  metal,  ear  sponges,  penholders,  tooth- 
picks, matches,  hairpins,  the  twisting  of  the  corner  of  a 
towel  into  shape  for  use  as  a  boring  machine,  etc.  I 
would  include  herealso  the  frequent  syringing  of  healthy 
cars,  and  the  senseless  vise  of  oilv  and  other  drops,  such, 
e.y..  as  are  applied  to  the  ear  for  the  relief  of  toothache. 
All  the  evils  attending  these  various  manipulations  may 
be  avoided  if  we,  the  members  ,')f  the  medical  profession, 
will  instruct  our  patients  that  wax  is  a  normal  secretion, 
that  an  all-wise  Providence  has  provided  natural  methods 
for  its  removal,  and  that,  finally,  ears  in  health  can  be 
cleansed,  and  slwnld  be  clean.sed,  by  means  of  a  moist 
cloth  stretched  over  the  end  of  the  index  flnger. 

Injury  to  the  ear  as  a  result  of  foreign  bodies  is  so 
slight,  and  that  due  to  unwise  and  luiskilful  efl'orts  to 
remove  them  is  so  great  antl  so  easily  ju-eventable,  that 
I  cannot  avoid  the  mention  of  the  one  means — a  suit- 
able syringe  and  warm  water — whereby  a  very  large 
proportion  of  them  can  be  harndessly  removed,  and  re- 
leutlessl}-  to  condemn  the  almost  universal  early  resort 
to  forceps  and  such  injury-working  measures. 

The  principles  underlying  prophylaxis  impel  me  also 
to  say  a  word  relative  to  another  condition,  often  simple 
in  itself,  viz. .  traumatic  perforation  of  the  tympanic  mem- 
brane. A  majority  of  such  cases,  if  left  alone. — the  canal 
'being  gently  wiped  out  with  cotton  moistened  with  some 
iintiseptic.  and  then  plugged  with  a  little  sterile  cotton, — 
recover  without  serious  results:  while,  on  the  other  hand, 
they  may  be  seriously  complicated  by  even  such  seem- 
ingly harmless  measures  as  syringing,  etc. 

The  general  question  of  sea-bathing  seems  of  sufficient 
importance  to  warrant  us  in  devoting  a  few  lines  to  its 
consi<leration.  For  this  purpose  it  is  necessary  to  divide 
people  into  two  large  classes — those  who  have,  and  those 


who  have  not,  a  perforation  of  the  tympanic  membrane. 
In  the  fonner  class  seabathing  is  attended  with  very  con- 
siderable danger,  because  in  them  the  harm  arises  through 
the  water  reaching  the  middle  ear  by  way  of  the  external 
auditory  canal;  for  this  class  the  safe  course  is  to  a%oid 
bathing"  of  any  kind,  especially  sea-bathing,  without  tak- 
ing the  utmost  precautions  against  "  getting  water  in  the 
ear."  This  danger  can  be  warded  off  to  a  large  extent, 
although  not  entirely,  by  tightly  plugging  the  affected 
ear  with  "non-absorbent"  cotton.  In  the  second  class, 
injury,  when  it  arises,  is  due  to  the  water  reaching  the 
tympanic  cavity  through  the  nose  or  mouth,  the  naso- 
pharynx, and  the  Eustachian  tube.  The  danger  to  this 
class  is  far  less  than  to  those  with  perforated  membranes, 
but  that  danger  exists  is  shown  by  the  very  considerable 
increase  of  acute  middle-ear  affections  which  is  observed 
during  each  bathing  season.  However,  the  risk  is,  on 
the  whole,  so  slight  that,  offsetting  against  it  the  benefit 
to  be  gained,  we  cannot  in  a  general  way  advise  against 
sea-bathing. 

II.  Local  REMEDrES. — 1.  Blood-letting. — Local  blood- 
letting is  of  use  almost  exclusively  in  acute  inflammatory 
processes  of  either  the  external  or  the  middle  ear,  and 
especially  in  their  early  stages.  Its  effect  in  such  cases 
is,  as  a  general  rule,  amelioration,  in  a  fair  proportion, 
cessation,  of  the  pain.  In  the  chronic  hypersmias  not 
much  effect  is  to  be  looked  for.  The  abstraction  of  blood 
is  usually  acconi]ilisliiMl  by  means  of  either  the  natural  or 
the  artificial  leech.  The  number  of  the  former  used  varies 
from  about  one  to  three  in  yoving  children  to  three  to  six 
in  adtdts.  When  the  inflammation  is  located  in  the  ex- 
ternal canal,  membrana  tympani,  or  tympanic  cavity,  the 
leech  should  be  placed  close  in  front  of  the  tragus.  The 
surface  of  the  mastoid  shotdd  be  selected  in  case  of  inflam- 
mation wilhin  that  ]irocess.  When  the  application  of 
leeches  is  left  to  the  patient's  own  management,  it  is 
advisiible  to  mark  with  ink  the  exact  spots  upon  which 
it  is  desired  that  they  be  |)laced.  At  the  same  time  pro- 
vision should  be  made  for  rendering  the  skin  of  this  re- 
gion, before  the  leeches  are  applied,  as  nearly  as  possible 
aseptic.  The  canal  is  also  to  be  closed  with  cotton,  and 
careful  directions  should  be  given  as  to  how  the  after- 
bleeding  may  be  controlled.  For  the  latter  purpose  the 
following  measures  will  bi'  found  useful :  Apply  a  plecrget 
of  absorbent  cotton  to  the  wound,  and  keep  up  pressure 
upon  it  for  several  minutes:  apply  styptic  in  the  place 
of  absorbent  cotton :  or,  finally,  make  pressure  by  means 
of  adhesive  plaster  or  by  an  application  of  iodoform  col- 
lodion. Whatever  material  may  have  been  used,  it  should 
not  be  removed  for  several  liours  after  the  bleeding  ceases. 

The  field  of  usefulness  of  the  artificial  leech  is  some- 
what limited,  owing  to  the  frequent  tenderness  existing 
at  the  sjiot  where  it  would  naturally  be  placed.  Its  spe- 
cial advantages  are,  that  it  can  be  had  and  used  in  locali- 
ties where  the  natural  leech  is  not  procurable,  and  that  in 
the  shortest  possible  time  a  considerable  quantity  of  blood 
can  be  removed. 

The  quantity  of  blood  to  be  taken  will  of  course  de- 
pend upon  the'needsof  the  case;  from  30  to  100  gm.  being 
the  usual  limits.  The  time  when  the  Ijlood  should  be 
abstracted  seems  to  be  of  some  importance;  Sehwartze's 
rule  is  to  do  the  operation  in  the  evening  and  then  to 
insist  on  absolute  rest  and  quiet  the  following  day.  If 
after  a  second  abstraction  of  blood  relief  is  not  obtained, 
other  measures  should  be  employed.  Scarification  of  the 
canal  walls  has  been  much  used,  and  is  recommended  as 
an  efflcacious  means  of  blood-letting  in  inflammation  of 
the  soft  parts  of  the  canal.  Of  all  the  forms  of  artificial 
leech.  Bacon's  is  jierhaps  tlie  most  practical. 

2.  Hen t  find  ('"Id. — ia)  JIait :  From  time  immemorial 
heat  in  some  form  or  other  has  been  a  much-used  means 
of  quieting  pain  in  the  ear.  As  a  home  remedy  it  has 
been  applied  in  almost  every  conceivable  wa.y,  and  to  the 
charge  of  having  vised  heat  in  many  objectionable  forms 
the  iiiedical  profession  too  nuist  plead  guilty.  Heat  has 
been  applied  to  the  ear  in  the  form  of  a  roasted  onion,  of 
flaxseed  and  bread-and-inilk  poultices,  of  warm  oil,  glyc- 
erin or  vaseline,  of  warm  milk,  and  even  of  warm  urine. 
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ttc. ;  and  among  the  objectionable  ways  of  using  heat 
I  woulil  include  the  introduction  of  hot  sweet  oil  and 
laudanum,  liot  almond  oil.  hot  cocaine  solution.s.  etc.. 
which  arc  still  extensively  recommended  by  druitj^ists 
and  others.  At  present  we  speak  of  using  heat  in  either 
the  moist  or  the  dry  form.  As  sources  of  dry  lieat  may 
be  mentioned  the  hot-water  bag.  a  hot  brick,  an  elec- 
tric-light liulb.  a  "Japanese  stove."  Lcitcr's  coil,  etc. 
Jloist  heat  too  may  be  used  in  various  ways:  the  hot- 
water  ear  bath  of  von  Troeltsch.  consisting  of  the  fre- 
quent tilling  of  the  external  canal  with  hot  water  from 
a  spoon  ;  the  ear  douche  from  a  special  apparatus  or  from 
the  fountain  .syringe,  or  Fayette's  ear  douche.  Iiy  means 
of  which  a  constant  stream  of  continually  renewed  water 
of  proper  temperature  flows  through  the  canal  and  over 
the  face  of  the  niembi-ana  tympani. 

It  is  my  belief  that  most,  if  not  all.  of  the  virtue  claimed 
for  the  various  forms  of  ear  drops  in  relieving  earache  is 
due  to  the  fact  that  they  are  put  in  the  ear  warm.  If 
this  l)e  so.  then  more  virtue  can  be  obtained  from  hot 
water,  because  with  it  a  nearly  continuous  heat  can  be 
secured,  with  the  additional  advantage  that,  when  we 
cease  using  it.  the  ear  after  simple  drying  is  left  clean. 
As  between  dry  and  moist  heat,  it  is  generally  believed 
that  moist  heat  rather  favors  suppunxtion :  therefore,  if 
in  a  given  case  it  is  thought  that  suppuration  may  still 
be  avoided,  the  choice  should  favor  dry  heat. 

(/<)  i'lihl :  The  use  of  cold  as  an  antiphlogistic  measure 
in  inflammatory  ear  affections  is  of  much  more  recent 
<late.  and.  even  before  the  general  prejudice  against  cold 
in  these  conditions  has  been  entirely  overcome,  already 
the  pendulum  of  professional  opinion  is  beginning  to 
swing  back  toward  heat  as  the  preferable  measure.  Dur- 
ing recent  years,  however,  cold  has  been  much  used,  es- 
pecially for  the  pain  accompanying  acute  mastoid  in- 
volvement. It  can  be  conveniently  employed  by  allowing 
a  continuous  stream  of  ice-cold  water  to  flow  through  a 
Leiter's  coil  surrrounding  the  ear;  or  by  means  of  the 
aural  ice-bag;  or,  in  accordance  with  the  plan  of  AVinter- 
nitz  for  bringing  about  a  contraction  of  the  carotid  artery, 
by  the  use,  in  the  anterolateral 
region  of  the  neck,  of  a  cold  com- 
press or  its  equivalent,  whereby, 
it  is  asserted,  the  temperature  in 
the  external  auditory  canal  can  be 
distinctly  lowered.  To  sum  up, 
as  to  heat  and  cold:  in  pain  due 
to  inflammations  of  the  external 
canal  and  of  the  tympanic  cavity, 
heat  is  almost  universally  ap- 
proved— in  the  moist  form,  when 
it  is  desired  to  favor  suppuration, 
in  the  dry,  in  cases  in  which  there 
is  still  a  chance  of  avoiding  it. 
When  the  mastoid  ])rocess  is  in 
volved.  heat  and  cold  both  have 
their  adherents,  while  some  are 
beginning  to  oppose  both  because 
of  the  fact  that  they  ma_v  obscure 
a  condition  already  in  many  cases 
difficult  of  recognition.  All  agree, 
however,  that  if  either  heat  or 
cold  is  employed  in  tliis  class  of 
cases,  it  should  not  as  a  rule  be 
used  for  more  than  from  twenty- 
four  to  forty -eight  hours. 

3.  Syringing  the  Em: — Under 
this  heading  may  be  considered 
both  syringing  of  the  external 
auditory  canal,  and  syringing  of 
the  tvmpanic  cavity — the  latter, 
either  through  a  tympanic  cavit\" 
cannula,  or,  more  rarely,  through 
the  Eustachian  tube.  The  im- 
mediate purpose  of  all  ear  syring- 
ing is  to  remove  either  foreign  bodies  or  pathological 
secretions.  It  may  also,  however,  prove  to  be  directl5- 
■curative  of  the  pathological  processes  themselves;   i.e.. 


while  it  removes  the   foreign  bodies  or  the  impacted 
cerumen,  it  cures  at  the  same  time  the  associate  inflam- 


Fro.  178(1.— Metal  Ear  Svr- 
inire  with  tilass  Barrel. 


Fig.  1781.— Diagram  Showing  Hartmann'a  Cannula  la  Position. 

matory  disturbance.  Syringing,  however,  is  commonly 
employed  as  the  first  preparatory  step  in  an  examination 
of  the  ear  or  in  instituting  treatment. 

As  to  syringes,  thej"  may  be  constructed  of  hard-rub- 
ber, metal,  or  glass.  They  should  have  a  capacity  of 
from  two  to  four  ounces.  The  ti|)  maj'  vary  according 
to  individual  preference ;  the  one  shown  in  the  cut  has 
given  me  better  results  than  anj"  other,  though  I  recog- 
nize its  possibilities  for  harm  if  carelesslj'  used.  On  the 
other  hand,  an  olive-shaped  tip  may  be  dangerous  through 
its  interference  with  the  return  flow.  For  convenience 
of  manipulation  there  should  be  attached  to  the  barrel,  at 
the  proximal  end  of  the  syringe,  two  rings,  and  to  the 
plunger,  one  ring.  It  is  of  great  importance,  from  the 
viewpoint  of  cleanliness,  to  have  the  syringe  fitted  with 
an  asbestos  plunger,  so  that  the  whole  thing  can  be  regu- 
larl}-  sterilized  by  boiling.  For  use  by  the  patient,  al- 
though as  a  rule  patients  use  no  syringe  efficiently,  prob- 
ably the  best  and  safest  is  either  an  irrigator  or  aural 
douche  (fountain  syringe),  or  a  hard-rubber  syringe  of 
one-ounce  capacity;  for  children  perhaps  the  rubber  ball 
with  soft-rubber  tip  will  answer  the  purpo.se  best. 

Water  that  has  been  sterilized  by  boiling,  and  cooled 
to  a  temperature  of  from  100'  to  11.5°  F.  (the  best  general 
rule  is  to. use  it  as  hot  as  the  patient  can  comfortably 
bear  it),  is  the  best  fluid  to  use  in  the  syringe  or  douche. 
If  desired,  and  especially  if  the  solution  is  for  use  in  the 
tympanic  cavity,  boric  arid  may  be  added  to  the  point 
of  .saturation,  or  table  salt  to  the  extent  of  a  O.T.5-per- 
cent.  solution.  The  temperature  is  important,  since  if 
the  fluid  used  is  too  cool,  very  disagreeable  symptoms 
ma)-  result,  such  as  vertigo,  nausea,  vomiting,  syncope, 
and  even  prolonged  unconsciousness.  The  .same  symp- 
toms may  develop  if  too  much  force  is  used,  the  rule 
being  to  Ix-giu  with  the  least  possible  force  and  gradually 
to  increase  imtil  the  object  of  the  syringing  is  accom- 
plished, provided  threatening  symptoms  do  not  sooner 
develop.  At  the  same  time  the  canal  should  be  stnnght- 
ened  with  the  left  hand,  and  the  thumb  and  index  linger 
should  be  used  as  a  support  for  the  nozzle  end  of  the 
syringe,  in  order  that  all  danger  of  injuring  the  canal 
walls  may  be  avoided. 

For  washing  out  the  tympanic  cavity  through  a  per- 
foration in  the  drum  membrane,  specially  bent  tips  at- 
tached directly  to  a  small  syringe,  or  to  a  bulb  syringe, 
or  to  a  simple  rubber  cap  (PMg.  1782),  are  useful.     Of 
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these  the  best  and  most  generally  used  is  that  known  as 
Hartniann's  tympanic-cavity  cannula  (see  Fig.  1T81). 

Syringing  of  the  tympanic  cavity  through  the  Eusta- 
chian tubers  not  much  resorted  to  in  this  country.  It 
presupposes,  as  a  matter  of  course,  a  free  exit 
I  ^  for  the  liquid  used  through  a  perforation  in  the 
membraua  tympani.  and  requires  a  catheter,  tit- 
ted  at  one  eiid  by  the  syringe,  and  fitting  at  the 
other  end  rather  snugly  into  the  mouth  of  the 
Eustachian  tube.  It  seems  to  me  a  rare  occa- 
sion indee<l  when  all  that  this  method  will  ac- 
complish cannot  be  more  easily  and  better  done 
in  some  other  wa)'.  This  criticism  applies  with 
even  greater  force  to  the  method  of  Saeraann  and 
Gruber,  by  whom  it  is  recommended  that,  in 
some  cases  of  perforation  of  both  memliranes, 
the  ear  be  syringed  out  by  means  of  Politzer's 
method  of  iiitlalioM,  with  the  single  difference 
that  the  air  bag,  instead  of  being  tilled  with  air, 
be  filled  with  water  of  a  suitable  temperature. 

4.  JJryiitij  the  Ear. — This  seems  to  me  a  tliera- 
peutic  measure  of  snfiicient  importance,  and  one 
that  is  so  often  wrongly  carried  out,  or  not  car- 
ried out  at  all,  as  to  warrant  us  in  speaking  of 
it   under  a   separate  heading.     In   all   cases  in 
which  an  ear  is  syringed,  or  in  which  secretion  is 
jiii'.sent.  whether  in  the  external  canal  or  in  the 
tympanic  cavity,  and  es]>ecially  if  any  medication 
is  to  be  a|)plied,  thorough  drying  is  an  essential 
factor  in  successful   treatment.    The  reason  for 
this  is  evident :   the  amount  of  medica- 
ment that  can  come  into  contact  with 
any  particular  jjortion  of  the  skin  of 
the  canal  or  mucosa  of  the  tympanum 
is  at   best  small ;    if  this  be  diluted  at 
the  point  of  contact  by  ever  so  little 
water  or  secretion,  the  strength  of  our 
application    becomes  at  once   an    un- 
known quantity. 

This  drying  may  be  best  ac- 
rompHslied  by  means  of  absorb- 
N  (111  cotton  and  a  cotton  carrier; 

Ihi'  xiiiiiU  pledgets  of  cotton 
being  a|)plied  under  a  good  il- 
lumination of  the  parts.  The 
pledgets  used  at  the  termination 
i'{  tliis  dryiug  process  should  lie 
so  small  as  to  pass  through  the 
perforation  of  the  membrane, 
and  absorb  and  remove  the  moisture  from  within  the 
tympanic  cavity.  For  th<'  same  reason  I  lielieve  That 
jiatients  should  have  impressed  upon  them  the  iiuport- 
ance  of  drying  the  ear  as  a  jiart  of  the  home  treatment, 
and  I  find  that,  as  a  rule,  they  can  be  taught  to  accom- 
plish this  with  a  fair  degree  of  success  by  means  of  small 
jiledgets  of  cotton  rolled  together  between  the  thtunb 
and  "finger  of  one  hand  to  such  a  consistence  as  to  hold 
their  shape  and  reach  nearly  or  quite  to  the  fiotlom  of 
the  external  auditory  caiuil — beyond  this  of  course  a  pa- 
tient cannot  safely  go.  The  dry  treatment  of  suppura- 
tive conditions,  iiicluding  dry  cleansing,  will  undoubt- 
edly be  treated  in  detail  elsewhere. 

5.  Compremion  diid  Rarefitction  of  Air. — (a)  Air  Com- 
presdon  :  The  technique  of  using  compressed  air — by 
Politzer's  method,  catheterization,  etc.— is  described  else- 
where. To  my  lot  falls  a  short  discussion  of  its  thera 
peutic  use. 

Theiufluenceof  the  air  douche  is  first  of  all  mechanical. 
In  the  next  place,  by  opening  the  Eustachian  tube  it  ven- 
tilates the  tympanic  cavity,  and  makes  pressure  on  its 
walls,  especially  on  the  membrana  tympani,  pushing  it 
•  outward,  and  with  it  the  ossicular  chain,  thus  tending  to 
rectify  a  position  of  the  membrane  which  is  pathological, 
and  to  lessen  the  fixation  of  these  parts.  The  same  press- 
ure is  exerted  upon  the  movable  jiarts  of  the  labyrinth 
walls— the  two  fenestne,  thus  more  or  less  affecting  the 
Intralabyrinthine  pressure.  As  a  further  effect  of  the 
procedure,  there  may  be,  and  probably  is,  some  slight 
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tendency,  on  the  part  of  the  air  current,  to  catch  up  smsiU 
portions  of  mucus,  germs  included,  and  force  them  from 
the  naso-phaiynx  and  Eustachian  tube  into  the  tympanic 
cavity. 

Upon  the  tympanum  the  effect  is  dependent  upon  the 
presence  or  absence  of  a  perforation  in  the  tympanic 
membrane.  If  a  perforation  exists,  secretion  is  pushed 
through  it  into  the  external  canal.  If  there  is  no  perfora- 
tion, it  is  still  possil)le  that  a  portion  of  the  secretion,  if 
not  too  thick  and  if  the  head  be  held  in  a  proper  posi- 
tion, may  be  forced  out  through  the  Eustachian  tube 
and  thus  escape  into  the  nasopharynx.  More  usually, 
however,  the  air  and  secretion  become  mixed  up  and 
spread  out  in  a  thin  layer  over  much  of  the  surface  of 
the  tj-mpaniuu.  The  further  influence  produced  by  the 
changes  in  the  air  pressure  upon  the  circulation  and  the 
lymph  stream  seems  to  require  a  word,  since,  according 
to  Kessel.  the  lymph  vessels  in  the  tympanic  mucosa 
show  rouutl  or  sac  like  enlargements,  and  stand  in  open 
conuiuinication  with  the  tympanic  cavitj.  If  this  be 
true,  then  pressme  upon  the  mucous  membrane  shoukl 
cause  a  movement  of  the  contents  of  the  lymph  \essels 
in  the  natur.nl  direction.  With  the  lessening  of  the  press- 
ure the  lymph  spaces  are  refilled  from  the  tympanic 
cavity,  and  in  this  way  a  sort  of  suction  is  produced 
which  nnist  elTectively  aid  the  absorption  of  the  me- 
chanically broken-np  and  spread-out  secretion.  However 
this  may  be,  experience  proves  that  absorption  of  secre- 
tion can  l)e  accomplished  liy  the  use  of  the  air  douche. 

The  therapeiitic  effect  to  be  obtained  from  Politzer's 
method  of  infiation  seems  much  more  limited  than  that 
from  the  Eustachian  catheter,  and  to  be  attended  with 
rather  more  risk  of  harm.  The  former  would  seem  to- 
find  its  legitimate-  use  especially  in  cases  with  perforation 
of  both  tympanii  membranes,  when  it  is  desired  to  empty 
the  cavities  of  secretion;  and  possibly  in  children  with 
tubal  catarrh,  as  a  temporary  expedient  until  the  condi- 
tion is  removed  by  proi)erattention  to  the  cause.  Cathe- 
terization, on  the  other  hand,  would  seem  to  be  the  better 
method  when  the  <lesire  is  for  the  ventilation  of  one  ear 
only,  and  in  the  chronic  cases. 

(h)  Riirifiirtioii  nf  //ii  Air:  This  procedure  has  been 
used  in  the  external  auditory  canal  to  affect  the  mem- 
braua tympani  and  os.sicles,  as  well  as  to  infiuence  the 
intralabyrinthine  pressure;  it  has  also  been  much  recom- 
mended for  the  removal  of  secretion  fromthe  middli'  ear. 
When  the  memlirani'  is  intact  it  may  be  used  througli  the 
Eustachian  tube,  but  in  the  case  of  a  |ierforation  it  should 
be  emiiliiyed  tlnougli  the  external  canal.  To  get  the  de- 
.«ired  effect  in  the  canal  the  sinqdest  means  consists  of  a 
piece  of  rul)b(T  t  ubing  armed  at  one  end  with  a  tip  which 
tightly  fits  the  meatus,  and  at  the  other  with  a  mcuith- 
piece  through  which  suction  is  applied.  The  same  prin- 
ciple is  involved  whether  the  suction  be  made  by  an  empty 
rubber  bag,  as  with  Siegle's  otoscope,  or  with  the  Del- 
stanche  m rtfncteiir.  A  word  of  caution  as  to  all  these 
methods  is  necessary,  since  if  rarefaction  is  too  vigorously 
applied,  the  result  may  lie  a  ruiiture  of  the  vessels  with 
ecchymosis,  or  even  rupture  of  the  membrana  tympani 
itself.  The  therapeutic  effect  most  frequently  obtained 
is  a  lessening  or  cessation,  for  a  longer  or  shorter  time, 
of  tinnitus,  a  lighter  feeling  in  the  ear  and  head,  and  less 
often  a  gain  in  hearing. 

The  inost  frequent  manner  of  using  this  principle  for 
the  removal  of  secretion  from  the  tympanic  cavity 
through  the  Eustachian  tube,  corresponds  in  a  general 
way  with  the  i)rocess  for  inflating  the  ear.  with  the  dif- 
ference that  the  air  bag,  sujiplying  the  sucti(m  power, 
is  applied  to  the  catheter  empty  instead  of  full,  the  effect 
being  more  or  less  enhanced  by  i)lacing  the  head  at  the 
Siime  time  in  such  a  jiositiou  as  to  favor  the  escape  of  fluid 
through  the  tube.  This  method  of  necessity  presupposes 
that  the  secretion  is  thin,  and  in  suitable  cases  the  pro- 
cedure is  oftentimes  attended  by  appreciable  results. 

6.  T/ie  Use  of  (lie  Eustochitm  Bougie. — Opinion  has 
varied  greatly  in  regard  to  the  use  of  the  Eustachian 
bougie.  Maiiy  have  claimed  excellent  results  from  its 
use,  while  some  have  put  their  very  positive  stamp  of 
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disapproval  upon  it,  as  an  iustrunient  capable  of  doing 
nuich  harm.  While  it  nrtist  be  admitted  that,  if  care- 
lessly or  \inskilfully  used,  .serious  injury  may  result,  can 
this  not  be  said  with  equal  truth  of  all  good  measures 
wliethcr  medical  or  surgical?  For  myself,  I  am  sure  that 
much  good  can  be  accomplished  with  the  Eustachian 
bougie,  especially  in  cases  in  wliich  tinnitus  and  deafness 
lire  in  a  measure  due  to  stenosis  of  the  tube.  The  ordi- 
nary celluloid  bougie  answers  well  tlie  purpose. 

A  closely  allied  tliera|ie\ilic  nicasiu'e  is  tliat  which  is 
based  upou  the  use  of  tlie  metallic  (guld)  bougie,  or  elec- 
trode. This  consists  really  of  tlie  bougie  plus  electroly- 
sis, antl  some  authorities  claim  that  nuieh  more  good  is 
to  be  obtained  from  this  procedure  than  from  the  use 
of  the  bougie  alone,  especially  in  tliose  cases  in  which 
tlie  strictures  are  dense  and  tight.  The  use  of  the  bougie 
for  massage  of  the  isthmus  tuba'  will  be  spoken  of  under 
niassitge. 

7.  Mussiigc. — The  application  of  massage  to  the  organ 
of  hearing  may  be  accomplished  in  various  ways,  and 
various  parts  of  the  ear  may  be  thus  treated.  In  the  first 
place,  going  from  without  inward,  may  be  mentioned 
that  form  of  massage  wliich  was  first  described  by  Gerst, 
then  elaborated  by  Zaufal,  and  finally  warmly  recom- 
ineiKh'd  by  Schwartze.  In  this  form  the  massage  is  ap- 
lilied  ^)  the  region  iiroiind  the  anticle.-  and  is  .said  to  have 
its  greatest  value  in  promoting  the  aljsorption  of  secre- 
tion from  the  tympanic  cavity  in  acute  middle-ear  ca- 
tarrh. Zaufal's  description  of  the  method  follows :  "  The 
patient  sits  with  bared  breast,  and  head  inclined  to  the 
opposite  side,  on  a  low  stool.  The  masseur  stands  be- 
hind the  patient;  both  hands,  well  anointed  with  vase- 
line, are  laid  tlat,  one  on  tlie  mastoid  process,  the  other 
on  the  ]iarotid  region,  so  that  the  index  finger  of  one 
presses  upon  tlie  root  of  the  sterno-niastoiii  muscle,  the 
other  on  the  anterior  edge  of  the  tragus;  then  rub  down- 
ward, at  first  liglitly.  then  with  increasing  pressure,  to 
the  level  of  the  .shoulder,  so  that  the  pressure  of  the  in- 
dex fingers  is  exerted  es])ecially  in  the  groove  between 
the  ramus  of  the  jaw  and  tlie  head  of  the  muscle,  as  well 
as  upon  the  vessel  furrow  below."  He  recommends 
daily  three  sittings  of  three  minutes  each,  or  two  of  five 
niiiuites;  and  that  in  acute  processes  it  should  be  de- 
ferird  until  the  fever  has  disappeared. 

8eeoiully.  massiige  of  tlie  membrana  tympani  and  ossi- 
cles, applied  by  some  one  of  the  various  methods,  may  be 
used  directly  or  indirectly.  In  case  of  its  indirect  appli- 
cation the  cylinder  of  air  in  the  external  auditory  canal  is 
useil  as  a  medium  for  alternate  rarefaction  and  compres- 
sion. "Tragus  pressure,"  as  recommended  by  Hammell, 
may  be  mentioned  first  on  account  of  its  great  .simplicity. 
By  rajiid  to-and-fro  pressure  on,  and  releasing  of,  the 
tragus,  the  air  in  tlie  canal  is  thereby  alternately  com- 
]iresscd  and  rarefied,  thus  causing  more  or  less  motion  of 
the  membrana  tympani  and  ossicles.  The  procedure  is  to 
be  carried  out  by  the  patient  from  four  to  six  times  daily, 
each  time  for  a  minute  or  a  minute  and  a  half,  and  at 
the  rate  of  from  one  hundred  and  twenty  to  one  hundred 
and  fifty  times  per  minute.  Although  this  method  is 
freiiueiitly  recommended  by  a  niunber  of  aurists,  I  can- 
not say  that  I  have  ever  seen  much  benefit  from  its  use. 

The  same  principle,  it  .seems  to  me.  can  be  much  more 
etfectively  carried  out  by  means  of  Siegle's  otoscope. 
Delstanche's  masseur,  or  some  similar  apparatus.  In 
a  certain  proportion  of  cases  the  tinnitus  is  certainly 
somewhat  relieved,  at  least  temporarily,  and  less  often 
the  hearing  manifests  some  improvement.  In  a  some- 
what similar  manner  the  massjiging  force  has  been  ap- 
plied by  means  of  more  or  less  powerful  sound  vibrations, 
as  produced  by  the  vibrophone,  vibrometer.  etc.  I  men- 
tion these  procedures,  however,  only  to  condemn  fliein. 

Direct  application  of  massage  to  the  memluaue  and 
ossicles  may  be  accomplished  by  means  of  tlie  flexible 
luessure  probe  of  Liicie,  apjilied  to  tlie  short  process  of 
the  malli-us.  or  by  the  mechanical  vibrators  of  Lester, 
Freudenthal.  and  others.  My  experience  with  the  so- 
called  mechanical  massage  is,  I  must  confess,  limited, 
but  it  has  been  sufficient  to  force  upon  me  the  conclusion 


that  its  use  is  not  likely  to  be  very  extensive  on  account 
of  the  marked  tympanic  congestion  which  results,  as  well 
as  on  account  of  the  pain  cxperienecd  by  the  jiatient. 

Jntr<(t>/itijui/ii>  iiiiimiu/t'  svvnK  to  me  to  be  well  worthy 
of  mention  here.  For  its  accomplishment  it  is  necessary 
that  a  more  or  less  rapidly  interrupted  stream  of  com- 
[iressed  air.  cold,  warm,  or  medicated,  should  be  con- 
ducted through  the  Eustachian  catheter  and  tube  against 
the  inner  surface  of  tlie  membrana  tvmpani.  Its  use  is 
naturally  limited  to  a  great  extent  to  the  treatment  of 
chronic  middle-ear  catarrhal  conditions. 

Finally,  iiiiissar/e  of  the  ixthniiis  IiiIkv  has  been  recom- 
mended by  Urbantschitsch  and  more  or  less  used  by  many 
of  us.  It  is  carried  out  as  follows;  a  probe-pointell 
bougie  (celluloid)  is  pushed  througli  tlic  Eustachian  tube 
to  the  isthmus,  and  then  rapidly  (from  one  hundred  and 
fifty  to  two  hundred  and  fifty  times  per  minute)  moved 
in  and  out,  first  in  the  lion.y,  then  in  the  membranous 
portion.  Begin  with  a  session  lasting  a  half-minute,  and 
gradually  increase  the  length  of  time  of  the  sitting  to 
three  or  even  five  minutes,  with  short  pauses.  The  spe- 
cial indication  for  the  employment  of  this  method  is  to 
be  found  in  the  tubal  swelling  whicli  accompanies  chronic 
middle-ear  catarrh,  in  which  cases  it  should  do  more  good 
than  simple  dilatation,  the  benefit  manifesting  itself  by 
better  hearing  and  less  tinnitus. 

8.  Loeeil  Medieritioii. — This  maybe  applied;  (1)  to  the 
region  around  the  ear;  (2)  by  way  of  the  external  audi- 
tory canal;  (3)  by  way  of  the  Eustachian  tube. 

(1)  The  iipplicntinn  of  driir/s  to  the  region  around  the  ear 
is  limited  almost  entirely  to  (a)  sedatives,  in  the  form  of 
salves  or  liniments,  anil  (A)  to  counter-irritants,  mostly 
applied  to  the  mastoifl  region.  The  power  of  either  for 
good  must  of  necessity  be  slight,  while  the  use  of  the 
latter  in  certain  acute  mastoid  affections  may  be  positively 
harmful  through  the  masking  of  symptoms  which  at  best 
are  not  always  easy  to  determine. 

(2)  Medication  hy  way  of  thee.rternal  auditory  canal  is  of 
much  value,  because  a  direct  therapeutic  effect  can  be 
obtained  upon  the  disease  processes  of  the  canal  and 
membrana  tympani,  and,  if  the  latter  is  perforated  or  a 
sinus  exists,  upon  the  more  or  less  distant  parts  of  the 
tympanic  cavity.  Liquids,  powders,  or  solids  may  be 
used.  Of  great  importance  for  the  suc- 
cessful employment  of  this  mode  of 
treatment  is  the  previous  thorough  re- 
moval of  all  secretions,  etc..  which,  by 
covering  the  parts,  by  diluting  the  medi- 
cament, or  through  chemical  combina- 
tion, may  limit  the  effect  of  the  drug. 
All  fluid  applications  should  be  warmed, 
and  should  be  introduced  by  means  of  a 
pipette  or  spoon,  the  head  being  in- 
clined to  the  opposite  side  and  the  ex- 
ternal canal  straightened;  after  which, 
by  appropriate  pressure  on  the  tragus, 
the  fluid  can  be  forced  further  into  the 
canal,  into  the  tj'mpanic  cavity,  or  even 
all  the  way  through  the  Eustachian  tube 
into  the  naso-pharynx.  A  prolonged 
effect  may  be  obtained  by  saturating  a 
pledget  of  cotton  and  placing  it  in  con- 
tact with  the  affected  part. 

Medication  of  the  external  and  middle 
ears  by  means  of  powders  lias  lieen,  and 
is,  a  much-abused  method.  If  the  ma- 
terial is  finely  pulverized,  or  triturated, 
and  used  in  small  quantities,  excellent 
results  are  often  obtained  in  cases  hav- 
ing a  fairly  large  perforation  in  the  tym- 
panic membrane.  For  the  introduction 
of  powders  into  the  ear  various  powder 
blowers  have  been  devised,  of  which  the 
one  shown  in  the  cut  {Fig.  1783)  gives 
excellent  satisfaction.  For  use  by  the  patient  a  glass  tube, 
with  an  attachment  of  rubber  tubing  and  a  mouthpiece, 
answers  a  good  purpose. 

Caustics — such  as  chromic  acid  and  nitrate  of  silver 
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Fig.  1783.  —  Da- 
vidson's "  Pow- 
der Blower." 
with  End-Pieces 
of  Two  Differ- 
ent Sizes. 


653 


Ear  Diseases. 
Ear  Diseases. 


REFERENCE  HANDBOOK   OF  THE  IVIEDICAL  SCIENCES. 


(fused  on  the  end  of  a  slender  probe)— are  applied  through 
the  external  canal.  In  using  Ihera  it  is  of  great  importance 
to  the  patient's  comfort  that  only  the  desired  spot  bo 
touched,  and  that  too  only  after  thorough  cleansing  and 
drying.  Under  this  heading  may  be  mentioned  a  special 
form  of  local  treatment,  that  of  aural  supjiositories  or 
bougies,  of  medicated  gelatin,  as  suggested  by  Gruber; 
these  are  introduced  into  the  ear  by  means  of  forceps, 
and  then  afterward  the  canal  is  closed  with  cotton. 

(3)  In  case  of  au  intact  membrana  tympani  fluids  and 
vapors  may  be  introduced  into  the  tympanic  cavity 
through  the  Eustachian  tube.  Only  small  quantities  (from 
eight  to  ten  drops)  should  be  used  at  a  time,  and  only 
after  being  warmed.  After  the  catheter  is  in  position, 
introduce  into  it  with  a  syringe  or  pipette  the  requisite 
amount  of  the  fluid  to  be  used,  and  then  with  the  air  bag 
blow  it  with  some  force  into  the  tympanic  cavity,  alwaj's 
using  the  diagnostic  tube  for  information  as  to  tlie  suc- 
cessful carrying  out  of  the  mananivre.  The  entry  of  the 
fluid  into  the  tympanum  may  be  facilitated  by  having 
the  patient  swallow  at  the  moment  of  emptying  the  air 
bag,  by  having  the  head  well  inclined  toward  the  .side  to 
be  medicated,  and  by  using  a  catheter  which  entei'S  well 
into  the  mouth  of  the  tube.  Steam,  plain  or  medicated, 
formerly  much  used  in  the  treatment  of  middle-car  ca- 
tarrhs, has  now  largely  given  place  to  volatile  medica- 
ments (chloroform,  chloride  of  ethyl,  menthol,  etc.),  or  to 
some  of  the  vaporized  or  nebulized  oils  containing  various 
substances  in  solution.  By  using  .some  one  of  the  well- 
etpiipped  nebulizing  ajiparatuses  the  tine  vapors  can  be 
thrown,  warm,  into  the  tympanic  cavity  through  the 
catheter,  with  rapid  interruptions,  so  as  to  obtain  a  three 
fold  effect,  viz.,  that  of  the  medicated  oils,  that  of  the 
heat,  and  that  of  the  pneumatic  massage  acting  upon  the 
inner  surface  of  the  mciMliranc  and  the  ossicles.  While 
the  injection  of  fluids  into  the  tympanum  is  certainly  less 
in  vogue  than  formerly,  still  with  caution,  especially  as 
to  the  fluids  used,  it  sometimes  accomplishes  benelicial 
results,  mostly  for  tinnitus,  when  other  means  fail. 

y.  Klectricity. — The  general  aural  thciapcutics  of  elec- 
tricit}'  furnishes  a  good  illustration  of  how  great  an  ab- 
sence of  unanimity  there  may  be  in  the  ])rofession  rela- 
tive to  a  given  subject.  While  as  regaiils  the  value  of 
electricity  in  diagnosis  and  prognosis  there  seciu  to  be  a 
few  who  think  alike,  when  it  comes  to  the  question  of 
therapeutics  there  exists  the  most  astonishing  divergence 
of  opinion.  It  is  true  that  there  ant  competent  observers 
who  claiiu  good  results  from  the  treatment  of  the  ear  by 
galvanism,  faradism.  static  electricity,  and  eataphoresis. 
It  is  also  true  that  equally  good  observers  have  utterly 
failed  by  the  same  methods  to  obtain  similar  results.  In 
a  general  way.  as  the  result  of  a  moderate  amount  of  ex- 
perimenting, I  am  compelled  to  cast  in  my  lot  with  the 
latter  class  At  the  Sitmc  time  the  effort  to  bring  order 
out  of  what  is  at  present  a  state  of  semi-chaos,  is  a  fasci- 
nating one.  I  believe  that  much  good  thought  and  con- 
siderable time  are  being  given  to  the  subject,  and  that 
the  time  is  not  far  distant  when  those  who  are  prosecut- 
ing these  studies  will  be  able  to  give  to  the  luedical  world 
some  greater  uniformity  of  thought  in  regard  to  this 
matter  than  now  exists. 

It  does  seem  in  some  measure  .settled  that  there  are 
cases  of  tinnitus  which  are  benefited,  and  even  cured, 
by  both  the  constant  and  the  interrupted  current.  This 
appears  to  be  especially  true  of  those  ca.ses  in  which  a 
morbid  state  (either  torpidity  or  hypenesthesia)  of  the 
auditory  nerve  exists.  It  is  also  easy  to  Ijclieve,  what 
seems  to  be  pretty  well  proven,  that  electrolysis  is  tiseful 
in  the  treatment  of  strictures  of  the  Eustachian  tube,  as 
well  as  in  connective-tis.sue  strictures  of  the  external 
auditory  canal.  The  use  of  the  galvano-cautery  in  the 
external  and  middle  ears,  although  it  ha.,  been  highly 
recommended,  seems  to  me  to  present  no  advantages  over 
other  methods,  and  to  be  fraught  with  greater  possibili- 
ties for  harm. 

In  the  present  uncertainty  as  to  the  value  of  electricity 
in  aural  therapeutics,  it  seems  to  me  better  to  refer  any 
one  wishing  to  Investigate  the  subject,  to  treatises  and 


articles  in  which  the  general  and  special  methods  of  ap- 
plication can  be  more  exhaustively  handled  than  would 
be  possible  in  the  present  article. 

III.  Genekal  Remedies. — It  is  self-evident  that  gen- 
eral conditions  are  often  of  the  utmost  significance  in 
local  disease;  that  ear  diseases  may  both  cause,  and  arise 
from,  constitutional  disturbances,  and  that  the  cure  of  the 
former  may  be  greatly  hindered  unless  our  therapeutic 
efforts  take  into  account  not  only  the  local  disease,  but 
the  general  bodily  health  as  well.  Suppose,  for  exam- 
ple, a  disease  of  the  ear  has  for  its  \indei'lying  cause 
tuberculo.sis,  ana;mia,  disturbances  of  luitrition,  etc.  ;  the 
best  results  can  be  obtained  only  by  using  all  the  thera- 
peutic procedures,  lucdicinal,  hygienic,  dietetic,  etc., 
which  medical  science  offers  for  the  cure  of  these  condi- 
tions. The  following  should  receive  careful  attention: 
the  cliiuatic  conditions;  the  condition  of  the  dwelling- 
place;  the  choice  of  bedrooms;  the  proper  ventilation  of 
the  bouse;  and  the  suitableness  of  the  clothing.  A  gen- 
eral tendency  to  take  colds  must  be  combated ;  the  con- 
dition of  the  general  circulation  is  an  important  factor; 
outdoor  exercise  may  have  to  be  urged;  the  school  life 
of  children  often  needs  regulation;  tobacco  and  alcohol 
will  need  to  be  limited  or  stopped;  and,  finally,  the  evil 
effects  of  late  suppers,  venereal  excesses,  masturbation, 
etc.,  must  all  be  done  away  with.  Changis  of  climate 
from  cold  to  warm,  and  vice  versa,  or  fnuu  the  seashore 
to  the  mountains,  often  aeeomplish,  especially  among 
children,  what  local  treatment  utterly  fails  to  effect. 
I'atients  who  show  a  tendency  to  frequently  recurring 
stubborn  middle-ear  catarrhs,  as  well  as  those  who  are 
subject  to  the  milder  transient  catarrhal  attacks,  need  a 
stinuilation  of  the  superficial  circulation.  Such  patients 
may  often  be  benefited  by  baths,  saline,  hot  and  cold, 
Russian,  Turkish,  etc. 

Treatment  of  ear  diseases  by  internal  medication,  for- 
merly almost  the  exclusive  treatment,  still  has  its  uses. 
For  example,  purgation  in  acute  ear  processes,  especially 
in  those  of  full  habit,  after  blood-letting,  is  of  practical 
use,  as  it  is  also  in  chronic  ]>assive  hyper.fmic  conditions 
of  the  ear.  Pilocarpine,  which  is  .so  effective  in  inducing 
sW'Cating,  may  also  afford  material  aiii  to  local  treatment, 
in  cases  of  acute  and  chronic  middle-ear  catarrh,  by  favor- 
ing the  absorption  of  exudates  or  as  yet  unorganized  in- 
flammatory products  in  the  internal  ear.  A  kind  of  spe- 
cific action  has  been  ascribed  to  the  use  of  quinine,  in  the 
manner  recomiuended  by  Charcot,  in  Meniere's  group  of 
sj'mptoms.  Altliough  in  general  I  do  not  approve  of 
the  use  of  narcotics,  antineuralgies,  and  autipj'retics,  in 
affections  of  the  ear,  there  are  times  when  it  seems  neces- 
sary to  prescribe  them. 

Suggestion  and  hypnosis  have  been  recommended  for 
the  cure  of  hysterical  deafness,  and  I'rbantschitsch  claims 
to  have  achieved  success  with  it  in  the  relief  of  tinnitus 
as  well  as  deafness.  Other  writers  also  have  published 
good  results  from  its  use.  Nevertheless,  great  caution 
must  be  urged  upon  those  who  contemplate  dealing  with 
remedies  such  as  these.  J.  E.  Shcppard. 

EAR  DISEASES:  INTRACRANIAL  COMPLICATIONS 
OF  ACUTE  AND  CHRONIC  INFLAMMATIONS  OF 
THE  MIDDLE  EAR. — The  intracranial  complications  of 
sup]>urative  otitis  are  due  to  infection  of  tlie  brain  and 
its  membranes  by  the  same  microbes  which  are  infecting 
the  car,  the  infection  reaching  the  brain  either  through 
caries  of  the  bone  in  direct  relation  with  the  brain,  through 
some  of  the  natural  passages  which  lead  from  the  aural 
cavities  to  tlie  brain,  or  through  some  of  the  connective- 
tissue  fibrils  and  minute  blood-vessels  which  pass  through 
the  bone.  The  intracranial  disease  originates,  in  most 
cases,  at  the  point  where  the  infection  has  jjcnetratcd  the 
craniuiu  ;  conseqiiently,  when  the  extension  is  through  the 
roof  of  the  tympanum  or  mastoid  it  is  in  the  cerebrum, 
and  where  the  extension  is  through  the  medial  wall  of  the 
mastoid  or  through  the  labyrinth  it  is  in  the  cerebellum. 
The  intracranial  infections  of  otitic  origin  manifest  them- 
selves as  pachymeningitis,  leptomeningitis,  brain  abscess, 
and  sinus-phlebitis. 
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Pachymeningitis  is  an  infective  suppuration  of  tlie 
external  surface  of  the  dura  mater.  It  may  be  limited  in 
e.xteut  abdut  the  s]iol  wiiere  the  infective  nuiterial  entered 
the  skull,  and  by  adhesion  of  the  dura  to  the  bone  the 
pus  may  be  contiued  to  a  small  area — the  so-called  extra- 
dural abscess;  or  it  may  be  diffusely  spreatl  out  over  a 
large  surface  of  the  dura.  When  the  dural  intlamma- 
tion  forms  about  the  lateral  sinus  it  is  called  pi-risinons 
pachymeningitis;  wlien  over  the  tympanic  roof,  epityni- 
panic  pachymeningitis.  When  an  extradural  aliseess  has 
formed,  it  may  be  large  enough  to  produce  brain  press- 
ure; but  when  the  imchymeningitis  is  diffuse,  the  pus  is 
usually  in  such  a  thin  layer  that  marked  brain  pressure 
is  wanting. 

Pachj'raeningitis  is  the  most  frequent  of  the  intra- 
cranial complications.  Jansen  asserts  that  it  is  four  times 
as  conunon  as  sinus  phlebitis,  and  twenty  times  as  com- 
mon as  brain  abscess.  Perisinous  pachymeningitis  is  its 
most  common  form.  Pachymeningitis  is  very  often  as- 
sociated with  one  or  more  of  the  other  intracranial  dis- 
eases ;  the  most  common  being  phlebitis  of  tlie  lateral 
sinus  in  connection  with  perisinous  abscess. 

Si/mptoms. — In  the  majority  of  the  cases  the  develop- 
ment of  the  disease  is  insidious,  and  marked  by  no  symp- 
toms whatever  that  can  be  distinguished  from  those  of 
the  ear  alTectiou,  the  pachymeningitis  being  discovered 
on  removal  of  the  carious  inner  wall  of  the  mastoid  or  of 
the  carious  tymiianic  or  mastoid  roof.  In  exceptional 
cases,  and  i>artieuUirly  in  children,  there  may  be  in  the 
beginning  a  chill  witli  fever.  Other  symptoms,  when 
present,  are  due  to  pressure  on  the  brain:  headache,  gen- 
eral or  localized  on  the  affected  side ;  slowed  pulse  rarely  ; 
and  sonmoleuce.  Fever  is  the  exception  rather  than  the 
rule,  except  in  the  last  few  hours  of  life. 

IjEPTO.meningitis  {an  infective  suppuration  of  the 
arachnoid  and  pia)  is  often  the  closing  scene  in  cases  of 
brain  abscess,  sinus-phlebitis,  and  pachymeningitis,  but 
in  more  than  half  the  cases  it  exists  alone  and  is  due 
either  to  a  general  sepsis  or  to  infection  of  the  arachnoid 
and  pia  through  the  minute  blood-vessels.  There  are 
two  distinct  varieties  of  the  di.sea.se:  the  rapid,  almost 
apoplectiform  variety,  usually  fatal  in  from  a  few  hours 
to  two  or  three  days;  and  the  protracted  varietj',  of  from 
two  to  three  weeks'  duration. 

Symjitoms. — Fever  and  headache  are  the  two  prominent 
symptoms.  In  the  rapid  variet}'  the  fever  is  higli  (104° 
to  106'  F.),  with  a  very  variable  curve  and  continuous; 
in  tlie  protracted  variety  it  is  alternately  high  and  normal 
or  subnormal.  In  both  varieties  headaclie  is  usuall}' 
present  in  the  earlier  stages,  in  most  cases  of  a  very  in- 
tense character  and  refeiTed  to  any  part  or  the  whole 
head.  It  is,  however,  often  remittent;  exceptionally  the 
headache  is  only  slight.  As  the  disease  progresses 
symptoms  of  irritation  of  the  brain  appear:  restlessness, 
excitement,  sensitiveness  to  noises  and  light,  nausea,  de- 
lirium. From  irritation  and  pressure  on  the  gray  sub- 
stance of  the  convexity  of  the  cerebrum  we  luay  have 
convulsions  of  the  extremities,  with  monoplegic  or  hemi- 
plegic  paralyses;  from  exudation  in  the  fossa  Sylvii,  oc- 
casionally motor  aphasia.  From  involvement  of  the 
base  of  the  brain  there  may  be  symptoms  of  irritation 
and  pressure  on  the  cranial  nerves  of  the  base,  showing 
themselves,  in  the  ocular  muscles,  as  strabismus  and  pto- 
sis, or  as  dilatiition  or  contraction  of  the  pupil  without 
reaction  to  liglit ;  in  the  facial  as  facial  paralysis ;  in  the 
vagus  as  disturbances  of  respiration.  Constipation  is  al- 
most always  present. 

Diagnosis  is  easy  in  the  rapid  variety,  for  the  high  fever, 
the  excruciating  headache,  and  the  brain  irritation  fol- 
lowed by  paralytic  symptoms,  monoplegic  or  hemiplegic, 
— in  the  extremities  when  the  disease  is  in  the  convexity  of 
the  cerebrum,  or  in  the  cranial  nerves  (third,  fourth,  tifth, 
sixth)  when  the  disease  is  at  the  base  of  the  cerebrum,  or 
in  the  seventh,  eighth,  and  tenth  when  it  is  at  the  base 
of  the  cerebellum, — leave  no  doubt  when  the  disease  of 
the  ear  and  of  the  bone  has  been  already  recognized.  In 
the  protracted  variety  the  diagnosis  is  very  difficult  in  the 
earlier  stages,  for  tlie  moderate  headache  and  remittent 


fever  are  found  also  with  sinus-pldebilis,  and,  only  when 
the  serious  disturbances  of  the  sensorium  set  in,  can  the 
diagnosis  be  ab.solute. 

Lumbar  puncture  (Quincke)  and  examination  of  the 
cerebrospinal  fluid  which  is  withdrawn  are  in  some  cases 
of  undoubted  value  in  proving  thi^  diagnosis,  but  in  wliat 


Fig.  17&4.— Caries  of  the  tjigiiioid  Gruuvu.    Lepiuiiieuiugiiis  of  cere- 
bellum. 

proportion  of  the  cases  cannot  yet  be  said  to  be  deter- 
mined. The  presence  of  the  pyogenic  organisms,  the 
Streptococcus  and  Diplococcus  pneumonia;,  is  confirma- 
tory of  the  existence  of  leptomeningitis,  as  is  also  prob- 
ably that  of  the  Staphylococcus  aureus  and  albus,  but  the 
absence  of  the  organisms  cannot  be  said  to  exclude  the 
disease.  For  a  detailed  description  of  the  method  of  pro- 
cedure see  Vol.  II.,  p.  348. 

Treatment. — Ice  to  the  head,  best  by  a  Leiter's  coil,  and 
leeches  behind  tlie  ear  and  to  the  temporal  region,  wiili 
morphine  subcutaneously,  often  afford  a  certain  measuie 
of  relief.  By  exposure  and  incision  of  the  brain  mem- 
branes, in  cases  in  which  the  disease  was  circumscribed, 
Macewen  has  effected  a  cure  in  .several  instances. 

Prognosis. — Only  within  the  last  few  jears  has  the 
prognosis  of  otitic  leptomeningitis  been  considered  other 
than  absolutely  unfavorable;  coma  sets  in,  .sometimes 
with  convulsions,  and  death  ensues.  The  opinion  now 
seems  to  be  gaining  ground  that  patients  occasionally  re- 
cover, although  anatomical  proof  of  this  is  very  difficult. 
The  otitic  intracranial  diseases  present  usually  such  a 
confu.sed  mkss  of  symptoms  that  when  a  recovery  from 
apparent  leptomeningitis  takes  place  one  is  apt  to  con- 
sider that  an  error  in  diagnosis  has  been  made,  but  I  my- 
self— judging  from  my  own  clinical  experience  and  from 
that  of  others — believe  that  recovery  does  sometimes  oc- 
cur. The  only  anatomical  proof  I  can  offer  is  that  of  a 
case  of  otitic  brain  disease  which  presented  all  of  the 
characteristics  of  leptomeningitis,  and  yet  recoverey  was 
perfect;  but.  death  having  occurred  six  months  later,  from 
another  disease,  the  autopsy  showed  old  adhesions  with 
slight  thickenings  of  the  dura,  arachnoid,  and  pia  over 
the  convexity  of  the  cerebrum  on  the  side  of  the  ear 
affection.  These  were  considered  by  the  pathological  ex- 
perts to  be  the  result  of  leptomeningitis,  but,  uiilorlunate- 
ly,  the  value  of  the  specimen  was  not  appreciated,  and  no 
thorough  examination  and  report  of  it  were  made. 

BR.A.IN  Abscess  is  much  more  common  from  chronic 
than  from  acute  tympanic  suppurations,  the  proportion 
being  variously  given  at  fnmi  83  (.lansen)  to  01  (Gru- 
nert)  per  cent. "for  chronic,  against  17  to  9  [ler  cent,  for 
acute.  In  9'3  (Kijrner)  per  cent,  of  the  cases  the  bone  is 
diseased  directly  on  to  the  dura,  and  the  abscess  is  usually 
connected  directly  with  the  suppurating  ear,  either  lying 
directly  against  the  diseased  bone,  or  situated  within  the 
brain  at  a  distance  of  from  a  quarter  to  half  an  incli  from 
the  diseased  bone,  but  connected  with  the  latter  by  a 
fistulous  tract.  In  9..5  per  cent,  of  the  cases  there  are 
multiple  abscesses,  usually  connected  by  fistula'.  In  6.6 
percent.  (Korner) the  abscess  lies  within  the  brain,  and  is 
separated  from  the  bone  by  normal  brain  tissue,  it  being 


655 


mar  Diseases. 
£ar  Diseases. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


assumed,  in  these  cases,  that  the  infection  was  communi- 
cated by  phlebitis  of  the  minute  blood-vessels  or  along  the 
connective  tissue  accompanying  the  blood  and  lymph  ves- 


Fig.  17K.— Alwfss  of  terebolluiu  fiiilli  Inf.-ilimi  Thniutrh  tlir  I.alivi 
Meatus  Internus.  1,  Caries  extending  intip  external  seniiciiviihir  ■ 
caries  involvins  the  vestibule  ;  3,  facial  nene  exposed  by  carious  ilcsii 
the  bone ;  4,  caries  extending  into  the  carotid  canal. 


sels.  The  common  scats  of  abscess  are,  in  the  cerebrum, 
the  middle  and  posterior  portion  of  the  temponil  lobe  in 
the  third  temporos]ilieiioi(lal  convolution;  in  the  cere- 
bellum, the  outer  portion  of  the  lateral  lobe  close  to  the 
inner  wall  of  the  mastoid.  Less  common  seats  of  abscess 
are,  in  the  ceiebnim,  the  second  or  tirst  temporo-spbe- 
noidal  convolutions  of  the  temponil  lobe,  the  frontal  lobe, 
and  very  rarely  the  oc<'ipital  lobe;  in  llic'  cerebellum,  in 
its  extreme  anterior  portion.  The  path  of  infection  de- 
cides this;  when  the  latter  travels  by  direct  contiguity 
through  the  roof  of  the  tympanum  or  mastoid  tlie  abscess 
is  in  the  third  temporo  sjihenoidal  con- 
volution: when  it  e.\tends  aloii^'  the  ves- 
sels or  connective  tissue,  the  abscess  may 
be  in  the  other  portions  of  the  cei-c 
brum;  when  it  extends  by  direct  conti 
guity  through  the  inner  wall  of  the 
mastoid,  the  abscess  will  lie  in  the  lat 
eral  lobe  of  the  cerebellum:  and.  tinally, 
when  it  extends  by  continuity  throuLdi 
the  labyrinthine  cavities,  the  collection 
of  pus  will  be  foiuid  in  the  c.xtreiue  an- 
terior portion  of  the  cerebellum,  close  to 
the  aqueductus  vestibuli  or  meatus  in- 
ternus. 

Symptomft. — These  are  divided  into 
four  stages:  iidtinl.  marking  the  begin- 
ning of  the  encephalitis,  and  often  show- 
ing a  slight  intlamiuatory  fever,  but  this 
usually  so  slightly  marked  that  it  is  re- 
ferred' to  the  tympanic  suppuration ; 
Intent,  sometimes  of  weeks'  or  even 
months'  duration,  with  oidy  occasional 
slight  brain  symptoms,  slight  headache, 
depression,  and  perhaps  moderate  even- 
ing temperature;  ina iiifest .  from  a  few 
days'  to  several  weeks'  duration,  when 
many  of  the  characteristic  symptoms  of 
brain  abscess  to  be  spoken  of  show 
themselves;  tenniuiil.  usually  rapidly  fa- 
tal from  increasing  brain  pi-essure,  brain 
oedema,  or  rupture  into  the  ventricles. 

The  manifest  symptoms  are  well  classi- 
fied by  von   Bei-gmann  into  (1)  general,  {'2)  brain  and 
brain  pressure,  (3)  local. 

The  (jeneml  si/mptoins  are  referable  to  the  suppuration 
alone,  but  are  seldom  veiy  pronounced— usually  a  slight 


evening  rise  of  temperature  and  anorexia;  chills  are  rare. 
Slight  intermittent  rises  of  temperature  are  common,  but 
a  steadily  rising  temperature  is  against  the  probability 
of  abscess.  In  children  the  fever  may  be  more 
pronounced. 

Brain  and  brain-pressure  st/mptoms  are  pro- 
duced by  a  diminution  of  the  space  within  the 
skull.  "There  is  headache,  persistent,  varying 
in  intensity,  but  not  usually  severe.  Its  loca- 
tion, however,  is  no  indication  of  the  situa- 
tion of  the  abscess.  Slowing  of  the  pulse  is 
often  present,  but  is  not  constant,  anil  some- 
tiiues  disappears,  probablj'  from  the  breaking 
down  of  the  brain  tissue  and  consequent  relief 
to  the  pressure.  Dizziness,  nausea  and  vomit- 
ing, and  constipation  are  common;  disturb 
unces  of  the  sensorium  in  the  form  of  slow 
eerehriition  and  drowsiness  are  very  common, 
tint  deliriuiu  is  rare.  Convulsions  of  the  ex- 
tremities and  of  the  facial  mav  coiue  from  press- 
ure on  the  teiuporal  lobe  of  the  opposite  side; 
general  convulsions  are  usually  due  to  ]iress- 
ure  on  the  cerebellum.  Optic  neuritis  is  often 
seen,  usuall.y  of  slight  degree.  All  of  these 
symptoms  may  disappear  and  then  reappear, 
being  most  pronounced  during  the  evening 
fever:  and  von  Bergmann  says  that  if.  at  this 
time,  the  pulse  becomes  slow  and  the  patient 
somnolent  the  suspicion  of  abscess  is  increased. 
hical  brain  si/iirpfotns  are  produced  by  (a) 
direct  injury  of  brain  substance,  (A)  by  action 
of  the  abscess  on  parts  away  from  the  seat  of  disease, 
or  (f)  by  injury  of  the  cerebral  nerves. 

(n)  If  the  abscess  is  in  the  white  substance — the  com- 
mon p<i.sition, — no  localizing  syniptoiusare  present;  such 
are  only  to  be  expected  when  some  centre  of  the  gray 
matter  of  the  eorlex  is  involved,  and  it  is  extremely  rare 
foran  abscess  actually  to  destroy  the  centres  in  the  cortex, 
and  symptoms  I'ldm  these  centres  are  consequently  rather 
due  to  jiressure  from  a  distance  than  to  actual  destruction. 
In  very  e.xceiitional  cases  such  destruction  luay  occur. 
(b^  Pressure  of  the  abscess  on  distant  jiarts  (Fernwir- 
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Fig,  1786.— Caries  of  the  Whole  Labyrinth.    Abscess  of  cerebellum. 


kung.  as  the  Germans  term  it)  through  the  intervening 
tissue  is  the  luost  common  cause  of  localizing  symptoms 
emanating  from  the  brain  and  the  usual  cause  of  injury 
of  the  cerebral  nerves.     Any  such  pressure  is  limited. 
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however,  absolutely  by  the  tentorium,  aud  consequently 
cannot  extend  from  the  cerebrum  to  the  cerebellum  or 
vice  versa.  It  is  not  limited  toward  the  internal  cap 
sule,  the  lenticidar  nucleus,  the  facial,  and  the  motor 
and  psyclio-seusory  tracts,  and  is  only  jiariially  limited 
liy  the  pia  between  the  temporal,  frontal,  and  occipi- 
tal lobes.  In  the  cerebrum  the  seats  of  otitic  abscess 
are  almost  universally  in  the  temporal  lobes,  lower  fron- 
tal lobes,  and  the  occipital  lolies;  rarely  if  ever  in  the 
parietal  lolies.  The  temporal  lobes  are  by  far  the  most 
common  situation.  The  detennined  focal  centres  in 
these  parts  are  the  motor  speech  centre,  in  the  lower  part 
of  the  tliird  frontal  convolution  iu  the  Kolaudic  cortex; 
the  freneral  auditory  area  in  the  superior  (tirst)  temporal 
convolution  in  the  cortex  surrounding  the  temporo- 
parietal sulcus,  -.vhere  the  auditory  nerves  have  their 
idtiniate  distribution,  probably  liy  comiilefe  decussation; 
the  sensory  speech  centre  in  the  jiosterior  two-thirds  of 
the  svijierior  (tirst)  tem|ioral  convolution,  just  in  front  of 
theansrular  syrus;  the  visual  centre  in  the  posterior  por- 
tion of  the  inferior  parietal  lobe,  i.e.,  the  angular  gyrus; 
and  the  primary  visual  centre  in  the  occipital  lobe 
(cuneus).  The  inferior  frontal  (third),  the  superior  tem- 
poral (tirst).  and  the  inferior  parietal  gyri  represent  the 
contines  of  the  zone  of  language,  the  former  for  kintts- 
thelic  perceptions,  the  next  for  auditory  perceptions,  the 
last  for  visual  perceptions.*  Perversion  of  function  of 
the  zone  of  language  gives  aphasia,  and,  as  the  most 
connnou  .seat  of  aliscess  is  in  the  temporal  lobes,  aphasia 
in  some  of  its  many  forms  would  be  looked  for  in  these 
cases  if  any  localizing  symptoms  existed.  As  a  fact 
this  is  the  case;  in  83  abscesses  in  the  left  temporal  lobe 
52  showed  disturbances  of  speech — viz.,  7  word-deafness. 
11  paraphasia,  and  "22  amnesic  aphasia,  which  included 
14  cases  pure.  5  with  monophasia.  4  witli  alexia  or  agra- 
phia, and  3  with  optic  aphasia;  while  in  12  no  accurate 
analysis  of  the  variety  of  aphasia  was  made.f 

It  must  be  remembered,  however,  that  these  determined 
centres  apply  to  the  left  cerebrum  in  right-handed  per- 
sons, and  to  the  right  cerebrum  in  left-handed  persons, 
although  it  seems  probable  that  the  same  centres  exist 
in  the  opposite  hemispheres,  but  are  only  partially  de- 
veloped. 

In  most  cases  an  accurate  aud  careful  analysis  of  the 
exact  form  of  aphasia  is  impossible  to  the  surgeon  who 
finds  the  case  urgent.  What  he  wishes  to  know  is 
whether  he  is  to  look  for  the  pus  near  the  Rolandic 
fissure  or  in  the  central  or  posterior  portions  of  the  tem- 
poral lobes.  Given  the  aphasia,  if  he  can  decide  whether 
it  is  motor  or  sensory,  he  has  an  answer.  Sensory  aphasia 
is  a  defect  iu  speech  due  to  interference  in  the  reception 
and  interpretation  of  speech;  motor  aphasia  is  a  disabil- 
ity iu  respect  to  externalization  of  speech. J:  To  p>it  it 
roughly,  it  may  be  s;iid  that  if  speech  is  not  imderstood 
we  have  sen.sory  aphasia,  if  speech  is  not  possible  we 
have  motor  aphasia;  that,  however  imperfect  the  pa- 
tient's speech  may  be.  if  he  understands  what  is  said  to 
him,  the  aphasia  is  motor;  that  if  he  cannot  think  of  the 
word  wanted,  although  he  is  able  to  s;iy  it,  the  aphasia  is 
sensory  ;  but  that,  if  he  can  think  of  the  woi'd  but  is  un- 
able to  say  it,  the  aphasia  is  motor.  Absolute  impossi- 
bility of  speaking  must  not  be  looked  for,  however,  in 
motor  aphasia,  and  Collins  adds  to  the  above  description 
of  motor  aphasia  that  the  patient  may  be  able  to  articu- 
late one  or  several  words  which  he  uses  pertinently  or 
non-pertinently ;  that  the  words  used  are  often  recurring 
utterances;  that  agraphia  always  exists  and  is  propor- 
tionate to  the  aphasia,  showing  itself  in  voluntary  writ- 
ing and  in  writing  from  dictation,  but  not  in  writing  from 
copy,  for  in  copying  he  copies  print  in  script,  and  script 
in  script,  thus  proving  not  a  mechanical  but  an  intellect- 
ual act;  finally,  that  defective  internal  speech  is  present. 

Sensory  aphasia  points  to  the  posterior  portions  of  the 
temporal  convolutions,  while  motor  aphasia  points  to  the 
neighborhood  of  the  Rolandic  fissure.     From  pressure  on 

*  CoUins :  "  Faculty  ol  Speecti." 
+  Hansberg :  "  Encvclopadie  der  Ohrenheilkunde." 
t  Collins:  Op.  cit. 
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the  motor,  facial,  and  psycho-sensory  tracts  of  the  internal 
ca|)sulc  may  be  jirodueed  crossed  parcses  of  the  extremi- 
ties, crossed  convulsions,  and  crossed  heniiana;stliesia  and 
hemiopia. 

Abscesses  of  the  cerebellum  encounter  no  distiiKt  brain 
foci.  The  function  of  the  cerebellum  is  still  but  imper- 
fectly understood.  Luciani  describes  it  as  an  organ  giv- 
ing UKitor  innervation  to  all  tijc  voluntary  muscles,  but 
particularly  to  those  of  the  lower  extremities  iuid  to  the 
spinal  slielchcis.  and  having  also  a  tonic,  stalii-.  and 
trophic  fuucliou.  The  verndform  process  of  the  cerebel- 
lum is  considered  by  Nothnagel  aud  von  Bergmann  to  be 
concerned  in  equilibration.  From  these  observations  we 
should  expect  motor  disturbances  with  convulsive  action 
in  tlie  muscles,  especially  of  the  lower  extremities  and 
back,  aiul  disturbances  of  e(iuilibrium.— symptoms  which 
have  been  ob.served  but  not  witli  sulhcient  fre(|ueiicy  and 
critical  analysis  for  us  to  speak  very  ])osilivcly  of  their 
value.  Action  from  a  distance  of  a  cerebellar  abscess  is 
but  little,  if  at  all.  limited  by  the  pia.  and  may  aU'ect  not 
only  any  part  of  the  cerebellum  and  vermiform  process, 
but  may  extend  its  influence  to  the  pons  and  medulla 
oblongata. 

(<•)  Injuries  of  the  Cerebral  Kenex. — Of  these  the  most 
common  is  pressure  on  the  third  (oculomotorius),  giving 
jiaralysis  of  the  upper  lid  and  pujiij  with  jitosis  and 
dilatation — symploms  which  are  observed  in  the  case  of 
an  abscess  of  the  lower  (third)  tem])oral  lobe;  occasion- 
ally paralysis  of  the  sixth  (abducens)  comes  from  this 
same  cause.  Injury  of  the  fifth  (trigeniiiuis),  ]iroducing 
neuralgia,  may  be  due  to  pressure  on  the  nerve  in  its 
coui'se  or  to  pressure  on  the  Gasserian  ganglion  from 
abscess  in  the  temporal  lobe.  Paralysis  of  the  seventh 
(facial)  may  be  due  to  pressure  of  a  cerebellar  abscess 
on  the  meatus  internus.  or  to  pressure  on  the  pons;  in 
the  former  case  the  paral}'sis  is  on  the  alfected  side 
only;  in  the  latter  it  maybe  on  the  affected  side  only, 
or  it  may  be  a  crossed  paralysis  on  the  opposite  side,  or 
it  may  be  on  both  sides,  according  to  the  pressure  ou  the 
pons  where  the  fibres  cross. 

It  must  be  confessed,  however,  that  in  the  majority  of 
brain  abscesses  localizing  symptoms  arc  not  present,  at 
least  in  the  earlier  stages  when  surgical  interference  is 
often  of  great  value,  and  the  surgeon  is  guided  in  his 
search  for  the  abscess  by  finding  the  spot  where  the  in- 
fection penetrated  the  skull.  This  he  does  by  exposing 
the  ear  cavitiesand  following  the  disease  inward  through 
the  carious  penetration  of  the  skull,  and  thus  exposing 
the  dura,  through  which  in  many  cases  a  fistula  leads 
directly  to  the  abscess. 

Diagnosis  of  otitic  brain  abscess  is  almost  impossible  in 
the  initial  and  latent  stages;  it  is  often  uncertain  in  the 
manifest  stage  unless  we  are  able  to  build  up  a  connected 
series  of  symptoms;  in  children  it  is  specially  ditficult  on 
account  of  the  impossibility  of  making  out  the  nicer  dis- 
tinctions of  svmptoms.  It  is  comparatively  easy  when 
a  fistula  through  the  bone  leads  to  the  abscess,  and  this 
is  fortunately  the  case  in  a  very  large  proportion  of  the 
cases. 

As  a  first  help  in  diagnosis  we  have  a  distinct  etiological 
cause  in  the  suppuration  of  the  car;  next,  we  look  for 
general  brain  and  brain-pressure  symptoms.  The  gen- 
eial  brain  symptoms  are  not  iu  themselves  of  diagnostic 
value,  aud  "onlv  become  in  a  measure  confinnatory  in 
connection  with  other  symptoms.  Brain-pressure  symp- 
toms point  to  some  process  within  the  skull  which  is 
diminishing  its  capacity,  and  this  process  in  connection 
with  a  suppurating  ear  may  be  extradural  abscess,  tu- 
mor, or  brain  abscess.  As  it  is  possible  for  an  extradural 
abscess  to  press  ou  the  cortex  of  either  the  cerebrum  or 
the  cerebellum,  we  may  have  from  the  extradural  col- 
lection all  the  brain-pressure  symptoms  which  exist  with 
a  brain  abscess  except  those  due  to  pressure  on  the  in- 
ternal caps\ile,  and  differentiation  fnmi  these  alone  is 
often  impossible  except  by  opening  the  ear  cavities  and 
skull.  Crosscii  pareses  of  the  extremities,  crossed  con- 
vulsions, and  crossed  hemiansesthesia  and  hemianopsia, 
if  present,  point  distinctly  to  abscess.     To  differentiate 
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an  abscess  from  a  tumor,  we  have,  in  favor  of  the  for- 
mer, a  distinct  etiological  cause  in  the  aural  suppuration, 
and  more  or  less  fever  and  a  remission  of  the  head  symp- 
toms; while,  in  the  case  of  a  tumor,  there  are  an  absence 
of  cause,  rarel}-  any  fever,  and  a  steady  increase  in  the 
head  symptoms  without  remission.  In  children  tuber- 
culosis of  the  brain,  associated  with  suppuration  of  the 
ear,  may  render  the  diagnosis  very  difficult ;  but  brain 
tubercles  are  usually  multiple,  and  symptoms  which  can 
only  be  referred  to  several  different  situations  point  to 
the  presence  of  tubercles,  while  symptoms  which  point 
to  the  disease  solely  in  those  parts  of  the  brain  where 
otitic  abscesses  usuallv  lie  render  an  abscess  probable. 

Injuries  of  the  cerebral  nerves  are  common  with  lepto- 
meningitis, not  infrequent  with  brain  abscess,  and  com- 
mon with  tumors,  but  with  extradural  abscess  they  are 
rare  and  are  confined  to  the  seventh  and  tifth  nerves. 

Phlebitis  of  the  Sinuses  of  the  Dur.^  and  of  the 
Jtron-AR  Vein  is  less  common  than  simply  pachymen- 
ingitis, but  more  common  than  leptomeningitis  and  brain 
abscess.  It  occurs  usually  in  the  lateral  sinus,  being  due 
to  an  extension  of  inflammation  from  an  extradural  (peri- 
sinous)  abscess  in  the  posterior  fossa,  but  it  occurs  occa- 
sionally only  in  the  superior  petrosal  sinus,  in  which  case 
it  is  due  to  a  collection  of  pus  upon  either  the  posterior 
or  the  superior  surface  of  the  petrous  bone ;  it  also  occurs, 
though  very  rarely,  in  the  inferior  jietrosal  sinus  only, 
and  is  then  due  to  suppurati(m  iu  the  labyrinth  or  to 
caries  at  the  apex  of  the  pyramid.  In  the  case  of  the 
jugular  vein  it  is  almost  always  due  to  extension  of  phle- 
bitis from  the  lateral  sinus.  Phlel)itis  of  the  cavernous 
sinus  is  always  associated  with,  and  caused  by  extension 
ex  continuo  from,  phlebitis  of  the  lateral  sinus.  It  is  not 
unusual  for  all  of  these  sinuses,  together  witli  the  jugu- 
'.iir,  to  be  involved  seconiinvily  by  extension  from  a  pri- 
mary phlebitis  of  the  lateral  sinus.  It  is  rather  the  rule 
than  the  exception  (or  these  phlcbitides  to  be  complicali'd 
with  the  other  otitic  intracranial  diseases  of  which  pachy- 
meningitis is  the  most  frequent.  Tlie  bone  is  diseased  in 
immediate  contact  with  the  dura  in  eiglity-two  per  cent, 
of  tlie  cases  (Korner);  and  the  diseased  bone  is  on  the 
inner  wall  of  the  mastoid,  usually  in  the  sigmoid  groove. 

Symptoms  are  dependent  ujion  ihe  sta.ge  of  the  patho- 
logical process,  upon  the  jjhlebitis  and  thrombosis,  upon 
suppuration  of  the  thrombus,  and  upon  stasis  of  blood 
witiiin  the  brain. 

Tiie  iihhhitin  alone  gives  no  symptoms :  the  thrombus 
may  exceptionally  obstruct  the  circulatiim  in  the  veins 
which  drain  into  the  sinus,  but  a  collateral  circulation  is  so 
soon  established  that  the.se  symptoms  are  generally  absent. 
From  obstruction  of  the  mastoid  emissary  we  may  have 
swelling  and  oedema  just  behind  and  below  the  mastoid 
process;  from  obstruction  of  the  cavernous  sinus  we  may 
have  congestion  of  the  ophthalmic  veins,  choked  discs, 
ccdeiua  of  tlie  eyelids  and  conjunctiva,  protrusion  of  the 
eyeball,  and  congestion  of  the  vena  frontalis;  and  from 
the  periphlebitic  swelling  we  have,  very  rarely,  paraly.sis 
of  the  oculomotorius  (third)  or  of  the  abducens  (sixth),  or 
neuralgic  pains  in  the  trifacial  (tifth).  From  obstiuetion 
of  the  jugular  there  are  often  cording  of  the  vein,  swelling 
and  cedcma  of  the  tissues  and  glands  about  the  vein,  and 
cellulitis  of  the  neck ;  very  rarely,  fr<mi  the  periphlebitic 
swelling  at  the  jugular  foramen,  there  is  paraly.sis  of  the 
glossopharyngeus  (ninth)  or  of  the  pneumogastric  (tenth). 

The  Suppuration  of  the  Thrombus  usually  gives  the 
characteristic  symptoms  of  the  disease.  These  are  gen- 
erally well-marked  p3-iemic  and  septicemic  symptoms; 
well-defined  rigors  (one  or  more) ;  high  temperature  (104° 
to  106°  F.),  remitting  or  intermitting  several  times  a  day, 
even  falling  to  the  normal.  >Ietastatic  infarcts  are  most 
frequent  in  the  hmgs,  for  the  emboli  are  seldom  small 
enough  to  pass  these  organs;  but  occasionally  the}'  are 
found  in  the  spleen,  the  joints,  or  the  muscles.  Not  all 
emboli  are  necessarily  infected,  however,  and  non-in- 
fected infarcts  without  abscesses  occur.  Metastatic  ab- 
scesses in  the  lungs  are  usually  in  the  periphery  of  these 
organs,  and  multiple,  giving  the  symptoms  of  a  profuse 
bronchial  cataiTh ;  they  often  break  into  the  pleura  and 


give  an  empyema.  It  is  said  that  non-infected  infarcts 
may  produce  blood.y  sputa. 

The  Stasis  of  Blood  within  the  Cranium  may  give  head- 
ache, either  diffuse,  or  unilateral  on  the  affected  side; 
vomiting,  especially  in  the  beginning  of  the  disease; 
congested  papillre  and  optic  neuritis,  although  these  are 
not  so  common  as  was  formerly  thought;  n^'stagmus, 
particularly  on  turning  the  eyes  away  from  the  diseased 
ear;  psychic  depression;  and  occasionally  delirium,  but 
serious  disturbances  of  consciousness  are  unusual. 

Diiif/nosis.—'Pya^nnc  symptoms,  chills  with  sharp  varia- 
tions in  temperature,  during  a  suppuration  of  the  tyin- 
pantnn.  either  acute  or  chronic,  immediately  suggest  in- 
volvement of  the  sinuses.  Inflammatory  symptotus  in 
the  mastoid  are  confirmatory ;  and  if,  on  opening  the 
mastoid,  its  inner  wall  is  found  to  be  inflamed  and  ex- 
posure of  the  dura  at  this  spot  fails  to  discover  a  large 
extradural  abscess,  the  diagnosis  of  sinus  disease  is  almost 
certain.  Cording  of  the  jugular  is  a  sure  indication  of 
the  disease  and  occurs,  according  to  Jansen.  in  one-third 
of  the  cases.  Leucocytosis  I  regardjis  of  no  diagnostic 
value,  for  I  have  found  that  it  is  present  in  nearly  eighty 
per  cent,  of  luicomplicated  tyiupanic  suppiu-ations. 

Sinus-phlebitis  alone,  without  other  intracranial  dis- 
ease, is  found  in  less  than  half  of  the  cases;  it  is  usually 
combined  with  pachymeningitis  and  occasionally  with 
brain  abscess,  and  consequently  the  clinical  picture  is 
often  bewildering  till  opening  of  the  bone  reveals  the 
jiath  of  inflammation  from  the  ear  to  the  sinus.  Some- 
times a  natural  cure  takes  place  by  a  connective-tissue 
obliteration  of  the  sinus.  J.  Orne  Green. 
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EAR  DISEASES:    METHODS  OF  DIAGNOSIS.— The 

condition  of  each  jiart  of  tin'  car  maybe  determined  with 
a  fair  degree  of  accuracy  after  a  careful  consideratiim  of 
the  subjective  and  objective  materials  at  hand,  notwith- 
standing the  fact  that  the  internal  car  is  entirely  beyond 
the  range  of  vision  and  that  when  it  is  in  its  normal  con- 
dition but  little  can  be  seen  of  the  middle  ear.  The  ex- 
amination of  the  ear  is  logically  divided  into  the  subjec- 
tive examination,  which  includes  the  history  and  the  tests 
for  hearing,  and  the  objective  examination. 

The  stihjeetire  e-nimination  embraces  the  investigation 
into  the  history  of  tlie  case  and  the  carrying  out  of  the 
hearing  tests  lioth  for  the  ear  as  a  whole  and  for  the  per- 
ceptive apparatus  alone. 

In  ascertaining  the  history  of  the  case  it  is  important 
to  learn  what  is  the  most  prominent  symptom  complained 
of,  whether  one  or  both  ears  arc  affected,  and  if  both, 
which  of  the  two  seems  to  be  the  more  seriously  involved. 
In  chronic  cases,  when  but  one  ear  is  complained  of,  it 
will  often  be  found  that  both  arc  affected  Ihougli  in  dif- 
ferent degrees.  It  is  well  to  examine  the  better  ear  first 
so  as  to  ascertain  the  normal  direction  and  shape  of  the 
canal  and  thus  facilitate  a  comparative  test. 

The  duration  of  the  affection  is  of  importance  in  de- 
termining the  prognosis  as  well  as  the  diagnosis.  The 
shorter  the  duration  the  better  the  prognosis,  as  a  rule. 
The  time  of  onset  may  usually  be  determined  with  ac- 
curacy in  the  acute  ca.ses.  for  these  date  from  a  "cold,"" 
from  a  traumatism,  from  one  of  the  exanthemata,  from 
typhoid  fever,  from  influenza,  from  the  expansion  of  a 
mass  of  cerumen,  or  from  the  introduction  of  a  foreign 
body  or  the  hatching  out  of  ma,ggots ;  while  in  the  chronic 
cases,  cspeciall}'  in  those  belonging  to  the  sclerotic  form 
of  otitis  media',  the  disease  may,  owing  to  its  insidious 
onset,  exist  for  a  long  time  before  its  presence  is  noticed 
by  the  patient.  The  origin  in  such  cases  is  often  dated 
from  the  time  when  the  tinnitus  made  its  appearance. 
In  other  cases,  however,  the  patient  discovers  by  chance, 
long  after  the  true  onset  of  the  disease,  that  he  is  hard  of 
hearing  in  one  ear.  Thus,  for  example,  he  may,  while 
lying  on  the  good  car,  miss  certain  familiar  sounds,  as  the 
ticking  of  a  clock.  There  are  cases,  furthermore,  in 
which  both  ears  have  been  insidiously  growing  hard  of 
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Ueariug  for  a  loDg  tirap,  but  iu  wliicli  the  patient  docs  not 
become  aware  of  his  deticiency  until  he  finally  observes 
that  he  has  considerable  difficulty  iu  carrying  on  a  con- 
versiitiou.  In  still  other  cases  the  patient's  attention  is 
tirst  drawn  to  his  ears  by  the  develojinicnt  of  tinnitus  or 
bv  the  aggravation  of  the  defective  liearing  that  follows 
a  "cold."  In  the  early  stages  of  hardness  of  hearing  the 
patient  frequently  complains  of  a  confusion  of  words 
when  in  company;  he  can  hear  one  speaker  very  well, 
but.  when  several  are  talking  at  the  same  time,  lie  can- 
not distinguish  the  worils. 

The  probable  cause  can  in  many  cases  be  ascertained 
from  the  answers  given  bv  the  patient,  and  such  knowl- 
edge is  often  a  decided  aid  to  diagnosis.  The  important 
points  to  be  learned  are:  (u)  whether  the  affection  is  due 
to  any  cause  which  affects  the  ear  directly,  as  cold,  trau- 
matism, scalds,  burns,  frost-bite,  explosions,  fungi,  or 
insects;  (h)  whether  it  is  the  sequel  of  some  general 
malady,  as  one  of  the  exanthemata,  influenza,  smallpox, 
syphilis,  tubercidosis,  diphtheria,  gout,  mumps,  rachitis, 
malaria,  whooping-cough,  or  some  one  of  the  numerous 
diseases  of  the  nervous  system,  the  lungs,  or  the  circu- 
latory apparatus;  (f)  whether  it  is  the  effect  of  some 
drug — usually  quinine  or  the  siilicylatcs ;  or.  tinally,  ((/) 
whether  it  is  a  result  of  heredity,  which,  in  the  car  as  in 
other  diseases,  often  skips  a  generation.  Unfortunately, 
there  are  many  cases  in  which  the  cause  cannot  be  traced. 

Eiiriiche  or  pail),  if  present,  is  usually  the  most  promi- 
nent symptom.  If  it  develops  in  an  ear  that  has  previ- 
ously been  healthy,  it  indicates  the  existence  of  an  acute 
inflammation  of  the  middle  ear  or  a  furunculosis  of  the 
external  auditorv  canal;  if  it  occurs,  on  the  other  hand, 
during  a  chronic  process,  it  very  probably  signifies  the 
spreading  of  bone  caries,  or  the  damming  up  of  pus.  or 
the  pressure  caused  by  a  cholesteatomatous  mass.  Pain 
may  at  tiiues  be  purely  a  reflex  otalgia  dependent  upon 
carious  teeth  or  upon  some  inflaramalDry  process  in  the 
pharynx  or  tonsils,  or  it  may  in  reality  be  a  part  of  a 
trifacial  or  a  cervico-occipital  neuralgia.  It  may  or  may 
not  be  present  in  mastoiditis.  Careful  observation  of  the 
objective  signs  will  often  determine  the  origin  of  the 
liain.  Thus,  for  example,  pain  caused  by  pressure  on 
the  tragus  or  due  to  drawing  on  the  auricle  indicates  an 
inflammation  of  the  auditory  meatus:  the  presence  of 
tenderness  in  the  depression  below  the  lobule  indicates 
an  otitis  media;  while  a  tender  mastoiil  indicates  the  ex- 
istence of  an  inflammation  in  the  interior  of  that  bony 
prominence. 

Unhjectire  ear  noises  (tinnitus  aurinm)  occur  iu  two- 
thirds  of  all  ear  cases,  according  to  Politzer.  They  are 
probably  due  to  pressure  and  irritation  of  the  nerve  end- 
ings in  the  labyrinth.  Ear  noises  are  variously  described 
as  singing,  ringing,  blowing-off  of  steam,  hissing,  rush- 
ing, roaring  like  the  waves  of  the  seashore,  certain 
musical  notes,  clicking,  or  voices.  In  some  eases  the 
noises  are  heard  only  during  perfect  silence,  as  after  re- 
tiring or  when  the  patient  is  reading  alone.  They  are 
especially  marked  when  the  patient  is  fatigued,  or  during 
a  "cold,"  or  when  his  general  condition  is  below  par. 
Noises  are  more  common  in  the  sclerotic  form  of  chronic 
middle  ear  catarrh  than  in  the  chronic  suppurative  con- 
ditions. In  the  sclerotic  cases  the  tinnitus  is  frequently 
descrilied  as  a  singing  or  a  blowing  sound,  and  here  it 
often  precedes  the  deafness  by  many  years,  if  indeed  the 
latter  ever  follows.  Tinnitus  may  occur  in  cases  of  as- 
pergillus  or  of  impacted  cerumen,  or  it  may  follow  the 
use  of  quinine  or  the  salicylates.  When  it  is  due  to 
drugs  it  is  evanescent  and  probably  is  caused  by  anaemia 
of  the  labyrinth.  If  the  noises  are  diminished  by  com- 
pression of  the  carotid  artery  they  are  probably  caused 
by  congestion  of  the  arterioles  iu  the  middle  or  external 
ear.  and  in  such  cases  they  are  often  synchronous  with 
the  pulse.  The  clicking  or  crackling  forms  of  noises  are 
generally  due  to  spasm  of  the  palatal  muscles  acting  on 
the  Eustachian  tube  and  causing  separation  of  its  sticky 
walls.  They  may  also  be  due  to  spasm  of  the  tensor 
tympani  or  the  stapedius  muscle.  In  a  certain  number 
of  cases  these  noises  ma}-  be  heard  by  the  examiner  as 


well  as  by  the  patient.  When  the  subjective  sounds  are 
sustained  musical  notes  they  usually  represent  the  high 
A  of  Beethoven.  Hysterical  patients  may  describe  the 
subjective  nuKsical  sounds  as  "entire  operas."  Voices 
are  rarely  heard  except  in  insanity.  A  small  epithelial 
scale  attached  to  the  drum  membrane  has  at  times  been 
the  sole  cause  of  distressing  subjective  noises.  When 
the  tinnitus  intermits  the  prognosis  is  more  favorable 
than  when  it  is  constant. 

Dizziness  or  nrtirjo  is  occasionally  due  to  pathological 
conditions  in  the  ear.  This  symptom  suggests  hemor- 
rhage in  the  labyrinth,  especially  when  acciim|>anicd  by 
the  chain  of  symptoms  described  by  Jli'niere  (tinnitus, 
nausea,  vomiting,  and  depression).  Dizziness  may  be  a 
symptom  in  any  ear  disease  in  which  there  is  pressure 
upon  the  membrane  or"  the  oval  or  of  the  round  window, 
which  pressure  is  in  turn  transmitted  to  the  nerve  end- 
ings. Thus,  fluid  in  the  middle  ear  may  be  a  cause,  or 
there  may  be  increased  tension  of  the  o.ssicular  <  hain  in 
consequence  of  adhesions  or  of  an  increase  in  atmospheric 
pressure  upon  the  tympanic  membrane  (from  occlusion 
of  the  Eustachian  tube).  Vertigo  has  also  been  set  up 
by  syringing  tlie  ear,  or  by  pressure  made  with  a  probe 
upon  the  free  stapes,  or  by  inflation  of  the  middle  ear. 
Vertigo  may  beasj-mptomof  meningitis  with  ear  involve- 
ment. It  must  be  remembered,  however,  that  vertigo 
from  brain  or  other  lesions  may  coexist  with  an  independ- 
ent affection  of  the  ear.  Impacted  cerumen  has  been 
known  to  cause  vertigo. 

Discharge. — The  character  and  duration  of  a  discharge 
are  important  diagnostic  factors.  The  discharge  may 
indicate  an  otitis  media,  a  furunculosis.  an  otitis  externa 
diffusa — either  simple  or  coni]dicafed  by  aspergillus. — f  r 
a  fracture  of  the  temporal  bone.  Should  the  onset  of  the 
di.sease  be  sudden,  as  after  a  cold,  bathing,  or  one  of  tie 
acute,  diseases  mentioned  above  as  causes:  should  it  le 
accompanied  by  pain  and  by  a  clear  or  blood -streaked 
serous  discharge;  and,  finally,  should  the  pain  cease  as 
the  discharge  begins,  an  acute  otitis  media  may  rightly 
be  suspected.  A  discharge  that  commences  without  pain 
and  becomes  purulent  in  character,  indicates  a  tubercu- 
lous condition,  especially  if  multiple  perforations  of  the 
membrana  tympani  are  found.  The  quantity  of  the 
secretion  varies  greatly  in  different  cases.  Thus,  in  dif- 
fuse otitis  externa  or  in  furunculosis  it  is  usually  slight 
iu  quantity,  while  in  scarlet  fever,  in  diphtheria,  in  in- 
fluenza, in  bone  caries  with  granulations,  and  in  mastoid- 
itis, it  is  generally  excessive.  It  is  often  bloody  in  the 
different  forms  of  cachexia,  in  leukfemia,  in  cases  of 
traumatism,  and  in  persons  in  whose  ears  there  has  been 
a  post-diphtheritic  erosion  of  an  artery.  In  bone  caries 
the  discharge  often  resembles  meat  washings,  or  else  it 
is  like  serum  and  iriitating  in  character.  In  fractures  of 
the  base,  and  at  times  after  operation  on  the  stapes,  there 
is  an  excessive  serous  discharge,  which  rapidly  fills  the 
meatus  if  it  is  not  firmly  packed.  The  presence  or  ab- 
sence of  odor  does  not  throw  any  light  upon  the  ques- 
tion whether  bone  caries  is  present  or  not.  for  the  un- 
pleasant smell  simply  indicates  that  there  is  retained 
discharge  which  is  undergoing  decomposition.  The  dis- 
charge maj'  be  continuous  or  it  may  intermit.  Periodical 
brief  discharges  preceded  b}-  a  pain  indicate  attictrouble, 
and  a  perforation  of  the  membrana  flaccida^  should  be 
looked  for.  The  color  of  a  chronic  discharge  may  be 
modified  to  any  shade  and  it  may  contain  detritus  and 
numerous  cocci,  bacteria,  and  vibriones,  together  with 
epithelial  scales  when  cholesteatoma  is  present.  In  some 
cases  the  objective  examination  reveals  cicatrices,  per 
forations,  or  adhesions,  all  of  which  lesions  indicate  that 
a  discharge  has  existed  at  some  previous  time.  Thus, 
for'example,  the  small  perforations  which  are  found  in 
Shrapnell's  region,  and  which  were  formerly  referred  to 
as  the  foramen  of  Rivini,  represent  the  remains  of  such  a 
pathological  process.  After  long-standing  chronic  sup- 
puration much  destruction  of  tissue  may  be  expected. 
Thus,  for  example,  large  perforations  in  the  drum  mem- 
brane, and  caries,  or  even  the  complete  disappearance  of 
the  ossicula  and  neighboring  bony  parts,  may  be  fotmd. 
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Other  s_vmptonis  commonly  complained  of  are:  stuffi- 
ness and  a  full  feeling  or  a  sensation  of  pressure  in  the  ear. 

In  addition  to  the  special  points  presented  above,  brief 
consideration  may  be  given  to  the  more  general  subjects 
of  vocation  and  huhitu  uf  life.  In  the  ease  of  jiersons  who 
are  exposed  to  all  weathers  or  who  are  working  in  damp, 
dusty,  overheated,  draughty  or  very  noisy  places,  or 
who  lead  sedentary  lives  or  have  vicious  habits,  a  more 
guarded  prognosis  as  to  a  sijeedy  recovery  from  ear  dis- 
ease must  be  given.  Auditory  nerve  lesions  are  espe- 
cially ajit  to  be  detrimentally  affected  by  noises.  It  is 
well  to  remember  that  ear  affections  are  more  frequent  in 
early  childhood  and  in  late  life,  that  they  are  more  com- 
mon in  men  than  in  women,  and  that  the  left  ear  is  more 
frequently  iuvolved  than  the  right.  About  one-fourth 
of  all  ear  diseases  are  found  in  the  external  ear.  sixty  per 
cent,  iu  the  middle  ear,  and  eight  per  cent,  in  the  internal 
ear.  Painful  sensations  {/(,y;>e)'ff.>r?//f*(rt  aeonstica)  are  some- 
times found  in  nervous  people,  especially  in  cases  of 
slowly  progressing  nerve  deafness.  AutojiJionifi  or  ti/m- 
panophiinia  is  met  wiili  when  the  walls  of  the  Eustachian 
tube  are  swollen  or  when  there  is  impacted  cerumen  in 
the  external  auditory  canal.  In  this  conilitiou  the  pa- 
tient's own  voice  sounds  as  if  he  were  talking  in  a  barrel. 

Pann-risis  WiUisii,  or  hearing  better  in  a  noise,  is 
foimd  more  often  in  the  sclerotic  form  of  chronic  otitis 
media  and  is  therefore  an  unfavorable  symptom;  Puni- 
cusis  loealis.  or  inability  to  locate  the  direction  fiorn  which 
a  sound  comes,  is  found  in  marked  unilateral  deafness. 
Sudden  loss  of  hearing  is  a  coninion  pheni>nieniiu  in  im- 
pacted cerumen,  but  it  also  often  means  labyrinthine 
syphilis.  At  times  the  pilch  is  altered  in  one  ear;  this 
is  an  annoying  symptom  in  musicians  and  usually  occurs 
in  disturbances  of  the  inner  ear;  the  affected  ear  can  be 
detected  by  holding  a  fork  of  known  pitch  alternately  in 
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Fifi.  1787.— Hartmann's  Set  of  Tunini  Forks. 

front  of  each  ear  and  having  the  patient  imitate  the 
sound.  These  cases  are  usually  characterized  by  the 
circumstance  that  there  is  increased  pressure  upon  the 
stapes  in  the  fenestra  ovalis. 


1788. -Gal  ton 
Whistle. 


Tests  FOR  Hearing.  — The  hearing  should  be  tested: 
first,  as  a  whole:  second,  as  to  the  perceptive  apparatus 
alone.  In  testing  the  hearing  it  is  c\istoraary  to  employ 
the  voice  (words  spoken  in  the  or- 
dinary tone  and  whispered),  a  watch 
which  is  heard  in  the  normal  ear  at 
from  fifty  to  seventy  inches,  a  small 
clock  normally  heard  from  forty  to 
fifty  feet,  a  set  of  Hartmann's  tun- 
ing forks,  and  a  Galton  whistle. 
Many  other  devices  have  been  sug- 
gested, some  of  which  are  ingenious 
and  of  value  to  the  expert.  Amongst 
the  latter  may  be  named  the  univer- 
sal acouraeter  of  Politzer.  the  sono- 
meter of  Hughes,  the  timing  forks 
of  Blake,  Luca;  and  Dench.  Konig's 
cylinders,  and  Apptuies'  apparatus 
for  determining  the  upper  tone  lim- 
its, all  of  which  are  fully  liescribed 
iu  the  more  comprehensive  works 
on  this  subject.  The  normal  hu- 
man ear  varies  in  its  capabilities  of 
detecting  sounds,  not  only  in  differ- 
ent iieople  but  in  the  sjime  person 
under  different  conditions.  As  a 
rule,  tonesof  from  sixteen  to  thirty- 
three  thousjind  vibrations  may  be 
distinguished   by  the  ear,  but  only 

those  of  from  f(irty  to  four  thous;ind  vibrations  are  plea.s- 
iiig  or  musical ;  and  the  range  of  musical  tones  which 
the  voice  is  capal)le  of  producing,  is  limited  to  those  of 
from  fifty  to  eighteen  hundred  vibrations. 

In  treating  of  the  hearing  power  as  a  whole,  we  may 
conveniently  consiiler  the  subject  under  the  two  heads 
of  ((()  intensity  and  {h)  pitch. 

/iitcimiti/  is  most  conveniently  tested  b}-  a 
watch,  clock,  acoumeter,  sonometer,  or 
voice.  The  voice  is  iLseful  to  the  expert, 
Init  the  beginner  will  find  the  watch  more 
practical.  Each  ear  should  be  tested  sep- 
arately. The  one  not  being  tested  should 
be  closed  by  a  moistened  finger  tip,  and 
the  eyes  should  be  closed  in  order  to  elim- 
inate any  psychical  clement.  The  patient 
should  first  be  allowed  to  hear  the  character 
of  the  sound  tised  in  testing,  and  then  the 
watch  shoidd  be  held  in  a  line  perpendic- 
ular to  the  auricle,  at  a  short  distance  be- 
yond the  normal  hearing  power,  and  should 
be  gradually  approached  to  the  ear  until  it 
is  heard.  The  hearing  distance  is  expressed 
by  a  fraction  the  numerator  of  which  is  the 
distance  at  which  the  watch  is  heard  by  the 
patient  under  examination,  an<l  the  denomi- 
nator the  distance  at  which  the  watch  should 
be  heard  normally;  thus  A.  D.  W.  D.  f| 
would  indicate  that  in  the  right  ear  the 
watch  distance  is  one-half  of  the  normal; 
or,  in  other  words,  since  sound  varies  as  the 
square  of  the  distance,  that  the  hearing  has 
been  reduced  one-fourth.  This  distance  may 
be  expressed  in  inches  or  feet.  Should  the 
watch  be  gradually  withdrawn  from  the 
ear  to  the  farthest  hearing  limit,  the  frac- 
tion will  be  greater  than  when  the  above 
method  is  used,  for  the  probable  reason 
that  the  nerve  endings  having  once  been 
set  in  motion  tend  to  continue  so,  while  if 
at  rest  they  require  a  louder  noise  to  over- 
come the  inertia  and  start  them  vibrating. 
It  must  be  remembered,  in  this  connection, 
that  the  watch  may  not  indicate  changes  in 
the  hearing  power  with  accuracy,  because 
while  the  hearing  for  other  tones  may  be  modified,  it  is 
possible  that  hearing  for  the  tones  of  the  watch  used 
might  not  change.  When  the  voice  is  used  for  this  test 
the  "  forced  wliisper  "  from  a  full  chest  is  best  for  com- 


eSB, 


660 


REFERENCE  HANDBOOK   OF  THE   JIEDICAL  SCIENX'ES. 


Knr  niKoasrx. 
Ear  DlNt'ah4>M. 


parative  purposes,  and,  instearl  of  fixeii  sentences,  num- 
bers of  two  tipires  sliould  Vic  used.  The  plionourapli  of 
Gnidenigo  iuid  rrbaiitschitseli  need  simply  lie  mentioned 
in  this  connection  as  liaviug  been  suggested  for  tliis  pur- 
pose. 

Errors  in  pitch  are  tested  bj'  tuning  forks,  tbe  Galton 
whistle  (Fig.  1788),  and  otlier  musical  instruments. 
Hartmann's  set  consists  of  tive  tuning  forks  (Fig.  1787), 
as  follows: 

C.  128  vibrations  per  second  for  the  pure  tone. 

(".         236 

C".       512         

C".    l.(B4 

C"".  4,n38        

Tliis  set  is  used  by  Schwabach  in  his  test.  On  the 
other  liand.  a  very  accurate  diagnosis  may  be  made  by 
using  the  following  instruments:  a  low-pitched  fork, 
C-1.  to  determine  the  low-tone  limit  (or  errors  of  the 
conducting  apparatus):  a  higher-pitched  fork,  as  C ', 
for  determining  the  Schwabach.  Weber,  and  Rinne  tests 
(absolute  bone  conduction):  and  the  Galton  whistle,  for 
determining  the  upper-tone  limits  or  disturbances  of 
hearing  due  to  disease  of  the  receptive  apparatus.  The 
tuning  forks  should  be  struck  on  a  moderately  soft  sub- 
stance (e.g..  wood,  covered  with  leather),  in  order  to 
avoid  the  formation  of  over-tones.  The  clamps  shown 
on  the  V  and  C  forl^s  are  used  in  order  to  prevent  these. 
Gallon's  wliistle  is  eni|iloyed  for  tlie  purpose  of  testing 
the  ability  of  the  auditory  nerve  tibres  to  distinguish 
tones  ranging  from  (i.4Sl  vibrations  per  second  to  the 
highest  perceptible  tone  limit.  This  apparatus  (Fig. 
1788)  consists  of  a  steel  tube  of  a  given  size  in  which  air 
is  caused  to  vibrate  by  means  of  a  rubber  ball  fitted  to 
one  extremity,  while  tlie  length  of  the  tube  may  be  regu- 
lated by  turning  the  milled  head  at  the  other  end.  The 
note  produced  by  it  will.become  higher  and  higher  as  its 
length  is  diminished.  In  other  words,  the  Galton  whistle 
acts  as  a  closed  organ  pipe  in  which  the  cohnnn  of  air  is 
set  in  vibration  and  whose  length  may  lie  varied  at  will. 

The  following  rules,  although  they  cannot  be  trusted 
implicitly,  are  of  nuich  diagnostic  value  when  taken  in 
connection  with  other  points:  1.  In  hardness  of  hearing 
originating  in  the  conducting  apparatus  low  tones  are 
often  lost  while  high  tones  are  usually  beard  well.  For 
example,  in  this  form  of  deafness  thunder  may  not  be 
heard  while  the  voice  is  lieard  fairly  well.  In  other 
w(U'ds.  the  low-tone  limit  is  raised.  2.  In  diseases  of  the 
receptive  apparatus  the  liigh  tones  are  lost  or  the  high- 
tone  limit  is  lowered  while  low  tones  are  heard  well.  In 
such  cases  conversation  is  heard  fairly  well  while  the 
watch  is  very  poorly  heard.  In  certain  diseases,  in 
which  there  is  increased  pressure  on  the  auditory  nerve, 
both  high  and  low  tones  may  be  lost  while  middle  tones 
are  heard  fairly  well. 

By  applying  the  above  rules  to  the  results  obtained  by 
the  forks  named  (C-1  or  Dench  adjustable  fork  for  low- 
tones,  and  Galton  whistle  for  high  tones),  the  condition 
can  be  diagnosed. 

Teslinr/  t/ie  Ilenriiif/  Potter  in  the  Perreptire  Appiiratus 
Ahine. — Among  the  tests  used  to  determine  whether  the 
defects  in  hearing  are  due  to  nerve  lesions  or  to  alterations 
in  the  conducting  appaiatus.  are  those  of  Weber,  Rinn6. 
Geile.  Bing.  Schwabach,  and  Gradenigo. 

The  W'lhir  tift  consists  first  in  holding  the  handle  of 
the  tuning  fork  (.jlC  vibrations  or  lower)  on  the  median 
line  of  the  skull  or  against  the  incisor  teeth  or  the  sym- 
physis of  the  mandible:  then,  if  the  vibrating  fork  is 
best  heard  in  tbe  deaf  ear.  the  trouble  is  in  the  conduc- 
tive apparatus  and  if  best  heard  in  the  better  ear  the 
trouble  is  in  tlie  perceptive  apparatus. 

JiiiiDe'K  Text. — Rinne  first  ascertained  that  the  normal 
ear  heard  the  vibrating  tuning  fork  through  the  air — i.e.. 
when  the  fork  was  held  before  the  ear — about  twice  as 
long  as  when  its  licel  was  pressed  on  the  mastoid  process 
— i.e.,  when  the  vibrations  were  transmitted  through  the 
Iwne.  He  found,  however,  that  when  the  conducting 
apparatus  is  obstructed,  the  vibrations  can  be  heard  louder 
and  longer  with  tlie  fork  in  contact  with  the  mastoid  than 


through  the  air.  In  the  Rinne  test,  therefore,  the  vibrat- 
ing fork  is  held  alternately  befoii-  the  ear  and  in  contact 
with  the  mastoid  process;  and  if  the  sound  of  the  fork  is 
heard  louderand  longer  through  theair  than  through  the 
bone,  in  a  partly  deaf  ear.  it  is  permissible  lo  infer  that 
the  lesion  is  located  in  tbe  perceptive  apparatus.  On  the 
other  hand.  if.  in  a  similarlv  deaf  ear.  tlie  sound  is  heard 
betterthrongh  the  bone,  it  inay  rightly  be  concluded  that 
the  lesion  is  in  the  conductive  apparatus.  The  C"  tuning 
fork  is  commonly  used  for  this  purpose  because  if  prop- 
erly made  it  is  free  from  over-tones.  When  the  loss  of 
hearing  is  slight  the  watch  may  be  vised,  and  if  its  tick- 
ing is  heard  when  it  is  placed" on  the  mastoid,  br-tween 
the  teeth,  or  on  the  forehead,  and  not  heard  in  front  of 
the  ear  (through  the  ain.  the  defect  of  hearing— it  may 
be  inferred — is  in  the  conducting  apparatus. 

Gelleii  test  is  for  the  [nupose  of  ascertaining  the  mobil- 
ity of  the  stapes  in  the  oval  window.  It  depends  upon 
the  fact  that,  if  the  foot  plate  is  movable,  compression 
of  the  air  in  the  e-xternal  canal  will  cause  the  sound  from 
a  vibrating  tuning  fork  held  on  the  skull  to  be  diminished 
or  lost,  while  if  the  foot  plate  is  not  movable  there  will 
be  no  change  in  the  intensity  of  the  sound. 

Binr/'s  te.-<t  is  a  modification  of  Weber's. 

Schw(ih(irli\  test  consists  in  measuring  the  actual  time 
of  hearing  each  of  the  different  vibrating  forks  (m  the 
mastoid  and  before  the  ear.  tabulating  these  periods  of 
time  and  applying  the  rules  given  above.  Schwabach 
uses,  in  making  this  test,  the  five  Hartmann's  forks. 

In  nerve  di-afness  the  conduction  through  air  is  better 
than  that  through  bone,  although  the  ab.solute  duration 
of  both  is  reduced.  Bone  conduction  is  usually  decreased 
in  the  aged,  as  the  auditory  nerve  is  then  somewhat  de- 
fective. In  all  tests  for  bone  conduction  diseases  of  tin; 
external  ear  should  be  eliminated  liv  inspection. 

The  vibrating  tuning  fork  C  '  has  been  used,  according 
to  the  suggestion  of  Politzer.  as  a  means  of  testing  the 
permeability  of  the  Eustachian  tube.  For  this  purpose 
the  vil.iraling  fork  should  be  held  in  front  of  the  nostrils 
during  the  act  of  swallowing.  If  the  sound  is  then  heard 
better  in  one  ear,  the  opposite  Eustachian  tube  ts  prob- 
ably closed.  In  this  test,  however,  the  fork  may  be 
heard  better  in  the  worse  ear  if  it  happen  to  be  the  seat 
of  a  sclerotic  otitis  media  with  an  open  tube. 

Thb  Objective  Examin  atiox. — The  objective  exami- 
nation consi.sts  of  a  careful  inspection  of  the  periotic  re- 
gion, the  external  ear.  and  as  much  of  the  middle  ear  as 
is  visible.  This  is  done  with  the  aid  of  a  strong  light 
and  certain  instruments  of  precision,  and  confirms  the 
subjective  examination. 

Inspection  by  the  naked  eye.  aided  by  concentrated 
light,  should  detect  any  skin  lesions  (eczema,  furuncles, 
etc.),  errors  of  development,  traumatism,  tumors  or  new 
growths,  and  variations  from  the  noniial  color.  By  the 
aid  of  palpation  any  tenderness,  bogginess,  or  fluctuation 
may  be  detected.  Tenderness  from  pressure  on  the  tragus 
would  imply  inflammation  of  the  meatus,  while  the  sjune 
seusjitiou  caused  by  pressure  made  below  the  lobule 
woidd  point  rather  to  inflammation  of  the  middle  ear. 
Tenderness  over  the  mastoid  indicates  inflammation  in 
that  region.  So  too  palpation  is  competent  to  determine 
the  consistence  of  tumors  or  swellings.  A  rigid,  cord- 
like swelling  along  the  anterior  border  of  tlie  sterno- 
cleido-mastoid  muscle  is  one  of  the  important  signs  of 
sinus  thrombosis. 

Illumination. — Daylight  or  artificial  light  may  be  used, 
either  directly  or  indirectly.  Daylight,  when  ol)taincd 
from  a  light  cloud,  is  excel  lent.  but.  inasmuch  as  it  is  avail- 
able only  at  certain  times,  it  cannot  be  deiiended  upon. 
Direct  light  may  lie  used  in  the  ear  in  emergencies  when 
there  is  no  mirror  at  hand,  but  its  value,  except  for  the 
examination  of  external  parts,  is  small.  Indirect  artificial 
light  furnisbes  the  form  of  illumination  most  commonly 
emploved.  The  source  of  liglit  may  be  a  candle  (or. 
what  is  better,  three  candles),  a  kerosene  lamp.  gas.  or  an 
electric  light.  The  Welsbach  light  is  the  better  form  of 
■ras  lisht.  When  any  artificial  light  is  used  allowance 
must  be  made  for  the" changes  in  color  due  to  the  source. 
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the  reds  and  yellows  being  slightly  exaggerated  in  all 
artificial  lights.  In  practice  the  light  is  usually  reflected 
by  a  centrally  perforated  concave  mirror  (Figs.  1T89 
and  1790).     The  mirror  should  be  about  three  and  a  half 
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FIG.  in 


-McKi'nzie  CdndcnsiT.    May  lie  fltted  lo  an  adjustjiblc  Imicket  with  Arpind  burner, 
Welsliach  lijrlit,  iir  electricity. 


inches  in  diameter  and  suspended  from  a  bead  band  or  a 
movable  bracket  attached  to  the  wall.  Such  a  mirror 
will  focus  parallel  rays  at  from  seven  to  ten  inches.  For 
ortice  work  a  good  combination  of  light  and  reflector  is 
that  shown  in  Fig.  17S!t.  In  this  coiilrivaiice  the  liglit 
(Argand,  Wclsl)ach,  or  electric  lamp)  is  condensed  by  the 
condensor  on  the  mirror,  which  in  turn  fociis.ses  the  rays 
ui)on  the  point  to  be  examined.  The  l>racket  may  be 
laised  fir  lowered  by  a  screw.  For  bedside  work  the 
mirror  shoidd  be  suspended  from  the  headlmnd  (Fig. 
1790)  while  the  light  shoidd  occujiy  a  position  slightly 
above  the  level  of  the  patient's  ear  and  as  nearly  in  the 
vertical  plane  that  embraces  the  eye  of  the  observer  and 
the  ear  to  be  exaiuiiied,  as  is  ])ossil)le  without  allowing 
the  patient's  head  to  interfere  with  its  rays.  The  joini 
that  cimnects  the  mirror  with  the  head  band  should  be 
so  arrittiged  as  to  allow  the  former  to  be  moved  in  all 
directions,  thus  rendering  it  pos.sil)le  to  bring  it  close  to 
the  observer's  eye  and  to  turn  it  in  such  a  ilirectiou  that 
it  shall  throw  the  rays  upon  the  spot  to  be  examined 
while  yet  permitting  the  examiner's  head  to  remain  in 
a  position  of  ease  and  comfort.  A  convenient  bedside 
light  is  the  portalileajiparatus  described  by  Deuch  ^"  Dis- 
eases of  the  Ear,"  p.  77). 

A  upecnliiiii  of  some  kind  is  essential  for  the  thorough 
examination  of  the  fundus.  Specula  may  be  made  of 
various  shapes  and  materials,  as  pictured  in  the  catalogues 
of  tlie  instrument  makers;  those  which  have  the  largest 
internal  calibre  with  a  given  external  size  being  the  bet- 


FIG.  1790.  -  Headband  Made  of  Steel  Segments,  whicti  fold  as  in  cut  or 
fold  over  the  mirTOr,  thus  protecting  It. 

ter.  Gruber's  specula  made  of  sterling  silver,  with  the 
small  end  oval-shaped  and  the  large  end  circular  and 
milled  to  facilitate  rotation,  are  very  convenient.  They 
have  a  double  longitudinal  curve  as  indicated  iu  Fig. 


1791  and  may  readily  be  sterilized.  The  naked-eye  ex- 
amination having  been  completed  the  speculum  is"  intro- 
duced into  the  external  auditory  canal,  which  is  then  ex- 
amined as  well  as  the  tympanic  membrane  and  fundus. 
The  better  ear  should  lie  c-\amined 
lirst,  for  puriioses  of  comparison. 

Jntrocluetuin  of  the  Specuhuii. — In 
the  case  of  an  adult  the  auricle  should 
lie  grasped  between  the  index  and 
middle  linger  of  the  left  hand  (the 
index  finger  in  front)  and  drawn 
gently  but  firmly  upward,  backward 
and  outward,  so  as  to  straighten  the 
canal.  In  cliildivn,  on  the  other  hand, 
the  auricle  should  be  drawn  down- 
ward, backward,  anil  somewhat  out- 
ward, in  order  to  open  and  straighten 
the  meatus.  The  warmed  speculum 
should  then  be  gently  inserted  with 
the  tliuinb  and  index  finger  of  the 
right  hand  liy  a  rotary  motion,  care 
being  exercised  to  ]irevent  its  turn- 
ing up  scales  of  epithelium  or  detritus 
in  the  line  of  vision.  It  should  be 
pushed  on  into  tlie  cartilaginous  canal  as  far  as  jiossi- 
ble.  but  not  into  the  bony  part,  as  this  region  is  exceed- 
ingly sensitive  to  jiressure  on  account  of  the  thinness  of 
its  soft  parts.  In  certain  eases  the  presence  of  the  spec- 
idum  in  the  canal  excites  a  reflex  cough  ilue  to  irrita- 
tion of  the  auricular  braiicb  of  the  vagus  (Arnold's 
lu'rvc)  which  is  tiaiismitted  through  the  sujierior  laryn- 
geal to  the  muscles  of  the  larynx.  Fainting  flis  or 
epileptiform  convulsions  are  said  to  have  occurred  from 
the  simple  introduclioii  of  the  speculum.  The  vibrissa' 
having  been  jiresscd  aside  the  state  of  the  meatus  may 
be  iiotcil  as  to  size,  shape,  si'cretion,  and  blood  siipjily. 
The  state  of  the  ceriinicn,  whether  dry  or  moist,  and  the 
presence  of  such  iiathological  condilions  as  .scborrhiea, 
eczi'ma.  tiaumatism.  pustules,  furuncles,  ])us,  blood, 
fungi,  exostoses,  foreign  bodies  or  polypi,  slioulil  all  be 
noted.  Fungi  are  apt  to  be  overlooked  and  furuncle 
must  be  dilTcrcnliated  from  otitis  media  or  masloiditis. 
The  eye  should  be 
over  the  central 
orifice  of  the  iiiir 
ror  which  slimild 
be  exactly  focus 
sed  upon  the  |)oint 
under  observa- 
tion. The  i)osi- 
tion  of  the  specu- 
lum should  lii^ 
c  h  a  n  g  e  d  from 
time  to  time  so  as 
to  liring  each  jiart 
of  the  canal  and 
inciubrana  tym 
pani  into  view. 
In  this  examina- 
tion the  eye  is 
aided  by  a  jirobe 
made  of  light  ta- 
pering steel,  the 
tip  of  which  is 
barely  covered  with  cotton.  The  jirolie  enables  the  ob 
server  to  remove  jiarticlcs  of  epithelium,  detritus,  or  ceru- 
men from  the  line  of  vision  and  at  the  same  time  to  judge 
of  distance,  which  of  cour,se  could  not  be  estimated  by 
the  single  unaided  eye.  For  the  i-emoval  of  large  masses 
of  detritus  forceps  should  be  u.scd  (Figs.  1793  and  1794), 
and  of  these  at  least  two  patterns  should  be  at  hand  :  one 
with  blades  that  open  in  the  vertical  iilane,  and  another 
with  blades  that  open  horizontally.  The  various  shajies 
of  the  normal  canal  must  be  borne  in  mind,  and  espe- 
cially should  it  be  remembered  that  on  the  anterior  in- 
ferior wall  there  is  often  a  decided  lump  which  may 
nearly  shut  out  a  view  of  the  anterior  portion  of  the 
membrana  tympaui. 


Fi(i.  17!)!.  — f;ar  Specula.  1.  Wilde's.  2, 
Gruber's.  They  are  made  in  nests  of  three 
or  four,  and  may  be  either  of  nu'tnl  or  of 
yulcanite. 
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The  appearance  of  the  membrana  tympani  varies  greatly 
in  different  subjects,  even  when  the  hearing  power  is 
normal.     The  light  spot,  for  example,  is  blurred  in  about 


Fiu.  ITSB.— Introducing  the  Speculum  anJ  Examining  the  Parts  by 
Means  of  a  Slender  Probe. 

eight.v-si.v  percent.  (Be/.(ild)of  healthy  oars;  the  obli(|ui- 
t}'  of  the  drum  membrane  is  less  evident  in  wide  than  in 
narrow  canals  and  less  marked  in  the  living  than  one 
would  e.xpect  after  seeing  the  dissected  specimen.  In 
childhootl  the  membrane  is  usually  lustreless  and  in  old 
age  it  is  often  gra.y  normally 

Briefly,  then,  after  the  walls  of  the  canal  have  been 
surveyed,  the  eye  shoidd  be  focussed  upon  the  different 
parts  of  the  membrana  tympani  in  succession :  first,  the 
short  process  and  the  manubrium  mallei  should  be  scru- 
tinized throughout  its  entire  lengtli,  and  a  note  should 
be  made  of  any  existing  abnormalities;  then  the  periph- 

^^^  cral  and  in- 
^^;e^^^^^  t  e  r  v  e  n  i  n  g 
portions  of 
t  h  e  m  e  m- 
brane  should  be  examined,  and  in  do- 
ing this  the  examiner  must  nol  forget 
that  the  posterior  superior  portion  is 
much  nearer  the  observer's  eye  than  is 
any  other  portion  of  the  membrane. 
He  should  also  note  carefidl}'  its  shape, 
color,  lustre,  transparency,  opacity, 
and  degree  of  vascularity.  The  re- 
gion of  Shrapnell's  membrane  must 
also  be  carefullv  studied  and  the  pres- 
ence of  chalky  deposits,  perforations, 
cicatrices,  bulgings  (from  the  presence 
of  fluid  back  of  the  tympanic  mem- 
brane), granulations,  pol.vpi,  etc. ,  must 
not  be  overlooked.  In  the  absence  of 
the  membrana  tympani  iind  ossicles, 
it  is  often  impossible  to  tell,  by  simple 
Fig.  irai.— Se.\ton"s  inspection,  whether  one  is  viewing  a 
Forceps,  which  congested  drum  membrane  or  the  mu- 
"arious^^en'd  "^""^  membrane  of  the  promontory, 
pieces.  This  difficulty,  which  is  due  to  the  lack 


of  perspective  which  exists  when  only  one  eye  is  used, 
can  be  overcome  only  by  the  use  of  a  suitable  probe. 

The  Siegle  speeulvnn  (Fig.  179.5)  will  aid  one  in  clear- 
ing up  many  obscure  points.  It  consists  of  a  speculum, 
the  smaller  end  of  which  is  surrounded  liy  a  piece  of  soft- 
rubber  tubing  by  means  of  wliicli  it  may  be  inserted  air- 
tiglit  into  the  external  oritice  of  the  auditory  canal,  while 
the  outer  flaring  end  is  closed  by  a  plate  of  glass  set 
obliquely.  It  has  a  nipple  wiiich  pi-ojects  from  its  side, 
and  over  this  is  slipped  a 
ruljher  tube,  who.se  other 
extremity  is  attached  to  a 
rubber  ball  or  a  DelstJinche 
rarefacleur.  This  instru- 
ment should  be  carefully 
inserted  into  the  meatus  and  tlie  aiV 
alternately  exhausted  and  condensed 
by  means  of  the  bulb,  rarefacteur,  or 
the  mouth  aiiplied  to  the  tube  end. 

Normally,  the  drum  membrane  should 
follow  the  impulse  of  the  air,  moving 
inward  when  it  is  condensed  and  out- 
ward when  it  is  rarefied,  and  such 
movements  would  be  most  apparent  in 
the  postero-superior  quadrant.  In  such 
cases  the  tip  of  the  malleus  is  revolved 
about  the  folds  as  an  axis  unless  ad- 
hesions happen  to  be  present,  in  which 
FIG.  1794.— Wilde's  case  their  location  is  made  evident  by 
Angular  Forceps,  the  absence  of  the  normal  movement. 
Thus,  if  the  tip  of  the  malleus  is  bound 
down  by  intratympauic  adhesions,  it  will  evidently  not 
move  outward,  although  there  may  be  bulging  of  the 
membrane  in  front  and  behind  and  although  the  short 
process  may  move  slightly  outward  if  there  is  relaxa- 
tion at  that  point. 

If  the  ossicular  chain  and  the  drum  membrane  as  a 
whole  are  drawn  inward  by  extensive  adhesions  the  mal- 
leus may  be  revolved  on  its  long  axis. 

Frequent  observations  will  acquaint  the  surgeon  with 
the  normal  range  of  these  excursions  of  the  various  parts 
of  the  membrane  and  the  malleus. 

The  nose  and  naso-pharynx  Jilaj'  a  part  in  the  etiology 
of  most  diseases  of  the  ear.  They  shovild,  therefore,  be 
carefully  examined  according  to  the  rules  set  down  in 
the  proper  place  in  this  work. 

The  nasopharynx  is  the  vestibule  of  entry  for  the 
middle  ear,  not  only  in  so-called  "  colds  "  but  in  measles, 
.scarlet  fever,  diphtheria,  influenza,  smallpox,  pneumonia, 
and  many  other  diseases.  A  careful  search  must  there- 
fore be  made  for  stenoses  of  the  nares  or  naso-pharj-nx, 
for  hypeitrophic  or  atrophic  conditions,  and  for  other 
abnormalities,  such  as  polj'pi,  exostoses,  deflections,  etc. ; 
and  if  irregularities  are  found  to  exist  they  must  be  cor- 
rected before  the  best  results  will  be  obtained  in  the  treat- 
ment of  ear  diseases.  Posterior  rhinoscoiiy  also  furnishes 
evidence  of  the  condition  of  the  orifices  of  the  Eustachian 
tubes — whether  swollen  or  atrophied,  or  whether  cica- 
tricial bands  are  present. 

Examination  erf  the  Middle  Ear. — The  presence  of  evi- 
dences of  disease  in  the  middle  ear  and  the  permeability 
of  the  Eustachian  tube 
can  be  ascertained  by 
the  aid  of  various 
methods  of  inflation, 
which  are  also  at  the 
same  time  important 
therapeutic  proced- 
ures. The  methods  of 
inflation  are:  (a)  The 
Valsalva  method;  (h) 
catheterization,  in 
which  bougieing  may 
be    included;    and    (c) 

Politzer's  method.  In  each  of  these  method.s — but  more 
particularly  in  the  last  two — the  nose  and  nasopharynx 
should  be  thoroughly  cleansed,  and  the  Euslachian  tube 
orifices  should  be  wijied  out  with  a  curved  cotton-tipped 


Fig.   1795.— Burnett's    Modlflcatlon 
Siegle 's  Speculum. 
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Fig.  1T9«.— Auscultation 
I'ulie,  for  Use  in  Kx- 
amining  the  Middle 
Ear. 


probe  which  ha.s  been  dipped  in  glycerol  of  tannin  or 
iodine  and  introduced  through  the  mouth  and  up  behind 
the  soft  palate. 

(a)  The  Valsoha  Method  consists  in  compressing  the 
air  in  tlie  naso-pharyn.\  by  forcing  it  up  from  the  lungs 
when  the  nostrils  are  compressed  between  the  thumb  and 
lingers.  While  easily  applied  and  of  some  diagnostic 
value  this  method  is  not  an  entirely  safe  therapeutic  pro- 
cedure. The  entrance  of  air  into  the  middle  ear  may  be 
detected  by  the  changes  in  the  appearance  of  the  mem- 
brana  tympaui  and  especially  in  the  light  cone,  which 
may  disappear  entirely.  The  malleus  often  moves  out- 
ward, and  so  also  does  the  part  of  the  membrane  between 
it  and  the  jjeriphery.  Tlie  air  passes  more  easily  when 
there  is  a  perforation  in  the  tympanic  membrane. 

An  auscultation  tube  consisting  of  a  simple  rubber  tube 
(Fig.  179t)),  one  end  of  which  is  placed  in  the  observer's 
and  the  other  in  the  patient's  car,  may  be  used  to  test  the 
passage  <>f  air.  As  the  tympanic  membrane  bulges  out- 
ward a  short  blowing  sound  reaches  the  ear  of  the  ob- 
server. In  cases  of  perforation  of 
tlic  tympanic  membrane  there  will 
be  a  liis.sing  or  whistling  sound  if 
the  air  is  not  impeded  in  passing 
through  the  Eustachian  tube. 

(A)  Catheterization  of  the  Eusta- 
chian Tube  consists  in  the  intrmiuc- 
tion  of  a  catheter  into  the  pharyn- 
geal extremity  of  this  tube,  an 
operation  wliich  is  usually  acconi- 
jilislicd  by  way  of  one  of  the  nastil 
passages,  although  it  may  also  be 
cllected  by  way  of  ihe  mouth. 
The  Eustachian  tube  may  be  re- 
garded as  a  continuation  of  the  inferior  meatus  of  the 
nose,  although  the  mouth  of  the  tube  is  usually  distinctly 
outlined  by  the  fold  of  mucous  membrane  and  the  car- 
tilage which  bound  it  above  and  on  either  side.  At 
times,  however,  catheterization  is  rendered  ditlicult  on 
account  of  the  presence  of  cicatricial  bands,  of  excessive 
lymphoid  tissue,  of  posterior  turbinated  hypertrophies, 
or  of  actual  polypi.  It  is  at  best  a  most  delicate  opera- 
tion and  requires  a  gentle  and  highly  educated  touch. 
The  instrument  to  be  used  (Fig.  1797)  may  be  made  of 
any  metal  or  of  vidcanite,  the  latter  being  necessiiry  in 
cases  in  which  it  is  desired  to  apph'  electricity  through 
the  catheter.  For  diagnostic  purposes  the  catheter  made 
of  pure  silver  is  i)referiible ;  its  tubal  end  should  be  well 
rounded  or  somewhat  bulbous  to  protect  the  soft  parts, 
and  the  outer  end  should  have  a  milled 
head,  to  facilitate  the  rotation  of  the  instru- 
ment, and  an  eyelet  to  indicate  the  direction 
of  the  tip.  With  a  metal  catheter  a  larger 
calibre  is  obtained  for  a  given  outer  di 
anieter.  and  those  made  of  pure  silver  are 
more  desirable  on  account  of  their  greater 
])lial)ility.  Tlie  catheter  must  be  thoroughly 
sterilized  before  and  after  use.  and  an  in- 
strument which  has  been  used  on  a  .syph- 
ilitic patient  should  never  be  used  on  other 
patients. 

A  number  of  methods  have  been  advo- 
cated for  the  introduction  of  the  catheter 
and  of  these  the  ones  which  I  am  about  to 
describe  are,  1  believe,  the  most  useful. 
They  are  named  in  the  order  of  their  rela- 
tive merit,  although  any  one  of  them  may 
be  necesssary  in  a  given  case. 

(1)  The  posterior  edge  of  the  vomer  is 
the  guiding  landmark  in  Lowenberg's 
method.  The  nose  and  nasopharynx  should 
be  carefully  cleansed  as  above  described,  tlie 
irregularities  in  them  should  be  noted,  and 
the  patient's  head  should  be  in  a  natural 
vertical  position.  If  the  nasjil  irregularity 
is  great,  leaving  little  room  between  the 
interior  turbinate  and  the  septtim,  or  if  the 
patient  is  nervous  and  shows  a  marked  aver- 


sion to  the  introduction  of  the  catheter,  a  cotton-tipped 
probe  bearing  a  two-percent,  solution  of  cocaine  may 
be  passed  tlirough  the  inferior  meatus  to  open  and 
auEBsthetize  it;  but  the  cocaine  should  not  be  allowed 


Fig.  1797.— Eustachian  Catheter,  of  Vulcanite  or  Metal.    CAbout  one- 
hall  natural  size.)    Several  sizes  are  available,  as  shown  at  n. 

to  reach  the  mouth  of  the  tube  lest  the  toiiogniphy 
be  marred.  The  tip  of  the  nose  should  lie  tilted  up 
by  the  thumb  of  the  operator's  left  hand,  while  the 
other  lingers  rest  for  support  on  the  biidge  of  the 
nose,  or  upon  the  side  of  the  head,  as  shown  in  Fig. 
1798.  The  aseptic  catheter,  warmed  and  propeily  oiled, 
should  then  be  lightly  held  like  a  pen,  or  between  the 
index  and  middle  lingers,  with  the  flaring  end  resting 
against  the  thumb  (as  shown  in  Fig.  1798),  at  an  angle  of 
about  sixty  degrees;  then,  under  good  illumination  and 
with  great  gentleness,  the  tubal  extremity  of  the  instru- 
ment is  to  be  steered  along  the  floor  of  the  nose  while 
the  shaft  is  allowed  to  rest  upon  thefloorof  the  vestibule. 
When  the  tip  reaches  the  pharyngeal  wall,  or  is  felt  to 
glide  over  the  velum,  it  is  to  be  rotated  toward  the  median 
line  and  the  catheter  drawn  out  until  the  point  is  caught 
by  the  septum.  Tlien.  without  further  longitudinal 
motion,  the  tip  is  to  be  revolved  downward  and  outward, 
through  an  angle  of  somewhat  more  than  180',  when  it 
will  be  felt  to  bring  up  in  the  mouth  of  the  tube,  at  alumt 
the  same  time  that  the  eyelet  in  the  outer  extremity 
points  to  the  outer  canthus  of  the  eye.  The  position  of 
the  eatlieter  in  tlie  tubal  oritice  may  then  be  verified  by 
a  gentle  blast  from  the  Politzer  bag  or  from  the  coin- 
pres,se(l-air  tank.  The  milh'd  head  of  tlie  catheter  should 
then  be  grasped  with  the  thumb  and  index  finger  wliile 
the  other  three  fingers  rest  upon  the  bridge  of  the  nose 
to  steady  it. 

(2)  In"  the  second  method  the  catheter  is  introduced  in 
the  same  way  as  in  the  first  until  tlie  pharyngeal  wall  is 
readied,  when  the  tip  is  turned  outward  into  Rosen- 
ml'iller's  fossa  an<l  the  instruineiil  gently  ilrawn  out  until 
it  is  felt  to  slip  over  the  ]iosterior  lip  of  the  Eustachian 
oritice,  into  which  it  may  then  readily  be  turned.  This 
method  is  not  entirely  sure  or  easy  to  carry  out  when  tlie 


Fk;.  1798.-  Introduction  o(  the  Catheter. 
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posterior  lip  is  small  or  flat,  as  sometimes  results  from 
ulceration  or  from  atrophy,  or  when  the  anatomical  rela- 
tions of  the  nose  or  pharynx  are  such  as  not  to  allow  of 
the  tip  of  the  catheter  being  drawn  along  the  pharyngeal 


Fig.  1TH9.-  Fi.|it/:t-r?  .itipai-atus.  complete  (one-third  natural  size).    <i,  Nosepiece  (naiunil  size). 


wall.  This  procedure  is  also  difficult  to  carry  out  in  the 
presence  of  o-dema  or  when  there  are  adenoids,  polypi, 
or  hypertrophies  of  the  posterior  turbinates.  The  pos- 
terior lip  of  the  tubal  orifice  may  at  times  be  so  promi- 
nent that  the  catheter  cannot  be  slipped  over  it.  and  in 
other  cases  the  beak  of  the  instrument  may  be  drawn  too 
far  forward  and  thus  pass  in  front  of  the  anterior  lip. 

(3)  A  third  and  rather  uncertain  mctliod  consists  in  in- 
troducing the  catheter  as  before  until  the  pharyngeal 
wall  is  reached,  when  the  instrument  is  drawn  outward 
about  threc-cjuarters  of  an  inch  and  the  point  turned 
from  its  downward  position  through  an  angle  of  about 
13")"  iuitil  it  enters  the  pharyngeal  mouth  of  the  Eus- 
tacliian  tube.  It  will  be  readily  seen  tliat  adenoids, 
atrophy,  or  any  irregularities  of  the  pharyngeal  wall 
would  entirely  eliminate  accurac}'  from  tiiis  method, 
which  is  in  far  too  common  use. 

(4)  The  expert  often  introduces  the  catheter  in  the 
manner  stated  above,  gently  turning  the  point  outward 
before  the  pharynx  is  reached,  and  thus  lightly  guiding 
it  into  the  tubal  orifice  by  the  sense  of  touch  upon  the 
outer  wall  of  the  meatus  and  the  pharynx  without  stop- 
ping at  any  special  landmark.  This,  of  course,  can  be 
done  only  with  highly  educated  fingers. 

(.5)  In  certain  cases,  it  may  be  necessary  to  catheterize 
through  the  opposite  nostril.  For  this  purpose  a  more 
acute  angle  is  given  to  the  tip  of  the  catheter,  which  is 
then  revolved  into  Rosenmiiller's  fo.ssa,  drawn  over  the 
posterior  lip  of  the  tubal  orifice,  and  pressed  into  the 
ostium  tub*. 

(6)  If  both  nares  are  occluded,  or  in  cases  in  which 
there  is  a  cleft  palate,  a  catheter  with  a  special  bend  for 
the  case  at  hand  may  be  introduced  through  the  mouth 
into  Rosenmiiller's  fossa  and  slipped  over  the  posterior 
lip.  A  two-percent,  solution  of  cocaine  wiped  over  the 
back  of  the  velum  may  aid  in  this  little  operation,  which, 
fortunately,  is  rarely  necessary. 

After  the  catheter  has  been  successfully  introduced,  air 
is  sent  through  it  into  the  middle  ear  by  the  aid  of  a 
Politzer  liag  or  a  tank  containing  compressed  air. 

The  pear-shaped  Politzer  bag  is  made  of  soft  rubber 
and  should  have  a  capacity  of  about  eight  ounces;  it 
should  have  no  valve,  and  the  outlet  should  be  spherical 
so  that  the  opening  may  be  brought  over  the  end  of  the 
catheter  without  the  nozzle  or  end-piece  slipping  into  the 
catheter.  Jamming  and  consequent  jarring  will  thus  be 
avoided.  An  ingenious  attachment  has  recently  been 
invented  for  regulating  the  pressure  of  the  compressed 
air  as  it  comes  from  the  tank.  Owing  to  this  invention 
the  Politzer  bag  has  been  superseded  to  a  great  extent  as 
a  means  of  forcing  air  through  the  catheter.  Air.  chloro- 
form, or  iodine  vapor  may  be  forced  into  the  catheter 


from  the  bag  or  tank.  At  first  this  should  be  done  gently, 
in  order  to  preclude  traumatism  and  consequent  emphy- 
sema; but  afterward  several  blasts  should  be  iriven  "in 
quick  succession.  If  the  Eustachian  tube  through  which 
the  air  is  thus  forced  is  patulous  and  the  catliiter  is 
rightly  pointed  in  the  ostium,  clear  of  folds,  the  ausculta- 
tion tube  should  transmit  a  clear  sound  to  the  ear  of  the 
observer.  The  advantages  of  the  tank  over  the  Politzer 
bag  for  purposes  of  catheterization  are:  nicety  of  regula- 
tion of  pressure;  the  cut-off  need  not  be  removed  from 
the  catheter  between  the  successive  blasts,  as  isnecessjiry 
when  the  Politzer  bag  is  used,  and 
hence  unnecessjiry  jarring  is  avoid- 
ed: the  air  may  he  heated  or  medi- 
cated when  the  tank  is  used;  a 
steady  current  may  be  kept  up  if 
deemed  advisjible.  The  patient's 
own  sensations  are  not  always  ac- 
curate as  to  the  pas.s!ige  of  air  into 
the  middle  ear.  In  such  cases  the 
auscultation  tube  or  a  manometer 
may  be  used.  To  use  the  ausculta- 
tion tube  intelligently  one  must  be 
familiar  with  the  blowing  sound 
(bruit  de  pluie)  wliich  is  transmit- 
ted to  the  observer's  ear  in  normal 
cases  and  its  many  modifications. 

(c)  PrAitzer's  itetlmil  <//  Inflation. — Politzer's  method 
does  away  with  the  catheter  and  has  not  the  disadvan- 
tages of  Valsalva's  method.  In  fact  it  may  be  regarde<l 
as  the  routine  method,  the  use  of  the  catheter  being  re- 
stricted to  obstinate  cases  in  which  Politzer's  is  not  elTec- 
tive.  or  to  those  in  which  it  seems  desirable  to  pass  medi- 
caments or  the  bougie  through  the  instrument.  The 
end-piece  originally  recommended  by  Politzer  and  still 
preferred  by  many  otologists  is  that  represented  in  Fig. 
1799.  a.  Other  authorities  give  the  preference  to  a 
straight  or  an  olive-shaped  end-piece.  For  young  chil- 
dren the  latter  pattern  is  unquestionably  preferable.  A 
rubber  tube  eight  or  nine  inches  in  length  serves  to  con- 
nect the  end-piece  and  the  bag.  This  method  of  inflating 
the  ears  depends  upon  the  compression  of  the  confined 
air  in  tlie  naso-pharj-nx,  which  air  is  forced  in  the  direc- 
tion of  lea.st  resistance  into  the  Eustachian  tubes.  In 
this  method  the  end-piece  or  nozzle  is  entered  into  one 
naris  and  both  nasal  orifices  are  then  closed  anteriorly  by 
compression  between  the  thumb  and  fingere  while  the 
nasopharynx  is  shut  in  by  approximating  the  palate 
against  the  pharvn- 
geal  wall.  The  lat- 
ter is  accomplished 
by  the  act  of  swal- 
lowing, by  pronounc- 
ing certain  words  as 
"buck"  or  "hock," 
or  by  puffing  out  the 
cheeks  balloon  fash- 
ion. When  swallow- 
ing is  the  method  em- 
ployed, only  a  small 
quantity  of  water  is 
used  and  the  bag  is 
compressed  at  the 
moment  the  pomum 
Adami  is  seen  to  rise. 
The  soft  palate,  dur- 
ing the  act  of  swal- 
lowing, is  closely 
pressed  against  the 
pharyngeal  wall  and 
the  Eustachian  tubes 
are  drawn  open  by 
the  palatal  muscles. 
Previous  to  com- 
pressing the  bag  the  patient  shoidd  be  warned  of  the 
shock  to  be  expected,  and.  in  order  that  it  may  be  as 
slight  as  possible,  the  Politzeration  should  be  done  very 
gently  at    first.     The   air   will  often  enter  both  eare 


Fig.  1800.— Politzer's  Method  of  Inflating 
the  Middle  Ear. 
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when  one  tube  is  swollen,  but  it  will  enter  on  tbe  dis- 
eased side  with  less  force.  Frequently  the  patient  is 
unable  to  tell  whether  or  not  the  air  has  passed.  When 
chloroform  vapor  is  used  a  sense  of  "heat"  or  "cold"  is 
felt.  In  children  the  act  of  cr3ing,  or  often  the  reflex 
from  the  impact  of  the  air  upon  the  soft  palate,  will  throw 
tli2  latter  up  and  thus  close  the  naso-pharynx ;  in  any 
ovent  Politzeration  is  more  easily  accomplished  in  child- 
liood  because  the  Eustachian  tubes  of  children  are  shorter 
and  wider  than  are  those  of  adults. 

Many  modifications  of  Politzeration  have  been  sug- 
gested. Contlen.sation  of  air  in  the  external  meatus  may 
be  useful  to  discover  perforations  when  other  methods 
fail.  This  may  be  accomplished  by  placing  the  olive  tip 
of  Politzer's  bag  in  the  meatus  and  compressing  the  bag. 

Gemye  C.  Stout. 

EAR  DISEASES:  NEW  GROWTHS.— New  growths 
of  the  ear  may  lie  divided  intii  t)enign  and  malignant 
growths.  Ordinary  I'olyp'  and  syphilitic  new  growths 
are  dealt  with  elsewhere  in  this  series  of  articles  and  will 
not  be  included  in  the  present  one. 

Benign  New  Growths  of  the  Auricle. 

The  benign  new  growths  comprise  (1)  fibroma  or  keloid, 

<"2)  lipoma,  (3)  atheroma,  (4)  cysts,  (5)  angioma,  and  (6) 
papilloma:  wliile  the  malignant  growths  include  (1)  car- 
cinoma, (2)  siircoma. 

Fii!R<).\i.\  is  probably  the  most  common  new  growth  of 
the  auricle.  Those  wliieh  have  come  under  tlie  observa- 
tion of  the  author  have  been  imilateral.  and  Dench  holds 
that  this  is  the  rule,  while  Politzer  claims  tlial  they  are 
jdmost  always  bilateral  but  of  dilTereiit  sizes  in  the  two 
cars.  They  usually  occur  in  the  lobule,  although  cases 
have  Ix'cn  reported  in  which  fibromata  filled  the  concha 
and  ]iartlv  occluded  theexternal  meatus(Ilaliermann:  A. 
f.  ()..  Bd".  ix.,  p.  294;  and  Burkucr:  .1.  /.  O.,  Bd.  xv., 
p.  58). 

Etioloyy. — A  very  common  cause  of  fibroma  is  tbe 
piercing  of  the  lobule  for,  and  the  wearing  of,  earrings. 
These  growths  are  more  common  in  the  negro  race. 

Pntlwlixiii. — They  are  usually  smooth  and  hard  to  the 
touch  and  vary  in  size ;  Agnew  and  Turubull  having  re- 
ported cases  in  which  the  growths  were  larger  than  the 
auricle  itself. 

Microscopically,  thev  consist  of  white  fibrous  tissue, 
in  which,  as  a  rule,  there  are  very  few  cells.  Anton, 
however,  reported  a  case  in  which  the  growth  was  soft 
and  contained  man)-  cells  and  leucocytes.  Buck  ex- 
amined a  speciinen  of  fibroma  under  the  microscope, 
after  its  second  or  third  recurrence,  and  fotmd  it  to  be 
composed  entirely  c)f  fibrous  tissue.  These  growths  do 
not  reetn-  if  thoroughly  extirpated. 

Agnew  rejiorted  an  interesting  case  of  fibroma  which 
recurred  with  regularity  after  repeated  removals.  Finally 
it  changed  its  characterand  appeared  as  a  myxofibroma. 
Strawbridge  (Trans.  Am.  Otol.  Soc.,  July  2d,  1875)  re- 
ported a  case  of  tibro-chondroma  following  the  irritation 
of  earrings.  Haug  (-1./.  O. ,  Bd.  xxxii.,  p.  161)  reported 
a  lympho-fibromaof  the  tragus  in  a  child  of  'welve  years 
of  age;  this  growth  was  as  hirge  as  a  cherry  and  pedun- 
culated. The  keloid  cicatrices  and  myxo-iibromata  are 
next  in  frequency  to  the  true  fibromata. 

Treat iiicKt. — Thorough  extirpation  of  the  growth  is  the 
only  proper  plan  of  treatment.  The  incision  should  be 
made  through  healthy  tissue,  the  auricle  being  cut 
through  and  through,  and  the  edges  of  the  wound 
stitched  together.  Or.  if  the  growth  be  large,  the  lobule 
should  be  removed  entire  without  any  attempt  being 
made  to  save  the  edges.  Disfigurement  should  be  guarded 
against,  so  far  as  this  may  lie  done  consistently  with  the 
absolute  extirpation  of  tlie  tumor. 

Lipoma. — Kipp  (Trans.  Am.  Otol.  Soc,  vol.  iii.,  part 
3)  has  reported  a  case  of  fibro-lipoma  of  the  concha. 

AxnEROMA. — While  atheroma  is  not  strictl)-  a  new 
growth,  it  may  be  conveniently  considered  under  this 
head.     These  tumors  are  really  sebaceous  cysts  (wens. 


milium,  or  steatoma).  They  usually  occur  in  the  lobule, 
or  at  the  juncture  of  the  auricle  with  the  head,  although 
Moran  reported  a  case  in  which  the  tumor  was  seated  in 
the  concha. 

The  cause  is  the  blocking  up  of  the  duct  of  a  sebaceous 
gland,  causing  the  retention  of  sebum  in  the  fundus  of 
the  gland  and  the  consequent  formation  of  a  cystic  tumor 
which  may  attain  any  size.  If  the  growth"  should  be 
rapid  the  sac  may  undergo  a  rupture,  and  there  may  be 
a  histoiy-  of  recurrent  discharge,  which,  if  infected!  be- 
comes purulent.  The  outlet  for  the  discharge  may  be 
situated  in  front  of,  or  behind,  the  lobule.  Tlie  contents 
of  these  sacs  consist  of  sebum,  degenerated  epithelial 
cells,  and  at  times  cholesterin  crystals.  As  a  rule,  the 
deformity  caused  bj' the  presence  of  the  tumor  is  the  only 
symptom  complained  of,  unless  traumatism  be  super- 
added. 

Treatment. — A  linear  incision  should  be  made  over  the 
central  part  of  the  tumor  and  then  the  sac  should  be 
carefully  dissected  out.  If  it  should  be  ruptured,  some 
difficulty  may  be  experienced  in  enucleating  it  in  its  en- 
tirety ;  but,  if  it  should  remain  imbroken,  the  removal 
may  easily  be  accomplished  by  the  aid  of  a  pair  of  strong 
dissecting  forceps.  In  the  case  of  a  timid  jiatient,  the 
author  has  evacuated  the  contents  of  the  cyst  and  then 
has  drawn  the  cyst  >vall  through  an  incision  less  than 
onequarterof  the  diameterof  the  growth.  The  removal 
effected  in  this  manner  was  not  followed  b_v  a  recurrence. 

Cysto-Ma. — These  tumors  are  less  common  than  those 
of  the  atheromatous  variety.  Under  this  l]<'ad  llartmann 
classes  effusions  of  serum  in  the  auricle  wliicli  are  due  to 
degenerative  changes.  Though  these  effusions  are  prob- 
ably due  to  some  old  forgotten  traumatism,  it  is  often 
impossible  to  fix  the  cause  in  a  given  case.  Dcntigerous 
cysts  should  come  under  this  head.  The  only  symptom 
complained  of  is  the  deformity,  ludess  there  has  been  a 
contusion.  Cystomataare  usually  located  on  theanterior 
aspect  of  the  auricle,  although  they  sometimes  occur 
posteriorly.  They  do  not  contain  blood  as  do  the  Inema- 
tomata.  They  usually  appear  suddeidy  and  have  no 
tendency  to  increase  in  size. 

Treatment. — A  cystoma  .should  be  incised  along  the 
natural  folds,  and  horsehair  or  gut  drainage  shoukl  be 
introduced.  If  the  tumor  is  of  large  size,  it  may  lie  in- 
cised anteriorly  and  its  contents  thus  evacuated.  The  in- 
cision should  then  lie  carried  Ihrcuigh  and  through  the 
cartilage;  after  which  the  anterior  incision  should  be 
sewed  up  and  allowed  to  heal  by  first  intention,  while 
subseqvient  drainage  is  continued  through  the  posterior 
wound. 

Angiom.\. — Angioma,  or  mevus,  is  a  congenital  hyper- 
trophy of  the  vascular  tissues  of  the  corium  and  subcu- 
taneous tissue.  Growths  of  this  nature  may  be  flat  or 
elevated,  single  or  multiple;  they  may  occur  in  any  part 
of  the  auricle  or  its  vicinity,  and  as  a  rule  they  present 
a  bluish-black  color.  They  are  tisually  congenital,  though 
Kipp  has  reported  a  ease  following  freezing  of  the  auricle. 
Their  growth  may  be  slow  or  rapid,  and  they  may  extend 
to  the  meatus  or  to  the  skin  in  the  neighborhood  of  the 
auricle.  When  the  growth  is  rapid  there  may  be  pain, 
but  usually  this  symptom  is  ab.sent.  Intercurrent  hemor- 
rhages sometimes  occur  They  are  due  to  the  rupture  of 
the  walls  of  a  blood-vessel  which  has  undergone  atrophy 
through  pressure,  Jungken  has  reported  such  a  case 
which  terminated  fatally. 

Treatment. — The  treatment  depends  upon  the  size  and 
character  of  the  growth.  If  it  is  small  and  flat,  coagula- 
tion of  the  contained  blood  and  shrivelling  of  the  growth 
as  a  whole  may  be  eft'ected  by  passing  through  its  sub- 
stance several  aseptic  silk  threads  which  have  been  dipped 
into  chloride  of  iron  solution.  H  the  tumor  is  peduncu- 
lated it  may  be  caused  to  undergo  atrophy  by  encircling 
the  peduncle  with  tensely  drawn  india-rubber  bands.  In 
the  case  of  larger  growths  the  actual  cautery,  cautiously 
used  on  successive  occasions,  has  been  employed  with 
marked  success.  Electro-  or  thermocauteries,  heated  to 
a  red  heat,  are  preferable  for  this  purpose,  although  a 
large  darning  needle  or  similar  instrument  may  be  eoi- 
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ployed,  as  was  done  by  llie  author  in  a  case  in  which  no 
other  instruments  were  at  liaud.  Dupuytreu  aud  Wein- 
lechner  have  effected  cures  by  resorting  to  the  ratlier 
heroic  method  of  ligatingthe  carotid  artery.  Wlien  con- 
fined to  the  auricle  these  growths  may  be  dissected  out 
and  the  vessel  secured  while  the  growth  is  surrounded 
by  a  clamp  similar  to  that  used  in  operations  on  the  eye- 
lids. 

PAPii.LOM.iT.\.  or  warts,  arc  at  times  encountered  on 
the  auricle.  They  are  usually  slightly  pedunculated. 
long  and  narrow,  and  may  be  readily  removed  by  a  cukl 
wire  snare;  the  point  of  attachment  should  be  "touched 
with  a  solution  of  silver  nitrate  (si.\ty  grains  to  the  ounce) 
to  prevent  recurrence.  Buck  has  reporteil  an  interesting 
case  of  ••  coruu  humanum"  which  developed  as  a  result 
of  excessive  manipulation,  parings,  etc.,  of  one  of  these 
growths  by  the  iiatient.  In  the  course  of  two  years  this 
horn  attained  a  height  of  threequarters  of  an  inch  and  a 
breadth,  across  the  base,  of  the  same  measurement.  Dr. 
Buck  excised  the  growth  by  a  wedge-shaped  incision 
which  removed  it  in  its  entirety,  aud  ttiere  was  no  recur- 
rence. Burnett,  Pomevoy,  Roosa,  and  others  have  re- 
ported similar  cases.  Other  rare  affections  of  the  auricle 
are  hyperostoses,  lupus,  and  calcareous  degeneration. 

Benign  New  Growths  of  the  External  Atjditort 

C.VNAL. 

Benign  growths  of  the  external  auditory  canal  include 
(1)  Bony  growths,  (2)  sebaceous  cysts,  (3)  "angiomata,  and 
(4)  false  membranes. 

OsTEOii.\. — Bony  growths  are  the  most  frequent  be- 
nign tumors  of  the  meatus.  They  are  hyperplasias  of 
some  part  of  the  osseous  external  canal  and  occasion  no 
symptoms  per  se,  often  being  discovered  by  chance. 
They  may  be  single  or  m\iltiple,  ma.v  be  found  at  the 
junction  of  the  osseous  aud  cartilaginous  portions  of  the 
tanal,  or  at  any  point  between  this  and  the  tympanic 
membranes.  Those  which  occur  at  the  junction  of  the 
osseous  aud  cartilaginous  portions  of  the  canal  usualh' 
arise  from  the  jiosterior  wall,  are  more  often  single,  and 
vary  in  size  from  small  mounds  to  spherical  masses  which 
fill  the  canal.  They  may  be  sessile  (hyperostoses)  or 
pedunculated  (exo.stoses).  and  they  vary  in  density  from 
ivory  like  hardness  to  the  consistence  of  cancellous  bone. 
They  are  covered  with  skin  which  is  thinner  than  that  of 
the  neighboring  canal;  in  the  larger  growths  this  thinness 
is  more  marked.  On  account  of  its  tenseness  the  skin  is 
apt  to  be  more  tender  over  the  growths  than  elsewhere. 
When  small  they  occasion  no  discomfort  and  are  often 
discovered  by  chance.  When  they  are  larger,  however, 
'epithelium  and  detritus  are  prone  "to  collect  in  the  canal, 
between  them  and  the  mcmbrana  tympaui,  antl  thus 
<;ause  hardness  of  hearing  aud  tinnitus.  Their  rate  of 
growth  is  variable  and  in  the  early  stages  it  has.  for  ob- 
vious reasons,  seldom  been  observed.  Later,  however, 
they  have  been  seen  to  grow  rapidly  for  a  time  and  then 
apparently  to  stop  growing  without  cause.  In  one  case 
observed  by  the  author  the  osteoma  continued  to  grow, 
for  six  months  after  it  had  been  discovered,  until  "it  en- 
tirely closed  the  canal.  This  case  was  operated  upon  by 
means  of  the  hand  gouge  u.sed  in  mastoid  work,  and  al- 
though the  growth  was  situated  at  the  above-named 
junction,  it  was  found  to  be  exceedingly  hard  and  re- 
quired forty-live  minutes  of  most  careful  and  diligent 
work  for  its  removal.  The  excision  of  the  tumor,  which 
possessed  a  broad  base,  gave  decided  relief  to  both  the 
tinnitus  and  the  hardness  of  hearing. 

Etiohigy. — Some  osteomata  are  believed  to  be  of  con- 
genital origin,  while  others  are  attributed  to  rheumatism, 
gout,  or  sy|)hilis.  It  is  an  undoubted  fact  that  these 
growths  often  develop  in  the  course  of  chronic  suppura- 
tive or  nonsuppurative  processes  involving  either  the 
middle  ear  or  the  external  auditory  canal.  As  regards 
the  relation  of  osteomata  to  gout  and  syphilis,  it  is  true 
that  they  frequently  occur  in  gouty  or  syphilitic  subjects, 
but  this  docs  not  prove  that  the  relationship  between 
them  is  one  of  cause  and  effect;  for  many  other  aural  dis- 


eases develop  in  such  subjects  and  yet  nobody  would 
think  of  attributing  them,  for  this  reason,  to  either  gout 
iir  syphilis  as  a  cause.  Thai  thev  occur  congenitally  is 
doubtful  (Buck)  from  the  fact  thiit  at  birili  the  osseous 
canal  is  but  a  ring  of  bone.  On  thi'  other  hand,  it  is 
scarcely  doubtful  that  a  chronic  inflanunalorv  prt>cess  or 
a  traumatism  is  competent  to  cause  the  dev"elopment  of 
an  osteonui,  for  either  of  these  will  produce  a  localized 
periostitis,  and  this  in  turn  would  be  likely  to  result  in  the 
formation  of  osseous  tissue.  The  theory  that  polypi  oc- 
casionally become  organized  as  osseous  "tissue  seems  also 
plausible.  A  clear  history  of  such  an  origin  in  any  given 
case  can  seklom  he  obtain"ed.  The  reports  of  Sir  VVilliam 
Dalhy  and  others  imply  that  exostoses  occur  more  fre- 
quently in  the  better-class  Englishmen  than  they  do 
among  the  people  of  this  country.  They  are  said  to  \n: 
conunon  in  pearl  divers  and  in"lhe  natives  of  Hawaii 
who  bathe  excessively,  \n\i  Wynian  found  many  in  the 
skulls  of  Peruvians  who  lived  inland. 

Treatment. — In  many  of  the  recognized  cases  the  treat- 
ment is  usually  restricted  to  the  removal  of  the  cerumen 
and  detritus,  by  the  most  gentle  nu-ans  at  hand,  from 
that  portion  of  the  canal  which  is  situated  between  the 
growth  and  the  drum  membrane.  This  may  be  accom- 
plished by  a  delicate  bent  probe,  armed  with  a  small 
whisp  of  cotton  twisted  over  its  end.  Syringing  may  be 
resorted  to,  but  it  is  often  both  iiu^lTeetiial  aud  undl'sir- 
able.  for  it  may  increase  the  tinnitus  and  hardness  of 
hearing.  The  cleaning  process,  which  is  usually  tedious, 
should  be  carried  out  in  a  thorough  but  gentle  fashion. 
When  the  growth  attains  such  (timensions  as  to  cause 
complete  occlusion  of  the  canal,  thus  producing  deafness 
and  sometimes  distressing  tinnitus,  or  else  causing  reten- 
tion of  a  purulent  discharge  that  is  escaping  fi-om  the 
;  middle  ear,  it  should  be  removed  at  least  in  part.  This 
is  especially  true  if  l>one  conduction  is  good.  The  only 
two  methods  of  operation  worthy  of  consideration  are: 
(1)  removal  by  means  of  the  handgouge  and  (2)  removal 
by  means  of  dental  drills.  It  is  not  neeessiiry  in  either 
case  to  dissect  off  the  skin.  The  mastoid  hand  gouge  is 
a  very  effective  instnuuent  for  the  removal  of  an  exos- 
tosis when  it  is  located  in  the  external  portion  of  the  ca- 
nal, especially  if  it  is  composed  of  spongy  bone.  The 
dental  drills  are  better  for  the  ivory -like  gi'owths  or  for 
those  located  deep  in  the  canal,  though  the  operator's 
familiarity  with  either  method  is  a  factor  in  the  case. 
Pedunculated  growths  may  at  times  be  readily  snapped 
off  b\-  a  prying  movement  of  the  gouge,  as  in  a  case  ob- 
served by  the  author.  The  narrowness  of  the  canal  and 
the  fact  tliat  the  deeper  growths  are  more  ajit  to  be  ivory- 
like make  the  drills  preferable  for  those  so  located.  The 
shape  of  the  drill  is  to  be  chosen  according  to  the  condi- 
tions present  in  the  case  under  consideration.  The  num- 
ber of  revolutions  of  the  dental  engine  per  minute  should 
also  var^-  according  to  the  character  of  the  growth.  The 
hemorrhage  from  these  operations  is  usually  slight  but 
may  at  times  be  embarrassing,  as  it  obscures  the  field  of 
operation.  These  operations,  which  often  require  much 
patience,  should  be  done  under  strict  asepsis  and  with 
the  aid  of  a  general  anaesthetic.  The  after-treatment  con- 
sists chiefly  in  the  maintenance  of  strict  a.sepsis,  and  if 
there  is  no  discharge  from  the  middle  ear  the  external 
auditory  canal  should  be  packed  with  gauze  in  order 
to  prevent  the  cicatiix  from  narrowing  the  meatus. 
If  there  is  a  discharge  from  the  deeper  parts,  a  tube 
should  be  inserted  for  this  jiurpose,  as  otherwise  mem- 
branous bands  are  apt  to  form  which  may  entirely  close 
the  canal. 

Seb.^ceous  Ctsts. — Cysts  of  the  meatus  are  of  rare  oc- 
eiiiTence,  but  they  have  been  occasionally  reported.  They 
resemble  milium  or  the  sebaceous  cysts  which  occur  else- 
where. They  vary  in  size  from  that  of  a  millet  seed  to 
the  entire  diameter  of  the  canal.  When  they  arc  small 
they  do  no  harm,  but  when  large  enough  to  occlude  the 
canal  they  cause  tinnitus,  autophony,  or  deafness;  and 
if  they  continue  to  grow,  they  may  cause  pressure  atrophy 
or  erosion,  t>r  may  lead  to  the  formation  of  the  "mollus- 
cous tumors  "  mentioned  by  various  writers  (Toynbce, 
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Kirk  and  Duncanson,  and  others).  They  have  been 
known  to  suppurate.  They  are  more  often  found  in  file 
cartilaginous  meatus,  where  the  ceruminous  glands  and 


found  in  the  tympanic  membrane.      They  consist  of 
cholesterin  crystals,  epithelial  cells,  and  debris. 
Growths    CosrposED    of    Fibrous    Tissue. — Newly 
formed  membranes  and  bands  which  arc  obserxe'd 
in  the  middle  ear  may  at  times  require  operative 
interference.     They  may  be  excised  or  incised,  due 
3  ■     "^  attention  being  paid  to  the  possible  dam- 

0  'V  '%W^'^^  ^^^  which  the  resvdting  scar  may  cause. 
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Fio.  1801.— Cross  Seillon  ot  An- 
^oiiiatous  Polypus,  as  seen 
under  a  low  power.  (Buclc'.s 
rase.)  From  a (imwinp:  made 
by  Dr.  Ira  Van  liieson. 


"^N\«f 

sebaceous  follicles  are  numer- 
ous, than  in  the  osseous  por- 
tion. 

As  regards  the  pathology 
of  these  sebaceous  cysts  it  is 
suilicient  to  say  that  they  are 
simply  retention  cysts,  con- 
taining cheesy  or  atheroma- 
tous material. 

Treatment. — These  cysts  should  be  incised  with  a  small 
sharp-pointed  bistoury,  their  contents  evacuated,  and  a 
solution  of  iodine,  potassium  iodide,  and  glycerin  applied 
to  the  open  wound. 

Angio.ma. — A  few  cases  of  angioma  of  the  external 
auditory  canal  have  been  reported,  and  under  this  head 
ancurismal  tumors  like  that  reported  bv  Todd,  of  St. 
Louis  (Aiaer.  Journal  of  Otol..  vol.  iv.,"  p.  187,  1882), 
would  be  classed.  As  regards  their  pathology  and  treat- 
ment, nothing  need  be  added  to  what  was  stated  under 
the  head  of  angioma  of  the  auricle. 

False  JIe.mbkaxes  or  bands  are  at  times  found  in  the 
external  auditory  canal,  and  if  they  cause  «j-mptoms 
they  may  be  excised  or  incised,  great  care  being  taken  to 
prevent  the  subsequent  narrowing  of  the  canal. 

Enciion'DRo.ma. — A  few  cases  of  enchondroma  of  the 
external  auditorj'  canal  have  been  reiiortcd.  These 
growths  should  be  dealt  with  on  lines  similar  to  those 
mentioned  under  the  head  of  exostoses. 

Benign  New  Growths  of  the  Middle  Ear. 

Ordinary  polypi,  cholesteatoma ta,  and  new  growths  of 
a  syphilitic  or  tuberculous  character  will  be  dealt  with 
elsewhere  in  the  Handbook. 

P.\piLL0M.\TA  or  wart-like  growths  are  at  times  found 
on  the  tympanic  membrane:  they  are  possibly  due  to  the 
instillation  of  irritating  fluids  into  the  external  auditory 
canal. 

Pearly  Growths,  according  to  Gruber,  have  been 


panic  membiaiic  have  been  reported  by  Weir.  Buck, 
and  others.  They  may  be  tletected  by  the  abnormally 
red  appearance  of  the  tyinjianic  membrane  or  of  the 
growth  itself,  should  the  tympanic  membrane  be  absent. 
Hedness  ma.v  extend  over  the  lower  half  of  the  mem- 
brane or  may  jiresent  itself  in  irregular  splotches:  the 
membrane  itself  may  be  bulged  <iutward  from  pressure, 
and  it  may  pulsate  synchronously  with  the  radial  pulse: 
tinnitus  is  often  present:  and,  tinally,  the  hardness  of 
hearing  may  be  extreme.  These  growths  occur  at 
times  without  apparent  cause  and  develop  slowly :  they 
are  composed  almost  entirely  of  blood-vessels,  and  if 
removed  by  cutting  may  recur  (Buck)  (Fig.  1801).  Para- 
centesis may  be  followed  by  a  severe  hemorrhage  in 
which  an  ounce  or  more  of  blood  is  quickly  lost. 

The  trtatmeiit  consists  in  the  application  of  chromic 
acid,  the  acid  nitrate  of  mercury,  or  pure  nitric  acid  on 
the  tip  of  the  delicately  wrapped  cotton  carrier:  or  a 
small  ignipuncture  may  be  made  liy  means  of  a  line  elec- 
tro-cautery. 

Exostoses  or  ecchondroses  of  the  ossicles  have  been 
reported. 

Fibroma  and  osteoma  of  the  middle  ear  have  been 
found  post  mortem. 

Malignant  Growths  op  the  Auricle. 

Epithelioma  and  sarcoma  are  the  most  common  malig- 
nant growths  of  the  auricle,  epithelioma  being  far  the 
more  common.  Jlinor.  in  104,412  ear  cases  collected  in 
the  service  of  nine  American  hosjiitals,  found  that  epi- 
thelioma occurred  eighty  times  while  there  were  no  cases 
of  sarcoma  in  this  list.  This  in  a  measure  agrees  with 
the  general  statistics,  which  show  that  epithelioma  is  far 
more  common  than  any  other  malignant  growth  of  the 
auricle.  Cases  of  epithelioma  have  been  reiiorted  by  Buck, 
Orne  Green.  Gruber,  Sacke,  Habermaun,  Burnett,  Wilde, 
Schubert,  Kipp,  Kramer,  Moos,  Marian,   Kretschmanu, 
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Seely,  Haug.  Brunei-,  Bryant,  Demarquay,  and  others. 
So  far  as  one  can  infer  from  tlio  accounts  of  the  cases 
mentioned  above,  epitlielial  cancer  is  much  the  same 
when  occurring  in  the  auricle  as  wlien  il  involves  other 
parts  of  the  body.  In  many  cases  there  is  atlirst  a  wart- 
like growth,  which  is  subjected  to  traumatism,  scratched, 
pinched,  touched  with  strong  acids,  or  removed  by  the 
knife,  and  which  then  grows  more  and  more  rapidly  the 
more  it  is  disturbed,  until  tinally  the  atlVclcd  part  becomes 
covered  with  scabs  untler  which  will  be  found  ulcers  that 
are  more  or  less  deep  and  that  may  or  may  not  show  a 
tendency  to  bleed.  There  may  also  lie  severe  pain,  but 
this  symptom  is  not  common.  More  oflen  the  patient 
applies  for  relief  simply  on  account  of  a  long-standing  or 
obstinate  "sore."  In  some  cases,  as  in  that  reported  by 
Valpau,  the  growth  seems  to  have  been  rapid.  Epithe- 
liomata  are  more  apt  to  occur  in  those  jiast  middle  life. 
They  tend  to  spread  to  the  external  auditory  canal  and 
neighboring  parts  of  the  head.  On  the  other  hand,  they 
are  often  secondary  to  growths  in  these  neighboring  parts. 
The  term  epithelial  carcinoma  is  usually  applied  to  these 
growths.  Gruber  claiming  that  this  is  the  only  form  of 
malignant  tumor  which  attacks  the  auricle  primarily. 
When  the  disease  is  allowed  to  spread  to  the  head — the 
meatus,  middle  and  internal  ears  becoming 
affected  in  turn — death  results  from  debil- 
ity or  from  meningeal  or  brain  involve 
ment :  the  glauiis  of  the  neck  or  the 
parotid  gland  may  also  in  some  in 
stances  become  involved. 

Trent  ment. — Here   as   else 
where     the    only    rational 
treatment    is    complete 
extirpation.       All     of 
the     diseased     and 
suspected  tissues — 
including     the    en- 
tire auricle,  cutane- 
ous   walls    of     the 
external      auditory 
canal,    the   1  y  m  p  h 
glands  of  the  neck,  and 
the  parotid  gland  if  nee 
€ss!iiy  —  s  h  o  u  1  d    be   re 
moved.     If  the  case  is  seen 
early    the    removal     of     the 
growth  by  a  V-shaptd  inciMon 
may   suffice.     The    entiie    auri 
cle  has  been  removed  a  number  of 
times,  and  in  one  case  at  least  this 
was   done   by  means  of   the  cautery 
snare.    Dench  and  others  have  removed 
the  entire  cartilaginous  canal.    When  the 
operative  interference  involves  the  canal, 
a   tube  should  be  introduced  and  kept  in 
position  until  the  wound  is  entirely  healed 
otherwise  cicatricial  closure  is  to  be  feared. 

S.\RCOM.\. — Although  sarcomata  are  of  rela 
lively  infrequent  occurrence,  they  have  been  reported  by 
Roudout,  Stacke  and  Krelschmann,  Schabert,  and  others. 
In  the  case  reported  by  Roudout  the  growth  had  existed 
for  twent}-  years,  but  its  complete  extirpation  resulted 
in  a  cure"  In  the  case  of  Stacke  and  Kretschinann  the 
giowth  was  removed  by  the  galvano  cautery  snare  and 
the  result  proved  to  be  an  entire  success. 

M.\i.iGXAXT   Growths   of   the   External   Auditory 
Caxal. 

Primary  malignant  growths  in  this  region  are  more 
rare  even  than  those  of  a  secondaiy  nature,  carcinoma 
predominating  here  as  in  the  auricle.  Buck  reports  two 
cases  of  seconilary  carcinoma,  one  of  which  originated  in 
the  middle  ear  and  the  other  in  the  cervical  glands  behind 
the  ear.  Kcssel,  Delstanche,  and  others  have  reported 
cases  of  carcinoma.  In  most  eases  it  is  doubtful  whether 
they  are  primary  or  secondary.  Buck  also  reports  a  case 
<jf  primary  sarcoma  occurring  in  the  external  canal  of  a 


young  girl  fourteen  years  of  age.  This  latter— an  os- 
teosarcoma —  recurred  repeatedly  until  it  was  finally 
thoroughly  removed,  the  neighboring  parts  having  beeii 
well  scrapeil.  and  a  strong  solution  of  chhiridc  of  zinc 
applied  to  the  wound, 

Mai.i(;nant  GnowTiis  ok  the  Middle  Ear. 

Here  also  the  malignant  growths  which  have  been  re- 
ported were,  as  a  rule,  carcinomatous  in  character.  Ap- 
parently, they  occur  only  rarely.  In  ukjsI  instances  tliey 
develop  in  the  course  of  a  neglected  chroinc  suppurative 
inflammation  of  the  middle  ear  or  a  necrotic  process  of 
the  temporal  bone.  They  may  also  appear  in  the  middle 
ear  secondarily  to  their  development  in  some  neighboring 
part;  and  this  undoubtedly  is  the  more  conunon  course 
of  events.  These  growths  usually  occur  in  patients  of 
from  forty  to  sixty  years  of  age. 

•Syiiijitoms. — These  inchide  pain,  which  is  often  severe, 
paralysis  of  the  facial  nerve  from  its  involvement  in  the 
malignant  disease,  hemorrhage,  wliich  may  be  frequent 
and  profuse,  induration  of  the  cervical  glands,  meningitis, 
abscess  of  the  brain,  sinus  thrombosis,  or  hemorrhage 
from  the  lateral  sinus.     Death,  which  is  the  usual  ter- 


FiG.  ISOS.— Destruction  of  the  Temporal  Bone  by  Epithelial  Tancer. 
a.  Median  remuant  of  the  imi^  (Rtrosa;  on  the  surface  of  its  apex 
the  bone  is  also  destrovetl  by  the  new  growth ;  h.  porus  acustlcus 
inlenius;  c.  foramen  laoeruui  anterius:  i(.  foramen  ovate,  enlarjfed 
bv-  destruction  of  its  edges  to  twice  its  natural  circumference ;  e, 
foramen  spinosum :  /,  sphenoid  articulation.    (After  Schwartze.) 

mination,  is  due  to  exhaustion  or  to  one  of  the  four  events 
just  mentioned. 

Diiifjntms. — The  gradual  development  of  a  malignant 
growth  in  the  middle  ear.  in  the  course  of  some  chronic 
affection  of  that  region,  renders  it  practically  impossible 
to  make  a  correct  diagnosis  until  the  freijuent  recurrences 
after  removal  and  perhaps  the  behavior  of  the  growth  in 
other  respects  arouse  the  surgeon's  suspicions  and  lead 
him  to  examine  the  tissues  with  the  microscope. 

Treatment. — This  is  usually  palliative  only,  although 
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as  a  last  resort  the  mastoid  may  be  opened  (Schwartze), 
in  cases  in  which  the  disease  is  pent  np  in  the  tympanum 
or  in  vvhicli  it  is  apparently  extending  inward. 

S.\RCO.\r.\. — C'ases  are  on  record  in  which  sarcomatous 
growths,  both  primary  and  secondary,  have  been  observed 
in  the  middle  ear.  They  are  more  apt  to  be  found  in 
childhood,  and  are  usually  of  rapid  growth.  In  their 
early  stages  they  generally  resemble  ordinary  polypi,  but, 
unlike  them,  the.v  recur  quickly  after  repeated  escisiou. 


Fig.  1803.— Carcinoma  of  the  'reiiiporal  lione.     lease  of  Dr.  Gorham 
Bacon.)    From  a  photograph. 

As  in  the  case  of  carcinomata  they  are  apt  to  follow 
chronic  inflammatory  conditions.  The  discharge  may  be 
bloody,  very  offensive,  and  purulent.  In  the  later  stages 
there  may  be  paralysis  of  the  facial,  the  abducens.  or  the 
first  division  of  the  fifth  nerve,  in  association  with  me- 
ningeal or  brain  symptf>ms  or  severe  liemorrhage  from 
erosion  of  the  large  blood-vessels  in  the  neighborhood. 

M.\Licix.\NT  Growths  of  thic  Ixtehnai,  E.^r. 

In  the  laln'rinth,  as  in  the  )uiddle  ear,  malignant  new 
growths  are  more  apt  to  be  secondary  than  primary. 
Ver3'few  of  the  cases  of  primary  growth  in  the  labyrinth 
have  been  fullj'  enough  reported  to  possess  any  clinical 
value.  Sarcoma,  neuroma  (glioma),  and  carcinoma  have 
been  reported.  Virchow  has  shown  that  the  auditory 
nerve  is  more  often  the  seat  of  new  growths  than  is  anj' 
other  of  the  cranial  nerves.  Politzer  reports  a  ease  of 
carcinoma  of  the  labyrinth  in  a  man  aged  forty-seven 
years.  In  this  case  the  growth  originated  in  the  mastoid 
region,  spread  through  the  middle  ear  to  the  cochlea,  and 
thence  through  the  internal  meatus  to  the  brain.  Death 
occurred  through  erysipelas.  New  growths,  however, 
are  more  apt  to  reach  the  auditory  nerve  and  labyrinth 
from  the  cranial  cavity,  and  iu  most  instances  they  are 
primarily  carcinomata  of  the  dura  or  of  the  brain  itself. 
Burkhardt-Merian  (.4.  /.  0.,  Bd.  .\ii.)  reported  the  find- 
ing, post  mortem,  of  a  fibrosarcoma  in  a  man,  aged  sixty- 
six,  who  had  died  of  pneumonia.  This  had  originated  in 
the  termination  of  the  inferior  petrosal  sinus  and  had 
passed  thence  by  two  tracks  into  the  labyrintli — one 
through  the  acjuseductus  cochlete  and  the  other  below 


the  internal  auditory  meatus,  around  the  cochlea,  to  the 
tunica  adventitia  of  the  carotid  artery.  Field  has  re- 
ported a  sarcoma,  the  size  of  an  orange,  on  the  posterior 
surface  of  the  petrous  bone,  which  had  originated  in  the 
dura  and  liad  destroyed  the  auditory  nerve. 

liloos  (.1.  /.  O..  Bd.  iv.)  has  reported  a  case  of  spindle- 
cell  sarcoma  which  was  as  large  as  a  walnut  and  situated 
externally  to  the  left  internal  auditory  canal.  It  was 
connected  with  tlie  cerebellum  and  pushed  the  medulla 
oblongata  over  toward  the  right ;  the  auditory  nerve  en- 
tered into  the  tumor  but  was  speedily  lost  among  its 
component  tissues:  and  a  second  tumor,  the  size  of  a 
pea.  was  found  in  the  dilated  internal  auditory  canal. 
The  cervical  and  dorsal  portions  of  the  spinal  cord  were 
degenerated,  as  was  also  the  labj'rinthine  portion  of  the 
auditory  nerve.  This  case  occiu-red  iu  a  woman,  aged 
forty-five,  who  died  of  suffocation  one  3-ear  after  a  sudden 
attack  of  vertigo,  deafness,  ptosis,  lachrvmation,  and 
headache.  George  C.  Stout. 

EAR  DISEASES:  OPERATIONS  UPON  THE  TYM- 
PANIC MEMBRANE  AND  OSSICLES.— operations  uiM.n 
the  drumhead  and  ossicles  and  witliin  the  middle  ear  are 
usually  done  through  the  natural  channel  of  the  external 
auditory  canal :  when  this  canal  does  not  permit  a  suffi- 
ciently free  access  to  the  operative  field,  it  is  necessary  to 
reflect  the  auiicle  forward  by  tueans  of  a  curvilinear  in- 
cision through  the  integument  and  underlying  soft  tis- 
sues; this  necessity  is  of  comparatively  rare  occurrence, 
for,  even  when  the  external  auditory  canal  is  much  nar- 
rowed, it  is  possible,  under  good  illumination  and  with 
the  exercise  of  an  educated  tactile  .sense,  to  do  the  ma- 
jority of  middle-ear  operations  through  the  natural 
channel. 

In  all  operations  involving  the  opening  of  the  tym- 
panic cavity,  especially  those  applied  to  the  relief  of  con- 
ditions incident  to  nonsuppurative  disease,  sterilization 
of  the  canal,  of  the  a\iriclc,  and  of  such  parts  of  the  head 
and  neck  of  the  patient  as  may  come  in  contact  with  the 
hand  of  the  surgetm,  is  an  important  prerequisite.  To  this 
end,  the  auricle,  and  the  skin  about  it,  should  be  tliorough- 
ly  washed  with  soapsuds  (green  soap)  and  afterward 
with  alcohol,  and,  if  the  sterilization  is  done  the  night 
before  operation,  the  jiarts  mentioned  should  be  covered 
with  dry  baked  gauze;  at  the  time  of  operation,  a  sti-r- 
ilized  towel  sliould  be  pinned  over  the  head  and  another 
over  the  neck  and  shoulders  of  the  patient.  The  exter- 
nal auditory  canal  should  be  carefully  cleansed  of  ceru- 
men and  epidermis.  |ireferably  by  means  of  a  moist, 
cotton-tipped  probe,  and  this  should  he  followed  by  a 
similar  swabbing  with  citlier  the  peroxide  of  hydrogen 
or  alcohol,  care  being  taken,  if  this  cleansing  is  done 
shortly  liefore  operation,  to  avoid  maceration  of  the  outer 
coat  of  the  drumhead,  or  to  increa.se  unduly  the  circula- 
tion. In  emergency  operations,  such  as  incisions  for 
phlebotomy  or  to  give  exit  to  fluid,  when  the  more  thor- 
ough precautions  of  sterilization  are  not  possible,  it  is 
still  important  to  have  the  liands  of  the  operator  and  the 
instruments  and  dressings  which  he  uses  sterile,  and  to 
avoid  contact  of  the  former  with  the  patient  and  of  the 
instruments  with  the  walls  of  the  canal. 

The  simple  operation  of  incLsing  the  drumhead  is  usu- 
ally done  for  the  purpose  of  relieving  blood  pressure  or 
of  evacuating  the  fluid  contents  of  the  middle  ear,  con- 
tents whicli  may  vary  in  quantity  from  a  few  drops  to  a 
bodv  of  fluid  snfticing  to  fill  the  whole  tympanum,  and 
in  consistence  from  the  thinness  of  fresh  serum  to  the 
thickness  of  inspissated  mucus. 

The  point  usually  chosen  for  paracentesis,  for  the  evac- 
uation of  fluid,  is  the  posterior  inferior  quadrant  of  the 
drumhead,  the  incision  varying  in  size  from  that  of  a 
simple  puncture  to  a  cut  of  two  or  more  millimetres  in 
length  made  from  below  upward  and  parallel  to  the 
peripheral  line  of  the  drumhead.  For  purposes  of  plde- 
botomy,  in  cases  of  acute  congestion  in  theepitympanum, 
the  incision  is  usually  made  along  the  posterior  superior 
periphery,  from  below  upward,  ending  at  or  near  the 
short  process  of  the  hammer  and  capable  of  penetrating 
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to  the  deeper  layer  of  blood-vessels  in  the  iuucr  tym- 
panic fold. 

.\ftci-  incision,  in  s\ich  cascss.  the  ear  should  be  wiped 
dry  and  plugged  at  the  meatus  with  a  piece  of  sterile  cot- 
ton, or  the  canal  should  be  tilled  with  a  loosely  rolled  ab- 
sorbent cotton  wicU  extendingns  far  out  as  the  entrance  of 
the  canal :  over  this  and  tilling  the  concha,  a  second  piece 
of  cotton  should  be  placed,  directions  being  given  for  its 
renewal  when  thomugidy  moistened  by  the dutllow  from 
the  ear.  fresh  coltdu  then  being  applied  externally  but 
the  drainage  w  icU  being  allowed  to  remain  in  |)lace  f(ir 
several  hours  at  a  time  and  changed  oidy  under  condi- 
tions of  careful  stcrilizalion  of  the  hands'which  roll  the 
wick  and  of  the  instruments  which  introduce  it.* 

If  the  lluid  to  be  released  from  the  middle  ear  is  thick 
and  tenacious,  a  larger  incision  in  the  drundiead  is  re- 
(pnred  than  when  it  is  thin  and  flows  freely:  evacuation 
may  be  assisted  by  auto-inllatiou  of  the  middle  ear.  by 
Politzerization,  by  the  u.se  of  the  catheter,  or  by  means  (if 
the  pneumatic  speculum  and  suction.  When  the  secre- 
tion is  so  thick  that  only  a  small  bead-like  portion  ex- 
trudes, this  may  be  touched  with  a  weak  solution  of 
nitrate  of  silver  on  a  cotton-tipped  probe,  the  resulting 
eoagulnm  alfording  a  hoKl  to  the  forceps  by  means  of 
which  the  tenacious  mass  may  be  withdrawn. 

Forcible  inflation  of  the  middle  ear  after  paracentesis 
for  the  relief  of  acute  congestion  or  the  release  of  the 
products  of  acute  suppurative  inflammation  is  eontrain- 
dieated. 

In  the  two  clas-ses  of  eases  demanding  the  more  exten- 
sive operations  upon  the  driunliead  and  within  the  mid- 
dle ear.  the  operations  are  more  distinctly  difTerentiated 
in  their  purpose  than  in  their  method  of  procedure. 

In  sujipurative  middle  ear  disease,  operation  is  usually 
undertaken  with  a  view  toaffordiug  exit  to  morbid  prod- 
ucts and  permitting  access  to  diseased  parts  for  purposes 
of  removal  or  of  curative  application,  the  betterment  of 
the  hearing  being  a  secondary  consideration.  In  non- 
suppurative middle  ear  disease,  operative  interference  is 
usually  undertaken  as  a  measure  of  last  resort,  for  the 
relief  of  a  high  grade  of  impairment  of  liearing  or  of  the 
concomitant  symptoms  due  to  immobility  of  the  sound- 
transmitting  apparatus  in  the  middle  ear. 

In  all  middle-ear  operations,  but  especially,  of  course, 
in  nonsuppurative  cases,  conditionsof  sterilization  should 
be  strictly  observed,  and  the  more  uniformly  these  are 
insisted  upon  by  the  surge(m,  both  for  himself  and  his 
as,sistants,  the  more  definitely  do  they  become  fixed  as 
an  important  and  necessary  habit. 

A  common  result  of  suppurative  middle-ear  disease  is 
a  persistent  opening  in  the  drumhead,  and  if  the  middle 
ear  has  become  dry  and  the  mobility  of  the  ossicular 
chain  is  comparatively  unimpaired,  closure  of  the  open- 
ing effects  an  improvement  in  the  hearing.  This  is  easily 
tested  by  covering  the  perforation  with  a  disc  of  mois- 
tened paper,  and  if  the  result  is  favorable,  the  paper  maj' 
be  used  to  as.sist  in  the  permanent  closure  of  the  opening. 

The  edge  of  an  old  perforation  of  the  drundiead  con- 
sists of  a  thin  line  of  cicatricial  tissue  or  of  a  union  of  the 
outer,  dermoid,  and  inner,  mucous,  coats  in  the  form  of 
a  transition  membrane:  both  of  these  structures  are  inim- 
ical to  iiroliferalive  growth  and  must,  therefore,  be  re- 
moved. This  is  done  preferably  by  means  of  a  thin- 
bladed  knife,  the  cut  edges  are  then  wiped  dry,  and  a 
disc  of  thin,  sized  paper  is  floated  and  moistened  in  a 
weak  corrosive  solution,  picked  up  on  a  cotton-tipped 
probe,  and  gently  applied  over  the  opening:  immediately 
upon  contact  with  the  drv,  warm  surface  of  the  drum- 
head the  jiaper  leaves  the  wet  cotton  tip  and  adheres  to 
the  membrane.  By  manipulation  and  by  patting  with  a 
dry.  cotton-tipped  probe  adhesion  is  favored  and  the  su- 
perfluous moisture  is  absorbed.     Inflation  of  the  ear  for 


*  .\  convenient  metbod  of  preparation  and  of  carrying slerite  atisnr- 
bent  cotton  to  he  used  for  llicse  :ind  similar  pnrprtscs  in  iiiiddlc-cnr 
operations  is  to  roll  llie  ci-Unn  into  balls,  place  these  on  top  of  cai-ti 
other,  in  a  small,  tubular,  screw-top  glass  lx>ttle.  bake  from  two  u> 
four  houre  at  a  temperature  of  140*  F.,  and  open  the  l)otHe  only  when 
required  for  use. 


at  lea.st  twenty-four  hours  after  apijlicalion  of  the  paper 

should  be  avoided. 

The  stilT,  adherent  paper  not  only  pulls  upon  the  rim 
of  the  iierforation  with  every  major  vibration  of  the 
dnmiliead,  causing  an  irritation  which  stimulates  new 
giowih,  but  serves  as  a  protection  -rid  a  guide  along 
which  the  nascent  ti.ssue  progresses.  Tliisapplication  has 
been  found  serviceable  not  oidy  in  the  healing  of  smaller 
perforations  (one  dressing  alone  sometimes  sidlicing),  but 
also  in  the  building  tij)  of  larger  cicatrices  when  a'  |)rin- 
cipal  jiortion  of  a  drundiead  has  been  destroyi'd,  and 
when  it  has  been  necessaiy  to  !ippl\'  the  pa^x-r  tii  succes- 
sive jiortions  of  the  ])erforation  riiii  and  to  occupy  sev- 
eral months  in  the  entire  healing. 

Asafterresidtsof  suppurative  middle  ear  disease,  there 
may  be  thickening  of  the  mucous  folds  in  the  epitym- 
piinuin,  the  formation  of  adhesions  limiting  the  move- 
ments of  the  ossicles,  and  of  cicatricial  membranes  grow- 
ing inwai-d  from  the  edges  of  the  perforation  of  the 
drumhead  and  interfering  with  the  transmission  of  sound. 
The  common  locations  of  adhesions  are  between  the  long 
process  of  the  malleus  and  the  imuM-  tympanic  wall  and 
around  the  stapes  and  into  the  fenestra!  niche,  while  the 
thickening  of  the  reduplications  of  mucous  membrane, 
normal  in  a  large  majority  of  middle  ears  and  often  filling 
the  lower  limit  of  the  epitympanum,  .serves  to  keep  the 
os.sicles  in  the  abnormal  jiosition  into  wlii<-h  they  are 
drawn  by  contraction  of  the  tensor  tyinpani  muscle  ex- 
erted when  the  counterbalancing  tension  of  the  drum- 
head is  removed  by  perforation. 

The  extension  of  a  cicatrix  from  the  liosterior  edge  of 
a  large  perforation  of  the  drumhead  inward  upon  the 
inner  tympanic  wall  will  sometimes  enclose  the  round 
window  in  an  individual  space.  Under  this  condition, 
absorption  of  air  in  the  enclosed  space  or  the  exudation 
of  fluid  into  it  will  so  far  impair  the  movement  of  the 
memlirane  of  the  round  window  as  to  still  further  de- 
crease tiie  hearing,  puncture  or  incision  of  the  cicatrix 
being  i-equired. 

In  all  tentative  operations  for  improvement  of  hearing^ 
by  division  of  adhesions  and  mobilization  of  the  ossicles, 
if  the  suppurative  piocess  has  run  its  course  and  the  ear 
has  become  dry,  it  should  be  remend)ere<l  that  there  is  a 
possibility  of  awakening  acute  trouble,  and  that,  unless 
complete  evulsion  of  the  larger  ossicles  is  intended,  mobili 
zatioii  had  best  be  gradually  ctTected  in  successive  stages, 
and  preferably  without  general  an;vstliesia,  in  oider  that 
tli(^  effect  upon  the  hearing  maj'  be  progressively  tested. 

In  a  case,  for  instance,  of  a  large  perforation  of  the 
drumhead  with  the  tip  of  the  malleus  adherent  to  the 
piiiinontorv  and  adhesions  or  cicatricial  bands  obstruct- 
ing the  movements  of  other  members  of  the  ossicular 
chain,  the  first  step  should  be  the  division  of  the  adhe- 
sions at  the  tip  of  the  malleus  and  gentle  mobilization  of 
that  bone  by  means  of  a  blunt  hook.  If  it  is  decided  to 
suspend  interference  at  this  point,  the  middle  ear  should 
be  carefully  dried  and  lightly  packed  with  sterile,  ab- 
sorbent cotton,  a  dossil  of  cotton  being  placed  behind  the 
malleus  to  prevent  recurrence  of  adhesion.  At  subse- 
quent sittings,  other  bands  and  adhesions  should  be  di- 
vi<led.  circumcision  of  the  stapes  done,  and  tenotomy  of 
either  the  tensor  tympani  or  the  stapedius  muscles.  It 
is  occasionally  possible,  in  cases  of  ankylosis  of  the  ossi- 
cles, without  fixation  of  the  stapes,  to  utilize  the  os.sicii- 
lar  chain  as  a  columella  by  divi<iing  the  tendons  of  both 
the  stapedius  and  tensor  tympani  muscles,  and  inserting- 
an  artificial  drumhead. 

If  the  chronic  su]ipurative  disease  is  in  (irogress,  and 
there  are  present  the  redundant  graiudomala  which  al- 
most invariably  indicate  the  existence  of  areasof  necrotic 
bone,  such  surfaces  should  be  carefully  sought  for  and 
curetted  either  by  means  of  the  cup-shaped  middle-ear  or 
wire-ring  curettes.* 

*  These  cui"ettes  are  made  of  stout  steel  wire  drawn  to  a  i>oinl.  the 
pc»int  tlaltened  into  a  disc,  and  the  dls<'  Iwirod  in  tlic  ccntro  and  filed 
at  tile  cdpes  to  make  a  riny: :  the  larger  end  of  the  wire  is  bent  at  an 
angle  of  forty-live  degrees  and  made  into  a  ring-shaped  handle.  They 
are  simple  in  construction,  easily  made,  and  inexpensive. 
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The  common  seats  of  limited  necrosis  in  the  epitym- 
panum  are  the  head  of  the  malleus,  the  body  of  the  incus, 
and  the  outer  epitympanic  wall.  The  thorough  cleans- 
ing of  the  epitynipauum,  which  is  necessary  to  the  sat- 
isfactory treatment  of  all  cases  of  suppurative  epitym- 
panic disease,  and  as  an  adjuvant  to  surgical  interference, 
is  best  effected  by  means  of  the  middle-ear  syringe  and 
the  use  of  hydrogen  dioxide :  but  as  this  remedy  is,  when 
used  undiluted,  distinctly  irritating  to  the  skin  in  some 
individuals,  it  is  well  previously  to  smear  the  canal  walls 
li.ghtly  with  vaseline.  Limited  curetting  may  be  effectu- 
ally done  upon  any  portion  of  the  tympanic  wall  or  of 
the  ossicles,  but  should  be  carefully  restricted  to  the  dis- 
eased area. 

In  the  event  of  a  considerable  necrosis  of  the  two  larger 
ossicles,  or  when  their  presence  presents  an  obstructive 
barrier  to  drainage  from  the  epitympanum  or  to  access 
to  other  di.seased  parts,  their  removal  is  indicated. 

This  operation  should  be  done  under  general  anesthe- 
sia, not  only  becau.se  it  is  painful  and  may  need  to  be 
considerably  prolonged,  but  l)ecause  a  thorough  exami- 
nation Lnd  possibly  curetting  of  the  tympanic  walls  is  a 
part  of  its  purpose. 

The  instruments  necessary,  in  addition  to  specula, 
bluLt  probes,  cotton  sticks,  paracentesis  needles,  and  a 
slender  curved  bistoury,  are  a  spatula-shaped  knife,  for 
division  of  adhesions  in  the  epitympanum,  a  wire  snare 
or  stout  forceps  for  extraction  of  the  malleus,  an  incus 
hook,  or  a  blunt  angular  curette  for  removal  of  the  incus, 
and  a  small  blunt  hook  for  use  about  the  stapes;  in  addi- 
tion, there  should  be  a  sjjturated  solution  of  boric  acid 
in  alcohol  and  a  solution  of  extract  of  suprarenal  capsule, 
the  former  for  dipping  tlie  instruments  and  the  latter  for 
<'ontrolling  the  sometimes  annoying  bleeding  which  ob- 
■scures  the  field  and  prolongs  the  operation. 

If  the  perforation  is  in  the  membrane  of  Shrapnell,  the 
drumhead  being  intact,  or  if  the  perforation  of  the 
drumhead  is  small,  the  entire  removal  of  that  membrane 
accompanying  the  evulsion  of  the  malleus  may  seem 
desirable,  or  the  posterior  portion  of  the  drumhead  may 
be  retained  to  be  carried  inward  and  attached  to  the  head 
of  the  stapes. 

In  this  as  in  most  other  middle-ear  operations  under 
general  anesthesia,  two  assistants  can  be  employed  with 
advantage:  one  to  etherize  and  to  control  the  position  of 
tue  head  of  the  patient,  tlie  other  to  twist  cotton  sticks, 
<leanse  and  dry  the  instruments,  and  hand  them  to  the 
surgeon  when  he  wishes  to  keep  his  operative  field  con- 
tinuously in  view.  Before  using,  and  after  each  succes 
sive  cleansing  and  drying,  the  blades  of  the  instruments 
should  be  dipped  in  the  alcoholic  solution  of  boric  acid, 
the  speedy  evaporation  of  the  alcohol  leaving  the  steel 
covered  with  a  thin  lilm  of  boric  acid  which  dulls  the 
metallic  lustre  and  makes  the  instrument  more  plainly 
visible. 

Partial  or  complete  peripheral  excision  of  the  drum- 
head should  be  done  with  tlie  parencentesis  needle  or 
curved  bistoury,  the  membrane  being,  in  addition, 
stripped  from  the  handle  of  the  malleus  for  the  sake  of 
removing  an  obstruction  to  both  sight  and  manipulation 
and  of  making  the  malleus  and  the  parts  beyond  it  more 
accessible. 

If  the  incus  is  in  place  and  it  is  desired  to  remove  it 
also,  either  subsequently  to  or  simultaneously  with  the 
removal  of  the  malleus,  the  next  step  would  be  the  divi- 
sion of  the  incudo-stapedial  articulation  by  means  of  the 
angular  knife  carried  into  the  joint,  from  below  upward, 
and  cutting  from  behind  forward  against  the  pull  of  the 
stapedius  muscle.  The  release  of  the  incus  from  its  at- 
tachment to  the  stapes  allows  the  descending  process  to 
swing  outward  and  downward  into  view  and  close  to  the 
long  process  of  the  malleus.  If  this  movement  fails  to 
take  place,  it  may  be  aided  by  means  of  the  blunt  hook, 
or.  it  desirable,  the  incus  may  be  at  once  extracted.  By 
passing  the  angular  knife  behind  the  tip  of  the  long  proc- 
ess of  the  malleus  and  carrying  it  upward  in  contact  with 
the  bone,  the  tensor-tympani  tendon  is  felt  and  divided, 
the  complete  cutting  of  the  tendon  being  usually  made 


apparent  by  the  increased  mobility  of  the  malleus.  The 
division  of  the  anterior  and  posterior  ligaments  of  the 
short  process,  which  steps  follow  next,  leaves  the  malleus 
freed  from  its  major  attachments  and  makes  it  possible  to 
determine  how  firmlj'  it  is  held  in  place  by  other  means, 
and,  if  it  is  resistant  to  a  light  pull  with  the  forceps,  the 
curved  spatula  knife  should  be  passed  upward  into  Prus- 
sak's  space  and  swept  backward  and  forward  to  divide 
the  adhesions  and  thickened  mucous  membrane  redujili- 
cations  which  fasten  the  heads  of  the  larger  ossicles  to  the 
outer  epitympanic  wall.  To  extract  the  hammer  and  an- 
vil simultaneously,  or  to  remove  them  individually,  the 
loop  of  the  wire  snare  should  be  drawn  tightly  about  their 
descending  processes  as  high  up  as  possible,  the  move- 
ment of  withdrawal  being  downward  and  slightly  from 
side  to  side.  If  completely  freed  from  attachment,  they 
come  away  easily,  and  that  these  bonds  should  be  thor- 
oughly cut.  especially  above  the  short  process  of  the 
malleus,  is  important  because  it  is  an  evil  experience,  in 
removing  that  bone,  to  peel  away  the  soft  tissues  from 
the  superior  wall  of  the  inner  end  of  the  auditory  canal. 
Throughout  the  operation,  the  extract  of  suprarenal  cap- 
sule can  be  used  with  good  effect,  and  after  removal  of 
the  ossicles,  the  tympanum,  and  especially  the  epitym- 
panum, should  be  swabbed  with  the  alcoholic  solution 
of  boric  acid  and  then  dry-scrubbed  by  means  of  a  cotton- 
tipped  probe.  The  subsequent  examination  should  in- 
clude careful  tactile  survey  of  the  tympanic  and  epi- 
tympanic walls  and  a  determination  of  the  condition  of 
the  stapes,  necrotic  spots  should  be  curetted,  adhesions  in 
the  fenestral  niche  divided,  and  if  the  stapes  is  otherwise 
free  and  can  be  utilized  for  sound  transmission  either  l)v 
membranous  attachment  or  the  use  of  an  artificial  drum- 
head, the  tendon  of  the  stapedius  muscle  should  be  di- 
vided. 

At  the  conclusion  of  the  operation,  the  middle  ear  should 
be  wiped  dry,  the  canal  washed  with  sterile  water  by 
means  of  a  cotton-tipped  probe,  similarly  scrubbed  with 
alcohol,  and  then  stopped  with  sterile  cotton,  this  dress- 
ing to  he  renewed  within  forty-eight  hours  under  aseptic 
precautions. 

New  cicatricial  protective  tissue  forms  rapidly  from 
the  cut  edges  of  the  drumhead  in  many  of  these  cases, 
and  especially,  apparently,  in  those  in  which  the  middle 
ear  has  been  rendered  aseptic  by  operation  and  allowed 
to  till  in  with  blood  clot. 

The  obstructive  changes  which  occur  in  the  middle 
ear  in  nonsuppurative  diseases  are  so  varied  in  location 
and  extent  as  to  make  the  question  of  the  success  of 
operation  for  relief  of  impairment  of  hearing  a  dubious 
one  without  better  preliminary  knowledge  of  the  point 
in  the  sound-transmitting  apparatus  to  be  attacked  and 
the  extent  of  interference  justifiable.  Under  these  con- 
ditions of  dubiety,  it  is  very  natural  that  recourse  should 
be  had  to  the  somewhat  desperate  and  frequently  inef- 
fectual major  operation  of  removing  the  drumhead  and 
two  larger  ossicles,  but  leaving  the  stapes,  which  was 
either  or  thus  became  the  key  to  the  unfortunate  situa- 
tion, untouched.* 

This  operation  follows  the  same  lines  as  the  similar 
operation  in  suppurative  cases;  it  is.  however,  compara- 
tively bloodless,  and  the  field  remains  clear;  it  demauils. 
like  the  exploratory  tympanotomj',  the  most  stringent 
aseptic  precautions. 

Forcible  mobilization  of  the  ossicles  by  other  than  ap- 
plications external  to  the  middle  ear  may  be  effected  by 
making  a  triangular  cut  in  the  posterior  superior  segment 
of  the  drumhead  opposite  the  descending  process  of  the 
incus  and  the  stapes  and  the  introduction  of  a  small, 
blunt  hook.  The  objections  to  this  method  of  operating 
are  the  smallnessof  the  field  exposed  and  the  consequent 

*  Kessel's  operation  of  removal  of  tlie  dnimtiead,  malleu-s.  and  in- 
cus. Willie  exact  as  a  surreal  pnK'edure.  simple,  easily  done,  and 
attended  with  but  Mule  ri.sk.  is  unjustiflable  unless  warranted  by  a 
previous  knowledge  of  what  it  is  likely  to  effect  in  the  indi\idual  case. 
In  several  cases  of  this  kind  which  have  come  to  mv  kno%vIedpe  after 
the  operation  and  when  cicatricial  healinp  bad  taken  place,  tenotomy 
hf  the  stapedius  muscle  alone,  or  with  tlie  use  of  an  artificial  drum- 
oead,  has  given  the  sought-for  improvement  in  hearing. 
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difficulty  in  iiiaiiiniiliitioii:  tbe  location  of  tlit- opening, 
in  tlie  centre  of  ;in  inipnrtsint  segment  of  tlie  nienfhnnm 
vibrans,  is  of  less  inipdilaiice.  as  it  is  well  known  llmt 
fresh  incisions  in  the  dniniheiul  Ileal  so  reaiiily  that  at 
tempts  to  maintain  a  permanent  opening  by  exeisini; 
large  portions,  by  the  use  of  eseliarotics,  and"  liy  intri)- 
■tiuction  of  eyelets  have  mainly  failed  ot  their  purpose. 

To  permit  free  access  to  the  nudille  ear  in  the  line  of 
the  ossicular  chain,  to  avail  of  the  intelligent  jiartieipa- 
tion  of  the  patient,  and,  if  any  operation  nmre  serious 
than  an  attempt  at  nmbilization  is  found  to  be  unjustiti- 
jible,  to  permit  the  iinmediale  closure  of  the  opening  in 
the  drumhead  and  the  restoration  of  the  parts  to  llieir 
former  condition,  the  operation  called  exploratory  tym- 
panotomy was  devised.  This  oi)ei-dtion  consists  in  an 
incision  along  and  close  to  the  posteiior  and  siii>erior 
periphery  of  the  drtnnhcad,  beginning  at  a  point  oppo- 
site tbe  round  window,  or  a  little  higher,  and  ending 
clo.se  to  the  han<lle  of  the  malleus  below  the  short  iu<icess ; 
tbe  dendritic  lilirous  tiss\ie  in  the  Haps  thus  formed  tends 
to  pull  it  downward  and  outward,  thus  exposing,  with- 
out the  need  of  manipulation,  the  descending  ])rocess  of 
the  incus  and  the  stapes,  and  permitting  free,  tactile  ac- 
cess to  the  tinsor-tympanic  tendon  and  the  tendon  of  the 
stapedius.  The  operation  is  done  without  general  ana'S- 
the-sia.  thus  making  hearing  tests  during  its  progress 
possible,  and  is  comparatively  painless  if  the  cut  is  made 
close  to  the  ])eriphery  and  if  contact  with  the  skin  of 
the  canal  is  avoided;  in  especially  .sensitive  patients  the 
incision  may  be  suspended  in  its  lower  third  and  a  sterile 
cocaine  solution  applied.  Hemorrhage,  even  in  the  up- 
per part  of  the  cut,  is  usually  inconsiderable,  and  can  be 
-easily  controlled  by  sopping  with  a  dry,  cottou-tipi)ed 
probe. 

In  a  series  of  experiments  on  the  progressive  growth 
of  the  dermoid  coat  of  the  membrana  tynipani.  it  was 
found  that  the  movement  outward  from  the  centre  of 
tbe  membrsjne  at  the  tip  of  the  malleus  toward  tbe  supe- 
rior and  posterior  periphery  was  slowest  in  the  inferior 
third  of  the  posterior  segment,  more  rapid  in  the  middle 
third,  and  most  rapid  in  tbe  upper  third,  and  that  tbe 
rate  of  movement,  as  shown  b}'  small  pieces  of  jjaper 
jiasted  upon  the  membrane,  bore  a  proportionate  relation 
to  tbe  corresponding  degree  of  vascularity  of  the  three 
sections  mentioned.  Tactile  examinations  show  that  the 
sensitiveness  of  the  sections  of  the  posterior  segment  of 
tbe  memln-ana  tynipani  has  tbe  same  relative  correspon- 
dence, and  therefore  that  an  incision,  begun  opposite  tbe 
round  window,  causes  increasing  pain,  as  it  is  extended 
upward  and  forward  along  tbe  periphery. 

A  part  of  this  ])rogressive  increase  in  pain  can,  of 
course,  be  accounted  for  psycbologicall.v:  but  it  is  evi- 
dent that  the  edges  of  a  small  and  comparatively  painless 
cut  can,  by  affording  access  to  tbe  mucous  membrane 
forming  tbe  inner  coat  of  tbe  membrana  tynijiani.  be 
availed  of  for  purposes  of  aua?sthetization  by  cocaine, 
and  that  tbe  cut  can  be  successfully  continued  under  the 
same  influence  and  with  comparatively  little  discomfort. 

Tactile  investigations  as  to  the  comparative  sensitive- 
ness of  the  different  portions  of  the  tympanic  cavity  also 
show  its  lining  membrane  and  intrinsic  structures,  with 
exception  of  tbe  superior  and  |>osterior  portions — fornix 
tympani  and  aditus  ad  antrum  mastoideimi, — to  be  com 
paratively  insensitive,  especially  in  the  line  of  tbe  sound- 
transmitting  apparatus  of  tbe  middle  ear. 

Operations  within  the  middle  ear,  therefore,  except 
such  as  include  interference  with  tbe  membrana  tymi>ani 
and  inva.sion  of  the  upper  jiort  ion  of  the  tympanic  cavity, 
may,  in  tbe  great  majority  of  uon  suppurative  cases,  with 
proper  care,  be  conducted  not  only  without  general,  but 
also  without  local,  anaesthesia:  and  in  the  cases,  therefore, 
of  chronic  non-suppurativedisea.se  of  tbe  middle  ear  with 
intact  membrana  tympani,  for  which  this  operation  of 
exploratory  tympanotomy  is  proposed,  when  the  sensi- 
tive membrana  tympani  has  once  been  pa.ssed,  there  is 
opened  to  tbe  observer  an  aseptic  and  comparatively 
insensitive  cavity. 

Tbe  successive  stages  of  tbe  explorator)'  tympanotomy 
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are,  first,  tbe  crescentic  incision  beginning  in  the  poste- 
rior segment  and  carried  upward  and  forward  throusrh 
the  thill  and  coinpanitively  insensitive  portion  of  the 
drumhead  between  the  annuhis  cartilagineus  and  the 
periphery,  and  then  downward  along  the  posterior  border 
of  the  handle  of  the  malleus.  This  eiit  niav  sometimes 
Ik'  completed  without  withdrawing  the  knife!  but  usuallv 
it  is  necessary  to  suspend  it  when  tbe  upper  portion  (if 
the  drumhead  is  reaclied.  either  for  tbe  purpose  of  mak- 
ing an  application  of  cocaine  or  to  allow  the  patient  a 
moment  of  nst.  Almost  imnieiliatelv  ujion  the  comple- 
tion of  the  incision  the  llap  thus  binned  curves  down- 
ward and  outward,  leaving  the  descending  process  of  tbe 
incus  and  sometimes  the  posterior  erns  of  the  stapes,  tbe 
stapedius  tendon,  and  the  convsponding  portion  of  tbe 
inner  tympanic  wall  plainly  in  view.  Hleedinir  from  the 
cut  edges  is  taken  up  by  the  cotton  slick  and  the  wound 
.allowed  to  glaze.  During  tliis  jieriod  of  waiting  the 
hearing  tests  are  made  ami  recorded. 

Second,  a  small,  blunt  book,  jireviously  dipped  in  the 
alcoholic  boric  acid  solution,  is  passed  through  the  open- 
ing, care  being  taken  toavoid  loucliing  the  cut  edires  and 
inner  surface  of  the  flap,  and  the  mobility  of  the  malleus 
is  tested  by  a  series  of  gentle  pulls,  tfie  .siime  process 
being  repeated  by  passing  the  hoi.k  behind  the  descend- 
ing process  of  the  incus  and  under  the  bead  of  thestapes, 
the  various  degrees  of  fixation  or  mobility  being  deter- 
mined by  this  means. 

Third,  from  a  piece  of  thin,  foreign  jiost  paper,  highly 
sized,  there  is  cut.  by  means  of  curved  scissoi-s.  a  disc 
large  enough  to  covei-  the  Hap  formed  in  the  drumhead 
and  to  extend  upward  over  the  periiJiery  of  the  drum- 
head on  to  the  inner  end  of  the  canal.  Tins  disc,  dipped 
in  a  weak,  corrosive  solution  to  moisten  its  sizing,  is  then 
taken  tipon  tbe  end  of  a  wet.  cotton-tipped  probe,  and 
its  lower  half  brought  into  contact  with  the  outer  sur- 
face of  the  llap  in  the  drumhead  and  held  in  position  for 
a  few  seconds  until  it  adheres,  when  the  paper,  carry- 
ing tbe  flap  with  it  into  position,  may  be  similarly  a"t- 
tachcd  to  the  skin  above  the  incision,  thus  bringing  the 
edges  of  the  crescentic  cut  in  apposition  and  holding  them 
firmly  in  place.  Tbe  patient  sboiiUl  be  directednot  to 
practise  inflation,  the  car  should  be  lightly  stopped  with 
sterile  cotton,  and  this  dressing  allowed  to  remain  in 
place  until  the  healing  of  the  drumhead,  which  usually 
occurs  within  three  days,  has  taken  )ilace. 

In  the  .second  stage  of  this  operation  there  may  be  in- 
cliideil  almost  any  form  of  interference  in  the  line  of  the 
sound  transmitting  ajipai-atus  of  the  middle  car,  other 
than  evulsion  of  the  two  larger  ossicles.  It  is  po.ssible 
to  disarticulate  the  incus  and  stapes,  cut  tbe  tendon  of 
tbe  stapedius,  and  extract  that  bone  and  the  incus  also 
through  such  an  opening  as  that  described. 

Tbe  operation  of  stapedectomy,  while  very  simple  in 
itself,  is  open  to  question  because  of  the  varied  conse- 
quences which  may  follow  invasion  of  the  cavity  of  the 
internal  ear,  and  because  of  its  doubtful  value"  for  the 
purpose  for  which  it  is  usually  demanded — amelioration 
of  an  extreme  degree  of  deafness. 

When  the  extreme  deafness  isaccompanicd  by  disturb- 
ing or  incapacitating  tinnitus  and  vertigo,  the  removal 
of  the  stapes  may  be  considered  a  justifiable  expedient, 
and  has  occasionally  proved  of  benefit.  It  slnuild  be 
borne  in  mind,  however,  that  the  fixation  which  causes 
these  extreme  symptoms  is.  not  infrequently,  only  sec- 
ondary to  a  byperostotic  process  of  tbe  labyrinthine  cap- 
sule which  removal  of  the  stapes  cannot  relieve,  that, 
under  these  circumstances  of  fixation,  the  crura  not  vm- 
visiially  break  in  tbe  attempt  at  extraction,  and  that  there 
remains  then  only  the  alternative  of  drilling  or  of  break- 
ing up  the  ba.se  plate. 

In  21  consecutive  cases  of  attempted  removal  of  tbe 
stapes  in  chronic,  nonsuppurative  disease  of  the  middle 
car,  the  stapes  was  removed  entire  in  9  cases  only; 
there  was  fracture  of  both  arms  of  the  stapes  in  10 
cases,  and  in  2  cases  the  bone  was  found  to  be  so  abso- 
lutely immovable  as  to  make  it  impi'ssible  to  rotate  tbe 
bead  of  the  ossicle  by  traction  upon  the  blunt  hook  in- 

673 


Ear  Diseases. 
Ear  Diseases. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


serted  between  the  crura.  In  6  of  the  cases,  which  had 
not  been  dizz}'  before,  vertigo,  more  or  less  severe,  fol- 
lowed the  operation,  persisting  for  more  than  a  month  in 
3  of  them,  in  1  for  nearly  a  year,  and  in  but  3  out  of 
the  21  cases  was  there  improvement  in  hearing,  except 
temporarily.* 

As  an  example  of  the  feasibility  of  operation  upon  the 
middle  ear  through  the  exploratory  tympanotomy  open- 
ing, the  following  case,  that  of  a  woman  tifty-five  years 
of  age,  in  whom  the  operation  incliKkd  the  removal  not 
only  of  the  stapes,  but  also  of  the  incus,  may  be  cited. 
At  the  time  of  operation,  there  was  marked  tlecrease  in 
hearing  in  both  ears  in  consequence  of  chronic,  non-sup- 
purative  disease  of  long  .standing,  and  in  the  right  ear 
neither  Politzer's  acoumeter,  nor  the  tuning-fork,  nor  the 
upper  portion  of  the  scale  of  the  Gallon's  whistle  was 
heard.  Subsequently  to  the  injection  of  a  two-percent, 
solution  of  cocaine  through  the  Eustachian  catheter,  the 
crescentic,  periiiln-ral  cut  in  the  right  drumhead  was  made 
with  but  one  application  of  cocaine  solution  to  the  edges 
of  the  cut  and  with  but  little  discomfort  to  the  patient. 
Tests  of  hearing  at  the  end  of  the  first  stage  of  the  opera- 
tion showed  no  improvement  either  by  aerial  or  by  bone 
conduction,  and  served  to  confirm  the  diagnosis  of  fixa- 
tion of  the  .stapes  in  consequence  of  the  long-continued 
thickening  process  in  the  middle  car.  Careful  tiictile  ex- 
amination of  the  accessible  porti(ms  of  the  inner  tympanic 
wall,  especially  in  the  neighborhood  of  the  fenestral  niche, 
b_v  means  of  a  probe,  showed  lack  of  sensitiveness  to 
touch,  with  the  exception,  perhaps,  of  a  slight  pricking 
sensation;  if,  however,  the  probe  came  accidentally  or  in- 
tentionally into  coiuact  with  the  cut  edges  of  the  drum- 
head, especially  upon  the  superior  posterior  margin,  there 
was  a  sense  of  discomfort,  which  amounted  to  pain  as  the 
elTect  of  the  cocaine  Jiassed  oil,  which  it  apparently  did 
before  the  more  important  i)art  of  the  operation  was  mn- 
cluded;  care  was  tlicrcfore  taken  in  stibseipn'nt  manipu- 
lation to  avoid  touching  the  edges  of  the  opening.  Under 
these  conditions  the  operation,  including  tenotomy  of  the 
stapedius  muscle,  disarticulation  and  removal  of  the 
stapes,  was  continued  and  com|)leted  without  pain.  The 
division  of  the  tendon  caused  to  the  patient  the  sensjition 
of  a  dull  thud,  and  in  dividing  the  articulation  between 
the  incus  and  stapes  the  grating  sound  made  by  the 
knife  was  similarly  heard.  The  ankylosis  at  this  point 
was  very  firm,  and  disarticulaticm  was  Clfeeted  with 
such  difficulty  that  at  its  completion  the  incus  dropped 
not  only  outward,  but  also  slightly  downward,  in  such 
a  manner  as  to  show  that  it  was  separated  from  the  mal- 
leus also:  its  removal,  therefore,  seemed  advisidile,  and 
this  was  easily  done  by  means  of  the  blunt  hook  and 
forceps,  the  only  pain  caused  being  incident  to  the  jias- 
sage  of  the  body  of  the  incus  tinough  the  opening  in  the 
drumhead.  The  stapes  was  now  plaiidy  in  view,  and  as 
no  improvement  in  hearing  had  thus  far  been  effected, 
this  bone  also  was  extracted,  by  means  of  a  blimt  hook 
pa.s.sed  between  the  crura  from  above,  and  came  away 
with  a  sensation,  to  the  patient,  of  a  loud  report,  but 
without  causing  either  pain  or  vertigo;  the  pulse,  which 
had  been  80,  rose  to  100  and  became  weaker,  l)ut 
returned  to  its  former  rale  and  volume  within  two 
minutes.  Subsequently  to  the  operation  there  was  no 
other  discomfort  than  that  naturally  incident  to  having 
the  head  held  for  a  long  time  in  a  constrained  position, 
and  in  this  respect,  as  well  as  in  the  conditions  of  the 
operation  itself,  the  result  was  a  satisfactory  one,  al- 
though the  hearing  was  not  materially  improved. 

In  a  man  twenty -nine  years  of  age  the  hearing  in  both 
ears  had  become  impaired,  and  in  the  left  ear  gravely 

*  In  a  case  of  destniction  ot  the  drumhead  and  loss  of  the  malleus 
and  incus  inculent  to  suppurative  disease  in  childhood,  there  had 
been  n'>  cicjitrizalion.  The  mucous  membrane  of  the  tympanum  was 
clear,  dry,  and  transparent ;  ttie  stapes  was  plainly  visible  in  Itw  niche, 
but  without  ailachnient  of  the  stapedius  muscle.  For  hearing  pur- 
poses Ihisear  (the  ri^ht  >  was  practically  useless.  Kemoval  of  the  stapes, 
which  cauie  away  easily  with  a  sli^hi  sense  of  suction,  was  followed 
by  an  outflow  of  fluid  and  immediate  increase  of  hearing  (the  voice 
being  heard  twenty  feet)  and  a  severe  vertigo  ;  the  hearing  and  vertigo 
lasted  ten  days,  and  then  both  disappeared. 


affected,  as  the  result  of  a  chronic  non-suppurative  dis- 
ease of  the  middle  ear.  The  Politzer  acoumeter  was  heard 
only  when  held  so  close  to  the  ear  thtit  the  hammer  was 
on  a  line  with  the  posterior  border  of  the  concha;  the 
tuning-fork  (.512  v.  s.)  was  heard  aerially  f|,  and  by  bone 
conduction  ff;  Politzer's  forks,  Nos.  land  2,  were  not 
heard  aerially,  nor  was  a  Gabon's  whistle,  ranging  from 
6,000  V.  s.  to"  12,000  V.  s. 

After  the  first  stage  the  operation  was  painless,  except 
when  the  shaft  of  the  instrument  touched  the  cut  edges 
of  the  dnimheatl,  but  it  was  accompanied  by  the  audi- 
tory sensations  incid<'ut  to  tenotomy  and  disarticulation. 

Efforts  at  mobilization  showed  the  stapes  to  be  firmly 
fixed,  and  in  an  attempt  at  circumcision  by  means  of  "a 
fine  paracentesis  needle,  the  knife  met  with  bon.y  resist- 
ance on  the  su])erior  and  posterior  borders  of  the  niche, 
and  gentle  traction,  made  with  a  blunt  hook,  resulted  in 
the  coming  away  of  the  head  and  both  crura  of  the 
stapes  broken  off  close  to  the  foot  plate.  There  was  no 
sense  of  suction  on  this  extraction,  no  vertigo,  no  change 
in  pulse,  and  no  special  sensations  to  the  patient,  except 
a  snapping  noise  which  was  presumably  heard  at  the 
moment  of  fracture.  Investigation  of  the  fenestral  niche 
by  means  of  a  probe  showed  the  base  plate  to  be  appar- 
ently fixed  by  bony  union,  especially  to  the  posterior  and 
superior  niclie  walls;  subsequent  examination  of  the 
crura  showed  them  to  be  distinctly  atrophied,  as  is  the 
case  in  long-continued  ankylosis  of  the  base  plate  of  the 
stapes.  The  whole  operation,  including  the  tests  of  hear- 
ing made  during  its  progress,  lasted  but  twelve  minutes- 
and  was  without  pain  to  the  patient,  who  was,  however, 
it  should  be  said,  a  well  man  of  an  equable  temperament. 
Five  days  after  the  operation,  during  which  interval 
there  had  been  neither  paie  lun-  other  discomfort,  the 
hetiring  test  gaveihesame  result  for  Politzer's acoiuneter 
and  for  duration  of  the  tuning-fork  aerially  ;  but  the  hear- 
ing was  improved  in  the  following  respects:  Gallon '.s 
whistle,  previously  not  heaid  at  all,  was  now  heard 
throughout  its  whole  register;  the  tuning  forks,  Nos.  1 
and  2,  were  heaid  plainly,  as  was  also  the  voice  in  a  low 
tone,  close  to  the  ear;  a  loud  voice,  however,  even  if 
one  or  more  feet  distant,  was  heard  only  confusedly. 

Chnriii't  JdliH  B/ii/.-i'. 

EAR     DISEASES:     SYPHILITIC    AFFECTIONS.— I. 

Ac(ifiKi-;i)  Svfiiii.is  —  Afiurr.K.  —  Priinnri/  si/jihititic 
chiiiii'rrnhiiwQ  been  but  very  seldom  seen  on  the  auricle 
and  the  adjacent  parts.  Despres'  found  among  twelve 
hundred  syphilitic  patients  one  with  a  chancre  (soft)  on 
the  auricle.  Pellizzari  -  reports  having  seen  a  primary 
sore  on  the  loliule.  and  thinUs  that  it  was  caused  by  the 
use  of  a  towel  which  the  son  of  this  patient  had  previ- 
ously useil  in  cleaning  a  sore  on  his  ]icnis.  Hermet  ■'  saw 
a  chancre  on  the  lobule  of  a  woman's  ear.  which  resulted 
from  a  kiss  by  her  infected  husband.  The  .Siiine  author'' 
saw  also,  in  the  clinic  of  Dr.  Fouinier  in  Paris,  a  phage- 
denic hard  chancre  on  the  lobe  and  the  posterior  part  of 
the  lower  third  of  the  auricle,  caused  by  the  bite  from 
an  infected  individual.  A  similar  case,  due  to  a  bite, 
has  been  observed  ahso  by  Hutchinson.^  Hulot''  saw  a 
chancre  on  the  base  of  the  tnigus,  the  origin  of  which 
was  problematical.  Zucker'  has  described  at  length  the 
history  of  a  ease  of  chancre  on  the  outer  surface  of  the 
tragus.  A  chancre  on  the  mastoid  process  in  a  man,  due 
to  the  kiss  of  a  jirostitute,  has  been  observed  by  Mracek,' 
and  another  in  the  same  place  in  a  child,  caused  by  in- 
fection from  the  nurse,  has  been  described  by  Hulot.' 
Finally.  Lincke,'  speaking  of  otitis  syphilitica  externa, 
says  that  it  attacks  .sometimes  the  auricle,  at  other  times 
the  external  canal,  or  it  may  attack  both  parts  simulta- 
neously, and  that  it  manifests  itself  usually  in  the  form 
of  a  chancre. 

As  far  as  can  be  seen  from  the  description  of  the  ca.ses 
here  cited,  the  chancres  presented  the  usual  appearance; 
the  lymphatic  glands  in  the  vicinitv  were  enlarged  and 
indurated.  In  Zncker's  case  the  tragus  was  of  a  livid 
red  color,  of  twice  the  normal  thickness,  and  on  its  an- 
terior surface  was  a  pigmented  radiating  cicatrix.     The 
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entire  parotid  region  was  involved  in  the  process;  it  was 
greatly  swollen,  felt  as  hard  as  a  board,  but  was  not  at 
all  painful.  There  was  no  secretion  from  the  external 
canal,  ami  the  hearing  was  but  slightly  diminislied  in 
acuteness.  In  tliis  case  the  diagnosis  of  primary  syphi- 
litic infection  was  facilitated  by  the  recent  appearance,  on 
the  surface  of  each  hand,  of  tlirec  or  four  small,  round, 
slightly  .<;caly  efflorescences.  Tlie  genitals  were  intact, 
and  the  inguinal  glands  were  not  swollen.  A  course  of 
inunctions  produced  a  perfect  and  rapid  cure. 

A  primary  s<ire  on  the  auricle  may  be  mistaken  for 
cancer,  from  which  it  differs,  however,  in  that  it  presents 
a  clean  svuface  and  secretes  but  little.  The  nearest  Ij'ni- 
phatic  glands  usually  enlarge  with  the  development  of 
induration  in  the  primary  sore. 

Sto»)(litri/  ami  Ttftiary  Forms. — >Ianifestations  of  con- 
stitutional syphilis  are  not  very  rarely  observed  in  the 
auricle.  Squamous,  pustular,  and  papular  eruptions, 
usually  in  connection  with  the  same  affection  on  the  in- 
tegument of  adjacent  parts,  but  sometimes  limited  to  the 
auricle  and  external  canal,  have  been  seen  by  many  writ- 
ers. According  to  Gruber. '"  pajiular  eruptions  are  most 
frequently  seated  at  the  point  of  insertion  of  the  auricle, 
while  exanthematuus  eruptions  appear  mostly  on  the 
other  parts  of  the  auricle.  Broad  condylomata  have 
been  often  seen  by  Despres  on  the  lobidc,  and  usually 
in  the  hole  for  the  earring.  Wilde,"  as  far  as  I  know,  is 
the  only  author  who  maintains  tliat  syphilitic  ulceration 
is  by  no  means  uncommon,  and  that  rupia  is  frequently 
seated  on  the  external  ear. 

Tubercular  syphilides*  and  gumniata  of  the  auricle 
have  been  observed  bvZeissl.'^  Burnett."  Buck.''  Field,"' 
Hessler.'"  Pelletan.'"  Sexton."  Pierce,"  Ravogli," 
Woakes,='  Barklay,--'  Bumstead  and  Taylor,"  McBride," 
and  Packard."  In  all  of  the  cases  reported,  the 
affections  appeared  in  the  so-called  tertiary  stage  of 
syphilis.  In  almost  all  only  one  ear  was  affected,  and  in 
tiie  majority  of  the  cases  no  other  .symptom  of  syphilis 
was  present  at  the  time  the  jiatient  came  under  observa- 
tion. The  seat  of  the  tubercle  or  gumma  was  in  the 
anterior  part  of  the  auricle  in  all  the  ca.ses.  except  Bur- 
nett's, in  which  it  occupied  the  posterior  surface.  A 
case  with  symmetrical  patches  of  lupus  erythematosus 
in  the  concha  of  each  ear,  probably  syphilitic,  was  seen 
by  Hutchinson  {loc.  cii.,  p.  348).  According  to  Zeissl.  the 
auricle  may  be  the  seat  of  both  the  dry  (non-ulcerating) 
and  the  ulcerating  forms  of  gummata,  and  the  latter 
frequently  shows  a  tendency  to  the  lupoid  character  in 
this  situation  (Fouruier).  In  Burnett's  case,  which  is 
about  the  only  one  recorded  in  which  the  disease  was 
seen  in  its  earliest  stages,  there  first  appeared  a  circum- 
scribed infiltrated  lump  on  the  posterior  surface  of  the 
auricle,  and  this  gradually  extended  vmtil  it  had  diffused 
itself  throughout  the  tissue  of  the  pinna.  It  was  slightly 
elevated  above  the  general  surface  of  the  auricle,  of  a 
deep  reddish  color,  painless,  and  was  not  attended  with 
itching;  it  was  inclined  to  run  a  slow  cour.se.  In  the 
space  of  a  month  or  six  weeks  the  infiltration  had  diffused 
itself  throughout  the  greater  part  of  the  auricle,  and 
somewhat  over  the  mastoid  portion.  The  thickening  and 
deformitj-  of  the  auricle  had  become  considerable,  the 
groove  behind  the  auricle  was  obliterated,  and  the  ap- 
pendages assumed  a  firm,  thick  feeling.  This  condition 
lasted  for  some  weeks,  then  softening  and  ulceration  en- 
sued, the  latter  beginning  in  some  natural  groove  or  de- 
pression.    The  ulcer  thus  formed  by  the  breaking  down 

♦  Tlie  tubercular  syphilide  is  a  solid  rounded  nodule  of  the  skin  and 
subinitaneous  cellular  tissue,  and  is  coppery  or  purple-brown  in  color: 
commonly  several  tubercles  are  collected  in  a  proup.  The  tubercle  is 
liable  to  ulcerate,  audits  course  is  slow.  Sometimes  creeping  ulceration 
attacks  a  tubercle.  When  this  takes  place,  little  tubercles  develop  at 
the  marcin  of  the  flrst  deposit  and  mertre  into  each  other.  The  oiig- 
inal  tubercle  soon  ulcerates :  a  scab  is  formed,  under  which  the  ulcer 
creeps,  healins  where  the  tubercle  first  bepan  to  melt  away,  and 
spreadinij  bv  the  destruction  of  the  tubercles  at  the  margin  of  the  ul- 
cer. The  course  of  the  affection  is  indeHnite.  unless  conmilled  by 
treatment.  Ulcerated  tubercles  always  leave  indelible  white  scars. 
Gummv  tumors  form  solid  nodules  beneath  the  skin.  Presently  the 
skin  becomes  absorbed  over  the  tumor,  and,  bliush-red  in  color,  breaks 
down  in  slow  ulceration.  Sometimes  the  mass  is  at)Sorbed  before  ul- 
ceration is  reached  (Hill  and  Cooper  '^). 


of  the  gumma  may  assume  any  shape,  and  if  not  properly- 
treated  soon  increases  in  size  and  depth.  The  floor  of 
the  ulcer  is  usually  ragged  and  covered  with  dirty  gray- 
ish matter  which  cannot  be  readily  removed.  I'lie  dis- 
charge from  the  ulcer  is  often  exces.sivcly  offensive.  In 
several  of  the  reported  Cii.ses.  necrosis  of  parts  of  the 
aurictdar  cartilasre  ami  exfoliation  of  the  seijtiestra  oc- 
curred, and  in  Field's  case  two  thirds  of  the  auricle  was 
destroyed.  As  a  rule,  comparatively  little  deformity 
seems  to  result  from  this  affection,  soiuetimes  even  when 
the  infiltration  is  extensive  and  the  ulcer  large  and  deep; 
very  often  an  indelible,  depressed  white  scar  is  in  after 
years  the  only  evidence  remaining  of  ine  giuiima.  In 
Barklay's  case,  in  whicli  the  cartilage  of  tlie  concha, 
tragus,  and  canal  was  exfoliated,  the  general  outline  of 
the  ear  remained  mirmal.  Tht,'  first  abnormality  to  strike 
the  attention  was  the  peculiar  deformity  of  the  concha, 
the  upper  and  lower  limits  of  which  were  preserved, 
while  the  tragus  and  meatus  were  absent.  The  Itegin- 
ning  of  the  helix  above  was  at  an  oval  pit  in  the  concha, 
and  the  intertragal  notch  below  was  a  circular  pit. 
There  was  a  shining,  bulging,  yellowish  spot — resem- 
bling somewhat  a  sebaceous  cyst — right  over  the  .site  of 
the  normal  meatus,  upon  a  strong  band  of  cicatricial 
tissue,  extending  downward  and  backward  from  a  spot 
aboveand  in  front  of  the  site  of  the  normal  tragus,  which 
band  completely  closed  the  meatus.  Except  a  slight 
tightening  of  the  skin,  a  seeming  loss  of  sul)cutaneous 
tissue  on  the  anterior  side,  and  a  slight  drawing  outward 
and  forward  of  the  auricle,  it  was  otherwise  apparently 
normal.  Above  and  auterior  to  the  site  of  thi^  normal 
tragus,  and  near  that  of  the  temporo-niaxillary  articula- 
tion, was  a  stellate  cicatrix. 

Packard's  case"  was  that  of  a  negro  twenty -five  years 
of  age.  A  painful  swelling,  fluctuating  on  pressure,  de- 
veloped in  the  upper  portion  of  the  auricle  twelve  years 
after  the  primary  sore.  There  was  no  history  of  injury. 
Under  treatment  the  auricle  attained  its  nonual  cotulition, 
except  for  the  presence  of  some  hardening  and  thicken- 
ing of  the  cartilage,  in  a  month. 

The  diagnosis  of  the  diseases  under  consideration,  as 
well  as  of  those  which  I  shall  treat  farther  on,  musi  ri'st 
largely  on  the  previous  history  of  the  case.  If  syphilitic 
infection  is  denied,  and  necrosis  of.  or  gummata  on.  the 
bones  are  absent,  careful  search  should  be  made  for  sciirs 
and  marks  left  by  secondary  affection  of  the  skin  jiiid 
mucous  membranes.  An  ulcerated  ttibercle  may  possibly 
be  confounded  with  lupus  vulgaris  and  scrofiilotis  ulcer. 
In  both  of  the  last-named  affections  there  is.  however, 
very  freciuently  considerable  redness  and  (edema  of  llie 
skin  around  the  ulcer,  while  the  syphilitic  ulcer  is,  in 
most  instances,  sharply  bounded  by  healthy -looking  skin. 
Lupus  vulgaris  begins,  moreover,  usually  before  puberty ; 
its  course  is  much  more  chronic,  and  there  is  but  little 
discharge  from  the  ulcer. 

From  an  ulcerating  epithelioma*  the  syphilitic  ulcer 

*Differenlkil  Diayimsis  hetwccn  Vlccr.  Tiiheicte.  nnd  Cancer.— 
Htitchlnson  Hoc.  i-il..  p.  .ill),  speakinsrof  the  dilTerential  dIaL'nosis  lie- 
twe<-n  cancer  and  syphihs.  savs:  "1  am  most  an.xious  to  in.sist  on  its 
e.xtreme  diOlcultv.  The  surcriwn  who  trusts  to  rnles.  or  who  veniun'S 
to  rely  with  confidence  on  his  own  i»wers  of  obsi-nation  as  reirards 
minute  differences  of  apr>farance  between  canccn.ais  and  syphilitic 
ulcers,  will  often  make  .serious  luistakes.  Cancerous  pRici-s-si-s  may  1)6 
simulated  by  syphilis  in  the  closest  possible  n)anner.  As  a  ireneral 
rule,  it  may  be  said  that  we  distiniruisii  between  a  cancerous  ulcer  aiicr 
one  that  is  svphilitic  bv  observiuL'  tl)ai  in  the  fomu-r  a  proiess  of 
growth  precedes  that  of  ulceration,  whereas  in  syphilis  it  Is  at  best 
only  one  of  chronic  inflanunaiion.  Without  doubt  this  is  a  most  Im- 
portant distinction.  In  svphilis  the  edfes  of  an  nicer  may  1«'  ureatly 
indurated  and  it.s  base  may  \tc  tlrm.  but  there  are  seldon)  any  sprouting 
ma.sses  on  the  surface,  or  anv  well-dellned  niarpins  to  tin-  indumiicn, 
such  as  we  encounter  in  cancer.  E.xceptions.  however,  occur  even  to 
this  statement,  and  now  ami  then  even  a  syphilitic  sore  may  be  covered 
with  bossv  masses  of  llrm  ei-aniilaiion  structuiT  which  closely  ri-seuible 
epithelioiiia.  I  [»)ssess  n)ore  than  one  drawinc  in  which  the  ordinary 
features  of  nvlent  ulcer,  its  clean  surfaie.  and  its  sinuous,  rolled  e<\ee 
of  induration,  were  so  exactiv  imilnte<l  by  tertiary  sypliilltic  s<ires  ihiit 
we  had  to  appeal  to  treatment  fordiaenosi-s.  I  have  not  atiaclie<l  n)Uch 
importance,  for  iliacnostic  purposes.  Ivtween  syphiUs  and  cancer,  on 
the  presence  or  absence  of  implication  of  lymphatic  glands.  Noililnp 
can  be  more  illusory  than  In  teach  that  enlanrenient  of  the  lymph-'tlc 
glands  is  one  of  the  finturcs  bv  which  cancer  can  he  ili.-tininiisred 
from  other  local  disease.  There  is  no  doubt,  however,  that  in  any  ra.«e 
which  comes  under  obser^■ation  late,  and  with  eulargenunt  I'f  llie 
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can  generallj"  be  distiugiiished  by  the  absence  of  en- 
larged glands  in  the  neighborhood,  and  by  the  more  of- 
fensive odor  of  the  discharge. 

The  tredtiiieitt  of  these  affections  does  not  differ  from 
that  of  tertiary  manifestations  in  other  parts  of  the  body. 
Iodide  of  potassium,  alone  or  combined  with  mercury, 
will  cure  these  cases. 

Local  treatment  alone  was  of  no  avail  in  any  one  of  the 
cases  reported. 

E.XTERNAL  Auditory  Canal.— This  part  of  the  ear  is 
not  very  rarely  the  seat  of  Biuiid  Conilyh/niatit  {Miirous 
^yln■tx}  and  of  ulcers  in  persons  suffering  from  constitu- 
tional sy))hilis.  The  occurrence  of  the  condylomata  of 
the  external  canal  is  mentioned  by  Moos  and  by  Troeltscli; 
but  for  the  tirst  full  description  of  this  affection  and  its 
treatment  we  aie  indebted  to  Stohr,"  who  had  the  op- 
portunity of  seeing  fourteen  ca.ses  of  this  disease  in  about 
tliree  years.  Wilde's  (foe.  n't..  223) case,  publislied  nearly 
twenty  years  before  Sliihr's  paper  appeared,  may,  as 
Knapp  suggests,  have  been  also  one  of  syphilitic  origin; 
but  Wilde,  who  throughout  his  book  slinws  that  he  was 
familiar  with  the  manifestations  of  syphilis  in  the  ear, 
says  e.\pressly  tliat  the  patient  was  otherwise  healthy, 
and  attributed  her  affection  to  cold. 

Since  StOlir's  publication  broad  condylomata  have  been 
observed  and  descril)ed  by  Buck,'^  knapp.-'*  Christin- 
neck,"  Nocpiet,'*  Zucker,'  Purjesz,'-'  Feliei,^"  Traut- 
mann,"  Koehncr.^-  Despres'  found  among  1,200  syph- 
ilitic patients  (980  of  whom  had  condylomata  in  various 
places),  .')  cases  of  condylomata  of  the  external  canal; 
while  Ravogli  was  unable  to  lind  a  single  case  of  condy- 
lomata of  the  external  canal  in  114  sypliilitic  individuals 
(77  of  these  had  condylomata  in  other  parts  of  the  body) 
whose  ears  he  had  examined.  Huck  saw  but  2  cases  in 
i>.!)7l)  ear  patients;  Knapp  met  with  only  1  ca.se  in  from 
O.OOO  to  10,000  ear  cas('S;  and  the  writer  of  this  has  seen 
but  2  cases  out  of  about  sixteen  thousand  lar  patients. 
Analyzed  with  regard  to  the  sex,  the  published  cases 
show  a  prepondenmce among  the  females.  In  most  cases 
but  one  ear  was  affected.  As  a  ride,  condylomata  of  the 
<xternal  canal  appear  early  in  eonslilutional  syphilis, 
while  other  skin  eruptions,  ulcerated  papida'  on  the 
fauces,  and  glandular  swellings  arc  present.  In  most 
cases  purulent  inflainmation  of  the  middle  ear,  sometimes 
of  long  standing,  jn-ecedes  the  develoi)inent  of  the 
growth.  Condylomata  begin  as  broad,  slightly  reddish 
papuhe,  the  surface  of  which  at  first  is  dry,  but  soon 
becimies  moist.  The  papida-  gradually  grow  in  size,  and 
when  situat(-d  close  to  eachotlier  they  coalesce  into  large 
patches.  These  are  often  subdivided  by  rhagades.  In 
most  cases  the  upper  surface  of  the  excrescence,  which  is 
at  first  smooth  and  somewhat  convex,  becomes  ulcerated 
and  secretes  a  sero-pnrulent  (luid,  which  often  causes  in- 
flannnation  and  ulceration  of  the  adjacent  parts  free  from 
these  growths.  If  ulceration  does  not  occur,  the  epider- 
nns  covering  the  excrescence  becomes  thickened,  whit- 
ish, and  granidar.  Thes<-  growths  often  occur  in  great 
numbers  in  all  parts  of  the  canal,  and  ma_veveu  be  seated 
on  the  drum  membrane.  Sometimes  they  not  only  fill 
the  canal,  but  also  )irotrude  out  of  the  external  meatus. 
The  excrescences  are  at  first  jjainless,  but  after  ulcera- 
tion has  oc(-ui-red  they  often  cause  sevei-e  pain,  which  is 
increased  by  movement  of  the  jaw.  !Moie  or  less  im- 
Ijairment  of  liearing  and  tinnitus  usually  result  from  the 
obstruction  of  the  canal,  and  occa.sionally  a  purulent  in- 
flammation of  the  niiiUlle  ear  is  developed  subscfjucnt  to 
the  appearance  of  the  warts.  In  one  of  Buck's  cases 
(American  Journal  of  Otology,  i.,  p.  26),  a  man,  aged 

glaDds  already  existing,  we  may  talve  this  part  a.<i  important  evidence 
in  siippiirt  of  tlie  diagnosis  of  oancer.  Neittier  in  secondap.'  nor  terti- 
ary sypliiliiio  lesion  is  it  at  all  common  for  there  to  be  any  implication 
of  lymphatics."  "  In  very  obscnre  cases  the  aid  of  ihe  luicrijscope 
should  he  inv()ked.  and  if  this  should  fail  to  0ve  positive  evidence  one 
way  or  the  other,  the  patient  should  be  piven  the  benefit  f>f  the  dont)t 
and  be  put  under  antisyphilitic  treatment.  In  cases  in  which  it  is  de- 
sired to  use  treatment  as  a  means  of  diatmosis.  tlie  best  plan  will  usu- 
ally be  to  nib  in  mercury  pretty  freely,  and  to  ffive  iodide  of  pota.ssiimi 
by  the  mouth  at  the  same  time.  Under  this  plan  any  growth  or  ulcer 
of  syphilitic  ori0n  ought  within  a  week  or  ten  days  to  change  its  feat- 
ures in  an  immistakable  manner." 


twenty -eight,  who  had  had  otorrhoea  for  seven  months 
before,  but  whose  hearing  was  not  impaired,  the  orifice 
of  the  meatus  was  found  almost  completely  obliterated 
by  the  presence  of  an  elevated  ]iatch  of  what  seemed  tit 
first  granulating  tissue.  The  dividing  line  between  this 
patch,  which  completely  encircleil  tlie  orifice  and  the 
healthy  skin  of  the  auricle,  was  sharply  drawn,  the 
edges  of  the  elevated  portion  being  quite  abrupt.  In 
Knapp's  c-a.se,  the  condylomata  developed  a  few  months 
after  infection,  and  when  the  patient  came  under  liis  ob- 
servation, six  months  after  he  had  contracted  .syphilis, 
he  founil  the  ear  canals  filled,  and  the  external  orifice  of 
the  meatus  and  the  ttd  jacent  parts  of  the  concha  occupied, 
all  around,  by  reddish,  wai't-like  excrescences  resembling 
the  syphilitic  condylomatotis  growths  so  often  seen  at 
the  anus.  Some  of  these  were  ulcerated  at  their  apices 
and  discharged  a  thin,  watery  fluid.  A  papular  syphi- 
lide  covered  the  whole  body,  and  was  very  marked  on 
the  forehead.  In  the  soft  ptilate  there  were  ulcers  with 
unclean  bottom  and  raised  concave  edges.  The  glands 
of  the  neck  were  swollen,  anil  the  patient  was  vei-y  pale 
and  weak.  During  the  first  weeks  of  treatment,  how- 
ever, there  was  an  aggnivtition  of  the  afl'ection  of  the 
phaiynx.  She  suffered  intense  jiain  in  the  ears,  and  was 
relieved  when  profuse  purulent  discharge  from  the  ear 
set  in.  The  walls  of  the  ear  canals  were  so  much  swollen 
that  no  spccidum  could  be  introduced;  yet  the  charac- 
teristic whistling  sound  on  inflation  showed  that  both 
drumheads  wei-e  broken.  The  patient  recovered  fully 
under  anti.syphilitii-  treatment. 

The  diagnosis  of  bi-oad  condylomata  of  the  external 
canal  can  usually  be  miide  willidut  diMiculty.  as  mtmifes- 
tations  of  secondai-y  sy]iliilis  are  almost  always  jiresent 
in  other  pai-ts  of  the  budy  at  the  same  time. 

The  prognosis  is  favorable.  Under  constitutional  anti- 
syphilitic  treatment  and  the  local  tipiilicationsto  be  men- 
tioned, the  excrescences  usually  shrink  ra]iiilly,  anil 
eventually  disappear  entirely.  Depressed  cicatrices,  des- 
titute of  hair,  sometimes  remain,  but  ]iermanent  contrac- 
tion of  the  canal  very  rarely  follows  this  affection. 

Constitutional  treatment  alone  will  in  most  cases  cause 
the  condylomata  to  disappear.  But  if  they  occlude  the 
canal  and  cause  retention  of  the  discharge  from  the 
tympanic  cavity,  they  may  be  abscised  or  carefully  cau- 
terized with  niti'ate  of  silver  in  substance.  Thorough 
cleansing  of  the  canal  with  warm  salt  water  and  iiillation 
of  the  middle  ear  should  also  be  pi-actised  if  suppiiriition 
of  the  miildle  ear  is  ]iresent.  In  some  cases  benetit  was 
apparenti}'  derived  from  dusting  iodoform  or  calomel  on 
the  excrescence,  or  washing  the  same  with  a  one-per- 
cent, solution  of  nitrate  of  silver. 

.'^ypliiUlie  iilffrs  of  the  external  canal  seem  to  have  been 
observed  by  some  of  the  older  writers,  as  Bell,  in  his 
work  on  Lues,  speaks  of  deafness  iiroiluced  by  a,  "  scruffy  " 
eruption,  and  sometimes  ulceration  of  the  extei-nal  audi- 
tory passage,  occurring  as  a  consei|iieiice  of  that  disease. 
Referring  to  this  Wilde  says:  "  But  his  description  is  not 
sufliciently  accurate  to  be  deiiended  u|Kin,  and  has  not 
been  confirmed  by  subsequent  observers.  No  doubt, 
cutaneous  syphilitic  disease  will  extend  by  ordinary  con- 
tinuity of  surface  into  the  meatus,  but  as  a  special  form 
I  am  unacqiiiiinted  with  it"  {loe,.  n't.,  p.  198).  Since 
Wilde's  time  such  ulcers  have,  however,  been  frec|uently 
observed,  and  have  been  studied  especiallyby  Schwartze.^' 
According  lotliis  authorthey  ai-e  usually  annular  in  form 
and  covered  by  a  dirty,  grayish-white  exudation.  Their 
edges  are  usually  gieatly  swollen,  and  may  thus  cause 
considerable  diminution  of  the  calibre  of  the  canal.  They 
were  seated  in  the  outer  part  of  the  canal  up  to  the  point 
of  union  of  the  cartilaginous  and  osseous  poi-tions.  and 
were  found  in  one  or  both  ears.  He  saw  these  ulcers  in 
ears  with  normal  membranes  and  healthy  middle  ears, 
but  in  most  cases  they  were  associated  with  chronic  pur- 
ulent inflammation  of  the  middle  ear  and  perforation  of 
the  drum  membrane.  The  glands  in  the  vicinity  of  the  ear 
were  always  much  swollen  in  these  cases,  and  other  mani- 
festations of  constitutional  disease  were  never  wanting. 
The  treatment  recommended  by  Schwartze  consists  in 
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energetic  cauterization  with  nitrate  of  silver  iu  substance, 
■niiicb,  tlinugh  painful,  may  be  relied  iipou  to  heal  the 
ulcer.  Hinton»'  has  also  seen  secondary  syphilitic  ulcer- 
ation of  the  meatus,  mostly  in  the  torm  of  a  narrow,  un- 
healthy ulcer  at  the  orifice,  attended  with  an  ichorous 
discharge  and  general  intlammatioii  and  swelling  of  the 
passage.  The  appearance  and  history  sufficiently  mark 
its  character,  and  in  the  cases  Hinton --^  saAv,  iodide  of 
potassium  and  black  wash  broughl  about  a  cure.  A  case 
of  this  kind  has  been  described  liy  liuck.'-"  The  patient 
had  acute  purulent  inflammation  of  the  middle  ear,  with 
perforation  of  the  drum  membrane.  The  ulcer  occupied 
the  lower  wall  of  the  outer  halt  of  the  canal  and  extended 
outward  upon  the  auricle.  The  limits  of  the  ulcer  were 
well  detined.  The  chancre  had  appeared  one  year  be- 
fore, and  there  was  also  syphilitic  pharyngitis. 

Politzer  has  observed  two  cases  of  this  description.  In 
one,  with  chronic  purulent  inflammation  of  the  middle 
ear,  the  ulcer  occupied  the  lower  lateral  wall  of  the  car- 
tilaginous portion.  Syphilitic  ulcers  of  the  pharynx  were 
present  at  the  same  time.  In  the  other,  the  ulcer  ex- 
tended along  the  entire  length  of  the  cartilaginous  por- 
tion, and  a  second  ulcer  with  everted  edges  occupied  the 
concha. 

In  a  case  reported  by  Jacobson,'=  the  patient  had  been 
afflicted,  up  to  witliin  a  few  months  before  he  came 
under  observation,  with  chronic  suppuration  of  the  mid- 
dle car.  He  was  suffering  intense  pain  iu  the  head,  and 
had  other  symptoms  of  cerebral  irritatiou.  He  had  con- 
tracted syphilis  six  months  before,  and  had  idcers  on  the 
palatine  arches  at  the  time.  The  ulcer,  which  was  seated 
at  the  entrance  of  the  right  external  canal,  was  of  the 
form  of  a  ring,  its  floor  was  covered  with  an  adherent, 
dirty,  whitish-gray  exudation,  and  its  margin  was  much 
swollen.  It  was  very  sensitive  to  the  slightest  touch, 
and  the  tragus  and  mastoid  process  were  tender  on  press- 
ure. 

Diagnosis. — Non-specific  ulcers  of  the  external  canal 
are  very  rarely  seen,  except  in  children  with  neglected 
purulent  inflammation  of  the  midlde  ear,  and  in  eczema 
of  the  canal  in  adults,  and  the  presence  of  an  ulcer  should 
therefore  always  arouse  suspicion  as  to  the  existence  of 
constitutional  syphilis.  It  seems  hardly  possible  that  the 
opening  of  a  furuncle  can  be  mistakeu  for  ulcer  by  any 
one  at  all  familiar  with  ear  affections.  In  cases  of  syph- 
ilitic ulcer  the  glands  near  the  ear  are  always  swollen, 
and  other  signs  of  syphilis  are  never  absent. 

Diffuse  inflammriiion  of  the  e.vteniii!  caind  due  to  syph- 
ilis is  said  by  Ladreit  de  Lacharriere  to  be  of  frequent 
occurrence  in  the  secondary  stage.  According  to  this 
author  both  canals  are  usuall.v  attacked  simultaneously: 
there  is  only  moderate  swelling;  the  skin  is  red  and 
cracked,  and  the  discharge  is  very  offensive.  .  But 
McBride^'- appears  to  be  the  only  other  author  who  has 
seen  such  a  case,  and  in  his  there  was  no  disagreeable 
odor.  If  we  exclude  the  cases  in  which  papulae  or  con- 
dylomata are  present,  tbe  secretion  from  which  causes 
inflanunation  of  the  lining  of  the  parts  of  the  external 
canal  free  from  them,  instances  of  diffuse  inflammation 
of  this  part  are  doubtless  very  rare  in  syjihilitic  persons. 
The  writer  of  this  article  has  seen  but  a  single  case  of 
this  kind,  and  this  occurred  many  years  after  infection, 
and  was  associated  with  nou-pnndent  inflammation  of 
the  middle  ear.  and  caries  of  the  superior  maxillary  and 
palate  bones  of  the  same  side.  In  tliis  case  the  walls  of 
the  osseous  part  of  the  canal  were  veiy  red  and  some- 
what swollen.  The  pain  was  very  great,  and  not  much 
relieved  by  repeated  deep  and  long  incisions,  which  at 
no  time  liberated  pus.  The  walls  were  at  no  time  cov- 
ered by  exudation,  and  there  was  but  little  secretion 
from  them.  The  drum  membrane  was  but  little  inflamed. 
and  although  it  was  repeatedly  freely  incised  in  the  hope 
of  giving  exit  to  supposed  pent-up  secretion  in  the  tym- 
panic cavity,  none  escaped.  The  Eustachian  tube  was 
almost  impermeable.  After  much  and  long  continued 
suffering  the  pain  subsided  eventually  wliile  the  patient 
was  taking  iodide  of  potassium ;  complete  deafness  re- 
mained. 


The  characteristic  symptom  of  syphilitic  inflammation 
of  the  external  canal  is  ssiid  to  be  very  severe  pain,  even 
when  the  swelling  is  not  very  great,  which  is  not  relieved 
by  the  nsvial  remedies,  but"  yields  at  once  to  constitu- 
tional treatment  (Schwabach). 

E.Vdsif'Sf'.f  iif  tliee.rtefnal  cfi rial  may.  according  to  Grubcr, 
be  caused  by  syiihilis;  but  nearly" all  other  writers  deny 
that  syphilis  has  anything  whatever  to  do  with  the  pro- 
duction of  these  growths, 

TiiK  Din  .\r  .Mi;Mnn.\xE.— This  part  of  the  ear  appears 
to  be  but  rarely  the  seat  of  syphilitic  infiltration  and 
growths.  Lang  3«  observed  a  case  in  which  there  was  a 
large,  pale,  glistening  papule  at  the  jjlace  of  the  short 
process  of  the  hammer  on  a  drum  memliranc;  the  mem- 
brane itself  was  very  red  in  its  anteri(n-  upper  i|uadiant, 
and  slightly  opaque  throughout.  The  patient  was  a 
woman,  with  early  symptoms  of  constitutional  syphilis. 

Condylomata,  as  we  have  seen,  liave  been  found  here 
in  a  few  cases,  in  which  these  growths  existed  also  on 
the  walls  of  the  canal, 

Baratoux  "  has  recorded  the  case  of  a  woman  in  whom 
he  found  five  small  gummata  on  the  cheek,  in  fiont  of 
the  ear;  a  sixth  on  the  mastoid  process;  three  in  the 
concha  and  outer  part  of  the  external  canal ;  a  small  egg- 
shaped,  prominent,  faintly  opalescent,  gummatous  tumor 
on  the  lower  posterior  part  of  the  drum  membrane;  and 
a  small,  round  ulcer,  covered  with  a  yellowish-white, 
adherent  substance,  in  front  of  the  handle  of  the  malleus. 

The  gumma  on  the  drum  membrane  b<'eame  ulcerated 
at  its  summit  iu  a  few  days,  while  the  ulcer  was  cica- 
trizing. 

^Middle  E.\ii. — The  diseases  of  the  middle  earobserved 
in  individuals  afflicted  with  constitutional  syphilis  do 
not  differ  essentially,  in  their  objective  and  subjective 
symptoms,  from  the  same  diseases  occurring  in  non- 
syphilitic  subjects.  Most  writers  are  agreed,  however, 
that  the  syphilitic  forms  are  characterized  by  a  marked 
tendeucj'  to  implication  of  the  labyrinth,  or,  to  speak 
more  precisely,  by  the  appearance  of  symptoms  com- 
monly regarded  as  indicative  of  disease  of  the  auditory 
nerve,  at  an  unusually  early  period.  The  middle-ear 
disease  ma.y  present  itself  in  the  form  of  an  acute  catar- 
rhal inflammation,  a  chronic  catarrhal  inflammation,  a 
purulent  inflammation,  or  as  a  neuralgia  of  the  tympanic 
cavit}-. 

Aoife  Ciitarrhol  Liflammation. — This  disease  is  usually, 
but  by  no  means  always,  associated  with  syphilitic  dis- 
ease of  the  naso-pharyngeal  cavity.  Frequently  but  one 
ear  is  affected,  and  in  such  cases  the  disease  of  the 
pharynx  is  usually  found  to  be  confined  to  that  side. 
Sometimes  this  consists  of  only  a  superficial  erosion.  In 
many  cases  tbe  ulceration  is  confined  to  the  jiosterior 
wall  of  the  pharynx,  behind  the  velum  palati,  and.  as  in 
this  location  it  rarely  causes  the  patient  much  inconven- 
ience, it  may  be  overlooked  if  au  examination  with  the 
rhinoscopie  mirror  is  omitted. 

The  subjective  and  objective  si/niptoms.  and  the  course 
of  syphilitic  acute  catarrhal  inflammation,  resemble  so 
closely  the  idiopathic  form  that  a  description  of  the  same 
seems  unnecessary  in  this  place.  Schwartze  (07).  eit.,  p. 
134)  asserts  that  an  impairment  in  the  conduction  of 
sound  through  the  bones  occurs  regularly  at  an  early 
period  in  thfs  disease,  and  adds  that  it  is  not  known  to 
what  this  is  due.  The  present  writer  has.  however,  seen 
a  number  of  cases  of  this  affection  iu  which  the  bone 
conduction  remained  imimpaircd  throughout. 

With  regard  to  the  treatment,  it  is  only  necessary  to 
state  that,  m  addition  to  the  local  measures  usually  em- 
ployed in  the  idiopathic  form,  a  course  of  antisyphilitie 
remedies  will  he  found  necessary  to  cure  the  disease 
of  the  ear  and  the  pharynx.  In  this  connection  it  may 
be  well  to  point  out  the  danger  arising  from  using,  on 
healthy  persons,  catheters  and  other  instruments  that 
have  been  employed  on  syphilitic  individuals.  Boiling 
the  instnmientsin  a  five-percent,  solution  of  carbolic 
acid  may  possibly  be  sufticient  to  destroy  the  virus,  but 
in  the  opinion  of' the  writer  it  would  be  far  safer  to  pro- 
vide each  patient  with  instruments  for  his  exclusive  use. 
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Chronic  Aural  Catarrh. — With  regard  to  tliis  disease, 
Wilde  (op.  cit  .  p.  254)says:  "All  the  cases  I  hare  seen 
of  this  affertion  occurred  in  young  men,  and  generally 
those  of  fair  complexion  and  blue  eyes,  who  had  had 
primary  sores  upon  the  genitals  from  six  to  twelve 
months  previously,  which  sores  were  rather  of  a  decep- 
tive character,  so  that  mercury  was  seldom  given,  in  the 
first  instance  at  least,  in  a  legitimate  form.  Sore  throat, 
papular  eruptions,  copper-colored  blotches,  fi.ssures  and 
ulcers  of  tongue,  with  loss  of  strength  and  slight  noctur 
nal  pains,  existed  previous  to  the  aural  affections,  which 
should.  I  think,  be  ranked  as  tertiary  symptoms.  In 
almost  every  case  I  have  witnessed  the  disease  appeared 
suddenly  as  an  eruption  was  fading  otT:  in  two  it  came 
on  at  a  later  period  and  was  accompanied  b.v  loss  of  hair ; 
in  most  it  appeared  in  the  upper  and  middle  ranks  of 
life.  In  some  cases  there  is  at  first  a  sensation  of  fulness 
in  the  head,  and  often  vertigo  upon  stooping  or  rising 
up  suddenly,  but  in  no  instance  have  I  seen  it  accom- 
panied by  acute  pain.  Tinnitus  is  not  always  present." 
In  all  of  the  cases  observed  by  Scliwartze.  except  two, 
in  whicli  the  patients  positively  stated  that  the  disease 
began  with  lancinating  pain,  and  in  all  seen  by  the 
writer  of  this  article,  the  disease  was  insidious  in  its  ap- 
proach, and  pain  in  the  ear  was  absent  throughout  its 
course.  Pain  in  the  bones  of  the  heaii  was,  liowever, 
occasionally  complained  of.  Tinnitus  was  present  in 
nearly  all  the  cases,  though  it  was  not  always  very  an- 
noying. 

As  n^gards  tlie  appearance  of  the  drum  membrane 
Wilde  sjiys:  "  Upon  inspection  the  amount  of  re<lness  and 
vascularity  will  be  found  much  greater  than  in  subacute 
myringitis,  and  in  this  consists  one  of  the  chief  charac- 
teristics of  this  disease,  that  while  it  is  unaccompanied  by 
local  pain,  the  membrana  tympani  will  be  found  to  pre- 
sent an  amount  of  redness  ecpial  to.  and  sometimes  ex- 
ceeding, that  seen  in  acute  myringitis.*  The  redness 
has  g('nerally,  however,  a  brownish  hue  in  the  syphilitic 
form.  There  is  not  at  first  much  loss  of  polish,  but  in  a 
short  time  the  membrane  a.ssumes  a  fu/./.y  appearance. 
Both  ears  are  usually  attacked  at  the"  sjiine  time." 
Schwartze  (np.  cit.,  p.  2()4).  Roosii,  and  most  of  the  more 
recent  writers  on  this  sulijcct,  on  the  other  hand,  have 
been  unable  to  find  in  the  appearance  of  the  drum  mem- 
brane in  this  disease  anything  that  could  be  regarded  a.s 
pathognomonic  of  its  syphilitic  diaracter.  Pomeroy*' 
believes  that  it  very  frecpiently  does  not  differ  in  appear- 
ance from  that  in  non  syphilitic  disea.se,  but  that  signs  of 
Infiltration  of  the  meniljrane,  giving  it  a  greater  degree 
of  opacity  than  would  result  from  a  non  specific  inflam- 
mation, will  cause  one  to  suspect  constiiutional  disease. 
In  his  opinion  the  most  important  aid,  however,  to  diag- 
nosis is  the  history.  Sturgis  {Boston  Med.  and  Surg. 
Journal.  June  3d,  1880)  regards  the  infiltration  of  the 
tympanum,  conjoined  with  the  absence  of  vascular  con- 
gestion, as  characteristic  of  syphilitic  catarrh  of  the 
middle  ear. 

The  Eustachian  tube  is  usually  easily  permeable,  at 
least  by  the  aid  of  the  catheter.  The  sounds  heard  on 
auscultation  are  usually  dry  and  broad,  but  sometimes 
moist  rales  are  heard.  The  inflation  rarely  improves  the 
hearing  even  for  a  short  time,  though  it  sometimes  tem- 
porarily arrests  the  tinnitus.  The  lining  membrane  of 
the  pharynx  is  nearly  always  hyper;emic,'and  very  often 
superficial  ulcers  are  found  on  the  arches  of  the  palate 
and  the  tonsils.  The  nose  is  usually  not  markedly  dis- 
eased. The  impairment  of  hearing,  which  is  commonly 
already  well  advanced  when  the  patient  comes  under 
treatment,  in  the  majority  of  cases  goes  rapidly  from  bad 
to  worse,  so  that  in  the  course  of  a  few  months  only  loud 
speech  can  be  heard  close  to  the  ear.  In  the  remainder 
the  progress  is  much  slower,  and  instead  of  months  years 
may  pass  before  this  state  is  reached.  In  a  case  seen  by 
Schwartze  a  sudden  and  great  increase  in  the  hardness  of 
hearing  followed  a  blow  on  the  head.     In  many  of  the 


♦  Wilde  applies  the  term  myrinpritis  to  the  disease  now  generally 
called  acute  catarrhal  iDflammation  of  the  middle  ear. 


cases,  even  in  persons  under  thirty  years  of  age,  an  im- 
pairment or  loss  of  bone  conduction  occurs  at  an  early 
stage  of  the  disease  when  the  tick  of  the  watch  is  still 
heard  at  some  distance  from  the  ear.  In  several  of 
Schwartze's  cases  even  the  large  tuning-fork  C  was 
heard  indistinctly  or  very  faintly  when  placed  on  the 
vertex. 

Our  knowledge  of  the  pathological  anatomy  of  syphi- 
litic catarrhal  inflammation  is  very  imperfect,  as  it  must 
be  of  all  diseases  which  are  not  fatal.  JIoos^*  found  in  a 
case  of  deafness,  supposed  to  have  been  due  to  syphilis, 
beside  adhesive  inflammation  of  the  labyrinth  and  the 
deposit  of  chalky  concretions  on  the  membranous  semi- 
circular canals  and  sacs,  inflammatory  changes  in  the 
drum  membrane,  thickening  of  the  pale  mucous  mem- 
brane of  the  middle  ear,  and  ankylosis  of  the  malleo- 
incudal  joint  and  of  the  stapcdio-vestibular  articulation, 
all  of  which  have  been  seen  often  enough  in  nou-svphi- 
litic  cases.  In  Toynljee's  case  C  Catalogue  of  the  31u- 
seum."  No.  512),  which  occurred  in  a  man  about  forty- 
eight  years  of  age,  the  deafness  began  five  years  before 
death.  Right  ear:  loud  voice  close  to  the  ear.  Left  ear: 
total  deafness.  The  deafness  commenced  while  he  had  a 
severe  ulceration  of  the  fauces  from  syphilis.  Post  mor- 
tem: Right  ear:  ankylosis  of  the  stapes;  the  aiticular 
surface  of  os  Sylvii  much  flaller  than  usual:  adhesion 
between  the  anvil  and  hammer;  tensortympaniatrophic; 
membrane  of  round  window  thickened;  cochlea  of  a 
deep-red  color.  Left  ear:  ankylosis  of  stirrup;  thicken- 
ing of  membranous  vestibule.  Schwartze  ("/».  ril.,  p. 
13.i)  surmises  that  the  pathohigical  change  in  the  syphi- 
litic cases  is  a  periostilis.  and  Roosa"'  thinks  that  this 
view  is  correct.  The  last  named  author  is  also  of  the 
opinion  that  there  may  be  also,  in  the  c<iurse  of  the  later 
periods  of  the  disease,  a  sy])hilitic  exudation  into  the 
tympanum  and  aliout  the  ossicles;  and  that  it  may  be 
sjiid,  in  general,  that  the  syphilitic  diathesis  seems  to 
cause  a  more  rapid  proliferation  of  tissue,  and  one  that 
is  less  amenable  to  treatment.  Kirchner'"'  has  had  the 
opportunity  of  examining  microscopically  the  mucous 
membrane  of  the  promontory  of  a  man.  twenty  nine  yeai"S 
of  age,  who  four  yeai^s  before  his  death  had  had  a  pri- 
mary sore  and  later  an  inflanimation  of  his  middle  ear 
with  amber  colored  exudates  in  the  tympanic  cavity. 
At  the  autopsy  a  moderate  amount  of  bloody  serous  exu- 
<lation  was  foimd  in  the  tympanic  cavity  and  some  con- 
gestion of  the  nuicous  membrane  of  the  promontory. 
He  found  the  mucous  membrane  somewhat  thickened  in 
some  places  and  the  walls  of  the  blood-vessels  and  the 
tissues  around  them  infiltrated  with  small  cells.  The 
calibre  of  some  of  the  larger  branches  of  the  arteiies  was 
much  narrowed  by  a  syphilitic  endarteritis,  and  .some  of 
the  larger  arteiies  were  entirely  obliterated  by  an  inflam- 
matfon  of  both  the  intima  and  the  adventitia.  In  the 
periosteum  corresponding  to  the  most  diseased  places  in 
the  mucous  membrane  were  found  patches  of  newly 
formed  bone,  the  residt  of  a  periostitis  similar  to  that 
found  in  other  bones.  In  the  Haversian  canal  of  the  bone 
were  seen  patches  of  thickening  together  with  an  infiltra- 
tion of  small  cells  and  heaps  of  pigment.  In  the  bone 
itself  were  hollow  places  filled  with  detritus. 

Woakes'"  claims  to  have  seen  through  the  dnmi  mem- 
brane a  gummatous  exudation  in  the  tympanic  cavity. 

From  what  has  been  said  with  regard  to  the  symptoms, 
it  must  be  evident  that  there  is  none  by  which  we  can 
positively  distinguish  chronic  catarrhal  inflanmiation  of 
the  middle  ear,  due  to  syphilis,  from  that  arising  from 
other  causes.  The  supervention  of  symptoms  indicative 
of  disease  of  some  part  of  the  acoustic  nerve  (impairment 
or  loss  of  bone  conduction,  etc. )  in  the  earlier  stages  of 
the  disease,  occurs  unquestionably  much  more  frequently 
in  the  syphilitic  cases  than  in  others,  but  is  by  no  means 
a  positive  sign  of  the  specific  character  of  the  disease. 
Such  symptoms,  when  present,  especially  in  young  and 
middle-aged  persons,  should,  however,  arouse  our  suspi- 
cion as  to  the  presence  of  syphilis,  and  lead  us  to  make  a 
verj-  careful  search  for  other  symptoms  of  this  disease. 
Only  when  such  are  found,  or  a  clear  history  of  constitu- 
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tioiial  syi'liilis  can  be  obtained,  are  we  justified  in  tnak- 
iujr  the  diagnosis  of  syphilitic  ear  disease. 

The  prognosis  of  the  syphilitic  elironic  middle-car  ca- 
tarrh is,  on  the  whole,  even  less  favorable  than  that  of 
tlie  idiopathic  form.  Nearly  every  writer  has  met  with 
some  cases  iu  which,  under  judicious  local  applications 
and  a  thorough  couree  of  autisyphilitic  remedies,  the 
hearing  was  improved  and  even  restored.  But  such  cases 
are,  after  all,  according  to  the  writer's  experience,  rarely 
encountered — outside  of  the  books.  To  arrest  the  prog- 
ress of  the  disease  is  about  tlie  most  we  can  liope  for. 

In  the  treatment  of  this  disease  it  will  be  found  neces- 
sary, in  addition  to  the  usual  remedial  measures  for  the 
ordinary  chronic  catarrhal  inflammation,  to  resort  to  con- 
stitutional remedies.  In  all  cases  iu  which  no  doubt  ex- 
ists as  to  the  diagnosis,  the  patient  should  be  brought 
rajiidly  under  the  influence  of  mercury  by  inunctions  or 
injections  under  the  skin,  and  this  should  be  kept  up  for 
a  considerable  period.  Iodide  of  potassiimi  may  be  given 
at  the  same  time.  The  muriate  of  pilocarpine,  in  doses 
of  gr.  J-  to  gr.  -J-  administered  hypodermically,  once 
daily  for  several  weeks,  has  been  of  some  .service  in  the 
hands  of  Politzer.  Lucae,  and  others,  in  cases  complicated 
with  disease  of  the  inner  ear. 

Piinihnt  Iiiflammati'in. — Among  the  writers  on  otology 
much  diversity  of  opinion  has  always  existed  as  to  the 
occurrence  of  a  .syphilitic  purulent  inflammation  of  the 
middle  ear.  Thus.  Frank  ^-  and  Lincke''^  describe  an  oti- 
tis interna  the  result  of  lues.  In  this  form,  they  say,  the 
inflammation  and  ulceration  extend  from  the  throat  and 
nose  to  tlie  ear,  are  accompanied  by  great  pain,  and  often 
terminate  in  suppm-ation  of  the  middle  ear,  destruction 
of  the  tympanal  memljrane,  and  caries  of  the  temporal 
bone.  Wilde  (o;x  cit..  p.  2.52),  on  the  other  hand,  sjiys 
that  under  certain  circumstances  such  a  disease  may,  no 
doul>t,  occur,  although  he  himself  has  never  seen  such  a 
ca.se  and  has  not  met  with  a  well-authenticated  instance 
of  it  recorded.  Kramer'"  doubts  that  syphilis  can  cause 
a  sjieciflc  disease  of  the  ear,  and  adds  that  he  has  never 
in  his  own  practice,  or  in  that  of  others,  observed  such 
cases,  and  Erhard  ■'^  is  of  the  same  opinion.  Virchow  ■** 
mentions,  as  the  result  of  syphihs,  primary  purulent  in- 
flammation of  the  tympanic  cavity ;  stricture  of  the 
Eustachian  tube  resulting  from  cicatricial  closure  of  its 
pharyngeal  mouth  ;  and  caries  of  the  temporal  bone.  In 
the  treatises  on  diseases  of  the  ear  of  more  recent  date, 
but  little  can  be  found  relating  to  this  disea,se.  Politzer 
(op.  cit.,  p.  330)  devotes  less  than  a  page  to  it,  and  Gniber 
{op.  cit.)  merely  mentions  syphilis  as  one  of  the  causes  of 
otitis  media  purulenta.  Pritchard.^'  in  speaking  of  the 
affections  of  the  middle  ear  caused  by  .syphilis,  says  that 
they  are  of  comparatively  rare  occurrence,  and  that  in 
some  cases  suppurative  catarrh  is  set  up  with  perfora- 
tion, etc.  Pomeroy  {&p.  cif..  p.  239)  thinks  that  syphilis 
may  interrupt  the  progress  of  the  disease  toward  recov- 
ery, and  Schwartze  (op.  cit..  p.  176)  only  s,ays,  with  re- 
gard to  this  disease,  that  under  the  influence  of  constitu- 
tional syphilis  the  suppuration  may  become  chronic. 
Troeltsch.  Roosa.  Burnett,  and  others  make  no  mention 
of  it  whatever.  It  may  also  be  stated  here  that  the  num- 
ber of  cases  of  this  disease  reported  in  the  medical  jour- 
nals within  the  la.st  twenty  years  is  exceedingly  small. 

Of  our  present  knowledge  of  this  form  of  otitis  media 
purulenta  it  cannot  be  said  that  it  is  much  more  definite 
than  it  was  in  Lincke's  time.  Schwartze  has  seen  cases 
in  which  syphilitic  disease  of  the  fauces  was  absent,  but 
most  other  writers,  including  the  present,  have  found 
such  an  affection  existing  in  nearly  every  case.  The  dis- 
ease of  the  nasopharyngeal  cavity  may  be  any  one  of  the 
various  manifestations  of  constitutional  syphilis  met  with 
in  this  locality,  or  may  be  a  primary  chancre  due  to  the 
accidental  inoculation  of  this  part  during  catheterization 
of  the  Eustachian  tube.  Fortunately  such  accidents  have 
but  very  rarelv  occurred. 

"With  regard  to  the  symptomatology  and  course  of  the 
purulent  otitis  media,  most  authors  are  agreed  that  they 
do  not  differ  essentially  from  the  non-syphilitic  fomi. 
Buck,'^  while  not  disputing  this  statement  with  any  great 


degree  of  positiveness,  owing  to  the  scantiness  of  the  mate- 
rial which  has  come  under  his  observation,  cannot  help 
feeling  that,  with  increased  experience  and  a  closer  study 
of  this  particular  cla.ss  of  ca.ses,  we  shall  in  time  learn  to 
recognize  in  these  parts  tcxtural  lesions  as  distinctly  char- 
acteristic of  syphilis  asaremost  of  itsexternal  manifesta- 
tions. In  one  of  the  ca.ses  reported  bv  him  (Case  XII.), 
a  second  perforation  developed  in  the"  drum  membrane 
more  than  two  months  after  the  first,  through  a  melting 
process  similar  to  that  observed  so  frequently  in  the 
velum  palati,  and  he  regards  this  occurrence  as  totally 
different  from  anything  that  he  has  ever  observed  in  any 
case  of  non-syphilitic  inflammation  of  the  middle  ear. 
Proliably  a  similar  melting  away  of  a  limited  area  of  the 
djum  membrane  took  place  in  another  of  his  cases  (Case 
XL).  In  neither  of  these  cases  was  there  anv  evidence 
of  pressure  from  within.  In  the  first-mentioned  case 
caries  and  facial  paralysis  were  subsequentlv  developed, 
while  there  was  no  evidence  of  interference  with  the  free 
escape  of  the  pus  formed,  and  this  Buck  regards  as  cer- 
tainly not  in  harmony  with  the  ordinarv  course  of  non- 
syphilitic  otitis  media  purulenta  acuta.  Politzer  and 
others  frequently  noticed  a  high  degree  of  deafness  in 
these  cases,  caused  by  the  frequent  simultaneous  occur- 
rence of  syphilitic  disea.se  of  the  labyrinth.  Of  the  oc- 
casional occurrence  of  condylomata  "and  ulcers  in  the 
external  canal,  iu  connection  with  this  disease,  mention 
was  made  in  the  first  part  of  this  article.  In  the  cases 
observed  by  the  present  writer  the  symptoms  were  pre- 
cisely those  of  the  non-syphilitic  form,  and  the  course 
and  termination  of  the  disease  differed  iu  nowise  from  the 
other.  Ulceration  of  the  mucous  membrane,  with  caries 
and  necrosis  of  the  walls  of  the  tympanic  cavity,  the 
mastoid  process,  and  the  petrous  porrion,  and  facial 
paralysis,  may,  according  to  Politzer,  occur  under  un- 
favorable circumstances  or  inappropriate  treatment,  and 
end  fatally  through  some  intracranial  affection.  Caries 
has  been  observed  in  this  form  piobably  no  more  fre- 
quently than  in  the  non-syphilitic  forms. 

Fatal  hemorrhage  from  erosion  of  the  internal  carotid 
artery,  caused  hy  caries  of  the  canal  of  the  vessel,  has 
been  observed  in  syphilitic,  as  well  as  in  non-syphilitic, 
subjects.  Thus  we  find  in  the  nineteen  cases  of  fatal 
hemorrhage  collected  by  Hessler,'"  two  in  which  syjihilis 
was  present.  One  of  these  cases  (reported  in  full  by 
TUngle  in  the  Deutsche  Klinik.  No.  23.  p.  223)  occurred 
in  a  patient  suffering  from  tertiary  S3"philis.  Two  years 
after  he  had  come  under  observation  he  had  a  sudden 
profuse  hemorrhage  from  the  left  deaf  ear,  and  four 
months  later,  after  repeated  hemorrhages,  the  jiatient 
died.  An  autopsy  revealed  a  complete  destruction  of  tiie 
interior  of  the  petrous  portion  of  the  left  temporal  bone. 
The  membrana  tympani  and  ossicles  were  wanting.  Of 
the  other  case  (described  by  Pilz  in  his  dissertation.  "  De 
Arteria>  Carotidis  utriusque  Ligatura."  Berlin.  1.^6.5)  it  is 
only  known  that,  after  severe  pain  in  the  region  of  the 
right  ear,  without  objective  symptoms,  a  sudden  and 
cojiious  hemorrhage  occurred  from  this  ear :  subsequently 
the  blood  was  mixed  with  pus.  The  patient  had  syphi- 
lis, and  a  fistula  on  the  posterior  wall  of  the  pharynx 
from  which  pus  escaped.  After  repeated  hemorrhages 
Billroth  first  ligated  the  right  and  then  the  left  carotid. 
The  patient  died  under  symptoms  of  aniemia.  The  au- 
topsy showed  extensive  caries  of  the  lower  wall  of  the 
carotid  canal,  exposing  the  vessel.  The  eroded  spot  in 
the  artery  measured  8  mm.  in  length  and  6  mm.  in 
breailth. 

Metastatic  irido-choroiditis  of  the  eye  on  the  same  side 
as  the  purulent  middle-ear  disease,  developed  iu  a  syphi- 
litic subject,  observed  by  the  writer  of  this  article." 
In  this  case  the  ear  disease  was  arrested  and  the  hearing 
restored  under  general  treatment  alone. 

As  regards  the  diagnosis,  the  writer  must  confess  that 
he  knows  of  no  aural  symptoms  by  which  the  syphilitic 
form  of  this  disease  can  be  distinguished  from  the  ordi- 
nary form.  Woakes^'  thinksthat  the  cariesdue  tosyphi- 
lilic  purulent  inflammation  of  the  middle  ear  frequently 
has  this  distinguishing  feature:  the  caries  is  symmetrical. 
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tbat  is.  there  is  a  corresponding  lesion  in  botli  ears.  In 
this  disease,  as  in  the  diseases  previously  desciibed,  the 
presence  of  other  symptoms  of  syphilis  can  alone  decide 
the  diagnosis. 

Of  the  pntliologmil  anatomy  of  syphilitic  suppuration 
of  the  middle  ear  we  know  but  little.  Quite  recently 
Moos  and  Steinbrl'igge »"  have  had  the  opportunity  to 
examine  both  temporal  bones  of  a  case  of  tertiary  syphi- 
lis. Moos  first  saw  the  patient  fourteen  years  before  his 
death.  At  that  time  the  faucial  orifices  of  the  Eusta- 
chian tubes  were  closed  by  numerous  thick,  radiating, 
fibrous  bands,  so  that  the  ventilation  of  the  drum  cavity 
must  have  been  almost  impossible;  notwithstanding, 
there  was  no  demonstrable  deviation  in  the  plane  of  the 
drum  membrane,  in  the  position  of  the  handle  of  the 
hammer,  or  in  the  cone  of  light.  Strange  to  say,  the  pa- 
tient never  complained  of  subjective  noises  nor  of  dizzi- 
ness. Bone  conduction  was  always  sufficiently  preserved 
to  detect  the  loud  tick  of  a  watch  and  the  tuning-fork: 
the  capacity  for  hearing  speech  was.  however,  so  much 
reduced  that  ordinary  conversiition  was  not  heard  beyond 
one  metre.  The  patient  remained  inider  iloos'  treat- 
ment for  about  two  jears,  and  then  passed  from  under 
his  observation  till  a  week  before  his  death.  At  this 
time  he  was  examined  by  Steinbriigge,  w  ho  found  that 
he  was  now  able  to  hear  spoken  words  only  in  close 
proximity  to  the  ears;  a  watch  of  twelve  metres  normal 
hearing  distance  was  heard  merely  on  contact  in  the  right 
ear.  and  not  at  all  in  the  left.  Tuniug-fork  A'  applied  to 
the  forehead  Avas  not  perceived,  applied  to  the  teeth  it  was 
heard  in  the  left  ear.  The  otoscopic  examination  of  the 
right  ear  revealed  a  cicatrix  in  the  inferior  posterior 
quadrant  of  the  membrane;  the  external  canal  of  the  left 
ear  contained  pus.  and  there  was  a  round,  medium-sized 
perforation  directly  under  the  handle  of  the  malleus. 
Post  mortem,  the  following  conditions  were  found :  Syphi- 
litic caries  of  the  sktiU  and  hard  palate.  Chronic  pneu- 
monia. Amyloid  degeneration  of  the  spleen,  kidneys, 
and  liver.  Ilight  temporal  bone  :  The  greater  part  of  the 
mastoid  process  was  sclero.sed.  The  mucous  lining  of 
the  remaining  cells  wa.s  slightly  injected.  The  Eustjl- 
chian  tube  (a  poi  tion  of  the  pharyngeal  orifice  was  miss- 
ing) was  patent  throughout.  The  tympanum  contained 
a  quantity  of  pus.  The  nuicons  membrane  was  thick- 
ened. Tlie  drum  membrane  was  in  an  atrophic  state. 
The  bony  roof  of  the  labyrinth  was  hemorrhagically  in- 
filtrated. Left  temporal  hone:  Greasy  pus  in  external 
canal.  Jlenibraiia  tyinpani  perforated.  The  mastoid 
process  was  sclerosed  and  of  ivory-like  hardness.  The 
mucous  memVirane  of  the  tympanum  was  very  much 
thickened,  and  enveloped  all  structures  contained  there- 
in. The  cavity  was  filled  with  a  secretion  composed  of 
pus  cells  and  giant  cells.  The  Eustachian  tube  (also 
here  a  portion  of  the  pharyngeal  orifice  was  wanting) 
was  pervious.  Carotid  artery  and  osseous  jw)  tion  of  Eu- 
stachian tube :  There  was  no  noticeable  change  in  the 
outer  aud  inner  coals  of  the  artery  on  either  side,  not 
even  in  the  part  where  the  bony  partition  between  the 
artery  and  the  Eustachian  tube  measured  but  O.087  mm. 
in  thickness.  The  mucous  membrane  of  the  Eustachian 
canal  was  normal,  but  the  peiiosteum  of  the  osseous 
portion  in  a  medial  direction  was  changed  and  thickened 
in  a  manner  to  be  described  below.  Periosteum  and  bones 
of  middle  and  internal  ear  :  In  the  bony  floor  of  the  tym- 
panum and  below  the  cochlea,  as  well  as  in  the  roof  of 
the  tympanum,  in  the  bone  over  the  semicircular  canals, 
and  in  the  lateral  wail  of  the  osseous  portion  of  the  tube, 
were  found  markedly  dilated  medullary  spaces,  not  only 
enehwing  the  usual  normal  contents,  but  al.so  invariably 
filled — sometimes  more,  sometimes  less — with  larger  or 
smaller  groups  of  cells  enclosing  blood  corpuscles,  and 
also  with  a  conglomeration  of  yellow  or  yellow -brownish 
pigment.  Evidently  we  had  to  deal  here  with  the  prod- 
ucts of  a  metamorphosis  of  blood  extravasation,  the  re- 
sult of  rupture  of  the  thin-walled  vessels  contained  in  the 
medullary  spaces.  In  the  anterior  wall  of  the  bony  ves 
tibule,  and  in  the  osseous  tissue  anterior  and  posterior  to 
the  second  curve  of  the  Fallopian  canal,  -were  noticed 


several  spaces  in  the  bone,  varying  in  size  up  to  3  mm. 
in  length  and  2  nmi.  in  width  on  the  left  side,  and  2  mm. 
in  length  and  H  mm.  in  width  t)n  the  right  side.  A  sim- 
ilar condition  was  observed  in  the  bone  tissue  below  the- 
tirst  turn  of  the  cochlea  on  the  right  side.  The  cavity 
here  was  circular;  its  diameter  measured  2  mm.  The 
contents  of  these  spaces  clearly  demonstrated  two  sepa- 
rate stages  in  the  pathological  process.  In  the  early 
stage  these  spaces  were  filled  with  a  fibrous  network, 
wliich  in  several  sections  showed  unmistakable  connec- 
tion with  the  periosteum  of  the  labyrinthine  wall.  The 
meshes  of  this  net-nork  were  filled  with  vessels  more  or 
less  numerous,  and  a  small-celled  infiltration.  The  con- 
dition demonstrating  a  later  stage,  however,  mostly  pre- 
dominated. Here  the  meshes  were  filled  with  yellowish 
coagulated  masses,  composed  to  a  limited  extent  of  blood 
corpuscles  and  large  rounil  cells,  and  mainly  of  fat, 
globules  and  fatty -degenerated  cells  stained  black  by  the 
osmic  acid.  In  addition,  there  were  .seen  in  many  places, 
as  indications  of  the  earlier  stage,  the  remains  of  fibres 
of  this  network  in  connection  with  the  periosteum  of  the 
labyrinth  mentioned  above. 

The  condition  of  the  periosteal  covering  of  the  promon- 
tory on  both  sides  is  worthy  of  special  notice.  Very 
much  thickened,  at  places  to  0.7  mm.,  the  presence  of 
numerous  cavities  imparted  to  it  a  cavernous  appearance. 
Tlie  sjjaces  were  here  and  there  lined  with  a  low  cylin- 
drical epitheliinn.  and  in  some  places  were  filled  with  a 
tissue  composed  of  fine  fibres  enclosing  coagulated  fibrin 
and  fatty -degenerated  cells.  At  first  glance  these  spaces 
gave  the  impression  of  gland  tissue:  closer  examination, 
liowever,  proved  them  to  be  numerous  circumscribed 
foci  of  inflanunatory  products  undergoing  retrogressive 
changes.  The  presence  of  smaller  and  larger  portions  of 
bone,  cut  off  fnim  the  main  bony  mass  of  the  i)romon- 
tory  by  strangulation  of  the  i)r(>liferating  periosteum, 
deserves  additional  notice.  In  some  portions  of  the  sec- 
tions these  spicula  of  bone  were  arranged  in  rows  sepa- 
rated from  each  other  by  narrow  bands  of  periosteal  tis- 
sue. In  other  parts  the  proliferating  periosteum  produced 
deep  indentations  in  the  bone.  The  periosteiuu  of  the 
canalis  pro  tensore  tympani  and  that  lining  the  delicate 
caualieuli  of  the  plexus  tympauicus  presented  a  similar 
pathological  appearance. 

In  their  comments  on  the  above  the  authors  say  that, 
taking  into  account  the  fact  that  in  their  case  they  had  to 
deal  not  with  a  fresh  gummous  neoplasm  but  with  the 
later  consequences  of  periosteal  proliferation,  the  above- 
described  changes  in  the  periosteum  with  their  conse- 
quences would  show  a  close  correspondence  with  the  de- 
scription given  by  Rindfleisch  of  sy])hiloina  ossium. 
Several  hemorrhagic  extravasations  were  found  in  the 
perineurium  of  the  tympanic  plexus  and  these  as  well 
as  the  proliferation  of  the  periosteum  explained,  they 
thought,  the  genesis  of  many  of  the  so-called  pure  ner- 
vous otalgias  occurring  without  objective  signs  of  ear 
disease  in  the  C(mrse  of  constitutional  svphilis.  They 
are  also  of  the  opinion  that  in  cases  of  aural  trouble  with- 
out objective  symptoms,  occurring  in  syphilitic  subjects, 
in  which  the  functional  examinations  pointed  to  a  per- 
ipheral disease  of  the  ear,  the  diagnosis  of  periostitis  of 
the  labyrinthine  wall  might  thereafter  be  made  with  a 
great  degree  of  probability.  The  attacks  of  otalgia 
would  serve  as  an  adjunct  in  making  the  diagnosis. 

The  penetration  of  the  proliferating  periosteum  into 
the  thin,  long  septum  dividing  the  os.seous  portion  of  the 
tube  from  the  carotid  canal  %vill  afford  an  explanation 
for  those  fatal  hemorrhages  which  occasionally  occur  in 
sy])hilitic  subjects,  and  which  are  attributable  to  caries. 
The  observed  changes  in  the  floor  of  the  right  tympanic 
cavity  invite  attention  to  the  possible  involvement  of  the 
bulbus  venie  jugularis,  .similar  to  that  of  the  carotid  in 
the  dangerous  hemorrhages  occurring  in  tertiary  syphilis. 

Among  other  changes  found  may  be  mentioned:  the 
absence  of  a  not  inconsiderable  number  of  fibres  of  th& 
right  facial  nerve;  the  presence  of  rust  brown,  homo- 
geneous deposits  between  the  fibres  of  the  acoustic  nerve; 
the  destruction  of  ganglion  cells  and  nerve  fibres  in  Ro- 
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seutlial's  caual  in  the  first  turn  of  the  cochlea,  anil  hemor- 
rhagic extravasations  between  the  nerves  of  the  modiolus 
of  tlie  Siime  side:  and  the  absence  of  the  outer  cells  of 
Corti.  which  may,  however,  have  been  due  as  well  to  the 
action  of  reagents  as  to  a  pathological  jirocess. 

In  marked  contrast  with  the  great  changes  found  in 
the  alxive  case  was  the  condition  of  the  structures  of  the 
ears  in  a  case  observed  by  Betz,''  who  with  von  Troeltscli 
made  the  autopsy.  A  man,  thirty-six  years  of  age. 
Otorrhaa  and  moderate  hardness  of  hearing  since  in- 
fancy. Eight  years  before  death  he  contracted  syphilis, 
of  which  symptoms  were  still  present  five  years  before 
he  died.  A  few  years  after  infection  there  was  a  great 
increase  in  the  hardness  of  hearing.  During  three  years 
of  his  life  he  was  totally  deaf. 

Autopsy:  The  right  ear  was  free  from  caries.  The 
left  ear  revealed  otitis  media  purulenta  with  kidney- 
shaped  perforation  of  the  drum  membrane.  The  lining 
membrane  of  the  tympanic  cavity  was  much  thickened 
and  injected.  Ulceration  of  mucous  membrane  or  ex- 
posure of  bone  could  not  be  discovered.  The  anvil  and 
stirrvip  were  completely  preserved  and  freely  movable. 
There  was  no  caries  anywhere.  With  the  exception  of  a 
slight  thickening  of  the  contents  of  the  vestibule,  and 
uncommon  abundance  of  otoliths,  the  inner  ear  seemed 
normal.  In  his  comments  on  the  autopsy  von  Troeltseh 
points  out  that  it  does  not  in  the  least  explain  the  total 
deafness,  the  cause  of  which  must  therefore  be  sought 
for  in  the  brain. 

In  the  other  cases  examined  after  death,  only  such  al- 
terations were  found  as  are  seen  in  purulent  inflammation 
of  the  middle  ear  in  non-syphilitic  subjects. 

The  prognosis  is  favorable  only  in  the  beginning  of  the 
ear  disease,  in  the  milder  cases,  and  in  persons  of  strong 
constitution:  but  when  this  disease  occurs  in  cachectic 
individuals,  or  is  complicated  with  polypi  and  caries,  or 
the  heating  is  totally  destroyed,  the  prognosis  is  very  bad. 
Yet  recovery  has  been  observed  under  judicious  general 
treatment  in  cases  which  seemed  hopeless. 

The  locftl  treatment  xisnaWy  adopted  for  the  non-syphili- 
tic form — viz.,  thorough  and  freqtient  cleansing  with 
■warm  salt  water  when  the  otorrhcea  is  at  all  copious ;  instil- 
lation of  warm  nitrate-of-sil  ver  solution  or  of  alcoholic  and 
watery  solutions  of  corrosive  sublimate  (as  recommended 
by  Biirkner),  after  all  pain  has  ceased;  the  removal  of 
granulations  with  the  wire  snare  or  with  the  sharp  spoon, 
etc. — will  be  found  of  service  as  well  in  the  syphilitic 
form.  That  in  this,  as  in  all  syphilitic  ear  affections,  a 
thorovigh  course  of  antisyphilitic  remedies,  perhaps  com- 
bined with  tonics  and  a  generous  diet,  is  as  necessary  as 
the  local  treatment  for  the  ear  affection,  is  the  experience 
of  all  who  have  written  on  the  subject. 

Seuralyiii  of  the  middle  enr,  due  to  constitutional  syphi- 
lis, is  an  extremely  rare  disease.  Usually  syphilitic  dis- 
ease of  the  faucial  orifice  of  the  Eustachian  tube  or  of 
some  part  of  the  pharynx  or  larynx  is  present  at  the  same 
time,  and  is  probably  the  starting-point  of  the  pain  in  the 
ear.  The  entire  aljsence  of  objective  symptoms  of  dis- 
ease of  the  tympanic  cavity,  and  the  paroxysmal  charac- 
ter of  the  pain,  will  establish  the  diagnosis.  Moos,  as 
we  have  seen,  thinks  that  the  hemorrhage  in  the  neuri- 
lemma of  the  plexus  tympauicus,  as  well  as  the  prolifer- 
ation of  the  periosteum  which  he  found  in  one  of  the 
cases  examined  by  him.  explains  to  us  the  genesis  of 
many  cases  of  so-called  pure  "nervous  otalgia,"  occur- 
ring without  objective  signs  of  ear  disease  in  the  course 
of  constitutional  syphilis.  Kirchner'"'  also  believes  that 
the  otalgia  is  due  to  a  periostitis  and  di.sease  of  the  ves- 
sels of  the  tympanic  cavity.  The  treatment  must  be 
directed  against  the  constitutional  disease :  and  if  disease 
of  the  pharynx  or  larynx  is  present,  applications  to  these 
parts  will  also  be  of  benefit.  Of  these,  cocaine  will  prob- 
ably give  greater  temporary  relief  than  any  other  rem- 
edy. Schwartze  has  found  of  especial  use  gargles  of  a 
solution  of  the  bromide  of  potassium  in  such  cases. 

The  Ecst.\chian  Tube. — Instances  of  primary  syphi- 
litic sores  at  or  near  to  the  pharyngeal  orifice  of  the  Eu- 
stachian tube  have  been  observed,  according  to  Politzer, 


by  Ricord,  Lancereaux,  Blanchet,  Fournier,  Bouquay, 
Laboulbenc,  Baratoux,  and  others.  J.  Solis  Cohen  ("  Dis- 
eases of  the  Throat."  p.  113)  says  that  he  has  seen  a  fear- 
ful case  of  ravage  from  a  chancie  (locality  not  s|)ecified), 
communicated  by  the  incautious  use  of  "the  Eustachian 
catheter.  Chancres  of  the  nasopharyngeal  cavity  are, 
however,  according  to  all  writers,  of  Vxircmely  rare  oc- 
currence. The  contagion  is  probably  always  "conveyed 
through  the  Eustachian  catheter.  The  sores  present  no 
characteristic  features.  The  floor  of  the  chancre  is  usu- 
ally indurated  and  the  lymphatic  glands  at  the  angle  of 
the  lower  jaw  are  conmionly  much  enlai-ged.  The  sore, 
as  a  rule,  causes  but  littlepain.  Primary  chancres  of 
the  pharynx,  like  erratic  chancres  occurring  in  other 
parts,  are  usually  single.  The  treatment  must  consist  of 
mercury  administered  internally  or  by  inunction,  and 
local  application  of  iodoform  or  iodol :  but  if  the  sores 
prove  intractable,  they  should  be  touched  with  the  acid 
nitrate  of  mercury  or  other  caustics. 

Constitutional  syphilis  rarely  causes  isolated  alTections^ 
of  the  Eustachian  tube.  As  a  rule,  the  adjacent  mucous 
membrane  is  the  seat  of  the  same  morbid  process.  The 
earlier  manifestations  of  syphilis  met  with  in  this  local- 
ity are  erythema,  nuicous  patches,  and  superficial  ulcera- 
tion. The  erythema  may  be  generally  diffused  over  the 
whole  mucous  membrane,  oi'  distriiinted  in  irregidar 
patches  between  which  the  mucous  membrane  is  of  nor-' 
lual  color.  While  not  infrequently  the  syphilitic  ery- 
thema presents  no  features  by  which  it  can  be  positively 
distinguished  from  the  simple  catarrhal  inflammation  of 
the  mucous  memliraue.  a  synniietrical  distribution  of  the 
erythematous  patches  is  regarded  by  many  authors  as 
strong  evidence  of  the  syphilitic  nature  of  the  disease. 
Mucous  patches  may  occur  in  any  part  of  the  naso- 
pharynx, and  have  been  occasionally  observed  on  tlie 
tubal  prominence.  They  present  themselves  as  small, 
roimd.  slightly  elevated  patches  of  a  grayish-white  color, 
surrounded  by  a  zone  of  more  or  less  inflamed  mucous 
membrane.  Ulcers  are  comparatively  seldom  found  in 
the  naso-phar\-ngeal  cavity  in  the  early  part  of  the  sec- 
ondary stage.  They  are  usually  quite  shallow,  and  are 
nearly  always  the  result  of  the  breaking  down  of  mucous, 
patches.  Usually  the  ulceration  begins  in  the  middle  of 
the  mucous  patch,  and  gradually  spreads  to  its  periphery. 

Exciescences  resembling  pointed  condylomata  liave 
been  observed  on  the  pharyngeal  mucous  membrauc  in 
two  cases  by  Schwartze.  In  connection  with  the  morbid 
states  above  briefly  described,  we  very  often  find  redness 
and  more  or  less  a-dematous  swelling  of  the  mucous  mem- 
brane of  the  greater  part  of  the  cartilaginous  portion  of 
the  Eustachian  tube.  Frequently  there  is  also  a  great  in- 
crease in  the  secretion  from  the  mucous  membrane,  so 
that  then  on  inspection  the  upper  portion  of  the  pharynx 
is  found  covered  by  or  filled  with  it. 

The  subjective  symptoms  are  those  of  ordinary  catar- 
rhal inflammation  "of  the  Eustachian  tube,  viz.,  slight 
pain  in  the  throat,  extending  to  the  ear.  especially  on 
swallowing:  pressure  and  a  sense  of  fulness  in  the  ear; 
more  or  less  impairment  of  hearing,  and  subjective 
noises.  Vertigo  and  headache  are  rarely  comiilained  of. 
Auscultation,  during  inflation  of  the  Eustachian  tube 
through  the  eathet'er.  commonly  reveals  distant  nioist 
rales,  which  cease  after  the  secretion  has  been  forced  into 
the  pharynx.  The  dnmi  membrane  shows  changes  here, 
as  in  simple  catarrh  of  the  tube,  only  after  the  ventila- 
tion of  the  tympanic  cavity  has  been  interfered  with  for 
some  time,  and  these  consist  chiefly  in  a  retraction  and 
dulness  of  this  structure. 

The /);y)/7H<«/.v  is  always  favorable  under  proper  man- 
asement  of  the  case. 

"The  treatment  of  the  diseases  of  the  Eustachiati  tube 
occurring  in  the  secondary  stage  consists  in  the  admin- 
istration of  mercury ;  the  cleansing  of  the  naso-phary  ngeal 
space  l)y  means  of  the  posterior  nasal  syringe  or  an  ato- 
mizer: tojiical  applications  of  weak  solutions  of  corrosive 
sublimate  or  nitrate  of  silver  to  the  mucous  membrane  of 
the  nasopharynx :  and  frequent  inflation  of  the  Eusta- 
chian tube  through  a  catheter  or  by  Politzer's  method. 
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In  the  tertiary  stage,  gumm}'  tumors  aud  deep  ulcers, 
sometimes  involving  the  cartilage  of  the  tube,  are  ocea- 
sionall.v  met  with  at  or  within  the  faucial  orifice.  Ac- 
cording to  Zauf,^'-  the  plica  salpingo-pharyngia  is  most 
frequently  the  scat  of  gunimata.  They  present  them- 
selves as  round  tumors  of  a  yellowish -red  or  red  color, 
smooth  surface,  and  a  broad  base,  varying  in  size  from 
a  pea  to  a  hazelnut.  The  deep  ulcerations  found  in  this 
stage  of  the  disease  are  probably  always  the  result  of  the 
breaking  down  of  gummatous  deposit.  Such  ulcers  are, 
according  to  Schwartze,  not  infrequently  found  on  the 
tubal  prominence  and  at  the  entrance  to  the  faucial  ori- 
fice, together  with  similar  ulcers  on  the  septum  narium, 
choaufe,  fornix,  posterior  surface  of  the  velum  palati. 
etc.,  in  cases  in  which  the  usual  inspection  without  the 
rhinoscopic  mirror  fails  to  arouse  a  suspicion  as  to  their 
presence.  Tliey  have,  however,  been  seldom  found  be- 
yond the  mouth  of  the  tube.  These  ulcers  frequently 
spread  with  great  rapidity  and  cause  extensive  destruc- 
tion. If  seated  on  or  near  the  mouth  of  the  tube,  a  com- 
plete growing  together  of  its  walls  may  occur  during 
cicatrization  of  the  ulcer.  The  aural  symptoms  caused 
by  an  ulcer  on  or  near  the  mouth  of  the  tube  do  not 
differ  from  those  described  under  the  heail  of  diseases  of 
the  secondary"  stage.  Pain  referred  to  the  ear  is,  how- 
ever, more  frequently  complained  of  in  connection  with 
ulceration  than  with  erythema  and  mucous  patches  on 
or  near  the  mouth  of  the  pas.sagc. 

In  the  treatment  of  the  tertiary  symptoms  our  chief 
reliance  must  be  placed  on  iodide  of  potassium  alone  or 
in  combination  with  mercury.  Locally,  nitrate  of  silver, 
in  substance  or  in  solution,  the  acid  nitrate  of  mercury, 
iodoform,  or  iodol.  may  be  applied  daily  or  less  often. 
Thorough  cleansing  of  the  ulceration  should  precede  the 
application  of  the  remedies  named. 

Hypermtons  ami  ejosUms  of  the  osseous  part  of  the  Eu- 
stachian tube  are,  according  to  Gruber,'*  sometimes 
caused  by  syphilis.  This  is,  however,  denied  by  other 
writers. 

Mastoid  Process. — OsteoscJerogis  and  liyperogUmH  of 
the  mastoid  process  are,  according  to  Scliwartze,  some- 
times caused  by  syphilis.  We  know  of  no  signs  by 
which  a  differential  diagnosis  can  be  made  between  the 
idiopathic  and  syphilitic  forms  of  these  diseases.  A 
course  of  antisyphiliiic  treatment  will,  however,  soon 
decide  which  form  we  have  to  deal  with.  Gummata  of 
the  mastoid  cells  are  extremely  rare.  Superficial  and 
extensive  caries  of  the  outer  cortex  of  the  mastoid  proc- 
ess, without  disease  of  the  middle  ear.  occurs,  according 
to  Schwartze.  only  as  the  result  of  syphilitic  or  tubercu- 
lous periostitis.  The  syphiloma  or  giminia  may  develop 
imder  the  picture  of  a  periostitis  of  the  mastoid  process. 
It  may  break  down  in  )iarts  and  simulate  the  feeling  of 
fluctuation.  Its  development  may  be  very  rapid,  and 
it  may  disappear  as  quickly  under  antisyphilitic  treat- 
ment. ^ 

The  Ixxeu  E.\is. — Of  the  affections  of  the  organ  of 
hearing  caused  by  syphilis,  disea.ses  of  the  inner  car  are 
probably  least  frequently  met  with.  These  diseases  usti- 
ally  make  their  appearance  toward  the  latter  part  of  the 
secondary  stage,  or  at  a  still  later  period.  According  to 
Politzer,  they  are  sometimes  developed  simultaneously 
with  secondary  skin  or  throat  affections,  and  in  one  case 
observed  by  him,  a  disease  of  the  inner  ear  appeared  as 
early  as  the  seventh  day  after  the  primary  infection. 
The  same  author  has  also  recorded  a  case  in  which  laby- 
rinthine disease  was  developed  simultaneouslv  with  a 
gumma  of  the  skull,  twenty-one  j-ears  after  infection; 
and  the  present  writer  has  notes  of  a  case  in  which  sud- 
den and  absolute  deafness  of  one  ear,  in  connection  with 
naso-cranial  osteitis,  occurred  twenty-six  years  after  the 
primary  disease,  and  after  an  interval  of  more  than 
twenty-five  years  of  complete  freedom  from  symptoms 
of  constitutional  syphilis.  Hutchinson  (■•Syphilis,"  p. 
33),  on  the  other  hand,  has  no  knowledge  of  any  form  of 
deafness  due  to  syphilis  which  occurs  in  the  tertiary 
stage  of  the  acquired  form. 

The  diseases  of  the  labyrinth  may  be  developed  alone 


or  in  association  with  tympanic  diseases.  Frequently 
they  supervene  on  pre-existing  catarrhal  or  purulent  in- 
flammation of  the  middle  ear. 

The  symptuniK  of  syphilitic  disease  of  the  labj'rinth  do 
not  differ  essentially  from  those  of  the  affection  of  this 
part  due  to  other  causes.  lu  this  form,  as  in  diseases  of 
the  labyrinth  in  general,  a  marked  diminution  or  total 
lo.ss  of  the  hearing  power  in  one  or  both  ears  occurs,  usu- 
ally more  or  less  suddenly.  Subjective  noises,  of  a  vari- 
able nature,  often  of  great  intensity,  sometimes  ]irecede 
the  onset  of  the  deafness,  but  more  commonly  an-  devel- 
oped at  the  same  time.  They  are  rarely  entirely  absent. 
Vertigo  and  unsteadiness  of  gait  sometimes  usher  in  the 
attack,  but  more  frequently  these  symptoms  follow  the 
deafness.  Nausea,  vomiting,  headache,  and  weakness  in 
the  limbs  are  also  early  symptoms  in  many  cases.  Pain 
in  the  ear  very  rarely  accompanies  the  attack.  Inspec- 
tion of  the  drum  memlirane  will  in  many  cases  give  a 
negative  result,  while  in  others  it  will  reveal  the  changes 
usually  found  in  connection  with  chronic  catarrhal  dis- 
ease of  the  middle  ear.  Evidences  of  acute  inflanunation 
of  the  tympanic  cavity  are  usually  wanting.  The  air 
douche  through  the  catheter  conmionly  shows  a  pervi- 
ous Eustachian  tube,  and  the  sounds  heard  on  ausculta- 
tion are  generally  broad  and  dry. 

A  closer  examination  of  tlw  hearing  power  in  these 
cases  shows  that  besides  the  impairment  of  hearing  for 
the  voice,  the  perception  of  sounds  through  the  bones  of 
the  skull  is  either  greatly  diminished  or  entirely  want- 
ing. In  cases  in  which  both  ears  are  deaf,  vi!)rating 
tuning-forks  placed  on  the  vertex  or  between  the  teeth 
are  usually  not  lieard  at  all,  and  in  cases  in  which  only 
one  ear  is  diseased,  the  tuning  forks  are  heard  most  dis- 
tinctly in  the  healthy  ear  and  never  oiUy  in  the  alTectcd 
ear.  Placeil  on  the  mastoid  ])rncessof  the  affected  side. 
the  tuning-fork  (the  writer  usiially  employs  for  this  |iur- 
pose  a  small  C*  fork  of  212  vibrations  a  second),  if  heard 
at  all,  is  heard  from  this  part  less  long  than  normally  in 
persons  of  the  siune  age.  In  cases  of  great  impairment 
of  hearing  for  the  voice  the  employment  of  Rinne's  test 
nearly  always  shows  the  preclominance  of  aCrial  over 
bone  conduction;  while  in  total  deafness  for  the  voice 
small  tuningforksare  not  perceived  at  all,  but  very  large 
ones,  when  struck  with  much  force,  are  heaid  when 
placed  on  the  luastoid  process.  The  examination  with 
the  piano  or  tuning-forks  of  different  pitch,  not  infre- 
quently shows  that  the  perception  of  certain  tones  of  the 
scale,  usually  the  highest,  is  diminished  or  destroyed,  or 
that  whole  groups  of  tones  are  not  peiceived.  In  a  case 
observed  by  Kuapp."  tuning-forks  of  high  and  low  pitch 
were  not  hear<l.  while  those  of  medinm  pitch  were  per- 
ceived; neither  the  highest  four  (e  "— a'  ")  nor  thi-  low- 
est four  tones  (A-— D')  were  heard;  the  octave  ne.\t  to 
the  highest  was  heard,  and  that  above  the  lowest  tones 
only  feebly.  The  power  of  ai>preciating  low  tones  is  the 
last  to  suffer  and  the  first  to  recover  in  most  cases,  so 
that  these  will  be  heard  when  the  high  ones  are  not 
heard  at  all,  or  false,  or  doubled.''  In  a  case  reported  by 
Blake  and  Walton.'"  a  tuning-fork  (.■)()2  v.  s. )  was  heaid 
in  the  left  ear  one-fifth  higher  than  in  the  right;  and 
sixteen  days  later,  tuning-forks  (."itilJ  v.  s.  and  1.2l)()  v.  s.) 
which  were  heard  through  the  air,  and  the  tone  repro- 
duced bj'  the  patient's  singing,  nonnally  in  the  right 
ear,  were  heard  and  reproduced  below  their  pitch  in  the 
left  ear;  otherwise  the  hearing  was  equally  good  in  both 
ears. 

The  course  of  this  disease  is  not  always  the  same  in  all 
cases.  While  the  clinical  picture  usually  presented  is 
that  of  a  very  rapid  decline  of  the  hearing  ))ower.  till 
complete  deafness  is  reached,  the  progress  in  the  impair- 
ment is  in  some  cases  comparatively  slow.  In  cases  ob- 
served b}'  Politzer,  nearly  total  deafness  was  present 
three  days  after  the  onset  of  the  disease.  Concussion  of 
the  head,  sometimes  of  slight  degree,  will  occasionally 
cause  a  rapid  increase  in  the  deafness  in  these  cases  (Pol- 
itzer, Troeltsch,  L'rbantschitsch,  Gruber).  Fluctuation 
in  the  deafness  is  less  often  observed  in  this  disease  than 
in  affections  of  the  middle  ears.     The  vertigo,  unsteadi- 
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ness  of  gait,  and  headache  generally  continue  for  a  few 
weeks  or  mouths,  and  then  gra<iually  disijppear.  The 
hardness  of  hearing  unfortunately  often  remains,  and  in 
the  few  cases  which  end  in  recovery  the  improvement 
takes  place  very  slowlj-. 

Syphilitic  disease  of  the  labyrinth  cannot  be  distin- 
guisheil  from  disease  of  this  part  due  to  other  causes, 
either  by  the  aural  symptoms  or  by  tlie  hearing  tests  em- 
ployed. The  suilden  onset  of  the  disease  and  the  rapid 
progress  of  the  deafness  for  the  voice,  together  with  the  ab- 
sence of  bone  conduction,  are  regarded  by  many  authors 
as  peculiar  to  the  syphilitic  form  of  this  disease.  The 
l)resent  writer  has.  however,  seen  (|uitea  number  of  cases 
presenting  such  a  history  in  which  syphilis  was  entirely 
out  of  the  question,  and  therefore  cannot  regard  the  above- 
mentioned  symjitoms  as  characteristic  of  syphilis  of  the 
inner  ear.  If,  however,  the  train  of  .symptoms  described 
occurs  in  connection  with  undoubted  evidence — in  the 
skin,  the  eye.  or  other  parts  of  the  body — of  constitutional 
syphilis,  or  in  an  individual  with  a  clear  history  of  syph- 
ilis, we  may  assume  with  much  confidence  that  the  laby- 
rinth disease  is  due  to  the  invasion  of  syphilis.  In  the 
absence  of  a  history,  or  of  other  symptom  of  syphilis, 
our  suspicion  as  to  its  presence  should  be  aroused,  never- 
theless; and  we  should  make  a  searching  examination  for 
its  presence  in  all  cases  of  sudden  loss  of  hearing,  unac- 
companied by  pain,  occurring  in  vigorous  young  or 
middle-aged  persons  whose  nervous  system  was  in  a  heal- 
thy condition  jirevious  to  the  attack,  and  in  whom  trau- 
matism or  other  plausible  causes  of  the  deafness  can  be 
excluded  (Schwartze).  In  several  of  such  cases  in  which 
syphilis  was  absolutely  denied.  Politzer  was  enabled  by 
a  rigorous  search  to  prove  conclusively  that  constitu- 
tional syphilis  was  the  basis  of  the  ear  disease.  In  this 
connection  it  should  also  not  be  forgotten  that  an  out- 
break of  tertiary  symptoms  may  occur  after  a  long  period 
of  apparently  good  health. 

The  differential  diagnosis  between  this  disease  and 
affections  of  the  middle  ear  involves  no  great  difHculty 
in  recent  cases.  The  absence  of  objective  symptoms  of 
middle-ear  disease,  and  the  results  of  tests  with  tuning- 
forks  and  the  piano  will  decide  the  diagnosis.  The  case 
is.  however,  cutireh'  different  if  well-marked  signs  of 
middle-ear  disease  are  present,  and  more  particularly  if 
both  ears  are  diseased  and  the  loss  of  hearing  has  devel- 
0|)ed  gradually.  Under  these  circumstances  the  results 
of  even  the  most  patient  examination  with  tuning-forks 
and  the  piano  will  often  leave  it  undecided  whether  one 
or  the  other  or  both  parts  are  diseased.  The  superven- 
tion of  syphilitic  disea.se  of  the  labyrinth  upon  middle-ear 
tlisease  may  be  inferred  from  the  history  of  the  case,  the 
suddenness  of  the  increase  in  the  hardness  of  hearing,  and 
the  result  of  the  hearing  tests  previously  mentioned. 

So  far  as  is  known  to  the  jjresent  writer,  Roosa  {op.  cit.. 
p.  610)  is  the  only  author  who  thinks  that  we  are  justi- 
tied  in  going  a  little  farther  in  our  classification  than 
merely  to  state  that  this  is  a  disease  of  the  labyrinth.  We 
may  perhaps,  he  says,  diagnosticate  disease  of  the  coch- 
lea, or  at  least  say  that  the  affection  of  the  cochlea  is 
predominant  in  certain  ca.ses  (great  impairment  of  hear- 
ing, inability  to  hear  certain  tones,  and  the  production  of 
false  ones),  just  as  we  may  speak  of  disease  of  the  semi- 
circular canals,  when  vertigo  and  staggering  gait  are  the 
predominant  symptoms.  To  such  cases  he  applies  the 
name  of  syphilitic  cochlcitis. 

With  regard  to  the  pathological  anatomy  of  syphilitic 
disease  of  the  labyrinth,  it  must  be  admitted  that  our 
knowledge  is  still  in  a  very  unsatisfactory  state.  Indeed 
Schwartze,  than  whom  no  one  is  better  qiialitied  to  ex- 
press an  opinion  on  this  subject,  does  not  hesitate  to  say 
that  we  have  no  anatomical  knowledge  whatever  of  this 
disease,  and  that  the  pathological  changes  in  the  laby- 
rinth found  by  Toynbee,  Gruber,  JIoos,  Politzer,  and 
others,  of  which  a  brief  account  will  be  given  farther  on, 
cannot  be  regarded  as  specific,  since  the  same  alterations 
occur  in  non-syphilitic  cases.  The  condition  of  the  organ 
of  hearing  found  post  mortem  in  individuals  in  whom 
syphilis  and  ear  disease  were  known  to  have  existed,  was 


as  follows;  In  a  case  of  secondary  syphilis,  with  catarrh 
of  the  middle  ear,  described  by  Voltolini,"  there  was 
found  hypenemia  of  the  vestibu"le,  of  the  commencement 
of  the  cochlea,  and  of  the  horizontal  .semicircular  canal, 
and  hyperostosis  confined  to  the  parts  surrounding  the 
fenestra  ovalis.  Gruber"  found  in  u  syiihilitic  subject 
who  had  become  suddenly  totally  deaf,  and  who  died 
from  lyi)hus  fever,  considerable  liyperiemia  of  the  lining 
mend)rane  of  the  tympanic  cavity  and  of  the  membran- 
ous labyrinth,  which  appeared  "much  thickened.  The 
fluid  in  the  labyrinth  was  abundant  in  (pianliiv  and 
bloody  in  color.  It  is  not  stated  that  a  microscop"ic  ex- 
amination was  made.  'Whether  the  changes  founil  in  this 
case  were  the  result  of  .syphilis  or  of  the  tvphus  must 
remain  undecided. 

Moos '-  made  an  examination  of  the  right  iieirous  bone 
of  a  woman,  forty -nine  years  of  age,  who  had  been  very 
deaf  on  this  side  and  blind  in  her  right  eye  since  her  .sev- 
enteenth year.  The  deafness  and  blindness  were  ailrib- 
uted  by  her  to  washing  her  head  while  in  a  state  of  per- 
spiration. In  the  history  of  the  case  it  is  sjiid  that  she 
had  been  treated  for  syphilis,  but  whether  the  infection 
occurred  before  or  after  the  development  of  the  deafness 
is  not  stated.  She  died  from  intracranial  disease.  At 
the  autopsy,  made  by  Profes,sor  Arnold,  partsof  the  right 
parietal  bone  were  found  to  be  atrophied  in  consequence 
of  gummy  tumois.  There  «ere  gelatinous  ceilema  of 
the  pia  mater  and  hydrocephalus  intiinus.  In  the  right 
corpus  striatum  was  found  a  fresh  diffuse  hemorrhage. 
Old  syphilitic  scars  were  seen  in  the  liver.  The  exami- 
nation of  the  petrous  bone,  made  by  JIoos,  showed,  besides 
alterations  in  the  drum  membrane  and  in  the  tympanic 
cavity,  rarefactive  osteitis  in  the  posterior  semicircular 
canal.  The  stapes  was  firmly  united  with  the  oval  win- 
dow. The  membranous  structures  of  the  vestibule  and 
the  membranous  semicircular  canals  were  in  i)art  inti- 
mately attached  to  the  peiiosteum  by  connective-tissue 
bands,  with  the  exception  of  the  posterior  membranous 
semicircular  canal,  which  was  much  thickened  but  not 
adherent  to  the  periosteum.  In  those  parts  of  the  .semi- 
circular canals  which  could  still  be  isolated,  the  epithe- 
lium and  the  connective-tissue  membrane  were  no  longer 
distinguishable.  They  were  covered  partly  by  innumer- 
able large  and  small  cells  lying  close  together.  The 
bands  of  newly  formed  connective  tissue  between  the 
periosteum  and  the  connective-tissue  membrane  were 
also  infiltrated  with  cells.  The  form  and  structure  of 
the  membranous  portion  of  the  vestibule  were  obliterated 
by  a  thick  layer  of  hyperplastic  connective  tissue  which 
covered  the  membrane  almost  everywhere:  in  some  cen- 
tral places  of  the  membrane,  where  the  tissue  was  less 
opaque  and  more  reticulate,  the  described  infiltration  of 
cells  could,  however,  be  observed.  Where  the  newly 
formed  connective  tissue  was  most  abundant  there  were 
seen  numerous  isolated,  and  in  some  places  aggregated, 
globular  concretions  of  phosphate  of  lime.  The  lamina 
spiralis  was  of  a  lemon  color,  it  was  much  thickened  and 
appeared  under  the  microscope  very  opaque,  very  vascu- 
lar, and  infiltrated  with  numerous  cells;  of  its  several 
zones  only  the  dentate  region  could  be  made  out. 

Commenting  on  the  above  Moos  sitys:  "The  above- 
described  anatomical  lesions  of  the  organ  of  hearing  fur- 
nish a  sufficient  explanation  of  the  total  deafness  during 
life.  Leaving  out  of  account  the  myringitis  which  su- 
pervened toward  the  end  of  life,  the  deafness  was  due  to 
the  ankylosis'of  the  os.sicles  and  the  chronic  inflamma- 
tion of  the  labyrinth.  Very  probably  this  con<lltion  re- 
sulted from  secondary  syphilis,  although  the  microscopic 
data  would  not  of  themselves  jioint  to  it  as  a  specific 
cause.  As  far  as  I  know,  we  have  not  as  yet  reliable 
anatomical  signs  of  syphilitic  inflammation  of  the  laby- 
rinth. We  know  too  little  of  the  pathological  anatomy 
of  the  labyrinth  to  be  able  to  decide  this  question." 

In  another  case  of  constitutional  syphilis  examined  by 
5I00S,"  in  which  violent  subjective  noises,  vertigo,  and 
pain  in  the  bones  of  the  skull  were  followed  later  by  a 
remarkably  rapid  destruction  of  the  hearing  power,  he 
found  the  following  condition :  The  osseous  substance  of 
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the  petrous  bone  was  sclerosed  'n-herever  it  was  exam- 
ined. The  middle  ear  was  entirely  uormal  in  every  part. 
The  labyrinth  alone  showed  pathological  alterations. 
The  periosteum  of  the  vestibule  was  slightly  tiiickened : 
the  i»ot  plate  of  the  stapes  was  also  thickened  and  im- 
movable. The  connective-tissue  supports  between  the 
bon_v  walls  of  the  vestibule  and  the  vestibular  membran- 
ous structure  were  liyperplastieaud  infiltrated  with  small 
cells.  The  connective-tissue  membrane  itself  of  the  mem- 
branous vestibidar  structures  was  likewise  liyperplastic 
and  infiltrated  with  small  cells.  Tlie  periosteum  of  the 
lamina  spiralis  ossea,  as  well  as  all  the  zones  of  the  lamina 
spiralis  raembranacca,  exhibited  the  same  small-cell  in- 
filtration. The  exudation  consisted  of  small  round  cells, 
with  a  few  oval  ones  eonlaining  a  .single  nucleus,  which 
were  placed  with  regularity  very  close  tt>  each  other. 
"U'ith  regard  to  the  degree  of  dissemination  of  the  infil- 
tration, it  remains  to  be  mentioned  that  the  periosteum 
of  the  lamina  spiralis  ossea  was  much  less  infiltrated  than 
that  of  the  zona  pectinata  and  Corti's  arches;  the  two 
last-named  regions  were  so  densely  infiltrated  that  but 
few  of  the  teeth  and  of  Corti's  arches  could  be  seen  dis- 
tinctly ;  on  the  other  hand,  the  infiltration  was  more  copi- 
ous in  the  ampulla'  and  saeculi,  aiul  in  the  connective- 
tissue  supjiorts  between  them  and  the  bony  walls,  than  in 
the  menibranous  semicircular  canals.  The  trunk  of  the 
auditory  nerve  was  intact. 

According  to  Politzer,'"  recent  investigations  leave  no 
doubt  that,  in  cases  of  long  duration,  a  chronic  inflamma- 
tion of  the  lining  membrane  of  the  labyrinth  may  result 
in  a  periosteal  bone  proliferation  in  tlie  cavity  of  the  laby- 
rinth. The  following  case  occurred  in  his  own  practice: 
The  patient  was  a  man,  fifty  years  of  age.  who  had  been 
totally  deaf  for  ten  years  in  consequence  of  syphilis.  In 
the  right  drum  membrane  two  broad,  ribbon-shaped 
stripes  extended  downward  at  an  acute  angle  from  the 
end  of  the  handle  of  the  liammer.  Bone  conduction  was 
destroyed.  Death  was  caused  by  phthisis  pulmonalis. 
Autopsy:  T!ie  ribbon  shaped  stripes  on  the  drum  mem- 
brane ])roved  to  be  ridges  of  horny,  thickened  epidermis. 
The  lining  membrane  of  the  tympanic  cavity  and  the 
cssicles  wcri'  normal  on  both  sides.  In  decalcified  sec- 
tions of  the  cochlea,  pathological  alterations  were  mainly 
found  in  the  ganglion  cells  in  Rosentlial'scanal.  AVithin 
these  cells  were  seen  small,  round,  grantilar  cells  witliout 
a  distinct  nucleus,  and  also  oval  and  annular  bodies,  in 
only  a  few  of  which  a  nucleus  cotdd  be  recognized. 
(Atrophy  and  degeneration  of  the  ganglionic  cells  in  the 
ganglion  spirale.)  The  modiolus  showed  in  spots  a  retic- 
ular structure.  In  the  spiral  membrane,  in  tlie  vestibide, 
and  in  the  semicircular  canals  no  changes  were  visible 
whicli  could  be  interpreted  as  pathological. 

Pathological  alterations  in  the  blood -ves.sels  of  the  inner 
ear,  similar  to  those  described  by  Heubner  as  occurring 
in  syphilis  of  the  brain,  have  thus  far  been  observed  only 
in  a  case  examined  by  Baratoux, 

The  jiiw/iioxis  must  be  guarded  as  regards  the  recovery 
of  hearing.  In  acute  cases  of  recent  (hite  recovery  has 
occasionally  followed  the  energetic  employment  of  mer- 
cui-y  and  iu<lide  of  potassium:  but  in  cases  of  gradual 
loss  of  hearing  or  in  tho.se  of  long  standing,  the  progno- 
sis is  decidedl}'  unfavorable.  Politzer  is  of  the  opinion 
that  the  degree  of  deafness  is  not  always  decisive  for  the 
recovery  of  normal  hearing,  since  recovery  from  total 
deafness  has  been  observed;  while,  on  the  other  hand,  in 
milder  cases,  active  antisyphilitic  treatment  not  only  fails 
to  produce  an  improvement,  btit  is,  moreover,  sometimes 
followeil  by  an  increase  in  the  deafness.  This  author 
has  also  .seen  patients  in  whom  the  deafness  came  on 
while  they  were  under  the  influence  of  mercury. 

Treatment. — If  the  ear  disease  occurs  during  the  earlier 
stages  of  constitutional  syphilis,  mercury  sliould  be  used 
freely,  preferabl_v  by  inunctions,  till  the  system  is  brought 
under  its  influence :  after  that  the  reinedy  must  be  con- 
tinued in  smaller  doses  for  a  long  period.  Mercuria' 
baths,  subcutaneous  injections  of  corrosive  sublimate, 
and  the  internal  administration  of  calomel,  blue  pill,  and 
other  preparations  of  mercury,  may  be  substituted  for 


the  inunctions  when  they  are  objected  to.  The  iodide  of 
potassium,  alone  or  in  combination  with  mercm-y,  is  es- 
jiecially  useful  in  cases  occurring  during  the  intermediate- 
or  tertiary  stage,  Roosa  has  obtained  very  encouraging 
results  from  this  remedy  in  very  large  doses  (gr,  cxx.  to 
gr,  ccclxix.  daily),  in  cases  in  which  smaller  doses  failed 
to  produce  any  effect.  He  used,  however,  inunctions  of 
the  oleate  of  mercury  at  the  same  time.  To  avoid  disturb- 
ance of  digestion  it  will  be  found  best  to  dilute  the  iodide 
largel.v  with  water,  and  to  administer  it  in  divided  por- 
tions during  meals.  Tonics  and  a  generous  diet  should 
be  given  with  both  the  mercury  and  the  iodide  to  patients 
in  feeble  health.  Subcutaneous  injections  of  the  muriate 
of  pilocarpine,  in  gradually  increasing  doses  (gtt.  iv.  lo 
xij.  of  a  two-per-cent.  solution),  have  also  proved  use- 
ful in  this  disease  in  Politzer's  hands.  He  is  of  the  opin- 
ion that  it  should  betried  for  from  eight  to  fourteen  days 
in  all  recent  cases,  and  that  mercury  and  iodide  of  potas- 
sium shoidd  be  given  only  if  at  the  end  of  the  above- 
stated  period  no  improvement  is  manifest.  Lucae.  JIoos, 
Barr.  Bacon,  and  others  also  speak  highly  of  the  effect 
of  pilocarpine  in  these  cases,  and  think  it  worthy  of  fur- 
ther trials.  Lucae  has  also  seen  temporary  improvement 
of  hearing  follow  the  application  of  the  artificial  lec<-li. 

In  order  to  protect  the  disea.sed  ears  as  much  as  possi- 
ble against  the  injurious  effect  of  noises,  while  undergo- 
ing treatment,  the  patient  should  be  kept  in  a  perfectly 
quiet  room,  away  from  the  streets,  and  it  may  even  be 
advisable  to  cover  the  ears  and  the  side  of  the  head  with 
cotton  batting.  If  disease  of  the  middle  ear  is  present, 
this  must  be  treated  in  the  maiuier  already  described. 
Care  should,  however,  be  exercised,  that  the  force  em- 
idoyed  during  inflation  be  not  greater  than  is  absolutely 
necessary. 

AfDiTORY  Neuve. — Of  the  .syjihililie  diseases  of  the 
auditory  nerve,  beyond  the  labyrinth,  little  or  nothing  is 
known.  An  intnicranial  disease  involving  some  [lart  of 
this  nerve  may  be  assumed,  however,  if  in  addition  to 
the  symptoms  eiuimeratcd  under  the  head  of  diseases  of 
the  labyiinth,  positive  symptoms  of  intracranial  disease 
are  present  in  a  syphilitic  individual.  Foci  of  soflening 
in  the  brain,  guinmata,  eircumscribcil  basilar  meningitis 
or  pachymeningitis,  chronic  periostitis  ossificans  of  the 
petrous  bone,  with  hyperostotic  narrowing  of  the  porus 
acusticus  and  paralysis  of  the  trmiks  of  the  nerves  froni 
compression,  arc  mentioned  by  Schwart/.c  as  the  morbid 
conditions  ]irobably  present  in  such  cases.  Of  the  mor- 
bid changes  in  the  trunk  of  the  auditory  nerve  and  in  its- 
nuclei,  due  to  syphilis,  we  have  no  knowledge. 

B.  IxTiiciiiTF.i)  Svriiii.ts. — .Vffections  of  the  ear  due  to- 
inherited  syiihilis  are  met  w-ith  at  two  periods  of  life, 
during  the  first  year  and  between  the  fifth  and  twenty- 
fifth  years  of  age. 

In  Inf-WTS. — In  infants  suffering  from  syiiliilitic  dis- 
ease of  the  nose  and  pharynx,  att'ections  of  the  middle  ear 
are  of  common  occurrence.  Both  the  catarrhal  and  the 
purulent  inflammations  of  this  part,  occurring  under  these 
circumstances,  present  no  features  by  which  they  can  be 
distinguished  from  the  non-.syi)liilitic  form  of  inflamma- 
tion. Caries  and  necrosis  of  the  ossicles  and  the  w'alls  of 
the  tympanic  ca\ity  may  perhaps  be  developed  more 
frequently,  or  more  speedily,  in  the  syphilitic  than  in  the 
ordinary  form,  but  no  statistics  are  available  by  which 
this  is  proved.  As  in  many  of  these  cases  the  general 
health  is  seriously  impaired  by  the  constitutional  disease, 
often  but  little  attention  is  given  to  the  ear  affection  by 
the  ]iarenls  or  the  medical  aitendant  of  the  infant,  and 
treatment  is  delayed  until  great  destruction  has  already 
taken  place.  In  a  case  of  purulent  inflammation  fpf  botli 
middle  ears,  of  two  months'  standing,  which  wasrecentlj' 
under  the  care  of  the  writer,  paralysis  of  the  right  facial 
nerve  existed  when  the  patient  was  first  seen,  and  paraly- 
sis of  the  left  facial  and  exfoliation  of  the  hammer  and 
anvil  of  both  ears  occurred  a  few  days  later.  The  child 
was  greatly  emaciated,  and  although  mercury  was  givea 
at  once  anil  the  usual  local  treatment  pursued,  the  child 
died  two  weeks  later,  apparently  from  marasmus.  The 
prognosis  is  probably  less  favorable  in  syphilitic  cases 
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than  in  otherwise  heahhy  children,  l)Ut  nncler  proper 
general  and  local  treatment,  begun  sliortly  after  the  ap- 
pearance of  the  disease,  many  cases  make  a  good  recov- 
<?ry.  Concerning  the  pathological  anatomy  of  diseases  of 
the  ear  in  syphilitic  infants,  we  know  but  little.  Bara- 
tou.x  (Transactions  of  International  Medical  Congress, 
licld  in  Washington.  D.  C  September.  1887),  who  made 
autopsies  of  forty  three  still-born  or  new-born  infants 
with  hereditary  syphilis,  found  lesions  of  the  middle  ear 
twenty-three  times,  lesions  of  the  laliyrinth  four  times, 
and  lesions  of  both  parts  twelve  times.  A\'la-n  the  inter- 
nal ear  was  affected  simultaneously  with  the  middle  ear. 
without  pus  being  formed  in  the  labyrinth,  the  walls  of 
the  ampulla'  and  cochlea  were  reddened;  the  aNis  of  the 
fochlea  was  injected  and  iutiltrated  with  round  cells,  and 
the  parts  were  bathed  in  a  sero-sanguinolent  fluid  which 
had  taken  the  place  of  the  lymph.  When  the  internal 
<'ar  alone  was  affected,  the  blood-vessels  were  found  di- 
lated, the  walls  were  thickened,  and  in  some  instances 
licmorrhagic  spots  were  found. 

The  loc^l  treatment  of  these  diseases  does  not  require 
.any  other  measures  than  those  usual  l_v  employed  in  the 
non-syphilitic  form.  Local  treatment  will,  however,  ac- 
complish but  little  so  long  as  the  constitutional  disease  is 
active.  For  this  mercury  must  be  given ;  gr.  .\.  of 
the  mercurial  ointment  rubbed  into  the  jialms  and  soles 
twice  daily,  as  recommended  by  Hutchinson,  will  usu- 
ally make  the  symptoms  disappear  voit  rapidly.  Iodide 
of  potassium  is  larely  beneficial  in  these  cases. 

In  Childhood  and  Adolescence.  —  The  Drvm  Mon- 
brane. — Special  aflectionsof  the  external  canal  and  drum 
7nembrane  are  doubtless  of  very  rare  occurrence  in  con- 
nection with  syphilis  hereditaria  tih'da.  The  only  case 
<if  such  a  disease  on  record,  so  far  as  the  writer  knows, 
has  been  described  by  Pomeroy  ("The  Diagnosis  and 
Treatment  of  Diseases  Of  the  Ear. "  2d  cd. .  p.  o">0)  under  the 
heading  Papulo-tuljercular  Affection  of  the  Drum  Mem- 
brane in  a  Subject  of  Hereditary  Syphilis.  In  this  case, 
that  of  a  boy,  eighteen  years  of  age,  with  jiarenchymatous 
keratitis  and  considerable  impairment  of  hearing,  both 
drum  membranes,  just  Ixdiind  and  below  the  malleus 
handle,  were  the  seat  of  a  nodular,  grayish  mass  of  tri- 
angular form.  Large  blood-vessels  traversed  the  region 
of  the  tumors.  Elfoits  to  remove  the  masses  by  wiping 
with  cotton-wool  wei'e  unsuccessful.  After  a  few  days 
the  color  of  the  tumors  changed  from  gray  to  a  dull  led, 
and  after  the  tumors  had  disappeared  vessels  of  large  size 
remained.  Under  constitutional  treatment  and  inflation 
of  the  tympanic  cavity  the  drum  membrane  legained  its 
normal  appearance  in  about  six  mouths.  Pomeroy  in- 
fers that  the  tumors  were  in  the  dermal  layer  of  the  drum 
membranes,  as  the  malleus  handles  and  short  processes 
were  distinctly  behind  the  tumor.  The  drum  membranes 
■were  not  perforated.  It  is  not  denied  that  there  was 
more  extensive  disease  than  this,  there  evidently  being 
an  inflammation  of  the  drum  cavity  with  exudation  into 
the  tympanal  lining,  including  that  covering  the  round 
and  oval  windows.  The  tuning-fork  tests  pointed  to  a 
suspicion  of  labyrinthine  disease,  but  actual  proof  of  that 
does  not  exist. 

Middle  and  Inm'f  Ear. — In  the  offspring  of  syphilitic 
parents,  and  almost  exclusively  in  those  of  the  female  sex 
between  five  and  twenty-five  years  of  age,  there  occurs 
occasionally  a  disease  of  the  ears  producing  in  most  cases 
great  impairment  of  hearing  or  total  deafness  in  a  short 
space  of  time.  The  connection  between  the  ear  affection 
and  inherited  syphilis  was  first  pointed  out  by  Hutchin- 
son."'^  though  von  Troeltsch  and  others  had  previously 
mentioned  the  occurrence  of  hardness  of  hearing  in  the 
children  of  syphilitic  parents.  Wilde's  (up.  cit.,  p.  26.5) 
familiarity  with  the  disease  under  consideration  is  shown 
by  his  remark:  "It  sometimes  coexists  with,  sometimes 
aiternating  with,  the  ocular  disease."  "What  is  termed 
strumous  ophthalmia,  and  also  corneitis,  are  the  forms 
which  the  eye  affection  assumes.  Occasionally  it  is  that  of 
iridochoroiditis."  Since  the  appearance  of  Hutchinson's 
paper  numerous  cases  of  this  affection  have  been  put  on 
record  by  vaiious  authors,  and  the  clinical  history  of  the 


disease  is  now  well  known,  but  our  knowledge  of  its^ 
pathology  is  still  very  meagre.  This  disease  is  by  no 
means  of  as  frequent  occurrence  as  the  eye  affection  of  in- 
herited syphilis,  and  is.  as  has  already  been  observed,  found 
chiefly  in  the  female  sex.  The  present  writer  has  met  with 
it  (or  ratlier  has  .seen  it  associated  with  well-marked  symp- 
toms of  iulieritcd  syphilis)  but  once  in  a  male,  while  he 
has  notes  of  over  twenty  cases  occurring  in  females. 
Other  physicians  have  had  a  similai'  experience.  The 
disease  seems  to  be.  from  all  ac<'ounls,  of  less  frequent 
occurrence  in  this  country  and  in  Germany  than  in  Eng- 
land, where,  according  to  Ilinton,  five  per  cent,  of  the 
aural  patients  treated  at  Guy's  llosjiital.  London,  suf- 
fered from  it. 

The  subjects  of  tliis  disease  of  the  ears  have,  in  many 
cases,  manifested -symptoms  of  hereditary  syphilis  during 
tlie  first  year  of  their  lives,  and  usually  "have  enjoyed 
good  hearing  during  early  childhood.  The  ear  disease 
usually  begins  between  the  fifth  and  twcnty-liflh  years 
of  age,  and  is  commonly  preceded  by  an  attack  of  paren- 
chymatous keratitis  or  of  an  inflanunation  of  the  uveal 
tract  of  one  or  both  ej-es.  Not  infrequently  the  ear  dis- 
ease commences  while  the  eyes  are  still  inflamed,  and  oc- 
casionally it  precedes  the  eye  disease.  Painless  swedings 
of  the  larger  joints,  more  particularly  of  tlie  knees,  wliich 
pass  away  without  much  treatment,  are  often  jnesent  at. 
the  same  time,  or  are  developed  later  on.  In  most  of  the 
eases,  the  jiatients  or  their  guardians  are  unable  to  assign 
an  immediate  cause  for  the  ear  trouble;  but  occasionally, 
as  in  one  of  Gradenigo's  cases, "^  and  in  one  of  the  writer's 
cases,  both  of  which  occurred  in  young  women,  tlie  deaf- 
ness was  attributed  by  the  patients  to  expos\ire.  jiartic- 
ularly  of  tlie  head,  to  draughts  of  cold  air  while  the  hair 
was  wet.  The  first  symptom  to  attract  the  attention  of 
the  patient,  or  of  those  who  are  with  her,  to  the  ear  af- 
fection is  a  sudden  and  marked  impairment  of  hearing. 
Pain  in  the  ear  is  almost  never  comiilaiiied  of.  Vertigb. 
unstead}'  and  staggering  gait,  subjective  noises,  and 
headache  accompanj-  the  hardness  of  healing  in  most 
cases.  In  a  number  of  cases  seen  by  the  writei',  vertigo 
and  headache  preceded  the  impairment  of  hearing;  while 
in  others  these  .symptoms  developed  afterward.  Occa- 
sionally nausea,  vomiting,  and  headache  usher  in  the 
attack.  The  hardness  of  hearing,  which  at  first  perhaps 
may  not  lie  of  the  same  degree  in  both  ears,  increases 
steadily,  and  often  very  rajiidly,  to  total  deafness.  Some- 
times total  deafness  is  found  to  exist  as  early  as  the  sec- 
ond or  third  day  after  the  beginning  of  the  attack,  but 
more  commonly  a  period  <if  from  six  to  ten  weeks  elapses 
before  this  stage  is  reached.  Occasionally  the  progress  is 
still  slower,  and  is  then  usually  characterized  by  marked 
variations  su  the  degree  of  deafness  from  day  to  day. 

The  vertigo  and  the  .staggering  gait  usually  continue 
for  months  and  then  gradually  pass  away.  The  deafness, 
after  it  has  once  become  total,  nearly  alwaj'S  I'cmains  so. 
In  several  of  the  cases  seen  by  the  writer  a  perforative 
Ijurulent  inflammation  of  the  middle  ear,  of  one  or  both 
sides,  develops  several  years  afterward. 

In  the  beginning  of  the  disease  the  patients  can  usually 
hear  the  tuning-fork  (the  writer  uses  tuning-forks  which, 
when  struck  with  moderate  force,  are  heard  for  from 
thirty  to  foi  t_v  seconds  normally  when  vibrating  in  the 
air  near  the  car)  longer  and  louder  through  the  air  than 
through  the  mastoid^'process.  The  tuning-fork  C*  (2,048 
vibrations  a  second)  is  often  not  heard  at  all.  In  some 
cases  bone  conduction  for  tuning-forks  of  small  size,  of 
high  and  low  pitch,  is  entirely  abolished,  while  massive 
forks  (for  instance  Politzer's  C  fork,  described  and  illus- 
trated in  his  "Lehrbueh."  2d  ed.,  p.  117)  are  still  heard 
through  the  mastoid.  In  cases  of  complete  deafness  of 
both  c'ars.  seen  bv  the  writer,  he  found  that  the  tuning- 
forks  C  (1.2S.5  V.  s.).  C  (2..56.5  v.  s.).  C-  (.i.21.i  v.  s.) 
were  heard  lioth  through  the  air  and  through  the  mas- 
toid only  when  they  \\'ere  struck  with  great  force,  and 
louder  aiid  longer  through  the  mastoid  than  through  the 
air.  None  of  these  forks  was  heard  from  the  vertex  or 
when  placed  between  the  teeth,  but  the  large  C  fork  of 
Politzer  (which  is  two  or  three  times  larger  than  the 
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others  mentioned)  was  heard  from  vertex  and  teeth.  The 
tuning-fork  C  was  not  heard  at  all.  The  shrill  whistle 
of  a  distant  factory  was  lieard.  Their  own  voices  the 
patients  could  scarcely  hear.  In  other  cases  of  total  or 
nearly  total  deafness  of  both  ears,  in  which  also  onl}'  the 
large"  tuning-fork  C  was  heard,  the  writer  found  some- 
times a  preponderance  of  bone  conduction  o^er  atrial  in 
one  ear,  vvhile  the  other  ear  gave  an  opposite  result. 
Gradenigo  (op.  cit.).  who  used  tuning-forks  of  the  same 
size  and  make  as  tlie  writer,  obtained  similar  results  from 
his  experiments.  The  examination  of  children  with  tun- 
ing-forks is,  however,  in  most  cases,  very  un.satisfactory 
in  its  results,  as  many  of  them  are  apathetic  and  indiffer- 
■ent.  and  can  rarely  be  induced  to  produce,  by  singing, 
the  tone  of  the  fork,  and  one  is,  therefore,  never  certain 
whether  they  hear  the  fork  or  simply  feel  its  vibrations. 

The  objective  examination  of  the  ear  may  reveal  a 
perfectly  normal  condition  of  the  drum  membrane,  the 
tympanic  cavity,  and  the  Eustachian  tube,  or  evidence 
of  present  or  past  disease  of  these  structures.  Acute 
catarrh  of  the  middle  ear  will  be  found  present  in  an  in- 
considerable number  of  cases,  and  changes  in  the  drum 
membrane,  evidently  the  remains  of  bygone  disease,  in 
many  others.  Synunctrically  jilaced  areas  of  redness 
(localized  pcriosteitis)  on  the  posterior  and  upper  wall, 
in  close  proximity  to  the  drum  membrane,  in  both  exter- 
nal canals,  were  observed  in  a  well-marked  case  of  this 
disease  by  Buck  (Transactions  of  American  Otological 
Society,  1889,  p.  62).  Disease  of  the  na.sopharynx  is  as 
often  present  as  it  is  not.  Perforating  ulcers  of  the  hard 
and  soft  palate,  caries  and  necrosis  of  the  naso-cranial 
bones,  and  ulceration  of  t\u-  larynx  will  be  found  in  a 
small  percentages  of  the  cases. 

The  diagnosis  of  the  peculiar  ear  affection  under  notice 
presents  no  dilliculty  if,  in  addition  to  the  aural  symp- 
toms previously  described,  other  symptoms  of  syphilis 
hereditaria  tarda  are  pri'sent  or  have  preceded  the  ear 
trouble.  In  addition  to  the  eye  diseases  already  men- 
tioned, these  patients  often  suffer  from  chronic  intlamma- 
tiou  of  the  knees  or  other  large  joints.  The  knees  are 
often  very  much  eidarged  and  locomotion  maj'  be  pain- 
ful, but  there  is  rarely  spontaneous  pain.  The  disease 
usually  passes  olT  in  the  course  of  a  few  weeks,  leaving 
the  joints  apparently  in  as  good  a  condition  as  they  were 
before  the  attack.  Nodes  on  the  long  bones  are  also  not 
Infrequentl)-  jiresent.  With  regard  to  the  peculiarities 
of  the  teetli,  Hulchinson  sjiys:  "  If  the  upper  central  in- 
cisors are  dwarfed,  too  short,  and  too  narrow,  and  if  the}- 
displaj'  a  central  cleft  in  their  free  ed.se,  then  the  diag- 
nosis of  syphilis  is  almost  cerlain.  If  the  cleft  is  present 
and  the  dwarfing  absent,  or  if  the  peculiar  form  of  dwarf- 
ing is  present  without  any  conspicuous  cleft,  the  diagno- 
sis may  still  be  made  with  much  confidence."  Perforating 
ulcers  of  the  hard  and  soft  palates,  deep  ulcers  of  the 
pharynx,  caries  and  necrosis  of  the  naso-cranial  bones, 
and  laryngitis  are  less  often  seen  than  the  other  affections 
above  mentioned.  The  patients,  moreover,  often  have 
withered  and  old-manlike  features,  a  peculiar  square 
form  of  the  forehead,  prominent  frontal  eminences,  a 
sunken  nose,  and  scars  about  the  angles  of  the  mouth. 

With  regard  to  this  disease  Ilinton^-' remarks  that  he 
knows  of  no  other  allection,  except  fever,  which  in  a 
person  under  twenty  years  of  age  brings  on  a  deafness 
so  rapid  and  complete,  and  Hutchinson  says  that  it  may 
be  broadly  stated  that  if  a  child  or  young  person,  with- 
out either  earache  or  otorrluea,  becomes  quickly  and 
completely  deaf,  the  patient  is  almost  certainly  syphilitic. 
The  writer  has.  however,  recently  met  with  two  cases, 
both  in  vigorous  boys,  without  the  slightest  sign  of  syph- 
ilis, in  whom  nearly  total  deafness  was  very  rapidly  de- 
veloped while  they  were  in  excellent  health.  No  disease 
of  the  middle  ear  could  be  discovered,  and  no  febrile  dis- 
turbance preceded  or  accompanied  the  onset  of  the  deaf- 
ness. Examination  failed  to  reveal  intracranial  disease 
at  the  time,  and  none  has  developed  since.  The  parents 
of  these  boys  alisolutely  denied  having  had  syphilis. 
Other  otologists  have  doubtless  met  with  similar  cases, 
and  have,  like  the  writer,  come  to  the  conclusion  that 


hereditary  syphilis  of  the  ear  cannot  be  diagnosed  from 
the  symptoms  presented  by  the  ear  affection  alone. 

From  the  ordinary  catarrhal  inflammation  of  the  mid- 
dle ear  (from  which  syphilitic  children  are  no  more  ex- 
empt than  others)  the  disease  here  described  can  be  read- 
ily distinguished  by  the  clinical  history  and  the  results 
of  the  local  treatment. 

In  the  absence  of  post-mortem  examinations  of  the 
organs  of  hearing  of  typical  cases  of  this  disease,  the 
writers  on  this  subject  are  divided  in  the  opinion  as  to 
the  seat  of  the  lesion.  Hutchinson  thinks  it  tolerably 
certain  that  the  internal  ear  or  the  nervous  apparatus  is 
the  seat  of  the  affection,  but  as  to  the  exact  site  and  the 
nature  of  the  morbid  process  he  is  still  in  doubt,  and 
most  English  writers  are  of  the  same  opinion.  Politzer 
and  Schwartze  do  not  hesitate  to  speak  of  the  disease  as 
inherited  .sypliilis  of  the  labyrinth,  and  Gradenigo  calls 
it  a  syphilitic  otitis  interna.  The  view  that  both  the 
conducting  and  the  nervous  apparatus  are  liable  to  be  in- 
volved in  this  disease  is  held  by  Hinton  and  others,  and 
Roosa  has  come  to  the  conclusion  that  the  disease  is  one 
chiefly  of  the  ])eripheral  and  not  of  the  central  part  of 
the  organ  of  hearing.  The  view  expressed  by  the  writer 
in  another  place, '^  that  disea.se  of  the  nuclei  of  the  audi- 
tory nerves  might  be  the  cause  of  the  deafness,  he  has 
now  abandoned,  and  a  larger  experience  and  further 
study  of  the  ilisease  leave  but  little  doubt  in  his  mind 
that  the  labyrinth  is  involved  in  all  cases,  and  that  in 
many,  both  it  and  the  middle  ear  are  the  seat  of  the 
morbid  process.  The  apparently  normal  state  of  the  ac- 
cessible parts  of  the  middle  ear  fmmd  in  acute  cases,  to- 
gether with  the  total  deafness  for  the  voice  with  which 
the  disease  ends,  mifst  be  regarded  as  strong  evidence 
that  the  auditory  nerve  is  the  part  affected,  and  the  ab- 
sence of  other  signs  of  cerebral  disturbance  makes  it  posi- 
tively certain  tiiat  its  terminal  apparatuses  are  chiefly 
affected.  The  results  of  tuning-fork  tests  cannot  be  ulil 
ized,  as  we  have  seen,  in  the  settlement  of  the  question 
as  to  the  seat  of  the  disease.  That  in  many  cases  evi- 
dences of  disease  of  the  middle  ear  are  not  wanting  is 
generally  admitted,  but  they  are  rareiy  sufficiently  marked 
to  account  for  the  profound  deafness.  The  usual  treat- 
ment for  the  middle-c.'ir  affection  of  children,  moreover, 
is  rarely  followed  by  improvement  in  the  hearing,  even 
in  the  cases  in  which,  under  it,  the  objective  signs  of  the 
disease  disappear. 

The  purulent  inflammation  of  the  middle  ear,  with 
perforation  of  the  drum  memlirane.  which  develojied  in 
several  of  the  writer's  cases  years  after  the  attack  which 
destroyed  the  hearing,  may  have  been  due  as  well  to  a 
gradual  increase  in  the  inflammation  of  the  lining  mem- 
brane of  tlir  middle  ear  as  to  an  extension  of  a  purulent 
inflammation  from  the  irmcr  ear  to  the  tympanic  civity. 

Treiitnient  is  generally  regarded  as  of  no  avail  in  any 
except  very  recent  cases.  Hutchinson  thinks  it  more 
than  justifiable,  having  regard  to  the  terrible  results  in 
prospect,  ill  coily  stages  of  ear  disease  of  this  type  from 
inherited  taint  to  confine  the  child  to  bed  and  induce 
ptyalism  quickly.  Knapp  has  reported  a  ca.se  in  which 
a  cure  occurr<'d  midertheuseof  mercury;  but  the  writer, 
who  adopted  Hutchinson's  advice  in  a  number  of  cases, 
has  been  \mable  to  arrest  the  progress  of  the  disease  in  a 
single  one.  The  iodide  of  potassium  has  been  given  in 
such  cases  by  the  writer  for  many  years,  and  sometimes 
with  apparc'nt  benefit,  which,  however,  was  generally 
transient.  Buck  saw  marked  improveiuent  follow  the  ad- 
ministration of  this  remedy  in  gradually  increasing  doses 
(gr.  V.  to  gr.  xxxviij.  three  times  a  day).  If  middle-ear 
disea.se  is  present,  it  should  be  treated  by  inflation  and 
other  means,  and  even  in  cases  presenting  no  marked  evi- 
dence of  a  middle-ear  affection  it  is  best  to  give  the  pa- 
tient the  benefit  of  the  doubt  and  treat  him  locally  as 
well.  Pritchard  advises  repeated  blistering  behind  the 
ear  for  several  months  in  all  eases,  and  as  it  can  do  no 
harm  it  may  be  worth  while  to  try  it.  Hinton  has  seen 
striking  improvement  follow  in  a  severe  case  from  scruple 
doses  of  hydrochlorate  of  ammonia,  and  has  seen  good 
effects  produced  by  the  injection  of  iodine  vajsor  into  the 
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tympamiin  in  less  marked  cases.  Favorable  h3'gienic 
siirrouudiugs  and  a  sufficiency  of  good  food  are.  of 
course,  to  be  desired  in  the  treatment  of  all  cases  of  ear 
disease,  but.  if  the  writer  may  jndge  from  his  personal 
experience,  they  have  little  or -ao  influence  on  the  course 
of  this  disease.  Charles  J.  jLipp. 
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EAR  DISEASES:  TRAUMATIC  AFFECTIONS.— For 

the  sake  of  urderliiiess  anil  convenience  it  is  pi'ojiosed  to 
discuss  the  subject  of  injuries  to  the  different  parts  of 
the  organ  of  heariin;  under  the  following  heads:  Trail- 
iiiatisin  of  the  Auriil<\  Traumalisin  of  ihe  Exiernal  .\u- 
ditorj'  Canal.  Tiaurnatic  IVrforalions  of  the  .Meiiibrana 
Tympani,  Gunshot  Wounds  of  the  Ear.  and  Fractures  at 
the  Base  of  the. Skull  involving  the  Petrous  I'orliou  of 
the  Temporal  Bouc. 

Trail iiKit ism  of  the  Auncle. — The  c.xpo.sed  jxisition  of 
the  auricle  renders  it  particularly  liable  to  various  forms 
of  injiliy.  The  imiiorlaiice  of  these  injuries  depend.s 
entirely  upon  the  extent  of  the  deformity.  Superficial 
bruises  and  light  forms  of  contusion  geuerally  fade  away 
rapidly  without  leaving  any  disliguremcni.  I'erichon- 
drills,  ulceration,  or  gangiene  rarely  follows  thi>  lighter 
injuries,  but  if  the  cartilage  has  been  weakened  by  pre- 
vious disease  the  tendeucy  to  ulci'ration  is  thei'ebv  mud) 
increased.  Ulceration  of  the  cartilage  frequently  results 
in  auricular  deformity.  Fiacture  of  the  cartilage  is  not 
iufiei|Ucntly  seen  when  the  violence  has  been  very  .severe. 
Incised  wounds,  even  when  there  has  been  tnore  or  lcs.s 
loss  of  tissue,  usually  terminate  favorably.  I'nion  occurs 
by  first  intention  if  the  edges  of  the  wound  are  brought 
together  by  interrupted  sutures  under  strict  anti.septic 
precautions.  Piercing  the  lobe  of  the  ear  is  a  practice 
liable  to  cause  violent  intiammation,  gangrene,  and  po.s- 
sibl.v  tetanus.  The  dragging  of  heavy  earrings  is  apt  to 
produce  a  condition  known  as  cleft  ear,  which  is  easily 
corrected  bj'  a  plastic  opci'ation.  Where  the  lobe  is  torn 
or  cut.  the  edges  of  the  wound  should  be  broughl  to- 
gether and  sutured.  The  absolute  loss  of  the  auiicle 
from  any  cause  does  not  appear  to  affect  the  hearing 
power  to  any  apprccialjle  degree  unless,  as  a  result  of 
replacing  the  severed  member,  atresia  of  the  atiditory 
canal  develops  during  the  process  of  healing.  Should 
replacement  be  impossible,  an  auricle  made  of  papier- 
mache  will  be  found  a  very  serviceable  substitute. 

Traumatic  ha-matoma  auris.  or  otha'matoma,  is  causi  d 
by  the  severei'  forms  of  injury  and  is  more  frequently 
seen  on  the  left  auricle  than  on  the  right,  seldom  on  bfith. 
It  is  characterized  in  most  cases  b.y  an  effusion  of  blood 
between  the  perichondrium  and  cartilage,  but  shoidd  the 
violence  be  slight  the  etfusion  ma}'  lie  limited  to  the  lay- 
ers of  the  cartilage,  or  it  may  be  simply  subcutaneous. 
The  tumor  is  a  circumscribed  swelling  of.  a  bluish-red 
color  and  apjiears  most  frequently  in  the  fossa:  triangu- 
laris and  scaphoidea.  It  is  rarely  fluctuating  and  is  hard 
or  soft  to  the  touch.  Considerable  pain  and  a  feeling  of 
fulness  and  heat  are  usually  experienced  during  its  a^- 
veloptiient.  The  entire  aiiriclc  is  but  seldom  involved. 
Perfect  absorption  of  the  sanguinolent  fluid  will  insure 
a  normal  restitution  of  the  pait.  b\it  imperfect  absorp- 
tion will,  on  the  other  hand,  lead  to  organization  of  the 
fluid  with  cicatricial  thickening,  contraction,  ami  atrophy, 
producing  a  shrivelled  mass  so  well  known  to  pugilists 
— the  shrtmken  or  cauliflower  ear.  The  lighter  forms  of 
traumatism  of  the  auricle  rarely  recpiirc  any  treatment. 
In  htematoma  the  treatment  shoidd  be  expectant,  and  if 
the  tumcn-  is  i)aiuless  it  is  better  not  to  interfere  at  .-ili. 
Ma.ssage  and  fomentations  tend  to  increase  the  effusion 
rather  than  favor  its  absorption.  Evacuation  of  the 
swelling  by  aspiration  is  advised  only  when  positive 
sisns  of  pus  are  present,  or  after  local  treatment  fails  to 
relieve  the  pain.  The  application  of  ice,  or  ice  water  by 
means  of  the  Leiter  coil,  or  the  use  of  Goulard's  solution 
tends  torcduce  the  violence  of  the  inflammation  and  iiain. 
Incision  and  packing  the  cavity  with  gauze  are  to  be 
resorted  to  only  when  other  means  fail  to  effect  a  cure. 

Asa  result  of  personal  encounters,  the  practice  of  biting 
the  auricle  is  not  infreciuenlly  seen  in  foreign  countries 
and  among  our  foreign  population.  Various  degrees  of 
mutilation,  from  incised  wounds  to  total  amputation, 
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have  been  reported.  The  danger  of  such  wounds  lies 
principally  in  ulceration  of  the  cartilage  and  in  the  de- 
velopment of  general  toxteniic  symptoms. 

Traumatism  of  the  Auditory  Canal, — Traumatism  of 
the  auditory  canal  is  more  frequently  seen  in  the  osseous 
portion  and  is  commonly  due  to  rough  and  over-zealous 
efforts  made  in  extracting  foreign  bodies,  or  to  the  use 
of  hairpins,  knitting  needles,  and  the  like,  for  the  relief 
of  itching.  Injuries  of  tlie  cartilaginous  canal  almost 
always  represent  an  extension  of  traumatism  of  the 
auricle.  Fiactures  are  generally  due  to  indirect  forms  of 
violence,  and  are  further  complicated  in  many  cases  by 
fractures  of  the  base  of  the  skull.  A  blow  or  fall  on 
the  point  of  the  chin  may  fracture  one  or  both  osseous 
canals,  and  such  a  fracture  may  or  may  not  involve  the 
osseous  walls  of  the  tympanum.  Rupture  of  tlie  mem- 
brana  tympani,  wliile  nearly  always  present,  is  not  a 
constant  factor.  Tiie  swelling  and  laceration  of  the 
membranous  canal  make  it  very  ditflcult  to  verifj-  the 
presence  of  a  perforated  drum  membrane.  Bleeding 
from  the  canal  is  always  present,  and  when  the  soft 
parts  have  been  badly  torn  the  hemorrhage  is  consider- 
able ;  but  its  profuseness  by  no  means  proves  the  exist- 
ence of  a  fractured  base.  The  escape  of  a  watery  tiiiid 
from  the  injured  ear  is  commonly  considered  to  be  a  re- 
liable sign  of  such  a  fracture,  {''acial  paralysis  usually 
complicates  the  severe  cases,  and  occasionally  loss  of 
tJiste  is  observed,  from  involvement  of  the  chorda  tympani 
nerve.  The  subjective  symptoms  in  the  light  forms  of 
trauma  are  transient.  Deafness  and  constant  tinnitus 
aurium  are  liable  to  become  permanent  if  the  labyrinth 
is  in  any  way  involved.  Deformities  resulting  from 
slight  injiuics  are  rarely  observed;  but  an  extensive 
fracture  of  the  osseous  walls  may  resvilt  in  caries,  in  the 
formation  of  sequestra,  and  ultimately  in  stenosis  or 
complete  atresia.  The  comjjlieated  forms  of  trauma 
often  end  fatally  in  meningitis,  although  a  number  of 
seemingly  lio])eless  cases  have  terminated  in  recovery. 

The  treatment  of  all  forms  of  trauma  should  depend 
tipon  the  changes  noted  in  the  tissues.  Douching  with 
hot  boric-acid  solution,  four  per  cent.,  or  with  1  to  .5.000 
bichloride  solution,  is  usually  luaetised,  and  is  particu- 
larly indicated  when  there  is  evidence  of  suppuration. 
For  the  relief  of  active  inflammation  of  the  soft  parts  anti- 
phlogistic measures  are  of  benetit.  The  progress  of  re- 
pair in  extensive  fractures  is  most  tedious,  since  in  such 
cases  the  removal  of  sequestra,  cauterization  of  granula- 
tions, and  obliter-alion  of  fistulous  openings  may  be  neces- 
sary. The  pronounced  intlammatory  reaction  following 
.severe  injuries  is  not  confined  to  the  auditory  canal  only, 
but  is  often  located  within  the  middle  ear  as  well,  thereby 
adding  other  important  considerations  in  the  question  of 
treatment. 

In  considering  the  lesions  of  the  auricle  and  auditory 
canal  from  a  medico-legal  standpoint,  it  is  most  difficult 
to  formulate  any  rules  upon  which  a  surgeon  can  base 
an  opinion,  as  it  is  most  exceptional  ever  to  see  two 
cases  alike.  In  estimating  the  extent  of  an  injurj'  to 
the  auricle  it  is  essential  to  exclude  any  previous  dis- 
ease or  weakness  of  the  cartilage,  since  a  deformit}'  out 
of  all  proportion  to  the  force  of  the  violence  vaay  result 
in  such  cases.  One  should  be  guided  by  the  form  of  the 
violence,  the  extent  of  the  injury,  and  the  final  result. 
Serious  injuries  are  those  which  result  in  disfigurement; 
an  injury  may  be  termed  slight  when  no  change  in  the 
form  of  the  ainicle  takes  jilace. 

Tratimatic  ]'erfi/rati<iii.i  af  the  yfemhrana  Tympani. — ■ 
Traumatic  perforations  of  the  membrana  tympani  are  the 
result  of  direct  or  indirect  fortns  of  violence.  The  direct 
forms  are  most  frequently  due  to  efforts  made  in  extract- 
ing wax,  or  to  the  use  of  knitting  needles,  hairpins  and 
the  like,  to  ease  itching  of  the  canal.  The  instrument  in 
such  cases  is  inserted  too  far.  or  by  an  accidental  push 
of  the  arm  it  is  driven  down  through  the  drum  mem- 
brane. Careless  use  of  the  probe  without  sufficient  il- 
lumination, lack  of  skill  on  the  part  of  the  surgeon  in 
removing  foreign  bodies,  reckless  use  of  ear  syringes, 
particularly  those  with  long,   pointed  tips,  too  violent 


syringing,  introducing  Eustachian-tube  bougies  too  far, 
are  among  the  occasionally  observed  causes  of  direct 
rupture.  Indirect  ruptures  are  due  to  sudden  conden- 
sation or  rarefaction  of  air  in  the  external  canal,  as  in 
detonation  of  heavy  ordnance,  in  explosions,  in  violent 
coughing  or  sneezing — in  which  acts  the  intratympanic 
pressure  is  increased,  — in  abuse  of  pneumatic  massage, 
and  in  cbncussion  of  the  head;  they  may  also  be  caused 
bj'  extension  of  fractures  at  the  base  of  the  cranium. 
Fracture  and  dislocation  of  the  ossicles  can  occur  quite 
as  readily  through  the  entrance  of  a  foreign  body  (direct) 
as  by  extension  of  cranial  injury  (indirect).  The  seat  of 
fracture  is  usually  in  the  lower  portion  of  the  manubrium, 
and  is  recognized  by  the  obtuse  angle  formed  by  the 
broken  portion  with  the  upper  end. 

The  symptoms  following  the  various  kinds  of  trau- 
matic injuries  to  the  drum  membrane  are  often  so  severe 
that  the  patient  is  incapacitated  for  any  work.  The  in- 
stant the  perforation  occurs  there  is  a  loud  report  in 
the  affected  ear,  followed  by  pain,  tinnitus  aurium.  and 
more  (U'  less  deafness.  Vertigo,  nausea,  and  vomiting 
are  more  frequently  present  when  simple  concussion  of 
the  laliyiinth  exists.  Bleeding  from  the  ear  is  generally 
slight  in  uneoniplicated  eases:  l)ut  profuse  and  prolonged 
hemorrhage  indicates  deeper  and  more  extensive  involve- 
ment. Suppuration  of  the  middle  ear  is  not  so  apt  to 
follow  the  indirect  as  the  direct  forms  of  rupture,  but  its 
development  will  retard  tlie  recovery  in  either  form.  In 
mild  cases  of  trauma  thedi-afness  rapidly  disappears,  but 
should  s\i]ipuniti(ni  of  the  middle  ear  follow  the  trauma- 
tism and  produce  pennani'tit  changes  within  that  cavity, 
or  sliould  the  labyriiitli  lie  injured,  such  conditions  are 
liable  seriously  to  alTect  the  hearing  power.  Sinijile.  lui- 
complicated  trauinalie  r\ipture  of  the  drum  membrane 
heals  in  a  very  short  time,  the  site  of  the  perforation 
being  finally  indistinguishable  from  the  uninjured  por- 
tion. Some  importance  is  attached  to  traumatic  perfora- 
tions on  account  of  the  exposure  of  the  middle-ear  cavity 
and  the  subsecpient  inHauunalory  ju-oeess  that  is  liable 
to  follow  such  injuiirs.  When  the  drum  membrane 
has  become  resistant  tbroiigli  the  presence  of  interstitial 
catarrhal  changes,  caleilication.  etc.,  traumatic  ]ierfora- 
tions  rarely  occur,  so  that  the  full  force  of  the  violence  is 
transmitted  through  the  ossicular  chain  to  the  labyrinth 
and  terminal  filaments  of  the  auditory  nerve.  Theoljjec- 
tive  changes  noted  in  such  eases  are  injection  of  the  ves- 
sels, eccliymoses,  and  hypera'inia.  Extreme  and  occa- 
sionally absolute  deafness  and  distressing  tinnitusaiu'inm 
are  almost  always  the  results.  Again,  when  the  drum 
membrane  has  been  weakened  by  previous  disease,  as 
atrophy,  cicatrices,  etc.,  traumatic  perforations  readily 
follow  the  lightest  forms  of  injury,  causing  little  or  no 
damage  to  the  hearing  power,  provitled  no  subsequent 
conqjlications  develop.  Traumatic  perforations  can  be 
single  or  multiple.  The  form  following  any  direct  vio- 
lence depends  upon  the  size  and  shape  of  the  instrument 
used  to  jiroduce  them.  They  are  usually  seen  in  the 
anterior  or  posterior  inferior  quadrant;  still  any  portion 
of  the  membrane  is  quite  as  liable  to  be  injured.  Indirect 
rujitures  are  most  frec[uently  seen  behind  or  in  front  of 
the  manubrium,  and  arc  oval  or  elliptical  in  shape,  seldom 
round.  The  long  axis  of  tlu^  rupture  is  parallel  with  the 
direction  of  the  radiating  fibres,  and  the  edges  are  par- 
tially or  totally  covered  with  blood.  Ecchyraoses  in  the 
drum  membrane  and  injection  of  the  vessels  along  the 
malleus  and  over  ShrapncU's  membrane  are  often  pres- 
ent. In  treating  cases  of  traumatic  rupture  it  is  best  to 
avoid  all  forms  of  medication,  and  simply  to  protect  the 
delicate  middle  ear  from  sudden  atmospheric  changes  by 
the  introduction  of  a  piece  of  cotton  into  the  external 
canal.  The  development  of  suppuration  in  the  tympanum 
should  be  handled  by  the  recognized  rules  governing 
that  disease.  Marked  tinnitus  aurium  and  deafness  due 
to  labyrinthine  involvement  are  often  relieved  by  the  ap- 
plication of  the  galvanic  current. 

An  action  for  damages  in  a  court  of  law  for  simple, 
uncomplicated  perforation  of  the  drum  membrane  is  of 
less  frequent  occurrence  than  formerh',  when  the  jiopular 
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•fallacy  of  absolute  deafness  following  such  injuries  re- 
^■eivcd  more  or  less  credent  e.  Wlien  a  inedico-legal  opin- 
ion is  required,  it  is  quite  essential  tliat  the  ease  be  exam- 
ined within  two  or  three  days  after  the  injury  has  been 
received.  Should  the  charaeteristie  appearances  of  a 
traumatic  perforation  be  present,  its  nature  can  be  further 
verified  by  observing  the  progi-ess  of  cicatrization  from 
day  to  day:  this  plan  will  enable  the  examiner  to  dis- 
criminate between  it  and  the  presence  of  a  perforation 
due  to  prior  pathological  processes.  If  too  long  a  time 
■elapses  between  the  date  of  the  injury  and  the  examina- 
tion, complete  cicatrization  may  oliliteralc  all  traces  of 
the  perforation,  and  any  existing  functional  complica- 
tions could  not  then  be  a,ssociated  with  the  cause.  If,  at 
the  time  of  the  examination,  suppuration  has  already  de- 
veloped, it  will  be  impossible  to  differentiate  the  condi- 
tion fr(;m  the  appearances  seen  in  primary  forms  of 
purulent  inflammation.  Audition  is  only  in  rare  cases 
permanently  involved  by  uncomplicated  tmumatic  per- 
foration. The  hearing  power  generally  returns  to  its  for- 
mer degree  of  acuteness  on  the  completion  of  cicatrization. 
As  the  amount  of  damages  depends  upon  the  degree  of 
permanent  disability  Incurred,  such  injuries  are  consid- 
ered transient 

Serious  injuries  of  the  drum  membrane  are  those  which 
.are  complicated  with  concussion  of  the  labyrinth,  and  in 
which  the  subsequent  development  of  purulent  inflam- 
maticm  of  the  middle  ear  produces  deafness  through  the 
pathological  changes  following  that  disease.  Yet  deaf- 
-ness  due  to  concussion  of  the  labyrinth  has  been  known 
to  disappear  in  from  four  to  six  months'  time,  and  .severe 
purulent  inflammation  has  subsided  without  leaving  any 
imfavorable  results  to  the  hearing  power.  When  deaf- 
ness and  distressing  tinnitus  aurium  follow  a  blow  un- 
^accompanicd  by  the  occurrence  of  a  perforation  of  the 
membnina  tympani,  it  is  very  difticult  to  determine,  in 
the  absence  of  any  reliable  data,  Avhether  the  condition 
present  was  produced  by  the  trauma,  or  was  caused  by 
the  existence  of  previous  chronic  pathological  changes  in 
the  tympanum  and  labyrinth.  In  any  given  case  it  is 
wiser  to  reserve  judgment  until  Siitisfactorj'  and  conclu- 
sive evidence  is  secured  through  prolonged  and  careful 
observation. 

Ounshot  Wounds  of  the  Ear. — Gunshot  wounds  of  the 
■auride.  although  rare,  may  cause  considerable  loss  of 
tissue  and  much  deformity;  but  an}-  extensive  loss  of 
substance  is  seldom  nnassociated  with  involvement  of  the 
-adjacent  structures.  Small  bird  shot  are  occasionally 
found  embedded  beneath  the  auricular  epidermis  as  a 
consequence  of  accidents  attending  hunting  parties.  No 
■deformity  is  produced  thereby  and  no  difficulty  attends 
their  successful  removal.  On  account  of  the  complicated 
■structure  of  the  auricle,  all  attempts  to  correct  deformi- 
ties following  much  loss  of  tissue  by  plastic  surgery  have 
been  rather  unsatisfactory.  Small  defects  of  the  upper 
border  and  lobule  have  been  successfully  replaced  by 
flaps,  but  new  auricles  made  in  a  similar  manner  are 
without  character  or  formation,  and  give  far  less  satis- 
faction from  a  cosmetic  point  of  view  than  the  artilicial 
■ones. 

Gunshot  wounds  of  the  external  auditor!/  canal  are 
nearly  always  associated  with  cranial  injury.  The  close 
relationship  between  the  auditorv  canal  and  the  temporal 
bone  renders  it  impossible  to  injure  the  one  without  in- 
juring the  other.  A  spent  bullet  may  strike  the  auricle 
or  auditory  canal  without  causing  any  laceration,  al- 
though a  deep,  painful  bruise  and  absolute  deafness  re- 
sult. A  bullet  striking  the  head  in  the  inunediate  neigh- 
borhood of  the  earusually  enters  the  middle  cranial  fossa, 
causing  extensive  fracture  of  the  pyramid,  and  injury 
to  the  jugular  bulb  or  vein,  to  the  carotid  artery,  and  to 
the  brain  and  its  membranes.  Such  cases  are  necessarily 
fatal.  Suicidal  attempts  made  by  shooting  in  the  audi- 
tory canal  are  by  far  the  most  frequent  cla.ss  of  cases  seen. 
Vast  damage  may  be  the  result  therefrom,  or,  as  has  been 
reported,  the  bullet  may  reach  the  jiars  petrosa  and  lodge 
there  without  causing  any  injury  to  the  meninges  or 
brain,  and  upon  its  removal  recoverj-  will  take  place. 
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but  the  hearing  power  will,  as  a  rule,  be  completely  de- 
stroyed. In  some  other  cases  of  a  similar  nature  the  re- 
ports state  that  the  pistol  was  placed  in  the  auditory 
meatus  and  pointed  backward,  and  the  ball,  alter  shat- 
tering the  osseous  wall,  became  lodged  in  the  substance 
of  the  mastoid  bone,  from  which  it  was  subsequently  re- 
moved without  fatal  residts.  From  these  reports  it  would 
appear  that  shooting  into  the  ear  is  not  necessarily  fatal. 
Gunshot  wounds  of  the  ear  complicated  by  injurv  to  the 
meninges  and  brain  are  of  secimilary  imiiortance  as  coni- 
pared  with  that  of  the  cerebral  lesion,  and  it  is  therefore 
rare  that  an  otologist  ever  has  an  opportiuiitv  to  .see  such 
injuries  in  their  early  stages.  It  is  only  after  recovery 
from  the  head  injury  that  the  [latient  seeks  the  aid  <if  an 
ear  specialist  to  restore  the  hearing  power  or  to  check 
the  purulent  discharge.  In  such  cases,  as  has  been  re- 
ported, it  is  not  uncommon  to  find  the  pistol  ball  lodged 
in  some  portion  of  the  osseous  canal,  a  fact  which  an 
early  examination  would  have  ascertained;  and  in  con- 
sequence of  this  discovery  the  ball  would  have  been 
promptly  removed  and  the  serious  aspects  of  the  situa- 
tion would  have  been  diminished.  Wounds  in  and  about 
the  ear  should  suggest  the  most  careful  and  painstaking 
investigation. 

Treatment. — The  utmost  care  must  be  exercised  in  cn- 
deavoiing  to  locate  the  bullet,  and  if  it  is  found,  every 
effort  should  be  made  to  extract  it,  partictilarly  if  threat- 
ening symptoms  are  present.  The  Roentgen  lays  may 
prove  to  be  of  inestimable  value  in  detecting  the  location 
of  the  bullet,  and  in  determining  whether  or  not  it  might 
be  successfully  extracted.  Whatever  operation  maybe 
determined  upon  should  be  guarded  bj-  every  observance 
of  modern  antiseptic  surgery.  JIuch  destruction  of  tissue 
and  shattering  of  bone  may  render  an}'  required  opera- 
tion very  difiicult  through  the  obliteration  of  well-known 
surgical  landmarks. 

Fractures  of  the  Temporal  Bone. — In  describing  frac- 
tures at  the  base  of  the  skull,  it  is  the  intention  to  limit 
this  article  to  that  portion  of  the  subject  which  relates 
more  especially  to  the  domain  of  otology  and  which  usu- 
ally meets  with  brief  mention  at  the  hands  of  the  gen- 
eral siu-geon.  Cases  of  this  class  involving  the  temporal 
bone  rarely  come  imder  the  immediate  care  of  the  aural 
surgeon,  and  in  consequence  a  careful  examination  of 
the  auditory  canal  and  membrana  tympani  with  reflected 
light  and  aural  speculum  is  seldom  thought  of  or  con- 
sidered necessary.  In  view  of  the  brilliant  advance  of 
modern  surgery  and  its  achievements  in  special  or  regional 
work,  it  is  to  be  regretted  that  the  opportunity  offered  by 
such  an  examination  to  learn  of  the  condition  of  the  tem- 
poral bone  in  relation  to  a  fractured  base,  and  the  invalu- 
able aid  such  information  woidd  give  in  shaping  the  course 
of  the  treatment,  have  been  so  wantonly  neglected. 

It  may  be  asserted  in  a  general  way  that  fractures  of 
the  base  of  the  skull  always  involve  the  temporal  bone 
to  a  greater  or  less  degree,  but  the  wisdom  of  dividing 
them  into  the  two  following  classes  has  often  been  verified 
by  clinical  observation: 

1.  A  fracture  or  fissure  of  the  tympanic  or  sipiamous 
portions  without  causing  any  corresponding  damage  to 
the  petrous  portion. 

3.  A  fracture  of  the  tympanic  portion  and  pars  petrosa 
occurring  simtdtaneously. 

The  line  of  fracture  or  fissure  in  the  first  division  is 
found  to  extend  along  the  line  of  union  of  the  squamous, 
the  tympanic,  and  the  petrous  portions,  which  represent 
in  the  ftetus  three  centres  of  ossification.  The  line  of 
fracture  in  the  second  class  passes  through  the  body  or 
substance  of  the  petrous  portion.  Whether  a  fracture 
of  the  petrous  portion  of  the  temporal  bone  may  occur 
without  involving  the  tympanic  or  scjuamous  divisions 
is  a  jiossibility  not  yet  fully  established  by  clinical  data. 

Fractures  such  as  we  are  now  considering  are  always 
causecl  by  the  indirect  forms  of  violence,  styled  by  the 
French  observers  "contrecoup"  (counter-stroke),  and  are 
usually  seen  as  a  result  of  a  fall,  the  patient  striking  the 
top  or  base  of  the  skull.  The  peculiar  construction  of 
the  temporal  bone  renders  it  liable  to  such  forms  of  in- 
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jury,  as  its  resisting  power  is  mucli  reduced  by  tlic  pres- 
ence of  several  cavities  witliin  its  substance — cavities 
which  are  separated  only  by  very  thin  osseous  walls. 
Force  applied  to  the  vertex  expends  itself  on  some  dis- 
tant point  through  elasticity  of  the  cranium,  and.  owing 
to  its  weakness,  the  temporal  bone  is  almost  always  dam- 
aged. Tlie  external  auditory  canal  in  tlie  region  of  the 
f  ssura  Glaseri  is  that  portion  of  the  temporal  luiue  which 
is  most  frequently  involved,  j'et  the  locality  of  the  frac- 
ture depends  on  the  site  of  the  traumatism.  If  the  vio- 
lence is  applied  in  the  region  of  the  occiput,  fracture 
of  the  posterior  osseous  wall  results,  and  tliis  may  or 
may  not  involve  tlie  mastoid ;  a  severe  blow  or  fall  ou  the 
point  of  the  chin  may  cause  a  fissure  or  comminuted  frac- 
ture of  one  or  both  anterior  walls.  As  a  rule,  liowever, 
fractiu'es  are  rarelj'  seen  limited  entirely  to  the  auditorj- 
eanal,  for  in  most  cases  in  which  the  traumatism  has  been 
severe,  it  is  further  complicated  by  a  contemporaneous 
fracture  of  the  superior  or  inner  walls  of  tlie  tj-mpanuni, 
and  at  times  of  the  pyramid.  Fracture  of  tlie  walls  of 
the  tympanum  may  invtilve  the  facial  canal  in  some  por- 
tion of  its  course,  producing  a  paralysis  corresponding  to 
the  particuhir  locality  injured.  There  is  always  a  lacera- 
tion of  the  mucous  membraue  lining  the  cavity  of  the 
t_ym]ianum,  corresponding  to  the  line  of  fracture.  Frac- 
ture of  the  ossicles  or  dislocations  of  their  articulations  or 
detachment  of  the  drum  membrane  from  its  groove  are 
seen  only  as  a  result  of  excessively  violent  traumatism. 
The  menibrana  tympani,  while  not  always  involved,  is 
ruptured  most  frequently  in  the  neighborliood  of  Shrap- 
nell's  membrane.  The  perforation  appears  in  the  form 
of  a  linear  or  oblong  slit  traceable  along  the  superior  or 
anterior  meatus.  Multiple  iierforations  of  the  drum  mem- 
brane are  most  rarely  observed.  Concussion  of  the  skull 
occasionally  produces  a  hemorrhngic  extra vasiition  in  the 
tympanum,  causing  a  condition  known  as  lumiotympa- 
num.  The  drum  meinbrane  appears  to  bulge  and  is  of  a 
dark-blue  color;  sudden  deafness,  tinnitus  aurium,  pain, 
vertigo,  and  a  feeling  of  fulness  in  the  ear  result,  but 
upon  absorption  of  the  extravasiition  these  subjective 
symptoms  disappear.  When  the  line  of  fracture  jiasses 
through  the  petrous  portion  of  the  temporal  bone,  involv- 
ing the  internal  auditory  canal  and  the  nerve  trunks  pass- 
ing through  it  and  lacerating  the  delicate  membranous 
labyrinth,  deafness  is  immediate  and  absolute,  and  it  is 
observed  as  soon  as  the  patient  recovers  consciousness. 
Damage  to  the  nerves  in  the  internal  auditory  canal  is 
seldom  if  ever  eontined  to  the  acoustic;  the  facial  nerve 
is  injured  at  the  same  time.  A  stjiggering  gait,  vertigo, 
nausea,  vomiting,  and  facial  paralysis  generally  persist 
for  months,  and  in  some  cases  these  symptoms  lemain 
unchanged  for  years.  Such  functional  disturbances  are 
not  always  due  to  a  fracture,  however,  but  are  seen  as 
a  result  of  pressure  following  an  extra vasjition  of  blood. 
Injuries  to  the  osseous  portion  of  the  Eustachian  tube 
and  the  mastoid  cells  are  rare,  but  the  extension  of  the 
line  of  fracture  to  the  nose  through  the  anterior  fossa  and 
ethmoidal  cells  is  more  frequently  observed.  Paralyses 
of  special  nerves  appearing  immediately  after  the  injury 
are  due  to  laceration  or  compression ;  those  seen  to  occur 
some  time  after  the  injury  may  be  due  to  inflammatory 
action.  Among  the  symptoms  connected  with  fractures 
or  diastases  of  the  temporal  bone,  associated  or  not  with 
a  contemporaneous  fracture  of  the  base,  and  to  which 
considerable  import;iuce  has  been  attached,  are:  hemor- 
rhage and  an  escape  of  a  watery  fluid  from  the  injured 
ear.  Profuse  bleeding  from  the  auditory  canal,  with  a 
discharge  of  a  wateiy  fluid,  can  occur  only  when  some 
portion  of  the  menibrana  tympani  is  perforated  or  when 
the  line  of  fracture  and  laceration  of  the  soft  parts  extends 
well  into  the  external  auditory  canal.  Bleeding  from  the 
ear  under  these  circumstances,  even  though  it  persists  a 
comparatively  long  time,  has  not  that  critical  significance 
which  has  heretofore  been  attributed  to  it.  It  does  not 
necessarily  indicate  that  the  tj-mpanum  and  one  or  more 
of  the  large  vascular  channels  surrounding  it  have  been 
opened,  for  the  region  in  which  these  lacerations  most 
frequently  occur — the  membrane  of  Shrapnell  and  the 


superior  wall  of  the  auditory  canal — is  sufficiently  rich  in 
blood-vessels  to  account  for  it.  Alarming  hemorrhage 
from  the  ear  has  been  known  to  follow  injury  limited  to 
the  osseous  canal;  it  has  also  been  observed  in  cases  in 
which  a  rupture  of  the  drum  membrane  antl  a  laceration 
of  the  mucous  membrane  of  the  middle  ear  have  occurred 
Avithout  any  demonstrable  evidence  of  the  existence  of  a 
fractured  base.  As  a  symptom,  therefore,  lileeding  from 
the  ear  means  a  rupture  of  the  soft  parts  in  the  vicinity 
of  the  line  of  fracture,  since  authentic  cases  of  fracture  of 
the  temporal  bone  have  occurred  without  the  slightest 
hemorrhage  or  bleeding  fiom  the  ear.  The  escape  of 
watery  fluid  from  the  ear  is  a  symptom  of  gi'aver  import, 
and  is  generally  considered  to  point  to  a  fracture  of  .some 
part  of  the  petrous  portion  of  the  teni]ioral  lione.  with  a 
tearing  of  the  cerebral  membranes.  AVhen  first  seen  its 
color  is  a  reddish-white,  but  later  it  becomes  clear  as 
water,  and  is  considered  to  be  cerebrospinal  fluid.  Every 
watery  or  serous  discharge  from  the  ear  is  not  necessarily 
cerebrospinal  fluid,  for  this  sj'mptom  occurs  in  acute 
inflammation  of  the  middle  ear  of  non-traumatic  origin. 
The  presence  of  this  watery  discharge  from  the  ear  in  no 
wa}'  implies  a  fatal  issue,  as  such  patients  have  recovered, 
but  the  symptom  aids  in  forming  an  estimate  of  the  ex- 
tent of  the  injury  sustained  by  the  temporal  bone. 

Diagnosis. — In  trying  to  discover  the  extent  of  a  fi'ac- 
ture  of  the  temporal  bone  in  a  general  way,  the  use  of 
the  timing-forks  renders  much  valuable  information. 
In  fractures  of  the  first  class,  a  tuning-fork  placed  on  the 
vertex  will  be  heard  better  in  the  affected  ear;  m  those 
of  the  second  class,  in  which  the  fracture  includes  the  pars 
petrosa,  the  tuning-fork  will  be  iierceiveil  more  distinctly 
in  the  unaffected  ear.  A  complete  or  partial  I'estoratioa 
of  the  heariug  power  may  be  looked  for  in  the  first  class 
of  cases;  in  the  second,  permanent  deafness  follows. 
Deafness  following  contusion  of  the  head  without  symp- 
toms of  basal  fracture  is  usually  inconiplete.  and  is  gen- 
erally first  noticed  some  days  after  the  iujur_y.  It  may 
be  caused  by  infianimatory  neuritis,  by  hemorrhagic  in- 
flammation of  the  labyrinth,  or  by  involvement  of  the 
acoustic  centre. 

Treatment. — In  treating  fracturesof  the  temporal  bone 
more  attention  should  be  devoted  to  learning  the  extent 
of  damage  sustained  by  the  f)Sseous  canal,  drum  mem- 
brane, and  middle  ear.  with  the  view  of  preventing  any 
extension  of  the  inflammation  resulting  therefrom  to  the 
adjacent  structures.  Acute  inflammation  of  the  tym- 
panum follows  these  injuries,  and  when  the  cavity  of  the 
cranium  and  the  delicate  meninges  are  exposed  through 
the  line  of  fracture,  thereby  opening  up  paths  of  infec- 
tion foi  countless  numbers  of  micro-organisms,  much 
might  be  done  to  reduce  the  development  of  nieuingitls. 
Both  the  external  auditory  canal  and  the  menibrana  tym- 
pani should  be  thoroughly  inspected  to  establish  the  pres- 
ence of  a  fracture  or  a  rupture.  Copious  hemorrhage 
might  make  this  difficult  of  accomplishment,  Init  still  it 
can  be  done.  The  treatment  usuallj'  employed  in  acute 
inflammation  of  the  middle  ear  can  be  used  with  benefit 
in  the  inflammation  arising  from  a  traumatism.  When 
the  details  cannot  be  carried  out,  a  thorough  drainage  and 
cleansing  of  the  middle-ear  cavit}'  through  the  mastoid 
is  a  surgical  possibility  not  to  be  forgotten.  To  prevent 
the  development  of  meningitis  should  be  the  effort  of 
the  surgeon,  but  the  appliciifion  of  the  ice  cap  and  rest 
in  bed  will  not  sufiice  when  the  channel  of  infection  is  left 
totally  neglected  to  the  invasion  of  what  too  often  proves 
to  be  the  exciting  cause.  James  B.  Clemens. 

EAR  DISEASES:  TUBERCULOSIS  OF  THE  MIDDLE 
EAR. — The  iiccuneme  cjf  a  piuuknt  (liscluugr  from  ilie 
ear  in  the  latter  days  of  patients  afflicted  with  jihthisis 
pulnionum  was  observed  by  the  earliest  clinical  writers, 
who  attributed  it  to  poison  within,  seeking  its  way  out. 
Naturally,  nothing  very  precise  was  wi'itten  on  the  sub- 
ject until  the  use  of  the  head  mirror,  which  afforded  a 
more  exact  way  of  observing  the  conditions  occurring 
in  various  diseases,  had  been  discovered.  After  this 
discovery  had  been  made,  certain   peculiarities  of    the 
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objective  appearances  in  ear  tuberculosis  were  soon 
chronicled. 

As  in  most  other  pioneer  otological  work,  so  here  also  we 
find  evidences  of  tlie  fact  tlial  IVilitzer  contril)Ute(l  his 
share.  Inhis"Beleuchtuugsbililcr."  piihli.'^hed  in  1865.  he 
pictures  one  of  the  typical  appeaiances  of  tliis condition. 
He  was  one  of  the  earliest  observers  to  write  at  all  ex- 
tensively on  the  subject,  and  gave  one  of  the  tirst  satis- 
factory descriptions  of  the  microscopic  changes  taking 
place  in  the  mucous  membrane  of  the  miiidle  car  in  this 
disease.  Still  later,  when  tubercle  bacilli  were  discovered, 
we  tind  him  one  of  the  tirst  to  work  out  the  presence  of 
these  in  the  discharge  and  in  the  ulcerated  membranes. 

During  this  interval  many  other  observers  worked  upon 
the  subject  from  various  standpoints  until  to-daj'we  tind 
tuberculosis  of  the  middle  ear  thoroughly  well  recog- 
nized, exhaustively  studied,  and  in  general  as  well  un- 
derstood as  tuberculosis  of  any  other  organ  or  portion  of 
the  body. 

Etioi-ogt  .\nt)  Pathology. — Theoretically,  there  is 
no  reason  why  a  tuberculosis  cannot  begin  primarily  in 
the  ear,  but,  owing  to  the  fact  that  the  middle  ear  is  shut 
off  from  the  rest  of  the  body,  and  communicates  only  in- 
directly witli  the  lymphatic  system — the  great  dissemi- 
nator of  tuberculosis,  and  also  in  view  of  the  fact  that  the 
only  direct  connection  which  it  possesses  with  the  out- 
side world  is  through  a  very  narrow  tube  which  passes 
down  into  tlie  nose,  we  have  a  right  to  assume  that  it 
can  only  rarely  serve  as  the  primary  source  of  a  general 
tubcrcidosis.  Cases  have  been  reported  in  which  the 
discharging  ear  furnished  the  first  objective,  symptom, 
while  only  later,  sometimes  after  a  considerable  lapse  of 
time,  did  the  lung  and  other  symptoms  manifest  them- 
selves. I  have  myself,  however,  never  seen  any  cases  in 
which  I  could  satisfy  myself  that  I  had  before  me  a 
genuine  instance  of  primary  middle-ear  tuberculosis. 
There  is  one  fact,  however,  which  is  indisputable,  viz.. 
that  in  the  vast  majoritj-  of  cases  the  ear  tuberculosis 
manifests  itself  long  after  the  disease  has  been  more  or 
less  active  in  .some  other  part  of  the  body. 

How  often  aural  complications  occur  in  tuberculous 
subjects,  it  is  not  .possible  to  state  in  exact  statistics,  all 
of  the  latter  being  more  or  less  modifiefl  by  the  fact  that 
the  ear  trouble  is  often  so  little  noticed  by  the  patient 
(an<l  even  less  so  by  his  medical  attendant)  that  a  great 
many  patients  even  in  our  best-managed  institutions  die 
without  any  mention  being  made  on  the  record  of  any 
discharge  from  the  ear.  In  private  practice  a  still  larger 
number  of  cases  remain  undiscovered,  or,  if  mentioned, 
are  soon  forgotten  as  being,  in  the  presence  of  disease 
elsewhere  in  the  body,  unimportant.  For  these  reasons 
I  am  disposed  to  believe  that  tuberculosis  affects  the 
middle  ear  much  more  often  than  is  generally  supposed. 

It  is  probable  that  tuberculosis  in  the  nnddle  ear  de- 
velops in  one  of  two  ways:  either  the  tubercle  bacilli 
effect  a  lodgment  in  the  relatively  healthy  but  constitu- 
tionally vulnerable  tissues  of  the  membrana  tympani  and 
middle-ear  mucous  membrane,  or  else  they  are  favored, 
in  luaking  a  successful  invasion  of  the  ear,  by  the  fact 
that  these  parts  are  weakened  by  disease  (infection  by 
Streptococci,  pneumococci,  etc.).  The  mode  of  approach 
of  the  bacilli,  which  doubtless  are  in  the  air  a  large  part 
of  the  time,  is  clearly  by  way  of  the  Eustachian  tube. 

It  is  interesting  to  note,  in  this  connection,  that  often- 
times the  most  careful  and  persistent  search  (micro- 
scopical and  bacteriological)  fails  to  discover  the  exist- 
ence of  tubercle  bacilli  in  either  the  discharge  or  the 
affected  tissues  themselves,  and  that  too  in  cases  which 
present  the  strongest  possible  clinical  evidences  of  th'e  ex- 
istence of  a  tuberculous  process  in  the  middle  ear.  This 
experience  has  happened  to  the  author  in  a  number  of 
instances. 

It  seems  natural  to  inquire  next  as  to  tlie  nature  of  the 
pathological  processes  which  take  place  in  tlie  ear :  how 
they  progress  step  by  step.  The  inflammation  is  almost 
always  of  the  sluggi-sh,  asthenic  type.  Without  nuich 
disturbance  a  discharge  appears,  and  then,  shortly  after- 
ward, a  large  part  of  the  drum  membrane  will  frequently 


disappear.  Thus,  sometimes,  in  the  course  of  only  a  few 
hours,  a  whole  ([uailrant  will  as  it  were  melt  away,  or 
two  indi-|iciidi-nt  perforations  will  form,  will  jiersist  for 
a  sliort  lime,  and  will  then  merge  Into  one  large  defect. 
Alter  this  tirst  loss  of  substance  has  taken  place,  fre- 
ciuently  nolhing  further  transpires  beyond  the  simple 
conversion  of  the  mucous  memljraiie  on  the  promontory 
wall  of  the  middle  ear  into  a  granulating  mass,  and  from 
this  and  the  whole  cavity  of  I  lie  miildle  ear  there  is 
secreted  a  thin  acrid  pus  which,  often  in  no  very  largo 
amount,  runs  on  for  monthsand  months  until  the  demise 


Fig.  1804.— Cast  of  Petrous  Portion  of  ttie  Temporal  Bone,  from  a  case 
of  advanced  tuberculosis  of  this  part  of  Uie  skull.  (Original.)  a. 
Roof  of  Uie  tympanum,  which  is  seen  to  he  arched  up  jnlo  the  mid- 
dle fossa  of  the  skull.  The  overlying  brain  substance  at  ttiis  point 
showed  a  corresponding  depression. 

of  the  patient.  No  verj-  great  further  destruction  of 
tissue  takes  place,  and  the  granulating  surfaces  do  not 
ulcerate,  but  most  obstinately  persist  iu  giving  forth  the 
discharge. 

In  another  group  of  cases  the  tuberculous  process 
shows  a  most  decided  destructive  tendency.  Pos-sibly 
this  maj-  be  due  in  some  measure  to  the  fact  that  the 
patient  lives  longer,  more  time  being  thus  afforded  for 
the  destructive  processes  to  work.  It  is  more  probable, 
however,  that  there  are  real  differences  in  the  types  of 
the  disease  itself.  The  drum  membrane  undergoes  com- 
plete destruction.  The  ossicles  become  loosened  and  dis- 
appear in  the  discharge,  and  later  we  are  able  to  discover 
that  the  bone  on  the  promontory  wall  is  bare  underneath 
the  granulating  tissues  which  cover  it.  The  process  in- 
deed does  not  even  stop  here,  that  is,  with  the  formation 
of  a  limited  area  of  bone  caries;  but,  instead,  quite  large 
masses  of  bone  tissue  die.  Especialh-  is  this  liable  to  be 
the  case  in  children  iu  whom  there  is  a  well-(lev<doped 
general  tuberculosis.  The  sequestra  thus  formed  are 
sometimes  of  extraordinary  size,  including  wellnigli  the 
whole  iietrons  portion  of  the  teinponil  bone  as  well  as 
the  wall  of  the  external  auditory  canal.  Such  lueces  are 
only  rarely  extruded  by  natural  proce.-^es:  usually  opera- 
tive measures  are  neeiled  t.»r  their  removal.  Tlie  peri- 
osteum or  dural  surface,  iu  the  specimen  pictured  in  the 
accompanying  cuts,  presented  an  entirely  healthy  ajipear- 
anee  except  at  the  spot  where  the  bone  has  been  sawed 
in  two,  as  is  shown  iu  Fig.  ItiUo.     At  this  spot  the  peri- 
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osteuin  was  very  much  thickened  and  consequently  must 
have  ser^^ed  as  a  barrier  to  tlie  invading  forces  trying  to 
enter  the  skull  from  the  middle  ear.  The  hone  was  en- 
tirely gone  in  places,  but  the  tliickmed  subperiosteal 


Pig.  1BU6.— Temporal  Bone  trnni  the  Same  Cuse  as  that  shim-n  In  fin. 
1804.  The  section  (made  with  a  sawi  passes  horizontally  throuph 
the  external  auditory  canal.  SItehtly  reiluced.  (nrlglual.)  ((.The 
floor  of  the  e.xtemal  auditory  i^unal  and  lower  half  of  the  middle 
ear;  b,  the  upper  wall  of  the  canal,  while  the  upper  half  of  the  mid- 
dle ear  Is  tilled  hy  a  caseous  mass  c,  c',  section  of  a  se(iue8trum  or 
of  a  pi^rtion  of  the  bone  which  is  in  a  condition  of  osteoporosis  (the 
extent  of  the  same  may  lie  readily  distinBuished i  :  il.  il'.  intact 
outer  table  of  the  skull :  f ,  locality  of  the  cochlea  which  had  been 
inyolved  In  the  necrosis  of  the  neierhborlng  bone  structures :  /,  /', 
caseous  mass  in  the  Internal  auditory  canal. 

tissues  were  good  for  a  long  resistance,  and  the  meninges 
of  the  brain  were  perfectly  healthy,  although  there  was 
at  one  point — corresponding  to  the  projection  shown  on 
the  temporal  bone — a  depression  which  extended  into  the 
brain  substiince  and  into  which  the  ball  of  the  thumb 
could  be  easily  inserted. 

Fig.  1805  shows  also  the  marked  osteoporosis,  c  and  c', 
involving  a  large  mass  which  includes  the  internal  ear,  e, 
and  tlie  auditory  and  facial  nerves,  /and/,  especially 
the  former,  which  had  been  reduced  to  almost  a  pultace- 
ous  mass.  Although  death  in  this  particular  case  was 
from  ptire  asthenia,  it  could  not  have  been  long  delayed, 
as  a  septic  meningitis  was  imminent  owing  to  the  broken- 
down  condition  of  the  nerve  tissues,  as  mentioned  above. 
Such  a  meningitis  occuried  in  another  case  the  temporal 
bone  of  which  I  had  the  opportunity  thoroughly  to  study. 
In  this  case  I  removed  a  siiecimcn  from  a  part  where  the 
roof  of  the  tj'mpanum  was  very  thin,  decalcif  cd  it,  and 
cut  it  into  sections,  E.xcept  in  those  portions  of  sections 
whei'e  there  were  cheesj'  masses,  I  was  disappointed  in 
not  finding  b_y  the  microscope  anvthiug  that  was  materi- 
ally different  from  what  we  find  iu  cases  of  rarefying 
osteitis,  whether  tuberculous  or  otherwise  in  its  origin" 
In  the  deeper  layers  of  the  periosteum  there  was  a  cer- 
tain amount  of  inflammatory  tissue,  and  this  was  found 
to  extend  into  the  Howship's  lacunne  and  Haversian 
canals,  arranging  itself  in  layers  and  tiers  of  cells  close 
to  the  bone  proper.  As  will  be  seen  from  Fig.  1806,  the 
osteoclasts  seemed  to  sink  themselves  into  the  bone  sub- 
stance exactly  as  in  other  forms  of  bone  decay.  The  im- 
pression which  I  gathered  from  studying  these  sections 
was  that  the  only  difference  between  the  conditions  here 
and  those  which  are  observed  in  simple  rarefying  osteitis, 
is  this:  the  osteoclasts  in  the  tuberculous  fonn  are  per- 
haps a  trifle  larger  than  they  are  in  the  simple  variet}'. 


In  this  case  the  tubercle  bacilli  were  found  back  in  the 
caseous  tissue,  where  the  coagulation  necrosis  was  taking 
place,  but  were  not  discovered  in  the  actually  inflamed 
area  wliere  we  assume  that  phagocytosis  is  most  active, 
the  latter  being  nature's  attempt  to  throw  a  barrier  around 
the  diseased  tissue  for  the  purpose  of  separating  it  from 
the  healthy. 

In  the  milder  cases  we  have  in  the  raucous  membrane 
of  the  middle  ear,  as  occurs  in  the  larj'nx,  ulceration  and 
the  formation  of  granulation  tissue;  these  alterations, 
which  are  caused  by  other  micro-organisms  than  tlie 
tubercle  bacilli,  frequently  yield  readilj'  to  treatment. 
The  other  deeper  lesions  of.  the  mucous  membniue  are 
found  to  have  the  giant  cells  and  the  coagulation  necrosis 
as  well  as  the  tubercle  bacilli. 

This  leads  me  to  repeat  the  statement  which  I  made  in 
tlie  earlier  part  of  the  article,  viz.,  that  the  beginning  of 
the  trouble  in  the  ear  in  many  cases  is  probably  simply  a 
streptococcus  or  pneumocoecus  infection,  and  that  it  is 
only  later  that  the  tubercle  bacilli  get  a  chance  to  work 
out  their  full  measure  of  mischief,  the  tissues  being  pre- 
pared for  the  latter  by  the  previous  inflammatory  con- 
ditions 

Symptom.\toi,ogy. — When  a  tuberculous  patient  comes 
to  consult  the  aural  surgeon  for  relief  of  his  ear  trouble 
he  relates  that  he  had  a  feeling  of  fulness  and  discomfort 
in  his  ear  fcu'  perhaps  only  a  few  hours  or  for  a  number 
'"f  days,  but  that  his  attention  was  only  seriously  directed 
to  his  ear  when,  on  arising  some  morning,  he  discovered 
that  his  ear  had  been  discharging  as  shown  by  the  pres- 
ence of  dried  matter  on  the  outside  of  his  car"  or  b^'  the 
staining  of  his  pillow.  He  will  relate,  further,  that  .since 
this  iiartictilar  occasion  he  had  experienced  no  trouble 
bej'ond  the  fact  that  the  discharge  and  the  deafness  had 
both  ctmtinued  to  exist.  The  latter  symptom  is  fre- 
([uently  much  less  marked  than  that  which  would  ac- 
company any  other  |iurulent  otitis  media  So  significant 
is  this  quiet  beginning  of  the  disease  that  whenever  a 
patient  comes  complaining  of   painless  discliarge   and 


Fig.  ISOti.— Section  throiiirh  Dei  alcifled  Bone  from  Root  of  Tym- 
panum. >;  l.iKKi  diameters.  ( i  (ilL'inal.")  a,  a'.  Osteoclasts  resting 
In  a  hollow  wliiih  tliev  had  made  in  the  bone  substance  ;  h,  b',  bone 
cells  of  the  still  intact  Ixme.  The  manifest  difference  in  size,  as 
compared  with  the  osteoclasts,  is  noticeable. 

persistent  though  not  severe  deafness,  I  am  at  once  sus- 
picious that  the  underlying  cause  is  a  tuberculosis  of  the 
middle  ear. 
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If  an  examination  is  made  early  in  the  ]irn<riess  of  the 
trouble,  one  often  finds  more  than  one  perform  inn.  Quite 
frequently  I  have  seen  these  (loul)le  ]ierforations.  hut  in 
no  instance  have  I  seen  more  tliaii  two,  Troeltseh,  how- 
ever, records  having  seen  on  one  occasion  I  hree.  Multiple 
perforations  are  considered  a  sure  lu'esnmptive  sign  of 
tuliei'culosis,  and  my  own  c.\perieiiee  would  lead  lue  to 
place  as  high  a  value  upon  this  piece  of  evidence  as  I 
woidd  upon  tlie  presence  of  a  i)yriform  swellinu;  of  the 
arytenoid  cartilages  of  the  larynx,  or  uiion  that  of  a  dull 
apex  of  the  lungs.  These  iudepen<lent  perforations  per- 
sist for  a  shorter  or  a  longer  time  and  then  merge  into 
one  large  defect. 

In  carrying  out  the  treatment  of  one  of  these  cases  of 
tuberculous  disease  of  the  middle  ear  the  surgeon  secures 
anijdc  opportunities  for  observing  closely  the  progress 
of  events.  Thus,  for  example,  he  will  notice,  in  the 
milder  eases,  that  after  a  certain  period  there  ceases  to  be 
any  further  erosion  of  tlie  drum  mendjrane :  the  ulcerated 
edge  retracts,  folds  backward,  and  is  usually  more  or  less 
overlapped  by  the  granulation  tissue  which  springs  up 
from  the  promontory  wall.  Tlicii,  in  a  certain  inopor- 
tion  of  the  eases,  even  when  all  local  treatment  is  com- 
pletely abandoned,  the  furllier  formation  of  granulation 
tissue  or  of  polypi  ceases;  in  fact,  such  granulations  may 
gradually  shrivel  up  and  the  discharge  become  very 
scanty.  Such  partial  spontaneouscures  are  not  very  un- 
common. They  remain  in  this  state  of  comparative  qui- 
escence for  varying  periods  of  lime:  the  patient  finally 
dying  without  anything  new  of  any  importance  having 
transpired  in  the  middle  ear. 

In  other  cases  the  disease,  from  the  start  to  the  finish, 
pursues  a  very  different  course.  In  these  cases,  which 
belong  to  a  more  virulent  type,  and  in  which,  after  the 
destruction  of  the  niembrana  tympani,  the  malleus  and 
incus  are  exfoliated  and  washed  out  with  the  discharge 
at  a  comparatively  early  stage,  the  patients  frequently 
complain  that  the  ear  is  more  or  less  painfid  and  that 
there  is  a  deep-seated  boring:  the  discharge  also  becomes 
very  foul-smelling,  traces  of  blood  are  seen,  and  if  one 
carefully  cleanses  such  an  ear  and  uses  his  prolie  with 
discretion  he  will  easily  discover  that  it  passes  through 
or  between  the  portions  of  the  granulating  tissue  and  en- 
counters bare  bone.  This  bare  bone  sometimes  is  merely 
a  simple  caiies  of  the  bony  wall  of  the  middle  ear  and 
may  be  found  in  any  portion  of  it.  more  frequently  on 
the  promontory  wall, — perhaps  because  it  is  more  acces- 
sible,— but  it  also  occurs,  as  the  probe  will  often  discover, 
on  the  annulus  tympaniciis,  on  the  roof  of  the  tympanum, 
toward  the  mastoid,  and  even  in  the  external  canal  itself. 
At  a  still  later  stage,  in  these  progressive  cases,  it  be- 
comes evident  to  the  medical  attendant  that  he  has  to  do 
with  conditions  of  the  ear  such  as  are  (lictured  in  Figs, 
1805  and  1806,  i.i ..  with  the  formation  of  large  necrotic 
masses  and  of  sequestra.  In  children  this  will  fiequently 
progress  in  such  a  way  that  a  little  manipulation  with 
the  instruments  or  a  little  direct  operative  interference 
will  disclose  the  fact  that  the  masses  are  uo  longer  at- 
tached to  the  healthy  bone  and  consequently  that  they 
can  be  removed.  Almost  every  aurist  who  has  had  more 
than  a  limited  experience  can  recall  cases  in  which  larger 
or  smaller  iiaasses  have  thus  been  removed  either  through 
the  natural  canal  or  by  the  various  methods  of  laying 
open  the  ear  from  behind. 

Occasionally,  however,  it  transpires,  as  in  the  case  from 
which  the  speciiiu-ns  which  illustrate  this  article  were 
taken,  that  the  mass  does  not  separate,  does  not  give  any 
evidence  of  loo,sening,  and  is  so  extensive  as  to  deter  one 
from  even  advising — in  the  weak  condition  in  which 
these  patients  find  themselves — any  operative  interfer- 
ence. In  cases  of  this  kind  the  infection  which  induces 
the  terminal  lueningitis  reaches  the  eiaiual  cavity  either 
by  way  of  the  roof  of  the  tynii>anum,  which  breaks 
down  and  disappears,  or  by  way  of  the  labyiinth  and  in- 
ternal auditory  canal,  after  the  destruction  of  the  soft 
parts.  The  resulting  meningitis  in  these  cases  is  usually 
of  the  asthenic  type.  Gradually  the  patient  succumbs 
to  the  slowly  oncoming  coma.     He  may  have  short  at- 


tacks of  di/./iness  and  headaches  from  which  he  seems  to 
recover  em irely  ,  later,  however,  he  genendly  sinks  into 
the  coinalosc  condition  as  into  a  sleep,  imd  never  regains 
consciousness.  It  very  rarely  happens  that  n  i)atient.  in 
a  case  of  this  kind,  develo])s  a  l)rain  abscess  or  any  other 
intracraidal  atTeclion  than  the  basilar  mi'ningitis"  wliicli 
]ir(iduces  the  fatal  termination.  In  the  simpler  eases,  on 
the  other  hand,  one  rarely  has  to  do,  fnJin  lirst  to  last, 
with  any  jiain  or  inconvenience,  such  as  are  (piile  com- 
UKJiily  experienced  by  the  patients  belonging  to  the  class 
just  described, 

Pitoci.Nosis, — As  already  stated  in  an  earlier  part  of  tins 
article,  it  is  sometimes  a  very  diflicult  matter,  or  even 
impossible,  to  prove,  in  any  given  case  of  extensive 
necrosis  of  the  temporal  bone,  that  we  are  dealing  with 
tid)eicidous disease.  Furthermore,  the  formation  of  these 
large  seciuestni  in  the  temporal  bone  has  lieen  known  to 
follow  a  severe  attack  of  scarlet  fever,  without  tin-  inter- 
position, so  far  as  coidd  be  judged,  of  ttibercle  bacilli, 
Conse(|uently,  when  one  of  these  large  masses  is  cast  of! 
spontaneously,  or  is  removed  by  operative  interference, 
and  the  patient  gets  entirely  well  again,  it  is  hard  to 
maintain,  with  any  degree  of  confidence,  that  the  case  in 
hand  was  a  genuine  instance  of  recovery  from  extensive 
bone  disease  due  to  lubercidosis  of  the  middle  ear.  I 
have  myself  observcil  only  one  case  in  which  I  felt  con- 
fident that  my  patient  had  reall}'  recovered  from  an  ex- 
tensive tidiercnlons  necrosis  of  t  he  temporal  bone.  Under 
these  circumstances,  therefore,  I  am  .scarcely  warranted 
in  Siiying  very  much  about  the  lu'ognosis  of  the  disease. 
That  it  is  very  grave,  but  not  absolutely  unfavorable,  is 
all  that  the  facts  permit. 

Di.\oNosis. — So  much  has  already  been  said  in  various 
parts  of  the  present  article  (in  relation  to  the  diagnosis) 
that  it  will  suftice  here  simply  to  recapitidate  the  main 
points  brietly.  When  the  discharge  is  found,  upon  ex- 
amination with  the  microscope,  to  contain  tidierele  bacilli. 
no  fiu'ther  doubt  can  be  entertained  with  regard  to  the 
nature  of  the  disease.  AVe  are  also  warranted  in  feeling 
tolerably  sure  of  our  diagnosis  when  we  find  evidences, 
in  other  parts  of  the  body,  of  the  presence  of  ttdicrculou:; 
disease.  The  existence  of  multi|)le  perforations  in  the 
niembrana  tympani,  even  whfn  the  presence  of  tubercle 
bacilli  cannot  be  demonstrated,  affords  strong  presump- 
tive evidence  of  the  tidierculous  nature  of  the  disease. 
The  sluggish,  asthenic  type  of  the  inflammation,  the  ap- 
parent ease  with  which  bono  caries  develops,  and  the 
slight  tendency  of  the  tissues,  or  even  tlie  total  absence 
of  any  tendenc}"on  their  part,  toward  re -formation  of  the 
parts  destroyed,  furnish  additional  and  strong  evidence 
of  the  tuberculous  nature  of  the  disease. 

A  word  more  with  regard  to  the  search  for  tubercle 
bacilli.  If  we  were  to  follow  up  all  our  cases  of  middle- 
ear  discharge  by  carefully  staining  for  the  micro-organ- 
isms which  are  involved.  I  doubt  not  we  should  discover 
the  tubercle  bacillus  where  we  never  suspected  it. 

Tre.^tmext. — Under  this  latter  head  much  or  little 
might  be  said  according  to  the  view  which  is  taken  of 
tli<" matter.  It  would  seem  perhaps  better  to  consider 
first  if  there  is  anything  specific  for  the  tuberculosis 
which  can  be  given  as  s|)ecific  treatment  ;xr  «■.  For 
example.  lactic  acid  has  been  lauded  in  the  treatment  of 
tuberculous  laryngitis,  and  has  been  thought  by  some  to 
be  almost  sjiecific  in  its  working.  Xuuierous  experi- 
ments have  been  made  in  regard  to  tulK-rculosis  of  the 
ear.  but,  so  far  as  I  am  able  to  judge,  we  have  nothing  for 
tuberculous  disease  in  the  ear  which  approaches  being  a.s 
nearly  specilic  as  lactic  acid  is  for  tuberculosis  of  the 
larynx.  I  have  used  this  remedy  by  rubbing  solutions 
of  gradually  increa.sing  strength  over  the  granulating 
surfaces  in  the  middle  ear,  but  have  failed  to  get  any 
better  results  than  from  other  forms  of  careful  treatment. 

Io<loform  has  been  recommended  on  account  of  the  fact 
that  it  seems  to  act  favorably  ujion  tuberculous  joints 
and  bone  tuberculosis  in  general.  Perhaps  it  has  some 
special  us<;fulness  in  these  eases,  but  I  have  not  succeeded 
in  obtaining  si>ecially  favorable  restdts.  In  view  of  the 
personal  discomfort  to  the  individtial  and  to  his  environ- 
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ment  which  the  use  of  iodoform  always  entails,  and  of 
the  unfavorable  results  thus  far  obtained,  I  think  it  should 
never  be  employed. 

Orthoform  has  been  used  in  the  advanced  tuberculous 
cases  in  wliicli  the  ulcerative  process  involved  nerve 
trunks  of  sufficient  sensitiveness  to  give  more  or  less 
constant  pain,  and  I  have  found  that  it  acted,  as  it  fre- 
queutlv  does  in  the  laryu.\,  both  to  the  comfort  of  the 
patient  and  to  the  cleaning  up  of  the  ulcerated  surfaces. 

The  treatment  then  may  be  summed  up  under  two 
heads:  what  the  patient  should  do,  and  what  measures 
the  medical  attendant  should  adopt.  In  mild  cases  in 
which  the  discharge  is  copious  and  the  granulation  tis- 
sue abundant,  but  without  any  involvement  of  the  bone 
or  an_y  retention  of  large  cholesteatomatous  masses,  the 
patient's  ]iortion  of  the  treatment  may  be  limited  totlie 
simple  maintenance  of  cleanliness.  A  weak  solution  of 
carbolic  or  boric  acid  is  to  be  syringed  into  the  ear  two, 
three,  or  four  times  a  day,  according  to  tlie  amoiuit  of  the 
discharge  present.  I  have  always  found  that  the  ear 
had  less  odor  and  was  as  a  rule  less  offensive  if,  following 
the  cleansing  of  the  canal  with  an  effective  syringe,  drops 
were  instilled — as,  for  e.xample,  a  solution  of  equal  parts 
of  glycerin  and  water  containing  one  percent,  of  zinc 
sulpliate  and  two  percent,  of  carbolic  acid.  This  simple 
astringent  and  antiseptic  solution  should  be  instilled 
warm  into  the  ear. 

In  cases  in  which  the  granulation  tissue  seems  to  be 
abundant,  equal  portions  of  ab.solute  alcohol  ami  glycerin 
will  be  found  to  make  an  effective  remeilial  solution  for 
purposes  of  instillation.  Before  using  tliis  the  ear  should 
be  very  carefully  dried  out.  as  of  comse  the  effectiveness 
of  this  solution  depends  upon  the  hydropliilic  properties 
of  tlie  materials  emjiloyed.  These  instillations,  if  u.sed 
at  all.  had  better  always  follow  the  cleansing  of  the  ear. 

Pero.xide  of  hydrogen  is  a  much-used  and  in  many 
quarters  a  much-lauded  preparation,  but  it  is  more  effi- 
cient when  used  by  the  physician  himself  tlian  when 
given  into  the  hands  of  the  jiatient  for  daily  use. 

The  phj'sician  wlio  undertakes  the  treatment  of  a  case 
of  nnddle-ear  tubercidosis  should  see  the  jiaticnt  often 
enough  to  keep  the  granulations  down,  and  if  he  succeeds 
in  holding  the  disease  in  check,  he  has  a  right  to  believe 
that  he  is  doing  as  well  as  can  reasonably  be  expected. 

It  is  only  when  the  locality  in  which  both  physician 
and  patient  live  possesses  specially  favorable  climatic 
conditions  that  the  former  may  hope  to  accomplish  better 
results  by  the  adoption  of  a  more  vigorous  plan  of  treat- 
ment. Under  ordinary  climatic  conditions,  however,  he 
should  rest  satisfied  with  the  thorough  cleansing  of  the 
ear;  liy  which  is  meant  that  he  should  not  merely  syringe 
out  the  ear.  but  should  also — by  means  of  the  swab  and 
the  curette,  and  by  the  use  of  the  peroxide  of  hydrogen 
. — remove  all  accumulations,  of  whatsoever  nature,  from 
every  accessible  place  (more  particularly  the  attic)  where 
it  may  become  lodged.  After  this  has  been  accomplished, 
he  should  apply  mild  caustics  to  the  granulating  surfaces. 
If  the  latter  are  proliferating  to  such  a  degree  as  to  pro- 
duce polypoid  masses,  these  should  be  removed  by  means 
of  the  snare  or  the  sharp-edged  curette.  For  simple  stimu- 
lating purposes  nitrate  of  silver,  in  strengths  varying 
from  fifteen  to  twenty  per  cent.,  will  be  found  to  answer 
well  in  this  class  of  cases.  Some  authorities  urge  the 
necessity  of  using  the  stronger  caustic  preparations  (chro- 
mic acid,  nitrate  of  silver  in  the  form  of  a  solid  bead) 
with  great  caution  in  cases  believed  to  be  of  a  tubercu- 
lous nature. 

If  the  malleus  is  found  to  be  necrotic,  or  the  seat  of  a 
limited  caries,  this  ossicle,  together  \\  ith  all  that  may  re- 
main of  the  upper  portion  of  the  drum  membrane,  should 
be  removed,  in  order  that  the  freest  possible  drainage 
may  be  provided  for  the  region  of  the  attic. 

Inasmuch  as  we  can  scarcely  hope  to  do  more  than 
palliate  the' disease  by  the  various  measures  which  have 
been  described  above,  and  .since  it  is  further  evident  that 
even  the  most  radical  operative  interference  is  not  likely 
to  be  rewarded  by  materially  better  results,  it  is  plainly 
our  duty  not  to  recommend  these  to  this  class  of  patients. 


As  regards  the  cases  in  which  the  tuberculous  disease 
has  produced  such  gross  lesions  as  are  shown  in  Figs.  1S04 
and  1805,  it  is  not  an  easy  matter  to  determine  how  far  it  is 
wise  to  proceed  with  surgical  measures  of  a  more  or  less 
radical  character.  Much  will  depend  upon  the  condition 
of  the  patient's  strength, — whether  he  can  bear  the  strain 
of  the  operation. — and  also  upon  the  fact  whether  the 
sequestrum  is  or  is  not  loose.  It  the  patient's  general 
condition  is  fairly  good;  if  there  are  no  evidences  of 
meningeal,  cerebral,  or  sinus  involvement;  and  if  the 
sequestrum  appears  to  be  of  not  too  large  size  and  dis- 
connected from  the  surrounding  living  bone,  it  is  fair  to 
expect  that  operative  interference  will  place  the  patient 
in  a  more  comfoitable  condition  and  will  probably  jjro- 
long  his  life.  That  it  can  accomplish  anything  toward 
curing  the  disease  is  not  to  be  expected. 

As  is  so  often  the  case  with  the  treatment  of  these  and 
other  cases  of  tuberculosis,  we  can  best  sum  up  the  whole 
affair  by  saying  that  each  case  will  have  to  be  treated 
thoroughly  and  solely  on  its  individual  merits  or  pro  re 
nata.  Henri/  L.  Swain. 

EAR:  SURGICAL  ANATOMY  OF  THE  MASTOID.— 

The  mastoid  portion  of  the  tc  in|ioral  lioue  takes  its  name 
from  the  nipple-liUe  jirocess  which  develops  upon  its 
outer  surface  to  form  the  major  insertion  of  the  sterno- 
cleido-mastoid  muscle,  but  it  comprises  all  the  part  j)os- 
terior  to  this  which  articulates  with  the  occipital  bone 
and  forms  a  considerable  element  of  the  skull  base.  Its 
demarcation  from  the  jietrous  portion  is  indefinite  and  can 
be  but  arbitrarily  stated  by  assigning  to  the  latter  all 
that  encloses  the  lal)vrinth;  but  from  the  squamous  por- 
tion it  is  easily  separable  at  birth,  and  sometimes  in  later 
life,  and  its  line  of  suture  with  the  tympanic  scroll  is 
rarely  effaced  by  growth.  Its  outer  anterior  part  is 
largely  ensheathed  by  these  portions,  and,  paradoxical 
as  it  may  .sound,  much  of  our  "luastoid  operation"  is 
done  upon  this  extension  of  the  squama  (ride  Fig.  1707, 
p.  62'2).  Its  surgical  importance  depends  upon  the  lia- 
bility of  the  tympanic  structures  within  to  incur  se])tic 
infection,  which  is  easily  transmitted  to  it  and  to  the  more 
important  adjacent  structures,  thus  giving  rise  to  a  de- 
mand for  intervention  to  eliminate  such  dangerous  foci. 
Through  the  soft  tissues,  in  life,  little  can  be  felt  of  the 
mastoid  process  except  the  convexity  of  the  bony  promi- 
nence, where  the  hairless  skin  and  the  peiiosteum  form  a 
thin  covering,  with  only  enough  loose  subcutaijeous  tis- 
sue to  give  free  mobility  to  the  skin  (Fig.  1813).  '  Inflam- 
matory induration  and  oedema  may  distend  this  layer, 
however,  to  an  inch  or  more  in  thickness,  and  so  may  ren- 
der accurate  palpation  of  the  jiart  impossible;  but,  so  far 
as  this  difficulty  is  concerned,  it  is  well  to  remember  that, 
much  as  the  two  sides  may  differ  in  other  respects,  there 
is  apt  to  be  enough  symmetry  to  make  the  other  mastoid 
a  fair  criterion  for  the  size  and  form  of  its  fellow. 

The  mastoid  process  is  a  conoidal  protuberance  of  the 
lower  posterior  portion  of  the  temporal  bone,  and  since 
it  is  in  large  part  a  response  to  the  needs  of  the  muscle 
inserted  upon  it,  it  shows  an  external  form  usually  cor- 
responding to  the  general  osseous  and  muscular  develop- 
ment of  the  individual;  being  large,  rough,  and  massive 
in  most  strongly  built  males,  and  smaller,  smoother,  and 
thinner- walled  in  femalesandin  males  of  slight  physique. 
Its  posterior  boundary  is  jjartly  marked  by  the  deep 
groove  of  the  digastric  fossa,  which  intervenes  between 
its  apex  and  the  skull  base;  anteriorly,  its  convex  ex- 
ternal surface  slopes  inward  to  become  the  back  wall  of 
the  meatus.  Above,  it  may  be  said  to  extend  to  the 
curving  and  often  ill  defined  temporal  ridge  which  ex- 
tends back  from  the  root  of  the  zygoma;  but  it  is  better 
to  consider  it  as  ending  at  the  imaginary  horizontal  line 
on  the  level  of  the  upper  edge  of  the  zjgoma  and  the 
upper  margin  of  the  meatus.  Almost  exactly  at  the 
junction  of  these  anterior  and  superior  limits  there  may 
almost  always  be  fotmd  a  depressed  groove  or  pit  below 
which  a  spine  or  ridge  iirojects  toward  the  canal.  This 
"suprameatal  spine"  (Fig.  1808),  to  which  Heule  and 
Bezold  directed  attention,  is  recognizable  in  the  great 
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majority  of  cases  and  forms  a  fixed  and  definite  guiding- 
poiut  not  only  for  the  mastoid  l)ut  also  for  the  whole 


sigmoid  fossa 


—.zygoma 


—  meatus 


■.  tip  of  ma-stoid 

Fig.  1807.— Vertical  Section  of  Ma.stoiii  Prwes.s  at  Right  Angles  to  the 
Axis  of  the  Auditory  Canal,  showing  liighly  developed  pneumatic 
cells  and  their  radiating  relation  to  the  antrum  *.    (After  Eyssell.) 

skull.  Kiesselbaoh  found  it  in  eighty-two  per  cent,  of 
juvenile  and  eighty-seven  per  cent,  of  adult  bones,  and 
I  have  lai'ely  inis.sed  it  among  my  specimens  or  in  four 
hundred  mastoids  operated  upon. 

The  mastoid  process  consists,  externally,  of  a  cortical 
lamina  of  compact  bone,  while  in  its  interior  it  is  more 
or  less  hollowed  out  by  cavities,  diploic  or  medullary 
in  early  life,  but  generally  largely  displaced,  at  a  later 
period,  bj-  pneumatic  extensions  of  the  tympaiiuni.  As 
diverticula  of  the  tympanic  cavity  these  have  a  rather 
radiate  arrangement  in  relation  to  it  (Fig.  1807).  and  may 
extend  not  onlv  throughout  the  mastoid  but  into  ail 
other  portions  of  the  temporal  bone,  and  even  inward,  or 
backward  into  the  occipital.  They  may  be  said  to  be 
always  most  marked  in  the  large  mastoids,  fewer  and 
more  imperfectly  developed  in  the  less  prominent  ones. 
Zuckerkandl's  finding  that  among  250  bones  36.8  per 
cent,  were  wholly  pneumatic,  and 
20.4  per  cent,  wholly  diploic, 
while  in  42.8  per  cent,  various 
combinations  of  pneumatic  spaces 
and  diploi"  existed,  has  not  been 
bonie  out  by  the  writer's  study 
of  .500  temiiorals,  which  showed 
a  surgically  notable  proportion  of 
diploe  in  hardly  10  per  cent,  of 
adult  bones.  Whether  the  diploic 
or  the  pneumatic  structure  is  the 
more  prone  to  septic  infection 
and  transmission  does  not  appear ; 
and  the  spaces  are  devoid  of 
known  function  except  as  aiding 
nature's  econoiuy  of  material  in 
developing  the  process  in  response 
to  the  needs  of  the  muscle  inserted 
upon  it.  Their  practical  import- 
ance is  that  they  in  a  sense  hold 
away  from  the  cortex  the  inner 
table  and  the  deeper  structures 
which  are  related  to  it. 

These  inner  structures — which 
are  the  ones  that  concern  us  from 
a  surgical  standpoint — ai-e  the  lat- 
eral sinus,  the  dura  and  bi'ain  of 
the  middle  cerebral  and  the  cere- 
bellar fossa,  and  the  facial  nerve; 
and  while  modern  writings  might 
seem  to  indicate  that  we  now  op- 
erate more  often  with  the  purpose 
of  reaching  than  of  avoiding  them, 


it  will  yet  always  be  a  piece  of  bungling  iieedles.sly  or  un- 
intentionally to  expose,  still  moi-e  to  injuic.  any  of  them. 
The  lateral  sinus  oeeiipics  llie  sigmoid  sidcns  whieli 
gi-ooves  more  or  less  deeply  tlii'  inner  posterior  surface 
of  the  mastoid.  The  vessel  itself  is  of  veiy  varying  size, 
paitly  because  the  current  of  the  longitudinal  sinuses  is 
i-ai-ely  e<|ually  divided  at  the  loi-eidai  — the  main  tlow  bi-- 
ing  ofteiier  lo  the  right ;  and  the  imiiicss  which  it  makes 
upon  the  bone  is  still  more  variable.    In  general,  the  larger 


squama 


sigmoid  .suli'us 


lemtwral 
ridge 


carotid  canal 
Jugular  fossa 


styloid 


tip  of  mastoid 


zygoma 

Fig.  l.'Wi.— I'osterior  Inferior  Aspect  of  Tempfiral,  sectioned  nearly 
frontally  to  show  Uie  mastoid  cells  between  the  lateral  sinus  and  the 
exterior,  generally  thin-walled  toward  the  sigmoid  sulcus  and  the 
digastric  fossa  within  the  mastoid  tip. 

the  sinus  is  the  more  deeply  do  its  curves  hollow  out  the 
sulcus,  pressing  closer  to  the  external  auditory  canal,  to 
the  mastoid  cortex,  or  to  both.  The  usual  thickness  of 
bone  externally  covering  it  avera.ges  7  mm.  (0  to  20i,  and 
this  thinnest  place  is  at  a  point  averaging  17  mm.  (0.5  to 


Fig.  1809. — Horizontal  Section  of  Left  Temi>oral  Itorie.  showing  an  extreme  anterior  and  super- 
ficial position  of  the  sigmoid  sulcus  briniring  the  lateral  sinus  almost  in  contact  with  the 
meatus  wall  and  the  mastoid  surface  in  the  region  of  the  spina,  and  rendering  wholly  Im- 
possible the  ordinary  operation  for  opening  the  antrum.  (Randall,  Photographic  Illustra- 
tions.) 
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40)  back  of  the  suprameatal  spiue.     It  approaches  within 
13  mm.,  on  an  average  (0  to  25),  of  the  external  meatus. 


Fig.  1810. —Vertical  Section  at  RIl'!:!  .MiirU's  to  tie  Canal  M.  of  a 
Diploic  Bight  Temporal  Bone,  showini;  a  fonvard  and  superflcial 
position  of  the  sigmoid  fossa,  F,  and  a  [iiiiidle  cerebral  fossa,  C,  lower 
than  the  temporal  ridge.    (Alter  Hartniann.) 


through 
but  the 


leaving  a  very  moderate  "  operation  space " 
which  the  surgeon  can  penetrate  to  the  antrum 
minima  stated  (Fig.  1809)  show  that  there  can 
be  no  (isstiraiice  of  safe  penetration  in  this  di- 
rection, since  no  rule  can  be  laid  down  by 
which  the  less  favorable  relation  can  be  fore- 
told. In  spite  of  some  assertions  to  the  con- 
trary it  ha.s  been  proved  that  tlie  dangerous 
relations  may  be  met  in  any  type  of  skull  and 
on  either  side.  The  only  safe  rule,  therefore, 
is  that  of  Hartmann,  viz.,  to  operate  always 
as  though  the  most  dangerous  relation  were 
present  until  the  contrary  has  been  proved  to  be 
the  fact.  As  regards  its  relations  to  the  antrum,  the  sinus 
usually  approaches  it  more  nearly  than  it  does  either  the 


upon  the  mastoid,  is  brought  into  immediate  touch  with 
the  thin  wall  of  the  sulcus — a  structure  brittle  and  easily 
penetrated  even  when  healthy.  A  large  emissary  vein 
passes  hack  from  the  lower  curve  of  the  sigmoid,  chan- 
nelling the  bone  to  emerge  at  the  back  of  the  digastric 
fossa  near  the  occipito-temporal  suture.  In  rare  cases, 
as  in  the  fellow  of  the  mastoid  represented  in  Fig.  1809, 
the  entire  sigmoid  sinus  emerges  here :  and  again  in  otlier 
cases  this  emissary  may  be  as  large  as  a  lead-pencil. 

The  floor  of  the  middle  cerebral  fossa  has  been  said  to 
correspond  fairl}'  with  the  ridge  extending  back  from  the 
zj'goma  above  the  meatus;  but  this  suprameatal  ridge 
is  no  safe  guide,  since  the  fossa  not  infrequently  extends 
below  it  (Fig.  1810).  The  average  height  is  6  mm.  (0  to 
18)  above  the  spina  supi-a  meatum  and  the  upper  wall  of 
the  meatus,  and  this  should  form  our  landmark  in  enter- 
ing the  bone,  as  the  fossa  can  never  be  below  tlie  meatus 
atiii  is  usually  higher  and  back  of  it.  An  emljiyonic 
sinus  not  infieqnently  persists  along  the  petro-squanious 
suture  near  the  lowest  part  of  the  fossa.  If  the  suiface 
of  the  bone  has  been  well  bared,  the  surgeon  will  he  alile 
to  distinguish  the  blnisli  tinge  which  is  generally  present 
when  the  sinus  approaches  very  near  to  the  external  sur- 


FlG,  ISll.— Diagram  of  Right  Temporal  Bone  Sectioned  Horizontally 
and  showing  the  Inclination  of  the  Tubo-tyni panic  Axis,  C.  D,  to  the 
sagittal  plane  ^1,  B:  the  length  »i,  ii,  of  the  upper  back  wall  of  the 
meatus,  and  the  depth,  o.  p.  of  the  antrum  from  the  operation  point. 
1,  Meatus  auditorius  Internus ;  2.  tympanic  cavity ;  3,  mastoid  an- 
trum ;  4,  meatus  auditorius  extemus.     (.\fter  Allen.) 

outer  surface  of  the  mastoid  or  the  external  auditory 
canal,  and  the  intervening  lione  is  commonly  occupied 
by  cells.     As  a  rule,  therefore,  the  operator,  in  his  work 


Fio.  1812.— Exenteration  of  Mastoid  and  Tympanic  Cavities,  sBowinir 
prominence  of  facial  canal  above  oval  window,  the  sinus  wall 
posteriorly,  and  the  ridge  covering  the  facial  between. 

face.  Tlie  cuter  wall  of  the  antrum  is  rarely  less  than  15 
mm.  from  the  surface.  (Fig.  1811.)  Hence,  in  the  adult, 
a  penetration  to  a  depth  less  tlian  this  will  generally  fail 
to  enter  the  antrum.  In  the  infant,  however,  the  latter 
cavity  is  situated  mueli  nearer  tlie  surface.  Nevertlie- 
less,  one  who  has  meiely  nnted  that  it  is  just  below  the 
surface  in  the  new-born  will  be  surprised  at  the  thick- 
ness of  the  bone  which  has  to  be  traversed  even  in  very 
young  children  before  the  antrum  is  opened.  With  them, 
fortunatel}'.  the  separation  of  the  sigmoid  sulclis  from 
the  meatus  is  often  actually,  as  well  as  relatively,  greater 
than  in  adults,  and,  besides,  this  relationship  is  more  con- 
stant. Mastoid  operations  should  therefore  be  safer  and 
easier  in  children. 

The  inner  wall  of  the  antrum  is  formed  by  the  facial 
and  semicircular  canals  (Fig.  1809);  a  fact  which  reiidei-s 
it  dangerous,  as  regards  the  integrity  of  these  important 
structures,  unguardedly  to  enter  this  cavity,  to  curelie 
its  walls,  or  even  in  some  cases  to  pack  the  cavity.  Meas- 
urements indicate  that  tlie  facial  canal  is  probably  never 
less  than  12  mm.  frnin  tlie  «pint>.  although  rarely  more 
than  25  mm. :  and  tlie  latter  distance  should  in  doubtful 
Ciises  be  the  limit  of  our  penetration  even  in  a  large 
mastoid. 

The  problem  of  avoiding  injury  to  the  facial  nerve 
grows  more  difficult  in  exenteration  of  the  tympanic 
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cavity,  in  Stacke's  operation,  or  iu  the  more  radical 
tyinpano-mnstoid  excntenition.  In  either  case  it  must 
be  rc-nienibered  that  the  canal  of  the  facial  forms  the 
upper  lip  of  ihc  fossa  of  the  oval  window,  and  curves 
thence  backward  and  downward  to  a  point  situated  from 
3  to  4  mm.  back  of  the  middle  of  the  posterior  mai\sin  of 
the  tympanic  ring.     While  the  descending  part  of  the 


Fig.  1813.— Horizontal  Section  fupper  half  i  of  the  Left  Ear.  with  the 
Soft  Pans  ill  Place,  showing  the  looatlon  back  of  the  meatus.  -V. 
and  the  spina.  .S;'.  of  the  posterior  insertion  of  the  auricle,  T.  The 
glenoid  cavity,  G.  the  tympanum.  T.  and  the  juffular.  J.  are  also 
shown ;  and  the  sigmoid  sinus.  .S.  whii'h  in  this  case  is  safely  dis- 
tant from  the  field  of  operation,  is  seen  to  be  most  superflcial  op- 
posite the  insertion  of  the  auricle.  \  dotted  line  indicates  the 
antrum. 


canal  is  usually  exactly  vertical,  it  seems  clinically  to 
pass  somewhat  outward.  Ix'causc  we  refer  its  course  to 
the  anuulus  and  forget  how  very  oblique  the  position  of 
this  really  is.  If  we  remove  the  tympanic  margin  above, 
without  striking  across  to  the  inner  .side  of  the  drum 
cavity  (Fig.  1811).  and  iu  removing  the  posterior  margin 
keep  above  its  middle,  the  facial  and  its  canal  ought  to 
remain  untouched.  A  spur  of  bone  at  the  back  wall  of 
the  canal — largely  the  back  portion  of  the  tympanic 
scroll — will  thus  be  preserved,  and  beneath  this  spur  will 
be  the  facial  canal  (Fig.  1812). 

It  is  well  to  note  the  relation  of  the  soft  parts  to  the 
underlying  bony  structures,  as  some  errors  iu  regard  to 
this  are  prevalent.  The  incision  preliminary  to  opening 
the  mastoid  has  generally  been  made  5  or  10  mm.  back 
of  the  app.arent  insertion  of  the  auricle  and  parallel  to  its 
curve,  and  some  of  the  older  surgeons  con.sidered  the  boss 
of  the  mastoid,  at  or  liehiud  this  insertion,  as  the  proper 
point  for  entering  the  bone.  At  the  present  time  the 
chosen  point  of  entrance  is  well  in  advance  of  this,  in 
the  region  covered  by  tlie  concha  (Fig.  1813).  The  linger 
thrust  into  the  meatus  and  pressed  upward  and  backward 
can  generally  feel  the  spina,  and  it  is  at  a  point  close  be- 
hind this  that  the  chiselling  usually  begins.  The  inser- 
tion line  of  the  auricle,  back  of  the  meatus,  corresponds 
to  the  average  position  of  the  sigmoid  sulcus  at  its  most 
superlicial  and  anterior  position,  i.e.,  about  lo  mm. 
back  of  the  spina.  B.  Akiander  Randall. 

EASTMAN  SPRINGS.— Berrien  County,  Michigan. 

Post  Oil  RE — Beuton  Harbor.     Hotel. 

Benton  Harbor  is  in  the  midst  of  the  fruit  belt  of 
Jlichigau.  GO  miles  from  Chicago  and  00  miles  from 
Milwaukee.  The  spiings  are  nineteen  in  number.  Fol- 
lowing are  analyses  of  some  of  the  representative  springs: 


King  David  Spring, 
o.se  u.vited  states  gallon  contains: 

Solids.  Grains. 

Sodium  chliirlilc oil 

Sodium  blcarlKinatf !«7 

I'otiissium  sulphate \\  \\\ 

Calcium  liiciirtionatc "  gjo 

Jlat'iii'suirii  lilcarlMiuate S^.Vi 

Iron  hicarl»»nate i.a9 

Maiipiiicse  phosphate Well-iuarked  traces. 

Alumina  ^\\ 

Silica ]!!!!!!  isB 

Total 14.55 

Carbonic  acid  gas,  38.96  ruble  Inches. 

SlI.VKIt    QlKEX. 
One  t'NiTED  States  Gallon  Co.vtai.ns: 

Solids.  Grains, 

Sodium  chloriile o.(l9 

Sodium  bicartMinatc i,:m 

Potji.ssium  bicarbonate i]o7 

l*otassiuin  sulphate Traci-s. 

Calcium  bicarlM)nate li.iio 

Mnjrneslum  bicarbonate sisj 

Silica ill 

Total 12.65 

Carbonic  acid  gea.  35.46  cubic  Inches. 

Silver  King. 

One  United  States  G.4llon  Contains: 

Solids.  Grains. 

Sodium  chlorid.? o.lO 

Sodium  bicarbonal*- 1.13 

Potjtssiuui  bicarlMjnate l.ftj 

Poiassiuni  sulphate Traces. 

CalcHiMi  hicari)onatc 5.(J3 

Mucncsiuiii  hicarboDate 3.13 

Lithium  bicarbonate 3.U3 

MauKanesp  phosphate .01 

Silica 11 

Total  iiiif 

Free  of  organic  matter.    Carbonic  acid  gas,  49  cubic  Incbes. 

BistiNi  Spring. 

One  Untted  States  Gallon  Contains: 
Solids.  Grains. 

Potassium  sulphate .(B 

Sodium  sulpliate .53 

.Sodium  chloride .10- 

Sfxlium  phosphate .(Jl 

S^Klium  b(.)rate Traces. 

Sodium  birtirbonate .36 

Mafjnesium  bicarbonate 3.5.5- 

Calcium  bicarbonate 7.48 

Iron  bicarbonate  .07 

Alumina .03 

Silica .54 

Total 12.61 

Gas  not  estimated. 

Golden  Fount.un. 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Potassium  sulphate 0.11 

Sodium  sulphate .36 

Sodium  phosphate .tH 

Sodium  chloride .01* 

Mn^esiuni  sulphate .18 

Magiiesium  bicarbonate 3.21 

Catciuin  bicai'bonate 8J20 

Iron  hicarlxniate .38 

Manpranesc  bicarbonate Trae*». 

Alumina .01 

SUica 40 

Total 12.88 

Gas  not  estimated. 

Other  well-known  springs  arc  the  "Colonel's  Own." 
the  "Saul,"  the  "Psyche,"  and  the  "Winans." 

This  is  quite  a  remarkable  group  of  springs.  They 
all  appear  to  be  more  or  less  carbonated,  some  of  Iheiii 
quite  heavily  .so.  They  differ  from  most  of  the  springs 
of  Michigan  in  containing  a  much  smaller  proportion  of 
chloride  of  sodium.  The  waters  undoubtedly  possess 
considerable  medicinal  value.  Facilities  for  mineral  and 
mud  baths  will  be  found  at  the  springs;  the  waters  are 
also  used  commercially.  Janus  K.  Crook. 
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EASTPORT,  MAINE.— Situated  on  the  coast  of  Maine 
near  tlie  Canadian  border,  is  a  town  of  about  four  tliou- 
sand  inhabitants.  It  is  an  attractive  place,  located  upon 
a  small  island  on  the  western  shore  of  Passamaquoddy 
Bay.  It  is  not  known  as  a  seaside  resort,  although  it 
affords  a  cool  summer  temperature  and  facilities  for  fish- 
ing and  boating.  Its  climate  is  representative  of  that  of 
the  northern  New  England  coast,  a  cool  summer  marine 
climate — as  indicated  by  the  following  table.  Fogs  are 
frequent  as  at  most  other  resorts  upon  this  northern  coast. 

Climate  of  Eastport,  Mk.    Latitude,  44°,  54' ;  Longitude,  66°,  59'. 
Period  of  observation,  April  1st,  1873,  to  December  31st,  1883. 


Data. 


Temperature  (Fahreubeit  scale.)  — 

Averaire  or  noniiai 

AvtTaj:!*  iluilv  range 

Mean  nf  wannest 

Mean  .if  lul.lest 

Hit:hc'st  or  niaxiiniULt 

L<nvi'st  or  iniuiuuuu 

Huiiiiiiily— 
Average  relative 

Preeipltfltion— 
Average  rainlall  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  iu  miles 

Weather- 
Average  nnmher  clear  days 

Average  miinber  fair  days 

Average  Dumber  fair  and  clear  days 


19.7° 
1.5.9 
27.6 
11.7 
51.0 
-20.0 

77* 

3.15 

N.  W. 

12.4 

7.1 
12.3 
19.4 


00.5° 
17.2 
69.6 
.53.4 
86.0 
45.0 

-8.7!< 


S. 
6.3 


14.0 
19.2 


15.6 
68.9 
5.3.3 

88.0 
45.0 

78.9ie 

3.16 

S. 
5.9 

8.0 
11.5 
19.5 


76.3)8 
48.91 
S. 


134.3 
213.0 


Edirard  0.  Otis. 

EATON   RAPIDS  WELLS.— Eaton  County,  Michigan. 

Post-Ofkice. — Eaton  Rapids.     Numerous  hotels. 

Access. — From  Jackson,  Mich.,  viaGrand  River  Valley 
R;iilroad  to  Eaton  Rapids. 

The  town  of  Eaton  Rajiids  is  pleasantly  situated  on 
th(^  Grand  River.  The  wells  were  discovered  in  1869  and 
1870,  and  have  drawn  considerable  attention  to  the  place. 
Several  of  the  wells  are  connected  with  the  hotels,  and 
all  facilities  for  bathing  are  offered.  The  following 
antily  SI'S  were  made  before  the  insertion  of  the  first  tubing, 
and  "it  is  probable  that  a  considerable  proportion  of  sur- 
face water  was  contained  in  that  submitted  for  examina- 
tion. The  first  three  springs  were  analyzed  by  R.  C. 
Kedzie  and  the  fourth  by  C.  T.  Jackson : 


One  United  States  gallon  contains. 

.sis 
111 

lag 

£|S 

Sis 

"^5 

5.05 
3.66 

4a47 

8.40 
2.25 
57.56 

i'.so 

2.00 

5.38 
1.15 
l'9.43 
4.52 

i'.oo 

45'.i6 

".90 
3.54 

.85 

11.57 

1.37 

2b'.7i 

3.84 

2.23 

48'.i3 

".90 
1.40 

.90 

2.80 

Sodium  sulphate 

13.59 

55.20 

9.40 

5.31 

Silica 

Orsranic  matter  '_ 

Loss                    \ 

130.17 

80.93 

90.98 

85.20 

Cu.  in. 

17.35 

Cu.  in. 
15.38 

Cu.  in. 
15.97 

Cu.  in. 

James  K.  Crook. 

ECBOLICS  AND  EMMENAGOGUES.— Emmenagogues 
are  remedial  agents  whicli  stiiiuilatc  or  restore  the  men- 
strual function  of  the  uterus  when  it  is  irregular  or  absent. 


Ecbolics  are  agents  which,  by  e.\citing  uterine  con- 
tractions, cause  the  contents  of  that  organ  to  be  expelled. 
Strictly  speaking,  this  applies  to  foreign  bodies  and  new 
growths  like  polypi  and  fibromata  as  well  as  to  the  prod- 
ucts of  conception,  though  the  last  is  the  usual  inter- 
pretation. From  the  wide  prevalence  of  the  practice  of 
criminal  aliortiou  ecbolics  are  the  most  abused  class  of 
remedies  in  the  range  of  therapeutics.  It  is  necessary  to 
consider  these  subjects  in  conjunction  with  the  patho- 
logical conditions  it'or  which  they  are  employed.  Were 
the  uterus  absent,  amenorrhiva  would  continue  in  spite  of 
all  drugs.  It  is  unnecessary  to  mention  other  patho- 
logical conditions  that  have  a  similar  effect.  Aside  from 
such  considerations,  however,  no  doubt  many  different 
remedies  act,  with  or  without  assistance,  to  increase  the 
amount  of  menstrual  discharge  or  to  restore  it,  after  long 
periods  of  amenorrha'a  or  at  times  when  it  would  not 
appear  at  the  expected  time. 

C.  Martin,  who  carefully  studied  the  subject  of  men- 
struation ^Brit.  Gi/n.  ,hiiir..  November,  1893),  reached 
the  following  important  conclusions: 

(1)  Jlensti'uation  is  a  process  directly'  controlled  by  a 
speci.il  nerve  centre,  (2)  This  centre  is  situated  in  the 
lumbar  portion  of  the  spinal  cord.  (3)  The  changes  in 
the  uterine  mucosa  during  a  period  are  brouglit  about  by 
cataholic  iier\  es  and  during  tlie  interval  by  unabolic  ones. 
(4)  Menstrual  impulses  reach  the  uterus  either  through 
the  pelvic  splanchuies  or  through  the  ovarian  plexus — 
possibly  both.  (.5)  Removal  of  the  uterine  appendages 
arrests  menstruation  by  severing  the  menstrual  nerves. 

These  deductions  are  in  the  main  correct.  However, 
abolishment  of  menstruation  by  removal  of  the  uterine 
appendages  is  by  no  means  constant.  Clinical  experience 
demonstrates  the  incorrectness  of  this  statement.  Ex- 
cessive exercise  or  .sexual  indulgence  or  even  desire,  and 
strong  emotions,  will  continue  menstruation.  Whether 
a  diseased  endometrium  or  uterine  muscle  is  the  direct 
cause  cannot  now  be  stated,  though  such  occasional  in- 
fluence is  not  to  be  doubted. 

Iiidirationsfor  the  Use  of  Emnienafiogues. — Two  distinct 
varieties  of  amenorrha>a  are  met  with.  One  of  them,  in 
which  the  appearance  of  menstruation  is  delayed  con- 
siderably beyond  the  usual  age  of  puberty,  is  known  as 
eiimndo  numinm.  The  other  is  called  suppremo  mermtim. 
In  the  former  we  liave  fiist  to  consider  the  age  and  gen- 
eral condition  of  the  individual.  It  is  only  in  those  cases 
iu  which  the  patient  has  reached  the  age  of  at  least  eigh- 
teen j'cars  that  treatment  should  be  attempted,  imless  the 
general  conditiim  or  the  environments  of  the  patient  be 
bad,  Wlien  such  conditions  exist  they  should  be  righted, 
and  if  inolimina  be  present  some  of  the  direct  emmena 
gogues  may  be  eniplnyed  iireceding  or  during  the  exist 
ence  of  the  molimiua,  usually  with  haiipy  results.  Phys- 
ical obstructions  to  the  menstrual  How  may  exist  and 
may  later  require  investigation.  Very  rarely  indeed  are 
direct  emmenagogues  indicated  in  the  treatment  of  de- 
layed, scanty,  or  absent  menstruation.  Usually  some 
faulty  general  condition  of  the  patient  exists,  the  men- 
strual disorder  being  merely  one  of  the  many  symptoms 
present.  It  is  one,  however,  to  which  much  importance 
is  attached  by  the  mind  untrained  to  such  matters,  and 
consequently  it  assumes  the  place  of  first  importance  and 
may  indeed  be  the  only  conqtlaint  made  by  the  debili- 
tated or  neurotic  girl,  or  by  one  who  is  the  unfortunate 
victim  of  tuberculosis.  This  matter  is  to  some  people 
of  such  seeming  importance  that  a  regular,  scant  How  of 
three  days  or  a  good  amount  of  flow  recurring  regularly 
at  slightly  greater  intervals  than  four  weeks,  causes  them 
to  seek  the  advice  of  the  physician  in  attempting  to  in- 
crease the  amount  in  the  one  case  or  the  frequency  in  the 
other.  The  usual  training  received  by  girls  during  the  first 
five  years  of  menstrual  life  is  unfavorable  to  the  proper 
development  of  their  genitalia.  It  likewise  debilitates  or 
prevents  their  general  physical  development.  The  ner- 
vous system  is  usually  overtrained  and  as  a  result  the  pro- 
portion of  neurotics  large,  A  markedly  intimate  relation 
exists  between  the  nervous  and  reproductive  systems; 
the  neurotic  origin  of  menstrual  abnormalities  is  clear. 
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The  2'heriipcHtic  Use  of  Emmeiuitiogues. — The  remedies 
which  act  tlinctly  on  the  iitcnis  to  increase  tlie  amount 
of  inenstnial  flow  arc  callcil  ilinct  cniincnaiiouucs,  and 
those  which  act  by  chanirinic  the  ircncral  condition  of  tlie 
patient  and  tlicrehy  incrcasinj!;  or  producing  the  men- 
strual flow  are  iianu'd  //('//;■<  <y  emnieiia.iroirues.  Th('  lat- 
ter class  is  inijiortant  and  comprises  not  only  the  tonics, 
as  iron.  ars<Miic,  copper,  niaiiiranese,  iiold,  digitalis,  Im- 
rium  chloride.  stryelinin<'  and  (|uinin<'.  but  also  salicylic 
aeidand  ils.sjills.  ('oeculus  indicus,  Lappa  olticinalis,  and 
such  external  a[i]iliealionsaslhe  spinal  ice-bag  and  baths. 

The  principal  direct  enuuenagoirues  are  t-rgot,  o.\alie 
acid,  apiol.  bino.xidc  of  manganese,  ssuitonin,'  eumenol, 
indigo,  a'oes,  Menyauthes  Irifoliata,  permanganate  of 
]iotassium,  turpentine,  cautharides,  myrrh,  riie,  savin, 
tansy,  peunyroyal,  guaiac.  American  mistletoe,  senecio 
Jaeobcea,  einucifuga,  saffron,  cotton  root,  quinine, 
puls;itilla,  water  pepper,  serpentaria,  aconite,  sjige, 
chamonulc.  blue  cohosh,  leeches  to  the  eervi.x,  warm 
vaginal  douches,  sitz  baths,  and  local  applications  of 
eleclricity. 

It  is  evident  from  the  long  list  of  direct  emmenagogues 
that  a  short  route  to  success  in  the  treatment  of  men- 
strual disorders  is  frequently  attemjited,  in  spile  of  tlie 
well-known  fact  that  they  are  usually  due  to  .some  gen- 
eral vicious  (unditiou.  By  such  treatment  it  may  be 
possible  to  produce  the  menstrual  tlow  once  or  twice  in 
most  cases,  but  thr  previous  condition  recurs.  It  is  only 
by  treating  the  underlying  general  condition  that  success 
is  to  be  exjieeted. 

In  such  general  conditions  as  tuberculosis,  carcinoma, 
and  syphilis  amenorrbcea  is  probably  a  conservative 
feature  and  should  receive  no  treatment.  Ana'mia  is  the 
principal  cau.se  of  lessened  menstrual  discharge  and  calls 
for  the  tonics  mentioned.  An  elixir  of  the  seeds  of  the 
common  burdock  (Lappa  officinalis),  in  the  dose  id'  a  tea- 
spoonfid  after  each  meal  for  a  ]ieriod  of  a  month,  has 
been  highly  recommended  for  suppressed  menstruation  in 
yomi.ir  girls.  Digitalis,  by  increasing  the  arterial  tension. 
acts  well  in  many  cases.  Salicylic  acid  and  the  saliey  lates 
are  the  most  elHcient  remedies  when  a  uric-acid  diathesis 
imderlies  the  suppression.  Guaiac,  though  generally 
considered  a  direct  emmenagogue,  certainly  acts  well  in 
this  condition.  Phillips  strongly  recommends  picro- 
toxin,  the  active  principle  of  Cocculus  indicus.  in  doses 
of  gr.  5^1  to  ^V.  in  ana;mia  with  amenorrbcea.  The  prei)a- 
rations  of  iron,  especially  when  combined  with  man- 
ganese, are  favorite  remedies  for  sucli  conditions.  Gen- 
eral galvanization  and  faradization  are  useful  as  general 
tonics.  The  ice-bag  applied  to  the  lumbar  spine  has  a 
stimulating  and  tonic  action  on  the  nervous  system,  es- 
pecially the  vasomotor  portion.  It  increases  the  amount 
of  menstrual  How  by  engorging  the  pelvic  blood-vessels 
and  stimulating  the  centre  of  menstruation.  General 
bathing  in  cold  water,  sea-bathing,  brisk  rubbing,  and 
the  cold  plunge  often  prove  to  be  efticient  indirect  em- 
menagogues. 

The  usual  accompanying  constipation  is  best  treated 
by  aloes  and  myrrh  or  by  carbonate  of  magnesia.  Aloes 
and  myrrh  act  by  engorging  the  pelvic  viscera.  The 
magnesia  Siilt  is  given  in  delayed  menstruation  in  do.ses 
of  gr.  XXX. -xc.  The  smaller  dose  may  be  given  ni.irhtly 
for  a  fortnight,  but  afterward  the  larger  dose  should  be 
lirescribed  imtil  the  flow  appears.  After  the  continued 
use  of  general  tonics  direct  emmenagogues  are  often  in- 
dicated. The  simplest  consist  of  the  sitz  bath,  pediluvia 
and  external  friction,  to  which  may  be  added  hot  drinks 
(infusions)  of  cinnamon,  chamomile,  ginger,  tansy,  pen- 
nyroyal, water  pepper,  sage  or  serpentaria,  all  of  which 
act  as  relaxants  or  diaphoretics.  Some,  however,  act  as 
stimulants  to  Ihe  jielvic  circulation.  White  i/.^nnt.  Lon- 
don. 1^95)  prai.ses  wineglassful  doses  of  ^Menyanlhes  Iri- 
foliata. Ergot,  though  a  pronounced  direct  emmena- 
gogue. acts  best  in  small  doses  with  iron.  Guaiac  is 
valuable  in  ainemic  amenorrlnea,  but  it  shoukl  not  be 
administered  except  in  combination  with  other  agents. 
It  may  be  given  for  weeks  without  danger.  When  heavy 
nerve  strain  has  produced  irregular  or  delayed  menstrua- 


tion, a  combination  of  strychnine,  aIoin,an(l  atropine  is  of 
si.gnal  henetit.  The  bromides  are  also  often  useful  in 
fhis  class  of  cases.  The  compound  sumbul  |iill  ((ioodell's 
formula),  consisting  (jf  iron,  sumbul.  asal'ietiila,  and  ar- 
senioiis  acid,  is  valuable  when  nervous  manifcslalidiis 
accompany  ana-mia.  Physical  shock  has  been  known  to 
restore  Ihe  menses  when  oilier  remedies  had  faded.  Aloes 
acts  well  in  obesity  by  depleting  Ihe  system  and  engorg- 
ing the  pelvic  cireulalion.  The  spinal  ice  bag  is  here 
useful.  When  the  tlow  is  absent  as  a  result  of  "taking 
cold  "  genei-al  treatment  in  the  way  of  hot  baths  and 
cathartics  to  the  extent  of  restoring  the  circulatory  eipii- 
librium,  is  recjuired.  Aconite  acts  well  in  such"  cases, 
especially  when  given  in  hot  water.  A  few  ilays  before 
the  expected  flow  the  employment  of  nearly  anv  of  the 
direct  emmenagogues  has  a  iiiarked  tendency  to'  restore 
the  menstrual  function.  .Most  of  the  direel  emmena- 
gogues act  by  stimulaling  the  centre  of  menstruation 
in  the  spinal  cord.  Ergol  acts  as  a  strong  stimulant 
upon  all  unstrijied  muscular  tibres,  in  doses  of  git.  x,  to 
x.\x.  daily;  coniliineil  with  iron  it  is  a  sjileiidid  though 
treacherous  emmenagogue.  V.  Poulet  (Arr/t,  (h  Turol., 
Pari.s.  1«!S(),  xiii.,  .j39)"lirst  called  attenlion  to  the  enV- 
mena.gogue  action  of  oxalic  acid.  Since  then  it  has  been 
largely  emiiloyed  with  gratifying  result.s.  It  is  not 
without  danger,  as  pointed  out  by  Talley,  who  noted 
marked  prostration  and  [larlial  collapse  following  a  small 
dose  of  Ihe  drug.  One  (piarler  gmin  every  four  hours 
in  syrup  of  orange  or  lemon  may  be  .aiven  for  a  few  days 
preceding  iIk' expected  flow.  Apiol,  used  just  pn'ceding 
and  during  the  period,  is  best  given  in  pill  form,  in  doses 
of  gr.  i.  or  gr.  i.j.  after  meals,  for  a  period  of  from  one 
day  to  several  weeks.  Ringer  says  it  will  restore  the 
flow  in  young  girls  after  a  lapse  of  two  years.  It  is  use- 
ful in  amenorrha'a  from  seasickness  and  in  women  be- 
tween the  ages  of  thirty  and  forty  who  ari'  rapidly  in- 
creasing in  weight  and  in  whom  ihe  How  is  decreasing. 
Manganese  binoxiile  may  be  employed  advantageousiy 
under  similar  circumstances.  Sanionin  is  principallv 
employed  when  ana-mia  complicates  the  absent  tlow". 
Its  benelicial  action  appears  to  depend  U[>on  its  power 
to  cause  contraction  of  the  engorged  uterus.  It  is  given 
in  ten-grain  doses  at  night  for  two  nights  preceding  the 
time  when  the  tlow  is  expected.  The  dose  is  large  and 
the  drug  treacherous.  Its  use  will  never  be  popular  on 
this  account.  Local  faradization  and  the  application  of 
the  negative  galvanic  pole  against  the  cervix  or  in  the 
cavity  of  Ihe  tilerus  have  been  resorted  to  with  moderate 
success.  The  results  of  the  u.se  of  indigo  have  not  been 
such  as  to  give  it  a  prominent  place  in  this  list.  Eumenol, 
Merck's  preparation  of  the  Tang  kui  root,  is  strongly  in- 
dorsed by  Mueller  and  Hirth.  It  has  been  employefi  for 
centuries  in  China  as  an  emmenagogue.  Turpentine  and 
cantharides  are  dangerous  emmenagogues  because  of  their 
tendency  to  irritate  the  urinary  organs.  Pennyroyal,  rue, 
savin  and  tan.sy  are  unreliable  and  dangerous  by  reason  of 
their  liability  to  produce  gastro-intestinal  irritation  and 
because  they  exert  an  eebolic  action.  The  American  mis- 
tletoe and  cotton  seed  are  largely  employed,  in  the  form 
of  infusion,  in  the  West  and  Soutliwest  for  inenstnial 
suppression  due  to  cold,  and  undoubtedly  they  liave 
merit.  Leeches  to  the  cervix  are  troublesome  and  of 
little  value.  The  bleeding  following  their  removal  is 
often  severe. 

AVAo^/cA. —Nearly  all  the  direct  emmenagogues  given  in 
large  do.scs  are  ecbolics,  and  in  still  larger  doses  they 
check  the  flow.  Direct  emmenagogues  should  never  be 
employed  when  the  existence  of  pregnancy  is  proliable. 
The  principal  ecbolics  are  ergot,  apiol.  (piinine.  rue.  savin, 
tansy,  pennyroyal,  cotton  root,  oxalic  acid  and  turpen- 
tine. Krgot  is  the  strongest  in  ils  action,  but  many 
others  like  coilon  root,  pennyroyal,  and  cunlharides.  are 
employed  by  ignorant  people  as  ecbolics.  Oxalic  acid  is 
un<piestioiiably  an  eebolic.  Carter  says  that  the  Ameri 
can  mistletoe  produces  more  ])ronii>t  and  sure  uterine 
contractions  than  ergot.  Manganese  dioxide  has  a  simi- 
lar action,  cases  of  abortion  from  its  use  being  recorded. 
The  eebolic  action  of  quinine  is  probably  less  than  is  be- 
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lieved.  That  it  has  the  power  to  strengtlien  uterine  con- 
tractions cannot  be  doubted.  All  these  drugs  are  dan- 
gerous in  their  action  and  should  not  be  employed  without 
a  thorough  familiarity  with  their  actions  and  dangers. 

/.  Wesley  Bovee. 

ECLAMPSIA  INFANTUM.— (Synonyms:  Convulsions 
in  childrei);  acute  infantile  epilepsy;  spasms.)  By 
eclampsia  in  children  is  meant  a  variety  of  convulsions, 
more  or  less  general,  occurring  with  or  without  pro- 
dromal manifestations,  and  not  dependent  upon  any  ma- 
terial organic  lesion  of  the  nervous  centres.  Most  au- 
thorities regard  absolute  abolition  of  consciousness  as 
an  essential  "element  of  eclamptic  as  well  as  of  epileptic 
attacks.  This  loss  of  consciousness  need  not  persist  dur- 
ing the  whole  attack,  but  nuist  have  occurred  at  some 
pa'i-t  of  it.  It  is  true  that  there  are  attacks  of  very  slight 
spasms  in  children  in  which  it  is  dithcult  to  be  positive 
that  consciousness  has  been  lost,  by  the  application  of 
such  imperfect  tests  (irritation  of  the  conjunctivte.  etc.) 
as  these  little  subjects  will  adnut ;  but  analogous  attacks 
in  adults  prove  that  loss  of  consciousness,  however  brief, 
is  an  essential  element  of  an  eclamptic  convulsion.  An 
important  point  in  the  differential  diagnosis  between  an 
attack  of  eclampsia  and  one  of  epilepsy  is.  that  in  the 
former  the  convulsions  are  not  repeated  in  a  series.  It 
is  true,  attacks  of  eclampsia  may  be  repeated,  but  unless 
the  repeated  attacks  can  be  shown  to  have  depended  upon 
one  or  other  of  the  conditions  which  ordinarily  give  rise 
to  eclampsia,  every  repetitiim  of  the  convulsion  renders 
our  suspicion  as  to  its  epileptic  character  stronger. 

In  describing  an  eclamptic  seizure,  it  is  important  to 
remember  that  the  couv\dsion  differs  in  no  way  from  an 
attack  of  epilepsy.  Hence  a  general  clinical  picture  of 
the  disease  will  be  that  of  an  ordinary  epileptic  spasm. 
There  may  be  an  aura,  a  cry,  then  convulsive  movements 
in  some  of  the  voluntary  muscles,  proceeding  rapidly  to 
more  or  less  general  convulsions,  at  lirst  tonic,  then  clonic 
in  character.  Tliere  is  loss  of  consciousness,  generally, 
before  the  tonic  convulsions  have  set  in,  the  little  patient 
may  froth  at  the  mouth,  the  tongue  may  be  bitten,  the 
respiration  is  that  characteristic  of  epileptic  attacks; 
finally  the  spasm  is  often  followed  by  sleep.  It  is  evi- 
dent, then,  that  we  must  not  depend  upon  the  character 
of  the  convulsion  for  a  ditlercntiation  between  epilepsy 
and  eclampsia,  although  a  careful  study  of  the  clinical 
history  of  the  case  will  generally  give  us  the  data  neces- 
sary to  a  correct  diagnosis. 

C'LtsiCAL  OccrRREXcE. — Nothnagel '  and  Ozanam' 
discuss  the  possibility  of  the  occurrence  of  eclampsia  in- 
fantum as  an  idiopathic  affection.  The  latter  authority 
limits  the  term  eclampsia  to  convulsions  of  non-epileptic 
origin,  occurring  iudcpemlently  of  other  diseases  or 
pathological  conditions.  Nothnagel,  however,  includes 
under  the  term  eclampsia  convulsions  which  are  the  re- 
flex expression  of  some  peripheral  irritation,  such  as 
dentition,  etc.  The  convulsions  occurring  at  the  outset 
of  acute  infectious  diseases  and  acute  iutlaramations  he 
terms  simply  epileptiform,  a  term  that  might  be  applied 
to  all  varieties  of  eclamjitic  attacks.  Eclampsia  infantum 
should  be  considered  not  so  nuich  a  disease  as  a  S3'mptom 
of  other  diseases;  in  one  case  the  convulsion  ma}'  only 
precede  or  usher  in  a  pneumonia,  in  another  it  may  ap- 
pear at  the  same  time  with  a  brilliant  scarlatina;  here 
dentition  appears  to  have  been  the  exciting  cause,  there 
the  ingestion  of  indigestible  food;  in  all  of  these  condi- 
tions fhe  attacks  resemble  each  other,  although  in  each 
case  the  clinical  etiology  is  different.  Looking,  then, 
upon  eclampsia  from  an  etiological  standpoint,  it  ap- 
peal's that  all  the  possible  conditions  under  which  eclamp- 
tic attacks  may  occur  in  children  will  come  under  one  of 
the  following  subdivisions; 

1.  Febrile  or  symptomatic  eclampsia. 

2.  Reflex  eclampsia. 

3.  Toxic  eclampsia. 

i.  Eclampsia  of  rachitis. 

Febrile  or  Symptomntic  Eclampsia. — The  most  common 
form  of  eclampsia  occcurring  in  young  children  is  un- 


doubtedly the  first  group,  the  febrile  or  symptomatic 
eclampsia.  By  this  class  is  meant  that  fomi  of  ec- 
lamiisia  which  occurs,  as  a  rule,  at  the  outset  of  febrile 
diseases ;  we  say  at  the  outset,  to  distinguish  these  in- 
itial convulsions  from  those  occurring  later  on  in  the 
course  of  severe  inflammatory  conditions,  and  due  noc  so 
much  to  the  fever  as  to  cerebral  adynamia,  or  the  aggre- 
gation of  toxic  elements  in  the  blood  as  a  result  of  the 
disease.  So  commonly  does  a  convidsion  mark  the  out- 
set of  inflanuiiatory  disease  and  acute  infectious  fevers 
of  infancy,  that  it  would  almost  appear  that  in  these 
little  jiatients  the  eclamptic  seizure  corresponds  to  the 
chill  whicli  ushers  in  similar  diseases  in  adults  and  grown 
children.  This  substitution  of  a  convulsion,  an  eminently 
nervous  phenomenon,  for  a  chill,  corresponds  to  the  ex- 
alted irritability  of  the  nervous  system  characteristic  of 
infants.  This  excess  of  irritability  is  especially  marked 
in  the  medulla  oblongata;  and  since  the  studies  of  most 
observers,  among  others  Schroeder  van  der  Kolk,'  point 
to  the  medulla  as  the  starting-point  of  the  changes  re- 
sulting in  an  epileptiform  convulsion,  the  increased  liabil- 
ity to  convulsions  at  this  earlv  age  is  readily  explicable. 
How  shall  we  explain  the  occurrence  of  this  febrile  form 
of  eclampsia?  Is  the  convulsion  due  to  the  fever,  or  to 
some  mysterious  infection  of  the  blood  by  the  poison  of 
the  disease  of  which  the  fever  is  a  symptom?  Authori- 
ties differ  as  to  this  point,  the  tendency  being  to  in<li- 
vidualize  and  explain  the  occurrence  of  the  eclampsia  in 
distinct  ways  for  different  diseases.  In  the  first  place,  in 
inflammations  of  the  brain  and  meninges  the  convul- 
sions are  not  eclamptic,  being  dependent  upon  a  material 
lesion  of  the  nervous  centres.  But  the  eclampsia  intro- 
ducing an  attjick  of  pneumonia,  pleurisy,  measles,  or 
scarlet  fever,  how  is  this  produced?  iSteiner'' considers 
the  convulsions  which  precede  an  attack  of  pneumonia 
as  the  reflex  result  of  the  irritation  of  the  peripheral  fila- 
ments of  the  pneumogastric  distributed  to  the  congested 
lung.  The  weakness  of  this  explanation  does  not  lie  in 
the  fact  to  which  Sollmann  '  calls  attention,  that  eclamp- 
tic convulsions  do  not  occur  in  all  cases  of  pneumonia  in 
children,  but  rather  in  this,  that  the  convulsions  are  not 
so  fre()uently  rejieated  as  we  should  expect  were  this 
theory  true,  for  the  lung  remains  congested  during  many 
hours,  while  the  convulsion  lasts  but  a  few  minutes,  and 
in  many  cases  is  not  repeated.  We  do  not  think  that  any 
further  explanation  of  the  eclampsia  of  the  early  stage 
of  pneumonia  need  be  given  than  that  it  is  due  to  the 
high  temperature  which  ushers  in  the  disease.  The  rapid 
and  bounding  jiulse,  characteristic  of  the  febrile  process, 
produces  cerebral  hypernemia,  the  already  over-excitable 
medulla  is  rend<Ted  more  excitable,  and  a  convulsive  dis- 
charge of  nerve  force  takes  place;  the  cause  here  is  evi- 
dently simply  increased  temperature,  and  its  recognition 
serves  as  an  imjiortant  indication  for  treatment. 

In  the  acute  infectious  diseases,  one  might  readily  be 
excused  for  supposing  that  the  initial  convulsion  is  most 
probably  due  to  the  altered  condition  of  the  blood.  The 
bacteria  of  scarlet  fever,  as  well  as  those  of  measles  and 
diphtheria  and  other  infectious  diseases,  may  well  have 
so  changed  the  blood,  even  in  the  opening  stages  of  the 
diseascas  no  longer  to  enable  it  properly  to  nourish  the 
nerve  centres;  accordingly  such  writers  as  Soltmann  '  and 
Henoch*  consider  that  tlie  eclampsia,  even  in  the  onset 
of  these  diseases,  is  mainly  due  to  the  toxremia;  and  yet 
these  convulsions  frequently  do  not  occur  in  the  most 
severe  cases,  and  do  occur  in  the  mild  ones.  The  toxa?mia 
must  be  regarded  as  varying  in  direct  proportion  to  the 
severity  of  the  affection, "and  the  same  should  be  true  of 
the  convulsions  to  enable  us  to  accept  the  view  of  He- 
noch. We  do  find,  however,  that  in  most  of  the  cases  in 
which  convulsions  have  occurred,  the  temperature  was 
very  high,  irrespective  of  the  severity  of  the  disease.  I 
recall  a^  case  in  ray  own  experience,  similar  to  one  re- 
ported by  Hunter. "  "in  which,  with  the  onset  of  a  varicella, 
the  temperature  rose  to  10.5°  F..  and  the  child  had  tw» 
eclamptic  convulsions;  on  the  succeeding  day  the  temper- 
ature had  fallen  and  the  little  patient  was  able  to  run 
about  in  the  room.     One  can  cause  the  cessation  of  re- 
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peated  eclamptic  attacks  in  a  case  of  commcnciug  in- 
fections disease  by  the  application  of  a  cold  bath.  For 
these  reasons  it  would  nppiar  that  in  lluse  cases  also 
the  active  cause  of  the  couvulsiou  is  the  iiiereiised  heat 
of  the  body.  It  must  l)c  acknowledged,  however,  tliat 
tliere  are  cases  in  which  the  specific  to.\;emia  of  the  dis- 
<?ase  is  so  great  tliat  the  nervous  centres  are  completely 
overwhelmed.  In  these  cases  tlie  convulsions  are  really 
to.xic  in  <haracter.  and  are  far  more  fatal  than  those  de- 
peniliui;  upon  the  fevtr;  liere.  too,  we  shall  iiften  tind 
upon  post  mortem  e.\aminatii>ninllanuiiatorydisturl)ances 
of  the  bnun  and  spinal  cord.  In  the  vus't  majoritv  of 
cases  of  eclampsia  occurriug  early  hi  the  course  Of  infec- 
tious diseases,  reduction  of  temperature  will  result  in 
cessation  of  the  convulsions.  The  diseases  in  which  this 
febrile  form  of  eclampsia  may  occur  include  almost  all 
of  the  febrile  affections  of  cliildhood.  that  is.  all  of  the 
acute  infectious  diseases,  among  which  must  not  be  for- 
gotten cry.sipelas  and  tyi)hoid  fever:  also  all  of  the  in- 
tlammatoiy  affections  of  the  respiratory  organs,  such  as 
laryngitis,  bronchitis,  jdeurisy,  and  pneumonia;  and 
the  acute  catarrhal,  croupous,  and  diphtheritic  affections 
of  the  throat  and  pharyu.x.  Fel)rile  eclampsia,  although 
more  freiiuentat  the  out.set  of  febrile  diseases,  may  occur 
later  on  i  n  the  course  of  these  diseases.  As  already  stated, 
the  eclampsia  then  occurring  is,  as  a  rule,  dependent  upon 
I)lood  changes;  but  not  neces.sarily,  for  although  the 
nervous  system  of  the  child  seems  to  become  habituated  to 
mere  elevated  temperature,  yet  a  great  and  sudden  rise 
of  the  fever  at  any  stage  of  the  disease  may  produce  a 
convulsion.  Thus,  I  have  .seen  a  convulsion  occur  in  a 
child  suffeiiug  from  a  pneumonia  on  the  evening  before 
the  critical  day,  the  convulsion  being  simultaneous  with 
the  highest  ri.se  of  the  temperature  curve. 

ilalarial  fever,  according  to  many  authorities,  fre- 
quently luis  the  chill  which  ushers  in  the  paroxysm  in 
adults,  replaced,  in  children,  by  a  convulsion. 

Malarial  eclampsia,  so  called,  is  most  frequent  in  in- 
fants under  three  years  of  age  suffering  from  intennittent 
fever.  In  older  children  the  convulsion  is  absent  while 
the  chill  is  present  When  the  convulsion  takes  the 
place  of  the  chill  it  is  said  to  be  exceedingly  severe  and 
may  last  for  hours;  sometimes  each  recurrence  of  the 
malaiial  i^aroxysm  is  accomjianied  by  a  convvilsion. 
Dubrisay "  reports  a  case  in  which  the  convulsion  re- 
curred with  eleven  distinct  malarial  paroxysms.  These 
convulsions  are  probably  toxic  in  character. 

Parotitis,  when  accompanied  by  high  fever,  may  be 
an  etiological  factor  in  the  production  of  an  attack  of 
eclampsia.  Dysentery,  gastritis,  cholera  infantum,  all 
of  these  when  accompanied  by  high  fever  may  produce 
a  convulsion.  Here  again,  however,  we  must  distinguish 
the  febrile  convulsions  from  tho.se  which  occur  in  the 
later  stages  of  these  diseases  and  are  dependent  upon  the 
cerebral  vascular  changes,  of  which  the  depressed  fon- 
tanel is  so  characteristic  a  symptom.  In  conclu.sion,  it 
may  be  said  that  any  affection  accompanied  by  high  fever 
may  result  in  an  eclamptic  attack  in  infants. 

Rejitx  Ediiiitpsiii. — By  the  term  reflex  eclampsia,  which 
is  the  second  subdivision  imder  which  we  shall  discuss 
the  subject,  we  mean  that  form  of  eclampsia  whieh  is  the 
reflex  motor  expression  of  some  peripheral  initation  of 
sensitive  nerves.  Such  motor  manifestations  as  a  reflex 
result  of  peripheral  irritation  are  not  imfamiliar,  even  in 
adult  life ;  as  an  instance  we  have  the  hysterical,  and  even 
epileptic,  manifestations  in  females  as  a  result  of  uterine 
<lisease.  In  infants  the  inhibitory  action  of  the  brain  over 
the  spinal  cord  is  still  in  abeyance,  and  reflex  action  is 
more  uncontrolled;  there  is  an  exalted  irritability  of  the 
spinal  cord,  and  hence  these  little  patients  are  excellent 
subjects  for  the  full  manifestation  of  the  evil  effects  of  a 
constant  peripheral  irritant.  Among  the  most  constant  of 
these  peripheral  irritants  during  infant  life  is  dentition, 
and  this  is  accordingly  the  most  freipient  cause  of  reflex 
eclampsia.  There  are  those  who  believe  that  dentitirtn. 
Ijeing  a  physiological  process,  cannot  be  connected  with 
the  production  of  so  serious  a  pathological  condition  as 
convulsions,  but  they  arc  of  right  in  the  minority.     When 


it  shall  have  been  proved  that  other  physiological  proc- 
esses are  never  productive  of  serious  morbid  stales,  then 
we  shall  give  some  credence  to  such  a  view;  fnr  the 
present,  it  is  emphatically  the  opinion  of  the  vast  ma- 
jority of  authorities  tliat'dilHcull  di-ntiliim  is  freipiently 
the  only  assignable  cause  foraserii'sof  eclamptic  attacks. 
The  convulsion  is  often  followed  in  a  short  lime  bv  the 
appeamnce  of  one  or  two  teeth;  some  children  have  a 
convulsion  preceding  the  breaking  through  of  almost 
every  tooth.  We  deprecate  the  assigning  of  dentition  as 
a  cause  for  almost  all  the  di.seases  to  whicli  infant  lifi'  is 
liable;  but,  (in  the  other  hand,  we  jilace  this  phvsiological 
process  as  Ihe  chief  among  the  piripheral  excitants  wliic'h 
sometimes  result  in  reflex  eclampsia  in  infants.  To  ac- 
count for  the  occurrence  of  these  convulsions  during  the 
period  of  tirst  denlition,  and  their  almost  imiform  absence 
during  that  of  the  second,  it  is  only  neces,sarv  to  re- 
member that  the  condition  of  exalted  irritability  of  the 
nervous  centres,  which  is  i)resent  in  infants,  is  not  pres- 
ent ill  till-  older  children  ;  lience  a  similar,  or  even  greater 
irritation  will  fail  to  ]iroduce  a  convulsion  in  the  older 
child,  which  in  the  infant  might  have  produced  a  seri(ms 
eclampsia.  The  gastroenteritis,  which  is  one  of  the 
direct  results  and  a  c<mcomitant  ccmdition  of  ditlicult 
dentition,  may  cause  an  attack  of  echmipsia  in  teething 
infants.  In  this  case  we  would  consider  the  eclamptic 
attack  the  result  of  the  toxiemia  caused  by  the  auto-infec- 
tion from  the  stomach  and  intestinal  tract,  and  not  due 
to  an  irritation  of  the  peripheral  nerves  terminating  in 
the  gums.  For  an  excellent  discussion  of  the  subject  of 
dentition  eclampsia  I  would  refer  the  reader  to  Fleisch- 
mann '  and  Politzer.'" 

Helminthiasis  is  another  condition  which  is  supposed 
by  many  authorities  to  give  rise  in  some  cases  to  eclamp- 
sia infantum.  Such  convulsions  occur  more  frequent- 
ly with  the  larger  worms  (roundworms,  t*nia).  I  re- 
call a  severe  epileptiform  attack  in  an  adult,  who  had 
never  suffered  from  epilepsy,  which  preceded  the  expul- 
sion of  a  tapewoi-m.  Other  authorities  give  undoubted 
cases  in  which  the  convulsions  were  the  precurs(jrs  of 
the  discharge  of  large  quantities  of  worms.  It  must 
not  be  forgotten,  however,  that  the  convulsions  may  de- 
pend upon  the  inlesriual  catarrh  which  is  the  result  of 
the  helminthiasis.  Here,  again,  the  toxtemia  resulting 
from  the  auto-infection  from  the  bowels  is  the  cause  of 
the  convulsions.  The  auto-infection  may  also  be  caased 
by  the  absorption  of  toxic  products  specific  to  the  parasite 
or  such  as  arise  from  undigested  food  due  to  the  catarrhal 
enteritis  produced  by  the  presence  of  the  parasite. 

The  irritation  of  indigestible  food,  or  food  in  too  large 
quantities,  may  be  the  cause  of  a  convulsion.  In  these 
cases,  again,  the  convulsions  may  be  reflex  in  character 
as  a  result  of  the  irritation  of  the  indigestible  matter 
in  the  stomach,  or  they  may  be  produced  by  an  acute 
rise  of  temperature;  finally,  the  spasm  may  be  the  result 
of  a  toxai'mic  condition  of  the  blood.  If  the  attack  be 
the  result  of  the  irritation  of  imligestible  food,  it  gener- 
ally occurs  soon  after  the  ingestion  of  the  offending 
nutriment.  Children  vomit  so  readily  that  emesis  will 
generally  free  the  stomach  from  this  irritant,  and  thus 
prevent  a  repetition  of  the  attack.  This  cause  of  eclamp- 
sia has  been  acknowledged  and  well  recognized  as  far 
back  as  the  time  of  Hippocrates. 

lam  disposed  to  class  under  this  head  Ihe  occasional 
attacks  of  eclampsia  resulting  from  pnepufial  irritation 
and  masturbation  "  in  children.  Where  these  attacks  are 
frequently  repeated,  they  would  with  more  propriety  be 
clas.sed  as  epileptic.  Other  ])eripheral  irritants  have  Ijeen 
observed,  by  good  authorities,  to  produce  convulsions  in 
children.  Soltmann  mentions  a  ca,se  in  which  ascent  of 
the  testicles  into  tlie  inguinal  canal  resulted  in  a  convul- 
sion Foreign  bodies  in  the  eais  have  been  repeatedly 
shown  to  be  active  in  the  prfKluction  of  a  convulsion. 
Scalding  of  the  surface  of  even  a  small  portion  of  the 
body,  or  any  other  extremely  painful,  sudden  injury, 
even  if  of  short  duration  and  of  slight  character,  has 
been  suflicient  to  produce  an  eclamptic  attack. 

Totic  EcidiHpsia. — The  group  of  toxic  eclampsia,  al- 
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though  least  understood,  is  by  far  the  most  interesting. 
In  this  class  I  include  all  eclamptic  attacks  which  seem 
to  depend  upon  some  blood  change  which  renders  it  un- 
fit to  uourisli  the  nerve  centres.  We  do  not  know  enough 
of  the  changes  produced  by  different  diseases  in  the  com- 
position and  constitution  of  the  blood  to  enable  us  to  state. 
with  e%en  an  approach  to  positiveness,  the  exact  altera- 
tion upon  which  tliis  toxic  action  of  the  blood  depends. 
In  some  cases  it  may  be  that  tliere  is  a  cliange  in  tlie 
quantity  or  quality  of  the  constituents  of  normal  blood; 
in  otlu-rs  foreign  substances  (toxins)  may  have  appeared 
in  addition  to  the  norma!  ingredients.  We  cannot  here 
enter  upon  a  discussion  of  the  various  kinds  of  toxaemia 
and  bactersemia  wliich  cause  the  septicaemia  in  the  differ- 
ent diseases,  but  the  fact  is  undisputed  tliat  the  blood  in 
such  conditions  acts  as  an  irritant  to  tlie  nerve  centres,  and 
this  irritation  manifests  it.self  in  eclamptic  seizures.  One 
fact  seems  to  be  cliaracteristic  of  tliis  form  of  eclampsia, 
and  that  is,  that  the  attacks  do  not  occur  at  the  outset,  but 
generally  in  the  course  of  a  disease.  To  this  group  belong 
the  convulsions  which  occur  in  the  course  of  a  pneumonia 
as  a  result  of  the  insufficient  aeration  of  tlie  blood  '':  and 
here  also  belong  the  convulsions  (Stickimgskrampf)  ac- 
companying the  dyspna'a  of  severe  croupous  and  diph- 
theiitic  laryngitis,  and  those  accompanying  the  dyspnoea 
of  prolonged  attacks  of  laryngismus  stridulus  and  whoop- 
ing-cough. As  will  be  seen  later  on.  in  every  coni])lete 
epileptiform  attack  the  clonic  convul.sions  are  the  result 
of  the  strangulation  ])roduced  by  the  early  tonic  spasm  of 
the  respiratory  muscles,  and  it  is  tlierefore  not  surprising 
that  similar  clonic  convulsions  occur  in  diseases  wliose 
chief  clinical  manifestation  is  spasm  of  the  respiratory 
muscles.'^  An  important  class  of  cases  belonging  to  this 
group  is  the  eclampsia  of  scarlet  fever,  which  is  the  re- 
sult of  a  concomitant  kidney  affection  with  albuminuria. 
The  retention  of  the  urea  in  the  blood  is  the  cause  of  the 
convulsion.  The  occurrence  of  eclamptic  attacks  in  ]iri- 
mary  or  secondary  parenchymatous  nephritis  is  a  frequent 
symptom  in  these  conditions  of  the  kidney.  The  con- 
vulsions occurring  in  the  course  of  acute  diseases  wliich 
are  non-febrile,  but  which  seem  to  be  dependent  upon 
the  action  of  the  poison  of  the  disease  process,  are  well 
recognized,  although  we  cannot  define  the  nature  of  the 
toxasmia  in  each  individual  case.  We  must  not  forget 
to  mention,  under  this  head,  convulsions  occurring  as  a 
result  of  permitting  infants  to  nurse  at  the  breast  of  a 
mother  wlio  has  undergone  some  severe  fright  or  mental 
shock.  At  the  risk  of  being  accused  of  belief  in  wliat  is 
vague  and  unproven,  I  must  express  my  conviction  that 
nervous  shock  certainly  does  imjiair  and  alter  the  charac- 
ter of  tlie  milk  secreted  by  the  mother.  The  experience 
of  ages  teaches  that  a  frightened  mother  should  not  nurse 
her  child. 

Eclatnjma  of  Rachitis. — The  eclamptic  attacks  which 
occur  in  rachitic  children  we  place  in  a  separate  group, 
partly  because  eclamptic  attacks  are  very  frequent  in 
rachitic  children,  owing  probably  to  the  especially  exalted 
irritability  of  the  nervous  system,  which  is  characteristic 
of  rachitic  children ;  but  chiefly  because  one  variety  of 
eclampsia  occurs  in  rachitic  children  exclusively;  this  is 
the  condition  known  as  laryngismus  stridulus  cr  laryngeal 
eclampsia. 

Although,  theoretically,  all  cases  of  eclampsia  ought  to 
fall  under  one  or  more  of  the  four  groups  into  which  I 
have  divided  the  subject,  yet  clinically  there  may  be  cases 
which  will  not  seem  to  depend  upon  any  one  of  the  as- 
signed causes,  and  will  have  to  be  classified  as  a  sepa- 
nite  and  distinct  group,  termed  idifipathic  eclampsia — in 
other  words,  cases  that  cannot  lie  classified  etiologically. 
This  group  will  probably  diniinish  with  knowledge  and 
inipioved  methods  of  examination. 

Etiologt. — It  has  already  been  stated  that  infants 
have  a  marked  predisposition  to  the  occurrence  of  attacks 
of  eclampsia.  W^hy  this  should  be  so  has  occupied  the 
attention  of  many  excellent  observers,  among  whom  may 
be  mentioned  Notlinagel  and  Soltmann,  the  latter  of 
whom  has  wiitten  a  monograph  on  the  peculiarities  of 
function  in  the  brain  and  spinal  cord  of  infants.     Clini- 


cally, we- recognize  that  children  under  two  years  of  age 
are  more  frequently  seized  with  eclampsia  than  children 
beyond  that  age.  So  frequent  is  this  disease  in  infancy 
that  it  may  be  counted  as  the  most  fatal  pathological 
condition  to  which  infancy  is  liable.  By  this  is  not 
meant  that  the  prognosis  of  all  attacks  of  eclampsia  is 
necessarily  bad.  On  the  contrary,  the  prognosis  is  very 
good,  but  so  frequent  is  the  condition  itself  that  not- 
withstanding its  comparatively  favorable  prognosis  it 
still  causes  the  death  of  more  infants  than  does  any  other 
affection.  The  fact  that  it  occurs  most  frequently  dur- 
ing the  period  of  dentition  led  luany  of  the  older  writers 
to  ascribe  eclamp.sia  to  the  dentition  process;  but  the 
exalted  reflex  irritability  of  the  spinal  cord  in  infants,  as 
already  set  forth,  is  the  only  element  necessary  foaccinint 
for  the  predisjicisition  to  convulsions  shown  at  this  time 
of  life.  Ileiedity  is  an  additional  factor  whicli  helps  to 
augment  this  natural  jiredisposition.  Most  physicians  in 
active  practice  will  recall  families  in  wliich  all  of  the 
children  have  "spasms,"  while  in  other  households  such 
a  thing  is  entirely  unknown.  A  careful  examination  will 
generally  reveal  the  fact  that  in  the  former  class  of  pa- 
tients the  parents  are  of  a  nervous  temperament;  there 
may  lie  a  history  of  insjinity,  paralysis,  or  convulsions  in 
oilier  memliers  of  the  family;  in  other  words,  these  pa- 
tients give  a  neurotic  family  history.  It  does  not  appear 
tliat  either  sex  shows  any  predisposition  for  the  disease. 
Male  and  female  children  seem  to  be  e<inally  liable  to 
convulsions;  if  individual  experience  is  of  any  value  in 
this  connection,  1  think  I  have  observed  more  children 
with  convulsions  among  the  male  se.x  than  among  females. 
As  to  the  exciting  causes,  they  have  been  thoroughly 
discussed  in  a  previous  paragraph. 

Rickets  is  a  fre<]neiit  cause  of  eclampsia,  owing  to  a 
variety  of  pathological  conditions  which,  while  they  are 
the  direct  result  of  the  rachitic  changes  in  theti.ssues  and 
fluids  of  the  body,  affect  the  brain  and  spinal  cord  more 
especially.  Such  convulsions,  when  the  result  of  a  gross 
lesion  of  the  brain  luid  spinal  cord,  are  not  to  be  classed 
as  true  eclampsia  for  the  juirpose  of  this  article.  Fre- 
quently eclamptic  attacks  in  rachitic  children  are  the  re- 
sult of  a  febrile,  reflex,  or  toxic  condition,  insufbcient  in 
degree  to  have  produced  convulsions  in  healthy  children, 
yet  sufficient  to  disturb  the  balance  of  the  delicately 
"poised  nervous  system  of  these  rachitic  patients;  so 
that  the  jiresence  of  rachitis  is  a  pi'edisposing  factor  in 
the  causation  of  convulsions. 

In  addition  to  this,  as  we  shall  see  when  discussing  the 
pathology  of  eclamp.sia,  laryngismus  stridulus  is  a  form 
of  eclampsia  affecting  rachitic  children  exclusively.  It 
is  the  result  in  most  cases  of  an  auto-infection  caused  by 
the  ab.sorption  of  toxic  materials  produced  in  the  stomach 
and  bowels  of  rachitic  children.  This  toxaemia  thus  ))ro- 
duced,  acting  u|)on  the  extremely  irritable  nervous  cen- 
tres of  rachitic  children,  initiates  a  central  irritation  pass- 
ing to  the  motor  nerves  of  the  larynx. 

It  would,  however,  appear  that  such  a  selective  action 
of  the  toxic  products  of  the  blood  upon  the  central  origin 
of  the  larynircal  mcitnr  niTves  must  necessarily  be  initi- 
ated and  aided  by  ;iii  irritation  passing  from  the  respira- 
tory tract,  of  which  the  glottis  is  the  entrance,  to  nerve 
centres.  Such  an  irritation  is  found,  first,  in  the  catar- 
rhal conditions  affefting  the  respiratory  tract  of  rachitic 
children;  second,  in  the  malformations  of  the  thorax 
characteristic  of  rickets;  third,  in  the  inflamed,  enlarged, 
and  frequently  suppurating  bronchial  glands,  which  by 
pressure  upon  the  motor  and  sensory  nerves  of  the  larynx, 
initiate  or  aid  an  irritation  which  finds  its  peripheral  ex- 
pression in  an  attack  of  laryngo-spasm. 

Symptom.ktoi.ogy. — A  typical  attack  of  eclampsia  may 
be  divided  into  two  stages:  First,  the  prodromal  stage; 
second,  the  convulsive  stage. 

It  is  necessary  to  state  that  in  many  cases  the  first 
stage  is  entirelyabsent,  and  the  second  is  so  brief  as  to 
be  scarcely  noticeable.  Slany  authorities  have  considered 
that  the  symptoms  described  under  the  head  of  premoni- 
tory symptoms  are  simply  the  marks  of  the  general  dis- 
tur'baiice,  of  which  the  eclampsia  is  the  result.     Thus 
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restlessness,  a  premonitorj-  s3-mptom  to  which  all  writers 
draw  attentiou.  may  simply  be  a  siffu  that  there  is 
something  wrong  with  the  little  patieiit,  without  really 
foreshadowing  a  convulsion.  There  can  be  no  doubt", 
however,  that  many  children  who  are  about  to  have  a 
convulsion  show  Ibis  by  a  certain  aggregation  of  iilicnom- 
ena  which,  to  the  anxious  mother  who  has  already  expe- 
rienced a  convulsion  in  her  infant,  are  the  mutterings 
preceding  the  coming  storm.  In  one  variety  of  cases  the 
child,  which  has  been  in  good  health,  is  observed  to  be 
feverish.  There  is  a  flush  in  the  face,  or  the  countenance 
may  be  exceedingly  pale.  The  sleep  is  restless,  the  child 
starts,  it  grinds  its  teeth.  As  it  lies  dozing  it  may  smile 
occasionally,  or  there  maj'  be  a  convulsive  twitching  of 
the  lips  and  muscles  of  the  face.  The  eyes  are  half 
clo.sed,  the  nostrils  move  irregularlj-.  It  throws  its  arms 
and  legs  about,  occasionally  it  sighs  deeply,  the  breatli- 
ing  is  irregular,  although  uot  stertorous;  now  and  then 
the  whole  bod_v  starts  violently,  sometimes  waking  the 
patient  and  causing  it  to  cry  fretfully,  to  be  followed 
again  by  drowsiness.  These  cases  ma}'  be  tenneti  the 
somnolent  cases.  There  are  others  in  which  the  pictuie 
is  an  entirely  different  one.  The  little  one  is  abnormally 
wakeful,  it  appears  to  be  more  than  usually  bright,  the 
cheeks  are  flushed  as  though  with  hectic :  the  eyes  sparkle, 
the  pupils  are  enlarged ;  the  muscles  of  different  portions 
of  the  body  twitch — now  a  linger,  or  arm.  or  leg,  some- 
times the  eyelids,  again  the  face — the  child  laughs  more 
than  usual,  will  not  rest  in  the  lap  of  its  nurse,  seems  to 
prefer  activity  to  rest,  and  asks  to  be  taken  from  one  at- 
tendant to  another.  The  abnormal  brightness  and  rest- 
lessness increase,  until  suddenly  the  little  patient  is  thrown 
into  violent  convulsions.  In  these  cases  the  parents  will 
relate  how  bright  the  child  had  been  before  its  spasm. 
There  are  other  symptoms  which  may  well  be  termed 
premonitory,  although  not  so  frequently  observed  as  the 
two  varieties  just  described.  Thus  I  recall  a  little  one 
who,  in  four  out  of  six  attacks  of  eclampsia  (dentition), 
vomited  a  few  minutes  previous  to  its  attack.  There  are 
other  children  who  have  many  of  the  above-described 
symptoms  without  having  an  attack  of  eclampsia.  In 
tiie.se  cases  the  absence  of  the  complete  convulsion  is  due 
to  a  more  than  usually  well-balanced  nervous  system, 
which,  while  yielding  to  the  irritant  to  a  certain  extent, 
does  not  lose  control  of  the  "organ  of  mind  "  to  a  suffi- 
cient extent  to  place  the  body  under  the  influence  of  the 
purely  reflex  nervous  centres.  Many  cases  have  a  con- 
vulsion without  any  of  the  above-described  premonitor}' 
symptoms,  or  rather  without  any  having  been  observed. 
There  may  not  even  be  a  crj-,  but  suddenly  the  child 
falls  into  a  more  or  less  general  and  violent  epileptiform 
spasm.  The  convulsive  stage  follows  the  prodromal 
symptoms  after  a  shorter  or  longer  period.  But  the 
prodromal  stage,  as  has  already  been  stated,  may  be  en- 
tirely absent,  or  so  little  marked  as  to  escape  notice:  then 
the  convulsion  proper  sets  in  suddenlj-,  often  runs  a  rapid 
course,  and  the  child  recovers  without  sequelse,  so  that 
before  the  physician  has  arrived  the  child  appears  bright, 
and  as  though  nothing  had  happened.  This  convulsive 
stage  of  eclampsia  exactly  resembles  the  convulsive  stage 
of  epilepsy.  Indeed,  most  writers  have  agreed  that  the 
attack  its  such  is  indistinguishable  from  an  epileptic 
seizure  (Reynolds,  Hughlings  Jackson,  Xiemeyer,  Brown- 
Sequard),  While  this  is  true  for  a  typical  attack  of 
eclampsia,  as  compared  with  a  typical  attack  of  epileps}', 
we  shall  call  attention  to  several  points  peculiar  to  some 
attacks  of  eclampsia  when  we  come  to  consider  the  sub- 
ject of  differential  diagnosis.  The  little  patient,  who 
may  or  may  not  have  presented  the  premonitory  symp- 
toms above  described,  is  suddenly  heard  to  cry  but :  the 
cry  is  immediately  followed  by  a  tonic  spasm  of  the  vol- 
untary muscles;  the  body  is  thrown  into  the  position  of 
opisthotonus,  the  head  is  drawn  back,  the  veins  of  the 
neck  stand  out  prominently ;  the  arms  are  rigid,  abducted, 
and  partially  pronated ;  the  hands  are  tightly  clinched ; 
there  is  a  gurgling  sound  heard  from  the  throat,  as  though 
the  patient  were  choking;  the  teeth  are  firmly  closed,  the 
face  is  at  lirst  pale,  but  gradually  grows  congested  and 


dark;  the  pupils  are  dilated,  the  eyes  being  open.  This 
tonic  spasm  affects  muscles  of  respiration  as  well  as  the 
voluntary  muscles,  and  it  is  owing  to  this  fact  (Schroeder 
van  der  Kolk)  and  the  interference  with  the  venous  re- 
turn from  the  brain  that  the  other  clonic  .stage  of  the 
convulsion  is  due— that  is  to  sjiy,  the  clonic  spasm  is  the 
asphyxial  convulsion. 

Fortunately  the  severe  tonic  spasm  is  but  a  few  secoDds 
or  a  minute  in  duration;  were  this  not  so,  death  from 
asphyxia  during  the  tonic  spasm  would  be  more  fretpient. 
Even  as  it  is,  death  sometimes  occurs  at  this  stage  of  the 
spasm.  In  the  largest  number  of  cases  the  brief  tonic 
spasm  is  followed  bj'  clonic  general  convulsions.  The 
extremities  are  alternately  flexed  and  extended,  the  arms 
are  pronated,  the  bod)'  is  often  shaken,  and  sometimes 
even  raised  from  tlic  bed  in  the  violence  of  the  convul- 
sion. The  eyeballs  roll,  and  the  head  is  turned  to  one  or 
the  other  side  convulsively.  The  lower  jaw  is  moved 
forward  and  downward,  and  laterally;  the  tongue  is 
sometimes  caught  between  the  teeth  and  bitten ;"  there 
are  swallowing  movements  perfonned  by  the  larynx  and 
pharynx;  even  the  diaphragm  may  take  part  in  these 
clonic  convulsions,  giving  rise  to  iiiccough  which  Solt- 
mann  considers  a  very  dangerous  symptom.  Con.scious- 
ness  is  entirelj-abolisiied,  the  conjunctiviccan  be  touched 
without  the  patient  wincing.  During  this  stage  the 
sphincters  may  become  relaxed,  so  that  there  is  involun- 
tary passage  of  faeces  and  urine.  The  respiration  is 
i  stertorous,  the  pulse  frequent  and  intermittent.  The 
j  temperature  is  elevated  during  the  convulsion,  even  when 
I  the  spasm  is  of  non-febrile  origin;  in  that  case,  however, 
i  it  suijsides  very  rapidl}',  which  is  not  the  case  in  febrile 
eclampsia.  The  clonic  convulsions  may  last  from  a  min- 
ute to  half  an  hour.  In  this  respect  attacks  of  eclampsia 
differ  from  those  of  epilep.s)',  which,  as  a  rule,  are  not  of 
I  long  duration.  The  convulsions  gradually  diminish  in 
}  severity  until  they  cease,  although  convulsive  movements 
may  still  remain  localized  in  some  muscles  of  the  face  or 
upper  extremities  long  after  they  have  ceased  in  otlier 
portions  of  the  body.  The  patients  return  to  conscious- 
ness gradually;  they  are  at  first  irritable,  soon  thej'  be- 
come drow.sy,  and  frequently  fall  asleep.  Such  is  a  gen- 
eral description  of  an  ordinary  eclamptic  seizure.  This 
single  attack  is  followed  in  many  cases  by  a  repetition, 
either  shortly  after  the  first  convulsion  or  at  a  longer 
interval  depending  upon  the  etiology.  If  the  convulsion 
isof  the  febrile  variety,  the  reduction  of  temperature  will 
generally  cause  a  cessation  of  the  spasm;  should  it  be- 
long, on  the  other  hand,  to  the  toxic  or  reflex  group  of 
convulsions,  the  frequency  will  depend  u|5on  our  success 
in  combating  the  etiological  factor.  When  the  patient 
falls  from  one  convulsion  into  another,  giving  rise  to  a 
series  of  convulsions,  he  may  be  said  to  lie  in  a  condition 
analogous  to  the  status  epilepticus.  Such  a  status  may 
continue  for  days.  Eclampsia,  as  well  as  epilepsy,  may 
be  very  slight,  consisting  chiefly  of  a  brief  period  of 
rigidity  followed  by  little  or  no  clonic  spasm.  There 
may  even  be  nothing  but  slight  paleness,  accompanied 
by  momentary  loss  of  consciousness,  and  almost  immedi- 
ate recovery.  These  slight  attacks,  however,  are  not  so 
frequent  in  eclampsia  as  in  epilepsy  (petit  mal).  Local- 
ized spasm,  well  defined  in  characterand  unaccompanied 
by  loss  of  consciousness,  cannot  be  regarded  as  eclamp- 
tic ;  thus  a  spasm  of  one  arm  or  one  leg,  or  of  one  side  of 
the  face  alone,  even  with  loss  of  consciousness,  especially 
if  repeated,  would  point  to  a  local  cerebral  disease,  and 
therefore  cannot  be  classed  in  the  group  of  eclampsia, 
but  belongs  rather  to  the  class  of  localized  epilepsies. 

Lavyiigismns  Strid'dris. — The  condition  known  as 
laryngismus  stridulus,  of  which  we  have  already  spoken, 
while  eclamptic  in  character  is  peculiar  when  consiilered 
as  a  convulsion.  Cases  differ  from  each  other  in  severity 
to  a  ver)'  marked  extent.  In  mild  cases,  the  attack,  oc- 
curring in  children  affected  by  active  rachitis,  consists 
of  the  sudden  onset  of  a  peculiar  crowing  respirali<in,  re- 
peated several  times.  The  child  turns  |)ale.  a  look  of 
dread  overspreads  the  countenance,  the  loud  crowing 
respiration  becomes  very  rapid,  the  expiratory  efforts 
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being  very  short,  the  inspiration  loud,  crowing  and 
"wliooping  in  character.  There  is  generally,  however,  no 
■cough  after  inspiration  as  in  whooping-cough — the  face 
becomes  cjanotic,  consciousness  is  not  totally  lost.  The 
patient  very  suddenly  regains  his  normal  condition.  Such 
an  attack  may  last  from  a  few  seconds  to  a  minute  or 
two. 

A  second  chiss  of  cases  are  of  a  severe  character.  There 
are  sudden  paleness  and  total  stoppage  of  respiration,  fol- 
lowed by  phenomena  similar  to  those  described  in  the 
milder  attacks.  In  a  third  group  of  cases  the  spasm  of 
the  glottis,  initiated  as  in  the  first  and  second  classes,  is  so 
severe  and  long  in  duration  that  the  patient  is  temporarily 
asphyxiated.  The  face  and  body  are  cyanotic :  the  pupils, 
at  first  contracted,  become  dilated;  opisthotonos,  with 
some  spasms  of  the  whole  body  and  extremities,  is  in 
turn  followed  by  clonic  spasm  and  the  other  phenomena 
of  an  attack  of  a  more  or  less  general  eclampsia.  Such 
jittacks  of  lai'yugismus  stridulus,  however  frequent  they 
may  be,  generally  diminish  both  in  severity  and  in  num- 
ber, as  the  rachitic  disease  is  diminislied  and  cured. 
Even  in  the  worst  attacks  the  eclamptic  attack  is  gener- 
allj-  followed  by  the  sleep  of  exhaustion  and  the  patient 
wakes  up  in  a  normal  condition.  Death  from  asphy.xia 
very  rarely  occurs.  This,  howevei,  does  occasionally 
liappen  and  sometimes  in  cases  in  which  the  attacks 
have  been  very  mild.  The  frequency  of  the  attacks 
varies,  some  patients  having  very  few,  one  every  four 
■or  five  days,  others  one  a  day  or  night,  while  some  have 
as  many  as  forty  or  fifty  attacks  of  greater  or  less  sever- 
ity in  the  course  of  a  day.  The  severity  of  the  laryngo- 
«pasm  varies  with  the  severity  of  the  auto-intoxication 
of  the  particular  case.  The  attacks  are  generally  in- 
itiated by  some  irritation  or  excitement,  by  overloading 
of  the  stomach  or  bowels  with  food,  by  draughts,  by  cold 
■water,  by  fright,  indeed  by  any  external  irritation. 

Sequels. — Although  in  the  large  majorit}'  of  eclamp- 
tic attacks,  of  which  the  patients  do  not  die,  recovery  is 
■complete,  leaving  absolutely  no  sequelae,  the  text-books 
relate  a  large  number  of  possible  injurious  effects  from 
■eclampsia  infantum.  A  fatal  result  is  far  more  frequent 
in  these  seizures  than  is  generally  supposed.  Dr.  West, 
in  his  work  on  "  Diseases  of  Children."  showed  that  in 
London  the  proportion  of  deaths  from  convulsions  in 
children  under  one  year,  as  compared  with  deaths  from 
other  causes,  was  twenty-one  and  nine-tenths  per  cent.; 
from  one  to  three  years,  about  four  per  cent. ;  and  from 
three  to  five  yeare,  about  lluee  per  cent.  Other  authori- 
ties also  agree  that  eclampsia  is  the  most  fatal  condition 
to  which  children  under  one  year  are  subject.  It  isalmost 
impossible,  however,  to  estimate  what  proportion  of  in- 
fants thus  attacked  die,  since  only  fatal  cases  are  reported 
in  official  statistics,  while  private  statistics  are  neither 
sufficiently  numerotis  nor  sufficiently  trustworthy  to  be 
reliable.  Of  children  who  recover,  many  are  subject  to 
repeated  attacks,  even  under  slight  or  no  provocation, 
and  it  becomes  a  question  as  to  whether  the  eclampsia 
so  called  has  not  turned  into  chronic  epilepsy.  Among 
the  authorities  who  favor  the  view  that  chronic  epilepsy 
is  often  the  result  of  repeated  attacks  of  eclampsia  are 
R.  Demme  '^  and  E.  C.  Seguin."'  It  does  not  seem  at  all 
improbable  that  a  frequently  repeated  convulsion  may  so 
disturb  the  equilibrium  of  the  nervous  centres  as  to  render 
these  liable  to  initiate  a  convulsion,  even  under  slight 
provocation,  finally  tcnniuatiug  in  confirmed  epilepsy. 
It  is  more  probable,  however,  that  the  cases  in  which  a 
so-called  tendency  to  eclampsia  finally  terminates  in 
epilepsy  are  reall.v  at  the  start  epileptic.  Some  condi- 
tions frequently  known  to  give  rise  to  eclampsia  may 
have  been  present  at  the  time  of  the  first  attack,  and  a 
diagnosis  of  eclampsia  may  have  been  hastily  made;  such 
cases  will  be  cleared  up,  later  on,  by  the  more  or  less  fre- 
quent recurrence  of  the  attacks  without  any  cause. 

Some  of  the  more  immediate  sequehe  of  an  eclamptic 
seizure  are  ecchymoses  under  the  skin  and  conjunctiva. 
These  hemorrhages  appear  to  be  the  result  of  the  venous 
congestion  which  accompanied  the  tonic  sjMsm  at  the 
onset.     The  violence  of  the  clonic  spasm  may  be  so  great 


as  to  tear  muscular  fibres  or  tendons,  or  even  produce 
dislocations.  Indeed,  a  case  has  been  reported  in  which 
a  fracture  of  the  sternum  was  caused  by  the  violent  con- 
tractions of  the  rectus  abdominis.  Temporary  paralysis 
of  individual  muscles  or  muscle  groups  often  results  from 
an  attack  of  eclampsia;  this  seems  to  be  only  functional, 
however,  for  in  a  few  hours  or  days  power  returns,  and 
no  trace  of  the  jiaralysis  is  left.  Temporaiy  contracttires 
may  remain  in  the  muscles  that  have  been  the  seat  of  the 
greatest  convulsions;  thus  wry-neck  and  various  con- 
tractures have  been  observed  to  follow  an  attack  of 
eclampsia.  I  recall  a  case  in  which  the  fingers  of  both 
hands  remained  contracted  into  the  palm  of  the  hand  for 
two  days  after  an  eclamptic  convulsion;  but  in  a  short 
time  the  patient  recovered  full  use  of  his  hands.  I  can- 
not agree,  however,  with  those  who  claim  that  a  simple 
attack  of  eclampsia,  not  connected  with  any  lesion  of  the 
nervous  centres,  is  capable  of  producing  permanent  pa- 
ralysis or  contracture.  When  a  monoplegia  or  hemi- 
plegia seems  to  result  from  an  attack  of  eclampsia,  I  feel 
convinced  that  a  careful  clinical  examination  will  point 
to  the  suspicion  that  the  convulsion  was  the  result  of  a 
lesion  of  the  nerve  centres  resulting  in  convulsions,  rather 
than  that  the  eclampsia  had  resulted  in  the  pari;Iysis.  It 
is  claimed  by  those  who  hold  the  latter  view  that  these 
paralyses  are  the  result  of  lueniugeal  hemorrhages  over 
the  motor  area  of  the  cortex  of  the  brain  as  a  result  of  the 
convulsion.  It  is  possible  that  a  monoplegia  could  occur 
in  this  manner,  for  even  a  veiy  slight  hemorrhage  would 
be  sufficient  to  affect  the  functions  of  a  limited  area  of 
the  cortex.  A  hemiplegia,  however,  produced  in  this 
manner  would  necessitate  the  presence  of  a  clot  suffi- 
ciently large  to  interfere  with  the  whole  of  the  motor  area 
of  one  hemisphere ;  that  such  a  hemorrhage  should  occur 
as  a  result  of  an  attack  of  eclampsia  is  scarcely  conceiv- 
able. Some  common  congenital  deformities;  such  as 
club-foot,  for  instance,  have  been  ascribed  to  attacks  of 
eclampsia  occumng  in  foetal  life,  and  resulting  in  con- 
tractures of  the  muscles,  and  thus  in  club-foot,  coutract- 
tued  knees,  etc.  A  careful  study  of  these  deformities 
will  generally  reveal  their  true  etiology."  I  am  disposed 
to  consider  all  cases  of  permanent  paralysis  or  contracture 
(primary  or  secondary)  in  children  the  result  of  a  lesion 
of  the  nervous  centres,  of  which  the  convulsion  was  only 
a  symptom  ;  in  such  cases  there  will  generally  be  found 
some  more  rational  method  of  accounting  for  the  produc- 
tion of  the  iiaralysis  than  that  which  refers  it  to  menin- 
geal hemorrhage  as  a  result  of  eclampsia. 

Diagnosis. — Eclampsia  may  be  confounded  with  epi- 
lepsy, and  with  convulsions  due  to  disease  of  the  nervous 
centres.  From  epilepsy  it  can  be  distinguished  by  a 
careful  examination  into  the  previous  history.  The  older 
the  child,  the  more  often  the  convulsions  have  occurred 
without  any  recognizable  cause,  the  more  probable  be- 
comes the  diagnosis  of  epilepsy.  In  this  connection  it 
must  not  be  forgotten  that  attacks  that  were  originally 
eclamptic  may,  after  a  time,  when  the  convulsive  habit 
has  been  acquired,  become  epileptic.  Such  children 
must  be  carefully  watched,  and  should  any  suspicion  of 
the  presence  of  chronic  epilepsy  arise,  the  patient  must 
be  treated  accordingly. 

As  far  as  the  attack  of  eclampsia  itself  is  concerned, 
there  is  no  way  of  distinguishing  it  from  an  ordinary 
attack  of  epilepsy.  Convulsions  due  to  disease  of  the 
nervous  centres  have  certain  peculiarities  which  distin- 
guish them  from  ordinary  attacks  of  eclampsia.  One 
important  characteristic  is  that  these  convulsions  are  apt 
to  be  localized,  especially  if  due  to  chronic  brain  disease; 
lesions  of  the  various  motor  centres  will  give  rise  to  con- 
vulsions limited  to  portions  of  the  bod)'  supplied  with 
nerve  force  from  these  centres.  In  acute  diseases  of  the 
brain  and  spinal  cord,  and  the  meninges,  there  will  be 
other  symptoms  which  will  lead  to  a  diagnosis  of  the 
disease,  of  which  the  convulsion  is  only  one  of  several 
manifestations.  A  differential  diagnosis  of  the  different 
varieties  of  eclampsia  infantum  will  depend  upon  a  care- 
ful physical  examination  of  the  patient.  If  there  be  fever 
or  toxaemia,  they  should  be  recognized  together  with  the 
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diseases  which  have  produced  tliem.  If  tlie  convulsion 
appears  to  be  due  to  neither  of  these  causes,  we  should 
carefully  search  for  some  possible  peripheral  irritant, 
and.  if  possible,  remove  it.  Accuracy  of  diagnosis  is  apt 
to  depend  in  these  ca.«cs  Upon  the  broadness  of  our 
knowledge  of  diseases  and  conditions  of  infancy.  To  at- 
tempt to  treat  a  case  of  eclampsia  infantimi  without  at 
least  an  attempt  at  an  etiological  diagnosis,  is  to  submit 
the  patient  to  the  most  injurious  form  of  empiricism. 
The  convulsion  is  a  symptom  of  a  disease  which  the 
physician  must  detect.  AVe  must  search  for  the  pneu- 
monia, the  diphtlicria,  the  scarlet  fever,  the  cause,  and 
treat  that  at  the  Siuue  time  that  we  treat  the  svmptoni. 
From  tetany,  eclamptic  attacks  can  be  distinguished  tirst 
by  the  absence  of  loss  of  consciousness  in  tetany  and  the 
presence  in  the  latter  condition  of  drowsiness.  The  i)res- 
encc  of  Trousseau's  symptom  will  also  serve  to  distin- 
guish tlie  cases  of  tetany.  Tliis  consists  in  the  observation 
by  the  clinician  that  in  tetany  an  attack  of  spasm  can  be 
produced  by  compressing  with  the  fingers  the  point  of 
emergence  of  motor  nerves  from  l)ony  canals.  The 
•differential  diagnosis  from  hysteria  is  hardly  a  factor  in 
young  children.  Laryngismus  stridulus  can  be  differen- 
tiated from  whooping-cough  by  the  character  of  the  at- 
Ijjck  and  tlie  absence  of  the  short,  broken,  and  rapid 
<-ough  which  follows  the  long-drawn  inspiration  of 
whooping-cough. 

P.VTHOLOGV. — Eclampsia  infantum,  being  rather  a 
symptom  than  a  disease,  has  no  pathology.  It  is  true 
that  morbid  changes  have  been  found  in  the  nerve  cen- 
tres of  children  who  have  died  of  an  attack  of  so-called 
•eclampsia,  but  the  mere  fact  that  these  changes  were 
found  precludes  the  diagnosis  of  eclampsia,  which  is 
-essentially  a  convul.sion  that  does  not  result  from  any 
grave  lesion  of  the  nervous  centres.  It  is  possible  that 
repeated  attacks  of  eclampsia  result  in  subtle  changes  in 
the  nerve  centres,  but  if  this  be  the  case  the  changes  are 
not  discoverable  by  any  method  of  examination  practised 
in  the  present  stage  of  pathological  investigation. 

Concerning  the  physiological  mechanism  by  which 
an  attack  of  eclamp.sia  is  produced,  it  will  be  proper  to 
say  a  few  words.  The  subject  belongs  of  right  under 
the  head  of  epilepsy,  as  it  is  in  connection  with  epileptic 
■convulsions  that  it  has  been  more  thoroughly  studied. 
Clinically,  we  have  already  stated,  the  eclamptic  par- 
o.xysm  in  no  way  differs  from  an  epileptic  attack.  The 
mechanism  by  which  the  latter  is  produced  is  stated  by 
Reynolds,'*  in  his  "System  of  Medicine,"  as  follows: 

"The  derangement  consists  in  an  increased  and  per- 
verted readiness  of  action  of  these  organs  (medulla  and 
va.so-motor  system  of  nerves),  the  result  of  such  action 
being  the  induction  of  spasm  in  the  contractile  fibres  of 
the  vessels  supplying  the  brain,  and  in  those  of  the  mus- 
•oles  of  the  face,  pharynx,  larjnx,  respiratory  apparatus, 
^and  limbs  generally.  By  contraction  of  the  vessels  the 
brain  is  deprived  of  blood  and  consciousness  is  aixested: 
the  face  is  or  may  be  deprived  of  blood,  and  there  is 
pallor;  by  contraction  of  the  muscles  which  have  been 
Bientioned  there  is  arrest  of  respiration,  the  chest  walls 
Are  fixed,  and  the  other  phenomena  of  the  first  stage  of 
the  attack  are  brought  about. 

"The  arrest  of  breathing  leads  to  the  special  convul- 
rsions  of  asphyxia,  and  the  amount  of  these  is  in  direct 
proportion  to  the  perfection  and  continuance  of  the  as- 
phyxia. 

"The  subsequent  phenomena  are  those  of  poisoned 
Wood,  i.e.,  of  biood  poisoned  by  the  retention  of  carbonic 
acid,  and  altered  by  the  absence  of  a  due  amount  of 
oxygen." 

These  are  practically  the  views  held  by  Kussmaul  and 
Schroeder  van  der  Kolk,*  as  to  the  manner  in  wliich  a  par- 
oxysm is  produced;  the  causes  of  the  primary  derange- 
ment of  the  nervous  centres  will  vary  with  the  cause  of 
the  convulsions :  in  one  case  it  is  elevated  temperature, 
in  another  toxaemia,  in  a  third  a  peripheral  nervous  irri- 
tation, and  finally  the  changes  and  phenomena  due  to 
jrachitis. 

As  I  have  already  stated,  only  such  cases  of  rachitic 
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eclampsia  as  are  due  to  a  tosremia  depending  upon  auto- 
intoxication and  the  special  ca.ses.  already  considered,  of 
laryngeal  spasm,  are  properly  eclampsias.  Convulsions 
due  to  gross  lesions  of  the  brain  and  of  the  cranial  bones 
cannot  be  regarded  as  eclampsias  but  rather  as  .symp- 
tomatic epilepsies.  Thus,  for  instance,  the  condition  of 
the  skull,  known  as  craniotabes,  so  frequent  in  rickets 
of  very  young  children,  renders  the  brain  very  much  sub- 
ject to  external  pressure  owing  to  the  pliability  of  the 
cranial  bones.  Convulsions  due  to  such  pressure  over 
the  motor  cortex  of  the  brain  are  localized  epilepsies  due 
to  craniotabes.  Convulsions  of  a  general  characUr  due 
to  hydrocephalus,  whidi  is  one  of  the  results  of  rickets, 
would  also  be  excluded  from  functional  eclampsias,  being 
due  to  an  organic  brain  lesion.  Osleophytic  hyper- 
trophies of  the  inner  tables  of  the  skull,  causing  localized 
pressure  over  the  brain  structure,  especially  over  the 
motor  areas  of  the  cortex,  might  iiroduce  convulsions 
which  would  be  of  the  Jacksonian  tyjie  and  not  eclamp- 
sias, such  as  we  here  consider.  The'general  convulsions, 
however,  due  to  the  blood  changes  resuliing  from  the 
auto-infection  of  rickets,  as  well  as  such  as  result  from 
the  chlorotic  condition  of  the  blood  (lower  percentage 
of  hcemoglobin,  diminished  red  blood  globules)  found  in 
rickets,  and  those  due  to  febiile,  reflex,  or  toxic  causes, 
slight  in  character  and  yet  producing  convulsions  owing 
to  the  more  than  usually  excited  irritability  of  the  ner- 
vous centres  in  rachitic  children,  such  conviilsions  are  of 
right  classed  as  rachitic  eclampsia. 

As  to  why  convulsions  occur  in  febrile  eclampsia  is 
best  understood  by  discussing  some  important  points  in 
the  pathology  of  fever.  Fever  itself  is  a  nervous  phe- 
nomenon, the  effect  of  a  primary  derangement  of  the 
nervous  system.  Normal  temperature  is  dependent  upon 
the  maintenance  of  a  proper  proportion  between  heat  loss 
and  heat  production.  The  mechanism  whicli  controls 
this  proportion  resides  in  the  central  nervous  system. 
In  fever  this  mechanism  is  disturbed.  (Observers  have 
sought  to  localize  the  portion  of  the  nervous  system  in 
which  this  mechanism  resides.  There  isa  large  literature 
upon  this  subject,  and  although  much  work  must  yet  be 
done  before  we  shall  know  as  much  of  the  localization  of 
heat  centres  as  we  do  of  motor  nerve  centres,  or  of  the 
origin,  course,  and  distribution  of  thermic  nerve  tracts  as 
we  do  of  motor  tracts,  yet  this  much  has  certainly  been 
established  that  the  heat  function  of  the  body  is  under 
the  control  of  large  nervous  centres  chiefly  located  in  the 
brain  and  probably  distinct  from  the  motor  centres.  The 
thermic  nerve  tracts,  although  separate  in  the  brain  from 
the  motor-nerve  tracts,  are  closely  connected  with  the 
latter  at  the  medulla  oblongata. 

It  would  appear,  then,  that  an  attack  of  eclampsia, 
occurring  in  the  course  or  at  the  outset  of  a  dis<-ase  of 
such  a  character  that  the  accoinpjtnjing  elevated  tem- 
perature is  apparently  the  causative  element,  so  far  as 
the  convulsion  is  concerned,  calls  into  activity  two  sets 
of  nerve  centres — the  themiogcnic  centre  or  centres,  and 
the  convulsive  centre  or  centres. 

Hughlings  Jackson  has  shown  that  what  he  calls  a 
"discharging  lesion"  of  any  portion  of  the  brain  may 
initiate  the  action  of  the  medulla  as  a  convulsive  centre. 
We  do  not  know  the  nature  of  such  a  "discharging 
lesion  ":  it  leaves  no  trace  which  can  be  demonstrated  at 
the  post-mortem  table.  It  may  be  excessive  hypenvmia, 
or  ancemia.  or  some  minute  change  in  structure.  We 
have  no  means  at  present  of  demonstrating  the  lesion, 
A  similar  alteration  or  lesion  occurs  in  the  thermogenic 
centre  Its  effect  is  fever  or  rise  of  temperature;  s<'Cond- 
arily.  it  throws  into  activity  the  unstable  convulsive 
centre,  if  I  may  so  term  it,  in  the  medulla,  especially  in 
infants,  in  whom,  as  has  been  seen,  the  medulla,  together 
with  the  motor  centres,  is  in  an  exalted  state  of  irritation. 
Furthermore,  it  is  probable  that,  in  the  medulla,  the 
motor  and  thcnnic  nerves  are  intermingled.  What  more 
natural  than  that  an  irritation  of  the  one  results  in  an 
irritation  of  the  other?  Of  the  probable  correctness  of  this 
hypothesis  we  have,  however,  another  proof.  The  same 
reasons  that  would  lead  us  to  expect  that  the  irritation 


roo 


Eclampsia  lufantiiiu. 
Ectbrnia. 


REFERENCE  HAN'DBOOK  OF  THE  3IEDICAL  SCIEXCES. 


of  tbe  fever  centres  slinuld,  in  proper  subjects,  cause  an 
irritation  of  tlie  convulsive  centre  would  also  presuppose 
the  possibilit)-  of  a  reversal  of  this  process.  lu  other 
words,  we  should  e.xpect  the  activity  of  the  convulsive 
centre  to  produce  a  secondary  activity  of  the  fever  centre. 
This  is  certainly  fully  demonstrated  by  practical  ex- 
perience at  the  bedside.  All  authorities  are  agreed  as  to 
the  enormous  rise  of  temperature  which  occurs  in  the 
course  of  a  so-called  "status  ppilepticus."  The  epileptic 
falls  into  convulsions,  lepeated  at  very  short  intervals,  so 
that  the  patient  does  not  recover  consciousness  for  hours, 
or  even  days.  Shortly  after  this  condition  has  set  in  the 
temperature  begins  to  rise,  and  sometimes  reaches  an  enoi- 
mous  height.  Bourneville  has  seen  it  as  high  as  10Ti°  F. ; 
Reynolds  reports  equally  high  temperatures." 

Prognosis. — The  prognosis  of  an  attack  of  eclampsia 
resolves  itself  into  two  elements:  lirst.  as  to  the  fatal  or 
non-fatal  termination  of  any  attack,  and  .secondly,  as  to 
the  recurrence  of  the  convulsion.  Although  many  in- 
fants die  in  an  attack  of  eclampsia,  yet.  when  we  consider 
the  great  frequency  of  such  attacks,  those  that  die  are 
comparatively  few  in  numtxr.  The  prognosis  in  this 
respect  does  not  dei«iid  upon  the  severity  of  the  seizure; 
very  severe  convulsions  will  often  last  but  a  short  time 
and  terminate  in  complete  recovery.  The  duration  of 
an  attack  of  eclampsia  is  a  more  important  factor  in  the 
prognosis.  A  series  of  convulsions  of  long  duration, 
with  short  intervals  between  tlie  individual  attacks, 
renders  the  prognosis  grave;  and  yet  children  sometimes 
recover  after  lying  in  "status  couvulsivus"  for  one  or 
two  days.  Convulsions  in  which  one  side  appears  to  Ix- 
far  more  affecteil  than  the  other  are  nuich  more  apt  to  he 
fatal  than  those  in  which  the  difference  between  the  two 
sides  is  not  so  marked.  A  fatal  termination,  as  well  as 
a  repetition  of  attacks  of  eclampsia,  will  often  de|x'nd 
tipon  our  inability  to  remove  tlie  cause  which  lies  at  the 
root  of  the  derangement  of  the  nervous  centres.  An  at- 
tack of  eclampsia  may  be  repeatefl  either  within  a  short 
time  after  tJie  original  attack,  and  is  then  prolwibly  due 
to  the  same  cause  as  the  original  convulsion  ;  or  after  the 
lapse  of  >veeks  and  months,  and  must  then  be  studie<l 
with  reference  to  its  etiology  as  an  entirely  new  seizure. 
If  after  an  eclamptic  seizure  a  child  recovers  completely 
and  returns  to  its  noiinal  condition,  and  especially  if  the 
cause  of  the  convulsion  has  been  surmised  and  removed, 
the  prognosis  is  good,  the  con\ulsiou  will  prol>ably  not 
recur;  it  is  best,  however,  even  in  these  cases,  to  be 
guarded  and  prepare  the  i>atient  and  friends  for  a  recur- 
rence, rather  than  the  contrary.  In  the  large  majority 
of  cases,  however,  and  above  all  in  those  cases  in  whicJi 
the  cause  of  the  convulsion  cannot  L>e  removed  or  is  un- 
known, the  convulsion  is  apt  to  be  repeated:  the  more 
frequently  the  convulsion  is  repeated  during  a  limited 
period  of  time,  the  more  unfavorable  the  prognosis  as  to 
recovery.  The  convulsions  are  more  apt  to  be  multiple 
in  the  periphend  and  toxic  variety  of  eclampsia  than  in 
the  febrile.  The  reason  of  this  is  obvious,  inasmuch  as 
fever  is  a  condition  which,  temporarily  at  least,  may  be 
removed,  while  the  former  two  do  not  so  readily  admit 
of  treatment.  A  child  that  has  already  had  attacks  of 
eclampsia  is  far  more  liable  to  repeated  returns  of  con- 
vulsions, under  the  iutluenee  of  proper  exciting  causes, 
than  one  that  hasne\er  had  a  convulsion.  In  the  former 
case  the  nervous  system  has  already  shown  its  instability, 
and  hence  our  distrust.  In  conclusion  I  would  repeat, 
the  prognosis  depends  to  a  great  extent  upon  our  ability 
to  recognize  and  treat  the  cause.  In  rachitic  eclampsia, 
while  the  rachitic  disease  is  on  the  increase,  the  liability 
to  eclampsia  is  on  the  increase.  When  the  rachitis  is 
cured,  the  eclamptic  attacks  as  a  rule  no  longer  recur. 

Treatment. — In  discussing  the  treatment  of  eclamp- 
sia infantum,  we  would  repeat  what  has  been  urged 
concerning  the  necessity  of  a  careful  differential  diagnosis 
as  to  the  etiology  of  tlie  convulsion.  We  should  distin- 
guish whether  the  convulsion  belongs  to  the  febrile,  the 
toxic,  or  the  peripheral  group  of  convulsions.  If  it  tie- 
longs  to  the  former,  the  abnormally  elevated  temperature 
should  be  reduced  as  speedily  as  liossible.     For  this  pur- 


pose rapid  and  certain  means  should  be  employed.  Cold 
sheets,  sponging  with  equal  parts  of  cold  water  and  al- 
cohol dilutus,  cold  baths,  Ziemssen's  baths — all  of  these 
are  excellent  methods  of  reducing  the  temperrature  by 
external  means,  and  our  choice  should  be  governed  by 
general  principles.  Among  antipyretic  drugs,  the  best, 
most  trustworthy,  and  most  rapid  antipyretic  is  anti- 
pyriu,  in  proper  doses  and  at  proper  intervals.  I  am 
accustomed  to  give  to  children,  a  year  old,  gr.  v.  every 
hour  until  two  doses  have  been  taken,  and  to  repeat  the 
dose  in  six  hours  if  the  temperature  shows  a  tendency 
to  rise  again.  The  object  being  to  reduce  temperature, 
the  drug  niu.st  be  used  in  sufficient  quantity  to  effect  our 
purpose.  If  the  convulsion  be  of  the  toxic  variety,  the 
indication  is  as  far  as  possible  to  get  rid  of,  or  diminish, 
the  toxa?mia  of  the  blood ;  the  kidue_vs,  the  bowels,  and 
the  skin,  all  the  excretory  channels,  should  be  brought 
into  play.  An  enema,  together  with  a  cathartic,  should 
be  administered:  a  mustard  bath  should  be  gi\en  to  pro- 
duce sweating  and  to  make  the  skin  act  vicariously  for 
the  kidneys:  .should  these  organs  be  at  fault  diuretics 
should  be  ailministered  if  not  contraindicated  hy  the 
general  disease.  Should  the  convulsion  depend  upon  a 
peripheral  irritant,  it  must,  if  possible,  be  removed.  If 
the  stomach  lie  overloaded,  an  emetic  should  be  adnunis- 
tered  ;  if  constipation  appears  to  be  the  cause,  the  bowels 
must  beemptied.  Ifdentition  is  the  cause,  and  the  gums 
are  swollen,  lancing  is  indicated;  the  swelling  will  thus 
be  diminished,  the  teeth  will  be  more  easily  cut  through, 
and  the  irritation  removed;  if  helminthiasis  is  at  the 
root  of  the  evil  it  must  be  treated.  AVhatever  the  periph- 
eral irritant  may  be,  it  sluiuld  be  removed.  There  will 
be  many  cases  that  cannot  be  classitied,  which  must  be 
treated  on  general  principles.  In  addition  to  ti-eating 
the  etiological  element  in  any  attack  of  eclampsia,  it  has 
been  the  custom  of  physicians  to  administer  a  class  of 
drugs  known  as  antispa.smodics.  The  most  important 
of  these  are  the  bromides  and  chloral  hydrate,  and  dur- 
ing the  convtilsions  nmyl  nitrije  and  chloroform.  The 
bromides  should  !«•  given  in  comparatively  large  doses 
to  produi-e  a  beneficial  effect.  Thus,  I  am  accustomed 
to  give  gr.  vi.  to  gr.  viij.  every  tiiree  hours  to  children 
one  or  two  years  old ;  even  larger  doses  should  be  given 
if  necessary  until  the  convulsions  cea.se  and  sleep  is  pro- 
duced. Chloral  hyilrate  may  be  used  in  small  doses, 
eitlier  alone  or  in  combination  with  the  bromides.  I 
have  used  the  aniyl  nitrite,  a  few  drops  inhaled  from  a 
handkerchief  during  the  convulsions,  with  but  little  suc- 
cess: I  have  been  unable  to  convince  myself  of  its  utilit.v 
when  thus  presented  to  infants.  Should  the  convulsions 
be  very  severe  and  continue  for  a  long  time,  chloroform- 
ing the  little  patient  may  be  tried,  although  in  cases 
severe  enough  to  require  this  measure  the  convulsions 
are  apt  to  return  as  soon  as  the  effect  of  the  chloroform 
passes  away.  In  cases  in  which  the  bromides  must  be 
administered  during  a  convulsion,  it  is  best  either  to  in- 
ject the  drug  jicr  rectum  or  subcutaneously  in  solution. 
When  given  by  the  rectum  the  dose  should  be  at  least 
twice  as  large.  I  have  always  considered  the  applica- 
tion of  cold  cloths  or  ice-bags  to  the  scalp  as  super- 
fluous in  ordinary  eclampsia;  if  they  accomplish  any 
good  at  all  it  is  only  in  cases  in  which  reduction  of 
temperature  is  an  element  in  the  treatment,  and  in  these 
cases  we  have  more  effective  means  for  accomplishing 
this  result. 

For  the  attack  Trousseau  advised  compression  of  the 
carotids,  either  one  or  both,  until  the  convulsions  subsided. 
The  carotids  are  compressed  opposite  the  thyroid  carti- 
lages, by  pressing  the  arterj-  against  the  spiual  column. 
The  corresponding  side  of  the  face  thereupon  becomes 
pale  and  then  cyanotic.  In  most  cases  the  convulsive 
movements  gradually  cease  and  the  patient  falls  asleeji. 
Should  the  convulsion  not  cease  the  compression  must  be 
stopped  as  soon  as  tlie  c.vanosis  is  extreme.  The  com- 
pression may  be  repeated  at  quarter-  to  half-hour  inter- 
vals; should  it  then  not  succeed  in  checking  the  con^Til- 
sions  we  should  not  advise  its  repetition.  In  conclusion, 
it  must  not  be  forgotten  that,  whatever  may  be  the  dis 
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ease  of  which  the  convulsion  is  a  symptom,  our  attention 
must  be  mainly  liirected  to  the  treatment  of  it,  and  not 
to  the  treatment  of  the  convulsion  alone. 
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ECPHYMA  GLOBULUS.— A  name  given  to  a  contagi- 
ous skin  disease  that  manifested  itself  in  Ireland  during 
tlie  famine  years  of  1847-48  and  called  by  the  Irish 
jieasantry  "Button  Scurvy."  Frazer,  who  described  the 
disease,  thought  tliat  it  resembled  frambo^sia  or  yaws  of 
the  West  Indies.  It  seems  practic-ally  to  have  died  out. 
The  eruption,  according  to  Frazer.  occurred  on  any  part 
of  the  body  except  the  hands  and  feet,  the  lesions  starting 
as  slight  elevations  or  tubercles.  In  this  stage  the  .skin 
over  the  lesions  is  perfectly  normal.  Increasing  slowly 
in  size  the  tubercles  liecome  discolored,  gradually  soften, 
iinally  forming  prominent  deep-red  tumors  looking  like 
raspberries  though  considerably  larger.  These  persist 
for  an  indefinite  length  of  time  unless  treated,  but  the 
free  use  of  nitrate  of  silver  caoses  them  soon  to  heal. 

Charles  Toirnshend  Dade. 

ECTHYMA.— This  form  of  pustulosis  of  the  skin  is 
not,  strictly  speaking,  a  disease  .separate  and  distinct. 
It  is  rather  a  secondary  or  consecutive  lesion  occurring 
in  many  and  varied  disorders,  in  which  the  clinical  type 
remains  fairly  constant.  A  predilection  is  displayed  in 
most  eases  for  the  extremities,  the  lower  in  particular, 
but  the  trunk  and  neck  are  often  attacked. 

In  the  beginning  there  is  a  small  pustule  wliicli  gener- 
allv  takes  abounded  outline,  although  the  character  of 
the  loc'.il  injury  may  give  it  an  iinusual  appearance:  for 
example,  linear  in  infected  scratch  marks.  Wlien  fully 
developed,  the  pustule,  tense  or  flaccid,  is  seated  on  an 
indurated  base  whose  redness  fades  gradually  into  the 
surrounding  skin.  The  purulent  contents  soon  dry  into 
a  thick,  dark  crust,  adherent,  and  showing  on  removal  a 
superficial  ulceration  of  the  corium.  The  base  of  the 
ulcer  is  uneven,  due  to  indolent  granulation  tissue  and  of 
a  retl  or  grayish  color  from  the  presence  of  pus.  In 
syphilis,  the  crust  of  ecthyma  becomes  stratified  (nipial) 
like  the  shells  of  Crustacea,  due  to  spreading  of  the  lesion 
under  its  dried  cover.  The  ulcer  heals  slowly  and  with 
the  formation  of  a  small  scar,  which  is  always  evident 
when  the  patient  is  afterward  stri]i])ed  for  examination. 
Development  is  rather  slow,  but  the  individual  pustule 
usuallv  runs  its  course  in  a  fortnight.  It  may  be  single 
or  be  accompanied  by  others,  developed  either  coinciden- 
tally  or  appearing  in  successive  crops.  Subjective  symp- 
toms are  those  of  burning  and  pain ;  itching,  if  present, 
is  due  to  previous  disease. 

Erthifina  gangro'tiomiri  may  be  separated  from  the 
mass  (if  ecthyma  and  given  a  definite  place  on  account 


of  its  etiology  and  its  occurrence  in  young,  cachectic 

children.  The  lesions  are  apt  to  appear  on  the  buttocks, 
thighs,  and  pciineiim  and  tire  extremely  indolent.  Tlie 
ulcers  are  of  :i  deep  red  color  and  covere<l  by  a  dirty, 
tenacious  slough,  varying  in  size  up  to  that  of  a  silver 
<|tiarter  of  a  dollar.  The  earliest  lesiim  ob.serve<l  is  a 
brown  or  dtirk-red  discoloration,  which  soon  Ix-comcs 
necrotic.  In  Ivi'eibich"s  case  there  were  twenty-five  or 
thirty  ulcers  at  one  time. 

Etiology. — As  in  other  conditions,  especially  those  of 
a  purulent  character,  three  factors  determine  an  outbreak 
of  eclhynia:  tirst,  a  d(]irave4l  state  of  health,  second,  a 
point  of  entrance  of  diiiiinished  re.-iistance  for  (third)  the 
invading  organism.  The  diseas*-  attacks  all  ages  and 
both  sexes,  but  is  mon-  common  in  adult  males.  Low- 
ered vitality  may  simply,  as  in  vagalKjnds,  lesult  from 
insufficient  iKiurishmenl,  but  it  may  be  a  part  of  infec- 
tions like  syphilis  and  tulH'rculosis  (scrofuloderms  of 
Diihring),  or  of  diabetes.  Blight's  disca.se,  and  ana-mia. 
The  injury  to  the  tisstii'S  is  most  often  due  to  scratching 
commonly  <>(  louse,  bedbug,  and  flea  bites,  but  also  in 
the  course  of  the  pruiitus  of  eczema,  diabetes,  derma- 
titis herpetiformis,  and  senile  pruritus.  Localization  of 
specific  morbid  products  furnishes  a  portal  of  entry 
doubtless  in  the  granulomata.  syphilis,  and  tuberculosis. 
The  invading  organism  is  in  most  cases  the  streptococcus, 
inoculated  by  dirty  finger  nails,  clothes,  and  bedclothes. 
The  other  pus  cocci  of  course  may  be  prewnt.  The 
Bacillus  pyocyaneus  seems  to  be  res]K)nsible  for  ecthyma 
gangrfenosum — I  say  seems,  because  it  is  quite  possible 
that  it  is  inix;ulated  in  ulcers  jK-rhaps  due  to  another 
organism,  from  alvine  discharges.  At  any  rate,  it  has 
been  regularly  found  by  such  men  as  Ehlers,  Baginsky, 
and  Kreibich.     The  infants  are  invariably  cachectic. 

IIisTOP.iTHOi.oGY. — Tlie  patliological  process  begins  in 
the  corium  in  the  form  of  a  circum.scrilx'd  area  of  puru- 
lent inflammation.  The  cellular  infiltration  is  chiefly  of 
polynuclear  leucocytes,  the  vessels  are  dilated  and  con- 
gested, and  the  tissue  elements  at  the  periphery  are  sepa- 
rated b}'  a  serous  exudate.  Later,  a  central  necrosis  oc- 
curs with  complete  solution  of  fibres,  vessels,  and  skin 
appendages  in  its  area.  The  epithelium  covering  the 
4ius  collection  is  much  swollen,  ov^ing  to  an  intracellular 
as  well  as  an  intercellular  a?dema.  Many  of  the  cells 
show  hydropic  degeneration.  By  specific  staining,  a 
network  of  fibrin  can  be  demonstrated  at  the  centre.  The 
crust  is  composed  of  fibrin  filaments  in  whose  meshes  are 
entangled  epithelial  cells  and  leucocytes:  when  it  sepa- 
rates there  is  left  an  ulceration  which  extends  into  the 
cutis  and  which  heals  by  the  usual  process  of  granulation 
and  scar  formarion.  Slight  pigmentation  may  persist  for 
a  little  time. 

Di.*.GNOSis. — Differentiation  of  ecthyma  from  other 
pyodemiias  is  a  matter  of  small  importance  as  compared 
with  recognirion  of  the  underlying  condition.  Impetigo 
contagiosa  is  superficial  with  a  "stuckon^  crust  which 
leaves  on  removal  no  ulceration;  pustular  eczema  is  a 
diffuse  process  with  no  epidermal  destruction ;  furuncles 
show  unmistakable  necrotic  plugs.  The  ecthyma  of 
svphilis  has  an  indurated  base,  its  crust  commonly  takes 
on  a  rupial  character,  and  the  ulceration  is  apt  to  be  char- 
acteristically reniforin.  In  the  absence  of  external  fac- 
tors, careful  search  for  a  caussitive  systemic  condition — 
such  as  auamiia.  cachexia,  and.  too  often,  starv-ation — 
must  be  made.  When  the  skin  shows  excoriations  and  no 
pediculi  or  other  parasites  are  to  be  found,  it  becomes 
necessarv  to  decide  which  of  the  itching  dermatoses  is  at 
fault. — an  eczema,  an  urticaria,  a  pruritus,  or  a  dermatitis 
herpetifonnis. 

Prognosis. — The  outlook  is  invariably  good  so  far  as 
ecthvina  itself  is  concerned,  but  on  recovery  from  the 
pyodermic  condition  the  prognosis  becomes  that  of  the 
causittive.  un<lerlying  disease.  Ecthyma  gangrenosum 
is  alwavs  a  grave  cimdition,  merely,  however,  as  a  sign 
of  deep  svslemic  depression. 

Tre.\tmekt. — Soap  and  water,  good  food  and  tonics 
constitute  all  that  is  really  neces.sary.  Even  the  pustular 
syphiloderm  and  scrofuioderm  will  get  well  with  them 
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alone,  but  the  cure  may,  it  is  hardly  necessary  to  remark, 
be  hastened  by  appropriate  local  measures.  In  vaga- 
bonds' disease,  the  clothes  and  bedclothes  should  be 
boiled  to  kill  lice  and,  if  possible,  the  patient  should  be 
changed  to  a  clean  bed.  After  a  preliminary  bath,  the 
crusts  may  be  softened  by  sweet  oil,  boric-acid  poultices 
or  ointment,  and  removed.  The  bases  of  the  ulcers  are 
cleaned  with  hydrogen  peroxide  and  covered  by  antisep- 
tic surgical  dressings.  Gauze  soaked  in  fifty-percent, 
ichthyol  in  watery  solution  is  admirable  for  the  purpose 
since  it  never  starts  a  dermatitis  of  its  own.  The  solid 
stick  of  silver  nitrate  is  used  to  restrain  exuberant  granu- 
lations. In  dispensary  practice  where  elaborate  dress- 
ings are  usually  out  of  the  question,  ecthyma  heals  read- 
ily under  inunction  with  ten-percent,  sulphur  ointment, 
but  its  use  must  be  stopped  before  it  excites  a  reaction 
in  the  skin.  Treatment  of  underlying  cachexias  must  be 
left  for  consideration  in  their  proper  places. 

James  C.  Johnston. 

ECTODERM. — The  ectoderm  is  the  outermost  layer  of 
cells  in  the  embryo,  or  outer  germ  layer.  It  is  called 
ectoblast  by  some  German,  and  epiblast  by  some  English 
writers.  The  cells  early  arrange  themselves  so  as  to  form 
a  distinct  epithelium ;  in  the  median  line  of  the  embryo 
the  cells  become  thickened  and  give  rise  to  the  so-called 
medullary  groove,  out  of  which  the  nervous  system  is 
developed,  tliese  median  cells  becoming  entirely  sepa- 
rated from  the  rest  of  the  ectoderm,  which  thus  becomes 
the  embryonic  epidermis.  The  epidermal  ectoderm  de- 
velops all  the  epidermal  structures  of  the  adult,  and  also 
gives  rise  to  the  epithelium  of  the  auditory  labyrinth  and 
to  the  lens  of  the  eye,  as  described  in  the  special  embryo- 
logical  articles.  Charks  ^.  ilinoi. 

ECZEMA. — (Svnonvms:  Ger.,  Ecsem ;  Fr.,  Eczema; 
Tetter;  Salt  rheiim.)  " 

DEFrNiTiox. — Eczema  is  an  acute  or  chronic  inflamma- 
tory disease,  presenting  a  most  varied  as.sortment  of  cu- 
taneous lesions,  and  accompanied  by  more  or  less  intense 
itching,  burning,  or  pain.  The  lesions  consist,  at  first, 
of  erythema,  papules,  vesicles,  or  pustules,  which  mav 
subsequently  form  into  crusts  or  weeping  surfaces,  or 
infiltrated  and  scaly  patches. 

Gexer.^l  SvMPTOM.iTOLOGT. — All  eczemas  possess 
certain  characteristics  and  are  associated  with  definite 
general  symptoms  which  may  be  briefly  referred  to  before 
taking  up  the  study  of  the  disease  in  its  various  phases. 
Eczema  is  distinctly  an  inflammatory  affection,  and  as 
such  manifests,  in  some  degree  or  modification,  the  cardi- 
nal symptoms  of  that  process.  These  are:  (1)  congestion, 
with  swelling  and  increase  of  local  temperature;  (2)  fluid 
exudation  into  the  tissues,  with  the  formation  of  vesicles 
and  pustules,  or  with  a  discharge  upon  the  surface,  re- 
sulting in  crusts  and  scales;  (3)  plastic  exudation,  pro- 
ducing papules,  patches  of  infiltration,  and  thickening; 
and  (4)  subjective  sensations  of  itching,  smarting,  or 
burning  pain. 

The  character  and  intensity  of  these  various  symptoms 
will  depend  upon  the  acuteness  or  chronicity  of  the  in- 
flammation, upon  the  locality  affected  or  the  extent  of 
territory  involved,  upon  the  inherent  temperament  or 
peculiarities  of  the  individual,  and  upon  his  habits  of 
diet,  the  nature  of  his  occupation,  etc. 

(1)  Erythema. — The  erythema  may  vary  from  the 
bright  red  blush  which  is  seen  in  the  acute  "forms  of  the 
disease  to  the  dull  redness  commonly  observed  in  the  more 
chronic  erythematous  varieties.  The  amount  of  swelling 
accompanying  it  is  a  varying  quantity,  dependent  gener- 
ally upon  the  acuteness  of  the  inflammation.  An  in- 
crease of  local  temperature  is  always  appreciable,  more 
marked  in  the  acute  than  in  the  chronic  forms,  but  is 
never  a  very  decided  symptom,  such  as  that  accom- 
panying some  other  inflammatory  affections,  e.g.,  ery- 
sipelas. 

(2)  Serous  Exudation. — Exudation  is  a  part  of  every 
eczematous  process,  the  form  of  lesion  produced  thereby 
being  determined  by  the  various  influences  already  enu- 


merated. Fluid  exudate  will  produce  swelling,  vesicles, 
and  pustules,  and  when  rupture  occurs  there  will  be  a 
weeping,  moist  surface  which  dries  into  crusts  and  scales. 
The  crusts  are  often  thrown  off  rapidly,  leaving  a  more 
or  less  continuously  weeping  or  moist  patch,  or  areas  of 
greater  or  less  extent.  This  discharge  has  the  peculiarity 
of  stiffening  linen  with  which  it  comes  in  contact. 

[Z)  Plastic  E.rudation. — When  the  exudation  is  plastic, 
papules  and  dry  scaly  patches  result,  the  scales  being 
either  fine  and  brannj'  or  they  become  agglutinated  into 
larger  flakes,  which  are  sometimes  quite  thick.  The  for- 
mer are  usually  seen  in  the  erythematous  type  of  the  dis- 
ease, commonly  found  upt)n  the  face,  or  in  the  dry  scaly 
eczema  of  the  scalp ;  while  the  latter  are  observed  chiefly 
in  connection  with  chronic  squamous  eczema.  Infiltra- 
tion is  present  in  every  form  of  the  disease,  but  it  is  only 
in  the  more  chronic  forms,  where  the  exudation  takes 
place  deep  in  the  corium,  that  the  thickening  and  infiltra- 
tion so  characteristic  of  the  disease  are  found.  When  not 
too  great  it  can  be  fully  appreciated  by  pinching  alternate- 
ly the  healthy  and  the  diseased  skin:  but  in  some  invet- 
erate cases  the  skin  is  so  densely  infiltrated  that  it  cannot 
be  pinched  up.  If  it  is  so  situated  that  the  natural  move- 
ments of  the  part  subject  the  infiltrated  skin  to  stretching, 
very  painful  fissures  and  excoriations  are  produced,  which 
are  often  very  difticult  to  heal. 

(4)  Itchint/,  etc. — The  subjective  symptoms  of  eczema 
are  perhaps  the  most  important  of  any.  both  on  account 
of  the  great  distress  they  cause  and  "the  influence  they 
exert  in  keeping  up  the  disease.  These  symptoms  vary- 
greatly  in  the  different  cases  and  in  the  different  forms 
of  the  disease,  and  even  at  different  times  in  the  s;vme 
individual.  In  some  cases  there  is  merely  a  sliglit  tin- 
gh'ng  or  pricking  sensation,  or  feeling  of  formication, 
while  in  the  other  extreme  there  may  be  most  intense 
itching,  which  can  be  relieved  only  by  deep  and  continu- 
ous scratching  with  the  nails  until  a  bleeding  or  oozing 
surface  is  produced.  Between  these  two  extremes  vari- 
ous degrees  of  irritation  are  experienced.  Sometimes,  as 
in  the  acute  and  erythematous  forms,  smarting  or  burn- 
ing is  alone  complained  of.  In  other  cases  this  amounts 
to  a  burning  pain,  without  any  itching  or  desire  to 
scratch.  The  itching  of  eczema  is.  as  a  rule,  paroxysmal 
or  intermittent  in  character,  aggravated  generally  by  ex- 
posure to  the  air,  and  is  invariably  worse  at  night.  Its 
character  and  intensity  are  likewise  affected  by  the  influ- 
ences already  mentioned,  as  having  a  bearing  upon  the 
general  symptoms  of  eczema.  Besides  the  itching  or 
soraeof  its  modifications  just  enumerated,  certain  patients 
exhibit  a  most  marked  hyper.-esthesia  of  the  skin,  particu- 
larly upon  exposure  to  the  air  or  the  slightest  contact  of 
the  clothing,  and  when  certain  remedies  are  applied  to 
the  skin. 

In  addition  to  the  symptoms  just  described,  certain 
characteristics  in  the  course  and  evolution  of  the  disea.se 
are  common  to  all  cases  of  eczema.  The  clinical  picture 
varies  from  day  to  day,  and  in  some  cases,  especially  in 
children  and  infants,  from  hour  to  hour.  Not  only  rap- 
id changes  in  the  severity  of  the  process  are  to  be  ex- 
pected, but  the  type  of  the  eruption  itself  may  change  in 
a  very  short  jieriod  of  time.  The  reason  for  this  will  be  ap- 
parent when  we  come  to  consider  the  various  causes  of  the 
disease.  Eczema  either  runs  an  acute  course,  remaining 
for  a  few  weeks  or  a  month  when  recovery  takes  place ; 
or,  as  more  commonly  happens,  it  becomes  chronic  and 
may  last  for  years  or  for  a  lifetime.  It  may  be  limited 
to  only  one  region  of  the  body  or  of  an  extremity,  but 
more  frequently  it  occurs  in  several  localities,  and  gen- 
erally in  a  symmetrical  manner.  Often  the  disease  is 
more  or  less  general  in  its  distribution,  and  in  rare  in- 
stances it  becomes  universal.  Its  general  tendency  in 
every  case  is  to  progress,  and  spontaneous  recovery 
is  not  to  be  looked  for.  Xo  matter  how  severe  or 
protracted  the  disease  may  be,  there  are  usually  no 
constitutional  symptoms,  although  in  the  woret  cases 
some  impairment  of  the  general  health  is  manifested 
as  a  result  of  the  persistent  loss  of  sleep  and  pro- 
longed suffering. 
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Eczema  is  so  varied  in  its  manifestations  and  so  pro- 
tean in  cliaractcr  tliat  to  give  a  eonipreliensive  rlinical 
pictureof  tlic  diseast^  would  obviously  be  impossible.  It 
is  necessary,  therefore,  iu  the  further  study  of  its  .symp- 
tomatology, to  consider  separately  the  various  types  of 
eruption  which  make  up  the  symptom-eomple.x  of  the 
affection.  While  tliis  is  es.sential  for  a  clear  understand- 
ing of  the  disea.se  as  a  whole,  it  must  not  be  forgotten 
that  the  several  types  about  to  be  discussed  rarely  Occur 
clinically  in  a  distinct  or  pure  form,  but  are  often  min- 
gled one  with  anotlier.  or  follow  one  anotherin  rapid  suc- 
cession. This  frequent  and  often  very  rapid  change  in 
the  severity  of  the  process  and  iu  the  type  of  lesion  has 
already  been  referred  to  as  one  of  the  chief  characteristics 
of  the  disease. 

For  convenience  of  description  the  subject  is  divided 
in  the  following  manner: 

(A)  Types  of  the  eruption  dependent  upon  the  pre- 
dominant, primary,  anatomical  lesion,  namely,  eczema 
eri/tfiemalo/tiiiii,  eaema  papulogiim,  eezema  vesicul'onum,  and 
eczema  pnstulosum. 

(B)  Types  dependent  upon  secondary  changes  in  the 
preceding,  namely,  eczema  riihrum  or  madidaiu,  eczema 
squamosum,  eczema  scleromm,  eczema  rerrucomm,  and  ec- 
lema  Jistrui}) .  and 

(C)  Types  dependent  upon  the  stage  or  character  of 
the  inflammatory  process,  namely,  eczema  acutum  and 
eczema  c/in»iiciim. 

The  symptomatology,  diagnosis,  and  treatment  of  tlie 
other  special  varieties  of  the  disease,  namely,  eczema 
infantilis,  cczemn  paragiticiim.  eczema  seli&n-hoicum, 
and  the  regional  forms  of  eczema  will  be  considered 
separateh'. 

A.  EczE>i.\  ERTTUEM.iTosrM. — This  type  of  the  dis- 
ease occurs  in  its  most  characteristic  form  upon  the  face 
in  middle-aged  or  elderly  people,  though  it  may  affect 
any  part  of  the  body.  It  generallj-  begins  in  small,  irreg- 
ularly shaped  patches,  of  a  more  or  less  bright  red  color. 
which  coalesce  into  larger  areas.  The  face,  however,  niaj- 
be  acutely  suffused,  in  which  case  there  is  considerable 
o'dema.  with  closing  of  the  lids  and  marked  temporary  dis- 
ligurement.  When  the  affection  is  acute,  after  a  few  hours 
tiny  vesicles  develop  upon  the  erythematous  surface  and 
some  moisture  or  oozing  is  produced  by  the  rubbing, 
which  is  resorted  to  in  consequence  of  the  itching.  In  the 
subacute  form  the  color  is  a  dull  red.  and  slight  scaling 
is  to  be  observed,  while  in  the  chronic  forms  considerable 
thickening  of  the  skin  is  produced,  the  natural  lines  being 
greatly  exaggerated  ;  the  color  in  the  more  chronic  forms 
varies  from  a  dull  red  to  a  purple  or  brown  and  the  scal- 
ing is  more  abimdant.  Itching  and  buniing  are  the  chief 
symptoms  complained  of.  the  former  being  so  severe, 
espeeiallv  when  the  disease  is  chronic,  that  the  eyebrows 
are  sometimes  rubbed  off  in  the  efforts  of  the  patient  to 
obtain  relief.  The  disease  may  be  of  very  short  duration, 
or  may  last  for  years,  with  intervals  of  slight  improve- 
ment :  this  form  is  often  spoken  of  as  "  chronic  erympelas. " 
Erythematous  eczema  of  the  extremities  presents  char- 
acters similar  to  tho.se  upon  the  face,  though  the  scaling 
is  apt  to  be  more  abundant,  and  here  the  type  readily 
changes  into  the  squamous  form. 

When  it  occurs  upon  the  palms  and  soles  the  skin  is 
thickened,  red.  and  swollen,  and  is  accompanied  by  most 
intense  itching  and  burning.  In  the  axillae,  beneath  and 
between  the  breasts,  or  in  the  fold  of  the  neck  and  groins 
in  infants,  tlie  disease  is  of  a  brighter  red  color,  and  a 
moist  oozing  surface  is  produced.  This  form  of  eruption 
constitutes  ^eczema  intertrigo." 

EczEM.\  P.\prLOStrM. — The  papular  type  of  eczema  is 
of  very  frequent  occurrence,  and  is  often  one  of  the  most 
obstinate  forms  met  with.  It  is  characterized  by  the 
appearance  of  firm,  dull  red,  acuminate  or  rounded, 
raised  papides.  varying  in  size  from  a  mere  speck  to  that 
of  a  pin's  head.  These  may  develop  in  a  discrete  man- 
ner, scattered  irregularly  over  the  part  affected  without 
tendenc}-  to  grouping,  or  form  here  and  there  into  small 
groups  or  even  coalesce  into  patches.  When  located 
about  the  hair  follicles  a  lichen-like  appearance  is  pre- 


sented, and  on  this  account  the  disease  was  formerly- 
called  "^ lichen  aimple-r."  The  nundier  of  lesions  present 
at  any  given  time  varies  considerablv.  Often  they  are 
sparsely  distributed,  but  after  a  time  the  itching  becomes 
so  intense  that  new  papules  <levelop  nipidly  in  consc- 
(luence  of  the  sevei  e  seratchiiig  induced.  These  are  soon 
capped  by  a  small  blood  crust  or  are  severely  torn,  so 
that  serum  oozes  from  their  summits.  There  is  perhaps 
no  other  variety  of  eczema  in  which  the  itching  is  such 
a  marked  feature. 

The  disease  may  remain  papular  throughout  or  the 
papules  develop  into  small  vesicles  and  then  into  pus- 
tules, or  become  associated  with  other  vesicular  or  pustu- 
lar lesions.  When  they  are  grouped,  or  become  more  or 
less  confluent,  weeping  patches  with  intiltration  and 
crusting  may  form  as  a  result  of  vigorous  .scratching. 
Sometimes  the  lesions  present  the  Hat  character  of  those 
seen  iu  lichen  planus,  and  the  color  being  dull  red  or 
purplish,  mistakes  in  diagnosis  are  not  uncommon.  This 
form  of  papule  generally  occ\irs  about  the  neck  and 
fle.xor  surfaces  of  the  wrists,  both  common  sites  for  lichen 
planus. 

The  life  history  of  any  individual  lesion  or  group  of 
lesions  is  extremely  variable.  The  .same  papule  may 
remain  almost  unchanged  for  weeks  or  may  disappear 
quickly,  only  to  be  replaced  by  others  in  rapid  succession. 
Sometimes  a  single  small  ]iatcli  or  several  patches,  with- 
out any  other  manifestation,  will  affect  .some  particular 
location  and  resist  the  most  careful  treatment  for  long 
periods  of  time. 

The  distribution  of  the  eruption  is  of  considerable  im- 
portance, particularly  as  regards  diagnosis.  The  trunk, 
especially  the  back  and  buttocks,  and  the  fle.xor  surfaces 
of  the  arras,  forearms,  thighs,  and  legs  are  the  regions 
generally  affected.  It  rareh*  occurs  upon  the  face,  hands, 
or  feet.  The  disease  is  more  common  in  adults  than  in 
children  or  infants,  the  liabilitj-  being  about  the  same 
for  both  sexes. 

ErzE-M.\  Vesicclosum. — Vesicular  eczema  pure  and 
simple  is  perhaps  less  commonly  observed  than  any 
other  type  of  the  disease.  It  is  essentially  an  acute  proc- 
ess and  speedi'.y  changes  into  some  other  form,  or  is  as- 
sociated with  some  more  chronic  variety.  The  attack  is 
always  preceded  bj-  tingling,  pricking,  or  itching  sensa- 
tions, which  are  soon  followed  by  a  pimctate  or  diffuse 
erythema,  with  more  or  less  swelling  of  the  tissues.  Af- 
ter a  few  hours  a  number  of  tiny  vesicles  appear  upon 
the  reddened  surface,  which  varv  in  size  from  a  pin's 
point  to  a  pin's  head.  These  are  pearly  and  transparent 
and  have  a  very  thin  covering  of  epidermis.  In  some 
localities,  as  between  the  fingers  and  toes,  and  on  their 
flexor  surfaces,  or  on  the  palms  and  soles,  which  are  the 
most  common  sites  of  the  eruption,  the  erythematous 
stage  is  often  wanting,  the  lesions  appearing  as  minute 
tran,spareut  globules  embedded  in  the  skin.  There  is 
generallj-  no  tendency  to  grouping  of  the  vesicles  in  this 
type  of  the  disease,  though  they  are  closely  packed  to- 
gether and  sometimes  even  coalesce.  In  a  very  short 
time,  even  after  the  lapse  of  only  a  few  hours,  they  either 
rupture  spontaneously  or  are  broken  by  the  patient  in 
scratching.  Much  relief  from  the  itching  is  now  experi- 
enced, but  this  s)mptom  is  quickly  replaced  by  smarting 
or  burning.  The  contents  of  the  vesicles  .soon  moisten 
the  affected  part,  which  is  kept  more  or  less  wet  by  the 
oozing  of  serum  from  the  vessels  beneath,  or  is  converted 
into  a  moist  crusted  patch.  The  serous  crusts  wliicU 
form  are  of  a  characteristic  j-ellowish  color,  and  are  never 
very  thick.  In  some  cases  the  crusts  are  continually 
washed  away  or  are  removed  by  contact  with  the  cloth- 
ing, leaving  a  red,  angry,  oozing  surface,  being  thus  con- 
verted into  an  "eczema  ruhrum"  or  ^eczema  madidang." 
At  other  times  the  weeping  diminishes  and  a  scaly,  red, 
intiltrjited  patch  residts,  "eczema  »q>iamo»um."  Under 
appropriate  treatment,  however,  neither  of  these  secon- 
dary forms  develops,  but  resolution  takes  place  by  a  grad- 
ual subsidence  of  all  the  symptoms.  New  vesicles  cease 
to  appear,  the  oozing  becomes  less  and  less,  the  surface 
heals  beneath  the  crusts,  and  there  is  left  a  sensitive. 
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slightly  reddened  skin,  which  in  a  few  days  becomes 
normal.  Besides  the  secondary  forms  of  eczema  just 
referred  to,  into  which  the  vesicular  type  of  the  eruption 
may  develop,  secondary  inoculation  frequently  takes 
place  with  the  production  of  a  pustular  eczema. 

It  must  likewise  be  remembered  that  vesicular  eczema 
is  often  associated  with  the  other  primary  forms,  appear- 
ing as  an  acute  outbreak  at  .some  timeduring  their  course. 
In  addition  to  the  sites  already  mentioned,  the  disease  may 
develop  upon  the  face,  on  the  flexor  surfaces  of  the  fore- 
arms and  thighs,  and  less  common!}'  upon  various  parts 
of  the  trunk;  it  is  seldom,  however,  general  in  its  distri- 
bution. 

EczE>i.\  PrsTrLOSfii. — This  type  of  the  disease,  which 
is  sometimes  c-alled  ~(c-zeniii  imjietiginosuni,^^  usually  be- 
gins in  one  of  the  preceding  forms,  the  character  of 
which  is  changed  either  by  an  increased  intensitv  of  the 
inflammation  or  by  secondary  infection  by  pus  germs. 
It  is  possible  for  the  eruption  to  de\elop  de  ?tnF9,  but  this 
is  quite  the  exception.  Any  diseased  condition  or  physi- 
ological state  that  will  diminish  the  natural  skin  resis- 
tance against  the  incursion  of  pathogenic  organisms 
predisposes  to  this  form  of  eczema.  It  is  therefore  more 
common  in  infants,  especially  in  the  strumous  and  ill- 
nourished,  and  in  elderly  people.  It  is  .seen  in  its  most 
characteristic  form  upon  the  Iiead  and  face  of  infants, 
where  from  very  early  times  it  has  been  kno^vn  as  'crusta 
larteii,"  or  the  ~  iiii'l^  criutt  rni/jfion." 

It  generally  begins  in  a  group  of  papules  or  an  erythe- 
matous patch,  wliich  speedily  becomes  moist  and  crusted 
from  tlie  subsequent  development  of  vesicles.  Infection 
soon  takes  place  from  the  wounding  of  the  surface  bj-  the 
nails,  and  thick  greenish  crusts  form,  which,  when  mat- 
ted with  the  hairon  the  scalp,  emit  a  mostnauseous  odor. 
It  usually  occurs  symmitrically  on  both  cheeks  and 
around  the  ears,  but  in  very  bad  cases  maj"  cover  the  en- 
tire head.  In  elderly  people  it  is  most  frequently  ob- 
served upon  the  lower  legs,  where  it  may  affect  onlj'  the 
region  around  the  ankles  or  may  cover  the  entire  leg  with 
thick,  dirty  greenish  crusts. 

Pustular  eczema  may  also  attack  the  bearded  face  and 
the  hairy  region  of  the  thighs,  in  which  case  it  must  be 
differentiated  from  sycosis  and  folliculitis.  Eczema, 
however,  is  never  confined  to  the  follicles,  but  also  affects 
the  intervening  skin  and  often  spreads  to  non-hairy 
parts. 

The  itching  of  pustular  eczema  is  less  marked  than  in 
some  of  the  other  varieties  of  the  affection.  Except  in 
very  i-are  instances,  in  which  deep  wounds  have  been 
made,  this  eruption  is  never  followed  by  scarring  or  per- 
manent loss  of  hair. 

B.  EczEM.v  RiBRr.u  or  Eczkma  >L\didaxs. — Eczema 
rubrum  may  develop  from  any  of  the  preceding  varieties, 
but,  as  already  mentioned,  most  commonly  follows  vesic- 
ular or  pustular  eczema.  It  often  results  in  conse- 
quence of  improper  treatment.  The  patient's  occupa- 
tion or  his  injudicious  care  of  the  eruption  may  likewise 
be  responsible. 

It  is  characterized  by  intensel)"  red,  inflammatory 
patches,  or  diffuse  areas  which  continuously  e.xude  a 
clear  ,serum  that  subsequently  dries  into  brownish  or 
green  crusts  of  variable  thickness.  These  in  turn  are 
loo.sened  by  the  accumulation  of  serum  beneath,  or  are 
forcibly  removed  by  contJict  with  the  clothing,  producing 
an  intensely  red,  intiltrated,  and  continuously  weeping 
surface.  This  constitutes  one  of  the  most  distressing 
forms  of  eczema,  as  it  is  generally  chronic  in  its  couree 
and  the  subjects  of  it  suffer  intense  pain  most  of  the 
time. 

It  is  especially  common  upon  the  lower  legs  of  elderly 
people  and  often  covers  the  entire  leg,  accompanied  by 
much  oedema  and  great  infiltration.  It  also  occurs  on 
other  parts  of  the  body,  particularl}-  in  regions  where 
there  are  heat  and  moisture,  as  in  the  axillae,  in  the  folds 
of  the  breasts,  nates,  etc. 

EczEsiA  SquA>tosuM. — While  in  the  preceding  variety 
of  eczema  the  pecidiar  clinical  svmptoms  are  due  to  the 
great  intensity  of  the  inflammatori,-  process,  in  this,  the 


squamous  form,  the  acute  catarrhal  characters  are  in 
abeyance.  By  a  subsidence  o£  the  discharge  and  a  dimi- 
nution in  inten.sity  of  the  intlanmiatory  symptoms,  ecze- 
ma rubrum  ma}'  subsequently  become  squamous  eczema. 
It  is  more  conmionly,  however,  a  sequel  of  eczema  ery- 
thematosum,  but  is  often  an  intermediate  form  occuniug 
at  some  time  during  the  involution  of  some  of  the  other 
primary  types.  Papular  eczema,  by  coalescence  of  the 
lesions,  may  likewise  develop  into  this  form  of  eruption. 
Squamous  eczema  generally  appears  in  variously  sized, 
irregularly  outlined  patches,  some  oval,  some  elongated, 
and  when  of  long  duration  quite  sharply  defined.  The 
color  is  a  dull  red,  and  there  are  always  considerable 
infiltration  and  .scaling. 

The  scales  are  not  large  and  flaky  and  are  not  firmly 
attached  as  in  psoriasis,  but  usually  brush  off  quite 
readily. 

When  the  affected  skin  is  irritated  by  severe  scratch- 
ing, a  weeping  surface  may  result  with  the  production 
of  serous  crusts,  an  event  that  is  liable  to  occur  in  any 
form  of  eczema.  The  most  common  localities  for  squa- 
mous eczema  are  the  scalp,  face,  and  back  of  the  neck. 
Patches  of  the  disease  are  also  frequently  observed  on  the 
outer  surfaces  of  the  anus,  on  the  extensor  surfaces  of  the 
thighs  and  legs,  and  sometimes  upon  the  trunk, 

EczEM-\  ScLEROSUM. — This  clinical  type  is  observed 
practically  only  upon  the  palms  and  soles.  It  begins  as 
an  ordinary  eczema  of  these  parts  which  becomes  chronic 
and  results  in  great  thickening  of  the  tissues.  The  epi- 
dermis presents  a  calloused  appearance,  and  is  often  so 
hard  and  stiff  that  flexion  of  the  hands  or  fingers  is  ren- 
dered impossible.  In  those  who  labor  with  their  hands 
the  disease  is  seen  in  its  highest  development.  It  simu- 
lates very  closely  the  symmetincal  keratoses,  either  hered- 
itary or  aeqviired,  but  is  always  readily  distinguished  by 
the  fact  of  there  being  a  pre-existing  eczematous  condi- 
tion . 

Eczema  Vekuicosi'm. — As  the  name  implies,  this  is  a 
warty  form  of  eczema.  Besides  the  induration  and  thick- 
ening there  is  papillary  hypertrophy  resulting  in  a 
rough,  warty  surface  that  bears  very  little  resemblance 
to  an  eczema. 

The  most  characteristic  examples  of  verrucous  eczema 
are  seen  upon  the  lower  legs,  where  it  sometimes  attains 
such  a  high  state  of  development  .as  to  resemble  an  ele- 
phantiasic  condition,  Tlie  natural  contour  of  the  limb  is 
generally  destroyed  and  the  diseased  surface  emits  a  sick- 
ening odor  from  decomposing  secretions  retained  in  the 
deep  sulci  between  the  warty  growths.  This  form  of 
eczema  occurs  also  in  other  localities,  as  in  the  axilla;, 
about  the  genitals,  benealh  pendulous  breasts,  etc,  wher- 
ever, in  fact,  heat,  moisture,  and  uncleanliuess  favor  epi- 
dermic and  papillary  hypertrophy. 

Eczema  Fissf.M. — Any  eczema  affecting  regions  in 
which  the  skin,  from  its  anatomical  position,  is  subjected 
to  more  or  less  movement  or  stretching,  is  very  prone  to 
develop  rhagades  or  fissures;  this  complication  consti- 
tutes eczema  fissum.  or  "eczema  rimusum."  The  eczema- 
tous process  renders  the  skin  inelastic  and  it  cracks  very 
readily.  These  fissures  may  extend  only  through  the  epi- 
dermis, but  generally  they  go  much  deeper,  even  penetrat- 
ing the  upper  part  of  the  corium.  They  are  extremely 
painful.  Iileed  very  easily,  and  often  last  a  long  time,  if 
so  situated  that  the  part  cannot  be  immobilized.  Fis- 
sures ma_v  complicate  any  of  the  primary  forms  of  ecze- 
ma, although  the  erythematous  and  papular  types  are 
more  liable  to  develop  these  secondary  changes.  Eczema 
fissum  is  most  commonly  seen  upon  the  palms  of  the 
hands  and  soles  of  the  feet  where  it  frequently  results 
from  an  eczema  sclerosum.  upon  the  flexor  surfaces  and 
tips  of  the  fingers,  behind  the  ears,  and  in  the  flexures 
of  the  limbs.  It  is  likewise  often  observed  at  the  junc- 
tion of  the  skin  and  mucous  surfaces,  as  the  comers  of 
the  mouth  and  around  the  anus. 

The  condition  commonly  known  as  c/iaps  or  chfipping 
may  or  may  not  be  associated  with  eczema.  It  very  fre- 
quently occurs  in  those  having  delicate  skins,  but  hav- 
ing nohistory  of  eczema  nor  tendency  to  that  condition. 
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It  results  from  the  use  of  irritatinjr  soaps,  excessive  use 
of  bot  water,  exposure  to  rold  winds,  cto. 

C.  EiZKM.v  Ai'iTi  M  mid  KizEMA  CiiKoxurM. — This 
is  a  very  iinportaiil  <livisi<>ii  of  tin'  sulijcct.  fspccially 
fi-oiu  a  tlierapeutic  slaudpojiit.  Tlu'  term  aoulo  etzenia 
refers  both  to  tlie  inU'nsity  or  intlainniatory  cliaracter  of 
the  criiptiou  and  to  its  durjitiou.  We  call  an  eczema 
acute  when  it  liesrins  suddenly  witli  rcdncs-s  and  swelling. 
aceompaniiMl  by  an  itching,  burning,  or  tingling  sensation. 
It  may  appear  in  one  or  sevcrjil  loc-.dilics,  or  may  spread 
from  oui' focus  over  an  entire  limb  or  large  area  of  the 
iHidy.  It  may  remain  an  erythematous  eczema  or  pap- 
ules, vesicles,  or  pustules  may  develop,  resulting  in 
weeping  patches  or  si-aly  and  crusted  aivas.  It  often 
pres«-uts  luany  characters  of  a  simple  dermatitis,  but  if 
tlie  atTected  skin  is  cari'fully  protected  ami  treate<i  by 
soothing  remedies,  the  disease  slowly  sub-sides  and  the 
attack  is  of  comparatively  short  duration.  On  the  other 
hand,  this  sjime  character  of  eruption  may  extend  over 
long  iH-riods  of  time  with  alternating  intervals  of  iiuies- 
eeiiee  aud  acute  exacerbation,  so  that  while  the  disease 
in  such  cases  nuiy  be  justly  otUed  throiiic,  the  eruption 
is  always  acute  in  character,  and  must  be  so  considered 
iu  its  therapeutic  management. 

Chronic  eczema,  clinically  speaking,  is  characterized 
on  the  contrary  by  inliltration  and  thickening  of  the  tis- 
sues, and  generally  occurs  iu  the  form  of  thickened,  scaly. 
<lull  red  patches  or  infiltrated  areas  of  varied  extent.  It 
uiay  atfect  any  gi\eu  locality  as  the  scrotmu.  Ijend  of  the 
elbows  and  kiiees,  etc.,  and  may  resist  treatment  for  years; 
or  it  may  become  fairly  universal,  the  entire  skin  being 
greatly  thickened  and  scaly,  the  natural  lines  exaggerated, 
the  whole  of  a  dull  red  color,  and  imparting  a  distinct 
leathery  sensation  to  the  touch.  The  itching  is  often  so 
intense  that  the  hairs  are  rubbed  olT  in  efforts  to  obtain 
relief,  or  secondary  changes  take  place  as  a  result  of  the 
vigorous  scratching  to  which  the  skin  is  subjected.  Fis- 
sures and  cracks,  already  referred  to.  are  a  common  com- 
plication, as  are  also  furuncles  and  ecthymatous  lesions, 
ami  various  secondary  manifestations  due  to  inoculation 
with  pathogenic  germs.  The  most  stimulating  and  re- 
Aulsive  measures  are  often  necessary  in  the  tix'atment  of 
the  eruption  in  this  stage.  It  must  not  be  forgotten, 
liowever.  that  an  eruption  of  an  acute  tyjie  may  develop 
from  time  to  time  during  the  course  of  a  chronic  eczeiua. 
necessitating  the  employment  of  only  the  most  soothing 
renietiies. 

Besides  the  acute  and  chronic  stages  of  eczema,  there 
is  a  subacute  form  which  occupies  both  clinically  and 
therapeutically  an  interiuediate  position.  Very  many  of 
the  cases  which  apply  for  treatiuent  pn-sent  an  eruption 
of  this  character,  but,  with  a  clear  knowk^lge  of  the  clin- 
ical features  of  acute  and  chronic  eczema,  the  physician 
will  tiud  no  difficulty  iu  recognizing  the  disease  in  its 
intervening  stages, 

P.vthologv. — The  pathological  changes  in  eczema  are 
tljose  of  ordinary  inflammation.  That  it  is  a  catarrhal 
inflammation  of  the  skin,  siiuilar  to  that  affecting  mucous 
membranes,  is  concetled  to-day  by  most  observers,  and 
the  pathological  findings  iu  the  majority  of  ca.ses  certainly 
lend  support  to  this  view,  Duhring,  however,  thinks 
we  ought  not  to  insist  too  strongly  on  this  point,  inas- 
much as  many  of  the  manifestations  of  eczema  differ  from 
those  observed  on  nnicous  luembranes.  The  causes  oper- 
ative in  the  production  of  the  skin  changes  are  far  from 
elear,  in  spite  of  the  great  advances  made  in  cutaneous 
pathology  during  the  past  ten  orlifteen  years.  There  is, 
in  the  lil^st  place,  something  in  the  skin  of  an  eczematous 
subject  that  renders  it  susceptible  to  the  action  of  irri- 
tants of  either  local  or  internal  origin.  What  this  is  we 
do  not  know,  but  presume  it  to  be  some  nutritional  de- 
fect. AVhat  the  exciting  cause  is  that  sets  up  the  inflam- 
matory changes  in  this  impaire<l  or  weakened  skin  is  yet 
to  be  iscertained.  Much  has  been  done  in  recent  years 
in  the  study  of  micro-organisms  in  connection  with  this 
disease,  but  it  still  remains  unproven  that  any  particular 
parasite  is  the  exciting  cause  of  eczema.  On  the  other 
hand,  it  seems  reasonable  to  believe,  in  the  author's  opin- 


ion, based  upon  the  accepted  teachings  in  general  pathol- 
ogy, that  the  various  micrfi-organisms  found  in  eczema 
ari'  rather  the  residt  of,  than  the  cause  of  the  local  niani- 
festatidiis  of  the  disease.  It  seems  much  more  plausible, 
considering  the  varied  etiology  of  eczema,  and  its  depen- 
dence iu  most  ca.ses  upon  constitutional  derangements  of 
one  form  or  another,  to  regard  toxins  circulating  in  the 
bliMHl  as  a  prohible  exciting  factor  iu  the  pniduciion  of 
the  lesions. 

Crocker  is  inclined  to  believe  with  Ilebra  and  Tilbury 
Fox  that  eczema,  when  not  due  to  local  irritants,  is  "a 
trophoneuro.sis,  either  central  or  periphend.  In  support 
of  this  view  are  the  cases  in  which  iiitlammatory  changes 
have  Ix'en  observed  in  the  nerves  supplying  aii  wzema- 
tous  patch. 

P.\Tii<ii.ooir.\i,  Anatomy. — The  morbid  anatomy  of  ec- 
zema, as  already  mentioned,  is  that  of  ordinary  inflam- 
mation, consisting  in  hypenemia.  dilatation  of  the  blood- 
vessels of  the  coriuni.  exudation  of  serum  resulting  iu 
UHlematous  swelling,  and  diapedesis  of  white  bloinl  cells. 

There  are  also  connective-tissu<>  cell  proliferation  and 
degeneration  of  the  rele  cells.  These  changes  vary  ac- 
conling  to  the  stage  of  the  disease.  In  acute  eczenui  the 
inflammation  is  diffuse  except  in  the  papular  form,  when 
it  is  more  circumscribed.  The  primary  changes  are  in 
the  papillary  layer,  from  which  they  extend  to  the  epi- 
dermis, to  the  deeper  parts  of  the  corium,  and  in  some 
cases  even  to  the  subcutaneous  fatty  tissue.  They  con 
sist  in  blood-ves.sel  dilatation,  .serous  exiulation,  and 
diapedesis  of  the  white  corpuscles.  The  detritvis  result- 
ing from  the  destruction  or  degeneration  of  the  rete  cells 
mingles  with  the  serinn  to  increase  the  oedema.  Vesicles 
in  acute  eczema  are  situated  in  the  upper  part  of  the 
rete.  The  cells  degenerate  with  the  formation  of  spaces 
between  the  nucleus  and  protoplasm,  which  cidarge  into 
a  cavity  containing  serum,  cell  fragments,  and  flbrin. 
When  the  exudate  is  excessive,  the  horny  layer  is  raised 
from  the  rete.  forming  bidhe  or  large  vesicles. 

If  there  is  an  extensive  wll  degeneration,  the  cavity  of 
the  vesicle  is  flUed  with  leucocytes  and  is  converted  into 
a  pustule ;  here  pus  orgiuiisms  are  always  to  he  found.  In 
eczema  rubrum  there  is,  instead  of  the  formation  of  vesi- 
cles or  bulhe,  an  entire  removal  of  the  horny  layer, 
which,  on  accoimt  of  deficient  keratinization,  is  not  re- 
stored, leaving  the  corium  exi>osed.  In  acute  jiapular 
eczema  the  changes  are  limited  to  a  circumscribed  area 
and,  according  to  Robinson,  take  place  primarily  around 
the  follicles,  especially  the  hair  follicles. 

The  morbid  changes  in  chronic  eczema  consist  in  an 
hypertrophy  of  the  rete.  an  enlargement  and  lengthening 
of  the  papiihe.  and  a  thickening  of  the  corium  by  an 
enormous  proliferation  of  connective-tissue  cells.  In 
some  cases  the  tissues  may  become  so  dense  as  to  result 
in  lymphatic  obstruction  and  elephantiasie  changes. 
The  glandular  structures,  as  well  as  the  hair  follicles, 
may  become  atrophied  or  even  entirely  destroyed  in  the 
more  chronic  forms  of  the  disease, 

Etioi.ogv. — Eczema  constitutes  iu  this  countrj-  about 
one-third  of  all  cutaneous  affections.  It  is  by  far  the 
most  important  disease  of  the  skin  which  the  general 
physician  is  called  ujion  to  fivat.  It  affects  men  and 
women  in  about  eipial  proportion  and  occurs  at  any  age 
from  the  earliest  weeks  of  life  to  old  age.  The  greater 
number  of  eases  are  observetl  between  theagi-sof  twenty 
and  fortv.  the  period  of  greatest  activity  in  most  people's 
lives.  'The  disease  is  never  inherited  in  the  true  sense  of 
the  term,  but,  as  in  the  ease  of  so  nuiuy  other  troubles,  a 
tendency  or  i)redisposition  to  eczema  may  be  inherited. 
In  such  the  disease  is  readily  lighted  up.  often  by  the 
most  trivial  agencies,  that  would  not  be  deleterious  in 
any  way  to  most  persons. 

Eczema,  as  far  as  we  know,  is  not  a  contagious  disease, 
though  certain  forms  are  parasitic  in  nature;  some  of 
these"latter  are  autoinoculable. 

The  causes  of  the  disease  may  be  conveniently  arranged 
under  two  headings,  those  of  ititrriuil  or  rojislilnlionnl 
origin,  and  (\rt(nwl  or  lo«il  caiw*.  No  single  cause  is 
ever  responsible  for  a  given  attack  of  eczema,  its  etiology 
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is  distinctl}'  a  complex  one,  and  wliile  this  division  is 
made  for  tlie  sake  of  convenience,  it  must  be  understood 
tliat  tlie  two  classes  of  causative  factors  often  act  con- 
jointly. 

Constitutional  Causes. — Eczema  is  a  disease  of  debility ; 
no  health_y  individual,  in  my  opinion,  ever  suffered  an 
attack  of  eczema.  Even  in  those  cases  in  whicli  the  dis- 
ease is  dependent  ujiou  local  causes  alone,  there  is  always 
some  constitutional  defect  which  enables  these  causes  to 
become  operative.  Jly  views  in  regard  to  the  natiue  of 
eczema  conform,  in  a  measure,  to  those  held  by  Erasmus 
Wilson.  He  considered  the  disease  one  of  debility,  either 
"a-ssimilntii.'e,"  "nutritive,"  or  ^  neirous."  As  far  as  it 
goes,  this,  I  think,  is  the  true  conception  of  the  nature 
of  eczema. 

Foremost  among  the  constitutional  causes  of  eczema 
are  those  dependent  upon  disorders  of  the  gastro-intesti- 
nal  tract.  Dyspepsia  in  its  various  forms,  constipated 
or  irregular  bowel  action,  intestinal  and  gastric  flatu- 
lency, sluggish  or  disordered  liver  action,  all  these  im- 
pair the  general  health  and  affect  the  nutrition  of  the 
skin.  Improper  and  insufficient  food,  errors  in  diet,  etc., 
while  perhaps  not  affecting  the  gastric  function,  do  de- 
bilitate the  system  and  weaken  the  resisting  power  of  the 
skin.  In  infants,  these  latter  are  the  direct  exciting 
causes  of  the  eczema  in  a  great  majority  of  the  cases, 
and  are,  therefore,  of  the  very  greatest  importance  in  the 
management  of  infantile  eczema.  The  ingestion  of  cer- 
tain drugs,  as  arsenic,  mercury,  iodide  of  potassium,  etc. , 
is  capable  of  bringing  forth  an  eczema  in  certain  individ- 
uals. I  have  only  recenth'  had  under  my  care  a  case  of 
generalized  eczema  due  to  the  internal  administration  of 
mercury  in  the  treatment  of  syphilis. 

That  there  is  a  causative  relation  between  the  so- 
called  gouty  state  and  eczema  there  can  be  no  question. 
The  association  of  both  rheumatism  and  gout  with  some 
form  of  eczematous  disease  is  a  matter  of  frequent  ob- 
servation. It  is  true  that  many  sufferers  from  chronic 
gout  or  rheumatism  never  have  eczema,  but,  per  emitrii, 
these  conditions  are  frequently  ob.served  to  stand-  in  a 
direct  causjitive  relation  to  the  disease.  Cases,  for  in- 
stance, have  been  observed  in  which  an  attack  of  con- 
stitutional gout  has  been  relieved  immediately  upon  the 
outbreak  of  an  eczema,  and  patients  remain  free  as  long 
as  the  eczema  lasts.  It  is  also  interesting  to  note  the 
frequency  with  which  we  find  a  historj'  of  gout,  rheu- 
matism, chronic  bronchitis,  asthma,  etc.,  in  the  anteced- 
ents of  eczematous  patients.  In  every  eczema  in  middle- 
aged  or  elderly  peuiile  the  possibility  of  a  gouty  origin 
should  be  borne  in  mind. 

Various  disorders  of  the  nervous  system  are  potent 
factors  in  producing  and  keeping  up  an  attack  of  ec- 
zema. This  is  not  surprising  when  one  considers  the 
abundant  nerve  supply  of  the  skin,  the  intricate  and  spe- 
cial termination  of  the  nerve  filaments  and  the  very  deli- 
cate mechanism  which  governs,  through  the  vasomotor 
nerves,  the  blood  supply  of  this  great  organ.  The  most 
common  condition  observed  in  this  connection  is  that  of 
nervous  exhaustion  due  to  overwork,  anxiety,  excesses 
of  various  kinds,  or  direct  shock  of  the  nervous  centres. 
Exampler  of  neurotic  eczema  dependent  upon  one  or  an- 
other of  these  conditions  are  of  very  frequent  observation. 
A  recognition  of  the  etiological  relations  in  this  class  of 
cases  is  essential  for  the  successful  management  of  the 
disease. 

The  derangements  of  the  nervous  system  in  llthjemic 
subjects,  as  well  as  in  those  suffering  from  gastric,  liver, 
or  intestinal  disturbances  already  referred  to,  deserve 
mention  in  this  place.  A  train  of  nervous  phenomena  is 
sometimes  engendered  which  reacts  upon  the  original 
disorder,  and  thus  a  vicious  circle  may  be  established 
which  is  a  powerful  factor  in  causing  or  aggravating  an 
existing  eczema.  Among  other  disorders  of  the  nervous 
system  may  be  mentioned  direct  injury  to  the  nerves 
themselves,  and  also  neuritis  and  some  neuralgias.  These 
have  all  been  directly  responsible  for  an  eczematous  out- 
break. 

Besides  the  causes  just  enumerated  certain  physiologi- 


cal states  and  functional  or  organic  disease  of  remote 
organs  may  cause  eczema  through  the  influence  of  the 
reflexes.  Among  these  may  be  mentioned  pregnancy, 
lactation,  the  climacteric,  dentition,  retained  smegma, 
misplacements,  tumors  or  congestions  of  the  uterus,  mov- 
able kidney,  etc.  The  intimate  relation  between  asthma 
and  eczema  in  certain  instances  has  been  noted  by  a  num- 
ber of  observers.  The  two  maj'  coexist  in  the  same  inili- 
vidual  or  eczema  may  alternate  with  the  asthmatic  par- 
oxysms. It  is  not  known  what  the  true  relation  is 
between  them,  but  their  association  is  frequently  enough 
observed  to  warrant  mention.  An  interesting  instance 
of  this  came  under  my  own  observation.  The  mother  of 
a  family  of  four  children,  two  sons  and  two  daughters, 
suffered  from  asthma  and  eczema.  One  of  the  cliildren 
(the  eldest  .sun)  was  also  a  subject  of  both  asthma  and 
eczema,  and  his  daughter,  an  only  child,  was  hopelessly 
crippled  in  consequence  of  an  inveterate  asthma,  and  she 
was  likewise  a  sufferer  from  eczema.  Diabetes  may  also 
be  considered  a  cause  of  eczema.  An  eczematous  erup- 
tion frequently  develops  about  the  genitals  in  dia))etic 
subjects,  but  in  many  cases  this  disajjpears  upon  remov- 
ing the  sugar  from  the  urine.  In  these  cases  the  eruption 
would  be  more  jtroperly  classed  as  a  dermatitis.  In  a 
certain  number,  however,  the  eruption  persists  as  an 
eczema  and  may  develop  elsewhere  upon  the  body. 

In  concluding  the  consideration  of  the  constitutional 
causes  of  eczema  it  is  only  necessary  to  mention  that 
chlorosis,  malaria,  tuberculosis,  or  any  sjstemic  disorder 
which  lowers  the  general  nutrition,  may  stand  in  an  etio- 
logical relation  to  the  disease. 

The  doctrines  of  French  authors  attributing  eczema 
and  some  other  skin  affections  to  the  existence  of  certain 
diatheses,  as  the  "dartrous,"  '^ Iierpetic,"  or  "arthritic" 
diathesis,  have  few  adherents  at  the  present  day. 

I^iral  Causes. — The  agencies  that  may  excite  an  eczema 
by  their  action  externally  upon  the  skin  are  exceedingly 
numerous  and  at  the  Siime  time  very  important.  Their 
actual  position  and  importance  as  causative  factors,  how- 
ever, are  still  a  subject  of  considerable  controversy.  There 
are  those,  notably  the  pupils  of  the  German  school  of  der- 
matolog}-,  who  regard  them  as  tlie  prime  factors  in  the 
etiology  of  the  disease,  while  other  equally  distinguished 
dermatologists  consider  them  of  altogether  secondary  im- 
portance. I  believe  that ,  for  the  successful  treatment  and 
management  of  eczema,  it  is  essential  to  weigh  fully  every 
condition  or  agent  that  may  stand  in  any  way  as  a  causa- 
tive factor  in  the  disease,  whether  of  external  or  internal 
origin.  I  attribute  very  great  importance  to  both  classes 
of  causes,  for  to  be  operative  it  is  often  necessary  that 
they  should  act  conjointly.  I  have  already  said  that  I 
did  not  believe  a  healthy  person  ever  suffered  from  ec- 
zema: nevertheless,  to  call  forth  the  disease  an  exciting 
cause  is  necessary,  whether  it  acts  from  without  or  within 
the  economy.  Eczema  is  never  engendered  through  the 
action  of  local  causes  alone,  there  is  something  else  nec- 
essary, call  it  predisposition  if  you  will,  but  there  is,  in 
my  opinion,  always  some  contributing  factor  which 
stamps  the  eczematous  character  upon  the  eruption  thus 
excited. 

It  would  not  be  possible  to  enumerate  all  the  local 
causes  of  eczema.  They  usually  comprise,  however, 
three  classes  of  agents,  namely,  those  of  a  thermal,  me- 
chanical, or  chemical  nature. 

The  thermal  agents,  heat  and  cold,  are  sometimes  im- 
portant factors  in  the  evolution  of  the  disease.  Both 
solar  heat,  either  direct  or  reflected  from  water,  and  the 
artificial  heat  to  which  laundresses,  cooks,  stokers,  fire- 
men, etc.,  are  subjected  may  be  responsible.  The  first 
constitutes  "eczema,  solare,"  and  should  be  distinguished 
from  erythema  solare  or  sunburn  which  is  a  simple  der- 
matitis. "Eczema  intertigo."  which  develops  in  fat  peo- 
ple and  in  infants  through  the  action  of  heat  u]iiin  moist 
surfaces,  in  the  various  folds  of  the  body,  must  likewise 
be  distinguished  from  erythema  intertrigo.  The  action 
of  cold  in  the  production  or  aggravation  of  eczema  is  of 
common  observation.  This  applies  to  climatic  changes, 
including  the  action  of  cold  winds,  and  to  the  contact  of 
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cold  substances.  Eczema  is  almost  always  worse  in  win- 
ter, and  sudden  changes  from  warm  to  cold  may  e.xcite 
the  disease  or  aggravate  an  existing  eruption.  I  have 
had  occasion  to  see  a  number  of  cases  of  eczema  of  the 
nails  and  surrounding  tissues  in  icecream  workers,  who 
in  the  course  of  their  work  were  compelled  alternately  to 
put  their  hands  into  very  hot  water  and  then  into  freez- 
ing mi.xtures. 

Among  the  mechanicid  causes  may  be  mentioned  press- 
ure and  friction  by  either  the  clothing  or  such  extrane- 
ous objects  as  trusses,  braces,  artificial  limbs,  etc.,  the 
dust  and  dirt  incident  to  certain  occupations,  and  trau- 
matism of  various  kinds  including  scratching.  Scratch- 
ing is  one  of  the  most  important  of  the  local  causes  of 
eczema.  Tliere  may  be  a  pruritus  as  an  early  symptom 
of  the  disease  or  the  itching  may  result  from  an  urticaria, 
or  from  the  bites  of  insects,  such  as  fleas,  pediculi.  mos- 
quitoes, itch-mites,  bedbugs,  etc.  The  prurigo  of  Ilebra 
is  often  complicated  by  an  eczema  induced  liy  scratch- 
ing. Scratching  will  also  invariably  aggravate  an  exist- 
ing eczema  and  cause  it  to  spread  rapidly. 

Water  u.sed  either  too  hot  or  too  cold,  as  in  the  Turkish 
and  Russian  baths,  is  an  exciting  cause  of  eczema  in  a 
certain  number  of  cases,  and  the  washing  of  an  eczema- 
tous  surface  almost  invariably  increases  the  trouble. 

Vaccination  will  often  cause  the  eruption  to  develop 
in  one  subject  to  the  disease  or  having  a  predisposition 
to  the  same.  I  do  not  believe,  however,  that  it  is  ever 
solely  responsible  for  the  disease,  though  it  is  generally 
regarded  so  by  the  laity. 

The  chemieid  agents  that  may  produce  eczema  are  very 
numerous,  and  only  a  few  of  them  can  be  mentioned. 
The  most  common  are  the  various  acids  and  alkalies, 
strongly  alkaline  soaps,  mercurial  frictions,  sulphur,  ar- 
nica, alcohol,  ether,  chloroform,  turpentine,  iodine,  iodo- 
form, etc.  The  different  dye  stuffs  and  the  various  chem- 
icals used  in  the  trades  are  responsible  for  many  of  the 
so-called  trade  eczemas.  Bricklaj'ers,  masons,  printers, 
washerwomen,  pliotograpliers,  bleachers,  dyers,  and 
painters  are  often  thus  affected.  Cooks  and  bakers  may 
suffer  from  eczema  caused  by  the  action  of  the  sugar, 
alum,  borax,  etc.,  used  in  making  bread  and  pastry. 
Bartenders,  waitresses  and  waiters,  bottle-washers,  and 
cigarmakers  are  another  class  who  sometimes  suffer  from 
trade  eczema.  Exposure  to  the  poison  ivy,  or  rhns  toj-i- 
codendnin.  and  also  to  the  poison  oak,  sumac,  and  some 
other  poisonous  plants  will  produce  eczema  in  some  indi- 
viduals. 

Animal  and  vegetable  parasites  may  likewise  be  re- 
garded as  causes  of  eczema,  and  micro-organisms  which 
are  known  to  produce  special  types  of  skin  lesions  may 
possibly  be  responsible  for  some  forms.  Satisfactory 
proof,  however,  of  the  causative  relation  of  any  form  of 
micro-organism  to  eczema  has  not  jet  been  obtained. 

Any  one  of  the  a.gents  above-mentioned  is  capable  of 
causing  a  skin  eruption  of  greater  or  less  severity.  This 
may  wholly  subside  upon  removal  of  the  cause  and  would 
then  be  regarded  as  an  artificial  dermatitis.  In  a  certain 
number,  however,  the  eruption  persists  and  continues  to 
spread  and  even  develop  in  remote  places  long  after  the 
cause  which  excites  it  had  ceased  to  operate.  This  latter 
is  eczema,  and  any  local  irritant  that  acts  in  this  way 
does  so  in  a  subject  who  is  predisposed  to  the  disease. 
The  predisposition  may  be  hereditary  or  acquired,  but 
without  it  a  true  eczema  will  not  be  produced.  One  has 
onl}-  to  study  closely  a  few  cases  of  trade  eczema  to  be 
convinced  of  this.  It  is  a  very  common  thing  in  patients 
suffering  from  a  severe  eczema  of  this  kind  to  hear  them 
say  that  they  have  worked  for  years  at  the  same  trade, 
but  never  before  .bad  anything  more  than  a  slight  irrita- 
tion. 

In  summing  up  the  causes  of  eczema  it  will  readily  be 
seen  that  the^  etiologv  of  the  disease  is  a  very  complex 
one.  This  would  account  for  the  rapid  changes  in  the 
severity  of  the  process  and  the  great  multiformity  in  the 
type  of  the  lesions,  as  already  referred  to  while  consider- 
ing the  general  symptomatology. 


Di.VGNOsis. — Tiie  diagnosis  of  eczema  is,  as  a  rule,  com- 
paratively ea,sy.  Thedi.sease  is  so  common  that  the  ordi- 
nary typesof  the  eruption  are  readily  recognized  by  most 
l)hysicians.  I  think  the  mistake  of  diagnosing  some  other 
affection  as  eczema  is  more  often  made  than  that  of  failing 
to  recognize  the  disease  when  it  is  present.  In  some  of 
the  mixed  forms,  however,  the  diagnosis  is  often  attended 
with  the  greatest  difficulty,  and  even  the  expert  is  occa- 
sionally deceived  in  differentiating  eczema  from  some  of 
the  rarer  affections  of  the  skin.  It  nuist  also  be  remem- 
bered that  eczema  is  often  found  a.ssociated  with  some 
other  skin  affection,  and  the  greatest  care  is  sometimes 
necessary  in  differentiating  them. 

Tlie  diagnosis  of  the  special  forms  and  local  varieties 
will  be  considered  when  we  come  to  study  these  later  on. 
In  this  place  the  differential  diagnosis  will  be  made  be- 
tween eczema  and  the  affections  for  wliich  it  is  more 
liable  to  be  mistaken. 

Erynipelafi. — This  is  an  acute  febrile  disease,  \isually 
accompanied  by  severe  constitutional  .symptoms;  these 
alone  will  distinguish  it  from  eczema.  The  disease  be- 
gins at  one  point  and  spreads  very  rapidly,  the  area 
affected  presenting  a  w-ell-dcflned  margin;  the  surface 
of  the  part  thusallected  has  a  shining,  tense  appearance, 
is  reddened  and  swollen,  and  feels  very  hot  to  the  touch. 
Eczema  spreads  more  slowly,  often  begins  at  several 
points,  is  ill-delined,  and  the  surface  is  roughened  and 
scaly,  very  little  swollen,  and  does  not  feel  very  hot. 
Pain  and  burning  are  complained  of  in  erysipelas,  while 
eczema  generally  itches.  Vesicles  may  develop  upon 
a  patch  of  erysipelas,  but  they  arc  larger  than  those  in 
eczema,  even  attaining  in  some  cases  the  size  of  bulhr. 
Erysipelas  of  the  face,  if  at  all  extensive,  is  almost  sure 
to  extend  up  over  the  forehead  into  the  scalp.  Erythem- 
atous eczema  in  this  situation  does  not  extend  beyond 
the  hair  border.  Eczema  rubruni  is  sometimes  mistaken 
for  erysipelas  of  the  leg  and  is  often  wrongly  spoken  of 
as  "chronic  erysipelris."  The  absence  of  the  constitu- 
tional symptoms  and  clinical  characters  stated  above,  its 
chronic  course  and  tendency  to  weep  and  form  crusts  are 
distinguishing  features. 

Eri/thema. — Erythema  nmplex  is  an  acute  evanescent 
eruption  and  would  rarely  be  mistaken  for  eczema. 
There  is  neither  scaling  nor  swelling  of  the  tissues,  and 
the  itching  and  usual  symptoms  of  eczema  are  wanting. 
Sometimes  an  erythema  will  persist,  becoming  chronic, 
but  it  maintainsthe  same  hyperamic  character,  though 
of  a  passive  nature,  lacking  all  the  clinical  symptoms  of 
eczema.  Erythema  multiforme  itches  but  slightly,  gener- 
ally begins  upon  the  back  of  the  hands  and  forearms,  the 
papules  are  larger  and  more  succulent  than  those  of 
eczema,  and  there  is  often  a  history  of  recurrence  with 
the  change  of  the  seasons.  Erythema  soirlatiniforme 
simulates  acute  generalized  eczema,  but  the  outbreak  is 
preceded  by  prodromal  symptoms  of  general  malaise, 
backache,  slight  fever,  etc.,  which  are  absent  in  eczema. 
It  generally  begins  with  more  or  less  diffuse  redness  and 
swelling,  accompanied  by  burning  and  tingling  and  on 
about  the  fourth  day  commences  to  desi|uamate.  This 
is  fine  and  brannv  u'pon  the  limbs  and  face,  but  large 
flakes  are  shed  from  the  trunk,  palms,  and  soles.  It 
likewise  lacks  the  weeping  catarrhal  charactere  of  eczema. 

Lupus  ErytJiematosus.— This  disease  often  bears  a  very 
close  resemblance  to  erythematous  eczema,  and  mistakes 
in  diagnosis  are  frequent.  Lupus  erythematosus,  how- 
ever, is  more  chronic  in  its  course  than  eczema,  and 
while  it  also  appears  most  commonly  upon  the  face,  it  oc- 
curs in  variouslv  sized,  irregularly  outlined,  well  defined 
infiltrated  patches  of  a  dull  red  color,  bearing  thin  but 
quite  firmly  attached  scales.  The  patches  of  eczema  are 
not  well-defined,  the  infiltration  is  less  marked,  and  the 
scales  are  loosely  attached.  If  the  scales  in  lupus  ery- 
thematosus are  forcibly  removed,  there  are  numerous  tiny 
plugs  attached  to  tliem,  which  fit  into  corresponding 
openings  of  the  sebaceous  follicles;  this  is  never  seen  in 
eczema.  The  itching  is  very  slight  in  erythematous  lu- 
pus, and  there  are  no  vesicles  or  weeping  area.s  as  seen  in 
eczema.     The  eruption  is  also  generally  symmetrical  ia 
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its  distribution,  and  smaller  foci  are  frequently  seen  upon 
the  lobes  of  the  ears  and  on  the  scalp.  Finally,  small 
white  atrophic  scars  form  sooner  or  later  in  every  case — 
a  manifestation  entirely  foreiffn  to  eczema. 

Aene  Bosacea.  — This  fomi  of  acne  is  confined  to  the  mid- 
dle zone  of  the  face,  including  the  nose,  and  adjacent  part 
of  the  cheeks,  the  chin,  and  forehead,  while  eczema  is  more 
diffuse.  The  eyelids  are  never  affected  as  in  eczema,  the 
color  is  a  brighter  red,  and  there  is  generally  no  itching. 
The  surface  temperature  is  cool,  -nhile  that  of  eczema  is 
increased  and  the  infiltration  is  less  than  in  eczema.  Te- 
langiectases arc  generally  present,  together  with  pustules 
and  indurated  papules  vrhich  are  not  seen  in  eczema  of 
this  region.  Often  a  seborrhoic  eczema  is  subjoined 
which  is  generally  associated  Avith  more  or  less  dandruff 
in  the  scalp  and  seborrha?a  oleosa  about  the  nose  and 
forehead.  Little  difficulty  should  be  experienced  in  rec- 
ognizing this  complication.  Acne  rosacea  is  a  disease  of 
middle  or  advanced  life,  while  eczema  may  occur  at  any 
age. 

Uiiicarhi. — Papular  tirticaria,  a  form  of  the  disease 
frequently  observed  in  children,  often  bears  a  close  re- 
semblance to  papular  eczema.  Tlie  papules  in  urticaria, 
however,  are  scattered  without  tendency  to  confluence 
or  grouping,  and  are  comparatively  short-lived.  'When 
scratched  they  often  swell,  and  wheals  or  erythematous 
spots  appear  from  time  to  time,  which  would  distinguish 
the  disease  from  eczema. 

Lichen  Planus. — Eczema  is  perhaps  more  often  con- 
foimded  with  lichen  planus  than  with  any  other  disease. 
The  papules  of  lichen  planus,  however,  are  distinctive  In 
character.  They  are  angular  in  outline,  flat  and  shining, 
slightly  scaly,  often  umbilicated,  and  of  a  dull  red  or 
purplish  color.  The  eczema  papule  is  acuminate  or  has 
a  round  top  with  circular  base,  and  has  a  bright  red 
color.  Lichen  planus  papules  dcvelf>p  slowly,  increase 
ill  size,  often  becoming  quite  large,  but  they  never  lose 
their  characteristic  form,  and  when  they  disappear  leave 
a  well-marked  pigmentation.  The  eczema  papule  devel- 
ops quickly,  frequently  undergoes  change  in  form  and 
<'liaracter,  and  disappears  without  pigmentation.  Lichen 
planus  papules  have  a  peculiarity  of  developing  along  a 
scratch,  a  feature  not  often  observed  in  eczema.  The 
patches  of  lichen  planus  are  more  irregular  in  outline 
than  those  of  chronic  eczema,  and  often  ajipear  in  a  linear 
form  ;  the  chilracteristic  papules  making  up  the  patch  are 
generally  to  be  seen  at  the  periphery.  Lichen  planus  has 
a  predilection  for  the  flexor  surfaces  of  the  wrists  and 
forearms  and  inner  side  of  the  knees  and  thighs,  while 
the  patchy  form  is  more  commonly  seen  upon  the  back 
or  sides  of  the  neck  and  on  the  lower  legs. 

Piti/i'iiixis  Rubra  Pilaris. — This  affection  is  almost  in- 
variably mistaken  for  eczema  by  the  practitioner,  for  it 
is  of  rather  rare  occurrence  and  is  seldom  seen  outside  of 
dennatological  practice.  It  is  a  very  chronic  disease, 
and  extends  over  a  period  of  manj-  years.  The  distin- 
guishing lesions  are  small,  hard,  yellowish  or  red,  homy, 
conical  papules,  each  of  which  is  located  at  the  orifice  of 
a  hair  follicle.  They  impart  to  the  hand  passed  over  them 
the  sens;ition  produced  by  a  nutmeg  grater.  These  are 
especially  prominent  on  the  arms,  forearms,  thighs,  and 
the  dorsal  surface  of  the  phalanges.  In  the  last-named 
location  the}'  appear  as  harti,  black  points,  and  when 
present  are  a  certaitLdiagnostic  .sign.  There  is  nothing  in 
eczema  resembling  these  lesions.  The  disease  may  be- 
come generalized  and  then  resembles  scjuamous  eczema ; 
it  ma}'  even  become  universal,  but  there  are  never  any 
signs  of  scratching  as  in  eczema.  Tlie  skin  is  uniformly 
dull  red,  infiltrated,  and  covered  with  fine,  horny  scales. 
Eczema  is  a  brighter  red,  the  scales  are  larger,  and  some- 
where there  is  generally  evidence  of  scratching  with 
oozing  or  crust  formation.  There  is  also  a  severe  sym- 
metrical hyperkeratosis  of  the  palms  and  soles,  and  great 
thickening  of  the  nails — features  not  generally  observed 
in  eczema. 

PsoriaMs. — The  average  case  of  psoriasis  offers  no  diffi- 
cul  ties  in  diagnosis  from  eczema.  The  patches  are  sharply 
defined,  are  covered  with  dry  micaceous  imbricated  scales, 


are  generally  seen  in  the  neighborhood  of  the  elbow  or 
knee,  and  show  a  preference  for  the  extensor  surfaces  of 
the  limbs.  The  patches  of  eczema  are  ill-defined,  the 
crusts  are  darker,  and  are  composed  of  dried  serum  min- 
gled with  epidermic  scales,  and  they  show  preference  for 
the  flexor  surfaces.  Removal  of  psoriatic  scales  reveals 
numerous  punctate  hemorrhages,  while  beneath  the 
eczema  criLst  is  a  red.  oozing  surface.  Psoriasis  is  al- 
wa^'s  a  dry  eruption;  eczema,  even  in  the  dry  squamous 
form,  shows  catarrhal  tendencies  at  times  as  a  result  of 
scratching  or  tiatmiatism.  The  subjects  of  psoriasis  are 
almost  always  in  robust  health,  while  eczema  patients 
are  often  in  ill  health.  The  history  of  long  duration  and 
relapses  in  psoriasis  is  often  of  much  service  in  diagnosis. 
Psoriasis  of  the  scalp  resembles  eczema  closely  at  times, 
but  the  eruption  is  drier,  presents  a  patchy  character  in- 
stead of  being  more  or  less  diffuse,  and  where  it  extends 
beyond  the  hair,  as  upon  the  forehead,  the  eruption  has 
a  sharp  margin  which  would  distinguish  it  from  eczema. 
Some  patches  of  chronic  infiltrated  eczema  resemble  those 
of  psoriasis  very  closely,  but  they  are  not  apt  to  be  so 
sharply  defined,  the  itching  is  more  intense,  they  often 
become  wet  by  scratching  or  rubbing,  and  crusts  of  dried 
blood  and  serum  form  at  times.  Small  guttate  psoriasis 
is  sometimes  mistaken  for  papular  eczema,  but  scraping 
off  the  scale  with  the  nail  will  usually  reveal  the  small 
bleeding  points:  this,  together  with  a  careful  examina- 
tion as  to  the  localization  of  the  lesions  and  the  history 
of  the  disease,  will  generally  enable  one  to  make  the  cor- 
rect diagnosis. 

Syphilis. — Some  of  tlie  syphilodemiata  resemble  ec- 
zema quite  closely,  and  mistakes  in  diagnosis  are  not 
infrequently  made.  The  lesions  of  the  small  papular 
syphiloderm  generally  show  a  tendency  to  grouping, 
often  in  the  form  of  crescents  or  segments  of  a  circle. 
Papular  eczema  Ijicks  this  characteristic.  The  color  of 
the  syphilitic  papule  is  dull  red  instead  of  bright  red  as 
in  eczema,  and  it  is  hard  and  shot-like  to  the  touch,  while 
in  eczema  the  papule  is  not  so  firm.  There  is  rarely 
itching  in  papular  syphilis,  while  the  itching  in  papular 
eczema  is  generally  intense. 

The  pustular  sy]iliiloderm.  especially  that  upon  the 
scalp,  is  difficult  sometimes  to  distinguish  from  eczema 
pusliilosa.  The  sy iihiloderm,  however,  soon  forms  scabs, 
which  when  remo\ed  reveal  a  small,  sharpiv  cut  ulcer, 
and  eventually  it  leaves  a  scar.  Upon  removing  the  crusts 
of  pustular  eczema,  a  smooth,  red,  moist  siu'face  remains, 
and  there  is  never  any  ulcer  or  scar  formation.  Squa- 
mous papular  syphilis  of  the  palms  and  .soles  is  often  mis- 
taken for  eczema,  but  it  presents  a  ciicinate,  sharply 
defined  border,  which  l)_v  close  inspection  is  found  to  be 
made  up  of  separate  papules  which  have  fused  together. 
Eczema  in  these  regions  forms  a  uniforml}'  scaly  patch, 
usually  lackhig  the  sharp  definition,  and  the  border  is 
not  made  up  of  papular  elements. 

In  syphilis  a  history  of  infection  can  often  be  obtained, 
together  with  evidences,  at  some  time,  of  lesions  upon 
the  mucous  membranes  and  remains  of  former  ulcerations 
in  the  form  of  scars. 

(rranuhiiiia  Fuii'ji'ides. — This  disease  often  develops 
from  erythematous  scaly  patches  indistinguishable  from 
eczema."  These  sjiots  develop  anywhere  upon  the  body, 
sometimes  in  the  form  of  erythematous  jjlaques  of  round 
or  oval  form,  or  in  distinctly  eczematous  scaly  patches. 
They  resist  ever}'  kind  of  treatment  and  often  last  for 
years,  or  they  may  disappear  spontaneously  only  to  re- 
tm'U  again  often  in  the  same  localities.  Patches  of  eczema 
showing  this  life  history  should  be  looked  upon  with 
suspicion.  When  infiltration  and  tumefaction  begin  the 
diagnosis  of  mycosis  fungoides  is  easy. 

tinea  Circinata. — Ringworm  is  sometimes  confused 
with  eczema,  especially  when  the  lesions  are  numerous. 
The  course  of  the  two  diseases,  however,  is  very  differ- 
ent. Tinea  circinata  is  an  acute  eruption,  begins  usually 
in  a  small  scaly  spot  which  enlarges  rather  rapidly,  form- 
ing a  patch  with  a  raised,  red.  scaly  border  and  a  more 
orlcss  clear  centre.  The  patch  of  squamous  eczema  en- 
larges in  the  same  way,  but  there  is  no  distinct,  raised. 
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wi'll  flitineii  lionii-r.  only  a  snily,  unifomi  slightly  iu- 
tiltratt'd  patch,  without  teudcucy  lo  flcjir  in  tlie  centre. 
The  itchinjr  in  tinea  circinata  is  sliglit ;  in  eczema  it  is 
always  a  marked  symptom.  Tlie  former  disi-jise  runs  an 
acute  course;  the  latter  is  a  chronic  form  of  eruption. 

In  crze7iia  manjinaUim.  or  ringworm  of  the  crotch  and 
axilla,  there  is  an  eczema  with  a  subjoined  infection  with 
the  trichophyton  fungus  From  an  ordinary  eczema  it 
can  be  distinguished  by  its  raised,  sharply  defined,  circi- 
nate  or  festooned  border  and  the  gradual  diminution  of  the 
eruption  toward  the  point  fnim  which  the  dise-ase  spread. 

Whenever  there  remains  any  doubt  in  diagnosis,  an  ex- 
amination of  the  scales  by  the  microscope  will  reveal  the 
trichophyton  spores  and  mycelia  if  the  eruption  is  one  of 
ringworm. 

Timii  Yerneolor. — The  clinic-al  featuri's  of  this  di.sease 
arc  generally  distinctive  enough  to  piyvent  any  mistakes 
in  diagnosis.  It  occurs  in  fawn-colored  or  light  brown- 
ish spots  upon  the  front  or  back  part  of  the  upper  por- 
tion of  the  trunk,  and  only  rarely  upon  exposeil  parts,  as 
the  face  and  neck.  The  patches  are  covered  with  tine 
f urfuraceous  scales,  but  there  is  an  entire  absence  of  in- 
filtration and  inflammatory  symptoms.  Tlie  itching  is 
slight  or  absent,  the  patient  often  being  unaware  of  the 
presence  of  the  eruption  until  attention  is  called  to  it. 
All  of  the  foregoing  features  would  distinguish  this  dis- 
ease from  eczema.  Microscopic  examination  of  the  scales 
will  always  reveal  the  cliaracteristic  fungus  which  is  the 
cause  of  the  trouble. 

Herpes. — It  is  necessary  to  differentiate  herjies  from  ve- 
sicular eczema,  although  usually  it  is  not  difticulf .  Simple 
herpes,  or  herpes  febrilis,  either  of  the  face  or  of  the  geni- 
tals, is  an  acute  affection  consisting  of  a  group  of  vesicles 
which  are  generally  larger  than  tliose  of  eczema.  Tlie 
vesicles  in  herpes  dry  up  in  a  few  days  without  discharg- 
ing and  forming  a  weeping  patch  as  in  eczema.  Vesicu- 
lar eczema  appears  generally  in  several  loc-alitics,  and 
<loes  not  consist  of  one  or  two  patches  in  close  pro.ximity 
as  in  herpes.  Herpes  zoster  generally  develops  in  the 
course  of  a  nerve  or  its  branches,  is  preceded  by  neuralgic 
pains,  and  is  made  up  of  groups  of  larger  vesicles  or  even 
bidliB  seated  on  an  erythematous  patch ;  it  is  also  uni- 
lateral. Eczema  vesiculosa  occurs  iu  a  disseminated 
manner,  is  not  associated  with  neuralgia,  and  the  vesicles 
are  smaller  and  more  closely  set.  As  in  herpes  simplex, 
the  vesicles  in  zoster  dry  up  without  discharge.  Scars 
are  often  left  after  herpes  zoster,  while  scarring  is  never 
seen  in  eczenui. 

Dermatitis  Herpetiformis. — The  mistake  is  very  com- 
monly made  of  diagnosing  this  disease  eczema.  In  the 
papular  and  vesicular  varieties  of  dermatitis  herpetifor- 
mis the  eruption  is  very  much  like  that  of  eczema.  The 
disca.se,  however,  belongs  to  the  herpetic  group  of  erup- 
tions, and  by  keeping  in  mind  this  fact  little  difticulty 
need  be  experienced. 

The  lesions  of  dermatitis  herpetifonnis  develop  in  crops 
of  grouped  papules,  vesicles,  pustules,  or  bull.T,  accom- 
panied by  more  or  less  erythema  These  lesions  often 
dry  into  scaly,  red  patches,  which,  after  remaining  a  short 
time,  disappear  spontaneoush'.  only  to  be  replaced  from 
time  to  time  by  new  crops.  Eczema  rarely  behaves  iu 
this  way,  though  certain  forms  of  neurotic  eczema  pre- 
sent much  the  same  picture.  There  is  always  rupture 
and  discharge  of  the  lesions,  however,  in  eczema,  w  hile 
in  dermatitis  herpetiformis  they  dry  up  as  in  other  her- 
petic eruptions  without  discharging.  Dermatitis  her- 
petiformis runs  a  very  long  course,  lasting  often  for 
yeare  with  periods  of  comparative  freedom,  but  ultimate 
cure  in  any  case  is  not  to  be  expected.  Eczema  may  last 
a  long  time  and  become  chronic,  but  there  is  never  the 
history  of  repeated  recurrences  covering  many  years  of 
one's  life,  as  occurs  in  dermatitis  herpetifonnis.  Eczema 
is,  furthermore,  a  curable  disease.  The  itching  in  der- 
matitis herpetifonnis  is  productive  of  more  suffering  than 
in  almost  any  other  known  dermatosis.  The  itching  of 
eczema  is  bearable  as  a  rule,  and  can  be  modified  by 
treatment,  whereas  in  this  disease  it  is  only  a  little  or 
not  at  all  relieved  by  therapeutic  measures. 


Dertiiiiiitis. — The  clinical  .symptoms  of  dennatitis  and 
eczema  are  about  the  .sjime  aiid  are  often  indistinguish- 
able. The  history  and  course,  however,  are  enlirelv  dif- 
ferent iu  the  two  affections.  A  dermatitis  is  an  acute 
eruption,  wholly  of  artificial  origin,  prriduced  liv  s^.nic 
irritant  coming  in  contact  with  the  skin.  It  nnialns  con- 
fined to  the  region  irritated,  and  generallv  distippt-ars 
i(uickly  when  the  source  of  irritation  is  removed.  Ec- 
zema excited  by  local  means  s|)reads  t)eyond  the  area 
lirst  subjected  to  the  irritiint.  even  though  the  cause  is 
removed,  and  may  develop  in  remote  regions,  becouu'ng 
more  or  less  chronic. 

In  poison-ivy  dennatitis  the  eruption  conmionlv  ap- 
pears in  remote  parts  by  auto-infection;  active  treat- 
ment is  always  needed  to  destroy  the  effects  of  the  poi- 
son. Its  acute  character,  however,  and  the  history  of 
contact  w  ith  the  plant,  will  generally  distinguish  it  from 
eczema. 

Eczema  of  constitutional  origin  is  rarely  cimfounde«I 
with  dermatitis,  for  its  nature  is  sf)on  revealed  by  the 
history  and  subset|uent  course  of  the  eniption. 

Pei>q>hiijus. — Bullous  eczema,  especially  as  it  occurs  in 
elderly  people,  may  resemble  pemphigus"  vulgaris.  The 
bulhe  in  pemphigus  develop  suddenly  and  without  ap- 
parent cause  from  a  perfectly  nonnal  looking  skin,  no 
redness  nor  even  an  areola  being  seen.  Eczema  bullosa 
is,  on  the  other  hand,  always  associate*!  with  inflamma- 
tory symptoms  and  the  bulla'  rupture  and  prfnluce  a 
weeping  patch.  'When  the  bullic  in  pemphigus  break,  a 
painful  non-exuding  bright  re<l  area  remains.  Pemphi- 
gus is  generally  precedwl  by  constitutional  disturbances 
and  is  a  grave  disease,  the  patients  dying  jn  either  the 
fii-st  or  the  second  attack. 

" Pemphiyiis fi'liiieeus.''  a  more  generalized  form  of  the 
disease,  spreads  rapidly  over  the  body  surface,  w  iih  the 
production  of  large  flaccid  bulla>.  which  dry  into  large 
thin  flakes  or  are  rubbed  off.  leaving  raw  areas  of  varia- 
ble extent  without  infiltration.  Flaccid  blebs  arc  never 
seen  iu  eczema,  there  is  always  infiltration,  and  the  dis- 
ease rarely  becomes  universal  as  in  pemphigtis  foliaceus. 
Moreover,  the  latter  disease  goes  on  to  a  fatal  termina- 
tion, while  eczema  never  imperils  life.  Itching  is  gener- 
ally absent  or  slight  in  both  forms  of  pemphigus,  which 
would  distinguish  them  from  eczema. 

Pitj/riusis  Riihrti. — This  is  another  rare  and  fatal  dis- 
ease, which  in  its  early  stages  bears  a  resemblance  to  ec- 
zema. It  begins  with  redness  and  scaling,  as  in  squa- 
mous eczema,  but  soon  becomes  generalized  and  universjil. 
Large,  thin  epidennie  flakes  are  continually  exfoliated, 
leaving  a  bright  red  moist  surface,  but  there  is  no  infil- 
tration nor  weeping  as  in  eczema.  Eczema  rubnim  and 
eczema  squamosum,  on  the  contrary,  have  a  more  local- 
ized distribution  and  exhibit  the  exudation,  infiltration, 
and  crusts  which  are  characteristic  of  the  eczematous 
process.  There  is  likewise  no  itching  iu  pityriasis  rubra, 
which  would  distinguish  it  from  eczema.  The  disease, 
when  once  begun,  continues  without  abatement  until  it 
eventually  destroys  the  life  of  the  patient. 

hupttirji/  €<iritij<iiii»(i. — This  is  an  acute  affection  of 
short  duration,  bccum'ng  most  commonly  upon  the 
face  and  hands,  though  in  some  cases  it  may  extend 
over  the  body.  The  lesions  begin  as  vesicles  or  small 
blebs,  which  speedily  become  pustules;  thesi-  rupture 
and  dry  into  dark  crusts.  The  w  hole  process  is  super- 
ficial, the  lesions,  generally  few  in  number  and  scat- 
tered, springing  from  an  unintiltrated  base.  In  pustular 
eczema  the  lesions  are  small  and  more  numerous,  are 
not  so  isolated,  and  develop  from  an  infiltrated  ba.se,  dry- 
ing into  thin  scales,  from  beneath  which  pus  can  be  ex- 
l)res.sed. 

In  impetigo  contagiosa  there  is  often  a  history  of  the 
.same  eruption  in  other  members  of  the  family,  or  evi- 
dence, if  in  an  adult  male,  of  direct  infc-ction  from  a 
barber  shop. 

PetUruliisi.*. — Pediculosis  corposis  is  often  mistaken  for 
eczema.  The  lesions  seen  in  this  affection,  however,  oc- 
cur particularly  about  the  back  and  chest,  around  the 
neck  and  shoulders,  and  about  the  waist  and  over  the 
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buttocks.  Eczema  is  never  limited  to  these  regions.  In 
pediculosis  the  intensity  of  the  itching  and  the  great 
number  of  scratch  marks  are  out  of  all  proportion  to  the 
lesions  present.  There  are  never  any  patches  as  in  ec- 
zema, but  only  scratch  marks  and  torn  papules  capped 
■tvith  a  blood  crust. 

Care  in  examination  of  the  clothing  and  even  of  the 
skin  itself  will  often  reveal  the  parasites  or  their  nits. 

" Pe(h'c)ili  capitis'"  are  a  frequent  cause  of  pustular 
eczema  of  the  scalp,  especially  in  children.  In  every 
pustular  eczema,  whether  in  children  or  in  adults,  this 
factor  must  be  first  eliminated.  Either  the  parasites 
themselves  or  their  nits  can  always  be  detected,  and  in 
children  enlargement  of  the  posterior  cervical  glands  is 
almost  a  sure  sign  of  pediculosis. 

"  Pediculi  pubis  "  may  cause  an  eczema  about  the  geni- 
tals, in  the  axillse,  or  on  the  edge  of  the  eyelids.  With  a 
hand-glass  the  crab-louse  can  generally  be  detected  firmly 
attachad  to  the  skin  at  the  base  of  a  hair,  or  its  nits  are 
found  on  the  shaft  of  the  hair. 

Scabies. — It  is  very  important  to  differentiate  scabies 
from  eczema,  since  the  treatment  for  one  is  inappropriate 
to  the  other.  The  lesions  of  the  two  diseases  resemble 
each  other  in  a  marked  degree,  and  in  some  cases  a  dis- 
tinction cannot  be  made;  in  fact,  eczema  is  sometimes 
caused  by  the  acarus  scabiei.  In  the  early  stages  of  sca- 
bies, careful  search  will  usually  reveal  the  furrows  pro- 
duced by  the  burrowing  of  the  female  acarus,  but  in 
older  cases  these  are  masked  by  ihe  irritation  and  changes 
in  the  skin  produced  by  scratching.  The  distribution  of 
the  eruption  in  scabies  is  the  chief  feature  upon  which 
the  diagnostician  must  rel}".  The  regions  commonly  af- 
fected are  the  interdigital  spaces  and  adjacent  surfaces 
of  the  fingers,  the  flexors  of  the  wrists,  the  elbows,  axil- 
loe,  buttocks,  and  thighs.  In  females  the  mammiE  and 
nipples  are  favorite  sites,  and  in  males  the  glans  and  bodj- 
of  the  penis.  In  children  pustular  lesions  upon  the  hands, 
feet,  and  buttocks  are  almost  sure  to  denote  scabies.  The 
face  and  scalp  are  never  invaded  bj-  this  disease.  Ec- 
zema may  also  occur  in  all  these  localities,  but  the  lesions 
are  not  so  scattered,  often  form  patches,  which  are  not 
seen  in  scabies  except  in  very  aggravated  and  long-stand- 
ing cases,  and  extend  to  the  face,  scalp,  and  other  re- 
gions not  affected  in  scabies.  There  is,  finally,  often  a 
history  of  infection  from  fellow-workmen,  room-mate,  or 
other  members  of  the  familj'. 

Sycosis. — For  the  diagnosis  between  eczema  and  syco- 
sis the  reader  is  referred  to  eczema  of  the  beard. 

Tinea  Favosa. — See  eczema  of  the  scalp. 

Seborrlicm. — See  eczema  seborrhoicum. 

Prognosis. — The  question  as  to  the  curability  of  ec- 
zema can  undoubtedly  be  answered  in  the  affirmative. 
It  is  quite  another  thing  to  be  able  to  say  when  a  given 
attack  will  be  cured  or  whether  the  patient  is  liable  to 
suffer  a  relapse. 

To  answer  these  questions  correctly  it  is  necessary  for 
the  physician  to  be  familiar  with  the  disease  in  its  varied 
and  manifold  phases.  He  must  know  his  patient  as  well 
as  the  various  possibilities  and  vagaries  of  the  disease  it- 
self. Eczema  at  the  best  is  a  ver}-  rebellious  affection, 
and  one  must  be  guarded  against  giving  a  prognosis 
without  carefully  weighing  the  case  in  all  its  bearings. 
Experience,  then,  must  be  the  physician's  chief  reliance, 
as  little  more  than  hints  or  generalizations  can  be  acquired 
from  others. 

If  the  cause  of  the  disease  in  any  given  case  is  known 
and  removable,  the  chances  of  a  quick  recovery  are  gen- 
erally good.  If  the  cause  has  been  long  in  operation, 
however,  it  must  not  be  forgotten  that  the  eruption  may 
continue  and  prove  rebellious  after  this  is  removed. 

Eczema  in  children  and  infants,  being  due  generally  to 
known  and  removable  causes,  is  less  rebellious  than  some 
other  forms  and  a  favorable  prognosis  can  be  given.  The 
great  tendency  to  exacerbations  in  the  ca.se  of  infants, 
dependent  upon  irritation  of  the  gastrointestinal  tract 
through  teething  and  other  causes,  should,  however,  be 
borne  in  mind. 

In  acute  vesicular  types  of  eczema,  a  speedy  and  per- 


manent recovery  can  usually  be  expected.  The  forms 
of  eczema  requiring  more  guarded  prognoses  are  the 
chronic  papular,  the  neurotic  and  goutj'  forms,  those  in 
elderly  people,  and  certain  obstinate  types  dependent 
upon  locality.  Chronic  eczema  of  the  scalp  is  extremely 
rebellious,  as  is  also  chronic  squamous  eczema  of  the 
palms.  Eczema  of  the  anus  and  scrotum,  and  the  form 
of  the  eruption  which  is  seen  on  the  lower  legs,  and 
which  is  dependent  upon  varicose  veins  are  extremely 
difficult  to  cure.  Relapses  are  generally  to  be  expected 
in  gouty,  neurotic,  and  debilitated  subjects.  In  regard 
to  contagion  and  the  likelihood  of  transmitting  the  disease 
by  heredity,  a  negative  answer  can  assuredly  be  given. 

Tre.^tment. — From  what  has  been  said  thus  far.  it 
mav  readily  be  inferred  that  the  subject  of  the  treatment 
of  eczema  is  of  vital  importance.  There  is  no  subject  in 
dermatology  of  so  much  consequence  to  the  practitioner, 
for  eczema  constitutes  a  large  majority  of  all  the  cases  of 
skin  disea.se  that  come  under  his  care.  Unfortunately, 
however,  it  is  one  of  the  most  difficult  diseases  to  treat 
and  often  proves  most  obstinate  and  rebellious  even  in 
the  hands  of  the  expert. 

In  any  given  case  it  is  necessary  at  first  to  discover  if 
possible  the  cause,  and  if  this  is  a  local  one  and  can  be 
eliminated  the  simplest  local  measures  will  often  suffice. 
But,  as  alreadv  seen,  the  disease  is  rarely  due  to  local 
causes  alone,  and  in  order  to  subserve  the  best  interests  of 
the  patient  as  regards  relapses  and  future  attacks,  it  is 
necessary  to  take  into  consideration  every  possible  factor 
that  may  have  a  bearing  upon  the  case.  Every  deviation 
from  health  should  be  carefully  looked  inloand  all  irritat- 
ing and  depressing  influences  removed  as  far  as  possible. 
Family  tendencies,  individual  idiosyncrasies,  tempera- 
ment, habit,  environment,  etc.,  must  all  be  duly  weighed 
if  the  best  results  are  to  be  attained.  It  is  the  physician 
with  the  best  knowledge  of  disease  in  general  who  will 
meet  with  the  greatest  success  in  the  treatment  and  man- 
agement of  eczema.  There  is  no  specific  for  the  disea.se, 
and  every  case  must  be  treated  on  its  individual  merits. 
Eczema  is  curable  in  almost  every  instance,  and  the  re- 
moval of  the  eruption  is  never  prejudicial  to  the  patient, 
but  on  the  contrary  is  always  of  great  benefit  to  him. 
The  old  theory  of  scatteit'iig  the  poison  to  internal  organa 
or  of  driving  it  in  is  no  longer  tenable  in  the  light  of 
modern  pathology  and  general  medical  research. 

The  remedies  and  measures  employed  in  the  treatment 
of  eczema  relate  to  those  having  a  constitutional  effect 
and  those  used  locally. 

Constitiilioiinl  Treatment. — This  comprises  dietary,  hy- 
gienic, and  medicinal  measures,  which  if  judicioush-  eiii- 
ploj'ed  will  always  be  found  of  great  service.  It  will  be 
necessary  only  to  indicate  in  a  brief  way  the  dietary 
and  other  measures  that  have,  by  experience,  proved 
the  most  useful  in  this  disease,  leaving  much  to  the  good 
judgment  of  the  physician. 

Diet  and  Ili/gienc. — There  is  no  fixed  diet  that  will  ap- 
ply to  all  cases  of  eczema,  as  it  will  necessarily  vary 
according  to  the  requirements  of  each  individual  case. 
If  it  were  possible  to  generalize  at  all,  I  think  a  nonni- 
trogenous,  easily  assimilated  diet  would  be  suited  to  the 
greatest  number  of  ca.ses.  In  infants  and  children  the 
regulation  of  the  diet  is  perhaps  the  most  important  part 
of  the  treatment,  for  in  these  subjects  it  is  most  often 
grievously  at  fault.  The  nursling  should  be  limited  to 
milk  or,  if  the  breast  milk  is  insufficient,  to  cow's  milk 
properly  modified,  and  not  allowed  to  have  a  taste  of 
everything  on  the  parents'  table,  including  tea,  coffee, 
beer,  and  all  kinds  of  solid  food.  This  practice  is  unfor- 
tunately very  common  among  children  of  the  poor,  and 
it  is  needless  to  say  that  eczema  flourishes  under  such 
conditions.  Older  children  and  those  in  the  better  walks 
of  life  are  often  allowed  confectionery,  rich  cakes,  pas- 
try, soda  water,  and  all  kinds  of  indigestible  things.  All 
these  should  be  strictly  prohibited  if  good  results  in  the 
management  of  the  eczema  are  to  be  expected.  There  is 
one  article  of  food  which,  I  think,  is  responsible  for  more 
trouble  in  the  eczema  of  infants  and  children  than  any 
other  one  thing;  I  refer  to  bananas.     Bananas  are  nutri- 
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tious.  easily  accessible,  and  convenient,  for  which  reasons 
they  are  consumed  in  large  quantities.  However  well 
they  may  be  digested  and  assimilated  by  some  healthy 
subjects.  I  feel  certain  they  arc  extremely  hannful  in 
those  suffering  from  eczema.  This  applies  to  advills  as 
well  as  to  children — a  fact  which  I  liave  been  able  to  de- 
monstrate to  patients  time  and  again.  In  acute  eczema  it 
is  generally  advisable  to  restrict  the  diet  to  one  of  milk, 
bread  ami  butter,  eggs,  chicken,  fish,  and  vegetables, 
with  possibly  meat,  such  as  beef,  lamb,  and  mutton  two 
or  three  times  a  week.  All  salt  and  highly  seasoned 
meats,  as  pork,  corned  beef,  ham.  and  sausages,  together 
with  richly  fried  and  made  dishes,  rich  gravies,  condi- 
ments, pastry,  cheese,  pickles,  nuts,  olives,  etc.,  should 
be  forbidden.  Such  a  restricted  diet  is  likewise  appro- 
priate to  the  gouty  subject,  who  should  avoid,  in  addition, 
excess  of  starches  and  sweets.  These  patients  should  also 
use  freely  some  good  diuretic  water,  such  as  Poland,  Beth- 
esda,  or  Lithia  water,  taking  it  preferably  before  eating. 
In  the  plethoric  a  diet  of  milk  and  vegetables,  or  at  least 
a  non-albuminous  regimen  devoid  of  stimulating  or  heat- 
ing articles,  is  very  essential. 

TVhen  there  is  an  impairment  of  the  digestive  func- 
tions, as  evidenced  by  dyspepsia  in  one  form  or  another, 
a  diet  must  be  selected  appropriate  to  the  condition  pres- 
ent. Eczema  patients  often  suffer  from  fermentation  and 
acidity,  and  complain  much  of  flushing  after  eating.  The 
avoidance  of  sweets,  starches,  pancakes,  fritters,  crul- 
lers, and  the  numerous  class  of  articles  tliat  are  difficult 
of  digestion  is  to  be  advised  in  these  cases.  Strawber- 
ries, shell  fish,  and  any  article  of  diet  that  is  known  to 
cause  eruptions  of  any  kind  should  be  avoided  by  those 
suffering  from  eczema. 

In  old  people  and  in  those  debilitated  from  any  cause,  a 
nutritious  supporting  dietary  is  necessary.  This  is  par- 
ticularly true  in  those  reduced  from  nervous  strain,  anx- 
iety, or  overwork,  and  in  patients  of  a  strumous  or  lym- 
phatic habit.  A  diet  of  milk,  rich  cream,  eggs,  butter, 
and  easily  assimilated  foods,  as  chicken,  fish,  fresh  vege- 
tables, graham  bread,  and  wheat  cereals,  is  most  desir- 
able in  these  cases.  Jlilk,  slightly  warmed,  given  with- 
out any  other  food  an  hour  before  eating  and  continued 
for  indefinite  periods,  is  most  efficacious  in  neurotic  and 
debilitated  subjects.  In  all  varieties  of  eczema  alcohol 
in  every  form  should  be  avoided,  including  even  the 
lighter  wines,  champagne,  beer,  ale,  and  porter.  In  el- 
derly debilitated  patients  and  in  those  accustomed  to  its 
use.a  small  allowance  may  sometimes  be  advantageously 
given.  Tobacco  in  any  form  aggravates  eczema,  espe- 
cially eczema  of  the  anus,  and  in  those  having  weak  di- 
gestions it  should  never  be  used.  Tea,  coffee,  and  choco- 
late should  be  taken  only  sparingly  by  eczema  patients. 

Fresh  air.  both  in  the  dwelling  and  out  of  doors,  to- 
gether with  a  moderate  amount  of  exercise,  as  walking, 
rowing,  golfing,  bicycling,  or  gymnastic  exercises,  is  all- 
important  in  connection  with  the  treatment  of  many 
cases  of  eczema. 

The  clothing  worn  by  these  patients  is  a  very  impor- 
tant consideration.  'Woollen  should  never  be  worn  next 
to  the  skin,  underwear  of  muslin,  silk,  or  linen  mesh 
being  best  suited  to  this  condition.  For  warmth,  wool- 
len may  be  worn  over  these  if  necessary,  but  this  matter 
is  better  regulated  by  changes  in  the  outer  garments. 
The  heavy  bundling  up  that  infants  are  often  subjected 
to  is  to  be  deprecated.  This  applies  particularly  to  the 
babies  of  the  poor,  who  are  often  wrapped  in  yards  of 
heavy  coarse  flannel,  which  is  not  only  a  great  hardship 
to  the  child,  but  is  productive  of  much  harm. 

The  subject  of  bathing  deserves  special  mention,  for 
upon  proper  judgment  in  this  respect  much  may  de- 
pend. Indiscriminate  bathing  is  undoubtedly  harmful, 
and  Turkish  and  Russian  vapor  baths  as  a  rule  should 
be  discouraged.  The  daily  bathing  of  the  sound  skin, 
followed  by  mild  friction,  is.  however,  desirable  and  in- 
deed necessary  in  many  cases ;  but  if  a  large  part  of  the 
body  surface  "is  affected  the  daily  bath  must  be  omitted. 
In  these  cases  alkaline  baths  two  or  three  times  a  week 
are  very  serviceable.     One  of  the  most  useful  fonnida" 


for  a  bath  powder  is  the  following:  ^  Potass,  carbonat., 
jiv. :  sod.  carbonat.,  siij.;  schI.  biborjit.,  jij.  M.  This 
should  be  used  in  a  thirty -gallon  bath,  together  with  a 
pound  or  two  of  starch.  Sulphuret  of  jjotassium  may 
be  used  in  the  strength  of  from  5  ij.  to  |  iv.  to  thirty 
gallons  in  similar  cases.  Glycerin,  from  3  ilj.  to  3  vi.  to 
thirty  gallons,  is  also  a  useful  form  of  medic-ation.  The 
first  inclination  in  most  patients  is  to  wash  the  part  af- 
fected with  eczema,  not  alone  for  the  pur]>os<'  of  keeping 
it  clean,  but  because  much  relief  is  temporarily  experi- 
enced thereby.  Tliis  practice,  liowever.  interferes  most 
seriously  with  repair,  and  must  be  strenuously  prohib- 
ited in  all  cases.  The  value  of  treatment  at  various 
mineral  springs,  where  patients  bathe  and  drink  of  the 
waters,  is  in  my  opinion  questionable.  A  certain  few 
may  receive  benefit,  but  I  believe  that  the  importance 
sometimes  attributed  to  them  in  the  treatment  of  eczema 
is  greatly  exaggerated. 

Drugs. — The  indications  for  the  administration  of  medi- 
cines in  eczema  are  generally  to  be  looked  for  in  the  pa- 
tients themselves  and  not  in  the  disease.  While  it  is  vcrj' 
essential  to  appreciate  the  effects  of  remedies  in  the  vari- 
ous stages  of  the  eruption  in  order  to  select  those  most 
suited  to  the  condition,  it  is  nevertheless  too  true  that 
undue  attention  is  often  given  to  the  skin  itself  and  too 
little  regard  paid  to  the  individual. 

The  truth  of  this  statement  is  nowhere  more  apparent 
than  is  seen  in  connection  with  the  single  .symptom  of 
pruritus.  From  the  very  beginning  of  an  attack  of  ec- 
zema the  first  and  diicf  concern  of  the  patient  is  to  get 
relief  from  this  distressing  symptom.  The  physician,  in 
his  efforts  to  accomplish  this,  is  often  led  to  resort  to 
sedatives  of  one  form  or  another,  such  as  opium,  chloral, 
bromides,  pheuacetin,  sulphonal.  trional,  etc.  The  ulti- 
mate result  is  an  aggravation  of  the  eczema,  and  hence 
an  increase  in  the  itching,  the  very  symptom  for  the  re- 
lief of  which  they  were  given.  It  may  safely  be  put 
down  as  an  axiom  that  eczeiiin  trill  eease  to  itch  tc/ien  it  i» 
ctind,  Olid  not  until  t/un.  It  is  therefore  both  useless  and 
harmful  to  use  antipruritic  drugs,  but  instead  every  effort 
should  be  made  to  cure  the  disease  as  quickly  as  possible. 

As  already  mentioned,  disorders  of  the  gastro-intes- 
tinal  tract  are  most  commonly  met  with  in  connection 
with  eczema,  and  these  should  receive  the  physician's 
first  attention. 

Constipation  may  be  relieved  by  small  and  continuous 
doses  of  fluid  extract  of  cascara  sagrada  or  by  the  well- 
known  pill  of  aloin,  belladonna,  and  strychnine,  given  at 
bedtime.  I  have  found  a  pill  containing  gr.  i.  aloin,  gr. 
i.  extract  cascara,  and  gr.  J  extract  nux  vomica  of  very 
great  service  in  this  connection.  Calomel  in  small  doses, 
gr.  j\j  to  gr.  J  three  or  four  times  a  day  for  several  days 
in  succession,  with  a  mild  saline  before  breakfast,  such 
as  a  teaspoonful  or  two  of  equal  parts  of  sulphate  and 
phosphate  of  soda  in  half  a  glass  of  water,  will  often 
prove  effective.  The  pill  of  aloes  and  iron  of  the  Phar- 
macopoeia is  likewise  an  excellent  remedy,  given  about 
three  times  a  day.  Saline  aperients,  as  Rochelle,  Glau- 
ber's, or  Carlsbad  salts,  and  the  laxative  mineral  waters 
Hunyadi  Janos,  Rubinat,  etc.,  are  useful  in  some  cases. 
Care  must  be  taken,  however,  not  to  use  these  too  con- 
tinuously, except  in  plethoric  subjects  and  in  those  with 
much  liver  torpor.  In  many  cases  it  is  advisable  to  begin 
by  a  rather  smart  purge,  asafivc-grain  blue  pill  for  a  few 
nights,  followed  by  a  seidlitz  powder  or  citrate  of  mag- 
nesia the  next  morning.  A  pill  of  blue  mass,  colocynth, 
and  ipecac,  containing  gr.  iiss.  each  of  blue  mass  and 
compound  extract  of  colocynth  and  gr.  ss.  of  powdered 
ipecac,  given  two  at  bedtime,  and  repeated  the  second 
night  following,  is  particularly  serviceable.  I  have  also 
gotten  most  excellent  results  from  the  following:  R  Lep- 
tandrin,  gr.  viij. ;  po<lopliylIin.  gr.  ij. :  ipecac,  gr.  v.; 
ext.  hvoscvami.  3  ss. ;  ext.  belladonn.,  gr.  ij. :  ext.  aloes 
purg.,'  3  s,s.  M.  ft.  in  pil.  Xo.  xxx.  Sig.  Two  everj- 
second  night  for  three  times.  It  is  generally  advantageous 
to  repeat  these  bilious  pills  at  intervals  of  two  or  three 
weeks.  For  more  or  less  continuous  use  a  pill  containing 
gr.  i.  calomel  and  gr.  i  to  gr.  J  podophyllin  lias  proved 
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very  useful  in  mj-  hands;  this  pill  maj- be  given  once 
or  twice  a  day,  preferably  at  night. 

For  the  treatment  of  constipation  and  stomach  de- 
rangements in  infants,  the  reader  is  referred  to  Infantile 
Eczema. 

In  dyspeptic  conditions,  besides  the  dietary  regulations 
alrcad}'  referred  to,  the  following  therapeutic  agencies 
will  be  found  of  service.  la  the  flatulent  and  atonic 
forms,  alkalies  and  bittere  are  required,  as  also  the  dilute 
mineral  acids.  I  have  found  that  gtt.  x.  to  xv.  of  dilute 
nitrorauriatic  acid,  given  well  diluted  before  earing,  re- 
lieves the  flatulency  and  consequent  flushing  so  often 
complained  of.  Strychnine  or  mix  vouiica  is  likewise 
effective  in  this  condition.  Bismuth,  liquor  potassa?, 
magnesia,  and  bicarbonate  of  soda  are  useful  in  cases  of 
acidity,  aud  much  good  is  often  derived  in  similar  cases 
from  a  mixture  of  rhubarb  and  soda.  A  good  formula  is: 
IJ  Pulv.  rhei,  3  ss. ;  sod.  bicarb.,  3ij.;  piUv.  ipec,  gr. 
X.;  aq.  menth.  pip.,  ad  Jiij.  M.  Sig.  Teaspoouful  well 
diluted  before  eating. 

Gouty  subjects  require  alkalies,  as  citrate  and  acetate 
of  potassium  in  doses  of  from  ten  to  twenty  grains  three 
times  a  day.  These  may  be  given  separately  or  com- 
bined, and  generally  a  little  iron  taken  with  them  in 
creases  their  effectiveness. 

The  alkaline  diuretics,  benzoate  of  soda  or  litliia,  and 
the  free  use  of  Poland.  Lithia,  or  natural  Vichy  waters, 
can  be  prescribed  with  benefit  to  these  patieuts.  Salicin 
and  colchicum  may  Ik?  given  in  some  of  the  UKire  chronic 
cases,  but  their  efficacy  in  most  instances  is  somewhat 
doubtful.  It  is  never  advisable  to  continue  these  reme- 
dies for  long  periods  of  time,  but  they  should  be  occa- 
sionally interrupted  and  general  tonics  of  iron,  quinine, 
cinchona,  etc.,  substituted. 

In  the  strumous  aud  debilitated,  supporting  tonic  treat- 
ment is  needed,  such  as  cod-liver  oil,  quinine,  hypophos- 
phites,  syrup  of  iodide  of  iron,  the  glycerophosphates, 
etc. 

In  all  cases  of  acute  eczema  salines  aud  gentle  aperient 
mixtures  are  indicated  at  first,  to  be  followed  later  by 
more  tonic  remedies.  One  of  the  most  useful  mixtures  in 
the  acute  stage  of  the  disease  is  that  known  as  Startin's 
'mixture,  which  is  made  as  follows:  ^  Magnes.  sulphat., 
3  iv. ;  feiTi  sulphat.  exsiccat.,  3  i. ;  acidi  sulphur,  dil,, 
3iij.:  syrup  zingil)eris,  3  vi.  :  aqua?,  ad  ;  iij.  31.  Sig. 
Teaspoonful  in  water  after  meals  through  a  tul)e.  In 
cases  in  wliich  there  is  anosmia,  chlorosis,  malaria,  or  other 
general  disease,  the  usual  treatment  employed  in  those 
conditions  should  be  instituted.  The  preparations  of  iron 
best  suited  to  the  treatment  of  eczema  are  reduced  and 
dialyzed  iron,  the  citrate  of  iron  and  ammonia,  and  the 
citrate  of  iron  and  quinine. 

Warburg's  tincture,  with  or  without  aloes,  is  often  a 
very  valuable  remedy,  and  ergot  in  selected  cases  may  be 
given  with  benefit. 

Arsenic  is  useful  in  a  very  limited  number  of  cases, 
and  should  only  exceptionally  be  resorted  to.  Its  indis- 
criminate employment  cannot  be  too  severely  condemned, 
for  it  is  a  dangerous  remedy  and  is  often  productive  of 
much  harm.  It  is  probably  used  less  by  those  especially 
conversant  with  cutaneous  medicine  than  any  one  remedy 
or  class  of  remedies.  It  should  never  be  given  in  acute 
cases,  nor  to  patients  in  whom  the  digestion  is  weak  or 
imperfect.  In  chronic  aud  inveterate  c-ases  of  the  squa- 
mous and  infiltrated  types  it  is  sometimes  serviceable,  but 
even  in  these  it  is  better  not  to  resort  to  it  until  all  other 
remedies  have  proved  ineffectual.  It  is  chiefly  of  value 
in  those  cases  of  neurotic  eczema  in  adults,  in  whom  the 
eruption  develops  in  crops  from  time  to  time,  aud  is  most 
rebellious  to  treatment  of  any  kind.  It  is  also  practi- 
cally the  only  remedy  that  will  control  the  bullous  form 
of  the  disease  which  occurs  in  elderly  people.  The  prep- 
aiations  generally  employed  are  ar.senious  acid,  Fowlers 
solution,  liquor  sodii  arsenitis,  and  arsenious  acid  com- 
bined with  black  pepper  in  the  so-called  "  Asiatic  piU. " 
I  think  the  best  results  are  obtained  with  the  soda  salt, 
for  although  it  is  weaker  than  the  potassium  salt  it  is 
tetter  borne  by  the  stomach  and  can  be  continued  for  a 


longer  period.  It  is  best  given  in  small,  frequently  re- 
peated doses,  beginning  with  one  or  two  minims,  increased 
slowly  to  six  or  more  minims  every  two  hours.  Fowler's 
solution  may  be  given  in  the  same  manner,  but  in  smaller 
doses.  The  usual  dose  of  arsenious  acid  is  fi-om  gr.  ,'5  to 
gr.  -^  three  or  four  limes  a  day.  From  three  to  six  of 
the  Asiatic  pills,  each  containing  gr.  Jj  arsenious  acid 
and  gr.  ij.  to  iv.  of  pepper,  may  be  given  during  the 
twenty-four  hours.  lu  the  administration  of  arsenic  it  is 
necessary  to  push  it  to  the  point  of  tolerance  to  produce 
the  desired  effect.  It  is  always  advisable  to  examine  the 
urine  at  frequent  intervals  during  the  administration  of 
this  remedy,  and  upon  the  first  evidence  of  abnormal  kid- 
ney action  it  should  be  discontinued. 

I^jctil  Treutmeiit. — Success  in  the  treatment  of  eczema 
will  depend  largely  upon  the  projier  selection  and  iippli- 
cation  of  the  various  remedies  and  measures  employed 
locally.  There  is  no  case  that  does  not  reqiure  local 
treatment  in  one  form  or  another.  If  an  opposite  effect 
than  the  one  expected  is  produced  b_v  any  given  applica- 
tion or  procedure,  no  one  will  be  more  quickly  aware  of 
this  fact  than  the  patient  himself.  It  is  essential,  there- 
fore, to  the  interests  of  the  patient,  and  often  for  the 
sake  of  his  own  repiUation,  that  the  physician  should 
have  this  part  of  the  subject  well  in  hand.  It  is  not  nec- 
essary nor  even  advantageous  to  know  all  the  newer 
remedies  and  complex  formuhe  that  are  continually  being 
advocated.  What  is  needed  is  a  knowledge  of  the  gen- 
eral principles  governing  the  use  of  the  more  common 
remedies  aud  a  familiarity  \\  ith  the  drugs  themselves  and 
the  effect  they  have  upon  diseased  skin.  In  the  treat- 
ment of  skin  diseases,  as  in  eveiy  other  branch  of  medi- 
cine, the  simplest  procedures  are  often  the  most  success- 
ful, but  the  important  question  is  when  to  apply  them 
and  how  to  apply  them.  A  remedy  may  be  useti  by  one 
physician  with  the  very  best  effect,  wldle  the  same  in  the 
hauils  of  another,  use<l  in  precisely  the  same  condition, 
will  prove  most  disastixjus.  This  is  generally  dependent 
upon  the  form  in  which  the  remedy  is  used,  whether 
as  a  lotion,  ointment,  paint,  etc.,  or  uix)n  the  manner  in 
which  it  is  applied. 

l^lectiuii  of  liemediex  and  Metliodt  of  Treatment. — In 
choosing  the  remedies  the  physician  should  be  governed 
l)y  the  character  and  intensity  of  the  inflammation,  the 
locality  aud  extent  of  surface  affected,  and  the  second- 
ary changes  that  have  taken  place.  It  is  also  often  nec- 
essary to  consider  the  occuiiation,  habits,  and  social  posi- 
tion of  the  individuiil,  in  order  to  suit  the  treatment  as 
much  as  possible  to  his  convenience. 

It  is  always  a  good  rule  to  employ  the  verj'  mildest 
treatment  possible  when  the  jiatient  first  comes  under 
observation,  the  remedies  being  strengthened  from  time 
to  time.  The  mistake  is  often  made  of  employing  too 
strong  remedies  at  first,  which  not  only  proves  disastrous, 
but  destroys  the  confidence  of  the  patient  at  the  begin- 
ning. In  a  general  way  it  may  be  said  that  lotions — par- 
ticularly tliose  carrying  powders  in  suspension — agree 
with  most  skins  better  than  omtments.  Upon  discharg- 
ing surfaces  they  are  as  a  rule  much  more  satisfactory 
than  dusting  powders,  for  the  latter  c-ake  and  subse- 
quently irritate.  If  the  surface  aft'ected  is  very  large,  it 
is  obvious  that  to  use  a  lotion  over  the  whole  wovdd  not 
be  feasible,  and  it  is  then  necessary  to  soak  strips  of  linen 
or  gauze  in  liniments  which  can  be  laid  on  or  wrapi>ed 
about  the  part.  Ordinarily  lotions  are  sopi)ed  on  by 
means  of  a  piece  of  old  linen  or  gauze ;  it  is  seldom  neces- 
sary to  rub  them  in. 

In  using  ointments  much  depends  upon  the  method  of 
application.  In  acute  cases  in  which  a  soothing  effect  is 
desired,  it  is  essential  that  the  ointment  be  spread  upon 
surgical  lint  aud  bound  on  in  the  manner  of  a  plaster.  It 
is  useless'in  such  cases  to  rub  it  on  with  the  fingers.  In 
chronic  cases  requiring  stimulation,  strong  salves  may 
be  advantageously  rubbed  in  and  then  bound  on. 

In  certain  rare  instances  neither  lotions  nor  salves  will 
be  well  borne  and  other  forms  of  application,  such  as 
]>owders,  pastes,  plasters,  gelatins,  soaps,  i>aints,  etc.. 
must  be  employed. 
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Other  methods  wiiicli  may  be  classed  as  iiiechauical. 
such  us  couutei'iriitation,  circumcision,  use  of  rubber 
bandage,  scarifying,  hot  water,  alkaline  Uaths,  etc.,  are 
referred  to  in  Ihtir  i)roi)er  places. 

Measure*  to  be  Emitloyed  iit  AeuUiind  Subacute  Eciema. 
— The  first  tluug  to  <lo  is  to  remove  crusts  if  present. 
This  is  best  accomplished  by  laying  on  strips  of  linen 
soaked  in  olive  or  almond  oil;  by  soakiug  with  a  three 
to  tivc  per  cent,  salicylic  oil;  or  by  llie  use  of  alkaline 
emulsions  of  bicarbonate  of  so<la.  borax,  etc.  When  the 
surface  is  cleansed,  the  proper  remedy  shoidd  then  be  aji- 
plied,  great  care  being  observed  not  to  employ  it  too 
strong. 

For  freely  discharging  surfaces  diintiiiy  jv»r<1ers,  gener- 
ously emiiloyeil,  are  of  greatest  service.  Those  most 
coninionly  used  are  plain  lorn  starch,  rice  powder,  chalk, 
tide,  kaolin,  lycopodiuni.  and  magnesium  carbonate.  The 
stearate  of  zinc  with  s;di(  ylic  acid  or  saloland  thcoleates 
of  zinc  or  bismuth  have  the  advantage  of  caking  less 
with  the  .«;ecretions  than  do  some  of  the  other  powders. 

It  is  often  advantagious  to  add  to  the  simple  jiowders 
equal  parts  of  o.xide  of  zinc  or  one  part  of  bismuth  sub- 
nitrate,  boric  acid,  or  camphor  to  four  of  tlie  powder. 
In  the  sjime  manner  salicylic  acid,  .ssdol,  or  acetauilid  in 
strength  of  from  twenlv  to  thirty  grains  to  the  ounce  may 
be  usi'ful  additions  in  some  cases.  After  the  excessive 
weeping  has  been  aricsted  by  the  use  of  dusting  pow- 
ders, it  will  be  found  most  convenient  to  use  some  dry- 
ing, slightly  astringent  lotion.  Lotions  &k  ver_\-  cooling 
and  grateful  to  the  piitient,  aud  are  to  be  preferred  in 
most  cases  of  acute  vesicular  or  erythematous  e<zema. 
One  of  the  most  useful  in  acute  vesicular  eczema  is  com- 
posed of  a  drachm  each  of  carbonate  of  magnesia  aud 
oxide  of  zinc  in  four  ounces  of  water.  Boric  acid  in 
thi^ee  or  four  per  cent,  strength  may  Ix'  aiidetl  to  this  lo- 
tion when  needed,  and  if  the  itching  is  excessive,  one  per 
cent,  of  carbolic  aciil  may  likewise  Ix'  added.  Duhring 
and  White  employ  in  the  acute  oozing  stage  lotio  nigra, 
either  in  full  strength  or  diluted  one-half  with  lime  water, 
and  they  report  very  favorable  results  from  its  use.  The 
eruption  is  bathed  with  it  for  fifteen  or  twenty  minutes, 
the  sediment  is  then  allowed  to  dry  on  aud  a  pliister  of 
oxide  of  zinc  ointment  is  immediately  bound  on.  The 
applications  of  the  lotion  are  made  every  ten  or  twelve 
hours.  In  acute  erythematous  eczema  there  is  no  appli- 
cation so  useful  as  the  follow  ing  lotion  of  calamine  and 
zinc:  R  Acid,  carbol.,  3  ss.  ;  pulv.  culamini  prep.,  3  i. ; 
ziuci  oxidi,  Sij.;  glycerini.  3iij.;  aq.  calcis.  3  iv. :  aq. 
ros;e.  ad  §  iv.  This  shoidd  be  dabbe<l  on  two  or  three 
times  a  day  aud  the  sediment  allowed  to  remain  on.  It 
is  a  most  cooling  and  soothing  aijplication.  In  some 
eases  I  have  found  it  advantageous  to  substitute  lotio 
nigra  for  the  lime-water  in  this  lotion.  It  must  be  re- 
membered that  some  skins  do  not  tolerate  either  glyce- 
rin or  carbolic  acid;  in  such  cases  almond  oil  ma\'  be 
substituted  for  the  former  and  dilute  hydrocyanic  acid 
for  the  latter. 

Another  useful  lotion  in  ))apular  vesicular  eczema  con- 
tains boric  acid  two  and  one-half  per  cent.,  zinc  oxide 
and  bismuth  oxychloride  each  four  per  cent,  in  cheiTy- 
laurel  water. 

In  acute  (lapular  eczema  of  the  drv,  itchy  tyi>e,  a  cool- 
ing lotion  ix'commended  by  Caesar  Boeck.  of  Christiania, 
is  particularly  serviceable.  This  consists  of  powdered 
starch  and  talc  each  \i)0  parts,  glycerin  40  parts,  lejid 
water  2()()  jiarts.  It  should  be  used  first  diluted  with 
two  parts  of  water.  In  this  stime  type  (if  eruption  the 
magnesia  and  zinc  lotion  just  referred  to,  with  the  addi- 
tion of  three  to  six  per  cent,  of  ichthyol,  will  be  found 
very  useful. 

When  there  is  an  extensive  oozing  surface  Uitiments 
prove  more  serviceable  than  either  ])owders  or  lotions. 
The  parts  .should  be  enveloped  in  ch)ths  soaked  with  the 
liniment,  and  these  should  be  changed  aljuut  twice  a  day. 
In  this  way  excessive  drying  and  subsequent  irritation 
and  injury  are  prevented.  Linsi'i-d.  almond,  or  olive  oil 
may  be  used  combined  wiUi  glycerin,  lime-water,  di- 
lute alcohol,  etc.     Equal  parts^  of  linseed  oil  aud  lime- 


water  (carron  oil)  will  be  found  very  useful  in  this  con- 
necti<m. 

(Jiiitmentu  may  often  be  employed  with  great  beuelit 
in  acute  stages  of  the  disea.se.  Great  care  is  neces.sary. 
however,  not  only  in  the  si'lection  of  the  ingO'dieuls, 
but  also  as  reganis  the  manner  in  which  they  are  ini-or- 
poraled.  JIucli  harm  may  Ih-  done  by  the  use  of  a  sidve 
made  with  a  rancid  ointment  base  or  one  madi'  with  a 
base  naturally  irritating  to  an  inllamed  skin.  Vaseline 
or  cosmoline,  except  in  special  instances,  .shouUl  not  Ih- 
used  as  a  base  for  oinljuents  cmpldyed  in  acute  stages  of 
the  diseasi'.  lienzoalcil  lard  has  ihe  dis;idvantagi'  id  be- 
conung  easily  rancid.  »n<l  lanolin  has  too  mucli  Imdy.  but 
if  mixed  in  I  lie  prupnriiiin  of  about  one  to  four  with  some 
soft  emollient,  the  latter  makes  a  good  ointment  ba.se. 
Freshly  made  cold  cream  or  rose-water  oiiilinenl  makes 
the  best  b;LS4'  for  salves;  it  is  soothing  and  the  evapo- 
ration of  the  rose  water  it  contains  produces  a  cooling 
effect.  Duhring  gives  a  gotnl  formula  for  making  cold 
cream,  which  consists  of  rose  water  ami  oil  nf  sweet  al- 
mond, 10  parts  each;  while  wax  and  spirmaceli.  "J  part-s 
each;  these  to  be  emulsilied  with  sodium  biborate,  one- 
half  of  one  per  cent. 

Much  likewi.se  depends  upon  the  way  an  ointment  is 
made.  If  it  is  not  ix'rfeclly  smooth,  but  contains  gritty 
particles,  it  is  sure  to  irritate,  no  matter  how  fresh  or 
mild  the  ingredieuls  may  Ix-.  Some  substances,  such  as 
tannic  acid,  resorcin,  etc..  occur  in  the  form  of  liny 
sharp  crystals,  and  unless  these  are  previoiLsly  di.s.solvetl 
before  being  incorporated  in  the  salve,  barm  will  surely 
follow. 

For  a  simple  protective  nothing  is  better  than  oxide  of 
zinc  ointment  in  the  strength  of  a  half  drachm  to  the 
ounce  of  cold  cream.  Bisnuith  subuitrate  or  oleale  of 
zinc  may  be  used  for  the  same  purpose  and  in  the  same 
strength.  A  very  soothing  ointment  for  use  in  acute 
eczema  is  one  composed  of  prepand  calamine  powder, 
gr.  XX. ;  zinc,  oxid.,  gr.  xxx. ;  acidi  carbolici,  gr.  v. ; 
ungt,  aqufe  rosa",  ?  i.  Instead  of  the  carbolic  acid  a  half 
drachm  of  tincture  of  camphor  may  prove  of  more  bene- 
fit in  some  cases.  Salicylic  acid  in  mild  strength  is  a 
most  useful  remedy  in  acute  and  subacute  eczema. 
Use<l  in  the  strength  of  two  per  cent,  in  Ihe  zinc  oint- 
ment already  referred  to.  it  rarely  fails  to  do  good.  In 
the  form  of  a  paste,  first  recommended  by  Las.sar,  it  is 
an  extremely  efficacious  remedy.  The  formula  is  as  fol- 
lows; ^  Pulv.  acidi  salicylici,  gr,  v.;  zinci  oxidi.  pulv. 
amyli.  aa  3  ij. ;  va.selini,  3  ss.  In  acute  eczema,  espe- 
cially of  the  face  and  scalp  and  in  eczema  of  the  toes,  a 
tannin  ointment  composed  a-s  follows  is  very  elTectivc: 
I(  Acid,  carbol.,  gr.  v.  ;  pulv.  acidi  tannici,  tannin,  gly- 
cerit.,  aa  3  ss. ;  ungt.  aq.  rosa?.  j  i.  A  useful  ointment 
in  acute  erytbematous  eczema  is  one  composed  of  fwir 
jx-r  cent.  lx)ric  acid  and  two  |xt  cent,  salicylic  acid  in 
equal  jiarts  of  lanolin  and  rose-water  ointment. 

Hebi-a's  diachylon  ointment,  used  alone  or  witli  the 
addition  of  one  i)er  cent,  of  salicylic  acid,  or  mixetl  with 
equal  parts  of  zinc  ointment,  is"  very  valuable  in  acute 
and  subacute  eczema.  Its  ingre<lieuts  are:  S  Olei  oliyje 
opt.,  3  XV. ;  lilhargyri,  3  iij  +  3  vi. :  aquie  q.  s.,  to  which 
are  added  3  iij.  olei"  lavanduUe.  The  oil  is  mixed  with  a 
pint  of  water,  heated  to  boihng;  then  the  finely  pow- 
dered litharge  is  stirred  in  until  it  ctHjls. 

In  certain  oise.s /*<*/«  composed  of  tragacanth.  gelatin, 
etc.,  are  tolerated  better  than  sjilves.  Unna's  geWtin 
paste  or  "  Zinc-Lciin  "  is  composeti  of  geblin.  alba,  3  vi. ; 
glycerini,  3  ix.;  aqua",  3  ij. ;  zinc,  oxid.,  3  vi.  The  gela- 
tin is  nielte<l  in  the  water  with  heat,  then  the  glytvrin 
aud  zinc  aiv  added.  A  hard  jidly  results  u|x>n  c<">ling, 
which  requires  liquefying  in  a  water-bath  before  it  is 
applii-d.  This  is  theii  pliinted  on  with  a  bnish,  aud 
while  it  is  drying,  fibres  of  absorbent  cotton  are  made  to 
adhere  to  the' surface.  It  may  be  washed  off  or  stripped 
off  eii  majtse.  and  is  a  cleanly  aud  effective  dressing. 

Gettiiitlimik.  one  of  the  newest  ointment  ba-scs.  ciinsists 
of  gelatin  and  tragacanth  e:icli  two  aud  one-half  percent, 
aud  glycerin  five  p<-r  cent,  in  water.  Any  medicameat 
can  be  incor|x)rated  with  it.     It  is  simply  necessary  to 
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paint  it  on  with  the  finger  when  it  quicklj'  dries,  leaving 
a  coating  upon  the  skin ;  it  can  be  readily  removed  with 
a  little  water. 

The  salve  muslins  devised  by  Unna  are  very  useful 
methods  of  making  applications  to  the  skin,  but  as  they 
are  imported  it  is  not  always  possible  to  get  them  fresh. 
On  this  account  they  are  not  to  be  recommended  for  gen- 
eral use. 

31easi(res  to  fie  Employed  in  Chronic  Eczema. — In  the 
local  treatment  of  chronic  eczema  various  remedies  and 
methods  are  emjjloyed,  among  the  most  useful  of  which 
are  the  ditferent  preparations  of  mercury  and  tar.  These 
may  be  used  in  the  form  of  either  lotions  or  salves  and 
may  often  be  combined  with  advantage.  The  mercurials 
of  especial  value  are  ammoniated  mercury  and  calomel 
used  in  strengths  varying  from  two  to  ten  per  cent.  ;  the 
yellow  oxide  and  red  oxide  in  two  or  three  per  cent, 
strength;  the  nitrate  and  oleate  in  two  lo  five  per  cent, 
strength;  and  in  certain  cases  the  bichloride  and  red 
sulphide.  Sometimes  the  mercurials  are  advantageously 
combined  with  sulphur.  A  most  useful  formula  for 
chronic  indolent  patches  consists  of  I^  Ungt.  hj'd.  oxidi 
rubri,  3  iss. ;  ungt.  sulphuris,  3  iij. ;  ungt.  zinc,  oxid.,  ad 
§  i.  M.  In  chronic  impetiginous  eczema  the  following 
white  precipitate  ointment  is  particularly  etfective:  % 
Acidi  carbol.,  gr.  v.;  bismuth  subnitrat.,  3  ss. ;  ungt. 
hydrarg.  ammoniat.,  3  ij. ;  ungt.  aq.  rosoe,  ad  |  i.  M.  In 
&  similar  condition,  especially  when  located  upon  the 
scalp,  the  following  combination  will  be  found  useful : 
If  liyd.  ammoniat.,  gr.  xxv. ;  calomel,  gr.  xx. ;  acid, 
salicylici,  gr.  xv. ;  ungt.  hydrarg.  nitrat.,  3  iij. ;  ungt.  aq. 
Tosae,  ad  |  i.  JI.  Among  the  tars  most  commonly  em- 
ployed may  be  mentioned:  Pix  liquida.  oleum  cadinum, 
oleum  rusci  (crude),  ichthyol  and  thiol.  A  very  effective 
tar  ointiuent  is  that  known  as  Ungt.  picis  ct  zinci  and 
is  made  as  follows:  'B,  Ungt.  picis  liquid.,  3ij.;  zinci 
oxidi,  3  ss. ;  imgt.  aq.  ros. ,  ad  5  i.  M.  This  may  be  used 
alone  or  combined  with  equal  parts  of  Hebra's  diachylon 
ointment.  It  is  a  most  effective  antipruritic  and  is  very 
serviceable  in  chronic  infiltrated  patches  and  in  eczema 
of  the  anus  and  scrotum.  Oil  of  cade  and  oleum  rusci 
may  be  used  pure,  in  which  case  they  are  painted  on  to 
chronic  scaly  patches,  or  they  may  be  used  in  solution  in 
alcohol  in  strength  of  two  parts  of  the  tar  to  one  of  alco- 
hol. In  ointments  they  are  generally  employed  in  strength 
of  3  ss.  to  3  i.  to  the  ounce.  Ichthyol  and  thiol  may  be 
used  in  the  same  manner.  The  latter  has  less  odor  than 
ichthyol,  but  in  my  experience  it  is  less  effective.  They 
may  be  used  in  watery  solution,  five  to  ten  per  cent, 
or  stronger,  or  they  maj'  be  emploj'ed  in  ointment  in 
strengths  varj'ing  from  three  to  fifty  per  cent. 

In  the  treatment  of  infiltrated  localized  chronic  patches, 
&  solution  known  as  '^  liqnor  picis  alkidinus  "  is  most  valu- 
able. Its  formula  is,  I(  Picis  liquida>,  |  ij. ;  potass, 
caustic*,  5  i- :  aqua",  §  v.  M.  Dissolve  the  potassa  in 
the  water  and  add  the  tar  with  rubbing  in  a  mortar.  It 
is  generally  used  diluted  five  to  ten  times  with  water, 
and  after  rubbing  the  patches  once  or  twice  a  day  with 
it  a  soothing  ointment  is  applied.  It  may  also  "be  em- 
ployed as  an  antipruritic  lotion  in  less  chronic  conditions 
in  strength  of  from  one  to  three  drachms  to  the  pint  of 
■water  or  in  an  ointment  in  strength  of  ten  to  twenty 
minims  to  the  ounce.  For  chronic  localized  patches  the 
following  ointment  will  also  be  found  of  great  service: 
If  Picis  liquid.,  3ij.;  plumbi  glycerol.,  3  iij.;  ungt.  dia- 
chyli  (Hebra),  lanolin.,  aa  §  ss.     M. 

In  addition  to  the  remedies  already  mentioned  some 
other  drugs,  such  as  resorcin,  chrysarobiu,  pyrogallic  and 
salicylic  acids,  rhubarb,  beta-naphthol,  iatrol,  perman- 
ganate of  potassium,  etc.,  may  serve  a  useful  purpose  in 
the  treatment  of  chronic  eczeiua.  Resorcin  may  be  used 
in  a  lotion  or  ointment  in  strength  of  from  two  to  six 
per  cent.  Chrysarobiu,  pyrogallic  and  salicylic  acids  are 
often  conveniently  dissolved  in  liquid  gutta-percha  or 
■collodion  and  used  as  a  paint  which  may  be  applied  once 
or  twice  a  day.  They  may  be  used  in  strength  of  from 
three  to  ten  per  cent.  Powdered  rhubarb  in  four  or  five 
per  cent,  strength  in  an  ointment  is  useful  in  chronic 


para.sitic  types  of  the  disease.  A  four-per-cent.  oint- 
ment of  rhubarb  combined  with  equal  parts  of  ungt. 
picis  et  zinci.  is  likewise  of  great  service.  Beta-naphthol 
and  iatrol  are  generally  used  in  about  three-per-cent. 
strength,  while  permanganate  of  potassium  in  one  or  two 
per  cent,  watery  solution  is  useful  as  a  paint. 

The  following  combinations  will  be  found  of  service  in 
chronic  squamous  types  of  the  disease :  J^  ilagnes.  car- 
bonat.,  zinci  oxidi,  aa  3  i. ;  sod.  siilicylat.,  3  iss. ;  iatrol, 
gr.  1.  ;  aqua?,  ad  3  iv.  M. ;  and  ^  Acid,  salicylici, 
gr.  XV. ;  Acid,  pyrogallici,  gr.  xxv. ;  Spts.  vini  rectificat., 
I  i.  M. ;  also  ^  Ichthyol,  gtt.  xx. ;  resorcini,  gr.  x. ; 
Aquse,   |  i.     M. 

It  only  remains  to  refer  to  the  use  of  medicated  soaps, 
soap  plasters,  caustics,  and  covmter-irritants  in  the  treat- 
ment of  chronic  eczema.  Almost  every  remedy  employed 
in  the  treatment  of  eczema  has  been  incorporated  into  a 
soap,  so  that  we  have  ichthyol.  salicylic,  najihthol.  bi- 
chloride, tar.  and  iiuiumerable  other  kinds  of  medicated 
soaps.  Personally  I  have  had  but  little  experience  in  the 
use  of  these,  but  if  properly  employed,  allowing  the 
lather  to  dry  upon  the  diseased  skin,  they  should  be  use- 
ful in  the  treatment  of  eczema. 

Various  forms  of  soaj)  .plasters  have  been  recenth' 
recommended,  many  of  which  are  certainly  serviceable. 
One  of  the  best  is  Duhring's  modification  of  Pick's  salicy- 
lic soap  plaster.  It  is  especially  indicated  in  .subacute  or 
chronic  vesicular  or  vesico-papular  patches,  and  is  com- 
posed as  follows:  I^  Emplast.  saponis  (U.  S.  P.)  lique- 
fact.,  90.0:  ol.  oliva"  opt.,  10.0;  acidi  .salicylici,  2.0.  M. 
It  should  be  spread  on  muslin  or  thin  kid  and  applied 
continuously. 

Hebra's  soap  treatment  for  chronic  indolent  patches  is 
extremely  effective.  It  consists  in  rubbing  into  the  patch 
a  piece  of  sapo  mollis  the  size  of  a  walnut  by  means  of  a 
piece  of  white  flannel  dipped  into  water.  The  affected 
part  is  thoroughly  scrubbed  with  the  lather  until  all  the 
scales  are  removed,  leaving  a  bright  red,  ten.se.  oozing 
surface.  Plasters  of  oleate  of  zinc  or  diachylon  ointment 
are  then  firmly  bandaged  on  and  left  until  the  next  ap- 
plication of  the  soap.  This  is  usually  done  about  twice 
a  day  and  results  in  a  rapid  removal  of  the  diseased  patch. 
Tincture  of  green  soap,  two  parts  green  soap  to  one  of 
alcohol,  may  be  used  for  the  same  purpose,  or  a  mixture 
of  equal  parts  of  green  soap,  oil  of  cade,  and  alcohol. 
The  caustics  most  commonly  employed  in  the  same  ca- 
pacity are  liquor  potassa;  and  solutions  of  caustic  potash, 
five  to  ten  grains  to  the  ounce.  Crocker  has  found  that 
in  certain  cases  of  inveterate  eczema  in  which  relapses 
are  frequent,  counter-irritation  to  the  spine  sometimes 
proves  curative.  For  the  upper  half  of  the  body  he  ap- 
plies it  to  the  nape  of  the  neck,  and,  for  the  lower  half, 
over  the  lumbar  enlargement.  Dry  heat  or  a  mustard 
leaf  may  be  applied  in  this  way  without  fear  of  exciting 
an  eczema  in  the  neighborhood. 

Regional  and  Special  Varxeties  op  Eczema. 

Infantile  Eczema. — This  is  generally  understood  to 
include  all  cases  of  eczema  occurring  in  children  under 
five  3'ears  of  age.  and,  according  to  statistics  made  by 
Crocker  in  London,  about  one-third  of  all  these  begin 
during  the  first  year  of  life. 

Eczema  in  babies  and  young  children  generally  begins 
somewhere  upon  the  head,  usually  in  the  centre  of  the 
cheeks  or  behind  the  ears.  First  there  is  a  scal.y  patch 
which  enlarges  slowly  and  soon  develops  vesicles  and 
pustules  which  rupture  and  drj'  into  more  or  less  thick, 
blood-stained  crusts.  As  the  cases  ordinarily  come  for 
treatment,  they  present  large  crusted  patches  of  eruption 
on  both  cheeks,  on  the  forehead,  chin,  ears,  neck  and 
scalp,  and  often  similar  patches  of  disease  upon  the  ex- 
tensors of  the  forearms  and  wrists.  The  skin  is  always 
affected  in  a  symmetrical  manner  and  in  the  worst  cases 
the  whole  head  ma_y  be  uniformly  involved,  saving  a 
small  area  around  the  mouth,  nose  and  eyes,  where  the 
white,  healthy  skin  stands  out  in  striking  contrast.     The 
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cniplion  often  oxtentls  to  other  parts  of  the  body  nnd 

limbs,  iuul  ill  ii1(Kt  children  iiiiiy  liecoiiie  more  or  less 
gciienil. 

The  disease  is  frequently  eomidicated  by  furiiiielesand 
abscesses  situated  es|)eeially  iiiion  the  scalp,  face,  and 
neck,  anil  in  ]iiiiirly  luiiirislied  and  strumous  infants, 
eon juiietivitis.  blepharitis,  nr  (iturrlicea  may  likewise  co- 
exist. In  ehililreu  of  the  poor,  pedieuli  Jilay  ••in  impor- 
tant part  in  prndueiii^'  and  kee]iiiii;  up  the  trouble. 

The  |iosterior  cervical  lymiiiiatic  inlands  are  consider- 
ably eiilaru'ed  ill  these  cases  and  are  ii  source  of  great 
concern  to  the  parents.  These  rarely  1)reak  down,  how- 
ever, but  disappear  slowly  when  the  eruption  gets  well. 

Though  eczema  may  occur  in  ill-nourislied.  slrumous, 
and  rickety  int'ants,  it  seems  to  have  liei'ii  my  experience 
In  tliid  it  more  commonly  in  well-nourished,  fat,  and 
healthy  subjects.  In  a  few  cases  the  disease  is  appar- 
ently inherited,  in  which  event  it  is  liable  to  continue 
after  iiifaiiey  and  often  become  chronic  in  adult  life. 

The  delicate  skin  of  the  infant  is  very  susceptible  to 
local  irritants  of  one  form  or  another,  and  no  doubt  tlie 
ec/eina  is  due  to  local  causes  alone  in  some  cases.  The 
great  majority,  however,  are  dependcail  upon  improper 
or  excessive  feeding  and  disorders  of  the  gastro- intes- 
tinal tract  engendered  tliereby.  Dentition  isoften  spoken 
of  as  a  cause  of  the  trouble,  but  in  most  instances  the 
eruption  develops  long  before  the  teeth  are  thought  of. 
Tlie  disease  is  always  aggravated  by  teething,  but  in  a 
reflex  manner  through  the  disturbances  of  digestion  which 
it  causes. 

Ill  a  certain  few  cases,  infantile  eczema,  in  both  the 
male  and  the  female,  occurs  retlexly  from  an  adherent  pre- 
puce and  is  not  cured  until  this  is  relieved  bj- circumcision 
or  by  stripping. 

It  is  important  to  differentiate  ordinary  infantile  eczema 
from  syphilis  as  it  occurs  in  the  neighborhood  of  the 
mouth  and  genitals,  from  impetiginous  eczema  due  to 
pedieuli,  and  from  eczema  .seborrhoieum. 

In  syphilis  about  the  mouth  there  are  radiating  fissures 
from  the  corners  which  extend  to  the  mucous  membrane, 
and  mucous  patches  are  often  present  on  the  li]is  and 
over  the  tongue.  The  separate  pajiulesand  mucous  tuber- 
cles about  tlie  anus,  genitals,  and  buttocks  of  a  syphilitic 
child  could  not  be  reailily  mistaken  for  eczema.  The 
presence  of  snuffles  and  the  bad  general  condition  of  the 
child  would  also  usually  distinguish  .syphilis. 

A  chain  of  enlarged  lymphatic  glands  in  the  neck  of 
a  child  with  eczema  of  the  scalp  and  neighborhood  is 
almost  a  sure  sign  of  pediculosis.  With  a  little  care  the 
parasites  or  their  nits  can  be  readily  iliscovered.  The 
eruption  of  seborrhoic  eczema  in  infants  liegins  upon  the 
scalp  as  a  thick,  moist,  crusted  patch  on  the  vertex,  which 
lacks  the  acute  inflammatorj-  characters  of  ordinary  ec- 
zema. It  may  extend  down  on  to  the  forehead  and  in- 
volve the  region  of  the  ears,  but  it  rarelj'  covers  the  cen- 
tres of  the  clieek  syinnietricallj-  and  never  presents  thick 
blood-stained  crusts.  It  likewise  occurs  around  the  um- 
bilicus and  in  the  groins.  In  the  latter  situation  it  may 
be  distinguished  from  eczema  intertrigo  by  its  dull-red 
color,  and  especially  by  the  fact  of  its  jMrsenting  isolated 
papules  beyond  the  border  of  the  patch.  Eczema  sebor- 
rhoieum in  this  region  .shows  more  infiltration  and  in- 
fiammation  at  tlie  periphery  than  in  the  crotch,  while  the 
reverse  is  true  in  eczema  intertrigo. 

In  the  tnntmeiit  of  infantile  eczema  it  is  necessary  first 
to  eliminate  all  possible  sources  of  local  irrit;itiou.  If 
pedieuli  are  present,  the  hair  should  be  cut  and  the  head 
soaked  repeatedly  in  kerosene  oil  to  destroy  the  parasites 
and  nits.  A  three  to  tive  per  cent,  white  precipitate 
ointment  may  be  used  for  the  same  purpose.  After  these 
are  removed  the  eczema  is  readily  cured  by  the  u.se  of  a 
two  or  three  per  cent,  ichlhyol  ointment.  In  eczema  in- 
tertrigo, it  is  important  to  have  the  diapers  changed  and 
washed  freiiuently.  The  practice  of  reapplying  them 
after  hanging  them  up  to  dry  is  responsible  for  keeping 
U)>  the  disease  in  many  eases.  Dusting  powders  and 
cooline:  lotions  are  best  suited  to  eczema  in  this  locality. 
The  calamine  and  zinc  lotion  or  the  magnesia  and  zinc 
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lotion  already  referred  to  are  of  especial  value  in  this 
type  of  the  (lisease. 

Every  attention  should  lie  given  to  the  feeding  of  tlie 
baby.  If  it  nurses,  conslipalion  in  the  mother  siiould 
be  corrected  and  she  should  not  be  allowed  to  drink 
beer  or  spirits.  If  the  child  is  bottle-fed  the  milk  Imuld 
lie  suitalily  moditied  according  to  the  age  and  rei|iiire- 
ments  of  the  patient.  Patent  foods,  as  a  rule,  should 
be  |U(iliiliiteil.  unless  for  some  rea.son  it  becomes  nec- 
essary to  stop  the  milk.  The  other  precautions  referred 
to  in  the  section  devoted  to  the  subject  of  diet  shmild 
likewise  be  Considered.  For  constipation  in  the  cliil<l, 
castor  oil  is  a  very  useful  remedy;  or  a  niixtuie  of 
equal  parts  of  ea.stor  oil,  mistiira  cretic,  and  water  may 
be  given  twice  or  three  times  a  day  in  tiaspoonfiil 
doses.  Calomel  and  soda,  gr.  ,'„-;  of  the  former,  with 
,gr.  iij,-v.  of  the  latter,  given  in  powder  every  second 
morning,  is  an  exceedingly  effective  remedy  in  infantile 
eczema.  Some  cases,  especially  slrumoussubjecls.  do 
well  under  the  following  tonic:  I{  Liq.  sodii  arseniatis, 
gtt.  ij.;  tinct.  nueis  vom.,  gtt.  x. :  syr.  ferri  iodid., 
3  iss.  ;  syrup,  aurant.  flor.,  Ziij,;  Sjits.  miiidereri.  3  iss. ; 
aquie  ad  3  iij,  M.  Teaspoonful  twice  a  day.  In  the 
local  treatment  every  effort  should  be  niach'  "to  |n-olect 
the  inllamcd  skin  and  guard  it  from  injury.  The  hands 
of  the  patient  must  be  done  up  or  encased  in  mittens  to 
prevent  its  doing  injury  with  the  nails,  and  sometimes  it 
is  even  ncces.s!irv  to  eontine  the  hands  and  arms  to  the 
sides.  An  ointment  of  salicylic  acid  and  zinc,  in  strength 
of  two  per  cent,  of  the  former  and  six  per  cent,  of  the 
latter,  smeared  on  two  or  three  times  a  day,  is  often  all 
that  is  needed.  This  may  be  advantageously  alternated 
with  the  calamine  and  zinc  lotion  or  with  the  ointment  of 
calamiin',  camphor,  and  zinc  already  mentioned.  When 
the  inrtammatioii  has  subsided,  a  mild  tar  ointment  may 
be  employed,  or  two  or  three  per  cent,  of  iciithyol  may 
be  added  to  the  magnesia  and  zinc  lotion.  In  all  cases 
relapses  are  freijuent  and  a  cure  cannot  be  safely  promised 
until  the  child  reaches  twoorlwoand  a  half  yearsof  age, 

Pak.\sitic  Ecze.m.v. — We  are  in  the  liabit  of  clas.sify- 
ing  as  parasitic  those  .sharply  detiucd,  moist,  or  crusted 
patches  seen  iijion  the  lower  legs  accompanying  varicose 
veins:  the  iiililtrated,  scaly,  iiidolcnt.  sharply  detined 
patches  which  sometimes  weep  and  become  crusted  and 
are  situated  in  the  flexors  of  the  elbows  and  knees,  and 
on  the  neck;  and  certain  moist  circumscribed  patches  oc- 
curring between  the  Angers,  beneath  the  breasts,  in  the 
groins.  axill.T,  etc.  A  form  of  parasitic  eczema  occurs 
also  in  the  corners  of  the  mouth,  resulting  in  cracks  and 
a  scaly  outlying  patch,  which  is  extremely  obstinate  and 
rebellious  under  any  form  of  treatment. 

No  parasite  has  been  demonstrated  in  these  types  of 
the  disease,  but  they  are  regarded  as  due  to  parasitic  in- 
fection from  their  general  behavior,  and  because  they 
yield  only  to  strong  antiparasitic  treatment. 

In  parasitic  eczema  in  general  a  paint  of  permangan- 
ate of  potassium  3  ss,  to  J  iij.,  appli<<l  twice  daily,  fol- 
lowed by  a  four-percent,  ointment  of  powdered  rhu- 
barb with  zinc,  arrests  the  progress  of  the  disea.se  very 
promptly.  In  the  indolent,  infiltrated  form  ten  percent, 
chrysophanic  acid  in  trauniaticin  (liquid  gutta  percha)  is 
very  effective  when  jmiiited  on  once  or  twice  a  day.  Five 
to  ten  percent,  pyrogallicacid  in  alcohol,  used  in  the  same 
manner,  is  likewise  most  eflioicious. 

Ichtliyol  used  in  a  strength  of  from  ten  to  twenty-five 
percent,  acts  jiiirticularly  well  in  that  form  which  affects 
the  corners  of  the  mouth. 

EczKM.v  Skuouhiioicum. — Seborrhoic  eczema  begins 
upon  the  scalp  in  the  form  of  a  pityriasis  capitis  or  dry 
dandruff,  which  may  remain  in  this  state  or  develop  into 
heavier  masses  of  scales,  forming  what  was  formerly 
called  '^ selxtrrliirii  sirai."  After  tlie  diseast-  has  lasted 
some  time  upon  the  .scalp,  the  hair  becomes  dry  and 
brittle,  loses  its  lustre,  and  finally  atrophies  and  falls, 
producing  partial  or  complete  baldness.  In  some  cases 
the  eruption  is  distinctly  oily  in  character,  and  the  scales 
become  agglutinated  anil  form  greasy  crusts  which  ad- 
here to  the  scalp.     Beneath  these  is  a  red,  smooth,  moist 
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surface  wliicli  itches  or  liurns  slightly.  The  course  of 
the  disease  is  extremely  variable,  but  soouer  or  later  it 
spreads  from  the  scalp  ti>  other  parts  sometimes  remote, 
but  often  contiguous.  In  a  moie  inflammatory  form  the 
disease  spreads  beyond  the  hairy  border  of  the  scalp,  ex- 
tending down  on  the  forehead  and  temples  and  around  the 
ears.  This  consists  in  an  infiltrated,  dull,  yellowish-red 
baud  or  patch  of  eruption  with  a  sharp,  slightly  irregular 
outline  and  covered  with  yellowish,  greasy  crusts.  In 
the  lobes  of  the  ears  and  the  external  auditory  canal  these 
dr}-  into  more  or  less  thick  flakes,  which  can  be  removed 
with  the  fingers,  leaving  only  a  superficial  moist,  red  patch 
behind.  Scaly,  red  patches  apjiear  in  the  eyebrows;  and 
the  central  region  of  the  face,  base  of  the  nose,  alfe  nasi, 
and  the  ad.iacent  portion  of  the  cheeks  soon  become  in- 
volved in  the  process.  Here  the  affected  skin  presents  a 
rough,  red,  oily  character  which  becomes  more  evident 
when  the  face  is  heated.  As  a  rare  condition  the  ver- 
milion border  of  the  lips  is  affected,  resulting  ia  great 
swelling,  pain,  and  thick  crusting.  The  beard  and  mous- 
tache rarely  escape,  the  same  red  patches  covered  with 
greasy  crusts  being  scattered  through  them. 

Other  favorite  locations  for  the  eruption  are  the  front 
and  back  of  the  chest,  esiiecially  between  the  scapuloe,  in 
the  axilla;  and  groins,  and  aroimd  the  umbilicus.  It  may 
also  occur  on  the  arms  and  legs  and  in  some  cases  spreads 
generally  over  the  body. 

On  the  chest  and  back  the  eruption  consists  of  macules 
and  discrete  papules,  dull  red  in  color  and  slightly  scaly, 
which  slowly  enlarge  to  form  plaques  or  patches  of 
variotis  sizes.  As  these  grow  at  the  periphery,  involu- 
tion tiikes  place  in  the  centre,  forming  circular  or  circi- 
nate  lesions,  which  by  joining  others  form  gyrate  or 
festooned  figures.  This  is  the  "geborrhavi  corporis"  origi- 
nally described  by  Duhring. 

In  the  axilla  and  groins,  and  around  the  vniibilicus  the 
eruption  generally  occurs  in  the  foriu  of  a  sharply  de- 
fined, yellowish-brown,  slightly  infiltrated  patch  which 
may  become  inflamed  and  crusted,  resembling  very  much 
patches  of  ordinary  eczema.  Itching  in  seborrhoic  ec- 
zema is  not  a  marked  symptom.  Patients  rarely  com- 
plain of  it  except  in  warm  weather,  wheu  they  perspire 
freely. 

When  Unna  first  described  this  disease  iu  1887  he  in- 
cluded many  forms  of  eczema  and  even  certain  types  of 
psoriasis  under  this  name,  but  these  generalizations  have 
not  been  fully  accepted.  The  best  observers  confine  the 
title  to  the  well-recognized  types  here  described. 

The  disease  is  generally  easily  recognized.  The  chief 
reliance  in  diagnosis  should  be  placed  upon  the  seat  of 
development,  the  method  of  progression,  and  the  defi- 
nite localizations  of  the  disease,  as  well  as  upon  the  clini- 
cal appearances  exhibited.  The  dull-red  or  vellowish- 
brown  patches  of  crescentic  or  circinate  outline,  ujion 
which  soft  greasy  crusts  form,  can  rarely  be  mistaken  for 
the  ordinarv  forms  of  eczema.  In  infants  it  lacks  the 
symmetrical  character  and  history  of  beginning  on  the 
cheeks  and  is  never  so  inflammatory.  From  eczema  in- 
tertrigo the  differential  points  have  already  been  given. 
The  scales  of  psoriasis  are  dry  and  silvery  white  iu  color, 
the  patches  are  more  circular,  and  the  localization  of  the 
eruj^tion  is  dilTercut  from  that  of  seborrhoic  eczema. 
Some  cases  of  psoriasis,  however,  resemble  eczema  se- 
borrhoicum  very  closely :  iu  these  the  history  and  course 
of  the  disease  will  help  to  clear  up  matters. 

That  seborrhoic  eczema  is  a  parasitic  disease  is  now 
pretty  definitely  established.  Unna  originally  found 
diplocoeci  in  the  lesions  and  several  varieties  of  bacilli. 
One,  which  he  called  the  "  morofxciis,'"  he  considered  of 
special  importance.  Hi'  was  iinalde.  however,  to  repro- 
duce the  disease,  but.  through  the  bacteriological  studies 
made  by  W.  H.  ilerrill  in  189.5.  Unua's  findings  were  cor- 
roborated, and  inoculation  experiiuents  were  successful. 

The  treatment  of  the  disease  is  not  ditficult.  The  most 
effective  remedies  are  sulphur,  resorcin.  beta-naphthol, 
white  precipitate  and  nitrate  of  mercury  and  also  the 
bichloride.  The  biniodide  and  red  oxide  are  likewise  very 
effective  iu  some  cases.    Upon  the  scalp  a  lotion  of  resor- 


cin, of  a  strength  of  from  three  to  six  per  cent,  in  equal 
parts  of  alcohol  and  water,  acts  promptlj". 

Sulphur,  however,  either  alone  or  combined  with  re- 
sorcin. is  the  most  reliable  remedy  we  have.  It  may  be 
used  in  an  ointment  containing  five  per  cent,  sublimed 
sulphur  and  two  or  three  per  cent,  resorcin,  or  the  resor- 
cin ma}'  be  used  in  a  lotion,  as  already  mentioned,  and 
once  or  twice  a  week  a  five  to  ten  per  cent,  sulphur 
pomade  may  be  applied  to  the  scalp.  This  should  he 
done  at  night  and  the  ointment  washed  off  in  the  morn- 
ing. A  lotion  containing  gr.  ij.  bichloride,  3  i.  resorcin, 
3  iss.  chloral  hydrate,  and  3  iv.  alcohol,  is  also  extremely 
effective. 

On  the  body  a  three  or  four  per  cent,  resorcin  ointment, 
or  a  mild  sidphur  ointment,  will  generally  remove  the 
trouble  quickly.  Beta-naphthol  in  five-per-cent.  strength, 
white  precipitate  five  to  ten  per  cent.,  and  the  nitrafe  in 
about  the  same  strength  used  in  ointments,  are  all  good 
and  effective  remedies.  The  biniodide  may  be  used  with 
the  while  precipitate  ointment  in  the  proportion  of  one 
or  two  grains  to  the  ounce  of  a  five-per-cent.  salve.  The 
ointment  of  red  oxide  of  mercury  and  sulphur  referred  to 
uuder  the  treatment  of  eczema  will  be  found  of  great  ser- 
vice in  this  trouble.  About  the  genitals  in  infants  care 
must  be  taken  not  to  use  the  remedies  in  too  great 
strength. 

EczEM.v  OF  THE  ScALP. — Eczema  manifests  itself  in 
various  ways  upon  the  scalp.  In  children  and  infants  it 
appears  more  often  as  a  vesicular  or  pustular  affection, 
while  in  adidts  it  is  generally  of  the  chronic  erythematous 
or  squamous  variety.  It  may  be  limited  to  the  scalp  in 
both  children  and  adults  or  luay  be  only  a  part  of  a  more 
generalized  erujition.  The  pustidar  fonu  of  the  disease 
as  it  occurs  in  infants  and  the  impetiginous  crusted  ec- 
zema of  older  children,  including  the  form  associated 
with  pediculo.sis.  have  already  been  considered.  In  adults 
the  same  clinical  picture  of  pustular eczeiua  is  sometimes 
seen  as  that  observed  iu  children.  It  begins  in  the  same 
way.  in  groups  of  pustules  which  generally  dry  without 
rupturing,  forming  patches  covered  with  thick,  dirt)- 
looking  crusts.  These  may  form  anywhere  upon  the  scalp 
and  often  coalesce  into  more  extensive  areas.  The  hail  is 
matted  down  by  the  drying  discharge  and  presents  a  most 
offensive  and  disgusting  condition.  This  form  usually 
occurs  in  poorly  nourished  subjects  and  in  those  who  are 
neglectful  of  their  persons.  Itching,  as  a  rule,  is  not  coiu- 
plained  of  in  this  type  of  the  disease,  but  sensations  of 
soreness  and  burning  pain  are  comiuon  symptoms. 

The  erythematous  form  of  the  eruption  begins  as  a  dry, 
red,  scaly  patch  of  variable  size  and  outline,  which  grows 
slowly  larger  and  liecomes  thickened  and  infiltrated.  It 
soon  runs  into  a  chronic  condition  and  in  certain  parts  of 
the  scalp,  such  as  the  hollow  below  the  nucha,  may  re- 
main for  years  resisting  almc^st  every  form  of  treatment. 
These  patches  are  very  sharply  defined,  and  there  is  so 
much  infiltration  that  the  diseased  area  projects  abo\e 
the  nattiral  level  of  the  skin.  Erythematous  eczema  tnay 
also  spread  over  the  scalp  in  an  acute  manner,  with  gen- 
eral redness,  (edema,  and  sometimes  vesiculation.  The 
itching  and  burning  in  these  cases  are  intense  during  the 
acute  stage.  Later,  the  disease  becomes  squamous  in 
character  and  the  affected  skin  is  covered  with  dry  fur- 
furaceous  scales. 

The  diseases  most  often  confounded  Avith  eczema  of  the 
scalp  are  psoriasis,  seborrhoic  eczema,  tinea  favosa,  and 
tinea  tonsurans. 

Psoriasis  of  the  scalp  presents  about  the  same  charac- 
teristics as  when  it  appears  upon  the  body ;  the  patches 
never  show  moisture  or  soft  crusts  from  the  drying  of  a 
discharge,  but  are  covered  with  dry  micaceous  scales  or 
those  of  a  thick  imbricated  character.  The  itching  in 
psoriasis  is  not  so  severe  as  in  eczema,  and  some  evidence 
of  the  disease  elsewhere  is  generally  to  be  found. 

The  distinguishing  features  of  seborrhoic  eczema  have 
already  been  given. 

Tinea  favosa  may  be  mistaken  for  pustular  eczema. 
The  crusts  of  favus  are  sulphur  yellow  in  color  and  not 
greenish  or  brown  from  the  drying  of  pus,  as  in  eczema. 
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The  crusts  of  favus  are  cup-sliaped  and  can  be  picked  off. 
leaving  a  cliararteristic  depiessiou.  The  o(Uir  is  distinctly 
mousy,  and  liually  microscopical  examination  of  portions 
of  the  crusts  in  favuswill  reveal  the  spores  and  mycelium 
characteristic  of  that  affection. 

In  tinea  tonsurans  the  spot  affected  is  covered  wilh 
broken,  short,  twisted  hairs,  having  the  appearance  of 
being  singed,  or  the  spot  is  devoid  of  hair.  Eczema  does 
not  destroy  the  hair  in  tliis  manner.  Patches  of  ring- 
■worm  are  circuhir  and  often  devoid  of  any  inllammation 
or  redness,  those  of  eczema  are  red  and  intlanied  and  usu- 
ally of  irregular  outline.  Kingworm  of  the  scalp  is  con- 
fined almost  exclusively  to  children,  wliile  eczema  occurs 
in  both  children  and  adults.  The  microscope,  as  in  the 
case  of  favus,  would  definitely  determine  any  doubtfid 
case. 

In  pusttdar  eczema  of  the  scalp  ointments  of  iodol, 
europlien,  icbtliyol,  and  wliitc  jirecipitate  are  esiiecially 
effective.  Iodol  and  europlien  may  be  used  in  a  strength 
of  lull f  a  drachm  to  the  ounce  of  white  vaseline,  while 
ichthyol  is  most  serviceable  in  a  strength  of  from  three 
to  ten  per  cent.  Five  per  cent,  white  precipitate  is  gen- 
erally as  strong  as  one  can  sjifely  use. 

For  the  chronic  infiltrated  patches  occuning  especially 
in  the  occipital  region  very  vigorous  treatment  is  gener- 
ally needed.  Salicylic  acid,  five  to  ten  per  cent.,  in  al- 
cohol; five  per  cent,  of  the  same  in  diachylon  ointment : 
six  per  cent,  resorcin  ui  equal  pans  of  white  precipitate 
and  nitrate  of  mercury  ointment :  and  unguentura  picis  et 
zinci  are  all  useful  in  this  condition. 

In  acute  erythematous  eczema,  the  tannin  ointment 
referred  to  while  discussing  the  local  treatment  of  the 
disea.se.  is  the  most  useful  remedy.  Ointmeuls  of  calomel, 
boric  acid,  and  salicylic  acid,  and  mild  tar  preparations 
will  be  found  serviceable  in  the  (\v\  squamous  types  of 
the  disease.  In  all  cases  the  local  treatment  shmdd  be 
supplemented  by  the  proper  constitutional  measures,  if 
the  best  results  are  to  follow. 

EczEM.\  OF  THE  Face. — The  most  common  type  of  ec- 
zema of  the  face  is  the  erythematous.  It  occurs  in  yowig. 
middle-aged,  or  elderly  people,  but  is  more  frequently  a 
dise-ase  oif  middle  or  advanced  life.  It  is  characterized 
by  a  dusky  or  bright-red.  more  or  less  diffuse  eruption 
covering  the  cheeks,  nose,  eyelids,  and  forehead,  stopping 
short  usually  at  the  border  of  the  scalp  antl  beard.  The 
skin  is  swollen  and  at  first  smooth  and  tense:  the  eyelids 
are  puffy,  sometimes  to  the  extent  of  complete  closure : 
and  when  the  disease  is  very  acute,  tiny  vesicles  develop 
upon  the  erythematous  surface.  Later  in  its  course  the 
disease  loses  its  acute  characters  and  assumes  the  aspect 
of  a  chronic  process.  It  is  accompanied  by  intense 
itching  and  burning:  the  skin  becomes  dry,  scaly,  and 
infiltrated,  and  the  natural  lines  are  exaggerated.  Some- 
times the  itching  is  most  intense,  coming  on  in  parox- 
ysms, and  the  patient  seeks  relief  by  rubbing  rather  than 
by  scratching.  As  a  result  of  this  the  eyebrows  are  often 
rubbed  off  short,  and  the  skin  becomes  steadily  more  in- 
filtrated. 

Eczema,  as  it  occurs  on  the  face  of  infants,  has  already 
been  referred  to  and  need  not  be  further  discussed  in  this 
place.  Eczema  of  the  face  may  occur  as  a  part  of  a  gen- 
eral eczema,  in  which  case  the  entire  face,  including  the 
ears,  nose,  lips,  eyelids,  cheeks,  and  forehead,  is  usually 
affected.  These  cases  are  generally  chronic  in  character 
and  are  seen  in  the  most  typical  form  in  strumous  chil- 
dren. Erythematous  eczema  of  the  face  is  often  mis- 
taken for  erysipelas  and  is  often  wrongly  called  " chi-onic 
eryxipeltis.''  It  is  to  be  distinguished  from  that  disease, 
however,  by  the  absence  of  fever  and  general  constitu- 
tional symptoms  and  by  its  very  long  and  obstinate 
cotn;se. 

In  the  acute  form  lotions  of  calamine  and  zinc,  mild 
carbolic  and  boric  acid  lotions,  the  magnesia  and  zinc 
lotion  previously  mentioned,  an^i  dusting  powders,  are 
the  most  grateful  kinds  of  applications.  One  or  two  per 
cent,  of  salicylic  acid  in  gelanthum  may  be  found  of  ser- 
vice in  some  cases.  Ointfuents  of  oleate  of  zinc  from  half 
a  drachm  to  one  drachm  to  the  ounce;  of  calamine,  cam- 


phor, and  zinc  (formula  already  given) ;  and  of  tannin 
ami  carbolic  acid,  may  be  advantageously  use(l  in  alter- 
nation witli  the  lotions. 

In  the  chronic  stage  of  the  disease  tar  and  mercurials 
may  lie  used,  first  in  moderate  .stri-ngth  and  later  to  pro- 
duce their  slinuilating  effects.  Tlie  uiiguentum  picis  et 
zinci  diluted  one-half  with  zinc  ointment;  anointment 
of  two  per  cent.  ,sjdi<ylic  acid  and  three  per  cent,  of 
ichthyol:  oil  of  cade  from  half  a  drachm  to  one  rinielim 
to  the  ounce  of  simjde  ointment;  and  white  precipitate 
ointment  of  a  strength  of  from  three  to  five  per  cent,  will 
all  be  found  of  service. 

As  in  the  treatment  of  eczema  of  the  scalp  tlie  constitu- 
tional measures  employed  in  conjunction  wiili  those  used 
locally  are  of  the  greatest  iinporlance. 

EczKM.v  OK  TUK  Hk.vki). — The  disease  in  this  region 
manifests  itself  in  two  fairly  distinct  types.  It  occurs 
as  a  superficial  intlammation  of  the  skin,  with  redness, 
swelling,  moisture,  and  crusting,  or  it  quickly  goes  deeper 
and  invades  the  hair  follicles.  In  the  latter  case  each 
hair  pierces  a  pustule,  and  when  removed  carries  the  root 
sheath  with  it.  in  the  form  of  a  swollen,  succulent  bul- 
bous extremity.  It  al.so  affects  the  skin  between  the 
hair  follicles,  and  often  extends  beyond  the  hairy  region. 
The  disease  is  accom|)anied  by  much  soreness  and  pain, 
though  itching  is  most  comjilained  of  by  some.  The 
hair  is  often  verj-  greatly  thinned,  but  generally  it  is  re- 
produced after  the  disease  has  been  cured. 

On  the  upper  lip  a  similar  condition  may  occur,  the 
lip  being  swolh-n,  red,  and  covered  with  thick  dirty  crusts. 
This  results  from  an  extension  of  the  disease  from  the 
nares  or  is  caused  by  the  acrid  discharge  from  a  chronic 
nasal  cataiTli. 

Eczema  of  the  beard  usually  runs  a  chronic  course  and 
is  very  diflictdt  to  manage  in  most  ca.ses;  in  some  in- 
stances it  is  only  a  part  of  a  more  genend  eczema  and 
requires  the  same  trcsitment  as  eczema  elsewhere. 

Eczema  barba?  is  chiefly  to  be  distinguished  from  coc- 
cogenic  sycosis.  Ringworm  of  the  beard,  with  its  deep- 
seated  nodidar  masses,  can  srarcely  be  mistaken  for 
eczema.  Sycosis  begins  primarily  as  a  folliculitis  and 
invades  the  hair  follicle  to  its  depth  in  a  very  short  time, 
and  is  accompanied  by  papides  and  tubercles  w  Inch  are 
never  jiresent  in  eczema.  Eczenui  is  a  superficial  erup- 
tion and  invades  the  hair  follicles  secondarily.  Sycosis 
is  confined  to  the  follicles  as  a  rule,  while  eczema  invades 
the  skin  between  and  may  extend  beyond  the  hairy  re- 
gion. The  hairs  in  sycosis  are  loose  and  can  I)e  removed 
without  pain.  Those  in  eczema  omnot  be  extracted  with- 
out giving  considerable  pain. 

The  tnatiiu'itt  of  eczema  and  of  sycosis  are  about  the 
Siime.  In  acute  cases,  the  remedies  used  for  eczema  in 
general  should  be  employed.  As  soon  as  possible  at- 
tempts must  be  made  to  shave,  and  the  face  should  be 
kept  shaved ;  it  must  be  done  at  least  every  other  day. 
At  first  it  is  a  very  painful  process,  but  after  a  while  pa- 
tients are  able  to"  accomplish  it  without  c-ausing  much 
pain. 

In  some  cases  it  is  good  treatment  to  epilate  the  hairs. 
When  the  hair  is  surrounded  by  pus  it  is  better  to  re- 
move it.  for  it  only  acts  as  a  foreign  body.  Generjil  epila- 
tion maybe  nece&sary  in  very  chronic  and  obstinate  cjLSes. 
Salves  or  pastes  are  "generaliy  more  useful  than  lotions. 
Sulphur  in  a  strength  of  from  ten  to  twenty  grains  to 
the  ounce  is  one  of"tlie  best  remedies.  Dilute  nitrate  of 
mercurv  ointment,  red  oxide  of  mercury  ointment  (two 
drachm's  to  the  ounce  of  zinc  ointment),  three  per  cent, 
ichthvol  ointment,  oil  of  cade  one  drachm  to  the  ounce, 
and  from  one  to  three  per  cent,  oleate  of  mercurj-,  are 
all  to  be  especially  recommended  in  this  form  of  the 
trotible. 

Other  forms  of  tar,  as  thiol,  pix  liqiiida.  etc.,  may  also 
be  tised  with  benefit  in  some  instances. 

EczE.M.v  OK  THE  ArRicLEs.— Eczema  may  attack  the 
auricles  independently  of  any  other  region,  or  may  ex- 
tend to  them  from  the  scalp  and  adjacent  localities.  It 
generally  affects  both  organs  and  remains  confined  to 
them  and  is  a  disease  which  often  recurs. 
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It  is  frequently  dependent  upon  local  causes,  develop- 
ing as  a  result  of  exposure  to  cold  harsh  winds,  of  sun- 
birrn.  frost-bite.  etc.  It  is  likewise  sometimes  due  to  the 
pre.senceof  pediculi  or  is  caused  by  infection  from  chronic 
aural  discharges.  The  eruption  occurs  in  the  erythema- 
tous, vesicular,  or  pustular  forms,  and  though  .some  cases 
arc  acute,  lasting  but  a  short  time,  the  majority  are  ex- 
tremely chronic  and  rebellious  to  treatment.  The  disease 
generally  begins  with  burning  or  itching  sensations,  fol- 
lowed by  redness  and  great  swelling.  Vesicles  soon  de- 
velop wiiich  by  rupturing  either  keep  the  surface  moist 
or  througli  drying  give  rise  to  serous  crusts.  The  ears 
are  often  so  stiff  and  sw(]llen  that  they  stand  out  some 
distance  from  the  head,  and  the  least  movement  causes 
the  skin  to  crack  in  the  angle  of  junction  with  the  head. 
These  fissures  bleed  and  become  exquisitely  painful,  and 
from  their  natural  location  are  difhcult  to  heal.  In  the 
chronic  squamous  form  there  is  often  much  swelling 
of  the  external  auditory  canal,  residting  in  more  or  less 
deafness  of  a  temporary  character.  Tlie  juistular  type 
of  the  eruption  is  generally  dependent  upon  pediculi, 
which  must  be  discovered  and  removed  before  the  trouble 
will  yield.  In  the  acute  form  the  disease  is  sometimes 
mistaken  for  erysipelas.  Vint  its  symmetrical  distribution 
and  general  course,  without  constitutional  s.ymptoms, 
will  always  enable  one  to  make  the  distinction. 

The  redness  and  swelling  generally  diminish  rapidly 
under  the  use  of  the  calamine  and  zinc  lotion,  or  a  lotion 
containing  carbolic  acid,  gr.  xv. ;  acid,  borici,  I  iss. ; 
resorcin.,  gr.  xx. :  magnes.  carbonat.  and  zinci  oxidi,  aa 
3  i.  in  four  ounces  of  water.  Dusting  powders  of  talc 
and  bismuth,  or  of  stearate  of  zinc  with  salicylic  acid, 
afford  much  relief  in  the  acute  stages.  Jlild  ointments 
of  bismuth,  of  boric  acid,  of  oleate  of  zinc,  and  of  cala- 
mine, camphor  and  zinc,  are  all  useful  in  the  treatment 
of  eczema  in  this  region.  In  the  pustular  forms,  iodol 
ointment  in  tbree-per-cent.  strength,  three  per  cent,  white 
precipitate  ointment,  or  iciithyol  ointment  of  a  strengtli 
of  two  or  three  per  cent.,  with  or  without  two  per  cent, 
of  salicylic  acid,  will  be  fo>ind  of  great  service.  In  the 
chronic  squamous  variety  tar  is  especially  valuable,  nota- 
bly solutions  and  ointments  of  pix  licjuida.  Ichthyol  in 
a  five-percent,  ointment  is  most  eflective  in  healing  fis- 
sures, but  it  is  generally  necessiiry  to  bandage  the  ears  to 
the  head.  Where  there  is  much  swelling  of  the  external 
auditory  canal,  glycerite  of  tannin  diluted  about  five 
times  with  water  may  be  applied  with  a  brush  t)uce  or 
twice  a  day. 

EczE.MA  OF  THE  LiPS. — Fortunately  eczema  in  this 
localitv  is  not  very  common,  for.  on  account  of  the  nat- 
ural movements  of  the  parts  and  the  close  proximity  to 
the  saliva,  it  is  extremely  hard  to  manage. 

The  disease  occurs  here  in  the  vesicular,  erythematous, 
and  pustular  types,  and  is  characterized  by  redness, 
swelling,  heat,  and  thick  crusting,  which  is  sometimes 
serous  btit  more  often  dark  and  blood-stained.  The  lips 
become  very  sore  and  stiff  and  rhagades  form,  not  only 
at  the  corners  of  the  mouth  but  at  various  points  along 
the  lips.  The  process  is  kept  up  by  the  picking  the  lips 
are  subjected  to  by  the  patient  in  order  to  obtain  relief, 
and  by  being  kept  wet  with  the  tongue  and  saliva  to 
relieve  the  dryness  and  burning. 

The  disease  may  be  confined  to  the  vermilion  border 
and  corners  of  the  mouth,  but  in  some  cases  it  extends 
some  distance  bej'ond.  and  may  even  be  continuous  with 
a  similar  eruption  in  tlie  nares.  This  latter  is  almost  al- 
ways associated  with  a  chronic  nasitl  catarrh,  which  is 
the  cause  of  the  eruption  also  upon  the  lijis. 

Eczema  of  the  lips  is  sometimes  confounded  with  her- 
pes labialis,  and  in  some  instances,  especially  in  children, 
resembles  syphilis.  Herpes  is  an  acute  affection  consist- 
ing of  one  or  more  separate  groups  of  vesicles,  which  dry 
into  thin  crusts  that  are  soon  thrown  off.  Eczema  is 
never  so  localized,  is  slower  in  its  progress,  and  jiresents 
symptoms  of  a  more  pronounced  inflammatory  ty]ie. 
Syphilis  in  this  region  is  accompanied  by  radiating  cracks 
at  the  corners  of  the  mouth  which  are  quite  deep  and 
secrete  a  puriform  fluid.     The  fissures  in  eczema  are 


more  superficial  and  bleed  easily.  In  syphilis  there 
would  usually  be  evidence  of  mucous  patches  in  the 
mouth  or  on  the  tongue,  and  in  children  snuffles  and 
other  confirmatory  evidence  of  the  disease  could  doubt- 
less be  found. 

In  the  treatment  of  this  condition  much  tact  and  in- 
genuity are  generally  needed.  In  luale  adidts,  the  use 
of  tobacco  in  any  form  must  be  ]3rohibited  and  hot  or 
irritating  substances  kept  away  from  the  affected  region. 
In  acute  cases  soothing  emollients  are  called  for  and 
often  a  simple  protective  will  prove  beneficial.  Lassar's 
paste  is  one  of  the  most  useful  applications  in  the  early 
stages:  it  is  thick,  and  acts  as  a  good  protection  and  its 
effect  is  slightly  astringent  and  soothing.  Ilyde  recom- 
mends a  lotion  of  equal  parts  of  tincture  of  benzoin,  al- 
cohol, and  glycerin. 

I  have  found  a  lotion  containing  sodium  biborate,  3  ij., 
glj'cerin,  3  iv. ;  and  rose  water,  3  iv.,  very  useful  in  acute 
cases.  Bismuth  subnitrate,  europhen,  or  oleate  of  zinc 
used  in  a  tragacauth  base,  such  as  gelanthum,  will  also  be 
found  serviceable.  The  chronic  cases  often  require  very 
stimulating  treatment  with  tar  and  potash  solutions  or  by 
applications  of  nitrate  of  silver,  chromic  acid,  etc.  The 
fissures  often  heal  rapidly  after  one  or  two  applications 
of  a  silver-nitrate  pencil. 

EczEM.\  OF  THE  EvELiDS. — Both  children  and  adults 
are  affected  with  eczema  of  the  lids.  In  children  it  gen- 
erally occurs  in  strumous  or  ill-nourished  subjects,  while 
in  adults  it  is  frequently  part  of  a  chronic  eczema  in 
other  regions.  The  disease  attacks  the  free  borders  of 
the  lids,  which  become  red,  swollen,  and  crusted.  The 
hairs  are  affected  early  in  the  course  of  the  disease,  the 
inflammation  extending  to  the  depth  of  the  follicle,  pro- 
ducing a  real  sycosis  of  the  lashes.  The  edges  .secrete  a 
sero-puruleut  discharge  which  agglutinates  the  lids  and 
sometimes  .sets  up  a  conjunctivitis.  The  free  border  of 
the  lids  may  also  be  the  seat  of  a  dry,  squamous  eczema- 
tous  condition,  which  is  devoid  of  much  inflammation, 
but  cau.ses  more  or  less  annoyance  in  consequence  of  the 
itching.  In  chronic  cases  of  the  sycosis  type  the  lashes 
loosen  or  are  pulled  out,  the  edges  of  the  lids  become 
quite. hard,  very  red  and  either  shin}'  or  crusted,  and  the 
whole  presents  a  very  peculiar  and  characteristic  de- 
formity. 

It  is  necessary  to  differentiate  the  disease  from  phthi- 
riasis  palpebrarum  and  from  eczema  seborrhoicum  of  the 
lids.  In  the  former,  examination  with  a  hand-magnify- 
ing glass  will  discover  the  crab-louse,  if  present,  clinging 
firmly  to  the  base  of  the  hair.  In  seborrhoic  eczema 
there  is  no  free  discharge  nor  sero-pundent  crusting  and 
very  little  evidence  of  inflammation.  The  scales  are  yel- 
lowish and  greasy  and  there  is  no  agglutination  of  the 
lids.  Evidence  of  the  disease  would  also  be  readily 
found  upon  the  scalji  or  other  regions. 

In  acute  cases,  with  much  burning,  redness,  and  swell- 
ing, the  closed  lids  luaj'  be  bathed  with  warm  boric  acid 
solutions.  Calamine  and  zinc  lotion,  applied  by  soaking 
small  pieces  of  lint  and  laying  them  upon  the  lids,  also 
acts  in  a  very  soothing  manner. 

In  the  crusted  variety,  the  crusts  should  be  soaked  off 
with  Sidicj'lated  oil  in  a  strength  of  two  or  three  per  cent., 
or  they  may  be  picked  off,  after  which  the  application 
should  be  made.  An  ointment  of  yellow  oxide  of  mer- 
cury, three  grains  to  the  drachm,  may  be  used,  or  one 
of  the  red  oxide  diluted  one  to  eight  with  cold  cream. 
Another  useful  ointment  is  antimon.  sulph.,  3  ss. ;  lano- 
lin, 3ij.;  vaselin.  alb.,  3  iv.  An  ointment  of  one-per- 
cent, resorcin  with  two  per  cent,  of  salicylic  acid,  will 
also  be  found  of  value.  Tannic  acid,  one  drachm  to 
the  ounce  of  rose-water  ointment,  is  often  effective,  or 
glyceiite  of  tannin  may  be  painted  along  the  lids  in  a 
very  weak  solution. 

Suitable  constitutional  treatment  is  necessary  in  all 
these  cases. 

EczEM.\  OF  THE  Genit.m.s. — Eczcma  frequently  at- 
tacks the  genital  organs  of  both  sexes,  and  in  this  locality 
probably  produces  more  acute  suffering  than  in  any  other 
part  of  the  body.     In  the  male  either  the  penis  or  tlie  scro- 
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turn  or  botli  may  be  attacked,  but  eczema  of  the  scrotum 
occurs  most  friMpicully.  In  women  the  entire  vulva  is 
generally  invulvcd.  iMcludini;  the  labia  niajora.  labia 
minora,  vestibule  and  even  the  vai;in.'i.  Tlie  adjacent 
region  of  the  groins  is  likewise  often  alTeeted.  The  ery- 
thenialous.  papular,  or  papulo  squamous  types  of  tlie 
eruption  are  most  eonunonly  met  with  and  it  occurs  in 
either  an  acute  or  a  chronic  form.  Jlost  of  the  cases 
which  come  for  treatment  have  the  disease  in  a  chronic 
stage.  The  scrotum  when  acutely  inMamed  is  red,  hot, 
and  swollen,  the  body  of  the  penis  and  the  pre|>uce  are 
o'dematous  an<l  as  a  result  of  lubhing  aTid  scratching 
there  is  more  or  less  moisture  and  sealiness.  In  women, 
the  labia  are  all  nuuh  swollen,  red  and  hot.  and  the  wliole 
vulva  is  moist  and  the  jiarts  are  often  agglutinated. 

In  some  eases  in  both  se.xes  the  eruption  is  perfectlj' 
dry,  there  being  no  discharge,  only  erythema  and  .scali- 
ne.ss  accompanied  by  violent  itching.  In  the  chronic 
stage  the  scrotum  is  greatly  enlarged,  the  skin  is  tliick- 
ened,  tlie  natural  lines  are  deepened  anil  there  are  often 
lissures.  e.veoriations,  and  crusts  ]iroiluced  by  violent 
.scratching.  The  color  is  a  very  tlark  red  or  it  may  be  of 
a  purplish  hue. 

The  ]ienis.  prepuce,  and  glaus  may  be  the  seat  of 
chronic  eczema,  the  skin  and  mucous  membrane  being 
densely  infiltrated,  red,  and  crusted.  In  chronic  eczema 
of  the  vulva  the  parts  are  often  lacerated,  greatly  swol- 
len, and  thickened,  and  the  vulvo-crural  juncture  is  the 
seat  of  a  moist  red  or  crusted  eruption.  The  itching  in 
genital  eczema  is  verv  intcn.'^e  and  paroxysmal  in  eliarac- 
ter,  and  etl'orts  at  relief  result  in  severe  laceration  of  the 
tissues. 

The  disease  is  one  of  adult  or  advanced  life  and  rarely 
occurs  in  children. 

The  dejiendent  position,  the  heat  and  moisture  natural 
to  this  region,  and  uncleauliness  on  the  part  of  the  jia- 
ticnt  are  resjionsiblc  for  most  cases  of  eczema  in  the  male 
genital  organs.  AVlien  the  glans  and  prepuce  are  affected 
with  chrcVnic  eczema,  glycosuria  is  often  present  and  is 
the  cause  of  the  trouble. 

In  women,  vaginal  and  uterine  discharges,  together 
with  heat,  moisture,  and  uncleanliuess,  are  the  most  fre- 
quent causes.  Glycosuria  should  also  always  be  sus- 
pected in  chronic  eczema  of  the  vulva.  In  making  the 
diagnosis  of  eczema  of  the  genitals,  it  is  necessary  to  ex- 
clude pruritus,  ringworm,  and  pediculi  pubis. 

Tiie  tr,  II  till  I  lit  in  the  acute  stjige  consists  in  the  vi.se  of 
cooling  astringent  lotions  and  dusting  powders.  When 
the  scrotum  is  atTeeted.  a  snuglj'  fitting  suspensory  bag 
should  be  worn.  Calamine  and  zinc  lotion,  and  a  lotion 
of  magnesia  and  zinc  with  two  per  cent,  ichthyol  will  be 
found  usefid.  Boiic-acid  ointment,  or  the  ointment  of 
calamine,  camphor  and  zinc,  may  also  be  used  under 
these  conditions. 

Chronic  eczema  of  the  scrotimi  requires  energetic 
stimulating  treatment.  Preparations  of  tarand  mercury, 
both  in  lotions  and  in  salves,  will  be  found  the  most  effec- 
tive. Dilute  liquor  picis  alkalinus,  Vlennngkx'  solution 
diluted  to  the  extent  of  one  to  ten  with  water,  equal 
parts  of  oil  of  cade  or  pix  liquida  and  alcohol,  three  per 
cent,  of  salicylic  acid  with  tive  per  cent,  of  pyrogallic 
acid  in  alcohol,  are  all  useful  applications.  A  lotion 
containing  magnesia  carlionate  and  zinc  oxide  each  ;i., 
sod.  salicylat.  3  iss.,  iatrol  3  iss. ,  and  water  J  iv.,  has 
proved  useful  in  some  cases.  Applications  of  very  hot 
water,  for  several  minutes  at  a  time,  followed  l)y  a  plaster 
of  unguentum  picis  et  zinci  is  a  most  valuable  method 
of  treatment.  Tarand  diachylon  ointmentsand  the  vari- 
ous stimulating  mercury  ointments  may  also  be  employed. 
To  reduce  the  thickening  some  use  scarifications,  galvan- 
ism, and  paintings  with  licpior  potassie  followed  b_y  the 
application  of  a  soothing  ointment. 

Crocker  treats  the  itching  by  placing  a  mustard  leaf 
over  the  lumbar  enlargement  and  gets  better  rcsidfs  than 
with  anything  else.  Eczema  of  the  vulva  may  be  treated 
in  about  the  same  way,  but  the  remedies  must  be  a  tiifie 
milder.  Dusting  pow"ders  should  be  freely  use<i  in  these 
cases  in  alternation  with  the  lotions  and  salves  mentioned. 


EczEM.\  OP  THE  ANirs.— The  disease  in  this  region  is 
very  slow  in  its  development  and  is  always  a  chronic 
alTeetion.  When  well  marked  it  eau.scs  inueh  distress 
and  general  sidfering,  and  in  the  wurst  eases  is  so  wearing 
iqion  the  system  that  tin-  patients  sometimes  becnme 
nervous  wrecks.  The  alfecled  part  presents  a  n^d, 
roughened,  puckered  appearance,  llie  tissues  are  greatly 
thickened,  there  are  often  consideralili'  moislurc  and  ex\i- 
dation,  and  heie  and  there  excoriations, from  .scratching. 
I'ainful  fissures  are  likewise  not  uncommon,  and  these 
lUiiy  extend  beyond  the  s|)hineter:  Ihey  cause  much  |Miin 
in  defecation.  The  ernptioti  may  be  confined  to  theanus 
or  may  spread  forward  on  the  perineum  nr  posteiioily  tow- 
ard the  sjicrum.  The  itching  is  very  intense  and  gener- 
ally persistent,  though  it  is  always  mtich  wor.se  at  night. 
In  their  elTorts  to  obtain  relief  the  patients  often  severel)- 
lacerate  the  parts,  thus  sometimes  causing  free  bleeding. 

Eczema  in  this  region  must  be  distinguished  from 
pruritus,  which  shows  no  visible  lesiims  except  perhaps 
a  few  excoriations  from  scratching. 

Syphilis  would  always  exhibit  Hat  papules  or  mucous 
patches,  it  is  devoid  of  itching,  and  other  {•vidence  of  tliat 
disea.se  would  usually  be  elicited.  Eczema  ani  may  oc- 
cur in  children  or  in  adidts,  but  it  is  more  conunon  in  tlie 
latter  and  of  most  importance  in  them  on  account  of  its 
obstinac}'.  It  is  sometimes  caused  by  eonsti|)alion  and 
hemorrhoids,  but  is  more  frecpicntly  dependent  U|)oii  a 
gouty  condition.  In  children  it  is  due  to  parasites  and 
lack  of  cleanliness  in  the  care  of  those  Jiarts. 

In  the  treiitiiiiut  of  this  condition,  constitutional  and 
local  measures  are  essential.  Diet  and  hygiene  arc  most 
iniporfant,  as  well  as  proper  regulation  of  the  bowels  and 
treatment  for  the  hemorrhoids  if  present.  Alcohol  and 
tobacco  should  not  be  allowed  these  patient.s.  for  Ihey 
particularly  aggravate  the  condition.  Both  soothing  and 
stiiniilating  remedies  are  generally  neecssiry.  For  use 
in  the  daytime  calamine  and  zinc  lotion  is  ell'eetive.  and 
at  the  same  lime  convenient.  At  night  a  stiiinilating 
ointment  shoiild  be  applied,  and  tar  in  some  form  is  par- 
ticularly valuable. 

It  is  in  eczema  of  the  anus  that  hot-water  applications 
are  .so  beneficial.  They  are  best  employed  at  night  and 
in  the  following  manner:  Cloths  are  wrung  out  in  very 
hot  water,  as  hot  as  the  patient  can  bear,  and  are  tirnily 
held  against  the  i>art  for  several  seconds,  being  rcnewi'd 
as  fast  as  they  cool.  After  several  minutes  of  this  triat- 
ment  the  salve  selected  is  immediately  ajiiilied.  This 
should  be  spread  upon  lint  beforehand  so  that  the  parts 
are  not  unduly  exposed  to  the  air  in  making  the  ai)i)lica- 
tion.  Unguentum  picis  et  zinci  emiiloyed  in  this  manner 
is  very  efticacious.  Ointments  of  ichthyol,  oil  of  cade,  or 
thiol  may  be  used  in  the  same  way.  Anointment  com- 
posed of  equal  parts  of  belladonna  and  diachylon  oint- 
ments has  proved  valuable  in  some  cases. 

Fissures  should  receive  special  treatment,  either  by 
dilating  the  sphincter  or  by  means  of  local  apjilications. 
Burning  with  nitrate  of  silver  or  caustic  potash  is  often 
successful  in  healing  obstinate  fissures. 

Eczi:m.v  of  the  Leo.— In  elderly  people  of  both  sexes 
eczema  of  the  leg  is  a  rather  common  affection.  It  is 
more  common  in  tlie  poor  laboring  classes  than  in  those 
higher  in  tlie  social  scale.  In  younger  people  it  occurs 
in  this  region  as  a  part  of  eczema  elsewhere,  but  in  older 
subjects  the  eruption  is  usually  confine<l  to  one  or  both 
legs,  and  may  last  for  years  without  any  other  evidence 
of  the  diseasenianifestiiig  itself.  It  occurs  usually  in  the 
erytliematous-|)apular  type,  beginning  often  in  the  region 
of  the  ankle,  and  forming  one  or  more  patches,  w  hich 
may  slowly  enlarge  and  eventually  coalesce  to  form  u 
larger  area. 

When  the  affection  lias  lasted  for  a  long  time,  most 
of  the  cases  being  very  chronic,  it  is  frequently  found  to 
involve  the  entire  leg!  It  will  then  apjiear  in  the  form 
of  a  continuous  patch  of  eruption,  characterized  by  red- 
ness, cpdema  or  infiltration,  weeping  and  crusting.  Some 
cases  present  a  smooth  red.  moist,  glaze<l  condition,  the 
skin  it.self  being  greatly  swollen  or  infiltrated.  This  con- 
stitutes the  eczema  rutirum  already  mentioned.     In  other 
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cases  tlic  disdiarge  becomes  puruleut  and  the  reddcneil 
skin  is  covered  liereaud  tliere  Avith  gTeenisli,  foul-smelliug 
crusts  which  upon  removal  leave  a  red,  oozing  surface. 
Many  cases  are  associated  with  varicose  veins,  part  of 
the  leg  being  the  seat  of  pigmentation  of  a  brown  or  dark- 
yellow  color,  while  in  other  portions,  particularly  around 
the  ankles,  eczema  occurs,  often  surrounding  the  limb. 
Complications  sooner  or  later  arise  in  the  form  of  ulcera- 
tions which,  when  once  developed,  are  very  '~.ure  to  recur, 
especially  if  the  varicose  condition  is  well  marked.  Ec- 
zema never  causes  ulceration,  but  this  is  produced  by 
bursting  of  the  veins  and  breaking  down  of  the  weak- 
ened skin.  Eczema  verrucosum  and  eczema  sclerosum, 
previously  described,  result  from  very  long-slanding 
cases  in  aged  people, — cases  which  have  been  neglected 
or  improperly  treated. 

The  diagnosis  of  eczema  of  the  leg  is  generally  easy,  the 
•chiet'difflcultyaiTsiug  when  ulceration,  pigmentation,  and 
scars  complicate  the  disease.  It  is  often  very  difficult  to 
differentiate  syphilis  from  an  eczema  thus  complicattd 
and  in  some  instances  it  is  quite  impossible  to  do  so. 
Syphilitic  ulcerations,  however,  are  usually  multiple  and 
occur  most  frequently  in  the  middle  or  upper  third  of 
the  leg.  Scars  from  syphilis  are  generally  thin,  more  or 
less  round,  and  are  surrounded  by  less  deep  pigmenta- 
tion than  are  those  which  result  from  varicosities.  Scars 
or  other  signs  of  the  disease  can  often  be  found  else- 
where. In  women  the  liistory  of  miscarriages,  still- 
'  births,  etc.,  will  help  to  contirm  the  diagnosis. 

The  treatment  differs  little  from  that  of  eczema  in  gen- 
eral, and  many  of  the  applications  mentioned  under  local 
treatment  would  be  applicable  in  this  condition.  Dust- 
ing powders,  evajiorating,  cooling,  and  drying  lotions, 
such  as  calamine,  magnesia  and  zinc,  etc.,  are  indicated. 
When  there  is  oozing  and  profuse  weeping,  Kaposi  ad- 
vocates the  employment  of  dilute  solutions  of  acetate  of 
aluminimi,  to  be  applied  on  compresses,  while  Crocker 
uses  solutions  of  the  lactate  or  subacetate  of  lead  in  the 
same  condition.  Salves  of  boric  acid,  t)ism"uth,  salicylic 
acid,  ichthyol,  etc.,  should  be  employed  after  the  exces- 
sive discharge  has  ceased.  Lassar's  jjaste  is  a  most  valu- 
able remedy  and  the  glycero-gelatin  or  the  "Zinc-Leim  "' 
of  Uuna  finds  its  chief  usefulness  in  eczema  of  this  re- 
gion. Ichthyol,  salicylic  acid,  boric  acid,  or  any  other 
medicinal  agent,  may  be  incorporated  with  it  as  the  case 
maj'  require. 

Support  of  the  sluggish  circulation  and  varicose  veins 
is  of  prime  importance  in  the  treatment  of  these  cases. 
When  the  ])atients  cannot  rest  the  leg,  the  applications 
can  be  made  by  S])reading  the  salve  upon  lint  and  laying 
it  over  the  diseased  area,  after  which  the  leg  should  be 
firmly  bandaged  from  toe  to  knee.  Dressings  should  be 
applied  twice  daily,  the  bandnge  being  dispensed  with  at 
night.  The  Martin  rubber  Imndage  answers  admirably 
in  some  cases.  It  should  be  ii|>plie<l  directly  to  the  leg 
before  rising  in  the  morning  and  at  night  it  is  given  a 
good  washing  and  hung  up  to  dry.  Some  cooling  astrin- 
gent lotion  is  then  applied  and  by  morning  the  leg  is 
read}"  for  the  bandage  again.  In  some  cases  the  pure 
rubber  sweats  the  leg  e.xcessively  and  causes  pustules  to 
develop.  In  these,  the  elastic  webbing  bandage  may  be 
substituted. 

Eczema  op  the  Hakds  and  Feet. — The  eruption  is 
found  here  in  all  its  typical  forms  and  all  the  primary 
types  of  lesion  may  be  seen  at  one  time  or  another  in  the 
ditlerent  cases.  Thus  we  may  have  erythema,  papules, 
vesicles,  and  pustules,  together  witli  the  secondary 
changes,  as  squamae,  crusts,  infiltration,  Assures,  etc. 
The  disease  may  be  either  acute  or  chronic.  In  acute 
vesicular  eczema,  the  sides  and  fle.xor  surfaces  of  the 
fingers  or  toes  and  also  the  palms  and  soles  are  the  seat 
<if  small  vesicles,  sometimes  deep-seated,  at  other  times 
quite  superficial.  They  are  usually  more  or  less  grouped 
and  in  some  cases  coalesce  to  undermine  sections  of  the 
skin  with  fluid.  At  these  places  the  skin  eventually 
peels  off,  leaving  a  red,  new,  thin  sldn,  or  one  still  ecze- 
niatous,  in  which  the  disease  i)resents  the  characters  of 
a  subacute  or  chronic  squamous  eczema. 


Pustides  may  occur  in  the  same  manner  on  both  the 
fingers  and  toes  and  palmar  and  plantar  surfaces,  in  which 
localities  they  break  or  dry  up  into  crusts,  or  form  dis- 
charging patches.  The  erythematotis.  squamoiis,  and 
papular  forms  of  the  eruption  may  affect  the  same  re- 
gions, causing  the  skin  to  be  dry.  red,  and  scaly,  and  at 
the  same  time  there  are  generally  fissures  at  the  fiexures 
of  the  fingers,  toes,  or  hands  and  also  across  the  dor,sal 
surfaces. 

This  tyi)e  of  eczema  frequently  affects  the  tips  of  the 
fingers,  making  them  dry  and  fissured  and  very  sensitive 
and  painful  at  the  slightest  touch.  Sciuamoiis  eczema 
of  the  palms  and  soles  occurs  in  small  patches,  scaly,  red 
and  fissured,  or  it  may  cover  the  part  diffusel_y  with  the 
same  dry,  red,  fissured  eruption,  extending  even  on  to 
tlie  dorsum  of  the  member. 

The  piiJiim  and  fuAes.  from  their  special  anatomical 
make-up,  present  features  peculiar  to  themselves.  The 
thickness  of  the  horny  layer  determines  the  character  of 
the  lesions  when  the  part  is  affected  with  eczema.  The 
skin  becomes  thickened,  hard,  rough,  and  dry  either  in 
localized  portions  or  diffusely.  Sometimes  true  callosity 
exists,  and  from  the  great  thickness  and  stiffness  of  the 
parts,  deep,  painful,  and  bleeding  fissures  geneially  de- 
velop. As  in  all  tlu'  other  forms  of  eczema  of  the  hands 
and  feet,  one  or  both  of  the  members  may  be  affected, 
but  generally  the  hands  and  feet  are  not  affected  at  the 
same  time. 

The  causes  of  eczema  of  the  hands  and  feet  are  numer- 
ous. Mauj-  cases  of  acute  vesicidar  eczema  are  depend- 
ent upon  a  gouty  state  of  the  system  or  upon  a  nervous, 
over-worked,  or  run-down  condition.  Eczema  of  the 
palms  and  fingers  is  often  due  to  the  occupation  and 
constitutes  in  many  eases  examples  of  what  is  described 
as  "  tr(i(Je  eczema." 

The  diagnosis  of  vesicular  or  jjustular  eczema  of  the 
hands  and  feet  is  sometimes  attended  with  difficulty.  It 
often  resembles  scabies  or  the  dermatitis  produced  by  the 
poison  ivy  or  poison  oak.  Scabies  produces,  as  a  rule, 
larger  blisteis  which  are  more  scattered,  tisually  affect- 
ing all  the  fingers  and  especially  the  interdigital  spaces. 
Eczema  does  not  often  involve  all  the  digits,  and  the  vesi- 
cles or  vesico- pustules  are  more  grouped. 

The  burrows  of  the  itch  mite  can  almost  always  be 
foimd  by  careful  examination,  and  there  would  almost 
invariably  be  evidence  of  scabies  in  the  other  favorite 
sites  for  the  disease.  Dermatitis  venenata,  from  the  r/ms 
toximdendron  or  the  poison  oak.  is  very  acute  in  its 
onset  and  course.  It  covers  the  hand  and  fingers  and 
extends  beyond  them  in  a  very  short  time,  and  similar 
irritative  lesions  quickly  develop  upon  the  face  and  gen- 
itals which  woidd  at  once  distinguish  it.  The  history  of 
exposure  to  such  infection  can  often  be  readily  obtained. 

Syphilis  resembles  the  squamous  jjalmar  and  idantar 
forms  of  eczema  very  closely  at  times.  Syphilis,  however, 
begins  as  pajiules  in  the  form  of  deep-seated  or  .shott_y, 
red  nodules  which  are  arranged  in  a  circular  or  creseentic 
form.  These  coalesce  to  form  a  circinate  iiatch,  which 
spreads  slowly  over  one  or  both  palms  or  soles,  even 
extending  over  the  sides  of  the  part  affected.  The  fis- 
sures and  scales  which  sometimes  form  are  like  those  seen 
in  simple  eczema  and  can  scarcely  be  distingvnshed  from 
them;  the  diagnosis  must  rest  mainly  upon  the  method 
of  evolution  and  the  history  and  evidence  of  sj'philis  in 
other  parts.  Psoriasis  of  the  palms  and  soles  is  so  rare  that 
to  enumerate  the  diagnostic  points  is  hardly  neeessar.y. 
It  may  be  mentioned,  however,  that  psoriasis  almost  in- 
variably presents  lesions  elsewhere  at  the  same  time. 

The  treatment  for  acute  vesicular  or  pustular  eczema 
of  the  hands  and  feet  is  the  same  as  that  employed  for 
the  disease  when  it  affects  some  other  part  of  the  body. 
Soothing  and  drying  lotions,  dusting  powders,  and  pro- 
tection from  soa])  and  water,  from  irritating  substances 
used  in  the  occupations,  etc.,  are  the  measures  indicated. 
In  neurotic  or  gouty  subjects  the  proper  constitutional 
remedies,  diet.  In-giene,  etc,  should  be  instituted.  In 
squamous  eczema  of  the  palms,  soles,  fingers,  or  toes,  tar 
and  the  mercurials  are  particularly  effective,   though 
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ciiie  iniist  lu'  taken  not  to  iMnploy  them  too  strong.  AVliite 
pieeipitale  oinlineut.  eitiine  oiutinent,  the  redo.xide  imd 
cnlonicl  ointments  are  all  useful.  For  the  lincers  an  oint- 
ment of  iatrol.  ;  ss. ;  aeid.  salievliei.  gr.  \. ;  sod.  .siilicylat., 
:  ss. ;  ziuc.  o.\id.,  3  ss. ;  ami  gelanthiim,  3  i.,  is  often  tf- 
fe<'tive. 

Lassar's  paste  and  I'nna's  zine-gelatin  paste,  with  or 
■without  iehthyol.  are  parliciilarly  valual)le. 

In  palmiir  and  i)lantar  eczema  the  thickened  cpidoniiis 
shotild  be  lirsi  removed  by  the  api)licatiou  of  live  to  ten 
percent,  .salicylic  i)lasler  or  by  means  of  |)umice  stoue, 
or  by  the  use  of  caustic  potasli.  ten  to  fifteen  grains  to 
the  ounce.  If  fissures  are  present  these  remedies  must  be 
used  with  care.  Alter  the  callou.sed  epidermis  has  been 
destroyed,  diMtmcnls  of  salicylic  acid,  as  the  Las.sar  jiaste, 
and  those  containinjr  thiol,  oil  of  cade,  ichthyol,  ]ii.\  li- 
quida,  or  the  various  forms  of  mercury,  should  be  used. 

The  tissures  may  be  successfidly  treated  by  cauteriz- 
ing with  the  nitrate  of  silver  stick. 

EczEM.\  OK  THE  Nails. — One  or  several  nails  may  he 
affected  with  eczema,  but  it  rarely  attacks  all  at  the 
same  time,  (generally  it  concerns  the  linger  nails  alone, 
but  occasionally  some  of  the  toe  nails  are  simultaneously 
diseased.  The  symptoms  are  those  dcpendcul  upon  de- 
fective nutrition  of  the  nail,  and  this  in  turn  is  due  to 
changes  in  the  matri.\  effected  by  the  eczemalous  proc- 
cess.  Eczema  of  the  finger  tips  or  of  other  parts  gen- 
erally accompanies  the  nail  disease.  The  mjil  loses  its 
lustre,  becomes  roughened  and  furrowed,  is  often  dis- 
torte<l  and  greatly  thickened,  or  it  may  be  covered  with 
small  pittiugs,  giving  it  a  honeycombed  or  worm-eaten 
appearance.  In  some  cases  the  nail  becomes  brittle  and 
flakes  olT,  while  in  others  the  thickened  mass  crundiles 
at  the  sides  and  tip.  and  gradually  wears  the  nail  away 
to  a  short  stub.  The  nails  are  rarel.v  shed  entire,  how- 
ever, except  in  universiil  and  very  severe  cases  of  the 
disease. 

Eczema  of  the  nails  is  to  be  distinguished  chiefly  from 
favus  and  ringworm  and  from  psoriasis  and  syjihilis. 
Scrapings  from  the  crumbling  portion  of  the  nail,  ex- 
amined by  the  luicroscope  in  equal  parts  of  liquor  polassic 
and  glycerin,  will  reveal  the  fungus  of  favus  or  ring- 
worm if  present.  Psoriatic  and  syphilitic  nails  show  no 
distinctive  differences  in  some  stages  from  those  affected 
with  eczema.  The  physician  must  rely  upon  the  history, 
upon  the  presence  of  other  lesions  than  those  of  the  nail, 
and  upon  the  general  course  of  the  disease  in  either  case. 

The  effect  of  treatment  in  eczema  of  the  nails  is  slow. 
General  tonics  of  arsenic,  iron.  Cdd-liver  oil,  etc.,  should 
he  given  cimtiutiously  ;  arsenic  alone  has  but  little  effect 
upon  the  disease.  Locally,  the  nails  should  be  scraped 
and  dipped  into  extreiuely  hot  water  for  ten  or  lifteen 
minutes  every  night,  after  which  they  should  be  done 
up  in  some  ointment  or  oily  preparation.  The  oleate  of 
mercury,  five  to  ten  per  cent.,  Hebra's  diachylon  oint- 
ment, the  ungueutum  picis  et  ziuci.  the  white  precipitate 
or  the  nitrate  of  mercury  ointment, — any  one  of  these 
may  be  used  for  this  purpose.  I  have  found  an  ointment 
ofresorcin.  3 ij. ;  stannic,  oleat.,  3  ss. ;  lauoliu.,  31.).;  and 
ungt.  aqua'  ross,  3  vi.,  of  much  service  in  treating  ec- 
zema of  the  nails. 

In  all  cases  it  is  advisable  ■to  protect  the  nails  ■n'ith 
finger  cots  during  the  day.  whether  or  not  it  may  be  pos- 
sible to  keep  an  application  upon  them. 

Henri/  H.  Whitehmise. 

EGG,  YOLK  OF.— ViTELLrs,  V.  S.  P.  The  egg  of 
the  common  fowl,  (uilhis  Bfiiih'ni  dniiientiruK  Tern.,  can 
hardly  be  said  to  be  a  medicine,  although  admitted  to 
most  phaniiacoptrias  for  one  purpose  or  another.  Its 
shell  was  formerly  used  as  a  form  of  lime  salts  like  oyster 
shells,  coral,  etc.,  but  it  is  now  obsolete.  The  white  of 
the  egg.  On  Albiimi  11.  is  a  souive  of  albumen  for  pharma- 
ceutical and  chemical  purposes  (estimation  of  ])epsin. 
clarification  of  solutions,  etc.).  and  a  usefid  antidote  to 
poisoning  by  corrosive  sublimate.  It  is  comixised  of 
twelve  or  fourteen  per  cent,  of  pure  nlbumtn,  and  eighty- 
eight  or  eighty-six  of  water,  with  traces  of  salts,  etc. 


The  yolk,  which  alone  is  olllcial  here,  is  n  bright  yellow 
mixture (d'  about  sixteen  per  cent,  of  tiUUiii.  a  siilistanct 
resembling  albumen:  forty-three  liundredtlis  of  a  per 
cent,  of  r/ioUxIcn'i,  ;  threelenlhs  of  one  of  rtirhrin; 
eight  and  a  half  of  heitliiii.  a  fat-like  nitrogenous  sub- 
stance containing  also  phosphorus;  one  of  'jlnn-ri,  undu  ; 
twenty -one  of  iHiliniliii  and  •i/,,'ii;  a  nundier  of  .saline 
substances;  coloring  nnitter;  and,  finally,  fiflv  one  of 
water  (Gobley,  ((Uoled  by  llager).  Yulk  of  "<  gg  has 
considerable  emid.sifying  power  for  oils  aixl  resin  ■,  and 
is  oHieial  .simply  on  that  account.  A  mixture  with 
glycerin  (Oljii-entiim  Vitdli.  U.  S.  P.),  "i/li/i-oniii," 
consisting  of  yolk  of  egg  forty-five  and  glycerin  fifly- 
five  parts,  is  permanent  ami  "very  usefid  in  this  way. 
Cod-liver,  castor,  and  other  oils,  besides  some  resins  and 
other  insoluble  substances,  ari'  well  suspended  by  il ,  An 
egg  beaten  upalone  <!!■  with  milk,  or  clig<'sted  arlilieially. 
makes  an  excellent  nutrient  enema  when  such  method  of 
feeding  is  necessary.  11'.  P.  llolks. 

EGOLS  are  a  cUiss  of  stable  mercury  compounds  intro- 
duced by  Gautrelet.  They  are  biown-red  powders, 
crystallizing  in  rhombahedra  with  difiiculty,  and  easily 
soluble  in  water.  Their  solutions  are  odorless,  ta.steles.s. 
neutral,  and  nou-iriitant.  and  possi-ss  marked  bacteriiidal 
properties.  They  are  sjiid  to  precipitate  to.xins,  but  not 
to  coagulate  albumen. 

Phencijol,  the  best  known,  is  the  potassium  intro-phenol- 
para-sulphonate  of  mercury  (CcHjNOj.  SOjK.OijIIg.  It 
contains  thirty-three  percent,  of  mercury,  is  said  not  to 
attack  metals  but  in  0.4  per  cent,  solulioii  to  kill  all  bac- 
teria, and  is  claimed  to  be  a  valuable  .substitute  for  mer- 
curic chloride. 

The  cresol  compound  is  called  cresctjol,  and  the  thymol 
preparation,  tjiymegol.  W.  A.  litittedo. 

EGYPT. — This  country,  long  known  as  a  winter  .sani- 
tarium, illustrates  the  dry  warm  desert  climate,  resem- 
bling that  of  .Vrizona,  New  Mexico,  and  jjortions  of  Texas 
and  California  in  the  United  f^tates.  The  main  char- 
acteristics of  the  climate  are;  (1)  Wnriutli.  \\\v  mean 
temperature  of  Cairo  for  the  winter  months  being  .it<,3' 
F,  C^)  Liirf/e  (liiirmil  cariutimi.  the  difference  between 
day  and  night  temperatures  varying  from  3.5'  to  19  F, 
(3)  Dryness  of  atmosphere  &uCi  siunll  niiiifiill.  ".Six  rijiny 
days  only  in  five  months  were  chronicled  at  Assouan  in 
1892-93."  The  difference  between  the  wet  and  diy  bulbs 
sometimes  aiuounls  to  24'  F.,  and  the  annual  ixlative 
humidity  varies  from  .58,4  per  cent,  at  Cairo  to  4.5  per 
cent,  at  Luxor.  (4)  Almost  roiitiunons  Kunsliine.  (.5) 
Great  purity  af  the  fhscrt  air.  "  Jleat  exposed  to  the  air 
becomes  mummified  in  three  weeks  without  any  Irjice  of 
decomposition."  The  general  effectof  this  climate  upon 
the  individual  is  bracing,  and  at  the  sjune  time  sedative 
to  the  nervous  system. 

The  resorts  generally  frequented  by  invalids,  especially 
by  the  tulicicirious.  are  Gizeh  (The  Mena  House).  Ilclouan, 
Luxor,  and  Assouan.  There  should  also  be  mentioned 
the  Nile  voyage  and  camping  out.  Cairo  is  to  heavoided 
by  the  invalid  for  any  lengthy  stay,  for  no  large  crowded 
city,  even  if  it  possesses  the  best  possible  climate,  is  to  be 
recommended  to  an  invalid,  and.  further,  the  Siinitary 
condition  of  Cairo  is  not  good,  and  the  portion  occupied 
by  the  European  .settlement  is  built  upon  what  was  once 
aswampand  is  still  in  parts  swanqjy.  "Moreover,  the 
country  around  Cairo  is  most  thoroughly  irrigated,  and 
the  exhalations  from  the  moist  lanil  after  sunset  are  ex- 
traordinary." *  Since  the  occupation  of  Egyi)t  by  the 
English,  everything  has  been  established  upon  a  more 
orderly  and  stable  jasis.  and  doiibtles.s  the  influence  of 
this  is" felt,  oven  in  the  health  resfjrts.  in  greater  attention 
to  tlie  sanitary  conditions.  The  sea.soii  for  visiturs  ex- 
tends from  October  or  November  to  the  first  or  middle  of 
April.  Before  considering  in  detail  the  resort-smi-ntiuned 
and  the  other  means  of  utilizing  the  climiite.  it  will  be 
well  to  discuss  the  climatic  elements,  their  advantages  as 

•Solly:  " Medical  Climatology." 
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well  as  disadvantages,  and  for  this  purpose  the  following 
simple  chart  has  been  compiled  from  \'arious  sources: 

CLIMATE  OF  Egypt.    Obsertatio.ns  Mostly  Take.v  at  Cairo. 


Data. 


Temperature  (Fahr). — 
Average  or  normal . . 
Averajre  dall.v  ran^e. 
Mean  of  warmest  . , . 
Mean  of  coldest 

Highest    or   raaxl- ) 
mum ^i 

Lowest    or    mlni-j 
mum 1 

Humidity- 
Average  relative 

Average  absolute 

Precipitation- 
Average  in  inches . . . 

Wind- 
Prevailing  direction. 
Average   hourly    ve- 
locity   

Weather- 
Clouds  (0-10) 
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S.  W. 


4.1 


57.0° 
16.5 
65.3 
48.8 
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July  1 
th 

ininiu 
it  was 


66.2« 
.29 

.24 

N. 
1.4 
4.2 


62.8' 
20.2 
73.2 
53.0 
ma.x 
3th.  I 

rawas 
35.2°  i 


56.2« 
.29 

.03 

N. 

2.5 

3.4 


70.2° 

19.7 

80.1 

60.4 
imum 
n  1887 

311.4° 
njan- 


58.4* 
.40 

1.22 

N. 

2.9 

2.6 


"In  a  total  of  1,083  observations  made  dining  the 
course  of  three  years,  the  sky  at  Cairo  was  found  to  be 
cloudless  709  times;  clouds  were  obtained  2.^4  times,  an 
overcast  sky  was  seen  95  times,  and  a  truly  cloud-covered 
sky  was  recorded  on  only  2.5  occasions."  * 

In  the  desert  and  at  Luxor  clouds  are  almost  unknown. 

At  Cairo,  during  the  wintcrmoiiths,  there  are  only  from 
twelve  to  fifteen  days  upon  which  rain  falls. 

At  Luxor  rain  is  a  very  rare  phenomenon. 

Daring  five  months  at  A.ssouau,  in  the  winter  of  1892- 
93.  there  was  blue  sky  on  all  but  lifteeu  days. 

The  most  remarkable  feature  of  the  Egyptian  climate 
is  considered  to  be  the  peculiar  drvness  of  the  atmosphere, 
rendering  the  air  bracing  and  tonic.  The  relative  hu- 
midity at  Cairo  for  the  year  is  58.46  per  cent.,  and  for 
the  seven  winter  months  it  averages  63.25  per  cent.  At 
Gizeh  and  Helouan  it  is  considerablv  lower,  and  still 
more  so  at  Luxor  and  Assouan,  it  being  50.5  per  cent,  at 
Luxor. 

There  is  almost  complete  absence  of  rain.  At  Cairo 
the  annual  rainfall  is  1.22  inches,  and  the  number  of 
rainy  days  during  the  winter  season  (seven  months)  is 
twelve.     At  Luxor  there  usually  is  no  rain. 

"Unless  it  be  in  southern  and  southwestern  Arizona 
no  portion  of  the  United  States  can  be  compared  witli 
Egypt  in  the  matter  of  clondlessness  of  skv;  and  it  is 
hardly  necessary  to  add  that  no  such  freedom  "from  clouds 
exists  in  any  part  of  Europe.  This  circurasiance,  taken 
in  connection  with  the  mildness  of  its  dav  temperature, 
even  in  mid-winter,  and  the  comjiaratively  long  duratioii 
of  the  hours  of  possible  sunlight  (depending  upon  its 
southern  latitude),  marks  the  whole  country  of  Egypt, 
and  particularly  its  more  southern  portion,  as  that  regioii 
of  the  world  affording  perhaps  the  best  facilities  to  the 
invalid  desiring  to  pass  as  much  time  as  possible  in  the 
open  air  during  the  cold  season  of  the  year.  The  hours 
of  possible  sunshine  ai'e  much  Icmger  "in  Egypt  than  in 
Davos  or  the  Engadine,  longer  than  in  Colorado,  and 
even  longer  than  in  Southern  Arizona;  the  inten.sity  of 
the  sunlight,  especially  in  Upper  Egvpt,  is  probabl'v  as 
great  as  at  any  of  these  places  (although  we  have  no  data 
at  hand  to  prove  that  such  is  the  case);  the  purity  of  the 
atmosphere  in  respect  to  the  presence  of  germs,  "outside 
of  the  towns,  is  probably  not  far  inferior,  even  in  the 
Nile  valley,  to  that  of  Colorado,  Davos,  or  Arizona; 
while  in  the  desert  proi)er  it  is  quite  as  great.  The  tem- 
perature during  the  day  is  higher  without  beinsj,  as  a 
rule,  excessive;  while  by  night'it  is  also  higher.  a"nd,  al- 
though abundantly  cool  to  be  invigorating,  is,  neverthe- 


'  Lombard,  quoted  by  Richards. 


less,  not  more  contrasted  with  the  day  temperature  than 
is  the  case  in  Arizona,  Colorado,  or  Davos.  Rain  is  less 
frequent  than  at  Davos  or  in  Colorado,  and  is  as  infre- 
quent as  in  Southern  Arizona,  even  at  Cairo;  and,  owino- 
to  the  absence  of  clouds,  the  actual  number  of  hours  ot 
sunshine  coincides  more  nearly  with  the  possible  number 
of  such  hours  than  is  the  case  in  Colorado,  Davos,  or 
Arizona.  Winds  in  Egypt  are  of  more  frequent  occur- 
rence than  at  Davos  during  the  winter,  but  probably  no 
more  so  than  in  Colorado  or  in  Arizona;  while  in  p'oint 
of  velocity  they  are  probably  not  higher  than  in  Colorado, 
although  higher  than  at  Da"vos,  and  ])erhaps  higher  than 
in  Arizona.  Ab.sence  of  statistics  prevents  an  accurate 
comparison  of  these  resorts  in  this  resjiect.  Violent  hot 
winds,  laden  with  sand  from  the  desert,  and  exerting  a 
very  debilitating  influence  not  only  ujion  men.  but  also 
upon  animals,  occasionally  blow  in  Egypt  during  the 
latter  part  of  the  winter  se"ason.  These  winds  come  from 
the  south,  and  seldom  begin  to  blow  before  the  middle  of 
February  ;  indeed,  their  time  of  most  frequent  occurrence 
is  during  a  period  of  fifty  days  after  the  vernal  equinox, 
to  which  circumstance  they  owe  their  name,  Kamsin.' 
The  Kamsin  blows,  on  the  average,  at  Cairo  only  upoiL 
eleven  days  out  of  the  whole  year.  The  rapid  and  ex- 
treme rise  of  temperature  produced  bv  one  of  these  winds 
occurring  on  May  31st,  1857,  is  instanced  bv  Dr.  Hann  on 
page  443  of  his  "  Handbuch  der  Klimat"olosie.  "  The 
drying  effect  of  the  wind  is  also  shown  in  "the  figures 
quoted  by  Dr.  Hann,  which  figures  are  given  below. 
Kamsin  of  Mat  31st,  1857,  at  Cairo. 


Hour. 

Temperature. 

Relative 
humidity. 

Wind. 

7  A.M 

10:30  A.M 

78.08 
100.76 
103.64 
ltt"i.62 

ai.is 

91.4 

.54 
19 
12 
15 
13 
19 

Calm. 
S.S.W.2 
S.S.W.2 
S.S.W.3 

Calm. 

Calm. 

Nixin 

2  P.M 

9p.M 

11  P.M 

"The  small  figures  appended  to  the  letters  S.S.W., 
showing  the  direction  of  the  wind,  probablv  indicate  the 
velocity  in  metnn  per  second,  a  velocitv  wliich  would  be 
equivalent  to  4.47  miles  per  hour  at  the  hours  of  10:30 
A.M.  and  noon,  and  to  6.71  miles  per  hourat  2  p.m.     Even 
if  these  figures  are  intended  to  mark  the  velocity  of  the 
wind  according  to  the  scale  in  which  0  repi-e.scnt"s  a  calm 
and  10  a  violent  hurricane,  it  is  evident  that  the  force  of 
this  particular  Kamsin  wind  was  not  particularly  great. 
At  Cairo,  the  prevailing  direction  of  the  wind  duriu?  the 
months  of  Januaiy,  February.  March,  and  April  is  stated 
by  Dr.  Kisch  (Eulenburg's  "Real  Encvclopiidie  ")  to  be 
as  follows:   January,    northeast;   February,   northwest- 
March,  west;  April,  north.     Of  the  winds  "at  Cairo,  Dr.' 
Rotureau  ("  Dictionnaire   Encvclopedique  des   Sciences 
Medicales")  speaks  as  follows."  "The  east  wind  is  almost 
the  only  one  which  blows  at  Cairo  during  the  months  of 
January  and  February ;  it  lasts  from  ten  o'clock  in  the 
forenoon  until  sunset,  and  it  is  against  its  freshness,  often 
very  considerable,   that  invalids  walking  out  of  doors^ 
should   especially  protect   themselves.     When  the  east 
wind  is  violent,  it  is  almost  impo.ssible  to  go  out  of  doors 
on  account  of  the  clouds  of  dust  which  it  raises,  and 
which  it  causes  to  penetrate  even  into  the  most  tightly 
closed  apartments.     Such  a  violent  easterly  wiud,  how- 
ever, seldom  occurs  at  Cairo  on  more  than  six  or  eight 
days  out  of  the  whole  year.     Winds  from  the  northeast, 
north,  and  northwest  so"metimes  blow,  but  never  last  long- 
enough  to  be  dangerous  (n'existent  jamais  assez  long^ 
temps   pour  etre   dangereux).     The   Kam.sin,   or  south 
wind,  does  not  occur  at  Cairo   until  after   the   middle 
of    February;  .  .   .  occasionally   (however)    it    appears 
earlier,"   etc.      The  following  quotation  respecting   the 
winds  of  Egypt  is  taken  from  tlie  article  on  "Egypt" 
in  the  "Encyclopaedia  Britannica." 

"The  win"d  most  frequently  blows  from  the  N.W.,  N., 
orN.E.,  but  particularly  from  the  first  direction.  The 
proportionate  prevalence  of  these  wuids  to  those  from. 
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all  tlic  other  fumitfi-s,  in  the  year,  is  about  8  to  :i:  but  to 
those  from  the  S..  S.E..  and  S.W.,  about  6  to  1.  (Clot-bey, 
"  Apereu  General  sur  lEgypte."  i.,  p.  30. )  The  northerly 
winds  are  the  famous  Etesian  winds  of  Herodotus  (ii., 
20).  which  enable  boats  constantly  to  ascend  the  Nile 
against  its  strons;  and  rapid  current,  whereas  in  deseend- 
inj:  the  river  they  depcml  on  the  force  of  the  stream,  the 
main-yard  beinir  lowered.  These  winds  also  cool  the 
temperature  diirinL'  the  sunnner  mouths.  The  soullierly 
winds  are  often  very  violent,  and  in  the  spring  and  sum- 
mer, especially  in  April  and  May,  hot  s;uidwinds  some- 
times blow  from  the  south,  greatly  raising  the  tempera- 
ture and  causing  especial  suffering  to  Europeans," 
Several  other  special  winds  are  also  mentioned  in  this 
article  in  the  "  Encyclopaedia  Hritannica."  but  none  of 
them  requires  mention  in  this  iilace. 

"Finally,  it  should  be  remarked  that  a  morning  fog  is 
a  not  infrequent  occurrence  along  the  banks  of  the  Nile; 
but  such  a  fog  never  lasts  more  thau  a  few  hours,  being 
quickly  dissipated  by  the  heat  of  tlie  Egyptian  sun. 

"  On  account  of  the  rapidly  increasing  heat  of  the  spring 
season,  anil  the  especial  frequency  of  occurrence  of  the 
Kamsin  at  that  .season,  it  is  not  desirable  that  invalids 
should  linger  in  Egypt  later  than  the  month  of  March, 
and  preferably  not  later  than  the  middle  of  this  month  ; 
owing  also  to  the  great  heat,  during  the  early  aiitiunn, 
and  to  the  prevalence  of  malarial  fevers  at  that  season,  it 
is  not  well  for  the  invalid  to  go  to  Egy(it  before  the 
middle  of  November,  and  for  such  as  intend  to  make  the 
Nile  journey,  the  middle  of  December  is  abimdanlly 
early  to  start.  Consequently  we  see  that  the  season  for 
Invalids  in  Egypt  is  a  comparatively  short  one.  quite  as 
short  as  at  Davos,  and  considerablj-  shorter  than  in  Colo- 
rado. For  residence  all  the  year  round  Egypt  is  not  at 
all  well  suited,  the  summer  and  autumn  heat  being  far 
too  oppressive.  As  a  Siimple  of  the  degree  of  heat  which 
may  be  experienced  in  the  autumn,  it  may  be  of  interest 
to  remark  that  a  temperature  of  103.5'  F.  was  observed 
at  Alexandria  on  October  11th,  18T7,  Vicing  the  maximum 
temperature  for  that  whole  year,  and  that  the  month  of 
October  is  generally  warmer  than  ^lay  at  that  place, 
while  September  is  nearly  as  warm  as  .June  (Ilaun,  op. 
cii.,  pp.  422,  423)."     (Htuitington  Richards.) 

During  the  season  in  Egypt  (October  to  April)  we  see 
from  the^ climatic  table  that  there  is  no  great  variation  of 
temperature  from  day  to  day,  or  indeed  from  month  to 
month,  during  the  live  months  from  November  to  March. 
The  daily  range,  however,  is  great,  and  there  is  a  very 
marked  contra.st  between  the  day  and  the  night  tempera- 
ture, caused  by  the  rapid  radiation  of  heat  after  sundown 
from  the  sands  of  the  surroiuiding  desert. 

"Unlike  the  more  irregular  falls  of  temperature,  which 
occur  with  greater  frei|uency  and  are  apt  to  be  of  greater 
severity  in  European  countries  and  in  a  large  part  of  the 
United"States  (the  land  of  "  blizzards  "  and  "  cold  waves  "), 
these  nightly  falls  of  temperature  in  Egypt  may  in  great 
measure^ be  guarded  against  by  the  invalid,  especially  if 
he  have  taken  up  his  residence  at  Cairo.  Greater  pre- 
cautions are  of  course  necessary  to  the  invalid  who  is 
making  the  Nile  journey  on  board  of  a  dahabeeah,  or 
who  has  determined  to  pass  the  winter  living,  like  the 
Arabs,  in  a  tent  upon  the  desert.  Flannel  underclothing 
should  be  worn  by  all  visitors  to  Egypt,  and  a  supply  of 
warm  outer  clothing  and  of  wraps  is  necessary  as  w  ell, 
especially  for  those  intending  to  make  the  river  trip,  or 
to  convert  themselves  temporarily,  for  the  benelit  of 
their  health,  into  amateur  Bedouins.  Not  only  is  it  the 
decideil  fall  of  temperature  after  sunset  against  which 
the  invalid  must  be  on  his  guard,  but  in  addition  to  this 
(and  depending  (lartly  upon  it  and  partly  upon  the 
moderate  humidity  of  "the  Nile  valley),  the  precipitation 
of  dew  is  very  abu'ndaut,  at  least  in  all  portions  of  Egypt 
lying  in  close  proximity  to  the  river  and  its  bordering 
tract  of  arable  land."     ("Huntington  Richards.) 

The  drawbacks  of  a  winter  in  Egypt,  a.s  indicated  by 
Dr.  Bentley  of  Cairo,*  are  (1)  that  invalids  do  not  consult 

♦  British  Medical  Journal,  December  8tb,  1894,  p.  1300. 


a  physician  until  they  are  attacked  with  n  serious  illness. 
(This  drawback  unfortunately  is  not  condned  to  the 
Egyptian  climate. )  (2|  Ignorance  of  most  invalids  as  to 
the  nature  of  the  climate  to  which  they  resort  and  ap- 
parently the  want  of  appreciation  of  the  real  object  for 
which  they  go  abroad.  (It  isa  question  if  this  ignorance 
is  not  rather  to  be  ascribed  to  tlie  home  physician.)  (3> 
Opporlunilies  which  exist  of  .sightseeing  and  social 
galherings  with  their  attendant  evils — over  fatigue,  over- 
crowded rooms,  and  late  hours.  (4)  Occasional  cold  high 
winds,  and  at  times  unreliable  weather.  (.5)  Sudden  and 
sometimes  marked  lluctuation  of  temperature  between 
day  and  night,  sunshine  and  shade.  (6)  Hot  winds 
(Kamsin)  which  commence  in  February,  blow  for  about 
two  days  at  a  time,  and  are  accompanied  by  tine  particles 
of  sand  suspended  in  the  air. 

As  has  been  said.  Cairo  should  not  be  selected  by  the 
invalid  for  a  lengthy  sojourn.  If,  however,  one  is  siinply 
desirous  of  rest  and  diversion,  and  is  otherwise  well,  he 
will  find  innumerable  ways  of  amusing  and  forgetting 
himself  in  this  great  Oriental  city.  For  the  true  invalid, 
however,  and  especially  for  the  tuberculous  patient,  the 
noise,  dust,  and  attractions  of  Cairo  are  to  be  avoided  by 
selecting  cither  Gi/eh.  Ilclouan,  Luxor,  or  Assouan,  or 
by  taking  a  voyage  up  the  Nile,  or  by  camping  in  the 
desert.  At  Gizeli,  eight  miles  from  Cairo,  is  the  I^nglish 
hotel,  Mena  House,  on  the  edge  of  the  desert,  aiTordinff 
first  class  accommodations,  witli  a  resident  physician  and 
chaplain,  a  swimming  bath,  and  arrangements  for  tennis, 
croquet,  and  golf.  "The  invalid  spends  his  time  in  the 
desert,  enjoying  its  invigorating  air  from  morning  till 
night.  He  may  find  rest,  almost  comidete  immunity 
from  rain,  and  unlimited  sunshine.  It  is  an  invaluable- 
health  resort  for  those  who  wish  to  avoid  the  fatigue  and 
expense  of  the  journey  up  the  Nile."*  In  December  and 
January-  the  winds  are  said  to  be  often  cold  here,  and  the 
changes  of  temperature  sudden  and  great,  so  that  one 
must  be  provided  with  warm  outer  garments.  After 
sunset,  the  cold,  by  comparison,  seems  severe,  and  one 
must  be  careful  to  avoid  a  chill.  The  temperature  is 
practically  that  of  Cairo,  and  the  humidity  lower. 

Hidouau  is  fourteen  miles  by  rail  from  Cairo,  situated 
in  the  desert,  and  contains  two  large  and  comfortable 
hotels,  numerous  pensiwin.  and  houses  for  rent.  It  is  .said 
to  have  a  remarkably  dry  and  sterile  atmosphere,  and  has 
become  not  only  a  favorite  locality  for  iuvaUds  but  a 
residential  suburb  of  Cairo.  There  are  hot  sulphurous 
springs  at  Ilclouan  which  "have  long  enjoyed  a  reputa- 
tion for  chronic  rheumatic  atlections. "  The  baths  are 
well  constructed  and  resemble  those  at  Aix-les  Bains. 

Luxor,  four  hundred  and  fifty  miles  from  Cairo,  at  the 
first  cataract  of  the  Nile,  is  readied  by  rail  from  the  latter 
city,  or  one  can  take  the  slower  method  of  river  naviga- 
tion. It  is  dryer,  warmer,  and  sunnier  than  au.v  of  the 
resorts  about  Cairo;  ".several  winter  seasons  often  pass 
without  a  shower"  (Thompson).  The  following  table- 
from  Sand  with  gives  the  climatic  details; 

Climate  of  LrxoR  for  thk  Winter  Months. 


Data. 


Temperature  (deg.  Fahr.). 

Avera^re  or  norma! 

Avenitre  daily  range — 

Mean  of  wannest 

Mean  of  roldesi 

Hiphest  or  maximum  ... 

Litwest  or  minimum 

Humidity— 

Avenitre  relative 

Preeipitaiion— 

In  inrlies 

Wind   - 

PrevailinK  direction  — 

Average  hourly  velocity. 
Weather— 

Clouds  (0-10) 


Novem- 
ber. 


78.9"> 

es.i 


Minut 


S.  W. 
0.1 


Decem- 
ber. 


70.8» 
53.6 
77.0 


e  fractl 


N.E. 
1.8 


Janu- 
ary. 


.56.7° 

23.7 

6.5.1 

41.3 

83.0 


5.3.W 
(Not  kn 
on  of  an 

s.  w. 

1.0 


2.9 


Febru- 
ary. 


31.7 
70.6 
ViA 
86.0 


.51.0! 
own.) 
Incb.   if 

N.  W. 
1.1 


1.9 


Harcb. 


e6.9» 
3A.4 
80.1 
47.ft 
110.0 


4.5.(« 

any. 
N.  W. 
N.E. 

0.7 

2.1 


■"The  sky  was  noted  as  being  completely  overca.it  four  times  in 
January,  once  in  February,  and  three  times  in  March."  


•Thompeon,  "Tbe  Climate  of  Egypt,"  Tbe  PracUUoner,  1885. 
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December,  .Tauuary,  and  February  are  considered  the 
most  available  months  for  Luxor.  The  town  has  four 
thousand  inhabitants,  with  two  good  liotels  and  Euglisli 
physicians.  "The  invalid  should  not  leave  the  house 
before  10  a.m.  or  remain  out  after  sunset."  During  these 
three  months  the  bedroom  temperature  is  generally  above 
63'  F.  As  seen  from  the  table  the  daily  range  of  tem- 
perature is  great.  The  drinking-water,  as  is  generally 
the  custom,  comes  from  the  Nile  and  is  filtered.  There 
is  much  of  interest  in  and  about  Luxor  in  the  many 
Egyptian  ruins  and  antiquities. 

Assouan  is  133  miles  higher  up  the  river  than  Luxor, 
588  miles  south  of  Cairo.  Besides  being  warmer  than 
Luxor,  its  climate  is  about  the  same,  although  the  air  is 
said  to  be  freer  of  dust  storms.  There  is  a  large  and 
comfortable  hotel  here,  and  as  rain  never  falls,  the  roofs 
are  carpeted,  with  easy  chairs  in  the  shady  corners.  The 
air  is  so  drj'  that  the  heat  is  not  uncomfortable,  and  the 
same  clothing  is  recommended  to  be  worn  as  in  an  Eng- 
lish winter.  Here,  as  elsewhere,  the  cool  night  air  is  to 
be  avoided. 

The  Nile  voyage  is  best  made  between  November  and 
March,  and  one  can  make  the  journey  either  by  steamer 
or  dahabiyeh;  the  latter  method  is  of  course  the  most  en- 
joyable, and  weeks  may  be  occupied  in  making  it.  The 
steamers  have  at  least  one  advantage,  that  of  carrying  a 
physician.  "If  there  isanythingin  life,"  saysPetei-son,* 
"which  will  steal  away  worries  and  cares,  soothe  the  tired 
brain,  calm  the  unstrung  nerves,  bring  back  vagrant 
sleeji,  it  is  the  dream-like  voyage  on  the  Nile  in  a  daha- 
biyeh." For  an  invalid,  however,  particularly  if  he  is 
suffering  from  throat  or  lung  trouble,  this  delightful 
journey  is  not  without  its  risks;  for  the  nights  are  cold 
and  frosty,  the  mists  cover  the  river  in  the  early  morn- 
ings, and  the  wind  is  sometimes  strong  and  "dangerously 
cold  for  an  invalid. " 

Camping  in  the  desert,  when  this  method  of  life  is 
available,  is  perhaps  the  most  effectual  means  of  utilizing 
the  advantages  of  the  Egyptian  climate.  "Our  experi- 
ence of  treatment,"  say  Weber  and  Foster  in  Allbutt's 
"System  of  Medicine,"  189fi,  "by  continued  residence 
during  several  entire  years  in  the  Nubian  desert  imder 
tents  shifted  from  one  place  to  another,  has,  in  several 
advanced  cases  of  consumption,  given  results  which  are 
altogether  superior  to  any  obtained  from  any  health  resort 
or  from  any  other  treatment."  "Camp  life  in  Egypt," 
says  Peterson  (Inc.  cit.).  "is  something  luxurious.  Labor 
and  carrying  cost  next  to  nothing,  and  everything  in  the 
way  of  furniture  and  supplies  can  be  stored  away  some- 
where on  a  canal.  Every  day  can  be  foreseen  to  be  rain- 
less and  beautiful;  life  in  tents  Ijecomes  a  pleasure." 

The  diseases  for  which  the  Egpytian  climate  is  to  be 
recommended  arc :  (1)  Phthisis  in  the  early  or  advanced 
cases,  if  the  conditions  are  not  acute ;  hemorrhagic  cases ; 
cases  associated  with  bronchitis.  Benefit  is  said  also  to 
be  obtained  in  the  first,  secoml,  or  third  stage  of  the  dis- 
ease, if  not  acute,  especially  when  the  origin  of  the  affec- 
tion was  pneumonic,  broncho-imeumonic,  or  pleuritic. 
Both  C.  T.  Williams  and  Sandwith  give  series  of  cases 
with  fairlj'  favorable  results.  (2)  Chronic  bronchitis  and 
emphysema;  asthma.  (3)  Rheumatism  and  rheinnatic 
arthritis.  (4)  Bright's  diseiise  and  albumii.uria.  ('>) 
Chronic  nasal  and  pharyngeal  catarrh  and  deafness  de- 
pendent upon  abnormal  conditions  of  the  Eustachian 
tube.  (6)  Convalescents  from  pneumonia,  pleuro-pncu- 
monia,  and  pleurisy,  and  various  acute  specific  diseases. 
(7)  Neurasthenia  and  cases  of  mental  strain  and  break- 
down. (8)  Atheroma  and  arteriosclerosis.  (9)  Hemi- 
plegia and  paresis.  (10)  Anremia.  (11)  Heart  disease. 
(13)  The  old  and  prematurely  aged.     (13)  Neuralgias. 

The  cases  for  which  this  climate  is  contraindicated 
are:  (1)  Intestinal  ulceration,  chronic  dysentery,  or  any 
tendency  to  diarrhcea.  (2)  Well-marked  diabetes.  (3) 
Laryngeal  ulcerations.  (4)  Rapidly  advancing  and  active 
phthisis.     (5)  Tuberculous  kidneys. 

"  The  advantage  of  the  Egyptian  climate  in  the  treat- 

*  Medical  Eecord,  August  SOth,  1892. 


ment  of  phthisis  lies  in  the  warm  sunny  days,  the  dryness 
of  the  atmosphere,  and  the  aseiJtie  character  of  the  air. 
Irs  drawbacks  are:  the  .short  time  of  vear  during  which 
it  is  available,  and  the  danger  of  contracting  chills, 
chiefly  abdominal "  ( Weber  and  Foster,  Allbut t  's  "  System 
of  Medicine ").  The  hygienic-dietetic  treatment  of 
phthisis  in  a  well-conducted  sanatorium,  in  almost  any 
temperate  climate,  where  pure  air,  sinishiue,  and  freedom 
from  dust  and  wind  cau  be  obtained,  would  probably 
give  a  much  higher  average  of  favorable  results;  for  the 
treatment  could  be  continued  until  the  cm-e  had  been 
effected,  without  change  of  localit}',  and,  what  is  of 
vital  importance,  the  patient  would  be  under  constant 
medical  supervision,  and  would  be  kept  up  to  the  strenu- 
ous work  of  getting  well. 

The  expense  of  living  and  travelling  in  Egypt  is  greater 
than  in  most  European  countries,  but  probably  no  greater 
than  in  the  United  States  for  the  .same  accommodations, 
if  as  great.  One  can  now  take  a  steamer  from  New  York 
and  go  directly  to  Alexandria,  or  go  from  London, 
Plymouth,  JIarseilles,  Naples,  Genoa,  or  Venice.  The 
steamers  from  New  York  to  Genoa,  Naples,  or  Alexandria 
are  large  and  comfortable,  and  going  by  the  "southern 
route  "  the  voj-age  is  likely  to  be  a  smooth  one. 

For  further  consideration  of  the  climate  of  Egypt,  one 
is  referred  to  "Egvpt  as  a  Winter  Resort,"  bv  F.  M. 
Sandwith  of  CairoTl 889.— "The  Climate  of  Egvpt,"  bv 
E.  Symes  Thompson,  M.D.  The  Pmrtitioner,  189.5,  vol. 
Iv.,  p.  .532. — "Notes  on  Egypt  as  a  Health  Resort,"  by 
P.  Watson  Williams  M.D.  Bi-uiol  MeiHco-Uhiriirgical 
Jonrtiiil.  189.5.  vol.  xiii.,  p.  262. — "Wintering  in  Egypt," 
bv  Frederick  Peterson,  M.D.  Medical  Record,  1892,  vol. 
xlii..  p.  203.  Mward  0.  Otis. 

EHRLICH  DIAZO  REACTION.    See  Typ?ioid  Feeo: 

EICON  is  a  name  given  by  Dicterich  to  a  series  of  al- 
bimiin  and  iodine  compcHuids  of  constant  composition. 

Alpltii-eigiiii  (albumin  ioikitum)  is  an  odorless,  tasteless, 
light-brown  powder,  containing  twenty  per  cent,  of 
iodine,  which  is  set  free  by  alkalies  and  more  readilj'  by 
acids. 

Alpha-eiffonsodium  (sodium  iodo-albuminatum)  is 
nearly  colorless,  odorless,  almost  tasteless,  and  readily 
soluble  in  water.  It  contains  fifteen  per  cent,  of  iodine, 
and  in  four  or  five  times  the  dose  is  used  to  replace 
potassium  iodide. 

Bctd-dgoii  (peptonum  iodatum)  is  a  compound  of  fifteen 
per  cent,  of  iodine  w'ith  predigested  albumen  (peptone), 
designed  for  the  easy  ingestion  of  large  quantities  of 
iodine  in  the  presence  of  gastric  disturbances.  Adminis- 
tered in  malt  extract,  wine,  or  cod-liver  oil,  these  sub- 
st^mces  have  been  used  internally  in  place  of  iodides  in 
syphilis,  scrofida,  furunctdosis,  etc.  After  long  use  in 
large  dose,  no  symptoms  of  iodine  intoxication  super- 
vened. Externally,  in  wounds,  boils,  and  venereal  ulcers, 
Tischer  and  Beddies  found  them  more  effective  than 
iodoform,  and  preferable  on  account  of  the  absence  of 
odor.  They  use  it  in  ten  to  thirty  jjer  cent,  strength, 
diluted  witii  talcum  powder.  The  interna!  dose  is  1  gm. 
(gr.  XV.)  three  times  a  dav,  gradually  increased. 

IC.  .4.  Bastedo. 

EKA-IODOFORM  is  iodoform  prepared  by  electricity 
and  mixed  with  0.05  percent,  of  parafoim.  It  does  not 
decompose  in  ethereal  solution,  but  in  contact  with  the 
tissues  generates  gaseous  formaldehyde.  It  is  recom- 
mended as  a  succedaueum  for  iodoform. 

TF.  A.  Baitcdo. 

Z\.^%l\C^.-?>ee  Ruhber. 

ELATERIN.— EL.VTERixrM. — "A  neutral  principle  ob- 
tained from  elaterium,  a  substance  deposited  by  the  juice 
of  the  fruit  of  Ecballium  Materiumlh.)  A.  Rich.  (fam. 
CncurMtacea)."  U.  S.  P. 

This,  the  wild  or  squirting  cucumber,  is  a  small  pe- 
rennial or,  in  temperate  climates,  sometimes  annual  herb, 
with  a  fleshy,  tapering  root,  and  succulent,   prostrate, 
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fiiciiiuber-liko  sti-ms.  The  fniit,  whidi  is  also  ofliciiil 
in  some  countries,  where  the  plant  grows,  is  from  three 
to  six  centimetres  h)ng,  by  one  or  two  in  diameter  (1  to 
2^-  in.  by  it  to  j  in,),  obloiig,  ovoid,  covered  willi  lleshy, 
tapering-,  soft  bristU's,  and  of  a  yellowi.sh-green  coloV, 
Te,\tnre  linn  externally,  but  soft  and  very  watery  in 
the  middle.  At  maturity  the  tension  produced  by  the 
accumulation  of  liquid  within  the  i)eriearp  becomes  so 
great  as  to  burst  the  fruit  at  the  base,  forcing  olT  the 
lieduncle,  with  a  scpiirt  of  the  soft  contents,  seeds  and 
all,  to  a  con.siderable  distance.  From  this  peculiar  mode 
of  distributing  its  seeds  the  plant  has  received  its  name 
{iKfiaA/.u).  The  .seeds  are  nmuerous.  compressed,  ovoid, 
smooth,  brown:  they  also  were  formerly  employed. 

This  plant  is  indigenous  to  Persia,"  India,"  and  the 
warmer  Mediterninean  countries.  It  has  also  been  nat- 
uralized and  cultivated  in  viirious  parts  of  Kurope.  It 
is  raised  in  England  and  elsewhere  for  medicinal  use.  It 
is  a  very  old  medicine,  having  been  mentioned  before  the 
Christian  era. 

The  fruit,  for  medicinal  purposes,  should  be  gathered 
just  before  it  is  wliolly  rijie.  and,  of  course,  before  it  has 
expelled  its  contents.  It  is  >ised  to  prepare  the  crude 
and  impure  elateinn,  which  has  l)een  long  knowni  as 
Ehiterium  (B.  P..  also  U.  S.  P.  of  1870),  and  is  still  the 
more  common  article  in  the  markets. 

Elaterium. — This  is  a  precipitate  which  forms  spon- 
taneously in  the  liquid  juice  of  the  ccballitim  fruits,  and 
is  collected  as  a  sediment  from  it.  The  purer  and  dearer 
this  juice,  therefore,  the  better  the  precipitate.  There 
are  several  ways  of  collecting  it,  two  of  the  best  being  as 
follows:  The  British  Pliarmaco]ia>ia  formerly  directed  to 
'•Take  of  the  squirting  cuciuuber  fruit,  very  nearly  ripe, 
one  pound.  Cut  the  fruit  lengthwise,  audlightly  press 
out  the  juice.  Strain  it  through  a  hair  sieved  and  set  it 
aside  to  deposit.  Carefully  pour  off  the  supernatant 
liquid;  pour  the  sediment  on  a  linen  filter,  and  dry  it  on 
porous  tiles  in  a  warm  place.  The  decanted  lluid  may 
deposit  a  second  portion  of  sediment,  which  can  be  dried 
in  the  same  way."  Dr.  Clutterbuck  saved  the  juice  of 
the  sliced  fruit,  and  then  scooped  the  soft  pulp  out  with 
tile  thumb,  threw  it  upon  a  sieve  to  drain,  and  washed 
it  with  water  without  pressure.  These  liquids  were  set 
aside,  and  the  precipitate  collected  and  dried  as  above. 
This  method  produced  a  very  fine  quality  of  Elaterium, 
which  has  been  famous  for  more  than  half  a  century. 
Elaterium  appears  to  be  good  in  proportion  to  the  near 
approach  to  ripeness  of  the  fruit  used,  and  to  the  absence 
of  pressure  in  manipulating  it.  The  continental  grades 
of  this  article  are  generally  inferior  to  the  English,  wliose 
properties  are  thus  given  in  the  British  Pharmacopoeia : — 
"In  light,  friable,  flat,  or  slightly  curved  opaque  cakes 
about  one-tenth  of  an  inch  (2.5  mm.)  thick:  pale  green, 
grayish-green,  or  yellowish-gray:  fracture  finely  gi-anu- 
lar;  odor  faint:  tea-like;  ta.ste  bitter  and  acrid.  It 
should  not  give  the  characteristic  reactions  with  the  tests 
for  carbonates  or  for  starch,  and  should  yield  half  its 
weight  to  boiling  alcohol  (ninety  per  cent.).  When  ex- 
hausted with  chloroform,  the  solution  evaporated,  the 
residue  washed  with  ether,  and  the  process  of  solution, 
evaporation,  and  washing  repeated,  elaterium  should 
yield  twenty -five  per  cent.,  or  not  less  than  twentj'  per 
cent.,  of  elaterin." 

Tlie  poorer,  German  elaterium.  comes  in  thicker  (about 
i  in.)  cakes,  largely  wanting  in  the  green  color  and 
sparkling  appearance.  It  is  about  one-fourth  as  strong. 
The  yield  of  the  fruit  isabout  0.123  percent,  of  elateriuin, 
Bi'sides  the  active  principle,  coloring  matter,  cellular 
tissue,  starch,  ash,  and  water  make  tip  the  rest. 

EL.A.TEKrN-. — Discovered  by  Morries  and  Hennell.  1831. 
The  most  scrupulous  care  must  be  taken  not  to  confuse 
thedosage  of  this  powerful  poison  with  that  of  the  weaker 
substance  described  above.  This  crystalline  substance 
has  been  adopted  by  our  Pharmacopeia,  to  the  exclusion 
of  elaterium,  in  consequence  of  the  very  uncertain  qual- 
ity of  the  latter  drug.     It  is  also  official  in  Great  Britain. 

It  is  a  definite  chemical  combination  of  the  formula 
CjoHjsOs,  and  is  thus  described  in  our  Pharmacopeia: 


Minute,  white,  hexagonal  scales,  or  prismntie  crystals, 
without  odor,  and  having  a  slightly  acrid,  bitter  ta.ste; 
permanent  in  the  air. 

Soluble,  at  l.j  ('.  (.10  F.).  in  4.2")0  parts  of  water,  and 
in  337  |)arls  of  alcohol;  in  1,«2U  parts  of  boiling  water, 
and  in  34  parts  of  boiling  alcohol;  also  sohible  in  543 
parts  of  ether,  or  in  2.4  part.s  of  chloroform. 

At  lilO  C.  (374  F.  jthe  crystals  begin  to  agglutinate 
and  at  about  209  C.  (4(i8.2  F.)  they  melt,  foriiiing  a  yel- 
lowish brown  liquid.  When  ignited,  they  are  consumed 
without  leaving  a  residue. 

Klaterin  is  neutral  to  lilmiis  paper. 

Elaterin  is  dissolved  by  .solutions  of  the  alkalies,  and 
reinecipitated  on  supersiiturating  with  an  acid. 

When  dissolved  in  cold,  concentrated  sulphuric  acid, 
it  caus<-s  the  latter  to  become  yellow  at  first,  which  color 
grailually  changes  to  scarlet. 

On  dissolving  some  crystals  of  elaterin  in  melted  car- 
bolic acid,  and  then  adding  a  few  dro|)s  of  strong  sul- 
phuric acid,  a  crimson  color  will  be  developed  which 
soon  becomes  scarlet. 

An  alcoholic  solution  of  elaterin  should  not  be  precipi- 
tated by   tannic  acid  T.S..   mercuric  chloride  T.S.,  or 
idaliiiic  chloride  T.S.  (absence  of,  and  dilTereuce  from 
iilhihiiils). 

Ai  THix  .\ND  L'sE. — Elaterin  is  the  ino.st  active  and  cer- 
tain of  known  hydragogue  cathartics,  purging  repeated- 
ly and  comparatively  painlessly  in  exceedingly  minute 
doses.  In  larger  ones,  colic,  nausea,  vomiting,  iind  pros- 
tration may  follow.  It  is  especially  indicated  when  there 
is  no  inllammatory  trouble  in  the  "digestive  tract,  and  it 
is  desirable  lioth  to  empty  the  latterof  its  contents  and  to 
secure  a  copious  transudation  of  water  from  the  blood  to 
its  canal.  Such  conditions  are  fretpiently  present  in  car- 
diac and  renal  diseases,  accompanied  by  general  dropsy; 
occasionally  also  in  ascites  from  \arious  causes,  and  in 
cerebral  congestion,  ])letliora.  concussion,  or  compression 
of  the  brain,  etc.  For  all  these  there  is  no  better  hvdra- 
gogue  than  this.  To  be  efficient,  it  should  be  given  by 
the  mouth,  as  it  is  very  much  less  active  in  injections 
either  into  the  rectum  or  into  the  cellular  tissue;  and  in 
inunction  it  scarcely  producesany  l)ut  local  efTects.  It  is 
said,  further,  that  the  presence  (if  bile  in  the  intestines  is 
essential  to  its  full  effect ;  but  the  proposition  can  scarcely 
be  considered  as  finally  settled.  It  is.  no  doubt,  neces.sary 
that  the  intestinal  contents  should  be  alkaline. 

L'pon  dogs,  rabbits,  and  some  other  animals,  it  is  an 
uncertain  cathartic,  and  may  even  kill  by  nervous  de- 
pres.sion,  without  moving  the" bowels  at  all  After  death 
by  it,  in  man,  signs  of  gastro-intestinal  inllammation 
have  lieen  present. 

Au.MixisTTi.vTiox  — Elaterium  is  very  variable  in  its 
strength,  and  while  of  Clutterbuck's  or"  the  best  Englisli 
the  dose  is  about  a  centigram  (gr.  J  to  i),  that  of  the 
ordinary  JIalta  or  German  varieties  may  be  five  or  six 
times  as  large.  In  an  untried  siimple.  the  smaller  dose 
should  always  be  started  with  and  increased  until  found 
to  be  sufiicient.  Elaterix  is  uniform,  and  should  super- 
sede the  impure  substance  just  mentioned.  Dose  0.001.5 
to  0.006  (gr.  jV  to  ttt)-  The  oflicinal  trituration  [Tiitii- 
riitio  ihiten'iii.  V.  S.  P.),  strength  ,';;.  isa  convenient  form. 
Dose,  0.01.')  to  0.06  gm.  (gr.  i  to  1). 
Elaterin  should  always  be  sivcn  well  diluted. 

II".  P.  liolkK. 

ELBOW.— A>^»^— The  term  elbow  is  often  used  to 
iiiilieate  merely  the  angular  projection  made  lietween  the 
arm  and  forearm.  The  region  of  the  elbow  includes  the 
joint  and  all  the  parts  thai  surround  and  cover  it.  Ex- 
ternally there  are  no  well-marked  lines  that  separate  this 
region  from  the  arm  above  or  the  foreami  Iwlow,  and 
the  rule  established  by  Tillaux  of  limiting  its  bound- 
aries to  two  finger-breadths  above  and  two  below  the 
transverse  cutaneous  fold  caus<"d  by  the  flexion  of  the 
joint,  is  ]irobably  as  goinl  as  can  !«■  devised. 

Cnnfigiinilioii. — fSee  Fi.ir.  1814.)  In  .shape  this  region 
differs  from  those  above  and  below,  being  somewhat 
broader,  flatter,  and  hollowed  in  front  by  a  shallow  de- 
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Fig.  isu.— The  Elbow  Viewed  from  the  Front,  the  Bones  Showing  as  If  the  Arm  was 

Semitransparent. 

pression  known  as  the  cubital  fos.sa,  distantly  resembling 
the  popliteal  space  behind  the  knee,  while  posteriorly  a 
rounded  projection  appears  even 
in  the  most  .extended  state  of  the 
arm.  These  jieculiarities  of  shape 
are  due  partly  to  skeletal  form 
and  pui'tly  to  muscular  groujiing. 
On  either  side  project  the  con- 
dyles of  the  humerus  with  mus- 
cular masses  arising  therefrom; 
behind,  the  olecranon  pioces^s  of 
the  ulna  forms  the  "  point  of  the 
elbow "  already  mentioned.  In 
front  and  behind,  the  muscles  that 
have  formed  the  rounded  bulk  of 
the  ujiiier  arm  become  icduceil  to 
tendinous  bands,  thus  occasioning 
the  antero-posterior  flattening. 

The  cubital  fossa  is  shaped  some- 
what like  a  swallow's  tail,  hence 
the  older  anatomists  called  it  the 
chelidon  (;i;f/((5w>>,  a  swallow). 
This  sliape  is  determined  by  the 
two  converging  muscular  mas.--es 
arising  from  the  condyles  on  either 
side,  between  which  is  wedg<'d 
the  rapidly  decreasing  mass  of  the 
muscles  descending  from  the  front 
of  the  ujiper  arm. 

The  bony  landmarks  about  the 
elbow  are  of  extieme  imjiortanee 
in  tlie  diagnosis  of  injuries  and  as 
guides  in  surgical  operations.  At 
the  outer  side  the  external  supra- 
condylar ridge  may  be  felt  and 
readily  traced  downward  to  the 
external  condyle.  Below  and  be- 
hind this,  between  eminences 
caused  by  the  supinator  longus 
together  with  the  radial  extensors 
of  the  wrist  on  the  outer  side,  and 
the  anconeus  internally,  there  is  a 
depression,  well  marked  in  all  in- 
dividuals, at  the  bottom  of  which 
there  may  be  felt  the  head  of  the 
radius. 


At  the  inner  side  the  internal  con 
dylar  ridge  may  also  be  traced  by  press- 
ing deeply.  Occasionally  there  is  found 
here,  at  a  distance  of  one  or  two  inches 
above  the  inner  condyle,  a  bony  hook 
known  as  the  sujiracondyloid  process. 
From  the  surainil  of  this  hook  there  ex- 
tends to  the  condyle  a  fibrous  band 
affording  origin  to  part  of  the  humeral 
head  of  the  pronator  radii  teres  muscle, 
and  through  the  osteo-tibrous  canal  thus 
formed  pass  the  brachial  artery,  or 
one  of  its  branches,  and  the  median 
nerve ;  the  presence  of  this  process  is 
said  to  be  associated  with  a  high  division 
of  the  brachial.  This  arrangement  oc- 
curs in  about  one  per  cent,  of  individu- 
als and  appears  to  be  the  homologne  of 
an  osseous  canal  found  in  man}'  mam- 
mals, such  as  carnivores,  rodents,  and 
some  inferior  apes. 

The    internal    condyle    is    sharper,   a 
little   higher,   and   not   so  well  covered 
with    muscles  as  the  outer  one.      It   is 
therefore   more  prominent  and  must  be 
carefull_v  padded   when  splints  are  ap- 
plied at  the  elbow.     Its  most  prominent 
part  is  directed   backward   rather   than 
inward.     Between  it  and  the  oleenuion 
is  the  groove  by  which  the  ulnar  nerve 
passes  to  the  lower  arm. 
The  olecranon   process  projects  more 
or  less  in  all  positions  of  the  joint.     Its  upper  border  is 
obscured  by  the  tendinous  insertion  of  the  triceps,  whicli 
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Fig.  1815.— Superflcial  Dissection  of  Reifion  uf  Elbow. 
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usually  has  a  bursa  beneath  it.  A  subcutaneous  bursa  is 
almost  invariably  founil  over  that  portion  of  its  surface 
on  wiiicli  the  uci^rlii  rests  whiMi  Icaniui;  on  the  cllxiw. 
The  relative  position  of  tlie  upper  Ixinlei'of  tlie  olecranon 
and  the  two  condylar  prominences  varies  aceordin;;  to 
the  degree  of  tle.\iiin  of  the  joint.  When  it  is  fully  ex- 
tended, the  three  jirominences  are  in  line;  when  "at  a 
right  angle,  the  border  of  the  olecranon  is  innnediately 
beneath  the  condyles;  in  extreme  flexion  it  is  in  front  i4 
them.  These  relations  arc  inijiortjint  in  judging  of  a 
dislocation,  but  iniforlunalely  most  eases  are  n(it  seen 
until  the  swelling  is  so  great  that  it  is  impos.sible  to  apply 
them  accurately. 

When  the  arm  is  strongly  iironated,  the  tuberosity  of 
the  radius  may  usually  be  felt  below  the  joint,  in  "the 
interval  between  the  "railius  and  the  ulna.'  The  shaft 
of  the  ulna  is  mucli  more  easily  felt  than  that  of  the 
radius. 

Tlie  front  of  the  joint  is  so  well  covered  by  muscles 
that  Imt  little  aid  can  be  obtained  from  bony  laiidmarks. 
However,  deep  jiressurc  at  the  bottom  of  the  cubital  fos.sa 
will,  in  lean  individuals,  reveal  the  tip  of  the  eoronoid 
process  of  the  ulna. 

Si-in. — The  skin  in  frontof  theelbow  is  especially  thin, 
delicate,  and  transparent,  the  course  of  the  .subcutaneous 
veins  being,  in  the  white  races,  clearly  visible  througii 
it.  -It  is  also  readily  movable.  Because  of  these  pecul- 
iarities care  must  be  taken  to  avoid  any  considerable 
traction  upon  it  when  apparatus  is  used  "in  this  region, 
as  it  is  easily  cxcori;itcd  and  rnpttned. 

During  flexion  there  appears  in  front  a  transient  fold 
of  skin  which  disiipjiears on  com])lete extension,  dillcring 
in  that  respect  from  the  folds  of  the  fingers  and  palm" 
It  lies  .some  distance  above  the  line  of  articulation  and 
shoidd  not  be  used  as  a  surgical  gvnde. 

Si/iH'i\tici<jl  Fiifiriii.  Visscls  arid  ytrns  (see  Pig.  1815). — 
The  subcutaneous  fat  or  superficial  fascia  varies  very 
much  in  different  individuals.  It  may  be  sutficient  to 
conceal  the  subcutaneous  veins  and  be  separable  into  two 
sheets  between  which  the  veins  riui.  Embedded  in  it,  just 
above  the  inner  condyle,  are  a  few  lym])liatic  glands  wjiich 
receive  the  converging,  superficial  lymphatic  trunks  aris- 
ing from  a  network  about  the  hjwer  arm  and  hand. 
These  glands  shoidd  be  examined  in  ease  of  suspected 
malignant  growth  in  those  regions. 

The  superficial  \eius  at  the  elbow  were  formerly  much 
used  for  the  opcnitiou  of  blood-letting  or  venesection, 
and  are  still  occasionall}'  resorted  to  for  that  purpose. 
The  reason  for  this  choice  is  obvious.  They  are  easily 
accessible  and  situated  upon  a  portion  of  the  l>ody  fre- 
quently exposed  to  view.  They  are  also  of  suflicicnt  .size 
to  make  the  operation  effective,  which  is  not  usnallv  the 
case  with  trunks  more  distallv  situated,  and,  with  reason- 
able care,  no  vmtoward  results  need  ensue.  The  ana- 
tomical relations  should,  however,  be  carefully  studied. 
Their  general  course  can  be  effectively  shown  in  the  liv- 
ing subject  by  binding  a  ligature  just  above  the  elbow 
sufficiently  tight  to  retard  the  flow  of  blood  in  the  super- 
ficial veins  without  arresting  the  current  in  the  brachial 
artery. 

According  to  the  classical  description,  the  superficial 
veins  at  the  elbow  consist  of  collateral  anastomoses  be- 
tween three  principal  trunks  which,  running  lengthwise 
up  the  forearm,  are  respectively  known  from  their  posi- 
tions as  the  radial,  ulnar,  and  median  veins.  Above  the 
elbow  the  radial  and  ulnar  pass  immediately  into  the  two 
great  venous  trunks  of  the  upper  arm:  "the  cephalic, 
which  runs  up  in  the  outer  bicipital  groove  as  far  as  the 
shoulder,  and  the  basilic,  which  follows  the  inner  bicipi- 
tal groove  about  one-third  the  way  up  the  arm,  jiierccs 
the  deep  fascia  at  the  hiatus  semilunaris  and  joins  the 
ven*  comites  of  the  brachial  artery.  The  median  vein, 
however,  divides  into  two  short,  diverging  trunks;  one, 
the  median-cephalic,  passing  to  the  cephalic  trunk:  the 
other,  the  median-basilic.  pas.sing  to  the  liasilic.  These 
trunks  are  of  larger  calibre  than  the  median,  a  circiun- 
stanee  that  is  explained  when  we  find  that  somewhere 
near  the  point  of  their  divergence  a  short  anastomosing 


vessel,  the  deep  median,  perforates  the  deep  fascia  and 
brings  them  blood  froni  the  deep  system  of  veins. 

This  arrangement  is  usually  compared  to  a  capital  M, 
yet  that  imperfectly  describes  it,  as  the  u|)riglits  must 
be  extended  lioth  upward  ami  downward  and  an  addi- 
tional member  be  added  at  the  union  of  the  diverging 
bars  (Sec  Fig.  ISl,5). 

The  pattern  thus  sketched  out  is,  however,  by  no  means 
constanlly  followed  (sei-  Fig.  ISIO).  The  median  vein  is 
often  replaced  by  a  plexus;  IhiTe  may  be  two  or  more 
radial  or  uln.ar  veins  that  uinte  cillier  above  or  below 
the  elbow;  frcfiuentlv  the  radial  vein  forms  the  so-called 
median  cephalic  and  meiliaubasilic,  while  im  acces.sory 


Fig.  1816.— Variation  in  the  Veins  of  the  .\nn. 

radial  constitutes  the  outer  vertical  bar  of  the  M.  In  this 
case,  the  median  vein,  if  there  is  one,  discharges  cither 
into  the  radial  before  it  divides  or  into  the  ulnar. 

The  median-basilic,  usually  larger,  more  superficial 
and  more  constant  than  the  mcdianceplialic,  runs  almost 
parallel  with  the  brachial  artery  just  before  its  division, 
being  separated  from  it  by  the  fibrous  expansion  from 
the  tendon  of  the  biceps  to  the  deep  fascia  of  the  lower 
arm  (bicipital  fascia,  lacertus  fibrosus).  This  gives  it  a 
somewhat  firmer  support  when  the  ann  is  fully  extended 
than  can  be  afforded  to  the  TiU'dian  cephalic,  which  is 
surrounded  by  yielding  subcutaneous  fat. 

The  vessels  differ  also  in  their  relations  to  the  cutane- 
ous nerves  that  cross  the  cubital  fossji  to  supply  tlie  lower 
arm.  The  internal  cntani'ous  nerve  breaks  up.  at  some 
distance  above  the  elbow,  into  several  branches,  the  larg- 
est of  which,  piercing  the  deep  fa.scia  at  the  Inatiis  semi- 
lunaris, usually  passes  down  in  front  of  the  basilic  and 
median  ba,silic,  .sometimes  fonning  a  rich  plexus  along 
the  latter  ves.sel.  On  the  radial  side  the  cutaneous 
branches  of  the  musculocutaneous  nerve  emerge  from 
the  deep  fa.scia  a  little  above  or  on  a  level  with  the  ex- 
ternal condyle.  This  is  the  most  effective  spot  for  its 
electrical  excitation.  It  lies  directly  inward  fmm  the 
confluence  of  the  median  cephalic  with  the  cephalic. 
Running  along  the  median  cephalic  for  a  short  distance, 
it  divides  into  anterior  and  posterior  branches,  which 
supply  corresponding  surfaces  of  the  forearm.     Both  of 
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tliese  usually  descend  behind  the  vessel,  though  occasion- 
ally the  anterior  branch  passes  in  front. 

The  larger  size  and  firmer  bed  of  the  median  basilic 
make  it  easier  to  open,  but  its  close  pro.ximity  to  the 


bicipital  fascia 
median  nerve 


median-basilic  vein 
\  brachial  artery 


is  tliin,  but  somewhat  thicker  on  the  extensor  surface 
of  the  arm.  The  general  direction  of  the  fibres  of  this 
fascia  is  circular,  girdling  tlic  arm,  but  the  fascicles  of 
reinforcement  are  either  longitudinal  or  oblique.     At  the 
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Fig.  1817.— Horizontal  Section  through  Elbow. 


artery  occasions  accidents  and  the  number  of  nervous 
filaments  that  must  be  cut  to  reach  it  is  disadvantageous, 
as  their  section  sometimes  leads  to  painful  neuritis.  The 
median  cephalic  is  therefore,  on  the  wliole.  the  safer  ves- 
sel for  venesection. 

Deep  Fascia. — (Fig.  181.5.)  This  is  continuous  above 
with  the  deep  fascia  of  the  arm,  lielow  with  that  of  the 
forearm.  The  intermuscular  septa,  so  marked  a  featuie 
<i{  tlie  fascia  of  the  arm,  are  continued  downward  into 
tlie  region  of  the  elbow.  The  inter- 
nal septum  is  the  stronger,  and  lies 
between  the  brachialis  anticus  and 
the  internal  head  of  the  trifeps.  at- 
tached to  tlie  supracondyloid  ridge 
as  far  as  the  internal  condyle.  It  is 
pieiced  by  the  musculo-spiral  ner\e. 
Tlie  external  intermuscular  sei>tum 
is  mainly  represented  in  this  region 
by  the  muscles  attached  to  the  ex- 
ternal condyloid  ridge,  viz. :  the  su- 
pinator longus  and  the  extensor  carpi 
radialis  Inngior.  which  lie  between 
the  biachialis  anticus  and  the  exter- 
nal head  of  the  triceps. 

At  the  elbow -joint  the  fascia  be- 
comes closely  adhei-ent  to  the  mus- 
cles, to  the  condyles,  and  to  the 
olecranon.  It  here  receives  several 
reinforcements,  viz. :  from  the  tendon 
of  the  biceps,  the  fibres  passing  over 
toward  the  inner  condyle  and  the 
crest  of  the  ulna:  from  the  triceps, 
by  expansions  on  either  side  of  its 
tendon  of  insertion;  an  anterior  fas- 
cicle from  the  internal  condyle:  a 
posterior  fascicle  from  the  external 
condyle ;  and  fibres  from  the  posterior 
bolder  or  crest  of  the  ulna.  From  either  condyle  it 
sends  down  strong  intermuscular  septa  between  the 
muscles  that  arise  therefrom,  thus  aHording  them  ad- 
ditional areas  of  insertion.     Except  where  reinforced  it 


it    is    perforated    by    the 
deep  median  vein. 

Muscles.  —  The  muscles 
abovit  the  elbow  are  ar- 
ranged somewhat  like  the 
links  of  a  chain,  the  flex- 
ors and  extensors  of  the 
lower  arm  lying  on  the 
anterior  and  posterior  sur- 
faces of  the  limb,  while 
the  pronators  and  stipi- 
nators  are  at  tlie  sides. 
The  mass  coming  down 
from  the  upper  arm  in 
front  is  composed  of  the 
biceps  and  the  brachialis 
anticus  (see  Figs.  1817, 
1818,  1819). 

At  the  elbow  the  biceps 
develops  from  its  fleshy 
portion  a  strong  flat  ten- 
don that  lies  at  first  in 
the  frontal  plane,  but  as 
it  descends  into  the  cu- 
bital fos.sa,  twists  so  that 
its  outer  border  becomes 
anterior.  Passing  deeply 
between  the  radius  and 
ulna  it  is  inserted  upon 
the  posterior  portion  of 
the  bicipital  tuberosity. 
A  bursa  (7?.  riidiii-hiripi- 
t(ilis)  constantly  intervenes  between  the  anterior  portion 
of  the  tuberosity  and  the  tendon,  and  not  infrequently 
a  second  bursa  (i?.  itlno-rndiiilis)  is  found  between  its 
inner  surface  and  the  ulna,  lying  along  the  oblique  liga- 
ment. It  is  because  of  the  insertion  of  the  tendon  near 
to  the  posterior  surface  of  the  radius  that  the  biceps  is 
enabled  powerfully  to  rotate  that  bone  and  thus  supinate 
the  hand.  Owing  to  its  preponderating  influence,  the 
force  available  for  supination  is  much  greater  than  that 
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for  pronation.     This  is  turned  to  account  in  many  tools 
and  mechanical  devices,  such  as  gimlets  and  screws. 

Arising  from  the  anterior  surface  and  inner  border  of 
the  main  tendon  of  the  biceps  is  the  aponeurotic  expan- 
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Fig.  1819.— Deep  Dissection  of  the  Front  of  the  Elbow. 


sion  known  as  tbe  bicipital  fascia,  also  called  the  fascia 
semilunaris  and  the  lacertiis  Hbrnsus.  \\  hich  is  directed 
obliquely  to  the  iuner  side  of  the  forearm,  its 
fibres  reaching  as  far  as  the  crest  of  tlie  ulna.  It 
Las  therefore  been  regarded  as  an  ulnar  tendon 
of  the  bicejis.  It  passes  over  the  brachial  artery 
and  the  median  nerve,  separating  tlieui  from  tlie 
median  basilic  vein  and  the  filaments  of  the  in- 
ternal cutaneous  nerve. 

The  brachialis  anticus  lies  beneath  the  biceps, 
directly  in  front  of  tbe  elbow-joint.  Thick  and 
flat,  it  arises  by  direct  implantation  of  muscular 
fibres  from  the  lower  portion  of  the  humerus  and 
the  intermuscular  septa,  and  is  inserted  by  a 
broad,  flat  tendon  upon  the  tubercle  and  the  in- 
ferior surface  of  the  coronoid  process  of  the 
ulna.  Being  broader  than  the  biceps,  it  becomes 
subcutaneous  at  the  sides  of  the  arm. 

In  close  relation  with  these  muscles  there  pass 
down  into  the  cubital  fossa  the  brachial  artery 
with  its  accompanying  veins  and  the  median 
musculo-spiral  nerves  (see  Figs.  181-5.  ISIT. 
and  1819).  The  artery  lies  upon  the  brachialis 
anticus.  against  the  inner  side  of  the  biceijs  mus- 
cle, almost  exactly  midway  between  the  con- 
dyles. In  this  situation  the  position  of  the  arteiy 
is  clearly  indicated  by  the  broad,  glistening  white 
tendon  of  the  biceps  on  its  outer  side  and  the 
smaller,  rounder,  and  more  yellowish  cord  of 
the  median  nerve  that  runs  parallel  to  its  inner 
border.  It  visually  divides  into  its  tenniiial 
branches,  the  radial  and  ulnar  arteries,  just 
below  where  the  bicipital  fascia  stretches  over 
it.  viz.,  about  a  fingers  breadth  below  the  bend 
of  the  elbow,  opposite  the  junction  between  the 
head  and  the  neck  of  the  radius.    It  is  associated 


■with  two  companion  veins  that 
intercommunicate  by  numerous 
tninsvei'se  bmnches.  increasing 
somewliat  the  dillicully  of  isolat- 
ing the  artery  for  ligation.  It* 
depth  and  confined  position  make 
it  possible  to  compress  it  by 
forced  lle.viou  of  the  joint,  and 
hemorrhage  from  the  radial  or 
ulnar  arteries  may  lie  thus  con- 
trolled. The  bicipital  fa.scia  acts 
as  a  ri'inforcenient  of  ils  outer 
coat,  atid  this  is  thought  to  be 
one  reason  why  aneurism  is  much 
less  frec|uent  here  than  in  the  pop- 
liteal space  of  the  lower  lindi.  It 
should  be  noted  that  the  thicknes.H 
of  the  bicipital  fascia  varies  much 
in  different  individuals,  being  not 
infrequently  so  thin  and  indistinct 
iX —  pronato-fleior  mass  that  it  might  be  mistaken  for  or- 
dinary connective  tissue. 

Collateral  brandies  from  the 
large  ve.s.sels  mentioned  above 
form  about  the  elbow  a  network 
{rete  olti-niiii)  of  arterioles  import- 
ant for  th(,'  nourishment  of  the 
region  (see  Fig.  1820).  For  this 
icason  tight  bandaging  is  likely  to 
interferi?  with  healing  proce.s.ses  in 
the  neiirhborliood  of  the  elbow. 
The  branches  that  form  this  net- 
work are.  from  above,  the  superior 
and  in  fiiior  profunda  and  the  nn- 
iistomotica  magna,  derived  from 
the  brachial ;  from  below,  the  ra- 
dial recurrent,  the  interos.seous  re- 
current and  the  anterior  and  pos- 
terior ulnar  reeurrents.  About  the 
external  condyle  branches  from 
the  superior  profunda  descend, 
anastomosing  with  the  radial  re- 
current in  front  and  the  interos,seous  recurrent  behind: 
about  the  internal  condyle  the  inferior  profunda  and  the 
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anastomotica  magua  descend,  uniting  with  the  anterior 
and  posterior  ulnar  recurrents.  The  anastomotica  magna 
also  sends  an  arch  across  above  the  olecranon,  uniting 
•with  all  the  other  vessels  on  the  posterior  surface  of 
the  elbow. 

The  median  nerve,  having  crossed  the  brachial  artery 
above  at  a  very  acute  angle,  lies  in  this  region  at  its  inner 
side,  usually  separated  from  it  Ijy  a  slight  interval.  It 
then  passes  deeplj' between  the  two  head^of  the  pronator 
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Fig.  1821.— Dissection  of  the  Elbow  from  the  Inner  Side. 


radii  teres,  the  coronoid  head  separating  it  fiom  the  divi- 
sion of  the  brachial  and  the  ulnar  artery,  and  finally  leaves 
the  region  of  the  elbow  and  gains  the  middle  of  the  fore- 
arm by  passing  under  the  arcli  of  the  flexor  siiblimis 
digitorum.  The  motor  branches  of  the  median  nerve 
are  all  given  off  at  or  near  the  elbow.  Sometimes  all 
the  branches  for  the  forearm  are  derived  from  a  common 
trunk  which  then  might  be  known  as  the  deep  median 
nerve  (N.  pvofundiis  medianus.  Schwalbe).  The  usual 
arrangement,  however,  is  for  three  nerves  to  separate  in 
succession:  (1st)  one  that  supplies  the  humeral  head  of 
the  pronator  radii  teres,  given  off  a  little  before  the  nerve 
passes  tmder  the  bicipital  fa.scia;  (2d)  a  trunk  for  the 
superficial  muscles  of  the  forearm,  given  off  between 
the  two  heads  of  the  pronator  radii  teres  and  including  a 
branch  for  the  coronoid  head  of  that  muscle ;  (3d)  a  trunk 
for  the  deep  muscles  of  the  forearm,  usuallj'  given  off 
between  the  pronator  radii  teres  and  the  fle.xor  sublimis 
digitorum. 

The  miisculo-spiral  nerve,  after  winding  around  the 
humerus  from  beliind,  reaches  the  region  in  front  of  the 
elbow  a  short  distance  above  the  condj'les.  b.v  perforating 
the  external  intermuscular  septum.     It  then  lies  at  the 


bottom  of  the  external  bicipital  groove,  against  the  fibres 
of  the  brachialis  anticus  which  separate  it  from  the  joint 
capsule,  and  between  the  supinator  longus  and  the  biceps. 
It  divides,  usually  at  tlie  level  of  the  articulation  or 
slightly  aliove  it.  but  sometimes  as  far  down  as  the  head 
of  the  radius,  into  the  posterior  interosseous  and  radial 
nerves.  The  radial  recurrent  arteiy  often  lies  in  the 
angle  of  bifurcation.  The  posterior  interosseous  branch, 
exclusively  motor,  leaves  this  region  by  perforating  the 

supinator  brevis  nutsde 
and  thus  reaching  the 
back  of  tlie  forearm. 
The  radial  proceeds 
downward  under  cover 
of  the  supinator  longus, 
lying  to  the  outer  side  of 
tlie  radial  artery. 

Beliind  the  elbow  the 
muscular  mass  is  com- 
posed of  the  triceps  and 
Ihe  anconeus,  its  con- 
linuation  upon  the  lower 
arm.  The  portion  of  the 
triceps  that  comes  jirop- 
erly  within  this  region 
is  its  insertion,  which 
consists,  first,  of  a  thick, 
firm,  aponeurotic  expan- 
sion which  receives  fibres 
from  all  the  heads  and 
is  inserted  upon  the  su- 
jieiior  surface  and  lat- 
eral edges  of  the  olec- 
ranon ;  second,  of  fibres 
from  the  external  and 
internal  heads  tliat  are 
implanted  without  any 
intermediaiy  tendon  di- 
rectly upon  the  olecra- 
non. 

Below  and  externally 
the  triceps  blends  inti- 
mately with  tlie  anco- 
neus, there  often  being 
no  appreciable  in- 
terstice between  them. 
This  continuity  and  its 
supply  by  the  same 
branch  of  the  musculo- 
spiral  nerve  that  inner- 
vates the  internal  head 
of  the  triceps,  have  led 
some  to  the  conclusion 
that  the  anconeus  should 
be  considered  as  a  fimrth 
head  of  the  triceps.  It  radiates  fan  like  from  a  short  and 
strong  tendon  attached  to  tlie  posterior  and  inferior  por- 
tion of  the  external  condyle,  its  fleshy  fibres  being  in- 
serted by  direct  implantation  into  the  side  of  the  olecranon 
and  over  the  entire  extent  of  the  excavated  posterior 
surface  of  tlie  ulna  that  lies  above  the  oblique  line. 

At  the  sides  of  the  elbow  the  muscular  masses  are 
arranged  in  two  groups,  quite  distinct  in  their  origin, 
function,  and  innervation.  The  inner  group  arises  from 
the  internal  condyle  or  near  it,  contains  pronators  and 
flexors,  and  is  innervated  by  the  median  and  ulnar  nerves ; 
the  outer  group  arises  from  the  external  condyle  and  the 
cond3-lar  ridge  above  it,  contains  supinators  and  exten- 
sors, and  is  innervated  by  branches  from  the  musculo- 
spiral  nerve. 

Some  explanation  of  the  peculiarities  of  these  lateral 
muscles  is  afforded  b_v  the  history  of  the  development  of 
the  arm.  In  the  fa>tus  each  limb  arises  as  a  budlike  out- 
growth from  the  trunk,  and  is  covered  by  a  prolongation 
of  the  veutro-lateral  common  muscular  sheet.  As  it  in- 
creases in  length  this  prolongation  becomes  segmented 
near  the  elbow  into  a  pronato-flexor  mass  and  a  supinato- 
extensor  mass.     In  lower  animals,  like  reptiles,  that  have 
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no  indi'peiidont  movements  of  tlie  different  parts  of  the 
hand,  these  masses  remain  in  their  primitive  condition, 
bnt  in  those  that  liave  a  variety  of  movements  for  the 
hand,  the  ma.sses  become  split  into  layers  and  finally  into 
distinct  mnsclcs.  Irregnlaritics  in  this  i)nxess  cause 
numerous  varieties.  In  adult  man  traces  of  the  primi- 
tive condition  persist  iit  thi'  jilace  of  origin  of  the  muscles, 
many  of  which  continue  to  sprini;  from  an  undilTcreu- 
tialed  mass,  or,  as  it  is  styled,  from  a  common  tendon. 

Tlie  muscles  of  the  pronatothxor  mass  found  in  the 
region  we  arc  considering  are  the  jironator  radii  teres,  the 
fle.xor  carpi  radialis,  the  palmaris  limgus,  the  flexor  carpi 
idnaris,  and  the  flexor  sul)liniisdigitorum.  The  first  four 
of  these  forma  superficial  layer,  while  the  flexor  sublimis 
constitutes  a  layer  l)y  itself  (see  Fig.  1S21). 

The  pronator  teres  lies  farthest  to  the  radial  side  and 
therefore  fiu'ms  the  inner  boundary  of  the  cubital  fossa. 
Bi'sides  its  origin  fifim  the  internal  condyle  it  has  a  slij) 
attached  to  the  eoronoid  process  of  the  ulna.  Between 
these  two  slips  of  origin  passes  the  median  nerve  as  al- 
ready nu'iitioned. 

The  flexor  carpi  radialis  and  the  palmaris  longus  have 
no  special  anatonucal  iiuportanee  in  tliis  region,  merely 
arising  from  the  internal  condyle  by  the  conuuon  tendon 
and  luvsenting  sjiindle  shaped  masses  lying  ajiproxi- 
mately  parallel  to  the  pronator.  The  flexor  carpi  ulnaris 
arises  by  two  heads,  one  from  the  internal  condyle  by 
the  common  tendon,  one  from  the  olecranon  and  the  up- 
per two-thirds  of  the  crest  of  the  ulna.  These  heads  arc 
united  by  a  fibrous  arcade  luider  which  pass  the  ulnar 
nerve  and  the  posterior  ulnar  recurrent  artery.  The 
nerve  descends  behind  the  internal  nuiseular  septum,  ac- 
companied by  the  inferior  profunda  artery  which  lies  in 
frtmt  of  it.  enters  the  slight  groove  behind  the  internal 
condyle,  sometimes  held  in  place  by  a  slight  elevation  of 
bone  arising  from  the  condyle.  It  is  here  in  close  rela- 
tion with  the  internal  lateral  ligament  of  the  elbow-joint, 
which  throws  over  it  a  fibrous  investment  which,  accord- 
ing to  Sutton,  is  the  remains  of  an  atrophied  muscle,  the 
epitrochleoaucoueus,  rarely  found  in  man  but  common 
in  apes.  These  fibres  help  to  fix  the  nerve  and  prevent 
it  from  slipping  from  its  groove,  a  common  accident  in 
dislocations.  Dining  flexion  the  groove  widens  some- 
what owing  to  the  slight  lateral  displacement  of  the  hu- 
merus. A  small  btirsa  often  lies  between  the  nerve  and  the 
bone,  necessitated  by  the  movements  of  the  nerve  during 
flexion  and  extension.  In  this  situation  the  nerve  is  al- 
most subcutaneous,  crossed  by  branches  from  the  internal 
cutaneous  nerve,  and  as  it  lies  against  an  unyielding  sur- 
face it  is  particularly  subject  to  injury  when  the  iimer 
edge  of  the  elbow  is  struck.  This  has  led  to  the  designa- 
tion of  its  locality  as  the  "funny  bone."  It  is  mainly  on 
account  of  the  presence  of  the  nerve  on  this  side  that  the 
joint  is  opened  from  without  in  operations  for  resection. 

The  flexor  sublimis  digiturtnn  has  also  a  double  origin, 
one  by  a  thick  and  .strong  slip  from  the  internal  condyle 
and  coroni)id  process  by  the  common  tendon,  closely 
blended  with  the  internal  lateral  ligament  of  the  joint, 
another  by  a  broad  and  thin  lamina  from  the  obliiiue  line 
and  anterior  Ijorder  of  the  radius.  The  two  heads  united 
bound  an  oval  foramen  through  which  [lass  the  median 
nerve  and  the  ulnar  artery. 

The  muscles  of  the  supinato-extcusor  mass  found  in 
this  region  are  divided  into  two  groups :  an  external  one. 
comprising  the  supinator  longus  and  brevis  and  the  two 
radial  extensors  of  the  wrist;  and  a  posterior  one,  com- 
prising the  common  extensor  of  the  Angers,  the  extensor 
of  the  little  finger,  and  the  ulnar  extensor  of  the  wrist. 
The  ulnar  crest  separates  these  groups  from  the  pronato- 
flexor  muscles. 

The  supinator  longus  is  the  most  superficial  of  its 
group,  arising  from  the  upper  two-thirds  of  the  external 
supracondyloid  ridge  of  ijie  humerus  and  from  the  ex- 
ternal intermuscidai^  septum,  and  extending  down  along 
the  outer  side  of  the  forearm  to  which  it  imparts  its 
characteristic  shajie.  The  muscle  is  drawn  forward  by 
the  deep  fascia  of  the  forearm  and  forms  the  external 
boundary  of  the  cubital  fossa.  Above  the  elbow  it  lies 
Vol.  III.— it 


upon  the  musculo-spiral  nerve  and  the  radial  recurrent 
artery,  below  upon  the  radial  ve.s.sels  and  nervi'.  Its 
functions  as  a  supinator  are  brought  into  play  only  when 
the  arm  has  been  previously  sirongly  pronaled.  Its 
ustial  oflice  is  that  of  a  flexor  of  the  forearm. 

Closely  coimected  with  the  supinator  longus  at  its 
origin  is  the  long  radial  extensor  of  the  wrist,  for  its  fibres 
immediately  succeed  those  of  the  supinator  upon  the  ex- 
ternal condyloid  ridge,  here  somewhat  enlarged,  extenii- 
ing  down  for  about  an  inch,  or  to  the  baseof  the  condyle. 
It  is  partly  covered  by  the  supinator  longus  and  is  in 
contact  with  the  upjier  i)art  of  the  capsule  of  the  joint. 

Lying  directly  under  the  foregoing  anil  arising  from 
thc>  anterior  smlace  of  the  external  condyle  is  flu-  short 
radial  extensor  of  the  wrist.  The  two  inus<-le8  are  not 
iufreiiuently  interhlendril  in  various  ways. 

The  supinator  brevis  lies  deeply  under. both  of  these, 
a  bursa  usually  intervening,  and  close  against  the  joint 
capside.  Arising  from  the  lower  part  of  the  external 
condyle  and  the  conuuon  ten<lon,  also  from  the  interosse- 
ous liorderof  the  ulnaand  theexcavation  below  the  lesser 
sigmoid  cavity,  its  fibres  run  spirally  from  above  down- 
ward and  outward  and  are  inserted  around  the  upper 
third  of  the  radius,  embracing  the  neck  and  reaching  the 
tubert>sify  and  the  obliijue  line.  It  adheres  closely  to 
the  external  lateral  and  orbicular  ligaments  of  the  elbow- 
joint.  The  muscle  is  divided  into  two  planes  of  fibres 
between  which  the  jiosterior  interosseous  nerve  passes. 
It  shares  wilh  the  biceps  the  function  of  supiimtiug  the 
hanil  and  arm  by  rotating  the  radius. 

The  muscles  of  the  posterior  region  of  the  upper  fore- 
arm radiate  from  the  external  condyle  just  below  the 
anconeus.  The  common  extensor  of  the  fingers  is  the 
most  external  of  these,  appearing  in  this  region  as  an 
undivided  pynunidal  mass  arising  from  the  lower  and 
anterior  porfiim  of  the  condyle  and  the  common  tendon. 
It  is  in  contact  with  the  external  lateiid  ligament  and  the 
supinator  brevis  and  wedged  between  the  short  radial 
extensor  and  the  idnar  extensor. 

Interposed  between  the  common  and  ulnar  extensors 
and  seemingly  dilTerentiated  from  the  former  is  the  ex- 
tensor of  the  little  finger.  It  arises  mainly  from  the 
fascia  of  the  forearm  anfl  the  sepfa  that  lie  between  it 
and  the  two  contiguous  muscles.  In  about  four  per  cent. 
of  cases  its  muscular  belly  is  indistinguishable  from  that 
of  the  common  extensor. 

The  idnar  extensor  of  the  wiist  runs  diagonally  across 
the  back  of  the  arm  fmin  the  external  condyle  to  the 
ulnar  side.  It  arises  from  the  lower  and  posterior  portion 
of  the  condyle  and  the  common  tendon,  from  a  strong 
internmscular  septum  that  springs  from  the  ujiper  three- 
fourths  of  the  crest  of  the  ulna  and  from  the  fa.scia  of  the 
forearm.  A  bursa  is  often  found  beneath  its  condylar 
tendon,  often  extending  also  beneath  the  origin  of  the 
common  extensor. 

Elhdir-jiiiiit. — In  this  important  joint  there  are  united 
in  a  single  capsule  three  articulations:  one  between  the 
humerus  and  the  idna ;  one  between  the  humerus  and 
the  radius,  and  one  between  the  ulna  and  the  radius. 
This  diversity  of  union  permitsa  great  variety  of  motions 
for  the  forearm  and  hand  and  determines  largelv  the  dis- 
tinction that  exists  between  the  upper  and  the  lower  ex- 
tremity. Thus  there  is  produced  by  this  means  an 
angular  motion  of  great  steadiness  by  which  the  forearm 
is  Hexed  and  extended,  and  also  a  motion  by  which  the 
radius  and  ulna  are  altered  in  their  relations,  being  made 
to  turn  over  each  othi-r  across  their  long  axes,  and  thus 
rotate  theattaehed  hand.  .Alovement  of  this  kind  toward 
the  median  line,  tmning  the  palm  downward,  is  termed 
pronation;  in  the  oppcisite  direction,  turning  the  palm 
upward,  supination. 

The  humero-ulnar  articulation  gives  the  whole  system 
solidity,  its  strength  bring  due  to  the  configuration  of 
the  ariieulating  surfaces,  and  the  peculiar  arrangement 
of  the  ligaments. 

The  humerus  presentsat  its  lower  end  a  surface  curved 
like  an  Ionic  volute,  and  grooved  like  a  jiulleV,  which 
gives  it  its  name  of  trochlea  (see  Fig.  1822).     The  sur- 
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face  is  obliqueh*  directed,  and  the  groove  is  not  quite 
symmetrical,  but  has  a  slight  lateral  twist.  On  this  sur- 
face the  ulna  glides,  embracing  it  by  the  gap  between 
the  olecranon  and  the  coro- 
Doid  processes  known  as  the 
greater  sigmoid  cavity  (see 
Fig.  1823),  not  quite  a  semi- 
circumfcrcnce,  the  olecra- 
non passing  up  behind  into 
the  fossa  of  that  name  in 
the  humerus  when  the  arm 
IS  extended,  and  the  coro- 
noid  process 
sirailarl}'  fitting 
into  its  appro- 
priate fossa  in 
front  during 
flexion  (see  Fig. 
1824).  Thecoro- 
noid  and  olecra- 
non portions  of 
the  ulnar  surface 
are  separated  by 
a  transverse 
line  devoid  of  cartilage  (.see  Fig.  1823),  corresponding 
to  the  place  where  the  epiphysis  unites  with  the  siiaft. 
The  whole  olecranon  process  is  a  secondary  growth,  as 
in  foetal  life  the  joint  begins  its  development  as  a  simple 
slit  between  two  ends  of  bone  which  are  apposed  very 
much  as  the  ends  of  the  finger  bones  are  in  the  adult. 
At  birth  the  process 
is  not  completely  de- 
veloped, and  the  olec- 
ranon and  coronoid 
fossae  of  the  humerus 
are  not  so  deep  as 
they  are  in  the  adult. 
It  is  interesting  to 
note  t?iat  in  renewal 
after  resection  tin 
foetal  conditions  rt 
appear,  the  ulna  not 
usually  acquiring  an 
olecranon,  but  resem- 
bling more  the  upper 
end  of  the 
tibia.  The  „  ^. 
transveise  line  ^'"^"' 
above  m  e  n- 
tioned  is  cross- 
ed at  nearly 
right  angles  by 
a  guide  ridge  which  fits  into  the  deepest  part  of  the 
trochlear  groove.  The  direction  of  this  is  not  quite  the 
same  in  the  two  portions,  and  a  piece  cut  from  the  olec- 
ranon or  coronoid  process  will  not  exactly  fit  all  parts 
of  the  trochlea.  There  is  usually,  therefore,  a  slight 
deviation  or  lateral  wabbling  of 
the  joint  in  flexion  and  extension, 
which  is  not,  however,  sufficient 
to  be  noticeable  without  instru- 
mental measureraent.b.  The  re- 
sults of  tracings  made  by  points 
carrving  ink  are  shown  in  Figs. 
182.5"  and  182G,  the  two  lines  there 
drawn  on  the  trochlea  being  trac- 
ings of  points  attached  to  the  cor- 
onoid and  olecranon  processes, 
respectively.  The  curves  bend 
and  return  into  each  other,  so  that, 
though  there  is  a  slight  lateral 
working,  it  is  readjusted  before 
the  end  of  the  course.  This  maj' 
be  easily  demonstrated  by  observ- 

ing,  during  flexion  and  extension, 

tbe  Adaptation  ot  the    a  spot  of  ink  placed  on  the  most 

" '"'         ""'    prominent  point  of  the  olecranon. 

By  carefully  sighting  this  with  a 
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1823.— The  Upper  End  of  the  Radius  and  the 
Ulna,  showing  the  Articular  Surfaces. 


riG.  1S34,— A  Sagittal 
Section  through  the 
Elbow-joint,    showing 


m.S'of  toe^'^clpsSTar   prominent  point  of  the  olecranon. 
Ligament. 


vertical  thread,  it  will  be  seen  to  move  laterally.  It  may 
also  be  demonstrated  b}'  making  a  vertical  section  through 
the  extended  joint,  and  then  flexing,  when  the  cut  sur- 
faces of  the  bones  will  be  seen  to  ride  past  each  other.  It 
appears,  then,  that  there  is  a  slight  interval  between  the 
articular  surfaces  at  the  sides,  only  the  guide  ridge  re- 
maining constantly  in  contact.  The  joint  cannot,  there- 
fore, be  said  to  be  a  perfect  hinge,  although  it  maj-  be  so 
regarded  for  all  practical  purposes. 

External  to  the  trochlear  surface  of  the  humerus,  and 
separated  from  it  by  a  shallow  groove,  is  a  rounded  por- 
tion about  as  large  as  an  ordinary  marble,  called  the 
capitellum  or  radial  head  (see  Fig.  1822),  It  does  not 
extend  far  back,  but  looks  directly  forward,  and  the 
button-like  head  of  the  radius  whicii  articulates  with  it 
can  be  felt  behind,  moving  from  side  to  side  when  the 
extended  arm  is  supinated.  This  is  an  important  a.ssist- 
ance  in  diagnosticating  dislocations  and  other  injuries 
here.  The  head  of  the  radius  is  in  contact  with  the 
capitellum   only   when  the  forearm  is  flexed   at   right 


Fig.  l.'^2-^.— The  Tnxhlear  Surface  of  the  Humerus,  showing  Tracings 
of  the  Paths  of  the  Olecranon  and  Coronoid  Processes  of  the  Ulna 
diu*iug  Flexion  and  Extension.     lAfter  Braune  and  Kyrklund.) 

angles;  during  complete  extension  its  anterior  edge 
touches  but  its  posterior  half  is  entirely  free.  The  shal- 
lowness of  the  depression  by  which  the  radius  fits  would 
make  the  joint  very  insecure,  were  it  not  that  that  bone 
is  bound  sidewise  to  the  ulna  by  a  strong  band  called  the 
orbicular  ligament  (see  Fig.  1823),  articulating  in  a  shal- 
low depression  called  the  lesser  sigmoid  cavit.y.  The 
broadest  part  of  the  radial  rim  fits  this,  in  the  position 
of  the  arm  which  is  most  usual,  viz.,  that  of  seini-prona- 
tion.  Tlie  rim  passes  a  little  beyond  the  sigmoid  cavity 
and  just  touclies  the  bevelled  edge  which  separates  the 
capitellum  from  the  trochlear  portion  of  the  humerus, 
rolling  upon  it  in  pronation  and  supination.  The  com- 
bination of  flexion  with  pronation,  and  of  extension  with 
supination,  are  therefore  in  accordance  with  the  nature 
of  the  articular  surfaces.  The  line  of  the  articulation  is 
oblique,  and  in  amputating  it  is  useful  to  remember  that 
it  lies  about  three-eighths,  of  an  inch  below  the  external 


Fig.  1836.— The  Same  Detached  from  the  Shaft,  so  as  to  show  how  the 
Paths  meet  It  continued. 

condyle,  and  one-fourth  inch  lower  on  the  inner  side. 
The  head  of  the  radius,  which  can  be  felt  as  mentioned 
above,  is  the  best  guide  to  it. 

From  the  configuration  of  the  surfaces  here  described, 
it  will  be  noticed'that  lateral  luxations  must  be  rare,  the 
dislocation  outward  being  easier  than  in-ward ;  that  an- 
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tero-posterior  luxations  are  easier  and  can  be  effected  in 
any  position  of  tlie  joint,  llie  posterior  one  beinji  ncces- 
Siirily  I  1r' most  common.  Wlieu  a  single  bone  is  dislocated 
it  must  be  the  radius. 

A  fibrous  capsular  ligament  lined  with  synovial  mem- 
brane invests  the  joint.     Above  and  below"it  is  attached 


Fig.  1S2T.— View  uf  the  LiK.-imcnts  of  tbe  Kll)..\v-j..iiit  frniii  thp  Inner 
Side.  1.  Band  extendinar  frum  the  condyle  to  ihi-  tubi'i-.i.sity  of  the 
coronoid  process:  3.  radiating  bundles  fmiii  th*-  ciiulyl'-  U'  tiie  bor- 
der of  the  neater  sigmoid  ca\ity:  3.  arciform  llbres  wliicli  pas.s 
forward  from  behind  and  protect'the  ulnar  nerve  :  4,  oblique  i>and 
which  passes  to  the  head  of  the  radius,  blending  with  a,  the  orbicu- 
lar ligament  of  the  radius. 

beyond  the  articular  surfaces  of  the  corresponding  bones, 
the  head  of  the  radius  being,  as  it  were,  stuck  through  a 
slit  in  it.  Being  quite  loose,  to  admit  of  extensive  move- 
ments (see  Fig.  l!S24),  it  would  be  nipped  in  front  and 
behind  during  flexion  and  extension,  were  it  not  held  out 
of  the  way  by  the  fle.xor  and  extensor  muscles  which 
blend  intiiiiatcly  with  it.  It  is  further  protected  by  a 
pad  of  fat  in  each  fossii,  and  over  this  the  muscles  pull. 
The  capsule  is  thinner  behind  than  in  front,  and  an  effu- 
sion into  the  joint  cavity  first  shows  thei'e,  on  either  side 
of  the  olecranon  and  the  tendon  of  the  triceps. 

In  certain  situations  the  capsule  is  strengthened  by  ac- 
cessory bands,  which  have  received  special  names.  The 
strongest  of  these  are  the  lateral  ligaments, 
■which  radiate  from  points  on  the  humerus 
which  are  approximately  in  a  line  with  the 
axis  of  rotation,  and  some  of  their  fibies  ai'c 
therefore  tense  in  every  position  of  the  joint. 
They  are  important  sustainers  of  the  articu- 
lation— indeed,  if  they  are  intact  tbe  anterior 
and  posterior  portions  of  the  capsule  may  be 
removed  without  affecting  the  security  of  the 
joint.  They  also  prevent  the  coronoid  and  olec- 
ranon processes  from  quite  reaching  the  bot- 
tom of  their  respective  fosstie  in  the  humerus, 
which  might  cause  chipping  of  the  bone. 

The  internal  lateral  ligament  (Fig.  ISiT)  pre- 
sents several  small  bundles,  which  radiate  to 
the  coronoid  process  and  the  internal  border  of 
the  olecranon.    In  front  it  is  intimately  blended 
■with  the   origin  of   the   flexor  stiblimis  digi- 
torum;    behind  it  forms,  together   with  some 
arching  tibres  and  the  tendon  of  origin  of  the 
flexor  carpi  idnaris,  a  smooth  groove  for  the 
ulnar  nerve,  which  lies  so  closely  on  the  liga- 
ment that  it  cannot  be  divided" here  without 
risk  of  opening  the  joint.    In  forced  extension, 
caused  bv  violence,  the  internal   lateral  liga- 
ment is  alwavs  ruptured  or  injured,  and  the  bones  are 
fractured  in  some  manner.     The  anterior  band  of  the  liga- 
ment appears  to  check  pronation,  as  it  is  ruptured  wlien 
this  movement  is  violently  performed.    In  forced  flexion 
the  posterior  band  is  frequently  torn.     In  fracture  of 


the  olecranon  this  ligament  often  prevents  separation  of 
the  fragments. 

The  external  lateral  ligament  (Fig.  1828)  blends  in  front 
with  tli<'  supinator  brevis.  the  tendon  of  origin  of  that 
muscle  being,  in  fact,  a  part  of  it.  lielow,  it  unites  with 
the  orbicular  ligament,  sends  a  strong  band  to  a  tubercle 
below  the  lower  sigmoid  cavity  of  the  ulna,  and  adheres 
to  the  internal  edge  of  the  olecranon.  In  forced  move- 
ments (except  adduction)  this  ligament  does  not  usually 
give  way  until  others  an-  ru|)tur(  il.  The  middle  band  is 
especially  strong,  and  may  tear  a  [)ieee  off  the  bone  be- 
fore parting.  If  the-  orbicular  ligament  is  brnken.  the 
supinator  brevis  and  the  biceps  |iull  the  radius  out  of  its 
socket.  As  this  bone  is  more  loosely  atla(lie<l  than  the 
ulna,  the  accident  is  not  infrequent,  being  usually  <aused 
by  falls  on  the  pronated  hand,  or,  in  young  children,  by 
a  strong  jerk  on  the  arm. 

The  orl)icular  ligament  is  considerably  more  elastic  in 
children.  A  b.-md,  .sometimes  described  as  the  iiuadiate 
ligament,  usually  passes  from  the  li>wer  border  of  the 
sigmoid  cavity  to  unite  with  tin'  orbicular  ligament  (Fig. 
1M28).  Ordinarily  relaxed,  it  limits  pronation  and  supi- 
nation. 

The  synovial  membrane  is  large,  and  contains  numer- 
ous deposits  of  fat,  which  are  especially  abundant  in  front 
and  behind. 

Flexion  and  extension  may,  as  stated  above,  be  con- 
sidered for  ])i'a(tieal  purposes  as  occurring  in  a  single 
plane.  The  plane  of  tUxionand  extension  is  not  parallel 
with  the  median  plane  of  the  body,  but  is  directed 
obliipiely,  so  as  to  carry  the  hand  toward  the  mouth. 
This  results  from  the  fact  that  the  axis  of  rotation  of  the 
joint  is  not  at  right  angles  to  the  long  axis  of  the  hu- 
merus, Init  makes  with  it  an  angle  of  some  twenty  de- 
grees (see  Figs.  182.S  and  1830).  This  obliquity  does  not 
occur  in  the  foetal  joint,  and  is  markeil  in  the  lower  races 
of  men  or  in  the  anthropoid  apes.  In  them  ease  of  bring-, 
ing  the  arm  across  the  body  is  effected  by  an  oljliqinty 
of  the  trochlear  axis  to  the  fronta^l  plane.  This  can  be 
measured  by  noting  the  inclination  of  the  trochlear  axis 
to  a  line  drawn  through  the  axis  of  motion  in  the  head 
of  the  humerus.  Careful  measurements  made  by  Welcker, 
Luca',  Gegenbaur,  and  Schmid  show  that  this  angle  aver- 
ages about  sixteen  degrees  in  Europeans  and  thirty-two 
degrees  in  negroes  anil  JIalays  (see  Fig.  1829). 

In  the  fietus  the  angle  is  about  forty-three  degrees, 
and  in  a  child  of  one  year  about  thirty-eight  degrees.  It 
would  appear  from  tliis  that  the  humerus  has  undergone 


Qtuidrate  Ugtunent, 


Obliqnc  llpnmenL 
FIG.  1828.— View  of  the  Ligaments  of  tbe  Elbow-Joint  from  the  Outer  Side. 

a  twisting  about  its  long  axis  to  bring  the  palmar  surface 
of  the  hand  forward,  and  thus  make  it  more  useful  as  a 
])rehensile  and  tool-using  organ,  and  that  this  is  more 
complete  in  the  higher  races.  "When  this  torsion  becomes 
nearly  complete  it  would  make  it  diflicult  to  carry  the 
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hand  across  the  body,  ■were  it  not  compensated  for  hy  the 
Inclination  of  the  trochlear  axis  which  proceds  ^an"  ^a«*?( 
with  it. 

As  a  result  of  this  inclination  the  arm  and  forearm 
make,  in  extreme  extension,  an  outwardly  directed  angle 
of  about  one  hundred  and  sixty-five  decrees.     This  is 


AFRICAN. 


Fig.  1829.— Inclination  of  Axis  of  Eltww-jolnt  to  the  Frontal  Plane  of 
tbe  Body.  -4,  JJ.  Line  drawn  through  the  condyles  of  the  humerus ; 
C,  £>,  line  drawn  tlirouRh  the  lonp  axis  of  the  articular  surface  of 
the  head  of  the  humerus ;  E,  F,  axis  of  elbow-joint.  (After  TVelcker 
and  Lucae.) 

most  marked  in  supination,  and  almost  entirely  disap- 
pears on  pronating  the  hand.  It  is  therefore  best,  when 
applying  extension  to  the  humerus  b_v  pulling  the  hand, 
first  to  effect  pronation.  Wlien  the  muscles  are  relaxed 
the  force  of  gravit}-  necessarily  carries  the  hand  into  a 
semi-prone  position  with  the  thumb  to  the  front.  The 
attitude  of  "  attention  "  ]irescribed  by  tactics  for  a  soldier, 
i.e.,  with  the  palm  forward,  is  therefore  a  forced  one. 

When  a  body  like  a  ball  is  gras]ied  by  the  hand  and 
thrown  by  suddenly  extending  the  arm,  the  inclination  of 
the  axis  of  the  forearm  causes  it  to  be  sent  obliquely  un- 
less this  is  counteracted  by  strongly  pronating  the  fore- 
arm. This  pronation  is  the  so-called  ^  twist "  of  base- 
ball pitchers.  In  performing  it  the  limb  is  slightly 
lengthened.  This  may  be  demonstrated  by  standing  so 
as  just  to  touch  a  horizontal  table  with  the  end  of  the 
index  finger  in  pronation  and  then  supinating  the  hand, 
when  the  finger  will  be  found  to  rise  about  three-eighths 
of  an  inch.  The  mechanism  of  this  will  be  apparent  on 
inspecting  Pig.  1830,  which  shows  that  the  plane  /,  in 
which  the  lower  end  of  the  radius  moves,  is  oblique  to 
the  plane  of  the  table. 

Pronation  and  supination  involve  not  only  the  move- 
ments of  the  bones  in  the  superior  radioulnar  articula- 
tion, but  also  the  movements  of  the  radius  and  ulna  at 
the  wrist.  Anatomists  have  been  divided  in  opinion  as 
to  exactly  what  part  is  taken  by  each  bone  in  this  motion. 
B}'  far  the  greater  number  have  held,  with  Galen,  Vesa- 
lius,  and  Albinus,  that  the  ulna  can  take  no  part  in  the 
movement,  being  incapable  of  lateral  motion  at  the  elbow. 
The  prevailing  view  is  illustrated  in  Fig.  1831,  which 
represents  the  usual  method  of  articulating  the  bones  for 


class  demonstration.  A  fixed  axis  passes  through  the 
head  of  the  radius  above  and  the  head  of  the  ulna  below, 
so  that  the  radius  flaps  back  and  forth  around  this  in  a 
way  that  may  be  rudely  expressed  by  two  boards  obliquely 
hinged  together  (Fig.  1832). 

It  is  rather  strange  that  the  absurdity  of  this  view  has 
not  been  more  generally  seen,  especially  as  a  movement 
of  the  ulna  was  recognized  by  Winslow,  ilonio,  and 
Vicq  d'Azyr,  the  latter  anatomist  demonstrating  it  by 
the  impression  wliich  the  rotating  hand  left  in  abed  of 
clay. 

Ci'uveilhie;-  (following  Bertiu)  declared  this  movement 
to  be  onl_y  apparent,  and  that  by  stripping  off  the  muscles 
from  the  shoukk'r  down  and  fixing  the  humerus,  tlie  im- 
mobility of  the  ulua  could  be  demonstrated.  The  gen- 
eral treatises  on  anatomy  have  copied  this  statement  with 
great  docility,  only  a  few  investigators  insisting,  not- 
withstanding the  weight  of  authority,  that  the  ulna  actu- 
ally does  move.  Among  these  is  Duchenne,  wlio.  by 
observing  the  movements  of  the  end  of  a  style  fixed  traus- 
versely  upon  the  ulnar  prominence  of  his  own  wrist,  de- 
clared that  the  lower  extremities  of  the  radius  and  the 
ulna  describe  semicircles  equal  in  extent  and  opposite  in 
direction.  Lecomte  showed  that  by  fitting  an  inextensi- 
ble  ring  around  the  wrist  above  the  styloid  processes  the 
movements  "f  pronation  and  supination  could  still  take 
place,  which  would  not  be  the  case  were  the  radius  alone 
active.  He  believed  the  ulna  to  be  capable  of  circum- 
duction, and  pointed  to  the  multiple  facets  in  the  sigmoid 
cavity  as  being  i>roof  that  there  is  a  riding  from  side  to 
side.  He  compareil  the  bones  of  the  foreami  to  two 
revolving  axles  (arbres)  parallel,  supporting  and  pivot- 
ing upon  each  other  with  their  extremities  united  b\' 
very  movalile  articulations.  The  ulna  has  a  pronator, 
the  anconeus,  and 
a  supinator,  the 
pronator  quadra- 
tus.  This  latter 
muscle  shows,  by 
its  attachment 
wrapping  around 
the  shaft  of  the 
ulna,  that  it  is  in- 
tended to  roll  that 
bone  toward  the 
radius. 

Later  observei^s 
have  pointed  out 
that,  as  Lecomte 
discarded  all  ex- 
periments on  the 
cadaver,  he  could 
not  have  been 
sure  that  he  fixed 
the  humerus,  and 
that  consequently 
many  of  his  re- 
sults arise  from 
the  slight  rotation 
of  the  humerus 
which  usually  ac- 
companies prona- 
tion and  supina- 
tion. The  ring 
causes  forced  and 
unnatural  move- 
ments. A  mathe- 
matical calcula- 
tion shows  that 
the  action  of  the 
pronator  quadra- 
tus  must  vary  ac- 
cording  to  the 

situation  of  the  axis  around  which  the  bones  turn,  and 
may  be  in  one  direction  or  the  other,  as  that  axis  varies. 

In  1883  Heiberg  published  the  results  of  some  investiga- 
tions made  by  him  on  the  cadaver,  which  seemed  com- 
pletely to  confirm  Lecomte's  views.     Disarticulating  at 


d 


'/ 


Fig.  isax— The  Bones  of  the  Right  Arm  in 
Extension  and  Supination,  o,  ^,  Axis  of 
humerus:  c,  (^  axis  of  motion  of  elbow- 
joint  ;  f,  the  plane  in  which  the  styloid  proc- 
<^ss  of  the  radius  moves  in  pronation  and 
supination. 
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the  wrist,  he  inserted  into  the  radius  and  the  ulna  stiff 
rods,  at  the  end  of  whieli  were  bioislies  eharired  with  ink. 
It  was  necessiiry  to  use  bruslies,  as  the  motions  deseril)etl 
were  not  in  a  single  plane.  On  elTectinsr  movements  of 
pronation  and  supination,  these  brushes  di-scribed  on  pa- 
per curves  which  are  :ii>pro.\inia!(ly  shown  in  Fig.  18;53. 

That  for  the  radius  is  rather  Hat  and  ap|K'ars  to  be  a 
portion  of  a  cycloid,  while  that  for  the  ulna  is  smaller 
and  is  nearly  an  arc  of  a  circle.  In  <ird(r  to  ascertain  if 
similar  residtscould  be  obtained  in  the  living  subject,  he 
strapped  a  metal  rxxl  lirndy  to  the  arm  along  the  edge  of 
the  ulna,  carrying  it  out  beyond  the  olecranon  pi-ocess  so 
far  that  the  distance  between  the  lower  edge  of  the 
greater  sigmoid  cavity  and  the  end  of  the  rod  should  Ix' 
approximately  equal  to  the  distance  between  the  same 
point  and  the  styloid  process  of  the  ulna. 

This  upper  end  he  found  to  describe  curves  which  were 
similar  to  those  descriljcd  by  the  lower  end  in  the  cadaver, 
and  he  therefore  concluded  that  the  ulna  describes  move- 
ments of  circumduction  during  pronation  and  supination, 
the  lower  portion  generating  a  conical  surface  and  the 
upper  portion  another,  the  vertices  of  the  cones  meeting 
at  the  lower  edge  of  the  greater  sigmoid  cavity.  He 
presented  his  views  to  the  International  Me<lical  Congivss 
in  ISSi.  and  a  lively  discussion  ensued.  It  was  pointed 
out  that  his  apparatus  must  necesstirily  produce  very  in- 
exact results.  Since  that  Oathcart  "has  stated  that  in 
patients  who  have  ankylosis  of  the  humerus  at  the 
shoulder-joint  he  finds  promition  and  su]iination  to  he 
ditlicult.  and  Flesch  found  that  in  an  ap]iaratus  rigged 
to  imitate  theelbow-joiut  the  movements  of  the  ulna  ap- 
peared to  be  mainly  those  of 
flexion  and  extension.  In  the 
living  subject  the  anconeus 
strongly  contracts  during  prona- 
tion, aiid  the  brachialis  anticus 
and  llexor  carpi  ulnaris  during 
supination. 

>Iy  own  experiments  com- 
pletely confirm  this.  The  most 
important  paper  that  has  re- 
cently appeared  has  been  one 
by  Braune  and 
Fischer,  who 
made,  during 
188.5,  a  ser  es  of 
most  careful  ex- 
periments on  the 
cadaver,  in  or- 
der to  establish 
the  character 
of  He  i  berg's 
curves  of  move- 
ment. The  ca- 
daver used  was 
that  of  a  suicide, 
and  quite  recent. 
The  motions 
were  induced  by' 
weights  and 
pulleys  acting 
as  nearly  as  pos- 
sible in  the- line 
in  which  the 
muscles  pull 
during  life,  and 
pains  were  taken 
not  to  force 
them  bv  making 


FIG.  1S32.  — The 
Same  Mwlian- 
isin  niusirated 
bv  Pief-es  of 
Board  Hinsred 
Tocether.  ( At- 
ter'Welcker.) 


Fig.  1R31.— Usnal  Method  of 

niustratinp     the     Move- 
ments of   Pronation  and 

Supination.      The  radius 

and  ulna  joined  t<:»srether 

by  means  of  a  rod  passing 

through  the  head  of  the    ♦jjg  wei*^hts  too 

radius  and  the  head  of  the    , .^^    °   c»riuo 

ulna.  heavy.       styles 

were  inserted 
firmly  into  the  ulna  and  radius,  and  the  path  described  by 
their'ends  was  carefully  observed  and  traced  upon  glass 
in  at  least  two  planes",  or  marked  by  reflecting  mirrors 
on  a  wall.  From  the  tracings,  a  system  of  co-ordinau-s 
was  obtaineil  bv  which  the  path  of  each  style  was  cal- 
culated.    It  was  found  that  the  paths  described  by  the 


ulna  l)elong«l  to  no  regular  curve,  but  were  a  scries  of 
motions  of  tlexiuu  and  extension,  with  a  slight  degree  of 
lateral  motion. 

These  results  agree  with  experiments  which   I  have 
myself  made  on  this  subject,  but  it  should  be  added  that 


Radius 


Ulna. 


Fio.  1833.— The  Lower  Ends  of  the  Radius  and  CInn ;  showlne  the 
Movements  of  Pronation  and  Supination.    ( According  Ut  Ueilien;. ) 

the  amount  of  ulnar  movement  tmdoubtedly  varies  con- 
siderably according  to  circumstances,  and  that  the  axis 
of  motion,  instead  of  being  fixed,  as  usually  stated, 
changes  according  to  the  act  performed. 

Frank  Baker. 
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ELECAMPANE. — Isula.  The  root  of  Inula Eelenium 
L.  (fam.  Composita). 

This  is  a  large,  rauk.  perennial  herb,  with  a  thick  fleshy 
rootstock  and  root,  and  an  upright,  branched,  hairy  or 
rough  stem,  from  one  to  two  yards  high.  The  lower 
leaves  are  half  a  j-ard  or  more  long  and  half  as  broad. 
The  yellow  flower  heads  are  several  inches  broad,  some- 
what resembling  small  sunflowers. 

Inula  grows.either  indigenous  or  naturalized,  in  the 
temperate  parts  of  Europe,  Asia,  and  North  America, 
and  is  also  cultivated  in  Europe. 

The  root  should  be  collected  either  in  spring  or  in  au- 
tumn, suitably  sliced,  and  dried  with  gentle  beat.  It  is 
then  "  in  trausver.se,  concave  slices  or  longitudinal  sec- 
tions, with  overlapping  bark,  externally  wrinkled  and 
brown;  flexible  in  damp  weather;  when  dry,  breaking 
with  a  short  fracture;  internally  grayish,  fleshy,  slightly 
radiate,  and  dotted  with  numerous  shining,  yellowish- 
brown  resin  cells ;  free  from  starch ;  odor  peculiar,  aro- 
matic; taste  bitter  and  pungent." 

Composition. — Inuliit,  heleiiin,  alant  camphor,  alanM, 
esse nti<tl  oil.  ahintnic  acid,  waxy,  acrid,  resinous,  and  bit- 
ter substances,  besides  ordinary  vegetable  principles  and 
ash.  The  first  of  these,  although  of  no  medicinal  proper- 
ties, is  the  most  interesting,  and  has  received  its  name 
from  this  plant.  It  was  discovered  jn  it  in  1804  by  Val- 
entine Rose,  who  also  pointed  out  its  intermediate  posi- 
tion between  starch  and  sugar.  Since  then  it  has  been 
observed  in  the  roots  of  nearly  a  hundred  Composita:,  but 
in  the  plants  of  no  other  family  excepting  the  Lobeliacea. 
It  has  likewise  not  been  found  in  the  aerial  portions. 
The  alant  ctnnpluir,  or  lielenin,  is  obt;iined  by  boiling  the 
roots  with  alcohol,  filtering,  and  adding  cold  water  to 
the  filtrate,  when  the  helenin  separates,  upon  standing, 
in  fine  needles;  or  it  may  be  separated  by  distillation. 
It  is  a  faintly  odorous  an(l  nearly  tasteless,  volatile  sub- 
stance, insoluble  in  water,  but  soluble  in  etlier,  oils,  and 
hot  alcohol.  The  oil  is  a  yellow  liquid  of  mint-like  odor, 
and  contains  alantol  (CioHioO).  Alantic  acid  is  a  crystal- 
line substance  associated  with  the  oil. 

Action  and  Use. — Although  an  old  remedy,  it  can 
hardly  be  said  that  elecampane  has  any  important  place 
in  modern  therapeutics.  It  is  a  stimulant,  stomachic 
tonic,  and  enjoys  a  slight  reputation  in  the  treatment  of 
amenorrhea  and  bronchitis.  Dose,  from  2  to  4  gm.  (gr. 
XXX.  ad  ;  i.)  in  decoction  or  infusion.         11".  P.  BdIUk. 

ELECTRICITY:  THE  DESTRUCTIVE  AND  LETHAL 
EFFECTS  OF  HIGH-PRESSURE*  CURRENTS.— There 

are  delivered  from  the  high-pressure  line  of  a  big  trans- 
mission plant,  at  night  glowing  blue  with  the  energy 
that  is  streaming  off  into  the  dielectric,  perhaps  thousands 
of  kilowatts  to  distant  transformers,  which  may  serve 
to  light  a  whole  city  or  furnish  power  to  operate  a  street- 
railway  system.  The  one  result  or  the  other  obtains 
according  to  the  conditions  of  the  conducting  circuit; 
but,  in  both  instances,  it  is  energy  which  is  delivered  at 
the  terminals,  and  which  by  its  expenditure  produces  the 
different  phenomena  instanced. 

In  the  application  of  an  electric  current  to  the  human 
organism,  whether  a^lministered  therapeutically,  encoun- 
tered accidentally  in  the  pursuit  of  one's  avocations,  or 
whether  applied  with  intent  to  kill  (electrocution),  energy 
is  expended  within  the  tissues  of  the  body,  causing  phys- 
iological change,  pathological  lesion,  or  destruction  of 
life.  The  phenomena  produced,  whether  for  life,  disabil- 
ity, or  death,  depend  not  alone  upon  the  initial  pressure, 
but  upon  all  the  conditions  of  the  conducting  circuit,  i.e., 
resistance  electrical  and  vital,  as  well  as  position,  super- 
ficies, and  nature  of  contacts.  A  recognition  of  the  one- 
ness of  this  energy,  whether  of  low  or  of  high  pressure, 

*  In  every  Instance  in  wbich  authorities  quoted  have  used  the  word 
*' tension"  in  relation  to  an  electric  current,  the  writer  has  substi- 
tuted "pressure"  in  order  that  the  terminology  may  be  exact. 


whether  continuous  or  alternating  in  its  direction,  as  well 
as  the  precise  and  definite  laws  under  which  it  acts,  con- 
duces to  an  intelligent  appreciation  of  the  varying  phe- 
nomena produced  by  its  expenditure.  A  study  of  the 
action  of  an  expenditure  of  energy  from  a  high-pressure 
source  or  from  a  lower  pressure,  but  capable  under  suit- 
able conditions  of  producing  injurious  or  destructive 
effects,  involves  an  analysis  of; 

(1)  Ex])erimcnts  made  upon  animals  with  a  view  to 
determine  the  cause  of  death : 

(2)  Of  such  accidents  as  occur  in  the  use  of  Industrial 
currents ; 

(8)  Of  the  phenomena  observed  in  the  electrocution  of 
criminals. 

There  is  a  considerable  array  of  experimental  work  to 
be  drawn  from,  going  back  to  the  time  of  Nollet,  but 
much  of  it  was  conducted  in  a  crude  and  unscientific 
manner,  and  is  of  little  save  historical  value.  The  most 
careful  and  scientific  work  has  been  done  within  the  past 
eleven  years ;  and  the  conclusions  reached  by  the  differ- 
ent experimenters  referred  to  in  the  following  analysis 
point  in  almost  every  instance  to  a  uniform  action  and 
set  of  conditions,  although  only  interpreted  by  Prevost 
and  Battelli  and  Cunningham. 

Under  the  second  head  the  evidence  is  not  so  conclu- 
sive as  in  the  first  and  third.  In  accidents  due  to  electric 
currents — by  reason  of  the  fact  that  thej'  are  accidents 
and  occur  unexpectedly — the  precise  conditions  of  the 
conducting  circuit,  as  well  as  the  phenomena  pertaining 
to  the  mechanism  of  injury  or  death,  are  rarely  observed 
with  scientific  accuracy.  Still,  considerable  data  have 
been  accumulated,  which,  with  the  data  of  experimental 
work  and  those  secured  from  the  electrocution  of  crimi- 
nals, suflice  to  further  an  in^,elligent  analysis  of  the 
subject. 

Under  the  third  division — the  electrocution  of  criminals 
— every  opportunity  is  afforded  to  note  exactly  all  the 
conditions  of  the  conducting  circuit,  the  pressure,  the 
superficies,  position  and  nature  of  contacts,  the  precise 
measurement  of  current  in  amperes,  the  time,  the  resis- 
tance, the  power  or  watts,  and  the  work  or  total  expen- 
diture of  energy  in  joules.  The  opportunity  also  exists, 
if  it  could  l)e  taken  advantage  of,  for  obtaining  definite, 
detailed,  and  scientific  information  as  to  how  and  when 
death  occurs;  as  to  consciousness  and  sensation;  and  also 
whether  resuscitation  would  be  possible  by  the  immediate 
application  of  some  special  method ;  and  it  has  been  sug- 
gested that  if  the  law  recognized  the  right  of  science  to 
have  present  a  trained  observer,  with  the  piivilege  of 
using  the  necessary  physiological  apparatus  in  order  to 
record  graphically  the  phenomena  which  take  place  both 
during  and  after  the  passage  of  the  current,  as  well  as  to 
make  a  carefid  study  of  the  post-mortem  findings,  the 
result  would  be  of  incalcidable  value  in  determining  the 
mechanism  of  death  in  man.* 

The  conclusions  arrived  at  as  to  the  manner  in  which 
death  takes  place  in  man  are  determined  by  inference 
from  experimental  work,  from  the  accidents  which  take 
place  in  the  electrical  industries,  and  from  electrocutions ; 
but  the  data  would  be  more  absolute  and  tiustwoi'thy  if 
procured  in  the  way  above  alluded  to,  and  yet  at  the 
same  time  no  harm  would  be  done  to  the  individual  suf- 
fering the  penalty  of  the  law. 

Before  entering  upon  a  detailed  account  of  experi- 
mental work,  it  would  be  well  to  consider  the  electi'ical 
conditions  necessary  to  the  production  of  injurious  and 
lethal  effects: 

(1)  What  is  to  be  understood  by  high-pressure  currents 
in  relation  to  lethal  effects — i.e..  what  voltage  is  neces- 
sary to  the  production  of  fatal  results? 

(2)  Is  it  a  matter  of  pressure — i.e.,  volts  alone,  or  is  it 
a  matter  of  current — i.e.,  amperes  as  well? 

(3)  What  influences  the  latter,  the  pressure  only,  or  do 
high-pressure  currents  from  position  and  nature  of  con- 
tact act  as  medium-  or  low-pressure  currents? 

An  analysis  of  tlie  experimental  work  (which  will  be 

*  Cunningham :  "  The  Cause  of  Death  from  Industrial  Currents." 
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considered  more  in  detail  from  the  plij-siologiral  side  later 
ou)  shows  that  currents  of  varying  pri'ssiire  have  been 
used  to  produce  a  lethal  elleel  in  the  same  species  of  ani- 
mals, while  varying  pressures  are  reiiuircd  for  dilTerent 
species  of  animals. 

For  example:  Houston  and  Kennelly  used  pres-sures 
of  from  H!)0  to  1,2.5(1  volts  alternaling" (experiments  on 
dogs);*  Bleile  usi-d  from  ."lO  to  100  vciHs  alternating  (ex- 
periments on  dogs);f  K ratter  used  1.. 500  volts  alternating 
(exjieriments  on  dogs,  ralihits,  and  guinea-pigs);  {  Cun- 
ningham ein]>loyed  continuous  currents  of  11.5  volts  press- 
ure from  lighting  mains  and  134  volts  from  a  battery  of 
accumidators  (experin\ents  upon  dogs); 55  while  PreVost 
and  Battelli  conducted  their  experiments'  with  both  con- 
tinuous an<l  alternating  currents  and  pressures  varying 
from  a  low  pressure  of  130  volts  to  a  nu'dium  pressure 
of  from  240  to  tioo  volts,  and  hiixh  pressures  of  from 
1,200  to  4,S00  volts.l  They  used'^in  their  exi>erimenls 
dogs,  guinea-pigs,  rabbits,  and  rats.  Bokenli.im  au<l 
Jones,  in  their  experiments  made  upon  cats,  reported  the 
current,  viz. :  O.Satnperc.  but  not  the  pressure;*!  Talum 
used  from  0.1  to  1.3  ampere:  while  Oliver  and  Bolam 
give  only  the  physiological  results  obtained  ** — to  which 
Teference  will  be  made  later  on. —but  neither  the  pressure 
aor  the  current. 

Kratter  found  that  rabbits  often  survived  pre.s.sures 
which  proved  fatal  to  dogs  ten  times  the  size,  and  Cun- 
ningham found  it  possible  instantly  to  arrest  the  cardiac 
function  in  a  very  large  dog — such  as  a  Newfoundland — 
with  a  current  of  but  0.3  ampere;  while  the  hearts  of 
■small,  shaggy  terriers,  although  considerably  affected, 
not  only  withstood  repeated  shocks  of  0.4.5  ampere,  last- 
ing from  ten  to  eighty  seconds,  but  quickly  recovered 
from  a  shock  of  0.7  ampere  applied  for  two  seconds  and 
/a  half .  In  common  with  those  of  Prevost  and  Haltelli. 
his  experiments  show  that  certain  species  of  animals, 
frogs  and  turtles,  do  not  succumb  to  currents  of  low 
pressure. 

Prevost  and  Battelli  established  that  with  a  pressure 
■of  120  volts  (alternating  currents,  contacts  good — i.e..  one 
upon  the  head,  the  other  upon  the  limbs)  death  resulted 
in  certain  animal  sjiecies.  wliile  others  (for  example,  rats) 
escaped  without  harm. 

Kratter  found  that  a  short  exposure  to  an  alternating 
current  of  1..50()  volts  did  not  always  prove  fatal  to  rab- 
bits and  guinea-pigs,  while  others  succumbed  presenting 
typical  symptoms. 

With  currents  of  high  pressure,  Prevost  and  Battelli 
found  that  1,200  volts  (the  contacts  being  good — /.(.,  the 
one  upon  the  head  and  the  other  upon  the  limbs)  could 
kill  all  animals  bj' inhibition  of  the  respiratory  centre; 
but  that  the  pressure  of  the  current  and  the  duration  of 
the  contact  should  increase  with  the  size  of  the  animal  in 
order  to  inhibit  the  respiratory  centre.  A  rat.  for  exam- 
ple, succumbed  to  a  pressure  of  600  volts  for  one  second, 
while  a  rabbit  required  1,200  volts  for  two  seconds.  A 
dog  of  smallest  size  required  2,400  volts  for  three  seconds, 
while  a  dog  w-eighing  S  kgm.  resisted  a  shock  produced 
by  the  passage  of  a  current  of  1,200  volts  prolonged  for 
live  seconds.  ++  Nor  is  the  pressure  fatal  to  animals,  when 
acting  as  a  high  pressure,  necessarily  fatal  to  man. 

Of  equal  importjince  with  the  pressure  is  the  position, 
superficies,  and  nature  of  contacts.  The  latter  may  be 
of  a  material  which  is  a  good  conductor,  but  by  reason 
of  imperfect  contact  they  may  act  as  a  poor  conductor, 
thereby  increasing  the  resistance  and  diminishing  the  am- 
peres; the  same  will  be  true  if  the  contacts  are  dry  in- 
stead of  moist.  With  the  skin  well  wetted  with  sidt 
solution  the  resistance  is  lessened;  and  with  diminution 


♦Houston  and  Kennellv:  "Deatli  by  the  Altematinc  Currents." 
+  Bleile,  A.  M. :  "The  Cause  ot  Death  by  Eleotrioal  Shock." 
t  Kratter :  "  Lesions  of  Fatal  Etetrical  Currents." 
S  Cunnineham  :  "Tin'  Causf  of  Death  from  Imlustrial  Currents." 
1  Prevost  anrt  Battelli :  •'  The  MuihaiiLsm  of  Death  by  Electric  Cur- 
rents in  Man." 
',  Tatuui,  Edward :  "  Death  from  Electrical  Currents." 
»»  Oliver  and  Bolam :  "  The  Cause  of  Death  by  Electric  Shock." 
■H  Battelli,  tYederic  C:  "  The  Mechanism  of  Death  by  Electric  Cur- 
rents in  Man." 


of  rcsistimec  there  is  an  increase  in  the  amperes.  In  such 
a  condition  of  the  skin  a  greater  amount  of  current  is  de- 
livcieil  to  the  tissues,  producing  a  fal.il  result;  whereas, 
if  the  skill  had  been  dry  and  able  to  pirform  its  function 
as  an  insulator,  the  resistanci-  would  have  been  so  great 
as  to  have  limited  the  How  in  current  below  the  lethal 
dose.  A  well-insulated  contact  also  serves  to  increase  tho 
resistance  and  to  minimize  the  current. 

The  superficies  governs  the  ilislribution  of  current  on 
the  one  hand,  or  its  current  density  on  tin;  other.  With 
large  S()uaieinch  ar<a  of  conlact,  ilie  greater  the  current 
dilTusion;  with  small  superti<ies  the  greater  the  current 
density,  within  a  localized  ana.  TJiese  are  factoi-s  of 
great  importance  and  must  never  be  lost  sight  of  when 
considering  physiological  effect. 

The  position  of  contacts  is  of  the  greatest  importance 
and  largely  influences  the  result.  All  experimental 
work,  as  well  as  what  is  observed  at  electrocutions, 
proves  that  fatal  results  ensue  iiuich  more  (|uickly  when 
the  contacts  are  so  placed  as  to  bring  the  heart,  which  is 
the  vulnerable  organ,  on  a  line  which  unites  the  two 
electrodes — i.e..  directly  in  the  conducting  path;  a.s,  for 
example,  on  the  head  "and  calf  of  the  leg.  When  they 
are  placed  on  the  head  and  fore  legs,  or  in  the  ca.se  of 
man  (electrocuted  criminals)  on  the  hands,  a  much 
greater  pressure  is  necessary  to  destroy  lifi'.  This  is  be- 
cause the  heart  is  not  in  the  direct  pathway  of  the  cur- 
rent. When  both  contacts  are  placed  upon  the  head, 
higher  pressures  are  required  to  produce  fatal  results. 
Here,  by  reason  of  tho  skull,  there  is  increa.sed  resistance; 
and,  as  the  evidence  shows  that  stronger  currents,  i.e., 
greater  amperage  (see  Houston  and  Kennelly.  pressure 
690  volts.  H.  1,200  ohin.s,  current  f>  arai)eres,  dog  not 
killed),  aie  withstood,  the  pressure  must  of  necessity  be 
proportional.  As  will  be  seen  further  on,  the  action  of 
the  current  is  different  in  a  head  contact  than  when  the 
heart  is  included  in  the  circuit.  These  facts  all  point  to 
the  chest  directly  over  the  heart,  and  to  the  dorsal  region, 
as  the  better  places  for  the  contacts  in  electrocutions ;  but, 
as  it  is  desirable  that  consciousness  should  be  annulled 
at  once,  the  posterior  contact  could  be  made  to  include 
the  cervical  spine,  medulla  oblongata,  antl  the  head. 

Duration  of  contact,  or  time,  is  another  important  ele- 
ment. An  instantaneous  contact  with  a  high-pressure 
current  ma}'  be  encountered  with  impunity,  but  a  fatal 
result  will  ensue  if  an  api>licalion  of  several  second.s — 
five,  ten,  or  more — be  made;  or,  if  a  high-pressure  cur- 
rent be  applied  for  an  instant  of  time  and  repeated,  fatal 
results  may  ensue. 

As  to  the  amperage  of  a  lethal  current,  it  is  not  defi- 
nitel}-  known,  but  all  th<'  evidence  obtained  from  ex- 
periments 011  animals  and  accidents  with  industrial  cur- 
rents show  that  it  is  very  small — i)robably  much  under 
one  ampere.  In  the  application  of  the  death  penalty  as 
practised  in  the  State  of  New  York,  the  strength  of  the 
alternating  current  passed  through  the  body  of  the  crimi- 
nal is  usually  seven  or  eight  amperes.  In  ex|)erimental 
work,  the  species,  weight,  and  age  of  the  animal  have  in- 
fluenced the  result,  and  the  age  of  man,  as  well  as  the 
vital  resistance  in  both  man  and  animals,  is  a  factor  that 
must  be  considered  in  determining  the  lethal  dose.  In 
his  experiments  Cunningham  found  that  young,  well- 
nourished,  and  hardy  dogs  bore  a  stronger  current  than 
those  older  and  ill-nourished,  but  that  the  size  and  weight 
seemed  to  bear  no  relation  to  the  mininuiin  current. 

The  nature  of  the  pressure,  whether  continuous  or 
alternating,  is  not  without  its  influence.  Cunningham 
found  that  alternating  currents  of  moderate  frequency, 
intermittent  and  coarsely  pulsatory  currents,  were  able  to 
produce  fibrillary  contractions  of  the  heart  much  more 
readily  than  a  non-altemating.or  a  continuous  current. 
Tatuiii  found  alternating  twice  as  fatal  as  continuous 
currents,  but  when  the  animal  exiierimented  u]ion  was 
imder  ether  the  difference  was  niu<-h  less  marked.  This 
would  jioint  to  the  influence  of  the  powerful  muscular 
contractions  in  the  pro<iuction  of  lethal  effects;  as.  under 
the  influence  of  antrsthesia.  there  would  be  a  condition 
of  general  muscular  relaxation  which  would  tend  to 
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miuimize  this  action.  D'Areonval  believed  that  greater 
danger  lay  in  accidental  contact  ■svith  a  high -pressure, 
coutimiousE.M.F.,  because  of  the  electrolytic  pheuomcna 
■which  accompanj-  the  action  of  the  current.  The  living 
body,  in  reality,  is  not  a  homogeneous  conductor,  and  the 
polar  action  is  produced  not  only  at  the  points  of  entrance 
and  departure  of  the  current,  but  at  the  surface  of  each 
different  tissue  crossed  by  the  current.  This  is  an  opin- 
ion— i.e..  as  to  the  action  of  the  current — which  is  shared 
by  other  physicists,  although,  as  will  be  seen,  Tatum  con- 
cluded that  tliere  was  nothing  in  tlae  evidence  obtained 
to  show  that  any  action  on  the  blood  was  of  the  nature 
of  electrolysis. 

From  the  ph}-.siological  action  of  high-frequency  alter- 
nating currents  of  high  jiotential  as  administered  thera- 
peutically, as  well  as  from  the  experiments  of  D'Arsonval, 
Elihu  Thomson  and  Tesla,*  with  currents  of  from  100,000 
to  200,000  volts,  with  a  frequency  of  10,000  periods  per 
second,  it  would  be  expected  that  fatal  effects  would  oc- 
cur in  inverse  ratio  to  the  frequency — i.e.,  that  a  low  fre- 
quency, or  periodicity,  is  more  fatal  to  life  than  a  high. 
The  higher  the  frequeuci,  the  greater  the  current  which 
can  be  delivered  to  the  tissues  of  the  body  without  injury. 

It  is  of  interest  here  to  note  that  alternating  currents 
of  high  frequency,  applied  to  the  exposed  heart,  produce 
an  increase  in  the  number  of  beats  and  fibrillation  does 
not  occur;  and  that  oscillatory  currents  of  high  poten- 
tial very  materially  hasten  the  restoration  of  the  co- 
ordinated heart  beat  in  dogs  in  conjunction  with  the  per- 
fusion of  the  coronary  vessels  with  detibrinated  blood. f 

The  evidence  clearly  shows  that  higli-pressure  currents 
are  not  alone  fatal — not  even  necessjirily  fatal ;  that  low 
pressures — 95  or  96  volts,  and  ll.i  volts,  alteraating  cur- 
rent— are  sufficient  to  cause  death;  and  that  while  ordi- 
narily pressures  under  300  volts  are  not  to  be  regarded  as 
dangerous  to  life,  and  those  over  500  volts  as  certain!}- 
dangerous,  everything  depends  upon  the  conditions  of 
the  conducting  circuit.  In  electrocution,  to  insure  instan- 
taneous and  painless  death,  currents  of  high  pressure  are 
of  necessity  chosen. 

Accidents  in  the  electrical  industries  are  not  unduly 
frequent  as  compared  with  tlie  accidents  in  other  indus- 
trial fields ;  not  because  the  pressures  employed  would 
not  prove  fatal  under  approjn-iate  conditions,  but  be- 
cause these  conditions  are  but  infrequently  fulfilled. 

In  the  electrocution  of  criminals,  high-pressure  currents 
varying  from  1,800  to  2,(100  volis — periodicity  about  130 
— are  commonly  used,  and  an  alternating  current  of  1,700 
volts  has  traversed  the  tissues  of  the  body  (electrocution, 
Jaylor,  1893)  without  arresting  the  respiration  even  with 
an  application  of  fifty  seconds'  duration,  and  second 
and  third  applications  of  the  current  were  necessary  in 
order  to  kill  the  condemned  criminal.  (This  statement 
must  not  be  construed  as  an  implication  that  high-pressure 
currents  do  not  kill,  as  used  in  electrocution  at  the  pres- 
ent time,  but  is  an  illustration  of  the  fact  that  a  high- 
pressure  ciu'rent  is  not  necessarily  fatal.  Other  factors 
influence  the  result,  as  will  be  pointed  out  later  on.)  The 
case  of  Jaylor  also  illustrates  the  fact — brought  out  by 
the  experiments  of  Prevost  and  Battelli — that  when  the 
pressure  is  high,  even  when  the  heart  lies  on  the  line 
which  unites  the  two  contacts — i.e.,  within  the  conduct- 
ing path, — this  organ  may  not  be  affected,  and  that  the 
nervous  centres,  continuing  to  be  fed,  are  able  to  resist  the 
action  of  the  current ;  nor  was  the  current  traversing  the 
tissues  sufficient,  in  tliis  case,  to  produce  inhibition  of 
the  nerve  centres,  with  definite  arrest  of  the  respiration. 
For  the  accomplishment  of  that  result  it  was  necessary 
to  make  a  second  and  even  a  third  apjilication. 

In  the  case  of  McElwaiue  (second  electrocution),  in 
which  the  points  of  contact  were  the  head  and  arms, — the 
hands  and  forearms  being  immersed  in  jars  of  saline  solu- 
tion.— the  effects  were  even  less  pronounced,  and  a  second 
application,  with  the  contacts  applied  to  the  head  and  calf 

*  Thomson,  Elihu  :  "  Effects  of  Hlgh-Frequency  Electrical  Dis- 
charjres  passed  Through  the  Body."  Tesla.  Nikola:  "Alternating 
Cui'rents  ot  High-Frequencv  and  High  Potential." 

+  Cunningham :  "  The  Cause  of  Death  from  Indastrial  Ctirrents." 


of  the  leg.  was  found  necessary  in  order  to  kill  him.  As 
in  the  case  of  Jaylor,  the  respiration  was  not  affected  by 
the  first  application.  On  the  other  hand,  an  alternating 
current  of  very  much  lower  pressure — as  low  as  95  or  96 
volts — has  proved  fatal  in  man ;  while  several  fatalities 
(four  in  number)  occurred  in  a  German  mill  *  within  a 
short  space  of  time  from  an  alternating  current  of  115 
volts  pressure. 

In  the  death  resulting  from  contact  with  an  alternating 
current  of  from  95  to  96  volts,  all  the  conditions  of  the 
conducting  circuit  were  good  (see  No.  9  of  the  tabulated 
references  to  accidents  from  industrial  currents).  The 
subject,  a  workman  in  a  potash  and  alcohol  jilant,  was 
instantly  killed  by  au  alternating  current  of  from  95  to 
96  volts.  He  stood  on  au  iron  lank  covered  with  soda  Ij'e 
— an  excellent  conductor — and  his  boots  were  wrapped 
with  rags  of  twilled  linen,  t  Here  was  the  best  of  contact, 
for  the  saturation  of  the  linen  rags  implied  of  necessity  a 
.similar  condition  of  the  leather  of  his  boots,  and  no  doubt 
conductivity  was  increased  by  the  presence  of  nails  in 
his  boots,  as  is  common  among  workingmen,  although 
it  is  not  so  stated.  The  contact  lasted  for  from  four  to 
five  minutes,  and  tlie  man  was  a  drunkard.  In  this  case, 
while  the  pressure  was  low,  the  resistance,  by  reason  of 
position,  superficies,  and  nature  of  the  contacts,  was  re- 
duced to  a  minimum  and  the  current  strength  (or  number 
of  amperes)  must  neees.siirily  have  been  high.  In  addi- 
tion, tlie  heart  was  in  the  conducting  path,  the  duration 
of  contact  was  prolonged,  and  the  man  was  a  drunkard. 
In  this  instance,  then,  everytliing  favored  a  large  electric 
energy,  i.e.,  a  pressure,  while  low,  fully  effective  because 
of  low  resistance,  and  resulting  in  large  amperage ;  while 
long  contact  and  diminished  vital  resistance,  by  reason 
of  intcmjierate  habits,  contributed  to  the  fatal  result. 

While  there  does  not  seem  to  be  any  dii'eet  connection 
between  the  lethal  effect  and  the  number  of  joules,  there 
must  be  some  remote  effect,  tor  the  greater  the  energy  the 
greater  tlie  chance  of  death.  The  conditions  in  the  above 
instance  favoivd  the  maximum  rate  of  expending  energy, 
the  destructive  power  of  which  must  have  been  increased, 
however,  by  the  prolongett  contact  (three  hundred  sec- 
ond.s).  The  experiments  of  Prevost  and  Battelli  show 
that  the  fatal  effects  are  dvie  to  the  energy,  and  that  the 
energy  required  for  killing  a  given  animal  increases  in 
proportion  to  its  weight.  In  a  one-pound  guinea-pig, 
400  joules  were  necessary  to  arrest  respiration ;  while  in 
one  weighing  ten  ounces,  but  2.50  joules  were  necessary.}: 

From  experiments  upon  animals,  accidents  from  in- 
dustrial eurrent.s.  and  the  electrocution  of  criminals,  it  is 
evident  that  the  lethal  effect  is  due  to  a  sudden  discharge. 
If  the  same  amount  of  energy  in  joules  was  passed 
through  the  body  slowly,  the  effects  might  be  quite  dif- 
ferent. For  example.  400  joules,  the  lethal  dose  for  a 
one-pound  guinea-pig.  might  mean  a  pressure  of  20  volts, 
a  current  strength  of  20  amperes  continued  for  one  second 
of  time,  i.e..  20  X  20  X  1  volt-ampere  seconds  =  400 
joules;  or  30  X  0.1  X  200  volt-ampere  seconds  =  400 
joides.  The  result  would  be  very  different  in  each  in- 
stance. In  the  fir.st.  a  sudden  discharge  of  great  power; 
in  the  second  a  gradual  expenditure  of  energy,  lasting  for 
two  hundred  seconds,  and  accomplishing  the  same  amount 
of  electric  work,  but  not  violent  nor  disruptive  in  its  ac- 
tion, as  in  the  former  instance.' 

This  detailed  case,  as  well  as  experimental  work  and 
the  electrocutions  instanced,  show  that  the  pressure  nec- 
essary under  one  set  of  conditions  is  not  required  under 
another,  and  that  a  lethal  dose  does  not  of  necessity  re- 
quire a  current  of  high  pressure.  Prevost  and  Battelli 
found  that  under  good  electrical  conditions,  a  dog- 
contacts  head  and  "hind  limbs — could  be  killed  with  a 
current  of  10  volts  pressure;  while  80  volts  were  neces- 
sarv.  under  the  same  conditions,  when  the  contacts  were 
made  to  the  head  and  fore-legs.     In  the  former  instance, 

*  Battelli.  Frederic  C. :  "  The  Mechanism  of  Death  by  Electric  Cur- 
rents in  Man." 

+  Kolben  :  Elek.  Zeit..  Februarv  1.5th.  19H0. 

t  Prevost  and  Battelli :  "  The  Mechanism  of  Death  by  Electric  Cur- 
rents in  Man." 


r44 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


lilrrlrlrlljr^ 
l<:lfi'(rl<'i()'. 


the  lieait  lay  in  tlie  coiulueting  path,  while  in  the  latter 
it  (lid  not,  and  was  not  nuly  reached  imlireelly — requir- 
ing more  power — but.  by  leasou  of  inrrcased  lesistance, 
a  greater  jiressure  was  ix'ijuired  to  secure  the  current 
necessary  to  the  imiduction  of  a  lethal  clTect. 

This  experiment  illustrates  the  inlliicnceof  the  position 
of  the  contacts,  as  does  also  the  ease  of  MeEhvaine  (second 
electrocution),  in  whom  the  head  and  hands  formed  the 
points  of  contact.  In  this  instanee  the  contacts  were 
good — /.'.,  saline  solution — and  there  was  a  large  super- 
lieies;  but,  by  rea.son  of  their  position,  they  weie  objec- 
tionable for  the  purpose  coiUemplated,  in  that  the  heart 
was  not  placed  in  the  conducting  path,  and  consequently 
death  did  not  result  until  their  position  was  changed. 

It  is  clearly  shown,  therefore,  by  an  analysis  of  tlie 
work  of  different  exjierimenters  as  well  as  of  the  acci- 
dents from  industrial  currents,  that  lethal  effects  follow 
contact  with  pressures  of  widely  varying  K.Jl.P. 

An  accidental  contact  with  a  high-pressure  line  or 
terminal — or  with  any  pressure  for  that  matter — rarely 
involves  the  same  set  of  conditions,  and  often  the  con- 
ditions existing  are  such  as  to  render  it  inefi'ective  as 
a  high-jiressure  current.  Favorable  conditions  are  ob- 
tained oidy  ( 1)  in  experimental  work,  and  (2)  in  electrocu- 
tions. It  is  not  then  a  matter  of  pressure  alone,  for  death 
results  from  currents  of  low  pressure  as  well  as  from 
those  of  high  pressure,  and  the  latter  are  ofteutimcs  in- 
effective, while  a  fatal  result  may  follow  contact  with  a 
low-pressure  current. 

Cases  3  and  10  (see  tabulated  references)  illustrate  the 
inefficaey  of  a  high-pressure  current  with  poor  contacts; 
while  No.  9  is  a  striking  example  of  the  efficacy  of  a  low- 
pressure  current  with  the  best  position  as  well  as  nature 
of  contacts :  and  it  is  not  only  a  (juestion  of  diminished  elec- 
trical resistance,  but  of  vital  resistance  (see  Case  9)  as  well. 

There  can  be  no  doubt  that  vital  ve-sistauce  must  be 
covmtcd  as  one  of  the  conditions  governing  the  action  of 
a  lethal  dose.  Krattcr,  in  his  experiments,  found  that  a 
short  t'xposure  to  an  alternating  ciu'rent  of  l..~)00  volts  did 
not  always  prove  fatal  to  rabbits  and  guinea-pigs,  while 
others  succumbed.  With  all  the  conditions  of  the  con- 
ducting circuit  absolutely  the  same,  and  with  animals  of 
the  same  species,  age,  and  weight,  this  would  indicate  to 
the  writer  a  difference  in  vital  resistance — a  factor  which 
cannot  be  lost  sight  of  in  the  administration  of  a  lethal 
dose  of  electricitj'  any  more  than  in  its  therapeutic  ad- 
ministration. 

Cunningham,  in  his  experiments,  established  the  fact 
that  anytfnng  acting  to  depress  the  vital  forces  increases 
susceptibility  to  the  current.  For  example,  after  the  cer- 
vical cord  in  an  anaesthetized  dog  had  been  exposed  and 
divided,  it  was  found  that  a  very  brief  passiige  of  a  cur- 
rent of  tl.2.5  ampere  caused  the  heart  to  stop  immediately, 
although  previously  one  of  O.G.i  ampere  had  been  readil}- 
withstood.  Whate\cr  serves  to  depress  the  general  con- 
dition increases  the  susceptibility  even  to  weak  currents. 

From  the  action  of  a  low-pressure  current,  when  the 
effect  is  upon  the  heart  (i.e..  causes  fibrillar  contraction), 
it  is  seen  that  such  animal  species  as  rats,  frogs,  and  tur- 
tles recover  spontaneously,  whereas  in  the  higher  order  of 
mammals,  as  well  as  man,  death  is  absolute ;  but  that  from 
cuiTcnts  of  a  higher  pressure  death  results  in  the  former 
with  a  lower  pressure  and  shorter  contact  than  in  the 
latter.  This  is  when  currents  of  high  pressure  act  by 
reason  of  po.sition  and  nature  of  contact  as  such. 

The  spontaneous  recovery  of  such  animals  as  rats,  frogs, 
and  turtles  depends  upon  the  phenomena  connected  with 
the  heart.  Tlie  action  of  a  low-pressure  current  is  more 
severe  and  more  lasting  as  the  animal  kingdom  is  ascended. 
The  cold-lilooded  animals  recover  from  the  action  of  the 
current  on  the  heart,  while  the  wanner-blooded  animals 
succumb.  The  heart  is  paralyzed  in  veiitiicular  tremula- 
tions  in  all  animals,  and  the  phenomenon  produced  varies 
in  iutensitv  according  to  the  genus  of  the  animal.  Pre- 
vost  and  Battelli  used  four  genera  of  warm-blooded  ani- 
mals: 

(1 1  Dogs,  in  which  the  characteristic  action  in  the  heart 
(ventricular  tremulations)  is  -ivell  defined. 


(2)  Guinea  pig.s — julults — in  which  the  tremulations- 
were  most  often,  but  not  always  well  defined. 

(3)  Rabbits,  in  which  the  Iremnlations  are  ofteuest 
transitory,  but  in  some  ca-ses  well  delined. 

(4)  Rats,  in  which  the  tremidations  last  only  luring 
the  eh'Ctrization  of  the  heart.  AVheu  this  cea.ses  the 
tremulations  disappear  and  tlie  ventricles  resume  their 
beat."* 

These  observations  are  in  accord  witli  the  well-known 
physiological  fact  thai  while  the  hearts  of  the  higher 
maimnals  very  rarely  recover  spontaneously  from  a  <'on- 
dition  of  fibrillar  contraction,  the  hearts  of  tho.sc  lower 
in  the  animal  kingdom  and  of  cold-blooded  animals  do; 
that  in  them  a  lethal  effect  must  bepnuluced  by  asphyxia, 
and  necessitates  the  use  of  a  current  of  higher  pressure. 

liifiilts  iif  Ejjxri'iiiciitiil  M'orl,-,  I'liiisiolni/iail. — There  is 
a  wonderful  similarity  of  result  in  retrospect  of  the  work 
of  different  iihysiologists  made  within  the  past  eleven 
3'ears  to  determine  the  mechanism  of  death,  although  the 
earlier  investigators  did  not  carry  their  experiments  to 
the  definite  conclusions  of  the  later  ones,  and  in  sonu'  iu- 
stjinces  failed  to  appreciate  and  interpret  correctly  the 
phenomena  observed.  By  far  the  most  important  ex- 
periments, and  the  only  ones  to  which  reference  will  be 
mad( — others  having  a  purely  historical  interest — are 
those  of  (1)  D'Arsouval,  lf<^iT;  Ci)  Edward  T;itum,  Phys- 
iological Laboratoiy  of  the  I'uiversity  of  Peim.sylvania, 
1890;  (3)  Houston  and  Kennedy,  Private  Laboratory, 
Philadelphia,  Pa.,  1894  (imdertaken  not  to  determine 
the  mechanism  of  death,  but  whether  death  did  occur  as 
the  result  of  pres.surcs  .similar  to  those  used  in  electrocu- 
tions in  which  contacts  W(;re  good,  in  onler  to  refute  the 
idea  that  in  electrocution  the  current  did  not  kill,  and 
that  the  autopsy  did):  (4)  Boketdiam  and  Jones.  Labora- 
tory of  the  Roval  College  of  Physicians  and  Surgeons, 
London,  189.");  "(.5)  A.  JI.  Bleilei  Physiological  Labora- 
tory. Ohio  Stale  University,  189.>;  (6)  Kratter.  189.">;  (7) 
Oliver  and  Bolam,  1897;  (8)  Prevost  and  Battelli.  Phys- 
iological Laboratory,  University  of  Geneva,  Switzerland, 
1899;  (9)  R.  II.  Cunningham,  Physiological  Lalxjratory, 
Columbia  University,  1899. 

As  a  result  of  the  experiments  \\\>on  animals,  of  a  study 
of  accidents  from  industrial  cuiTcnts  and  from  atmos- 
pheric electricity,  and  also  of  electrocutions,  the  generali- 
zation is  obvious  tluit  death  due  to  an  expenditure  of 
electiical  energy  within  the  tissues  occurs  in  two  ways: 
(1)  B}-  mechanical  lesions  of  vital  structures,  or  (2)  by 
arrest  of  organic  functions  essential  to  life — i.e..  byan-est 
of  respiration,  heart's  action,  or  nutritive  exchange. 

Death  occurs,  as  a  rule,  in  the  first  way,  from  light- 
ning stroke,  and  there  is  an  actual  mechanical  di.sinte- 
gration  of  vital  structures.  This  is,  however,  not  alw  ays 
the  case.  The  deaths  from  lightning  in  this  country  are 
happily  very  few,  being  estimated  at  only  about  one  per 
million  of  the  population  per  annum.  Oftentimes  no 
trace  of  injury  can  be  seen  upon  the  subject  of  the  acci- 
dent, but  in  other  cases  various  marks  are  found  upon 
the  body,  or  the  clothing  will  be  torn  or  scorched;  and 
it  not  infrequently  hajipens  that  the  boots  are  torn  off 
the  feet,  and  nailsdriven  out  of  the  soles  of  the  boots. 
The  following  case  illustrates,  in  a  striking  manner,  the 
disruptive  action  of  this  tremendous  energy: 

The  accident  occurred  in  Gviilford,  Enghuid,  August 
25th,  1897,  and  the  inquest  revealed  that  thi'  man  was 
found,  one-half  hour  after  a  single  flash  of  lightning  and  a 
clap  of  thunder,  lying  on  his  face.  Around  him.  within 
aradiusof  severalVards,  were  hisdothes  ami  boots,  which 
had  been  torn  and  scattered  about  in  an  extraordinary 
mixnner.  The  lightning  appeareil  to  have  stnick  liiai  on 
the  right  side  ofthe  hea<l,  tearing  his  cap  to  pieces  and 
burning  his  hair  off.  It  then  pa.ssed  inside  his  cidlar.  down 
the  front  of  his  bixly  and  both  legs  into  his  !)o<>ts,  which 
were  torn  to  pieces,  and  then  it  passed  into  the  ground, 
making  a  hole  about  eighteen  inches  in  circumfiTcnee 
and  three  inches  deep.  His  collar  was  toni  to  pieces,  the 
front  of  his  shirt  was  rent  into  ribbons,  the  jacket  and 
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undervest  were  Hterally  torn  to  slireds,  aDd  the  knicker- 
bockers he  was  wearing  were  stripped  from  him  and 
■scattered  on  the  ground.  His  stockings  and  gaiters  were 
similarly  torn  to  pieces,  and  on  the  boots  the  lightning 
had  a  remarkable  effect.  They  were  burst  open,  some 
of  the  brass  eyelet  holes  were  torn  out,  nails  were  forced 
out,  and  the"  soles  were  torn  out.  The  skin  bad  been 
torn  off  the  chest  au<l  the  right  leg  was  torn  and  black- 
ened :  blood  was  issuing  from  the  raoutli  and  right  ear.* 

In  riew  of  the  fact  that  the  current  strength  of  a  par- 
ticular stroke  of  lightning,  from  the  data  presented,  has 
been  estimated  at  at  least  hundreds  if  not  thousands  of 
amperes,  it  is  not  difficult  to  account  for  the  phenomena 
described.  -I- 

There  is  no  doubt  that  a  lightning  stroke  acts  some- 
times as  a  high-pressure  current,  i.e.,  it  causes  an  inhi- 
bition of  the  respiratory  centre  and  syncope,  and  it  is  in 
such  cases  that  recovery  follows  either  spontaneous!)'  or 
from  artificial  respiration.  That  death  occurs  sometimes 
in  the  first  way  from  industrial  currents  is  unquestion- 
able, and  the  post-mortem  tindings  in  some  of  the  elec- 
trocutions point  to  an  actual  raeclianical  disintegration 
of  the  vascular  structures  ;  at  least,  such  seems  to  have 
been  the  case  in  the  twenty-fourth  electrocution  (Hamp- 
ton) witnessed  and  reported  by  Drs.  A.  E.  Kennelly  and 
Augustin  Goelet.f  In  this  case,  upon  post-mortem  ex- 
amination, it  was  observed  that  the  blood  was  driven 
from  the  peripheral  vessels  into  the  organs  and  tissues  of 
the  chest  and  head  and  there  was  actual  rupture  of  (he 
overdistended  vessels.  Examination  of  the  brain  de- 
monstrated the  presence  of  a  quantity  of  dark  blood  due 
to  rupture  of  the  blood-vessels.  It  was  estimated  that  at 
least  two  quarts  escaped  from  the  scalp  and  cranium  in 
removing  the  brain.  Upon  the  removal  of  the  dura  mater 
the  vessels  on  the  surface  were  seen  to  be  distended,  while 
in  many  places  there  were  evidences  of  rupture.  The 
same  condition  existed  in  the  interior  of  the  brain  and 
coagulated  blood  was  found  at  the  base  of  this  organ. 

As  to  the  actual  mechanism  of  death  occurring  in  the 
second  way,  for  a  long  time  there  was  no  uniformity 
of  opinion  among  physiologists.  Happily,  more  solid 
ground  seems  now  to  have  been  reached. 

In  reviewing  the  work  of  the  ditferent  experimenters 
in  sequence,  it  is  found  that  D' Arson val  concluded  from 
his  observations  of  the  phenomena  which  took  place  in 
animals  subject  to  lethal  doses  of  electricity,  that  death 
occurred  in  two  ways: 

(1)  By  lesion  or  destruction  of  the  tissues  (disruptive 
and  electrolytic  effects  of  the  discharge). 

(2)  By  excitement  of  the  nerve  centres,  producing  the 
arrest  of  respiration  and  syncope,  but  witliout  material 
injuries.  In  the  first  instance  death  isabsolute  and  final, 
but  in  the  second  he  believed  that  the  nerve  centres — 
respiratory — were  inhibited,  which  gave  rise  to  a  suspen- 
sion of  respiration  and  arrest  of  heart  action.  In  his  esti- 
mation the  primary  action  was  upon  the  respiratory  func- 
tion, and  the  cardiac  failure  followed  upon  exhaustion  of 
tlie  medulla  oblongata  and  functional  death  of  the  gan- 
glionic cells.  The  fact  of  cardiac  action  after  arrest  of 
respiration  led  to  this  theory. 

(3)  Tatum  concluded  tha"t  the  essential  fatal  field  of 
action  laj-  within  the  substance  of  the  heart  itself;  that 
the  external  inhibitory  mechanism  played  little  or  no 
part;  that  electrical  currents  finally  arrest  respiration 
without  simultaneous  or  still  earlier  arrest  of  the  heart; 
and  that  no  changes  were  observable  in  the  substances  or 
functions  of  the  muscles  and  nerves  or  blood  which  could 
in  any  sense  be  the  cause  of  sudden  death.  He  offered 
no  explanation  as  to  the  nature  of  the  action  on  the  heart, 
but,  from  experiments  with  curare  and  atropine,  he  be- 
lieved that  the  action  was  a  direct  one  upon  the  muscular 
tissue  rather  than  one  involving  any  nervous  mechanism. 
He  had  no  suggestion  to  offer  as  to  why  the  heart  muscle 

»  The  Electrical  Engineer,  October  21st,  1897. 

tWurtz,  Alex.  J.:  "The  Current  Strength  of  a  Lightning  Stroke." 
The  Electrical  Engineer,  October  27th.  18!is, 

i  Kennelly  and  Goelet :  "  Does  E.xecution  by  Electricity  Produce 
Instantaneous,  Painless,  and  Absolute  Death?  "  Electrical  World,  vol. 
ssv.,  p.  195. 


was  more  susceptible  than  other  muscles,  but  hoped  that 
a  more  special  study  of  the  subject  would  soon  be  possi- 
ble. That  hope  lias  been  fulfilled  in  the  work  of  Prevost 
and  Battelli  and  in  that  of  Cunningham. 

(4)  The  experiments  of  Houston  and  Kennelly  have 
already  been  referred  to  as  of  interest,  not  from  the  phys- 
iological side,  but  in  demonstrating  that  death  is  prac- 
ticatly  instantaneous  and  painless  from  the  purposed  and 
scientific  applications  of  high-pressure  currents.  They 
showed,  as  Tatum  had. — and  this  has  been  confirmed  b}' 
later  investigators. — the  tolerance  of  an  animal  to  currents 
of  high  pressure  when  passed  through  the  head  (contacts 
consisted  of  cotton  pads  well  wetted  with  Siiline  solution 
and  placed  in  the  ears  of  a  dog;  alternating  current  of 
7(10  volts,  G9U  of  which  were  effective;  resistance  l,2tl0 
ohms;  current  6  amperes;  duration  five  seconds;  loss  of 
consciousness,  but  animal  not  killed).  Their  conclusions 
as  to  the  instantaneity  and  painlessness  of  death  will  be 
considered  later  on. 

(.5)  Bokenbam  and  Jones  confirmed  the  observations  of 
Houston  and  Keunell}'.  that  a  much  stronger  current  was 
requii-ed  to  kill  an  animal  (the  experiments  were  made 
upon  cats)  when  passed  through  the  head  or  when  the 
contacts  were  placed  on  either  side  of  the  neck.  The  pulse 
tracings  taken  by  Bokenham  and  Jones,  and  careful  in- 
spection of  tlie  res]iiratory  movements,  led  them  to  con- 
clude that  death  was  caused  by  failure  of  the  lieart,  and 
the  negative  results  of  shocks"  of  equal  strength  passed 
through  the  head  and  neck  strongly  suggested  to  them 
that  the  action  was  upon  the  heart  muscle  directly  rather 
than  through  the  nervous  mechanism. 

(6)  Bleile,  after  a  series  of  very  carefully  conducted 
experiments,  eliminated  during  their  progress  (1)  the 
direct  action  of  the  current  upon  the  heart,  by  artificial 
respiration;  and  (2)  the  influence  of  the  pucumogastric 
nerve,  by  the  hypodermic  injection  of  atropine,  thus  para- 
lyzing the  nerve  fibres.  He  also,  (3)  prior  to  tlie  applica- 
tion of  the  current,  administered  nitroglycerin  and  nitrite 
of  amyl  to  produci'  dilatation  of  the  arterial  system.  He 
then  ("oiKludcd  tluit  death  was  due  to  the  contraction  of 
the  ;irteries.  through  the  influence  of  the  nervous  system, 
and  that  the  conslrictiou  of  the  arteries  furnished  a 
greater  mechanical  impediment  to  the  flow  of  blood  than 
the  heart  was  able  to  overcome. 

(7)  Kratter  concluded  from  his  experiments  that  the 
first  effect  consisted  in  a  permanent  arrest  of  the  respira- 
tion and  he  regarded  death  from  an  electric  shock  as  a 
form  of  suffocation. 

(8)  Oliver  and  Bolam  concluded  that  the  action  was 
upon  the  heart  muscle  rather  than  upon  any  of  its  ner- 
vous mechanisms.  They  oliserved  that  when  the  current 
ceased  to  pass,  the  heart  underwent  distention  and  tlien 
entered  into  a  state  of  fibriUary  tremor,  maintaineti  for  a 
variable  period,  while  the  animal  would  make  deep, 
respiratory  efforts — shown  by  forcible  movements  of  the 
diaphragiii.  They  failed,  however,  to  interpret  the  value 
of  this  phenomenon,  although  they  were  the  first  to  record 
it  in  connection  with  experiments  made  to  determine  the 
mechanism  of  death. 

The  analysis  of  the  work  of  the  physiologists  tlnis  far 
recorded  points  with  three  exceptions  to  a  direct  action 
on  the  heart  as  the  cause  of  death.  But  it  remained  for 
Prevost  and  Battelli  and  Cunningham  to  show  how  the 
current  acted  on  llie  heart  muscle.  Their  experiments 
seem  to  have  been  conducted  simultaneously  and  without 
knowledge  on  the  part  of  either  one  as  to  what  the  other 
was  doing — as  is  so  often  the  case  when  scientific  inves- 
tigation of  any  sort  has  been  carried  to  a  certain  definite 
conclusion — but  the  priority  of  publication  belongs  to 
Prevost  and  I?attelli  (Com'ptes  Reudus  de  I'Academie 
des  Sciences.  March  13th  and  27th.  1899;  Jour,  de  P/11/.1. 
et  de  Pnthoh  Generah'.  May  and  September,  1899— et  He- 
me Medie.  de  la  Huimte  Roinuiule.  September,  1899;  R.  H. 
Cunningham,  N.  Y.  Med.  Jour.,  October  31st,  28th,  1899.* 


*  Cunningham's  article  w-is  completed  toward  the  end  of  February, 
1S99,  but  was  held  back  until  March  31st,  when  it  passed  into  the  hands 
of  one  of  the  Prize  Committees  of  the  College  of  Physicians  and  Sur- 
geons, New  York,  where  it  remained  until  published. 
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The  experimeDts  of  Prevost  and  Battelli  are  no  more 
conclusive  iis  to  the  action  of  a  lethal  dose,  but  are  more 
compli'ti'  in  that  they  (k'al  bolli  with  eonlinuovisand  with 
alternating  currents  of  varying  pressures,  thereby  estab- 
lishing very  clearly  tlie  app.'irent  discrepancies  in  the  ac- 
tion of  low-  and  liigli  jiressure  currents.  The  experiments 
of  Cunningham,  oii  the  other  hand,  were  made  with  con- 
tinuous currents  only,  at  pressures  of  11.")  volls  (lighting 
mains),  and  VH  volts  (battery  of  accumulators*). 

Prevost  and  Battelli  determined  from  tlieir  observa- 
tions that  the  mechanism  of  death  from  both  continuous 
and  alternating  currents  was  the  sjime,  although  the 
action  varied  in  a  slight  degree. 

From  their  researches  they  find  that  death  by  electric 
currents  takes  place  in  two  ways  entirely  diilereut  the 
one  from  the  otlier: 

(1)  By  the  action  of  a  low-pressure  current,  death  in 
man  is  due  to  the  primary  paralysis  of  the  heart  in  ceii- 
tricithtr  Irt'inuhition.  This  is  regarded  as  the  usual  cause 
of  death  in  accidents  of  the  electrical  industries,  because, 
as  has  been  pointed  out.  the  conditions  of  the  conducting 
circuit  are  such  that  a  high-pressure  current  acts  as  a  low- 
pressure  current. 

(2)  A  high-pressure  current,  when  the  contacts  are  good 
and  the  heart  lies  upon  the  line  which  unites  the  elec- 
trodes—('.«..  in  the  conducting  path, — does  not  paralyze 
the  heart  of  man.  In  this  case  the  lespiration  has  been 
resumed,  as  has  been  noted  at  the  earlier  electrocutions 
in  New  York  State. 

When  death  takes  place,  under  the  conditions  just 
mentioned,  it  is  due  to  an  inhibition  of  the  respiratory 
centre.  The  heart  continues  to  beat  with  energy  anil 
stops  only  after  the  asphy.xia.  It  is  in  these  cases  that 
it  is  sullicieut,  as  a  rule,  to  practise  artificial  respiration. 

The  paralysis  which  occurred  in  animals  the  subject 
of  experiment,  througli  the  action  of  a  low-pressure  cur- 
rent, i.e..  120  volts,  they  found  "analogous  to  that  which 
is  directly  obtained  from  exciting  the  exposed  heart  with 
an  induced  current,  fibrillary  tremi.ihttinns  of  the  ventri- 
cles, while  the  auricles  continued  to  beat.  This  is  the 
well-known  phenomenon  designated  by  physiologists  as 
tentriciilnr  irenuilalion.^  or  fibrillar  contraction." 

A.  The  following  phenomena  were  observed  by  them 
in  their  experiments  upon  dogs,  cats,  guinea-pigs,  rab- 
bits, and  rats: 

Alter natinq  Currents. — "1.  Instantaneous  paralysis  of 
vagus  and  of  cervical  sympathetic  with  currents  of  high 
pressure. 

"2.  Non-modificatiou  of  phenomena  described  above 
by  previous  section  of  vagus  nerves. 

■'  3.  The  repletion  of  the  heart  with  blood,  even  in  the 
case  of  currents  of  high  pressure  and  short  duration, 
which  seems  to  prove  that  the  vascular  tone  and  vaso- 
motor centres  are  not  paralyzed. 

"4.  No  appreciable  elevation  of  the  temperature,  if  the 
time  of  the  passage  of  the  current  is  not  prolonged. 

••  .1.  Rapid  appearance  of  cadaveric  rigidity  in  the  case 
of  the  currents  of  high  voltage. 

"6.  At  autopsy,  absence  of  constant  and  characteristic 
microscopic  lesions.  Notwithstanding,  one  finds  some- 
times hyperiemia  of  the  meninges,  but  not  intracerebral 
hemorrhages,  if  the  subject  of  the  experiment  has  not 
been  subjected  to  elevation  of  the  temperature. 

"7.  Duration  ot  the  contact  is  important:  respiration, 
catcri.^  paribim.  is  more  affected  when  contact  has  been 
longer.  Convulsions  and  general  tetanus  will  be  more 
pronounced  if  the  contact  has  been  short.  The  more  the 
voltage  is  rai.sed,  the  shorter  is  the  duration  of  the  con- 
tact nece.ssiirv  to  cause  convulsions. 

"8.  The  jioini.'i  of  application  of  the  electrodes  are  a 
matter  of  great  importance  Their  differing  position  can 
varv  the  appearance  of  this  or  that  symptom. 

■■'He.yiiruti'in  will  be  affected  more  easily  and  convul- 
sions more  easily  produced  if  one  of  the  electrodes  is 

placed  upon  the  head. 

/ -^ 

♦  Cunningham  made  some  experiments  in  1?M  with  currents  of  a 
higher  pressure,  but  the  detailed  results  are  not  embodied  in  his  paper 
of  October  21sU  3Sth,  1S89. 


"Heart. — The  voltage  necessary  to  produce  t\\e  fibnl- 
lar;/  tremor  is  less  if  tJie  heart  is  in  the  line  between  the 
poles.  Inversely,  if  the  heert  is  not  in  this  line,  it  can 
be  thrown  into  fibrillar;/  tremor  (Irrmulalions  fibriUaires) 
upon  theai)|>licatiiin  of  currents  of  high  pressure,  which, 
in  Iniversing  the  heart  directly,  would  not  liaye  para- 
lyzed it, 

"9.  When,  after  currents  of  high  pres.sure.  the  heart  of 
the  dog  or  of  the  guinea  pig  is  paralyzed  consecutively  to 
the  arrest  of  resi)ir!ition,  maj<sa;;e  of  the  heart  provokes 
the  treinulalions  fibrillaires.  which  are  wanting  in  a  case 
of  siinjde  asphyxia  not  i)roduced  by  electrocution. 

B.   Continuous  Currents. — Conclusions  reached: 

"  1.  Respiration  and  sensibility  react  the  same  to  the 
shocks  of  closure  or  of  opening. 

"2.  Conrulxious,  on  the  other  hand,  are  especiallj'  pro- 
voked by  opening  of  the  current. 

"3.  As  to  the  heart,  the  fibrillary  tremor  will  come  on 
if  the  circuit  be  not  closed  or  opened  abruptlj-.  It  is  a 
fact,  analogous  to  that  which  was  stated  with  regard  to 
alternating  currents,  that  a  violent  excitation  can  make 
the  fibrillary  tremor  cease. 

"4.  Examination  of  the  tracings  of  arterial  pressure 
seems  to  indicate  the  absence  of  a  vasomotor  excitation, 
which,  on  the  other  hand,  is  produced  by  the  alternating 
currents." 

The  fact  that  in  some  of  the  earlier  electrocutions  in 
New  York  (McElwaine,  .Jaylor)  respiration  was  not  de- 
finitely arrested  when  the  body  was  traversed  by  a  press- 
ure of  1,700  volts  alternating  current  (contacts  good, 
head  to  leg*  continued  for  several  seconds),  is  in  a  line 
with  some  of  the  experiments  of  Prevost  and  Battelli. 
For  example,  a  large-sized  dog  was  submitted  to  the  ac- 
tion of  an  alternating  current  of  4,800  volts  (contacts  good, 
duration  several  seconds),  and  yet  spontaneous  recovery 
of  the  respiration  took  place.  On  the  other  hand,  in  their 
experiments  with  a  much  lower  pressure  (240  to  (iOO  volts, 
as  well  as  with  those  of  H.  and  K.)  death  was  absolute. 
They  found  in  dogs  that  these  currents  of  medium  press- 
ure produced  not  only  paralysis  in  ventricidar  tremula- 
tions  of  the  heart,  but  also  absolute  arrest  of  the  respi- 
ration. In  such  cases  instantaneous  death  would  result 
from  the  inhibition  of  the  nerve  centres,  seconded  by 
the  failure  of  the  circulation.  In  the  first  instance  a 
repetition  of  the  shock  is  sufficient  to  produce  a  definite 
arrest  of  the  respiration,  and  while  physiologically  death 
cannot  be  regarded  as  strictly  instantaneous,  it  is  practi- 
cally so  so  far  as  consciousness  is  concerned. 

In  view  of  the  unquestioned  fact  that  currents  of  the 
same  degree  of  pressure  and  applied  under  apparently 
the  same  conditions,  both  in  man  (electrocutions)  and  in 
animals,  produce  such  different  results, — lethal  in  the 
one  case,  and  non-lethal  in  the  other. — we  are  justified  in 
concluding  that  there  must  be  differences  in  vital  resist- 
ance. It  is  very  evident  from  all  the  evidence  forthcom- 
ing that  the  human  respiratory  system  offers  a  very  great 
resistance  to  an  electric  shock,  and  this  resistance  is  by  no 
means  the  same  in  all  individuals,  just  as  experiment  has 
shown  that  it  is  not  so  in  all  animals.  The  fact  that  the 
nervous  system  isof  a  higher  organization  in  man  than  in 
animals  is  suggested  by  Prevost  and  Battelli  as  a  rea.son 
whv  the  function  of  the  respiratory  centre  should  be  abol- 
ished in  the  former  with  but  a  slight  increase  of  voltage. 
This  is  not  substantiated,  however,  by  the  results  of  elec- 
trocution. Prevost  and  Battelli  show  by  their  experi- 
ments upon  animals  that,  all  other  things  being  e<iual.  the 
higher  the  pressure  the  greater  certainty  of  the  definite 
abolishment  of  the  respiratory  function,  and  they  place 
the  pressure  nccessjiry  for  the  purpose  beyond  1,700  volts. 

So  far  as  theevidetice  is  at  hand  from  the  electrocutions 
which  have  taken  place  in  New  York— some  fifty  in  num- 
ber— it  appears  that  the  expenditure  of  this  tremendous 
energy  varies  in  its  action  in  different  individuals:  that 
while  in  one  a  complete  inhibition  of  the  respiratorj-  cen- 
tre from  a  single  application  residts,  in  another  several 
successive  shocks  are  required  completely  to  abolish  its 
function:  and  again,  in  other  instances,  there  seems  to  be 
an  actiul  mechanical  disruption  (twenty-fourth  electro- 
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cution),  as  the  blood  from  every  jieriplieral  as  Tvell  as 
from  the  larger  vessels  is  forced  by  the  powerfiil  tetanic, 
muscular  contractions  into  the  chest  and  head,  with  rup- 
ture of  some  of  the  blo<^d-vessels.  It  is  fair  to  suppose 
that  nearly  all  the  enersy  liberated  in  the  body  is  ex- 
pended as  heat ;  and,  as  a  matter  of  fact,  there  is  a  con- 
siderable rise  in  the  temjicrature.  although  the  action  of 
this  heat  does  not  bring  about  death.  In  this  connection 
it  is  interesting  to  note  that  Prevost  and  Battelli  found 
that  there  was  no  intracerebral  hemorrhage  -when  the 
temperatm-e  was  not  raised,  which  would  seem  to  in- 
dicate a  definite  relation  between  the  amount  of  energy 
liberated  and  the  result. 

If  this  energy  acted  to  produce  either  inhibition  of  the 
respiratory  centre  or  paralysis  of  the  heart  in  ventricular 
tremulation,  there  might  "not  be  an  appreciable  rise  in 
the  temperature ;  but  when  it  has  acted  to  produce  a 
disruptive  effect,  as,  for  example,  in  some  accidents  from 
industrial  currents  and  sometimes  in  electrocution  (i.e., 
with  excessive  intracerebral  hemorrhage  and  rupture  of 
some  of  the  blood-vessels),  the  evidence  shows  that  the 
rise  is  considerable.* 

Analysis  of  the  accidents  from  industrial  currents  (pre- 
sented farther  on  in  tabulated  form)  would  seem  to  confirm 
the  experiments  of  Prevost  and  Battelli  in  reference  to 
the  action  of  the  current  on  the  lespiratory  centre. 

In  cases  2,  3,  8.  and  10,  there  was  contact  with  alter- 
nating pressures  of  2,0(K),  4,500,  10.000,  and  25,000  volts 
respectively,  followed  by  recovery.  From  the  conditions 
of  the  conducting  circuit  (i.e.,  position  and  nature  of 
contact)  Xo.  2  \vas  evidently  a  hand-to-hand  contact ; 
No.  3.  bipohir,  i.e.,  telephone  wire  grasjied  iu  hand,  which 
touched  another  wire ;  No.  8  a  hand-to-hand  contact ;  and 
No.  10  a  hand-to-hand  contact  (the  energy  was  not  ex- 
pended upon  the  resiiirsitory  centre  in  such  a  way  as  defi- 
nitely to  arrest  respiration,  nor  was  the  heart  in  the  direct 
conducting  path).  To  jiroduce  inhibition  of  the  respira- 
tor}' centre,  a  liead-to-spine  contact  is  the  most  favorable, 
although  a  head-to-leg  contact  contributes  to  the  same 
result."  The  latter  position  of  contacts  also  favors  action 
upon  the  heart  primarily,  although  a  chest  to  spine,  or  to 
spine  and  head,  is  better."  Had  the  latter  condition  obtained 
in  No.  10.  on  account  of  llie  \cry  high  resistance  offered 
by  the  position  and  nature  of  the  contact,  the  pressure,  al- 
though high,  might  have  acted  as  a  low-pressure  current 
to  paralvze  the  heart  in  ventricidar  tremulations. 

The  data  m  Cases  Nos.  1,  9.  11,  12.  13,  15,  16,  and  20 
seem  corroborative  of  the  experimental  work  of  Prevost 
and  Battelli.  showing  that  high-pressure  cmrents,  by 
reason  of  high  resistance,  act  as  low-pressure  currents. 
Although  the  pressure  in  every  one  of  these  instances 
was  high,  the  inference  is  reached,  fiom  instantaneous 
death,  that  they  acted  by  reason  of  position  and  nature 
of  contact  as  low-pressure  currents,  and  that  death  was 
due  to  paralysis  of  the  heart  in  ventricular  tremulation. 
Unfortunately  there  has  never  been  any  opportunity  of 
observing  this  phenomenon  in  man.  and  the  inference  can 
be  drawn  only  by  the  action  on  warm-blooded  animals. 
By  reason  of  "the"  fact  that  in  the  industries  the  contacts 
are  always  bad,  both  as  to  position  and  as  to  nature,  the 
resistance  great  and  amperage  smaU,  the  effect  produced 
is  that  of  a  low-pressure  current.  This  effect  is  more 
grave  when  the  initial  pressure  is  high,^less  so  with  a 
diminution  of  voltage. 

It  is  not  believed  by  Prevost  and  BattelU  that  the  pa- 
ralysis of  the  heart  in  man  is  always  permanent,  but 
that  it  may  sometimes  Ix'  transitory.  This  conclusion  is 
reached  by  them  as  the  result  of  an  analysis  of  some  ac- 
cidents, and  from  the  fact  that  the  current  does  not  affect 
all  animals  similarly :  that  in  some — for  example,  a  guinea- 
pijT — the  heart  rarely  resumes  its  beats,  but  that  in  the 
rabbit  it  often  resumes  its  rhythm.  These  are  inexplica- 
ble facts,  and  we  have  no  means  of  knowing  that  the 
human  heart  may  not  comport  itself  similarly. 

From  experimental  evidence  there  is  everj'  reason  to 

*  D'Arsonval  and  Brow-n-S^narel  regarded  tie  rise  in  lemperatnre 
In  part  as  the  result  of  the  asphyxia. 


conclude  that  besides  the  influence  exerted  by  the  quality, 
duration,  strength,  and  density  of  the  current  (Tatum) 
through  the  thorax,  some  other  factor,  apparently  resid- 
ing iu  the  heart  and  probably  physiological  in  nature,  also 
exercises  a  considerable  influence,  as  evidenced  by  the 
greater  or  less  readiness  with  which  the  cardiac  effect  is 
produced  (Cunningham). 

Prevost  and  Battelli  as  a  result  of  their  very  complete 
exijerimentiil  work,  arrived  at  the  following  conclusions: 

Concl'isiuim  and  Giinrnl  Considerations. — E.xpeiiments 
upon  animals,  observations  made  upon  the  electrocuted 
criminals  in  America,  the  accounts  of  accidents  occurring 
in  the  electiical  industry,  lead  us  then  to  conclude  that 
according  to  all  ijrobability : 

1.  The  heart  in  man  comports  itself  like  that  of  ani- 
mals ;  it  is  iiaraly zed  in  ventricular  tremulations  by  a  cur- 
rent of  low  pressure. 

2.  The  death  of  man,  in  the  accidents  of  the  electrical 
industry,  cannot  be  attributed  to  arrest  of  respiration  con- 
sidered as  an  immediate  cause. 

3.  The  death  of  man  in  these  accidents  is  due  to  the  pri- 
mary paralysis  of  the  heart  in  ventricular  tremulations. 

4.  Currents  of  high  pressure,  when  the  contacts  are 
good  and  the  heart  lies  upon  the  line  which  unites  the 
electrodes,  do  not  paralyze  the  heart  of  man;  in  this  case 
the  respiration  is  resumed,  as  has  been  observed  upon  the 
electrocuted  criminals  in  America. 

5.  In  the  electrical  industry  the  contacts  are  always 
more  or  less  bad :  for  this  reason  the  currents  of  high 
pres.sure  act  like  currents  of  low  pressure  and  lead  ta 
paralysis  of  the  heart. 

6.  The  difference  in  the  results  (mortal  or  not)  of  the 
grave  accidents  of  the  electrical  industry  can  be  explained 
in  two  ways:  we  must  assume  that  the  duration  of  the 
contact  has  l)een  too  short  (fractions  of  a  second)  and  that 
the  heart  lias  not  been  placed  in  ventricular  tremulations ; 
or  we  must  admit  that  the  paralysis  of  the  heart  of  man 
is  not  always  decisive,  i.e..  permanent. 

From  these  conc-lusions  it  would  appear  that  in  em- 
ploying a  current  of  high  pressure,  for  the  purpose  of 
electrocuting  a  man,  we  have  secured  a  result  quite  dif- 
ferent from  tliat  whicli  we  set  Ijefore  ourselves  to  obtain, 
viz.,  to  kill  the  man  rapidly. 

The  study  of  tlie  ventricular  tremulation  of  the  heart, 
which  hitherto  has  offered  only  a  theoretic  interest,  now 
assumes  some  practical  inijiortance;  for  it  is  to  the  de- 
velopment of  these  trenudations  that  are  due  the  mortal 
accidents  in  the  electrical  industry.  The  physician,  in 
most  of  these  accidents,  is  quite  impotent,  for  we  possess 
nojini'-ticiil  means  of  re-establishing  the  beats  of  the  para- 
lyzed heart.  Artificial  respiration,  absolutely  useless  in 
the  case  of  well-iiefined  paralysis  of  the  heart,  can  l)e 
sometimes  of  some  use  if  this  paralysis  is  transitory,  in 
facilitating  the  normal  resumption  of  the  respiration.  In 
any  case,  artificial  respiration  is  actually  the  only  treat- 
ment whicli  the  jihysician  has  at  his  disposition. 

Cunningham  in  his  experiments  reached  practically  the 
same  conclusion,  at  about  the  same  time  as.  and  independ- 
ently of.  Prevost  and  Battelli.  The  evidence  obtaini-d  as 
a  result  of  his  experiments  upon  a  series  of  thirty  dogs 
is  most  conclusive,  and  his  work,  after  a  lapse  of  two 
yeiirs,  may  be  regarded  as  classic.  In  view  of  this  fact, 
a  somewhat  detailed  description  of  bis  technique  as  well 
as  of  the  results  which  he  obtained,  is  of  sufiicient  im- 
portance to  warrant  us  in  publishing  it  in  the  present 
article. 

A  medium-sized  dog  was  etherized  and  into  the  right 
carotid  arten-  there  was  inserted  a  cannula  which  was 
connected  with  a  Ludwig  manometer.  The  latter  in  turn 
was  so  arranged  that  the  pulsations  should  be  recorded 
upon  the  paper  of  a  HQrthle  kymograph.  A  second 
cannula  was  introduced  into  the  trachea;  and  through 
this  the  anfesthetic  was  administered  when  necessary. 
As  a  third  step  the  hair  over  the  chest  was  carefully  re- 
moved by  shaving,  and  the  scalp  aud  soft  parts  covering 
the  skull  and  temporal  fascia  (on  both  sides)  were  dis- 
sected off.  Then,  finally,  the  contacts,  covered  with  thin 
chamois  skin  and  well  "wetted  with  a  strong,  hot  saline 
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solution,  were  applied  to  the  two  regions  thus  made 
ready  for  them  :  to  that  of  the  heart  a  plate  electroile,  con- 
necte<l  with  tlie  negative  teriniual  aud  lield  sceun'ly  in 
plaee  by  means  of  strips  of  rubber  plaster;  lo  that  of  the 
head  a  eup-shaped  eleetrode  eonneeted  with  the  piisitivi' 
terminal.  A  stethograpli  was  attached  to  the  ehest  and 
connected  with  a  recording  Marey  tambour.  A  chrono- 
graph placed  in  shunt  with  the  circuit  that  pa.ssed  through 
the  dog  serreil  to  inscribe  the  Iwse  line  of  the  tracings  as 
well  as  to  mark  the  closing  and  the  opening  of  the  cir- 
cuit. A  second  chri>nngraph  indicated  the  time  in  two- 
second  intervals,  while  a  Whitney  dead  beat  voltmeter 
and  a  Weston  dead-beat  ammeter  were  nsetl  to  measure 
the  pressure  and  the  strength  of  the  cunvnts.  Xonnal 
tracings  of  the  blood  ]ires.sure  and  the  respiration  were 
first  tjiken  and  then  the  circuit  was  suddenly  closed  and 
kept  closed  for  seventy-si.x  seconds.  During  its  closure 
there  was  observed  a  pressuri-  of  116  volts  and  an  ob- 
served current  of  0.4  ampere.  The  following  effects 
were  noted:  Almost  simultaneously  with  the  closing  of 
the  circuit  the  blood  pressure  rapidly  fell  to  zero,  the 
tracing  showing  a  few  heart  beats — auricular.  At  the 
closure  a  deep  inspiration  was  produced,  then  there  was 
a  deep  expiration,  followed  by  cessation  of  resi)iratory 
movement  in  a  state  of  expiration  so  long  as  the  current 
continued  to  pass.  On  breaking  the  circuit  a  deep  in- 
spiration followed  by  an  expiration  resulted,  and  after  a 
few  moments  a  few  shallow  respirations  were  observed. 
Arrilicial  respiration  was  then  begun  and  was  continued 
without  avail  fur  twenty  minutes. 

The  occurrence  of  natural  rhythmical  respiratory 
movements  after  the  opening  of  the  eirciut  demonstrates 
that  the  respiratory  centre  in  the  medulla  is  not  paralyzed 
nor  instantly  killed.  Further,  the  tracings  show  that  an 
almost  total  and  instantaneous  extinction  of  the  arterial 
circulation  is  produced.  By  opening  the  chest  previously 
and  observing  the  behavior  of  the  heart,  it  is  readily 
demonstrated  that  this  extinction  of  blood  pressure  re- 
sults from  a  practically  instantaneous  cessation  of  the 
co-ordinated  rhythmical  movements  of  the  heart  at  the 
instant  a  current  of  0.9  ampere  or  even  less  is  passed 
through  a  dog.  Both  ventricles  immediately  stop  beat- 
ing, while  the  auricles,  especially  the  auricular  appen- 
dages, beat  with  extreme  rapidity.  On  stopping  the 
ciurent  the  auricular  appendages  generally  resume  their 
usual  co-ordinated  rhytlinucal  contractions,  which  may 
often  continue  for  a  considerable  number  of  minutes. 
Frequently  the  auricles  will  begin  to  beat  again  co-orcji- 
nately  for  a  few  seconds,  but  the  ventricles  rarely  if  ever 
exhibit  the  slightest  sign  of  co-ordinated  contraction. 
Cunningham  noted  ventricular  contraction  in  only  a  sin- 
gle instance,  and  that  only  after  he  had  introduced  a  tube 
into  the  iugular  vein  for  the  purpose  of  withdrawing 
venous  blood  from  the  greatly  distended  heail.  This 
points  to  a  direct  action  upon  the  ventricidar  portion  of 
the  heart  muscle.  The  only  difference  observed,  when  the 
points  of  contact  are  the  chest  and  fore-leg,  instead  of  the 
head  and  chest,  is  the  greatly  exaggerated  respiration 
shown  by  the  resultant  tracings.  Upon  opening  the 
thorax  immediately  after  the  passage  of  the  current 
through  the  heart  percutaneously.  a  ctireful  examination 
of  the  still  quivering  ventricles  shows  that  the  coordi- 
nated  beat  of  the  heart  is  absent,  as  a  wliole,  while  the 
various  minute  bundles  of  muscle  libres  alternately  con- 
tract and  relax  with  considerable  vigor  ia  various  parts 
of  the  ventricles.  As  the  right  cavities  of  the  heart  be- 
come moi"e  and  more  distended  by  the  accunudating 
venous  blood,  the  asynchronous  quivering  of  the  vari- 
ous little  bundles  of  muscle  fibres  grows  less  and  less 
until  finally  every  trace  of  muscular  contraction  disap- 
peai-s  from  the  greatly  distended  ventricle.  The  action 
of  the  current,  C'lmningham  concludes,  pnxluces  upon 
the  hejirt  the  well-known  phenomenon  describe<l  by  phys- 
iologists as  dWiCi'im  cordis  OT Ji/in'lliir  o^ntincti'Hi.  "sup- 
posed to  be  caused  by  some  change  in  the  muscular  fibres 
themselves,"  and   Hedley*  asksl  Is   this  a  cotigulatiou 
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by  the  heat,  resulting  from  tlie  tetanic  muscular  con- 
tractions? 

Cunningham  believes  that  there  is  no  question  nf  the 
instantaneous  death  of  the  muscle  cells  of  the  hc'art  nor 
of  their  ]>araly>is.  nor  of  pri)frpunii  niiilecular  ehaiigis  in- 
visible under  the  micmscope,  resulting  frmn  the  clirect 
disruptiveaetion  of  the  current.  This,  he  sjiys,  is  riiidily 
proved  if  Porter's  nielhml,  or  any  other  method  for  re- 
covering the  excised  dog's  heart  from  the  conilition  of 
fibrillar  contraction,  is  employed.  By  the  use  of  Porter's 
method  (perfusion  of  the  l)loodves.sels  of  the  heart  with 
warm,  detibrinated  dog's  blixHlililuted  with  O.S  percent. 
Sidine  solution)  the  excised  hearts  (still  manifesting  fibril- 
lar contractions)  i>f  numerous  electrocuted  ilogs  were 
made  to  beat  co-ordinately  again  and  to  continue  their 
co-ordinate  contractions  for  nearly  an  hour,  oidy  ceasing 
then  because  of  the  discontinuance  of  artiticial  respira- 
tion. It  was  often  necessiiry  to  plunge  the  excised  hearts 
into  ice<l  stdine  .solutions  i:,  order  to  stop  all  movements 
before  co-ordinate  beats  could  be  established.  These 
facts  demonstrate  that  the  heart  muscle  is  not  paralyzed 
or  killed  by  the  current:  for  if  it  were  panilyzeil  no 
movements  would  have  been  observed  after  the  passage 
of  the  shock:  and  if  the  mu.scle  had  been  killed  no  re- 
covery could  have  occuiTcd  on  restoring  the  circulation. 
It  is  probable  that  "the  elTect  of  the  electrical  stimulus 
has  been  to  disturb  the  balance  of  the  Iiypothetical  in- 
tracardiac co-onlinating  meehaidsm.  the  nature  anil  loca- 
tion of  which  physiologists  are  still  endeavoring  to  elu- 
cidate. ■' 

Cunningham  points  out,  as  did  Prevost  and  Battelli, 
that  it  is  well  known  that  the  action  of  various  kinds 
of  stimuli  upon  the  exposed  mammalian  heart — ior  ex- 
ample, mechanical,  chemical,  electrical.*  and  also  the 
stimulus  of  cold — produce  the  condition  known  as  fibril- 
lary contraction:  consequently  the  effect  is  physiological 
in  nature  and  not  one  that  is  characteristic  alone  of  the 
passiige  of  an  electric  current. 

In  view  of  the  fact  that  an  electric  current  produces 
this  effect  upon  the  exposed  heart,  it  is  notat  all  remark- 
able that  a  strong  electric  current,  continuous  or  alter- 
nating of  a  moderate  frequency,  when  passed  percutane- 
ouslyT  should  throw  the  heart  into  a  condition  of  fibrillar 
contraction. 

H.  Dixon  Mann  concluded,  from  the  phenomena  ob- 
served as  a  result  of  percutaneous  aiiplicatimis  of  the 
continuous  current  upon  man,  that  a  stniggle  takes  place 
between  the  natural  and  the  artiticial  electrotonic  condi- 
tions; and  that  when  the  heart  is  weak  and  the  current 
strong,  the  heart  is  overcome,  but  that  when  the  organ 
is  fairly  strong  and  active  it  is  able  to  bear  the  force  of 
the  current  without  experieucing  any  hami.f 

The  experiments  of  Cunningham,  as  well  as  those  of 
Prevost  and  Battelli.  are  conclusive  in  showing  that  death 
in  dogs — and  without  doubt  also  in  man,  in  view  of  the 
evidence  of  autopsies — from  low-pressure  currents  (120 
volts),  or  from  those  of  medium  pressure  (•240-()(X»  volts), 
or  even  from  currents  of  high  pressure  (above  (500  volts), 
when  the  conditions  of  the"  cireuit  are  such  as  to  cause 
a  high  pressure  to  act  as  a  low-pressure  current,  is  due 
to  the  excitation  of  fibrillar  contractions  from  which  the 
heart  of  the  mammalian  rarely  recovers.  The  fact  that 
certain  animals  (frogs  and  tuVtles,  for  example)  recover 
easily  from  such  a  condition  explains  why  they  are  not 
easily  killed  by  low-pressure  currents,  and  that  to  cause 

« Wel>er.  Ludwip,  and  HolTa,  for  ina(n>«t>c  ele<'irlc  currents ;  Eln- 
tirodt.  Mayer,  Hcrlist,  and  .McWiJIiams,  for  continuous  currvnts  from 
iTatleriHS  :ind  small  induction  ooib.  .\ll  of  these  authi>rltl«-s  are  cited 
bv  funnimilmni  in  his  uvatise. 

't".\ctionof  Elt'<-tric  Ctinvnts  on  llie  Hpart  in  Livinir  Sul»j»N-ts.  — 
The  iilienoiiicna  liavc  ab«'  been  ulwni-^l  li.v  tin-  pnx'nt  writer  In 
inen«|»'Utic  adniini-'itraiions  ft  a  continuous  current  when  ih»-  heart 
was  the  sulOo«*t  of  disea.se— mitral  iiLsufflciency— and  th^  th^se  was 
incn-iLscd  bevond  the  toli-ram-e  of  Ihc  patient.  The  syuiplouis  were 
ancui*li.  pr.econtial  dttr>->s,  and  tlipiiicniHl  syncope,  with  an  imttu- 
lar  and  ft*hlH  pulse.  In  view  of  the  action  of  <«cillstor>'  ciirrenls  of 
hish  i"itcntial  pri'vinusly  alluded  to.  it  Is  lniei>-stin(rio  noie  ihat  relief 
was  poiiiiptly  (suibllsheil  by  a  general  applii-allun  of  llie  c<;.nvective 
dischaive  from  a  iaive  iuHiienre  machine  with  a  localization  directly 
over  the  heart  and  to  the  dorsal  spine. 
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death,  in  these  aniimils,  the  production  of  asphyxia  by 
till-  use  of  high-pressure  currents  would  be  necessary. 

In  determining  the  action  of  a  strong,  continuous  cur- 
rent upon  the  cniuio-cervical  portion  of  tlie  nervous 
system,  Cunningham  placed  the  contacts  directly  upon 
the  exposed  braiu  and  spinal  cord,  thereby  minimizing 
the  resistance  and  acting  directly  upon  the  nerve  centres. 
The  passage  of  a  current  of  l.i  amperes  for  one  minute 
directly  through  the  cerebrum,  medulla,  and  upper  cord 
resulted  in  the  usual  deep  inspiration  followed  by  expira- 
tory standstill,  while  the  current  was  still  flowing.  If 
the  current  was  not  kept  applied  for  too  long  a  time,  the 
respiratory  movements  generally  rocommcnced  a  few 
moments  after  its  removal.  At  tirst  these  movements 
were  feeble,  but  gradually  they  resimied  their  normal 
rhythm,  if  the  electrode  had  not  been  pressed  with  un- 
due force  against  the  brain.  Even  when  the  dose  was 
1.6  amperes,  after  the  current  had  been  on  for  several 
seconds,  respiratory  inhibition  was  overcome  and  pro- 
nounced respiratory  movements  began  while  it  was  still 
flowing.  As  a  rule,  liowever,  Inhibition  of  the  respira- 
tory centi-e  during  contact  was  maintained  b.v  a  current 
of  i..5  amperes. 

The  blood  pressure  behaves  differently  when  the  con- 
tacts are  directly  against  the  brain  and  spinal  cord,  from 
what  it  does  when  tliey  are  placed  simjily  against  the 
head  and  chest; — i.e.,  after  a  slight  rise  coincident  with 
the  general  tetanic  spasm  of  the  muscles,  pioduced  al- 
ways by  the  closure  of  the  circuit,  tlie  pressure  falls 
sliglitly ;  it  then  rises  to  a  considerable  height,  often 
twice  or  thrice  its  original  height,  if  the  circuit  is  kept 
closed  for  fifty  seconds.  If  the  current  i.s  broken  at  this 
time  it  may  or  may  not  continue  to  rise  for  a  few  mo- 
ments, but  after  this  it  quickly  returus  to  the  normal. 
On  the  oilier  hand,  it  the  flow  of  the  current  is  continued 
for  four  or  five  minutes  the  blood  pres.sure  slowly  di- 
minishes, the  cardiac  action  becomes  progressively  more 
labored  and  slower,  and  finally  ceases.  If  artificial  resjii- 
ation  is  maintained,  this  enormous  rise  in  the  pressure 
does  not  take  place.  If  the  cvirrent  is  discontinued  after 
the  lapse  of  a  minute,  the  inhibited  heart  actiou  gradually 
disappears  and  respiratory  movements,  at  first  slow,  soon 
become  natural. 

The  asphyxia  from  inhibition  of  the  respiratory  centre 
appears  to  be  mainl}'  responsible  for  the  increased  blood 
pressure. 

These  experiments  demonstrated  the  ability  of  a  strong, 
continuous  current  passed  through  the  brain  and  upper 
part  of  the  cord  to  kill;  but  that  the  mode  of  death  is 
quite  different  from  that  which  takes  place  when  the 
heart  lies  in  the  conducting  path  and  is  traversed  by 
the  current.  In  the  former  the  lethal  effect  is  plainlj- 
the  result  of  asph.yxia  due  to  a  respiratory  inhibition, 
while  in  the  latter  the  lethal  result,  even  from  moderate 
cinreuts  continued  for  a  short  period,  is  dtie  to  the  per- 
manent stoppage  of  the  heart's  co-ordinated  action,  the 
central  nervous  system  dj-ing  from  au»mia. 

Cunningham's  experiments,  in  common  with  aU  others 
in  which  these  points  have  been  observed,  show  that  a 
greater  amperage  is  necessary  to  produce  death  when 
the  current  traverses  the  supreme  nerve  centres  than 
when  it  traverses  the  heart.  In  his  experiments,  the  re- 
lations were  1.1  to  1.6  in  the  former  as  against  0.3  to  0.6.5 
ampere  in  the  latter  instance.  His  conclusions  are  em- 
bodied in  the  following  simimary : 

'•  1.  Industrial  electric  cun-ents  which  traverse  the 
whole  body  transversely  or  longitudinally  in  sufficient 
intensity  kill  because  fibrillar  contraction  of  the  heart  is 
produced  and  not,  as  has  been  hitherto  surmised,  by 
producing  a  total  paralysis  of  that  organ  or  kiUing  it 
outright. 

"2.  Such  currents  neither  kill  the  central  nervous 
system  outright  nor  paralyze  it  instantaneously.  Death 
of  the  nervous  system  from  such  currents  is  due  to  the 
total  ansemia  following  a  sudden  arrest  of  the  circula- 
tion. 

"  3.  In  rare  instances,  when  an  electric  current  traverses 
only  the  cerebro-cervical  portion  of  the  nervous  system 


in  considerable  intensity  and  for  a  considerable  length  of 
time,  it  may  kill  by  asphyxia  consequent  to  more  or  less 
complete  inhibition  of  tlie  respiratory  movements,  which 
occurs  chiefly  during  the  passage  of  the  current.  No 
existing  facts  warrant  the  conclusion  that  the  medullary 
respiratory  centre  is  paralyzed  or  killed  in  such  conditions. 

~i.  Industrial  currents  are  practically  non-lethal  to 
frogs  and  turtles,  as  the  condition  of  tilirillation  cjuickly 
and  spontaneously  disappears  from  their  hearts  after  the 
current  has  ceased  to  pass.  Such  animals,  of  course,  can 
be  killed  by  the  very  prolonged  application  of  a  current 
of  moderate  intensity,  or  \iy  one  of  enormous  voltage  and 
large  intensity. 

■■  .5.  Strong  electrical  currents  applied  to  the  surface  of 
the  skin  affect  the  heart  in  the  same  manner  as  currents 
of  less  strength  do  when  they  are  applied  directly  to  the 
exposed  heart. 

"  6.  It  may  be  possible  for  an  electric  current  of  enor- 
mous intensity  and  electromotive  force  to  produce  in- 
stantaneous death  either  by  its  disruptive  action  or  by 
producing  an  instantaneous  heat  coagulation  of  the  cellu- 
lar constituents  of  the  bodj'.  Industrial  ciu'rents  do  not 
kill  instantly,  although  as  a  result  of  tlicir  action  death 
rapidly  occurs.  The  experience  of  individuals  who  have 
recovered  from  severe  electric  shock  indicates  that  such  a 
mode  of  death  is  not  a  jiainful  one. 

"  T.  Spontaneovis  recovery  of  the  dog's  heart  from  fibril- 
lation produced  by  strong  currents  is  rare.  Spontaneous 
recovery  of  the  dog's  heart  from  fibrillation  and  restora- 
tion of  the  arrested  circulation  after  the  external  applica- 
tion of  a  strong  current  for  two  or  three  .seconds  appears 
not  to  exist. 

"8.  Artificial  recovery  of  the  fibrillating  heart  of  the 
dog.  with  restoration  of  the  circulation  and  recovery  of 
the  nervous  system,  can  be  accomplished  by  the  method 
described  In  this  paper,  provided  the  tluration  of  the 
shock  is  short  and  the  procedure  is  begun  immediately 
after  the  cessation  of  the  current." 

Glinieal  M(tnifesfiitifii>.<<  in  Electric  Shock. — As  the  re- 
sult of  electric  shock  in  both  animals  and  man  there  are 
distinguished  five  stages  of  effects;  Muscular  contrac- 
tions; clonic  convulsions;  tonic  convulsions  with  mo- 
mentary stoppage  of  respiration ;  general  inhibition  of 
respiration  ami  of  the  nervous  system,  but  without  con- 
vulsion; and  lastly  complete  stoppage  of  the  heart's 
action. 

When  a  strong  current  is  brought  to  bear  upon  the 
subject  there  is  a  strong  tetanic  contraction.  Sometimes, 
not  always,  when  the  circuit  is  broken,  a  deep  respiration 
takes  place  followed  by  an  expiratory  cry.  In  the  tabu- 
lated list  of  accidents  it  is  noticed  in  but  one  instance 
(Case  4). 

Cunningham  describes  the  clinical  manifestations  in  a 
case  of  electric  shock  of  which  he  was  a  witness.  An 
electrician  who  was  on  the  point  of  removing  a  defective 
brush  from  the  motor  (jf  a  trolley  car  was  partially  be- 
neath the  car,  with  his  right  hand  on  the  brush,  when  he 
inadvertently  rested  his  left  hand  on  a  live  rail;  immedi- 
ately his  muscles  became  tetanic  and  he  was  thrown 
backward  in  an  instant,  thus  severing  his  connections 
with  the  live  contacts.  Syncope  occurred  in  a  few  mo- 
ments, and  during  its  continuance  the  respirations  were 
at  first  rather  rapid,  later  possibly  a  little  slower  and 
shallower  than  normal.  His  pulse  was  very  soft,  rapid, 
and  slightly  irregular,  but  soon  consciousness  returned. 
He  then  vomited  once  and  was  able  to  get  up  by  himself, 
though  he  complained  of  feeling  extremely  weak.  The 
next  morning  he  stated  that  the  prostration  had  persisted 
for  about  two  hours  and  then  disapjieared.  leaving  him 
as  well  as  ever.  The  pressure  of  the  current  in  this  in- 
stance was  500  volts,  but,  by  reason  of  the  ]iosition  and 
nature  of  the  contact  (hand-to-hand,  dry  skin),  the  resist- 
ance was  so  great  as  to  minimize  the  ciuTcnt  so  that  prob- 
ably not  more  than  a  small  fraction  of  an  ampere  passed 
through  him.  These  effects,  Ctmningham  concludes,  are 
produced  as  follows:  As  the  accidental  contact  with  the 
live  wires,  rails,  brushes,  etc.,  is  made,  more  or  less  pro- 
nounced general  muscular  contractions  occur.     Respira- 
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tion  may  be  inhibited  after  a  deep  inspiration  and  ex- 
piration, but  is  ([uickly  resumed.  From  the  moment  the 
shoek  begins  there  is  temporary  inliil)ilion  of  tlie  heart's 
action  accompanied  by  a  fall  in  the  blood  pressure.  After 
exposure  to  a  non-lethal  current  of  brief  duration,  both 
normal  heart  beat  and  blood  pressure  are  soon  recovered. 
Consecutive  to  diminution  of  the  blood  pressure  and  dis- 
turbance of  the  cereliral  circulation.  ini>re  or  less  syncope 
frequently  occurs,  but  this  is  irradually  recovered  from 
and  normal  circulation  is  re  esmblished.  AVlien  a  hirge 
portion  of  the  current  traverses  the  l)rain  (head  and  back 
of  neck  contact,  for  example)  the  underlyinsr  sensory- 
motor  centres  of  the  brain  may  be  stimulated  to  stich  a 
degree  that  in  a  few  moments  one  or  more  general  con- 
vulsions, (luite  similar  in  many  respects  to  an  epileptic 
fit.  may  be  produced.  If  syncope  had  not  heen  induced 
previously  by  the  cerebral  ana'inia  resulting  from  the 
lowering  of  the  blood  pressure  and  disturi)ed  heart  action, 
the  onset  of  a  general  convulsion  in  all  probaliility  would 
be  accompanied  by  complete  loss  of  consciousness.  Loss 
of  consciousness  is  not  confined  to  fatal  ca.ses,  and  the 
hmger  it  continues  the  less  danger  there  is  to  life.  It 
rarely  persists  longer  than  a  few  minutes,  but  may  be 
followed  by  headache  for  several  days — possibly  liy  ver- 
tigo. In  Cases  Nos.  2  and  S  (see  tabulated  list  of  acci- 
dents) loss  of  consciousness  was  prolonged,  and  in  No.  8 
not  completely  recovered  from  for  twenty-four  hours. 
It  is  very  rare  that  sensory  or  motor  paralysis  ajipears  as 
the  result  of  an  electric  shock.  In  Case  No.  2  (see  tabu- 
lated list  of  accidents),  there  was  slight  sensory  disturb- 
ance: in  Case  10  motor  paralysis,  and  in  Case  21  both 
sensory  and  motor  paralysis.  Convulsions  sometimes 
occur  and  seem  to  bear  a  relation  to  the  contacts.  If  the 
energy  is  expended  upon  the  supreme  centres  they  are 
more  apt  to  appear.  In  Case  No.  2  (tabulated  list  of 
accidents),  the  man  was  blind  for  forty -five  minutes,  de- 
lirious for  several  hours,  and  for  several  hours  unable  to 
speak.  In  No.  7  the  pupils  were  observed  to  be  dilated 
— a  condition  often  noted. 

In  most  cases  no  permanent  ill  effect  appears  to  follow 
an  electric  shock.  On  the  other  hand.  Case  10  (tabulated 
references)  claimed  to  "  feel  better  in  general  health " 
than  before.  This  is  not  an  unreasonable  statement  in 
view  of  the  physiological  action  of  an  electric  current 
in  a  therapeutic  dose. 

The  following  case,  however,  suggests  the  possibility 
of  the  development  of  traumatic  neuroses  from  electric 
shock  in  common  with  other  forms  of  injury:  A  work- 
man while  at  work  on  an  electric  transformer,  standing 
on  a  perfectly  dry  floor,  received  a  shock  of  3,000  volts, 
with  100  interruptions  per  second.  He  lost  conscious- 
ness for  twenty  or  thirty  minutes,  and  then  he  was  able 
to  get  up  and  walk  to  the  carriage.  For  about  two 
months  he  was  treated  for  burns  which  he  had  received, 
and  recovered  sufficiently  to  resume  his  work.  Soon 
afterward  he  developed  a  neurosis  associated  with  hys- 
teria and  neurasthenia.  He  presented  a  concentric  nar- 
rowing of  the  field  of  vision,  clonus  of  the  patella,  irregu- 
larity of  the  pulse,  increased  reflex  action  and  rausctilar 
imtability,  vasomotor  disturbances  and  weakness  of 
the  extremities.  In  other  words,  this  was  a  typical  case 
of  traumatic  neurosis  developing  several  months  after 
the  injury. 

The  patient  finally  recovered  under  bromides,  massage, 
and  electincity.* 

PiiM-iiinrteni  Findings. — The  post-mortem  findings  in 
death  from  electricity  present  fairly  uniform  conditions: 

1.  Rigor  mortis  isal  ways  quickly  established.  Tatum 
found  it  generally  established  in  the  second  or  third  hour, 
but  it  occurred  in  fifty  minutes  in  one  instance.  It  was 
established  in  every  instance  without  any  relation  that 
could  be  traced  to  the  strength  of  the  current.  It  was 
never  absent  where  it  was  sought  for.  and  presented 
nothing  noteworthy  in  its  character  save  promptness  of 
appearance. 

*  Brustein.  S.  A. :  "  On  the  Action  nf  the  Electric  Current  of  High 
Tension  i  Pressure)  on  the  Human  Body."  Vratch,  April  Hit,  1901, 
vol.  xxli..  No.  16. 


2.  The  extcntof  injury  to  the  skin  in  electrical  injuries- 
and  fatalities  varies  greatly.  The  points  of  penetration 
of  the  current  are  always  evidenced  by  burns  of  greater 
or  less  degree.  The  ])laceof  exit  is  less  frequently  marked 
by  burning  than  is  that  of  entrance.  The  evidences  of 
burning  may  be  very  will  marked  or  they  may  be.  on 
the  contrary,  very  slight:  and  they  are  by  no  mi^ans 
proportional  to  the  gravity  of  the  accident. — depending 
as  they  do  upon  the  cimdilion  of  the  skin,  whither  moist 
or  dry,  as  well  as  upon  the  nature  and  duration  of  the 
contacts.  In  Case  No.  fi  (see  tabulated  list  of  accidents) 
— pressure  not  given,  death  instantaneous — a  small  blis- 
ter only  was  found  on  the  left  index  finger,  while  in 
Case  14  (contact  with  a  2.00()-volt  continuous  current) 
the  thumb  of  the  right  hand  with  a  portion  of  ilie 
joint  was  burned  off.  Intense  cutaneous  congestion  and 
patches  of  ecchymosisare  often  found  (sec  Cases  5  and  6, 
tabulated  references). 

3.  As  to  the  lieart,  Tatum  found  that  if  the  body  was 
opened  immediately  after  a  sudden  death  the  heart  was 
always  found  to  be  in  a  lax  condition,  both  ventricles 
distended  with  blood,  and  both  auricles  pulsating  rhyth- 
mically. If  the  examination  was  delayed  a  ijuarter  of  an 
h<mr  or  more,  or  if  it  followed  a  less  rapid  death,  the  left 
ventricle  was  .sometimes  found  empty  and  more  or  less 
firmly  contracted.  The  observations  of  other  experi- 
menters point  to  practically  the  same  condition  of  the 
heart, — that,  namely,  which  follows  death  by  aitncea. 

4.  Blood-vessels  and  blood  :  The  arteries  are  often  con- 
tracted to  their  smallest  calilire  and  the  blood  is  crowtled 
into  the  very  large  veins  of  the  trunk  and  head.  There  is 
sometimes  rupture  of  the  blood  vessels  (see  Case  11,  tabu- 
lated references,  and  also  twenty-fourth  electrocution). 
Tatinn  found  the  blof)d  in  the  arteries  bright  red  if  the 
body  was  opened  at  the  end  of  a  minute  or  so  after  death; 
but  if  the  examination  was  delaj'ed  for  a  few  minutes  the 
blood  was  quite  black.  On  free  exposure  to  the  air  it 
turned  scarlet  as  promptly  as  other  venous  blood  and 
clotted  quite  normally.  There  is  an  absence  of  ha'mo- 
globin  from  the  blood  in  death  due  to  electricity,  as  in 
apnoea.  Great  fluidity  of  the  blood  and  absence  of  clots 
are  marked  features  in  death  from  industrial  currents. 
Cases  6,  7,  and  1.5  of  the  tabulated  references  are  excel- 
lent illustrations  of  this  post-mortem  condition. 

5.  Viscera:  The  viscera  are  frequently  found  congested 
and  sometimes  engorged  with  blood  (see  Cases  7  and  1.5 
of  the  tabidated  references). 

6.  The  nervous  svstem  does  not  present  any  gross 
lesions,  nor  have  any  microscopic  evidences  of  changed 
conditions  been  found.  That  molecular  changes  which 
are  not  determinable  b_v  present  methods  may  be  foiuid 
is  very  possible.  On  tlie  other  hand,  there  may  be  gross 
disorganization  of  the  brain,  with  destruction  of  the 
peripheral  cortex  and  intracranial  efiusion  of  blood.  The 
latter,  with  rupture  of  blood-vessels,  was  a  marked  feat- 
ure in  the  twenty-fourth  electrocution  in  the  State  of 
New  York.  Slight  hemorrhages  in  the  walls  of  the  fourth 
ventricle  and  in^he  meningeal  coverings  are  not  rare. 

Prevost  and  Battelli  never  found  intracranial  hemor- 
rhage when  elevation  of  t  he  temi)crature  had  bei'U  avoided, 
although  there  was  sometimes  hypera-mia  of  the  me- 
ninges" In  Case  No.  5,  of  the  tabiilaled  references,  there 
was  hemorrhaare  into  the  common  sheath  of  the  carotid 
and  the  vagus'nerve  on  both  sides  of  the  neck,  and  there 
were  also  svmmetrical  hemorrhages  along  the  spinal  cord. 

The  post-mortem  findings  in  Nos.  5.  «.  7.  11,  and  14  of 
the  tabulated  list  of  accidents — in  which  cases  the  ex- 
amination was  made  at  times  varying  from  ten  hours  to 
three  days  after  the  occurrence  of  the  accident— may  be 
summarized  as  follows:— In  every  instance  there  were 
marked  rigor  mortisand  great  cutaneous  congestion,  with 
patches  of  ecchymosis ;  the  lieart  was  tmcontracted  and 
empty:  the  blood  was  markedly  fluid  and  would  not 
coagtilate:  there  was  but  little  bloo<l  in  the  large  bloo<i- 
vessels:  the  viscera  were  engorged  with  blood.  In  some 
instances  there  were  ruptiu-es  of  small  blood-ves.sels.  and 
burns  of  greater  or  less  severity  were  found  on  differ- 
ent parts  of  the  body.     In  Case  No.  7,  the  vessels  of  the 
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scalp,  meninges,  and  brain  were  congested  and  full  of 
liquid  blood,  and  so  also  were  the  lateral  sinuses.  This 
accident  from  a  3, 000- volt  current  seems  to  have  affected 
the  brain  instantaneously,  as  the  subject  fell  as  in  a  tit; 
but  the  heart  and  respiration  did  not  stop  until  five  min- 
utes later. 

Is  Death  Instantaneous  and  Painless  f — The  conclusions 
of  Houston  and  Kennelly,  whose  experiments  were  under- 
taken to  answer  the  above  ciuestion,  are  as  follows: 

"1,  That  the  passage  of  a  sufficiently  powerful  alter- 
nating current  through  the  body  of  an  animal  is  followed 
bj'  instantaneous,  jiainless,  and  absolute  death. 

"3.  That  consequently  where  electrocution  is  properly 
carried  out  tliere  is  not  even  a  remote  possibility  of  sub- 
sequent resuscitation  of  the  criminal. 

■'  3.  That  in  case  of  accidental  contact,  where  the  cur- 
rent passing  is  not  exces.sive,  it  is  i|uite  possible  that 
death  may  be  apparent  only,  and  that  the  method  of 
artiticial  respiration  suggested  bj-  Dr.  D'Arsonval  should 
invariably  be  followed"" 

In  the  analysis  which  the  writer  has  made  of  all  the 
data  at  her  command,  and  in  the  evidence  furnished  by 
experiments  upon  animals,  by  accidental  contacts  of  man 
with  industrial  curi-ents,  or  \>y  electrocutions,  there  is 
nothing  wliicli  contradicts  the  conclusions  just  stated. 
There  may  be  a  difference  of  opinion  as  to  what  is  meant 
by  instantaneous  death,  altliougli  the  experiments  of 
these  authorities  showed  immediate  and  absolute  arrest 
of  the  cardiac  function. 

So  far  as  tlie  ego  is  concerned,  death  is  no  doubt  instan- 
taneous, but  from  the  physiological  point  of  view  this 
need  not  necessarily  be  true.  Physiological  deatli  is  not, 
judging  fi-om  the  evidence  in  many  instances,  established 
until  some  time  after  conscious  death.  The  results  of 
Cunningham's  experiments  show  that  all  the  tissues  of 
the  body,  the  nervous  system  and  tlie  liearl  included, 
are  not  killed  instantaneously,  and  that  the  respiratory 
centre  continues  to  act  more  or  less  perfectly  for  some 
moments  after  the  cc^sivtion  of  a  lethal  current.  On  the 
other  hand,  in  the  experiments  of  Houston  and  Ken- 
nelly, the  dogs,  with  the  exception  of  the  one  in  which 
the  current  was  passed  througli  the  head,  died  instantly 
— i.e.,  no  cardiac  movements  nor  r(>s|)iratory  etfort  oc- 
curred after  the  apiilication  of  the  current. 

From  an  analysis  i  if  nineteen  eases  I  he  subject  of  severe 
but  non-lethal  shock.';,  Cunningham  concluded  tliat  there 
was  ample  time  before  loss  of  consciousness  for  the  re- 
cipient of  the  shock  to  become  awari'  that  he  was  or  had 
been  in  contact  with  an  electric  current.  Every  one  of 
the  nineteen  individuals  experienced  some  sort  of  sensa- 
tion (for  description  of  sensjitions  and  conditions  ))ro- 
duced  from  an  electric  shock  experienced  by  a  jihysician. 
see  Case  21,  tabulated  references  of  accidents)"  before 
consciousness  was  lost, — a  sensation  which  was  described 
by  them  as  similar  to  that  profluced  by  catching  hold  of 
the  electrodes  of  a  small  but  strong  medical  induction 
coil.  Usually  a  sensation  of  tremendous  ])irssui'e  is  felt 
across  the  chest.  It  does  not  follow,  however,  that  a 
lethal  wovdd  be  accompanied  by  as  much  sensation  as 
a  non-lethal  shock.  Indeed,  to  the  writer's  mind,  the 
question  of  physical  pain  fro7n  electrocution  is  not  oulv 
not  proven  by  the  evidence,  but  disproved.  "With  the 
nearly  instantaneous  extinction  of  the  ('erebral  circu- 
lation, such  a  ra)iid  and  complete  cessation  of  the  func- 
tions of  the  cerebi-al  cortex  occurs  that  no  time  remains 
for  sensations  other  than  those  of  an  electric  cuiTcnt  to 
be  felt  before  the  cerebral  perceptive  nerve  centres  have 
ceased  to  act. "  The  suffering  must  be  the  mental  anguish 
and  consequently  of  the  sjime  character  as  that  experi- 
enced by  the  condemned  criminal,  no  matter  how  death 
is  to  be  brought  about. 

When  the  enormous  pressures  used  in  the  industries 
are  considered,  it  does  not  seem  difficult  to  believe  that 
death  ma}'  be  instantaneous,  even  from  accidental  con- 
tact. Continuous  currents  of  10  kilo- volts  arc  sometimes 
used  in  series  arc  lighting — ordinarily  only  3  kilo-volts 
are  used.  The  ordinary  limit,  however,  in  the  case  of  a 
continuous  current  is  but  60O  volts.     In  the  case  of  alter- 


nating currents  the  pressures  are  very  much  greater  and 
go  up  to  40  or  even  60  kilo-volts  in  the  long-distance 
transmission  of  |iower. 

In  the  writer's  opinion,  based  upon  an  analysis  of  ex- 
perimental work,  accidents  from  industrial  currents  and 
electrocutions,  as  well  as  upon  the  experience  of  those 
who  have  suffered  from  electric  shocks  of  varying  se- 
verity, there  seems  to  be  no  good  reason  for  doubting 
that  death  from  an  electric  current,  so  far  as  conscious- 
ness is  concerned,  is  instantaneous  and  unaccompanied 
by  any  pain  save  the  possible  cerebral  perception  of  an 
electric  shock. 

As  to  Spontaneity  of  Ueeorery. — Many  instances  of 
spontaneous  recovery  after  accidental  contact  with  in- 
dustrial currents  of  high  jiressure  are  a  matter  of  record. 
In  these  cases,  as  has  been  pointed  out,  but  little — -possi- 
bly none — of  the  current  has  travereed  the  heart,  by 
reason  of  the  position  and  the  nature  of  the  contacts. 
Therefore,  the  co-ordinate  contractions  of  the  heart  are 
not  stopped.  Or  if  the  current  has  traversed  the  heart, 
it  may  not.  for  some  reason  inherent  in  the  individual,  as 
suggested  by  Prevost  and  Battelli.  have  established  well- 
detined  ventricular  trenudations:  and  consequently,  in 
such  a  case,  after  the  flow  of  the  current  has  ceased,  re- 
covery takes  place.  Whether  the  recovery  is  spontane- 
ous or  is  influenced  by  artificial  respiration,  depends  no 
doubt  upon  the  degree  of  inhibition  of  the  respimtory 
centre  and  the  consequent  asphyxia.  If  the  nervous 
.system  has  sulTered  i.)rof(nuKlh'  l)efore  the  current  is 
stopped,  spontaneous  recover}'  is  extremely  doubtful, 
just  as  it  is  in  profound  asphyxia  from  other  causes.  In 
some  instances,  apparent  ileath  fnim  lightning  is  but  a 
eon<lition  of  susjiended  animation,  and  it  is.  therefore, 
well  always  to  practise  artiticial  resjiiration  in  all  cases 
of  lightning  stroke.  But  where  the  electrical  energy  has 
expended  it.self  in  producing  a  disruptive  action,  or  me- 
chanical lesions  of  vital  organs,  eSoits  of  resuscitation 
are  useless. 

In  Case  No.  10,  of  the  tabulated  references,  recovery 
wassjiontaneous;  in  Nos.  Sand  8,  artiticial  respiration  was 
practised;  while  in  No.  2,  morphine,  brandy,  and  .sina- 
pisms to  the  pra'cordium  were  used.  It  is  liossible  that 
spontaneous  recoveiy  might  have  taken  place  in  all  four 
instances. 

On  the  other  hand,  when  a  strong  current  has  passed 
through  the  heart — Cunningham  places  it  at  from  1  to  8 
amperes — the  organ  goes  at  once  into  a  coudition  of 
fibrillar  contraction,  lie  considers  it  most  improbable 
that,  after  the  brief  passage  of  such  a  strong  cvu'rent, 
spontaneous  recovery  of  the  highly  organized  heart, 
with  complete  restoration  of  the  extinguished  circulation, 
woid<l  ever  take  place.  ^Vs  a  matter  of  fact,  he  concludes, 
from  his  experiments  upon  fibrillating  excised  dogs' 
hearts  (with  artiticial  iierfusion  of  blood),  that  such  re- 
covery woidd  never  take  |>lace  spontaneously  in  the  brief 
inter\-al  which  exists  before  the  vitality  of  the  central 
nervous  system  has  become  so  reduced  as  to  be  incapable 
of  recovery.  After  the  arterial  blood  pressure  has  dis- 
appeaiTd.  "I  have  never  seen,"  says  Cunningham,  "a 
single  instance,  in  aseriesof  more  than  thirty  experiments 
on  dogs,  in  which  spontaneous  recovery  of  the  co-ordi- 
nated contractions  of  the  heart,  with  restoration  of  the 
general  circulation,  occurred.  The  simpler  the  heart  the 
more  rapid  the  recovery  ;  therefore,  the  spontaneous  re- 
covery in  frogs  after  a  severe  shock." 

In  electi-ocutions,  Cunningham  believes  that  if  the 
autopsy  is  deferred  for  one  hour  and  no  signs  of  recovery 
are  then  manifested  by  the  executed  criminal,  one  may 
I'est  assured  that  recovery  could  not  take  place  either 
spontaneously  or  by  artiticial  means.  lie  points  out, 
however,  that  the  excised  heart  would  probably  be  made 
to  beat  again  co-ordinately  if  it  were  perfused  with 
blood. 

Eesuscitation. — As  to  resuscitation  after  electric  shock, 
an  analysis  of  the  work  of  the  different  experimenters 
instanced  in  this  paper  points  very  clearly  to  the  ineffi- 
ciency of  artificial  respiration  when  there  has  been  a 
purposed  application  of  a  lethal  current;  and  an  analysis 
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of  the  accidents  occvirring  from  electric  currents  points 

to  the  same  conclusion. 

D'Aisonval.  in  18H7.  and  later  in  1894,  voiced  tlie 
opinion  that  after  an  electric  shock  the  individual  slionld 
ill'  treated  by  means  of  artilieial  respiration,  as  in  the 
<-ase  ot  the  drowned.  "  sin<'e  llie  condition  after  the  shocli 
is  one  of  suspended  animation,  in  wliicli  tlie  respiratory 
functicm  is  suspended." 

In  tile  lij;ht  of  the  experiments  ((Uuted  in  this  paper. 
s\ieh  a  procedure  can  lie  renarded  only  as  unjihysioloiiical 
an<l  inelfective.  In  tliose  eases  in  w  hicli  the  heart  liaj)- 
peus  not  to  be  in  the  direcl  conduct iiii;'  palli  of  the  elec- 
trical current  (as  in  brain  and  spinal-cord  conra<lsl.  and 
<'onse(|uently  feels  the  inlluenec  of  tlie  latter  in  a  dimin 
isiad  degree,  it  is  i|\iite  jiossilile  that  the  establislimcnl 
of  artiticial  res|iiratiou  may  be  found,  useful.  In  acci- 
ilents  in  which  tlierc  is  but  a  momentary  contact  with  a 
current  of  high  pressure  artiticial  respiration  is  always 
indicated.  But  wlieu  the  ciurenl  lias  exerted  its  power 
mainly  upon  the  heart  and  the  latter  has  ceased  to  beat, 
artiticial  n^spiration  will  do  no  liarm,  but  we  can  scarcely 
expect  that  it  will  do  any  good.  Finally,  in  tliose  cases 
in  which  there  has  been  an  actual  nieclianical  and  dis- 
ruiitive  action,  death  is  absolute  and  artiticial  respiration 
valueless. 

It  has  been  shown  that  after  a  brief  application  of  an 
electric  current  to  tlie  exposed  heart  of  a  dojr.  a  lirief  ]ieriod 
of  tibrillation  may  be  followed  by  tlie  reappearance  of  a 
few  co-ordinated  heart  beats  (Iterbst  and  McWilliams). 
"Should  this  occur."  says  Cunningham,  "before  tlie  gen- 
eral blood  pressure  has  become  greatly  diminislied,  it  is 
possible  that  the  disturbed  circulation  might  be  restored. 
C)nce,  however,  it  has  fallen  to  zero  the  right  heart  be- 
comes so  overdistended  with  venous  blood,  which  may 
coagulate  in  a  few  moments,  that  even  though  one  or 
niofe  feeble,  co-ordinated  beats  occur,  the  overlilled  right 
heart  cannot  eniiity  it,self  with  sufficient  rapidity  through 
the  lungs  so  that  tlie  left  ventricle  can  produce  enough 
pressure  in  the  aorta  for  the  necessary  blood  to  be  forced 
through  the  coronary  circulation  rapidly  enough  for  the 
spontaneously  restored  co-ordinate  contractions  to  be 
maintained." 

In  those  cases  in  which  artificial  respiration  is  indi- 
cated, inhibition  of  the  respiratory  centre  (Laborde's 
nietliod),  which  Laborde  called  the  physiological  treat- 
ment of  death  (i.e..  rhythmic  traction  of  the  tongue), 
should  be  practised. 

When  the  action  of  the  electrical  current  has  been  upon 
the  heart,  the  indication  is  to  restore  the  circulation— 
not  only  of  the  nervous  system,  but  also  of  the  heart — as 
quickly  as  possible,  in  cnder  that  the  latter  may  quickly 
recover  its  co-ordinated  contractions.  There  is  but  one 
way  in  which  this  may  possibly  be  accomplished,  viz., 
by  "the  estalilishment  of  a  temporary  circulation  of  a  fluid 
which  will  feed  the  heart  and  nervous  system  until  the 
former  has  sufliciently  recovered  to  perforin  its  function. 
"Of  all  the  various  fluids  recommended  for  intravascular 
injection,  the  detibrinated  blood  from  another  animal  of 
the  same  species  is  the  onlv  one  capable  of  maintaining 
the  circulation.  The  mere  arterial  injection  of  warm,  de- 
tibrinated blood  would  not  answer.  f<u- the  injected  blood. 
after  passing  through  the  capillaries,  accumulates  in  the 
venous  system  and  in  the  distended  right  heart  until 
finally  tli'e  veins  rupture  or  the  general  vascular  ]iressure 
equals  the  pressure  of  the  blood  being  injected.  The 
overdisteution  of  the  heart  prevents  the  re-c«tablishment 
of  the  coronary  circulation,  an  element  of  great  impor- 
tance in  establishing  the  co-ordinated  heart  beat. 

"This  enormous  increase  in  the  pressure  could  be  pre- 
vented onlv  bv  the  establishment  of  an  outlet  in  the  right 
ventricle  for  the  injected  detibrinated  blood.  With  such 
an  outlet  the  oxygenated  blood  would  circulate  through 
the  coronarv  arteries  and  tlie  nervous  .system,  but  natur- 
allv  there  would  be  no  pulmonary  circulation.  I'nder 
these  circumstances  artiticial  respiration  would  be  of  no 
avail,  save  possiblv  to  a.ssist  the  outtlnw  from  the  heart." 
Owing  to  these"  very  wrious  obstacles  the  matter  of 
resuscitating  the  heart's  action  by  perfusion  of  defibri- 
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nated  blood  bocomcs  at  once  absoliUelj'  impracticable. 
The  solution  of  ihe  luoblem  as'a  mere  luboiiil<n-y  experi- 
ment is  a  totally  ditVerent  matter.* 

The  observation  of  tlie  fact  that  the  employment  of 
osi'illatory  currents  of  high  potential  fiivorslhc  ri'(  overy 
of  a  lilirillating  dog's  heart,  and  of  the  results  obtained 
by  the  use  of  such  currints  in  I  lieraiieutic  work,  suggests 
the  possibility  that  a  similarly  favorable  etrect  may  be 
luoduced  in  the  liuman  being  in  ca.ses  in  which  the  heart 
lias  not  lieen  too  ]u-otonndly  alTectcd.  Experimental  work 
in  this  direction  cmihl  not  fail  to  lie  of  valne,  no  matter 
what  might  be  the  conclusion  rcai'lwd.  Further  experi- 
mental researches  into  the  mechanism  of  death  are  also 
desirable.  However,  if  we  are  to  obtain  further  knowl- 
edge as  to  when  an  attempt  at  resuscitation  is  liki'ly  to 
prove  successful,  we  must  not  only  extend  our  experi- 
mental researches,  but  we  must  also  oliserve  with  greater 
care  and  with  more  scieiitilic  accuracy  the  idicnomena 
resulting  from  accidental  contact  with  industrial  ciirrent.s, 
and  we  must  stiiily  more  closely  the  ]iosl -mortem  condi- 
tions. It  is  also  desirable  that  accurate  observations  and 
records  should  be  made  of  all  the  conditii>ns  of  the  con- 
ducting circuit,  of  the  character  and  |iressure  of  the  cur- 
rent, of  the  current  strength  or  amperes,  of  the  iiosition 
and  nature  of  the  contacts,  and  also  of  the  duration  of 
the  contact.  Such  a(;cnmulatcd  evidence  should  be  of 
valiii'  in  establishing  the  fact  of  death  and  determining 
its  meclainism.  or  in  indicating,  in  cases  of  apparent 
death,  the  iilietiomena  which  warrant  the  hope  that  ef- 
forts at  resuscitation  will  ]U'ove  successful. 

The  follow  ing  table  of  accidents  from  electric  currents 
has  been  largely  made  up  from  cases  ilescribed  in  medical 
and  electrical  journals.  In  all  accounts  of  accidents, 
whether  mortal  or  not.  the  data  given  have  been  found 
to  be  very  meagre,  and  the  table,  though  very  incom- 
plete, is  as  full  and  exact  as  the  data  furnished  would 
admit  of.  There  is  also  in  both  medical  and  electrical 
literature  a  striking  dearth  of  detailed  cases  and  even  of 
any  mention  of  accidents,  which  leads  to  the  assumptiou 
that  they  are  comparatively  rare, 

Mm-f/aret  Abigail  CUates. 
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ELECTROTHERAPEUTICS.— The  knowledge  of  the 
theraiietitic:iiiiilicaricins  ni  electricity  pi'esupposes  a  thor- 
ough familiaiity  wiili  the  main  jiriuciples  of  electrical 
effects  upon  tissues  ami  organs,  and  also  with  the  proper 
dosage  of  every  form  of  clecti'icity  in  ever}-  gi\-eu  case; 
it  also  presupposes  a  familiarity  witli  the  different  forms 
of  batteries  used  for  therapeutic  purposes.  A  series  of 
oljservatious  shows  thtit  the  blood-ves.sels  contract  and 
dilate  ^vheu  they  are  under  the  influence  of  an  electrical 
current  and  that  the  normal  irritability  of  nerves  is 
changed  when  a  curi-ent  passes  through  them.  This  last 
phenomenon  is  called  electrotonus.  It  has  been  observed 
that  the  anode  of  the  galvanic  current  applied  to  a  nerve 
diminishes  its  irritability,  while  the  cathode  increases  it. 
The  law  of  electrotonus  is  equally  true  of  sensory  and  of 
motor  nerves.  Electrical  stimulation  of  a  motor  nerve 
produces  a  contraction  of  the  muscle  innervated  by  the 
nerve  and  its  branches.  A  current  jiassiug  through  a 
sensory  nerve  will  produce  pain,  while  a  cnrreut  influ- 
encing a  mi.xed  nerve  will  produce  both  effects — motor 
and  sensory.  Electricity  causes  muscles  not  only  to 
contract  but  also  to  undergo  changes  of  a  trophic  char- 
acter. 

Ai»rt  from  the  purely  physiological  influence  upon 
blood-vessels,  nerves,  and  muscles,  electricity  shows  its 
chemical  effects  by  means  of  cataphoresis  and  electrolysis. 
Bv  cataphoresis  we  understand  a  phenomeuon  which 
partakes  of  the  nature  of  osmosis  and  which  is  brought 
into  existence  by  the  action  of  a  galvanic  current  upon 
organic  tissues.  Thus,  for  example,  medicinal  sub- 
stances, as  mercury,  cocaine,  chloroform,  etc.,  can  be 
transferred  into  the  tissues  when  an  electrical  current 
passes  through  the  skin  to  which  the  drugs  are  applied. 
By  electrolj'.sis  we  understand  a  splitting  up  of  chemical 
compounds  into  their  component  elements,  the  acid  ele- 
ment lieing  set  free  at  the  ])ositive,  the  alkaline  element 
at  the  uegative  i)ole.  In  living  tissues  an  acid,  dry  escliar 
is  formed  under  the  positive  pole,  an  alkaline,  moist 
slough  under  the  negative  pole. 

Forms  of  Electricity  for  Tuerapectic  Purposes. 
— The  forms  of  electricity  used  in  therapeutics  are :  static, 
galvanic,  and  faradic. 

The  a]iplication  of  Static  Electndty  to  the  body  for 
therapeutic  purposes  is  known  as  Franklinization.  This 
is  the  form  of  electricity  which  is  developed  by  rubbing 
certain  bodies,  and  which  lias  the  property  of  spreading 
over  the  electrical  conductors  (for  example,  metals)  and 
of  remaining  there.  The  terminal  portions  of  these 
bodies  have  more  tension  than  the  middle  portions;  at  the 
shaqj  ends  the  tension  is  greatest.  One  distinguishes 
two  sorts  of  this  electricity — positive  and  negative.  By 
contact  with  electrical  bodies  the  non  electrical  bodies 
become  electrified.  Also  at  a  distance  the  electrical 
bodies  have  an  influence  over  the  non-electrical  bodies 
(induction).  If  a  uon-electiical  body  is  brought  into  close 
proximit}'  with  the  negative  pole,  the  bodv'  in  question 
will  be  found  to  have  assumed  the  character  of  a  positive 
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pole.  For  tliprapeutic  purposes  one  can  use  direet  con- 
toot  with  eitluT  the  ]M>sitive  or  the  ncjrati  ve  pole.  Several 
niethodsare  emploveil  in  Kraiikliiiization  :  (")  JiDnildtinn. 
The  patient  is  pUueil  upon  an  insulator  ami  is  eonnected 
with  one  pole  of  llie  static  niaehine  by  a  chain.  The 
free  end  of  the  other  pole  (also  a  eliaiu)  rests  upon  the 
floor.  The  machine  is  put  in  rapid  motion.  The  patient 
is  charged  wit li  static  electricity,  {b)  S/uirkx.  When  a 
piece  of  metal  attached  to  the  free  end  of  the  chain  is 
broujrht  close  to  (he  patient's  body,  insulated  as  before, 
sparks  will  be  obtained  from  it.  Sparks  are  iiowerful 
means  of  (xcitini;  deep  organs,  as  well  as  the  skin,  and 
the  jirocedure  is  attended  witli  pain,  (c)  Jlrt'eze.  If  in- 
stead of  a  ball  electrode  a  pointed  electrode  is  used,  a 
sensation  as  of  a  spray  will  be  e\pericnce<l :  this  is  called 
a  breeze.  (<!)  Iiidncfd  statir  ciimitt.  In  tliis  case  u  pair 
of  sponge  electrodes  are  attached  to  two  Leyden  jars, 
which  are  suspended  from  the  poles  of  the  niaehine, 
Before  ajiplying  the  sponge  electrodes  to  the  body,  the 
poles  should  be  approached  to  each  other.  An  induced 
static  current  is  thus  obtained.  (Jne  of  the  best  elec- 
trodes for  .this  purpose  was  devised  by  W.  J.  Morton, 
who  named  it  a  pistol  electrode.  Ranney's  device  (Fig. 
1S34)  is  a  decided  impro\-ement  for  use  in  apjilying  in- 
duced static  electricity.  Other  electrodes  used  with  static 
machines  are :  a  plate  for  the  head,  in  the  form  of  a  crown, 
and  a  button-shaped  electrode. 

Galraiiic  currents  are  used  in  therapeutics  for  general 
and  for  local  applications.  The  different  methods  of 
employing  galvanic  ciu-rents  are  termed  cmtral  t/iili-iii,i- 
ziitioi),  liiciil  yiilciiiiizatiijii,  general  f/dh'iiniziilioii,  and  that 
by  means  of  the  fjntmnie  bath.  In  central  galvanization 
oiie  large  negative  electrode  is  placed  over  the  epigas- 
trium and  the  positive  electrode  over  the  head,  along  the 
spine,  or  against  the  trunk.  Each  nennce  should  last  not 
more  thantifteen  minutes.  In  local  galvanization  the 
rules  of  application  are  the  same;  the  cathode  should  be 
placed  on  some  indifferent  spot,  as  the  sternum  or  the 
neck,  and  the  anode  on  the  diseased  spot.  In  general 
galvanization  the  patient  is  seated  on  a  large  negative 
electrode,  well  moistened,  and  the  other  electrode  is  ap- 
plied first  to  the  head,  then  to  the  neck,  face,  upper  ex- 
tremities, trunk,  and  lower  extremities.  As  to  galvanic 
baths  we  distinginsh  two  varieties:  nionnjiohir and  bijMtlar. 
In  monopolar  galvanic  baths  the  cathode  is  connected 
with  the  water. "while  the  anode  is  either  connected  with 
a  tube  lying  over  the  bathtub,  which  the  patient  will 
hold  in  liis  hands,  or  with  a  large  plate  which  is  put  on 
the  patient's  back  or  on  some  indifferent  part  of  the  body 
(sternum,  neck).  The  bath  is  called  cathodal,  when  the 
water  is  connected  with  the  cathode,  and  vice  versa.  A 
bipolar  galvanic  bath  consists  of  a  bathtub,  where  both 
electrodes  are  connected  with  the  water,  and  the  patient 
is  not  in  contact  with  either.  The  currents  will  pass 
through  the  body  from  one  electrode  to  another.  Each 
eeiuire  should  last  at  the  beginning  about  ten  minutes. 
As  to  the  strength  of  the  current  it  may  be  permitted  to 
reach  100  ma. 

Fiirtidie  Electricity.— This  form  of  electricity  is  used  in 
therapeutics  both  in  a  general  manner  and  as  a  local  ap- 
plication. The  utilization  of  general  faradization  is  gov- 
erned by  the  same  rules  as  those  given  for  general  galvani- 
zation. "  Tlie  only  ]ioint  to  be  mentioned  is  that  on  account 
of  our  inaliility  to  measure  exactly  the  strength  of  the  cur- 
rent in  a  faradic  battery  we  must  guide  ourselves  by  the 
sensory  or  motor  effects.  Local  faradization  which  is  ust.-d 
for  stimulation  of  the  skin,  muscles,  and  deep  structures, 
is  obtained  bv  using  large  sponge  electrodes  or  dry  brush 
electrodes.  The  method  of  application  is  exactly  the 
same  as  that  already  mentioned.  Special  mention  should 
be  made  of  the  combination  of  galvanic  and  faradic  cur- 
rents in  one  machine,  but  we  do  not  as  yet  jiossess  posi- 
tive data  as  to  the  real  value  of  farado-galvanization. 

Ther.^peutic  Effects  of  the  V.\Riors  Forms  of 
Electricity.— S?rtf(c  electricity  increases  the  blood  press- 
ure, accelerates  the  circulation,  stimulates  the  function 
of  secretory  organs,  and  restores  disturbed  functions. 
Sparks  and"  induced  static  electricity  are  indicated  when 


a  strong  action  is  sought  for.  The  advantage  of  Frank- 
linization is  that  it  can  be  applied  through  the  clothing'. 
Faraitic  currents  have  their  effect  upon  niu.scular  con- 
tractility and  vaso-molor  iihenomena;  this  form  of  elec- 
tricity is  therefore  inilicated  in  elTusions,  which  will  be 
absorbed  through  the  stimulation  of  the  vascular  .system. 
In  disorders  of  deep-seated  organs  fanidism,  by  protluc- 
ing  hyperiemia  of  the  skin,  will  relieve  congestion. 
Galranism  shows  its  effect  in  various  ways.  The  vaso- 
motor effect  will  be  manifested  in  the  variation  of  the 
calibre  of  the  bloodvessels.  As  to  the  trophic  effect  of 
galvanism,  there  is  no  doubt  that  atrophies  are  favorably 
influenced  by  this  form  of  electricity.  The  eheniical 
effects  of  galvanism  are  manifested  in  eataphoresis  and 
electrolysis  (see  above^.     A  special  practical  application 


Fig.  1S34.— Kanney's  Device  for  Induced  Current.  To  use  this  de- 
vice, connect  with  short  chains  the  poles  of  the  static  to  binding  posts 
^1  A  on  device,  t^se  the  current  throutrh  well-niolstened  sponife- 
covered  discs,  the  cord  tips  being  connwted  to  the  blndlDu  posts 
attached  to  the  Leyden  jar  suppons.  Prc)<s  siionk'cs  llriuly  on  part 
to  lie  treated,  and  regulate  strength  by  turning  R 

of  galvanic  currents  is  furnished  in  gal  vano-cauterization. 
Th?s  surgical  procedure  has  an  important  advantage  over 
other  methods  of  accomplishing  the  same  results.  First, 
hemorrhage  is  a  rare  occurrence,  and  next,  the  cauterized 
surface  presents  a  clean  aseptic  appearance.  In  opera- 
tions in  the  nose,  throat,  or  other  cavities,  it  has  a  decided 
advantage  over  the  thermo-cautery  in  the  fact  that  it  Is 
applied  cold  and  heated  while  ap"plicd  to  the  diseased 
spot.  This  form  of  electrical  application  is  indicated  in 
ulcers,  in  angiomata.  in  fistuUe.  where  a  stimulation  of 
healthy  granulations  is  desirable,  in  growths  which  are 
to  be  removed  from  the  nose,  pharynx,  etc. 

Batteries  Used  is  Electrotiierapectics. 

The  number  of  various  batteries  devised  for  electro- 
therapeutic  purposes  is  considerable.  They  are  made 
stationarv  and  portable.  The  stationarj-  gnlmnie  battrr- 
ies  are  the  most  sjitisfactory.  The  cells  are  put  in  a  closet 
or  cellar  and  connected  with  the  switchboard  by  in.su- 
lated  wires.     The  cells  present  usually  some  modilicatioii 
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of  a  Leclanche  element.  Otto  Flamming  of  Philadelphia, 
Waite  &  Bartlett  of  New  York,  and  the  Mcintosh  Gal- 
vanic and  Faradic  Batteiy  Compauj-  of  Chicago  make 


Fig.  l.SB.— Wiiftner  Static  .Mai-hinf.  with  tHur  Kuvulriug  Mica  Plates 
(diam.  38  in.)  and  Four  Stationary  Glass  Plates  (diam.  31  In.). 

batteries  which  answer  all  therapeutic  pvirposes  except 
that  of  the  galvanocaiitery.  They  are  all  supplied  with 
a  galvanometer  for  measuring  the  strength  of  the  current. 
an  automatic  interrupter  or  rheutome,  a  rheostat  for  in- 
creasing or  decreasing  the  current,  and  a  commutator  for 
changing  the  poles  of  the  currents. 

G.  Betton  Masscy's  movable  table  for  hospital  work 
should  also  be  mentioned.  The  portable  batteries,  al- 
though supplied  with  all  the  accessories  just  mentioned, 
lack  one  desideratum,  namely,  the  steadiness  of  action 
of  the  cells  of  stationary  batteries.  The  Leclanche  cells. 
or  sulphate  of  copper  cells,  cannot  be  used  on  account  of 
Iheir  size  and  weight,  and  bichromate  cells,  or  bisulphate 
of  mercury  and  chloride  of  silver  cells,  must  take  the 
place  of  the  stationarj'  cells.  The  writer  has  tested 
Flemming's  bichromate  portable  battery,  and,  although 
it  presents  some  inconvenience,  it  is  at  present  the  best 
form  of  portable  battery.     The  Waite  &  Bartlett  bat- 


FiG.  1836.— Small  GalvancMMustic  Operating  Set. 

veries  are  worthy  of  commendation.  There  are  now  on 
the  market  dry  chloride  of  silver  batteries  which  are  very 
convenient. 

Faradic  batteries  are  portable.     The  DuBois-Reymond's 
coil  is  taken  as  a  type,  and  different  variations  of  it  have 


been  Introduced  by  different  makers.  Flemming,  for 
example,  has  improved  DuBois-Reymond's  coil  in  a  very 
advantageous  way.  Dry  chloride  of  silver  batteries  in 
the  hands  of  the  writer  have  proven  to  be  extremely 
satisfactory.  Static  nuichincs:  All  the  static  machines 
devised  for  electrotherapeutic  purposes  have  for  basis 
Holtz's  original  machine.  The  Mcintosh  Battery  Com- 
pany of  Chicago.  Waite  &  Bartlett  of  New  York,"  Queen 
&  Co.  of  Philadelphia,  make  these  machines  with  a 
high  electromotive  force.  R.  V.  Wagner  &  Co.,  of 
Chicago,  have  lately  devised  a  powerful  static  machine 
in  which  the  use  of  mica  plates  (instead  of  glass) 
constitutes  the  principal  feature.  This  new  arrange- 
ment promises  a  very  high  speed.  A  machine  con- 
structed with  mica  plates  28  inches  in  diameter  can 
be  run  at  a  speed  of  more  than  2,000  revolutions  per 
minute,  whereas  a  machine  with  glass  plates  of  corre- 
sponding size  cannot  be  run  faster  than  at  a  rate  of  400 
revolutions  per  minute:  and.  furthermore,  as  the  gener- 
ating capacity  of  the  machine  is  in  direct  proportion  to 
the  speed  at 

which    it   is  2  „._     v^ 

run,  a  ma- 
chine hav- 
ing two  re- 
v  o  1  V  i  n  g 
mica  plates 
has  a  much 
greater  ca- 
pacity than 
one    having 

manv  times  this  number  of  glass  plates 
(Fig!  1835). 

As  to  a  galvano-cautery  outfit  the 
following  requirements  are  necessary: 
the  elements  must  be  of  a  large  sur- 
face, and  tlie  battery  itself  of  a  small 
internal  resistance:  the  current  must 
produce  a  sutlicieul  degree  of  heat  in 
the  cautery  ends.  While  the  cautery 
batteries  are  stationary,  they  are,  as  a 
rule,  portable.  Fig.  1836  presents  an 
outfit  sufficient  for  ordinary  work.  For 
larj'ngeal  operations  Schrotter's  laryn- 
geal cautery  instruments  are  very  sat- 
isfactory (Fig.  1837).  For  general  cau- 
terization purposes  Dawson's  cautery 
battery  and  Bruns'  cautery  battery,  as 
made  by  the  3IcIntosh  Co.,  are  to  be 
commended. 

Rules  for  Applying  Electhical 
TRE.4TMENT. — The  rules  which  the 
writer  has  here  formulated  are  gen- 
eral in  character,  and  the  therapeutist 
should  adapt  them  to  each  individual 
case,  using  his  own  judgment  as  to 
the  necessity  for  changing  them.  Be- 
fore any  application  is  made  it  is  very 
important  to  localize  the  disease;  but 
sometimes  difficulties  arise.  For  ex- 
ample, in  palsies  of  ocular  muscles,  or 
in  functional  neuroses  in  which  the  ex- 
act place  of  the  disease  is  unknown,  or, 
finally,  iu  progressive  pathological  pro- 
cesses of  the  central  nervous  system, 
in  which  the  direct  application  of  a  cur- 
rent is  an  impossibihtj',  we  must  con- 
tent ourselves  with  symptomatic  treatment — i.e. ,  we  must 
apjjly  the  current  to  a  place  where,  although  it  may  be 
remote  from  the  diseased  focus,  the  most  pronounced 
symptoms  have  been  observed. 

The  next  important  consideration  in  electrotherapeutics 
is  the  dosage  of  crirrtiits.  A  strong  galvanic  current  pro- 
duces on  the  skin,  and  especially  on  the  mucous  mem- 
branes, painful,  burning  sensations,  and  is  apt  to  injure 
the  integument,  so  that  sometimes  after  a  single  applica- 
tion an  ulcer  forms.  The  beginning  of  pain  serves  as  a 
warning  in  regard  to  the  strength  of  the  current.     Only 


FIG.  1837.  —  Schrat- 
t  e  r '  s  Laryngeal 
Cautery  instru- 
ments. 
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a  slight  burning  sensation  is  permissible.  Faradic  cur- 
rents of  stronger  po.ver  produce  only  l>ain  and  redness 
of  the  skin;  nevenlieless.  one  sliouldnot  use  at  tlie  be- 
ginning a  strong  faradic  current,  because  it  is  likely  to 
friglitcn  the  patient  and  so  to  call  forth  resistance  on  his 
part.  Galvanic  currents  of  average  .strength,  wlien  ap- 
plied to  the  he;i(I:nid  neck,  cause  dizziness.  Hashes  before 
the  eyes,  a  peculiar  taste  in  tlie  tongue,  nausea,  tinnitus 
auriuni,  and  in  liysterical  patients  cramps  and  spells  of 
all  sorts.  Tlie  same  symptoms  aii'  sometimes  oliserved 
even  with  milder  currents  wlien  aiiplieil  to  the  head  and 
neck.  They  occur  at  each  closuie  and  opening  of  the 
current,  especially  when  the  increa.se  or  decrease  of  the 
strengtli  of  the  current  is  produced  aliruptly,  and  not 
gradually.  It  i.s  therefore  necessivry  in  ap])lying  elec- 
tricity to  that  part  of  the  body  to  use  a  rheostat  and 
cauti<msly  to  move  it  foruard  or  backward.  The  needle 
of  tlie  galvanometer  will  indicate  wlietber  the  increase  or 
decrease  is  rapid  or  not.  The  needle  should  not  make 
abrupt  movements,  but  slow  and  regular  ones  in  the 
desired  direction.  It  is  advisable  to  put  in  as  few  ele- 
ments as  jiossible  and  to  use  up  the  whole  rheostat  or  at 
least  a  large  part  of  it.  By  this  means  it  will  be  easier  to 
avoid  sudden  changes  in  the  strength  of  the  current  than 
if  we  employ  many  elements,  as  in  the  latter  case  the 
changes  are  more  marked  and  sudden  ones  are  more  diffi- 
cult to  avoid  in  spite  of  the  rheostat.  In  the  employ- 
ment of  the  latter,  for  either  increasing  or  diminish- 
ing the  strength  of  the  current,  it  is  strictly  necessaiy 
to  effect  the  change  in  a  gradual  manner,  especially  wlien 
■we  are  making  a  jiolar  application,  i.e.,  when  we  wish 
to  obtain  an  anodal  or  a  cathodal  result.  For  example, 
in  neuralgias  we  use  the  anode  of  the  galvanic  current 
in  order  to  diminish  or  allay  pain.  In  this  case  we  must 
be  particularly  careful  to  increase  the  strength  of  the 
current,  by  means  of  the  rheostat,  very  graduall}'.  It 
is  equailv  important  not  to  reverse  the  current  while 
it  is  closed,  neither  must  we  close  or  open  it  suddenly. 
It  is  therefore  a  good  plan  to  instruct  the  patient  not  to 
remove  the  electrodes  before  the  seance  of  treatment  is 
terminated.  In  such  cases  one  electrode  should  be 
provided  with  an  interrupter,  by  means  of  which  the 
closure  and  opening  of  the  current  can  be  effected  in  a 
gradual  manner.  For  therapeutic  purposes  the  elec- 
tnxles  should  be  first  applied  to  the  desired  places,  and 
only  afterward  should  the  current  be  turned  on  very 
gradually.  In  terminating  a  seance  it  is  well  tirst  to 
remove  the  current  {l:)y  a  slow  turning  back  of  the 
handle  of  the  rheostat),  then  ne.\t  to  disconnect  the 
elements,  and  last  of  all  to  remove  the  electrodes. 

If  direct  effects  on  muscles  and  nerve  trunks  are  de- 
sired, one  must  moisten  the  electrodes  thtiroiig/ily,  be- 
cause the  resistance  of  the  skin  will  thereby  be  diminished. 
Dry,  especially  metallic  electrodes  (brushes,  etc.)  exert  a 
direct  effect  on  the  skin,  andonly  an  indirect  one  (through 
reflex  action)  on  the  central  nervous  system  and  the  cir- 
culatory apparatus.  They  are  especially  used  for  faradic 
applications.  For  galvanic  currents  metallic  electrodes 
are  not  advisable  because  of  their  injurious  effect  upon 
the  skin.  It  is  desirable,  tlierefore.  when  galvanic  cur- 
rent s  are  used,  that  the  electrodes  should  be  well  covered 
in  order  that  the  patient's  skin  may  not  come  in  contact 
with  their  metallic  parts. 

In  recent  cases  electrical  applications  should  be  made 
daily ;  in  old  cases  every  other  day.  When  the  applica- 
tions are  made  less  frequently  they  produce  a  suggestive 
rather  than  a  therapeutic  effect. 

ELECTROTUERAPEtTTIC   APPLICATIONS   IX   DISEASES. 

The  question  of  the  real  value  of  electrical  applications 
in  various  diseases  is  even  at  the  present  time  under  dis- 
cussion. Some  authors  do  not  believe  at  all  in  the  cura- 
tive elTect  of  electricity.  Opposed  to  this  absolutely- 
sceptical  view  there  is  another  which  is  held  In-  men  who 
believe  in  the  curative  value  of  tliis  agency,  but  only 
through  its  influence  upon  tlie  patient's  mind.  This 
latter'influence,  it  must  be  admitted,  is  sometimes  com- 


petent to  remove  or  o'lay  certain  unpleasant  symptoms, 
especially  those  of  a  nervous  character,  whicli  accompany 
certain  diseases.  The  lliiid  view  is  that  whirli  is  held  by 
the  niajorily  of  writers,  viz.,  tliat  the  various  electric 
currents  do  actually  exert  a  curative  elTect  upon  certain 
pathological  conditions  of  the  living  body.  Tiiey  base 
their  views  on:  (<i)  exact  clinical  experinients;  (i)  ex- 
periments on  animals,  in  which  the  psychic  effect  is  out 
of  the  (luestion,  mid  in  whicli  artificially  produced  dis- 
eases are  cured  by  means  of  electrolhcrapeutic  methods; 
and  (r)  the  fact  that  electrical  currents  show  their  elfect 
especially  on  the  nervous  system.  The  stuily  of  the 
clinical  datji  concerning  the  applications  of  electricity 
in  diseases  of  various  organs  permits  us  to  arrive  at  the 
following  conclusion:  the  electrical  current  produces, •in 
addition  to  the  psychical  influence  already  mentioned, 
the  following  well-establishiil  effects:  a  chemical  effect 
upon  the  fluids  and  solids  of  the  body,  an  etTeet  upon 
the  smooth  muscle  cells  of  the  bloodves.sels.  a  slimiilat- 
ing  elTect  upon  the  nerves,  an  elfect  upon  striated  mus- 
cular tissue  (contraction),  and  finally  changes  in  the 
molecular  life  of  the  tissues  in  general. 

DisKAsi;s  (.)K  Pi-:iuiMiK.KAi.  Nkuves. — (ti)  yeiiralgia. 
The  irritability  of  the  sensory  nerves  is  diminished  by  the 
appliealion  of  the  galvanic  anode.  The  application  is 
made  in  the  following  way:  one  electrode  of  larger  size 
is  thoroughly  moistened  and  applied  to  .some  indifferent 
spot  (sternum,  back);  the  smaller  electrode  is  jilaced  on 
the  spot  which  is  considered  to  be  diseased.  The  num- 
ber of  elements  to  b'^  used  is  always  determined  in  ad- 
vance (on  the  head  and  neck  they  should  be  fewer  than 
on  any  other  part  of  the  body).  With  the  rheostat  we 
can  slowly  and  gradually  regulate  the  strength  of  the 
cuiTcnt.  and  the  galvanometer  will  show  tiie  desired 
strength.  The  number  of  milliamperes  shown  on  the 
galvanometer  will  depend  upon  (1)  the  localization  of 
the  nerve(forthe  fifth  nerve  the  maximum  will  be'2ma., 
for  the  brachial  plexus  about  4  ma.,  for  the  sciatic  nerve 
about  8  ma. ;  (2)  upon  the  length  of  time  during  whicli 
the  ilisease  has  existed  (in  recent  cases  use  weaker  cur- 
rents); (3)  upon  the  sensibility  of  the  individual.  Each 
seance  devoted  to  such  an  application  of  the  electrical 
current  should  not  last  more  than  five  or  six  minutes. 

Descending  galvanic  currents  are  also  found  to  be  of 
value  in  allaying  pain.  When  we  use  such  a  current  we 
should  apply  both  electrodes  to  the  nerve  trunk  at  a  cer- 
tain distance  from  each  other;  the  anode  being  placed 
centrally  and  the  cathode  peripherally.  Of  course  this 
is  possible  only  in  cases  in  which  the  nerve  trunks  are  not 
far  from  the  surface.  Thus,  for  example,  in  cases  of 
sciatica  the  anode  should  be  placed  in  the  middle  of  the 
gluteal  fold  and  the  cathode  in  the  popliteal  sjiace  at  the 
point  where  the  nerve  divides  into  two  branches. 

In  old  neuralgias  the  voltaic  alternative  currents  are 
used.  They  are  produced  by  abrupt  or  rapiiL  movements 
of  the  rheostat  after  both  electrodes  have  been  placed 
according  to  the  general  rule. 

As  to  the  faradic  current  it  can  be  used  with  a  faradic 
brush  electrode,  which  should  then  be  the  anode  and 
with  which  a  massiige  should  be  exmised  over  the 
painful  area,  while  the  cathode  is  kept  immovable  on  an 
indifferent  spot.     This  procedure  will  often  allay  pain. 

Cataphoresis  with  various  drugs  has  been  iiractised  by 
many  authors,  and  comparatively  good  results  have  been 
obtained.  According  to  this  metliod  the  remedy  for  re- 
lieving pain  is  applied  to  the  anode  which  is  in  contact 
with  the  neuralgic  area.  The  catliode  is  placed  on  an 
indifferent  spot. "  By  employing  cata|ilioresis  with  cocaine 
and  with  aconitine  Peterson  and  Seguin  were  successful 
in  relieving  patients  who  were  suffering  from  supra- 
orbital neuralgia. 

Treatment  by  high  intensities  has  been  recommended 
in  tic  douloureux.  An  electrode  attached  to  the  positive 
pole  is  placeil  on  the  disea.sed  side,  while  the  indifferent 
electrode  is  placed  on  the  hack.  The  current  isgnidually 
increased  to  :^(l-.')0  ma.  and  is  allowed  to  remain  at  this 
strength  for  from  half  an  hour  to  an  hour.  Static  elec- 
tricity iu  the  form  of  sparks  is  of  great  utility  in  neural- 
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gias.  Oue  of  the  metliods  of  Franldinization  for  allay- 
ing neuralgia  and  various  forms  of  parrestliesia  is  tbat 
of"  sharp  "ends":  the  positive  pole  is  connected  with 
electrodes  wliinh  have  sharp  ends,  while  the  negative  is 
connected  with  tlie  earth  or  with  an  isolated  plate  for  the 
feet.  The  electrodes  should  not  lie  brought  nearer  the 
patient's  body  than  at  the  distance  of  2  cm.  The  con- 
ductors must  be  separated  from  each  other  by  a  distance 
of  fi'om  5  to  8  em.  When  everything  is  in  readiness  we 
shall  find  that  light  emanates  from  the  ends  of  the  elec- 
trodes and  that  ozone  is  given  fortli.  The  skin,  when 
under  the  influence  of  the  current.  ai>pears  to  give  out  a 
pleasant  odor.  This  form  of  electricity  is  used  cliicflv  in 
the  treatment  of  neuralgias  and  paresthesias  of  all  kinds. 

(b)  Local  Crumps.  so-mlUd  Tics. — In  these  affections 
the  mode  of  employing  tlie  current  is  similar  to  that  al- 
read}'  described  previously.  A  luliile  applicatwn.  how- 
ever' is  the  one  most  likely  to  ])rove  benelicial.  This  is 
effected  Ijy  applying  one  electrode  at  some  indifferent 
point,  while  the  other  is  moved  slowly  up  and  down  over 
the  region  affected,  wilhnut  interrupting  the  cin-reut. 

It  isimportant  to  liear  in  mind  that  while  the  electrodes 
are  in  situ  and  the  patient  is  beginning  to  feel  burning  sen- 
sations, they  should  not  lie  removed,  because  by  so  doing 
the  sen.sations  in  Cjuestion  would  simply  be  intensified. 

(e)  Pordh/xis  of  Periji/ienil  y<>nr.<i.—ln  the  case  of  peri- 
pheral palsies  therajjeutic  effects  may  lie  obtained  by 
stimulating  the  muscles  innervated  by  palsied  nerves. 
Tlie  faradic  current  should  be  employeil.  The  rules  laid 
down  for  guidance  in  electrical  examinations  should  be 
observed  here.  The  negative  elect  rode  is  to  be  placed  on 
an  indifferent  point,  while  the  positive  electrode,  supplied 
with  an  interrupting  handle,  should  be  applied  to  the 
affected  muscles;  the  contractio'^s  obtained  with  each 
closure  should  be  well  marked.  Both  electrodes  can  also 
be  placed  simultaneously  on  the  alTeeted  nmscle,  but  if 
this  is  done  a  larger  number  of  closures  will  be  found 
necessary.  The  faradic  current  should  not  be  used  in 
cases  in  which  there  are  spasms  of  the  affected  muscles. 
The  galvanic  current  is  to  be  used  only  when  there  is  no 
response  to  the  faradic.  The  C'athode  should  be  placed 
upon  the  affected  mnsclcs,  while  the  anode  is  apjilied  at 
some  indifferent  spot.  During  the  jmssage  of  the  cur- 
rent the  cathode  is  kept  moving  to  and  fro  over  the  dis- 
eased area  without  once  being  removed  altogether.  After 
each  seance  the  cvirrent  should  be  shut  off  before  the 
electrodes  are  removed,  especially  when  the  face  and 
neck  are  under  treatment.  Both  ctirrents,  faradic  and 
galvanic,  can  be  utilized  at  the  same  sitting  if  a  com- 
bination apparatus  is  employed.  Wlien  there  is  no  re- 
sponse to  the  galvanic  or  the  faradic  current,  it  is  useless 
to  attempt  electrical  treatnumt,  and  massage  should  be 
substituted.  When  the  paral^'sis  or  atroijhy  is  followed 
by  contracture  of  the  nui.scles,  ehutrical  applications  to 
the  affected  muscles  should  never  be  attempted.  Instead, 
the  attemjjt  may  be  made  to  produce  a  compensatory  or 
counteracting  effect  by  stimulating  the  muscles  which 
have  a  function  opposite  to  that  of  the  diseased  ones. 
Tluis.  for  example,  if  the  flexors  of  the  forearm  are  per- 
manently contracted,  the  extensors  of  the  limb  might 
advantageously  be  stimulated,  and  vice  versa. 

D1s;e.\ses  of  the  Si'tn.vI'.  Couu. — In  the  treatment  of 
diseases  of  the  spinal  cord  electricity  affords  a  better 
outlook  for  improvement,  if  not  for  recovery,  than  does 
any  other  method  of  therapeutics.  It  can  be  applied  to 
the  cord  itself  or  directly  to  the  different  organs  depend- 
ent upon  the  parts  of  tiie  spinal  cord  that  are  affected. 
As  to  the  cord  itseif  two  kinds  of  galvanization  are  to  be 
used:  sUihile  and  Miik.  In  the  first,  the  positive  elec- 
trode is  to  be  placed  on  the  neck,  while  the  negative  one 
should  be  applied  to  the  bimliar  region  of  the  spinal 
column.  A  current  of  from  4  to  H  ma. -is  then  to  be 
turned  on  for  about  ten  minutes.  In  the  second  method 
the  anode  is  to  be  applied,  as  before,  on  the  neck,  and 
the  cathode  is  to  be  moved  up  and  down  along  the  spine 
without  once  being  removed.  This  galvanization  can  be 
used  only  in  systemic  diseases  of  the  cord,  in  tabes,  or 
in  chronic  inflammatory  conditions  ( posterior  and  lateral 


sclerosis,  multiple  sclerosis),  but  not  in  acute  processes 
like  myelitis  or  hsematomyelia.  In  systemic  diseases  a 
longitudinal  galvanization,  in  the  form  of  stabile  and 
labile  applications,  is  indicated.  By  adopting  this  plan 
the  current  will  be  made  to  pass  through  the  entire  cord. 
In  case  a  segment  of  the  cord  is  diseased,  as  in  transverse 
myelitis  of  a  chronic  character,  a  transverse  galvanization 
is  indicated.  This  may  be  carried  out  by  placing  one 
electrode  over  tlie  spine,  while  the  other  is  applied  to  the 
median  line  in  front. 

The  effect  of  galvanization  of  the  cord  is  expressed 
by  a  betterment  of  its  ciiculation  and  nutrition.  Better 
results,  however,  will  be  obtained  if  the  electrical  cur- 
rent is  applied  directly  to  the  organs  affected  by  the  dis- 
ease of  theeord.  This  is  true,  for  example,  of  tiie  palsies 
accotupanying  ijolirmiyelitis  or  myelitis.  In  old  palsies 
due  to  diseases  of  the  cord  the  faradic  current  should  be 
used.  In  cases  of  spasticity  the  anodal  labile  application 
of  the  galvanic  current  should  be  utilized.  In  mild 
palsies  the  galvanic  cathode  should  be  put  in  u.se.  Par- 
a'Sthetic  disturbances  accompanying  palsies  can  be  re- 
lieved by  the  ap])lication  of  the  galvanic  anodal  electrode 
or  by  tising  the  faradic  brush:  the  latter  being  especially 
indicated  in  cases  of  sharp  pain. 

In  diseases  of  the  si;inal  cord  the  sphincters  of  tlie 
bladder  and  rectum  are  often  involved,  and  there  are  apt 
to  be  sexual  disturbances.  Cases  have  been  reported  in 
which  good  results  were  obtained  by  introducing  into 
the  uretlira.  as  far  as  the  bladder,  an  insulated  electrode 
having  the  form  of  a  bougie.  Before  turning  on  the 
electrical  current  (one  of  1.0  ma.)  the  bladder  should  be 
half  filled  with  warm  salt  water,  and  after  a  few  ininutes 
the  current  should  be  reversed.  The  faradic  current  is 
to  be  employed,  and  the  external  electrode  is  to  be  placed 
a.gainst  the  jierineuni,  the  lumbar  part  of  the  spine,  or 
over  the  pubis.  The  galvanic  current  may  also  be 
utilized,  but  in  that  case  the  bougie-like  electrode  should 
lie  made  the  cathode.  Good  results  have  also  been  ob^ 
tained  from  ext<'rna]  electrization;  the  cathode  of  the 
galvanic  current  having  been  placed  in  these  cases  oathe 
lumbar  region  and  the  anode  on  the  perineum  or  the 
pubis.     The  most  careftil  asepsis  must  be  observed. 

Impotence  due  to  spinal  diseases  can  be  treated  with 
the  farajlic  brush,  to  lie  applied  over  the  lumbar  region; 
or  with  a  labile  galvanic  current. 

The  (piestion  of  electrotherapeutics  in  progressive 
muscular  atrophies  is  intimately  associated  with  that  of 
reactions  of  clef/enerddoii.  In  each  case  a  thorough  in- 
vestiga-tion  conceniiug  the  electrical  reactions  of  atrophied 
and  jiaralyzed  muscles  is  absolutely  indispensable,  for 
the  reactions  of  thedis<'ased  muscles  to  electrical  currents 
will  determine  the  nature  and  seat  of  the  lesion.  Also 
the  jMognosis  (if  certain  forms  of  paralyses  depends  ai- 
most  exclusively  upon  the  electrical  reactions.  It  is 
therefore  essential  to  sa_v  a  few  words  in  regard  t<5  the 
electrical  reactions  in  muscular  waitings  andi  paral.yses. 

In  diseases  which  involve  the  region  of  the  periplieral 
neurones  and  which  lead  to  degcnerarion  of  muscles  one 
finds  abnormalities  in  the  electrical  iiTitability  of  the 
affected  nerves  and  muscles.  These  abnonnalities  pre- 
sent the  following  characteristic  points; 

1.  Qiiaiiti/ntirit  chixnitv!^,  namely;  (a)  diminution  and 
entire  loss  of  irritabiliiy  (faradic  and  galvanic)  of  the 
nerves  and  of  fara>lic  irritability  of  the  muscles;  (/>)  in- 
crease and  soon  diminution  of  galvanic  irritability  of 
muscles.  2.  Q^itiliUiiire  changes,  especially;  ('/)  slow- 
ness of  galvanic  muscular  contractions,  and  eventually 
(/<)  deviation  from  the  normal  formula.  If  Ca  represents 
the  cathode  (negative  pole).  An  the  anode  (positive  ]iole), 
c  the  closure,  and  o  the  opening,  we  shall  have  as  the 
formula  for  normal  nerve  reactions  to  galvanism :  CacC  > 
AnoC  >  AncC  >  CaoC :  and  as  that  for  normal  muscle 
reactions:  CacC  >  AncC  >  AnoC  >  CaoC.  In  disease 
the  formuhe  will  be  reversed. 

The  complicated  anomalies  of  irritability,  which  accom- 
jiany  muscular  degeneration  and  which  disappear  when 
the  degeneration  is  followed  by  regeneration,  were  studied 
first  liy  Erb  (1868).  Ziemssen,"and  Weiss;  and  finally  Erb 
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Electrothorapontlci^ 
Electro  th4THp4>  II  tl«  a* 


proposed  that  the  corresponding  symbol  should  be  RD 
(reaction  hf  degeneration). 

The  reaction  of  degeneration  takes  place  in  the  follow- 
ing cases:  1.  Diseases  of  the  medulla  with  involvement 


m.  corrug.l 
super.  f 

m.  compr.  nasi 

m.orbic.  palpeb. 

m.  levat.  lai).  I 

super.  \' 

m.  iiy?i>m. 

m.  zysrom.  m. 

m.  orblc.  oris 


m.  levat.  mentl 

r.  cen-.  pro  I. 
platysm.  C 
m.  omohyoid 

m.  sternohyoid 


Fig.  1S38.— Motor  Points  of  Head.  Face,  and  Necli. 

of  the  nuclei  of  cranial  nerres  (such,  for  example,  a.s  the 
different  forms  of  bulbar  paralysis).  'i.  Diseases  in 
which  the  cells  of  the  anterior  horu.s  are  involred  (such, 
for  example,  as  acute  anterior  poHomyelitis;  so-called 
infantile  palsy:* progressive  muscular  atrophy;  hemor- 
rhage and  softening  in  the  antei'ior  horns;  tumors,  in- 
cluding gliomata;  syringomyelia:  transverse  myelitis: 
and  amyotrophic  lateral  sclerosis).  In  diffused  joci  of 
an  intlammatory  or  a  sclerotic  nature,  which  have  their 
seat  in  the  anterior  horns,  we  find  RD  in  the  muscles 
which  derive  their  nervous  supply  from  the  correspond- 
ing part.s  of  the  cord.  3.  Diseases  affecting  the  roots  of 
cerebral  or  spinal  nerves.  Among  these  may  be  included 
meningeal  processes  of  various  kinds  involving  also  the 
trunks,  tuberculous  disease  of  the  columns,  and  tumors 
which  have  their  origin  in  the  roots  or  meninges.  4. 
Diseases  of  peripheral  nerves :  (</)  Aifections  due  to  com- 
pression of  the  nerve  (as,  for  example,  the  pressure  palsies 
of  the  arms,  peroneal  palsy,  and  palsies  of  the  ulnar  and 
median  nerves):  rheumatic  facial  palsies:  injuries  of 
nerves  in  surgical  operations.  (/<)  Inflammation  of  nerves 
(as  in  the  facial  palsies  which  are  caused  by  disease  of 
the  middle  ear.  and  in  the  idiopathic  palsies"  which  are 
partly  of  a  toxic  nature — e.g.,  lead,  arsenic,  and  alcoholic 
palsies — and  partly  the  result  of  infection — e.t/.,  the 
palsies  following  diphtheria,  infltienza,  etc.  (c)  Tumors 
of  nerves. 

The  RD  may  be  complete  or  partial.  The  complete 
reaction  is  observed  in  two  classes  of  cases:  those  which 
are  curable  and  those  which  are  incurable.  The  curable 
cases  may  again  be  subdivided  into  the  light  and  the 
more  serious  forms.  A  differential  diagnosis  between 
the  incurable  and  the  clearly  curable  cases  can  be  made 
only  after  the  lapse  of  eight,  ten.  or  even  fifteen  weeks 
after  the  commeuceiuent  of  the  disease.  If  by  tluit  time 
we  notice  a  return  of  contractility  (under  the  vise  of  a 
strong  current  applied  indirectly  through  tiie  nerves)  in 

*In  Infantile  palsies  of  cerebral  origin  the  electrical  reactions  show 
either  a  simple  diminution  or  else  no  change  whatever,  but  no  ED, 


one  or  more  muscles  located  in  a  region  where  previonsly 
the  current  had  elicited  no  response,  or  if  such  contrac- 
tility can  be  excited  in  these  very  muscles  by  a  direct 
application  of  the  faradic  current,  "we  may  feel  "warranted 
in  giving  a  favoralile  jirognosis — i.e., 
the  case  in  hand  belongs  to  the  cur- 
able variety.  The  more  niiisdis  re- 
spond lo  dii-ect  or  indirect  stimulation, 
tlie  better  is  the  iirognosis.  It  is  also 
important  lo  walcli  the  form  of  gal- 
vanic luuscidar  conlraeliun.  If  the 
galvano-muscular  irritnliilily  is  low, 
but  the  formerly  slow  conlraclion  be- 
comes rapid,  the  progno.sis  as  a  ride  is 
good :  but  if  it  remains  slow  and  be- 
comes even  slower,  tli<'  piogniisis  is 
bad;  it  is  probably  a  compiclily  in- 
curable fonii  of  paialjsis. 

It  is  imi)orlant  to  examine  all  the 
muscles  of  the  diseased  area  by  direct 
stimulation  and  indirectly  (by  apjilica- 
tioii  of  the  current  to  the  nerves)  in 
order  to  ascertain  whether  all  the  mus- 
cles innervated  by  llic  nerves  in  ques- 
tion contract  or  not. 

We  sjiid  before  that  progre,s.sivc  mus- 
cular atrophies  should  be  treated  with 
electricity.  In  progressive  muscular 
dystrophies,  in  which  the  palsy  and 
atrophy  are  not  due  to  involvement 
of  the  spinal  cord,  the  faradic  contract- 
ility is  j>reserved  for  a  very  long  time, 
and  it  is  the  last  to  disappeiu-.  The 
galvanic  current  should  therefore  be 
used  in  these  cases,  and  a  labile  cath- 
odal application  should  be  made  at  the 
beginning  and  should  soon  be  followed 
113-  the  faradic  current,  or  a  combiuatiou 
of  galvanism  and  faiadism  may  be  tried. 

The  accompanying  figures  (Figs.   1838  to   1846)  will 
show  the  exact  points  where  the  electrodes  should  be 


r,  nervi  med.  m,  pron.  I 
tereti.  )' 


m,  frontalis 


ra.  ocoiplt, 
•  n,  facialis 


)  r,  bucc.  n,  fa- 
I     cialls 


1  m,  sternoclei- 
1     domast. 


.( m,  lev.  anguU 

*  soapulie 
Erb's  point 
n.  phrenicus 


r,  plex,  brachial, 
r.  thorac.  anter. 


m.  palmaris  longus 


m,  ulnaris  int. 


n,  ulnaris 


r,  vol.  prof.  n.  ulnar. 

m.  puliuur  brevis 

m.  abdUG.  dig.  min. '. 

m.  flex.  dig.  miu.  \ 

m.  oppnn.  Mg  min. 

mm,  lumbr,  II„III„IV. 


.  m.  radial,  intern. 
—  m.  Rex,  dig.  pi-ot. 

m,  flex,  dig.  sublim. 


m.  Hex.  poll.  loDj;. 
m.  medianus 

m.  ahduc.  poll.  brev. 
m.  oppon.  poll, 
in,  lle.\-  jwll.  hrev. 
m.  addur.  poll, 
111.  lumbric,  I, 


Fig.  1839.— Motor  Points  of  Forearm. 

applied  in  order  to  influence  certain  muscles  and  nerves 
of  the  face  and  four  extremities  in  cases  of  paralysis  and 
atrophy. 

DisfLnsES  OF  TEE  Br.^i>'. — Galvanization  of  the  head 
has  been  resorted  to  in  various  diseases  of  the  brain,  such 
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as  hemorrhages,  softening,  inflammation,  tumoi's,  and 
atlieromatous  condition  of  the  arteries,  and  even  in  psy- 
choses of  all  Tarieties.     The  methods  employed  for  in- 


ram.n.  med.  1 
m.  pron.    f 


Fig.  1810.— Motor  Points  of  Arm. 

fluencing  the  brain  are:  1.  Longitudinal  brain  galvaniza- 
tion, in  which  the  electrodes  are  applied  to  the  forehead 
and  occiput.  The  current  may  be  either  stabile  or  labile. 
3.  Transverse  brain  galvanization,  in  which  the  electrodes 
are  apphed  either  to  the  sides  of  the  fronal  bones,  to  the 
parietal  protuberances,  to  the  temporal  bones,  or  to  the 
mastoid  processes. 

The  electrical  applications  to  the  brain  arc  to  be  made 
very  cautiously,  and  the  rules  above  mentioned  should 
be  observed  very  strictly  (see  rules  for  applying  electri- 
cal treatment).     As  a   rule,  applications  to  the  brain 


m.  supin.  long, 
m.  rad.  exi.  lonj?. 


m.  rad.  ext.  brev. 

m.  extens.  dig.  comm- 

m.  ext.  ind.  prop. 

ni.  ext.  Ind.  prop.  I 

m.  ubduo.  poll.  long.  I 

m.  abduc.  poll.  long. 

m.  ext.  poll.  brev. 

m.  flex.  poll.  long. 


m.  inter,  dor.  L 
m.  inter,  dor.  II. 
m.  inter- dor.  in. 


m.  ulnar,  est. 

m.  ext.  dig.min.  prop. 

m.  ext.  ind.  prop, 
m.  ext.  poll.  long. 

m.  abduc.  dig.  min. 
•   ^.l m.  inter,  dor.  IV. 


Fig.  ISil. 


-Motor  Points  o(  the  Extensor  Surface  of  Forearm  and 
Hand. 


do  not   give  any  permanent  result,  and  if  any  benefit 
follows,  it  is  usually  by  relieving  the  headache. 

The  application   should  be   made  in  the    following 
manner:  Place  the  anode  on  the  forehead  and  the  cath- 


ode on  the  neck  or  sternum,  or  jjlace  both  electrodes  on 
the  temples.  The  seance  should  not  last  more  than 
five  minutes,  and  a  maximum  current  of  2  ma.  should 
be  used.  One  should 
rely  rather  on  the 
sensations  felt  by  the 
patient  than  on  the 
strength  of  the  cur- 
rent. E-Ntreme  pre- 
cautions should  be 
taken  in  galvaniza- 
tion of  the  head.  Re- 
lief from  headache 
can  be  obtained  also 
by  galvanization  of 
the  s  y  m  p  a  t  h  e  t  i  c 
system  in  the  neck. 
The  anode  should  be 
placed  on  the  neck 
below  the  ear,  be- 
hind the  ascending 
perpendicular  p  o  r- 
tion  of  the  inferior 
maxilla,  and  the 
cathode  in  the  jug- 
ular fossa.  The  cath- 
ode may  also  be 
placed  on  the  corre- 
sponding spot  on  the  Fig.  I&t2.— Motor  Points  of  Arm  (Ex- 
opposite  side  of  the  •*''^"'  surface), 
neck.  Very  cautious- 
ly the  current  (from  1  to  3  ma.)  is  to  be  turned  on  for 
a  few  minutes. 

Headaches  can  also  be  relieved  by  means  of  static 
electricity,  and  the  following  are  the  methods:  1.  Static 
doiirhe.  The  positive  and  negative  poles  and  conductors 
should  be  held  apart  and  brought  near  to  the  patient's 
body  as  in  the  method  of  "  sharp  ends  "  (see  above).  By 
means  of  a  short  wire  the  negative  pole  is  connected  with 
the  head-plate  and  the  positive  with  the  earth.  With 
the  aid  of  a  screw  the  head-plate  may  be  brought  into 
more  or  less  close  proximity  to  the  patient's  head  or 
adapted  to  special  parts  of  the  same.     The  distance  sepa- 
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Fig.  1843.— Motor  Points  of  Tbigh. 

rating  the  plate  and  the  head  should  not  be  less  than  5 
cm.  The  nearer  the  plate  is  to  the  head  the  more  intense 
w  ill  be  the  action  of  the  current ;  and  by  isolating  the 
patient's  body  by  means  of  a  foot-plate  this  action  can 
be  intensified"  'I'he  seance  should  last  for  from  five  to 
fifteen  minutes.  2.  Static  air  bath.  The  same  procedure 
as  that  already  described  on  p.  756.     The  positive  pole  is 
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•connected  witli  a  foot-pliitc  or  diair.  while  tlie  negative 
is  connected  with  the  eartli.  Tlie  seance  lasts  ten  min- 
utes. Patient  may  leniaiii  ilresseil.  3.  Hnnlnx.  Same 
procedure  as  tlial  already  descrilied.  One  pole  is  to  be 
connected  with  the  fool  plate,  while  the  other  (seiierally 
the  positive  one),  which  is  connected  with  a  button  elec- 
trode, is  made  to  approach  tlu'  patient's  body.  Even  at 
a  distance  of  10-30  cm.  Hashes  and  liirhts  "are  noticed, 
which  can  be  isolated  and  directed  toward  one  special 
muscular  part.     The  procedure  causes  some  irritation. 

As  rejrards  the  treatment  of  cerebral  palsies,  good  is 
sometimes  obtained  from  the  employment  of  the  faradic 
current  provided  contractures  have  notalready  developed. 
In  the  latter  case,  however,  the  current  should  beajiplied 
to  those  muscles  which  have  a  function  directly  the  op- 
posite of  that  of  the  contracted  muscles.  For  example,  if 
the  contracture  i)uts  the  arm  in  tle.xion,  a  faradization  of 
the  extensors  can  be  tried. 

FrscTioNAi.  Neuroses.— Electrical  treatment  in  neu- 
roses like  hysteria  or  neurasthenia  may  sometimes  pro- 
duce a  beneticial  effect,  not  because  of  any  specific  in- 
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Fig.  1844.— Motor  Points  of  Back  of  Tliigli. 

fluence  upon  the  functional  disturbances,  but  rather  on 
account  of  its  suggestive  or  psychic  effect.  Any  method 
may  be  applied  in  these  cases.  "  The  tact  and  ability  of  the 
physician  in  any  given  case  will  teach  him  to  what  par- 
ticular method  he  should  have  recourse  in  order  to  obtain 
the  best  suggestive  results.  On  the  other  hand,  there  are 
cases  in  which  electricity,  as  an  adjuvant  to  massage, 
will  show  its  really  beneticial  effect  of  stimulation.  For 
example,  when  a  general  muscidar  weakness  is  pres- 
ent, a  general  faradization  will  be  found  \ery  useful. 
When  the  circulation  is  slow,  not  only  in  the  skin,  but 
also  in  other  organs,  a  stimulus  which  will  aid  the 
metabolism,  respiration,  appetite,  and  general  nutrition 
will  be  of  great  importance.  The  faradic  current  will 
produce,  in  addition  to  its  direct  effect  on  the  skin,  a  re- 
flex action  on  the  central  nervous  system.  The  faradic 
brush  or  the  roller  should  be  applied  to  the  arms,  chest. 
back,  and  extremities  alternately  for  fifteen  or  twenty 
minutes  daily,  or  less  often.  General  galvanization 
should  also  be  tried.  For  this  purpose  the  cathode 
should  be  placed  on  an  indifferent  spot,  while  the  anode, 
of  a  smaller  size,  is  to  be  applied  to  different  parts  of  the 
body  for  about  fifteen  minutes.  A  very  appropriate 
electrical  treatment  in  fnnctional  neurosi-s  is  that  by 
means  of  the  electrical  baths  (see  above). 

As  to  individual  symptoms  in  functional  neuroses  it  is 
possible  to  influence  them  beneficially  to  some  extent  by 


electricity.  Thus,  for  example,  hcadaclies,  no  matter  of 
what  variety,  and  insomnia  can  be  relieved  in  some  cases. 
The  method  of  application  is  described  iu  the  paragraph 


m.  ga^trocnem  .intern, 
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m.  abduc.  hallucis   ~ 


Fig.  184.5.— Motor  Points  of  Back  of  Leg  and  Inner  Border  of  Foot. 

whicli  treats  of  diseases  of  the  brain.  Other  functional 
symptoms,  as  para;sthesia.  hyperjtsthesia.  or  pain  in  the 
back,  ovarian  region,  mammary  region,  etc.,  should  be 
treated  with  the  faradic  brush  or  the  mas.sage  roller.  The 
anodal  electrode  of  the  galvanic  current  may  also  be  tried. 
Electricity  also  shows  its  beneficial  effect  in  Iruumaiic 
neiiniiieii,  like  writers',  pianists',  or  tailors'  cramp.  The 
motor  form  of  these  neuroses,  if  they  are  not  spastic,  can 
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FIG.  1S46.— Hotor  Points  of  Outer  Side  of  Leg. 

be  benefited  by  an  appropriate  electrical  treatment.  The 
principles  are  the  same  as  those  which  govern  any  other 
paretic  condition  of  muscles.     Local  faradization  of  the 
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muscles,  or  cathodal  galvanization  or  galvano-faradiza- 
tion,  should  be  applied  in  the  usual  manner  as  described 
in  other  parts  of  tliis  article.  In  case  of  m  tisoilnr  crfimps, 
if  electricity  is  to  be  used  at  all,  faradization  of  the  an- 
tagonistic muscles  should  be  chosen  as  the  proper  jiro- 
cedure.  Tremors  of  either  a  functional  or  au  organic 
character,  like  those  in  multiple  disseminated  sclerosis, 
intoxication,  etc.,  should  not,  as  a  rule,  be  treated  with 
electricity,  although  good  results  have  been  reported 
from  the  use  of  electrical  baths.  The  eo so-motor  or  secre- 
tory neuroses  may  be  treated  with  galvanization  of  the 
sympathetic  nerve,  but  uot  much  should  be  expected 
from  it. 

DiSE.iSEs  OP  THE  Uterus  axd  ITS  APPENDAGES. — Fi- 
broid growth  is  the  most  prominent  affection  of  the  uterus 
that  can  be  treated  hy  electricity.  The  object  of  this 
treatment  is  to  relieve  pain  and  iiemorrhage.  as  well  as 
to  reduce  the  size  of  the  tumors.  It  is  supposed  that 
currents  traversing  such  growths  cause  an  inhibition  of 
their  proliferating  jiower.  some  degree  of  absorption 
through  the  hnnphatic  vessels,  and  a  trophic  stimulation 
of  the  healthy  surrounding  tissue.  Tlie  discovery  of  the 
treatment  of  Jibroid  growths  by  means  of  electricity  is 
due  to  Apostoli  of  Paris.  France.  He  demonstrated  in 
the  'SO's  that  electricity  causes  au  actual  arrest  of  growth 
and  even  retrogression  of  the  fibroid  tumors.  This  was 
verified  by  many  surgeons,  and  .some  of  them  published 
cases  which  were  characterized  by  the  actual  disajipear- 
ance  of  the  tumors.  The  best  testimony  ever  given  in 
favor  of  Apostoli's  treatment  is  that  furnished  by  the 
eminent  surgeon,  Thomas  Keitli.  In  his  work  ("Elec- 
tricity in  the  Treatment  of  Uterine  Tumors"),  wliich  was 
written  in  collaboration  with  Skene,  and  dedicated  to 
Apostoli,  Keith  gave  the  details  of  one  hundred  and  six 
cases  treated  with  electricity.  In  the  introduction  to  this 
work  he  says:  "For  long  we  had  doubts  as  to  the  per- 
manency of  tlie  treatment  in  the  early  cases.  The  later 
work  lias  been  much  more  sjitisfactory.  But  now  more 
than  two  years  have  passed  since  all  operations  were 
given  up  for  this  treatment;  aud  our  first  patient  writes 
— and  no  one  could  have  had  more  Iiemorrhage — that  she 
has  been  perfectly  well  all  summer,  climbing  hills  and 
rowing  in  a  boat.  Another  of  the  early  and  doubtful 
ones,  who  could  never  bear  a  large  dose  of  electricity, 
tells  us:  'I  am  now  in  excellent  health,  without  an  ache 
or  pain  of  any  kind,  aud  my  periods  are  just  a  show, 
and  nothing  more,  and  give  me  no  discomfort  whatever. 
I  hope  you  have  been  as  successful  with  all  your  other_ 
patients  as  you  have  been  with  me.  But  it  cannot  be' 
otherwise,  for  I  am  sui-e  that  no  one  could  have  been 
worse  than  I  was  with  that  awful  hemorrhage.'  This 
patient's  importunity  h.ad  almost  driven  me  into  doing 
hysterectomy  for  her.  At  first  we  fell  into  the  natural 
mistake  of  trying  electricity  on  every  case  that  presented 
any  symptoms,  in  some  wlicn  tlie  tumors  were  almost 
certainly  sarcomatous,  and  even  in  one  wlio  was  in  the 
last  stages  of  old  cardiac  disease.  We  know  now  that 
the  cases  best  treated  are  those  which  are  suffering  much 
from  hemorrhage — tlie  more  the  better. — cases  in  which 
sometliing  must  be  done ;  cases  in  which  two  or  three 
years  ago  the  question  of  operation  of  some  kind  would 
have  been  considered  by  us.  This  treatment,  it  must  be 
remembered,  is  a  new  thing.  We  began  it  in  compara- 
tive ignorance.  Ek'ctricity  is  known  by  its  results,  and, 
working  on  the  living  Ixxly,  progress  aud  impro^■ement 
are  slow.  In  the  following  cases,  therefore,  are  found 
some  failures  and  some  imperfect  and  incomplete  cases : 
the  marvel  is  rather  that  there  are  so  few.  Time  and 
experience  every  day  correct  our  want  of  knowledge  and 
diminish  these  imperfections.  No  large  uterine  tumor 
has  with  us  entirely  disappeared  under  the  electric  treat- 
ment, but  in  four  cases  of  small  fibroids,  three  of  which 
come  into  the  present  series,  tliere  is  not  now  a  trace  to 
be  found.  Tlie  carrying  out  of  this  treatment  faithfully 
to  the  end  is  not  an  easy  matter,  and  old  tumors  that  are 
large,  and  that  have  bled  for  many  years,  take  a  long 
time  to  improTe.  The  treatment  runs  away  with  time, 
and  it  requires  caie  and  thought.     To  the  surgeon,  by 


far  the  simpler  plan  is  hysterectomy  and  the  removal  of 
the  ovaries.  But  Dr.  Apostoli's  treatment  saves  our  pa- 
tients from  risk  of  life  by  operation,  and  saves  them  also  ■ 
from  a  lioriid  mutilation,  the  one  thing  that  the}'  all 
dread.  We  lielieve  it  to  be  the  right  treatment,  and  our 
patients  must  get  it,  however  great  the  inconvenience 
and  monotony  it  may  be  to  ourselves.  Though  our  re- 
sults after  hysterectomy  show  the  lowest  mortality  of 
any  yet  recorded,  and  though  we  have  had  but  a  single 
death  after  removal  of  the  ovaries  for  fibroid  in  almost 
one  hundred  operations,  we  reject  even  the  minor  (opera- 
tion in  favor  of  Apostoli's  treatment,  and  we  reject  hys- 
terectomy altogether  on  account  of  the  mortality  that  has 
Iiitherto  attended  it  all  over  the  world.  The  method 
given  us  by  Apostoli  is  good,  and  it  will  endure.  Since 
we  began  your  treatment,  now  more  than  two  years  ago, 
we  have  ceased  to  perform  any  operation  on  the  uterus 
by  abdominal  section.  For  myself  I  have  alwajs  had 
grave  doubts  if  I  were  justified  in  performing  such  oper- 
ations at  all.  especially  hysterectora}-.  for  the  mortality 
attending  this  operation  is  out  of  all  proportion  to  the 
benefits  received  by  the  few.  As  time  went  on.  and  the 
number  of  operations  became  larger,  my  doubts  as  to 
whether  I  were  doing  right  continued  to  increase,  and 
that,  too,  ill  siiite  of  the  comparatively  low  mortality 
with  which  I  was  favored,  more  especial!}'  in  my  private 
practice.  I  never  had  any  such  doubts  as  to  the  projiri- 
ety  of  performing  ovariotomy,  for  if  an  ovarian  cyst  be 
left  alone,  death  is  almost  certain,  aud  even  that  is  only 
reached  after  great  suffering.  With  hysterectomy  it  is 
quite  dilVerent.  Hysterectomy  is  a  hazardous  operation 
for  the  removal  of  a  tumor  that  of  itself  rarely  shortens 
life.  The  minor  operation,  on  the  other  hand — the  re- 
moval of  the  ovaries — requires  no  surgical  skill  for  \t& 
jierforniance.  It  is  a  great  mutilation  to  a  woman,  being 
simply  castration ;  and  women  are  beginning  to  find  this 
out.  It  is  not  always  successful  in  attaining  its  purpose, 
for  you  will  find  in  these  pages  some  cases  narrated  that 
were  cured  by  electricity  where  operations  on  the  ovaries 
had  failed  to  give  any  relief.  Your  method  thus  came 
to  me  at  a  very  op])(irtune  time.  You  have  taken  away 
from  me  those  anxious  doubts  and  fears  that  had  so  long 
vexed  me.  For  long  I  had  hoped  much  from  electricity 
in  the  treatment  of  fibroids,  but  had  only  met  with  dis- 
appointment till  your  method  was  made  known  to  me. 
It  is  in  every  wa\'  .a  new  method,  and  it  belongs  to  you 
and  to  no  other.  You  have  worked  in  the  true  scientific 
spirit.  For  five  years  you  labored  quietly  at  your  clinic, 
kept  up  at  your  own  expense,  and  open  to  all,  before 
you  made  your  work  known.  What  have  those  to  offer 
in  place  of  all  this  who  have  so  bitterly  opposed  this 
treatment;  who  with  unlimited  material  stand  aside  and 
will  not  take  the  trouble  to  investigate  the  matter  for 
themselves,  but  wait  till  some  one  else  does  it  for  them; 
who  make  oiil}-  an  outcry  if  by  chance  the}'  hetir  of  any 
accident  during  the  progress  of  the  treatment  of  any 
case,  and  who  go  frantic  over  the  rumor  of  a  death,  or 
worse  still,  who  proclaim  they  laiow  of  deaths  that  never 
happen?  These  men  have  absolutely  nothing  whatever 
to  offer  in  the  bad  cases,  and  only  hysterectomy  in  such 
tumors  that  will  come  out  more  or  less  easily,  so  as  to  be 
treated  by  the  extraperitoneal  method  of  operating.  I 
have  seen  not  a  few  cases  of  I>ad  bleeding  fibroids  since  I 
came  to  London  ;  almost  every  one  had  consulted  one  or 
other  surgical  authority  on  the  subject  of  operation. 
These  were  invariably  told  that  nothing  would  do  them 
any  good  but  the  removal  of  the  tumor;  but  in  their 
special  case  the  local  difficulties  were  too  great,  or  they 
had  let  their  strength  go  down  too  far  for  such  an  opera- 
tion. The  vei-y  feeble  and  bad  cases,  with  masses  of 
tumor  blocking  the  pelvis,  with  absence  of  cervix,  and 
opened-out  broad  ligaments,  would  seem  to  be  let  alone. 
Hysterectomy  then  at  best  would  appear  to  be  a  most 
doubtful  remedy  for  a  certain  number  of  cases,  and  these 
not  of  the  worst  sort.  On  the  other  hand,  the  worse  the 
case,  the  more  feeble  the  patient,  the  greater  the  loss  of 
blood,  the  more  marked  is  the  result  of  electrical  ti-eat- 
nient.     Given  a  woman  with  a  large  bleeding  fibroid. 


REFERENCE  HA^'DBOOK   OF  TIIK   MEDICAL  SCIENCES. 


fCI<M>irotli('ra|>riif  !<•«. 
KI<Tlrutlii*rH|ii'iitlc-N. 


blanched  almost  to  death  from  years  of  heinorrhago,  and 
see  her  some  months  after  this  trealineut  is  completed, 
you  would  scarcely  recoguize  her.  the  ini|irnvciiieiit  is 
so  great.  Electricity  in  any  form,  when  applied  to  the 
cure  of  disease,  is  set  down  as  pure  quackery  liy  many 
medical  men,  simply  because  they  know  nothing  about 
it,  and  won't  take  the  trouble  to  learn  for  thejnselves 
what  to  many  is  rather  a  haiti  study.  Every  time  that 
any  disease  can  be  cured  without  resorting  to  a  l)loody 
operation,  such  as  hysterectomy,  jirogress  is  made  in  our 
art,  and  there  is  a  gain  to  humanity,  while  siugery  is  the 
better  for  being  purged  of  a  deadly  operation.  It  may 
seem  strange  to  some  that  after  the  results  I  got  in  hys- 
terectomy— results  tliat  almost  made  it  justifiable— I 
shoidd  now  begin  to  throw  stones  at  the  opemtiou  in- 
stead of  trying  still  further  to  improve  upon  it.  I  would 
give  something  to  have  back  again  those  sixty-four 
women  that  I  did  hysterectomy  for,  that  I  might  have  a 
trial  of  Apostoli's  treatment  upon  them.  What  I  now 
plead  for  is  tliat.  for  a  time,  all  bloody  operations  tor  the 
treatment  of  uterine  fibroids  slundil  cease  and  that  Apos- 
toli's treatment,  as  practised  by  him,  should  have  a  fair 
trial." 

Method  of  Application. — The  positive  pole  is  the  one 
generally  employed,  especially  in  tumors  accompanied 
by  hemorrhages.  The  indifferent  electrode  (cathode) 
should  be  placed  on  the  abdomen,  and  the  active-pole 
<anode)  shoidd  \>e  inserted  into  the  nterus.  In  order  to 
protect  the  os  and  cervi.x,  the iutra-uteriue electrode  must 
lie  insulated.  Apostoli  uses  a  sound  covered  with  a 
sheath  of  hard  rubber.  Of  course  asepsis  and  antisepsis 
should  be  strictly  observed.  Currents  of  from  ao  to  50 
ma.  can  be  frequently  repeated.  Each  seance  shotdd 
last  forabout  five  minutes  (Apostoli).  Stronger  currents 
are  permissible  only  after  weak  currents  have  been  tried. 
The  current  must  Ite  taken  oflf  very  gradually.  After 
each  sesince  the  patient  must  rest  for  several  hours.  If 
on  the  following  day  there  is  pain  or  some  fever,  the 
electrical  tieatment  should  be  abandoned.  As  to  the 
effect  of  the  negative  pole,  it  is  diametrically  opposite  to 
that  of  the  positive;  it  jiroduces  a  temporary  congestion 
which  will  be  very  bcjielicial  iunon-hemorrhagic  fibroids. 
The  negative  poles  may  therefore  be  expected  to  render 
very  valuable  service  in  fibroids  accompimietl  with 
amenorrhoja  and  dysmenorrhoea.  Eu  reimiiiK  we  will 
say.  with  Apostoli,  that  the  positive  pole  should  be 
utilized  in  cases  in  which  there  are  hemorrhages,  the 
negative  pole  in  those  in  which  there  are  no  hemor- 
rhages. 

X.  B.  The  intrauterine  electrode  sliould  never  be  in- 
serted until  an  examination  has  proved  conclusively  that 
pregnancy  does  not  exist.  An  acute  metritis  or  some 
purulent  condition  of  the  pelvis  is  also  a  contraindication 
to  tlie  emplojment  of  an  intrauterine  electrode. 

Among  the  tumors  which  do  not  yield  to  electrical 
treatment,  we  maj'  mention  the  fibro  C3Stomata  and  the 
myoma  ta. 

In  cases  of  metritis  and  perimetritis,  the  employment 
of  electricity  does  not,  according  to  the  majority  of 
writers,  prove  of  benefit,  except  to  a  certain  extent  in 
the  chronic  forms  of  these  diseases.  Apostoli  believes, 
however,  that  even  in  the  acute  stage  electricity  is  not 
contra  indicated.  The  methods  of  procedme  are  the 
same  as  for  fibroid  tumors. 

In  diseases  of  the  Fallopian  tubes  and  ovaries  again 
only  the  chronic  forms  should  be  treated  with  electricity. 
A  vaginoabdominal  or  a  combined  intra  uterine  and 
abdominal  application  of  a  faradic  or  a  galvanic  cur- 
rent may  be  of  use.  As  to  the  relative  value  of  these 
two  forms  of  electricity,  galvjxnization.  according  to 
Apostoli,  is  much  more  powerful  than  faradization. 

In  cases  of  salpingo-ovaritis,  not  sufficiently  amelio- 
rated by  intrauterine  g-alvanism,  Apostoli  advisi-s  gal- 
vano  puncture,  which  "treatment  is  more  efficacious  al- 
though more  painfid. 

Amenorrhoea  and  dysmenorrhcea  can  be  benefited  by 
the  employment  of  a  strong  primarj-  faradic  current  pre- 
ceded by  a  stabile  galvanic  current  of  about  30  ma.     In 


the  hitter  procedure  the  patient  should  be  in  flip  recum- 
bent posture,  with  her  body  resting  upoua  iHrgeelectrnde. 
while  the  other  electrode  shoidd  rest  alleniately  on  the 
hypogastriuin  and  the  epigaslriiim.  Static  eleetrieity 
with  sparks  drawn  fmm  the  lumliar  region  of  the  ci>rd, 
hyiiogHstrium,  and  loins  alfurds  the  (piickest  and  most 
reliable  method  of  treatment.  (Jeneral  faradization, 
dorso  abdominal  faradization,  and  the  dry  brush  applied 
to  the  abdominal  walls  or  to  the  soles  of  the  feet,  an-  re- 
liable methods  of  application.  When  galvanization  is 
used  in  these  cases  it  should  lie  applied  either  near  the 
centre  of  the  body  or  along  thi' spine; 
the  current  can  be  directed  from  the 
lumbar  region  toward  the  pubis.  As 
to  direct  uterine  api>lications,  there 
is  a  general  opinion  that  electricity 
applied  not  directly  to  the  uterus, 
but  to  a  distant  part,  exerts  a  bet- 
ter inrtuence  on  the  menstrual  tlnw, 
except  when  the  dysmenoiThieic  dis- 
turliances  are  due  to  stenosis  of  the 
cervix  or  to  a  deviation  of  the  uterus. 
In  the  former  condition  the  proper 
procedure  is  to  introduce  a  galvanic 
cathode  into  the  canal  of  the  cervix; 
for  the  relief  of  the  latter,  Apostoli 
employs  the  current  of  the  second- 
ary spiral  of  a  faradic  battery,  in 
connection  with  his  bipolar  intra-uter- 
ine  electrodes  (Fig.  1S47),  introduced 
into  the  uterus. 

Subinvolution  is  treated  by  intra- 
uterine faradic  currents.  Uterine  and 
ovarian  pain  of  a  neuralgic  character, 
accompanied  by  backache,  should,  ac- 
cording to  Apostoli.  be  relieved  by 
the  faradic  cuiTent.  He  recommends 
the  employment  of  a  secondary  coil, 
of  a  long  thin  wire,  so  as  to  obtain  as 
much  tension  as  is  convenient.  He 
uses  his  bipolar  electrode,  introduced 
into  the  uterus,  but  external  applica- 
tions— one  pole  over  the  sacrum  and 
the  other  on  the  perineum  or  in  the 
groin — are  often  sufficient.  Some- 
times a  better  effect  is  produced  by 
introducing  one  of  the  poles  into  the 
vagina. 

Diseases  of  URnc.uiT  Orgaks. 
— Electrical  applicarions  in  paralysis 
and  atony  of  the  bladder  due  to  a 
spmal  affection  are  dwelt  upon  in  the 
section  relating  to  diseases  of  the  spinal  cord.  The  same 
method  and  rules  can  be  applied  in  diseases  of  the  blad 
der  of  a  functional  character. 

In  cases  of  chronic  inflammation  and  stricture  of  the 
urethra  the  negative  pole  of  the  galvanic  current  should 
be  utilized.  The  patient  should  be  in  the  recumbent  po- 
sition, on  his  back.  The  indifferent  electrode  is  to  be 
placed  on  either  the  abdomen  or  the  back.  A  whalebone 
bougie  il  boule.  connect<-d  with  the  negative  pole,  is  to 
be  introduced  into  the  urethra  and  pushed  on  until  it 
reaches  the  painful  sp'Ot  or  the  stricture.  The  current 
sliould  not  have  a  strength  above  3,  4,  or  5  ma.  As  the 
current  gmdually  increases  in  strength,  the  bougie  will 
glide  onward  and  pass  through  the  previouslj-  contracted 
and  painful  canal.  If  after  fifteen  minutes  the  bougie 
does  not  pass,  defer  the  application.  There  should  be  an 
interval  of  at  least  one  week  between  the  applications. 
At  each  successive  attemiit  a  larger  bougie  should  be 
used.  This  treatment  of  si  ricture  depends  for  its  success 
cjiiefiy  upon  the  action  of  the  electricity,  which  causes 
gaIvano-chemic;il  absorption  to  take  place — a  process 
which  is  based  upon  the  eleclroh-tic  properties  of  the  tis- 
sues of  the  liuman  body  I  see  the  paragraph  relating  to 
Electrolysis).  Xo  treatment  will  give  nmre  satisfactory 
results,  in  a  case  of  irritability  of  the  urethra,  than  this 
metliod  of  employing  the  galvanic  current.     Of  course 


Fig.  1847.—  Apostoli's 
Bipolar  Intra -ute- 
rine EleotniUe  for 
Faradic  Current. 
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the  gentlest  manipulation  in  a  necessary  element  in  this 
sort  of  treatment. 

Hj'pertrophy  of  tlie  prostate  may  also  be  treated  cither 
by  electrolj-sis  or  bj'  the  galvano-cautery.  The  electro- 
lytic treatment  of  this  affection  is  the  same  as  that  for 
stricture  of  the  urethra.  An  insulated  bougie-shaped 
electrode,  couuocted  with  the  negative  pole,  shoidd  be 
passed  through  the  urethra  and  its  end  allowed  to  rest 
against  the  enlarged  gland.  A  current  of  5  ma.  is  then 
atlowed  to  pass  for  twenty  minutes.  The  seance  can  be 
repeated  every  ten  days. 

The  use  of  galvano-cauterization  forms  a  part  of  Bot- 
tini's  operation  for  hypertrophic  prostates.  The  object  of 
this  operation  is  to  cauterize  and  thus  divide  the  prostate. 
For  this  purpose  Newman's  cautery  electrode  is  consid- 
ered one  of  the  best  on  the  market  (Fig.  1848).  Tripier 
advises  faradization  for  hypertrophy  of  the  prostate. 
The  procedure  should  be  carried  out  in  the  following 
manner:  An  insulated  sound  is  to  be  introduced  into  the 
urethra  and  a  doijble  bullions  electrode  into  the  rectum, 
and  then,  after  the  current  has 
been  turned  on,  the  latter  is  to 
be  pressed  against  the  jirostate. 

Nocturnal  incontinence  of 
urine  is  also  benefited  by  elec- 
tricity, good  results  being  ob- 
tained by  the  use  of  either 
faradism  or  galvanism.  One 
electrode  should  be  introduced 

into  the  urethra  and  placed  against  the  neck  of  the  blad- 
der, while  the  other  is  placed  over  the  pubis. 

Involuntary  seminal  emissions,  spermatorrhoea,  and 
impotence  are  also  affections  which  can  be  ameliorated 
or  removed  by  the  same  method  of  treatment. 

Under  these  circumstances  the  cathode  should  be  in- 
troduced into  the  urethra  and  made  to  rest  against  the 
openingsof  the  .seminal  ducts,  while  the  anode  is  placed 
upon  the  perineum.  In  iMipdtence  it  may  be  well  to  add, 
to  the  procedure  just  described,  galvanization  of  the 
spine  and  also  applicati(pns  of  the  faradic  brush  to  the 
penis  and  scrotum.  It  seems  ]iro]ier  to  state  here  that  two 
electrical  instruments,  already  described  in  other  parts  of 
the  H.VNDBOOK  (Figs.  1")T()  to  '\B~'i  inclusive  in  the  pres- 
ent volume),  liave  been  devi.sed  for  the  purpose  of  facili- 
tating both  the  diagnosis  and  the  treatment  of  diseases 
of  the  genito-urinary  tract.  I  refer  to  the  urethroscope 
and  the  cystocope. 

Gout  and  Rheumatism. — In  these  affections,  which 
are  associated  with  chronic  inflammatory  conditions  of 
the  joints  and  with  degenerative  changes,  electrical  baths 
(see  above)  are  indicated.  The  Ijaths  may  be  either  gen- 
eral, if  several  joints  are  affected  .simultaneously,  or  lo- 
cal, if  only  one  or  two  joints  of  a  limb  are  involved. 
In  the  last  case  the  affected  member  is  placed  in  the  bath, 
one  pole  of  the  battery  is  connected  by  a  wire  with  a  me- 
tallic vessel  submerged  in  the  water  of  the  bath,  and  the 
other  pole  is  placed  on  an  indifferent  part  of  the  patient's 
body. 

It  with  the  diseased  joint  is  associated  muscular  atro- 
phy— which,  in  fact,  often  occurs — a  local  faradization 
of  the  muscles  should  be  added  to  the  treatment  of  the 
joint.  Besides  the  liatlis  ilirect  faradization  or  galvani- 
zation of  the  joints  is  of  great  utility.  Stabile  unipolar 
currents,  with  the  anode  over  the  spinal  origin  of  the 
nerves  supplying  the  joint  and  the  cathode  over  the  joint 
itself,  give  good  results.  Bipolar  applications  are 
equally  useful.  When  the  faradic  current  is  used,  the 
higher  its  tension  the  greater  appear  to  be  its  analgesic 
properties.  In  bipolar  treatment  the  electrodes  are 
placed  on  both  sides  of  the  articulation  through  which 
the  electrical  current  passes.  At  the  International  Medi- 
cal Congress  of  Berlin  in  1890  Edison's  experiments  on 
the  treatment  of  gout  were  reported  by  Bayles ;  it  was 
demonstrated  that  the  gouty  concretions  are  removed  by 
cataphoresis  (electric  endosmosis).  Good  results  were 
obtained  by  connecting  the  anti-gouty  or  the  anti-rheu- 
matic drugs  with  the  anode  and  then  directly  applying 
them  to  the  affected  joints.     The  much-desired  metabo- 


lism, of  transforming  uric  acid  into  urea,  was  obtained. 
The  tophi,  which  in  gout  are  composed  of  urate  of  soda, 
are  removed  by  galvanism,  and  particularly  by  the  em- 
ployment of  the  positive  pole;  the  urates  are  split  at  the 
negative  pole. 

Muscular  rheumatism,  lumbago,  and  rheumatic  torti- 
collis may  be  treated  b}'  both  galvanic  and  faradic  cur- 
rents. The  method  of  application  is  the  usual  one.  Bi- 
polar faradic  ajiplications,  strong  enough  to  produce 
vigorous  muscular  contractions,  are  tlie  best  adapted  for 
the  relief  of  stiffness  and  spasm.  The  galvanic  current, 
on  the  other  hand,  is  more  efficacious  iu  relieving  pain. 
The  faradic  brush  also  often  affords  relief  in  this  class  of 
ca.ses.  In  muscular  rheumatism  static  electricity,  as  a 
rule,  affoi'ds  no  relief,  but  the  static  induction  current, 
with  its  infinitely  rapid  succession  of  sparks,  has  the 
character  of  a  faradic  current  of  high  tension  and,  as  we 
mentioned  above,  it  is  likely  to  give  relief  for  a  long  time. 

Diseases  of  the  Skin. — In  the  treatment  of  diseases 
of  the  skin  electricity  may  be  utilized  in  two  different 


Fig.  1&48.— Newman's  Cautery  Electrode. 

ways.  If  applied  in  a  general  manner  it  im- 
proves the  general  condition  through  the  stim- 
ulation of  the  sensory  terminations,  and  thus 
improves  the  trophic  condition  of  the  skin;  while  if  ap- 
plied locally  it  removes  many  uncomfortable  symp- 
toms, such  as  pain,  pruritus,  hyperesthesia.  Electricity 
may  also  produce  a  caustic  effect  upon  the  skin,  by  de- 
positing acids  and  alkalies  on  its  free  surface.  For  the 
production  of  a  general  effect,  all  the  three  varieties  of 
electri<'il y,  static,  faradic,  and  galvanic,  niay  be  utilized. 
Static  electricity  is  recognized  as  one  of  the  greatest 
slinudauts  of  metabolism,  and  at  the  same  time  one  of 
the  ideal  cutaneous  stimulants  and  sedatives.  Faradic 
electricity  acts  as  a  stimulant.  The  galvanic  current 
produces  a  sedative  effect  if  a  mild  current  (about  3  ma.) 
is  applied  continuously  for  five  minutes.  Care  .should 
be  taken  tliat  the  skin  be  slightly  reddened;  otherwise 
there  may  be  electrolytic  action  followed  by  destruction 
of  the  skin.  During  the  operation  there  shii\ild  be  no  in- 
terruption of  the  current.  The  galvanic  current,  if  ap- 
plied in  sufficient  strength,  can  be  used  as  a  counter-irri- 
tant. The  principle  of  cataphoresis,  i.e.,  the  property  of 
the  galvanic  current  to  carry  drugs  under  the  skin  for 
absorption,  can  be  utilized  in  diseases  of  the  skin.  The 
anode  should  be  saturated  with  the  desired  drug  and  ap- 
plied to  the  spot  where  the  action  of  the  drug  is  ex- 
pected. This  method  is  particularly  useful  in  parasitic 
affections  of  the  skin  ;  the  positive  electrode  being  impreg- 
nated with  the  parasiticide  solution  and  placed  over  the 
diseased  area.  That  mercury  passes  through  the  skin  by 
this  procedure  was  proven  by  Gartner  (lico.  d'Electro- 
therapie,  1892),  Gautier  (Rev.  d' Electrotherapie,  1891) 
has  proved  it  for  copper,  and  has  applied  this  treatment 
in  lupus,  actinomycosis,  and  sycosis.  Copper  needles 
couuected  with  the  positive  pole  are  thrust  into  the  dis- 
eased spots ;  during  the  pas.sage  of  the  current  the  copper 
becomes  dissolved  and  forms,  with  the  ox3'gen  and  chlo- 
rine of  the  tissues,  an  oxychloride  of  copper,  which  is 
highly  antiseptic  and  caustic.  The  galvano-cautery  is 
utilized  for  the  destruction  of  diseased  tissues,  and  can 
therefore  be  applied  in  pathological  conditions  of  the 
skin.  Electrolysis  is  of  more  use.  The  tissues  are  de- 
stroyed by  an  alkali  or  an  acid,  whether  we  use  the  nega- 
tive or  the  positive  pole.  Acids  liberated  on  the  positive 
pole  coagulate  the  albumen,  thus  protecting  the  sur- 
rounding tissue  from  the  freed  acid.  The  cathode  liber- 
ates alkali,  which  does  not  coagulate  albumen,  but  acts 
as  a  destructive  agent.  The  practical  application  of 
this  principle  in  diseases  of  the  skin  is  evident.     A  point 
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to  be  considert'd  is,  that  the  electrode  which  produces 

the  desired  action  upon  the  skin  sliould  he  a  needle  and 
veil  insulated.  The  pusitive  pole  slmnld  lirof  platinum 
or  jrolil,  because  otlirr  nielals.  thnniirii  un<lcri;oinir  oxi- 
dation, leave  an  indelible  stain  on  the  skin.  Kleetrolysis 
is  parlieularly  useful  in  acne,  furuncle,  carbuncle,  lupus, 
and  epithelioma. 

AxErmsMS. — In  the  treatment  of  the  thoracic  and  sub- 
clavian ani'urisnis  in  which  medicinal  aid  fails  to  elTcct  a 
cure,  elielrieity  has  been  tried  wllh  a  fair  jiToportion  of 
gooil  results.  The  employment  of  electricity  in  the  treat- 
ment of  aneurisms  is  liased  on  the  fact  that  a  galvanic 
current  passiiii;  throusih  the  blood  coa<nilates  it,  throuffh 
electrolysis.  A  clotlins:  occurs  around  the  poles,  and 
then  subsequently  a  further  coagulation  takes  place  and 
fibrin  is  deposited  around  the  primitive  clot.  Ciniselli 
treated  twenty-three  cases.  si.K  of  w  liieh  recovered.  He 
operati'd  with  needles  comiected  with  both  jioles  and  in- 
troduced into  the  aneurismal  sac;  every  live  minutes  he 
reversed  the  current.  Tripier  and  others  advocate  the 
insertion  only  of  the  positive  pole,  on  account  of  its 
power  to  coagulate  albumen.  Stewart  reports  good  re- 
sults with  continuous  currents;  the  anode  being  intro- 
duced into  the  sac,  and  the  cathode  placed  on  the  abdo- 
men. The  strength  of  the  current  may  be  gradually 
increased  up  to  as  high  as  70  ma.,  but  one  sliould  com- 
mence with  20  ma.  Each  seance  shoidd  last  about  half 
an  hour.  Petit  ("  Dictionnaire  Enyeloiiediciiie  ")  treated 
11-t  cases  of  aortic  aneurism  with  electrolysis;  69  were 
improved. 

Aneurisms  of  the  extremities  were  completely  cured. 
Whether  the  positive  pole  should  be  inserted  into  the 
sac.  or  the  negative,  or  both  at  the  same  time,  as  some 
authors  advise,  is  a  matter  %vhich  has  not  been  fidly 
determined ;  but  one  should  always  l)ear  in  mind  that 
hemorrhagic  inflammation  of  the  sac,  with  sujipura- 
tion  and  embolism,  may  occur.  In  those  cases  in 
which  the  operation  proves  successful,  the  tumor  Imrd- 
ens  and  shrinks.  Alfred  Oordon. 

ELECTROTONUS.— If  a  constant  battery  current 
flows  continuously  through  a  muscle  or  a  nerve,  it  will 
so  alter  the  chemico-physical  condition  of  the  living  sub- 
stance that  its  physiological  properties  will  be  greatly 
modified.  The  modifications  produced  l)y  the  How  of  the 
cuiTent  were  tirst  carefully  studied  by  DuBois-Ueymond. 
who  gave  the  name  "electrotonus  "  to  the  changed  con- 
dition. The  alterations  produced  are  in  general  of  op- 
posite kinds  at  the  anode,  the  place  where  the  current 
enters,  and  the  cathode,  the  place  where  the  current 
leaves  the  tissue;  therefore  we  speak  of  anelectrotonic 
and  catelectrotonic  effects  of  the  current.  "Where  the 
tissue  is  under  the  intlueuee  of  the  anode,  is  in  a  state  of 
anelectrotonus,  the  irritability  and  conductivity  are  de- 
creased or  even  absent;  where  the  tissue  is  under  the  in- 
fluence of  the  cathode,  is  in  a  state  of  eatelectrotonus, 
the  irritability  and  conductivity  tend  to  be  enhanced. 
These  alterations  of  phy.siological  activity  are  accom- 
panied by  changes  in  the  electrical  condition  in  the  vicin- 
ity of  the  two  Jioles.  changes  which  are  revealed  by  the 
so-called  "electrotouic  currents." 

In  the  case  of  muscle,  the  alterfitions  produced  by 
the  current  are  chiefly  localized  at  the  points  to  which 
the  electrodes  are  applied ;  in  the  case  of  nerves  the 
change  spreads  not  only  throughout  the  region  between 
the  electrodes,  the  intrapolar  region,  but  in  both  direc- 
tions beyond  the  part  directly  exposed  to  the  current, 
the  extrapolar  regions.  Finally,  it  must  be  stated  that 
the  current  not  only  inlluenceslhe  condition  of  the  nerve 
and  muscle  cluring'the  time  it  is  flowing,  but  leaves  be- 
hind it  important  after-effects,  1he.se  being  in  general 
the  reverse  of  those  observed  at  the  poles  during  the 
flow. 

The  causes  of  the  physiological  changes  which  result 
from  the  passage  of  the  current  are  to  be  sought  in  the 
chemico-physical  changes  which  it  produces  in  the  living 
substance.  The  flow  of  the  current  causes,  through 
electrolysis,  the  liberation  of  ions,  which  in  turn  produce 


the  polarization  phenomena  observed.  These  polariza- 
tion plHiiomena  are  without  doubt  closely  related  to  the 
changes  in  irrilabilily  and  coniliictivily,  and  to  the 
exeilalion  ellects  produced  by  the  polarizing  battery- 
current. 

The  above  facts  have  been  ascertained  chiefly  thrriugh 
the  study  of  isolated  nerves  and  muscles  of  animals. 
There  is  reason  to  believe,  however,  that  tliey  hold  good 
for  the  nerves  and  nuiscles  of  man,  although  necessarily 
modified  by  the  spread  of  the  curriMil  through  the  fluids 
which  normally  surround  these  structures. 

KJfcr/y  lit  tin  Cniintnnl  Cnnriil  11/11111  /iritiihiliti/  and 
Comliiclirili/  iij  J\i  rriK. — .Many  of  the  phenwmena  referred 
to  by  the  earlier  writers  under  the  title  of  "galvanism" 
were  of  electrotonic  nature,  but  most  of  tlu'  accounts  are 
too  vague  or  the  data  are  too  incomplete  to  make  the  state- 
ments of  any  scientific  value.  According  lo  Pflhger. 
the  first  trustworthy  observation  which  bears  directly  on 
the  effect  of  the  galvanic  current  on  irrilabilily  and  con- 
ductivity was  reporled  by  "that  indef.itigalile  e.xperi- 
meiiter.  Hitter"  (Gilbert 's\l;i;/.(/.  d.  I'lii/nil.-.  Hd  vii..  S. 
4TT-4S3).  Hitter  .stated  that  he  remained  connected  with 
a  battery  by  his  hands  for  half  an  hour,  and  that  the  hand 
and  arm  on  the  silver  side  of  the  battery  (negative  pole) 
became  stifTened.  and  gradually  the  power  to  move  that 
hand  lessened,  while  his  control  over  the  hanil  connected 
with  the  zinc  side  (positive)  increased.  Toward  the  end 
of  the  exiHTiment  he  had  ceased  to  reei-iveany  direct  sen- 
sations of  a  type  to  remind  him  that  he  was  connected 
with  the  battery,  Ritter's  philosophical  interpretation 
of  these  effects  need  not  be  consi(lered,  for  his  result.s 
may  be  explained  in  the  light  of  the  facts  which  have 
been  ascertained  by  scientific  study  of  the  effect.s  of  bat- 
tery currents  on  animal  tis.sues. 

Pfli'iger  gives  the  following  explanation  :  On  account 
of  the  wide  spread  of  the  current  through  the  fluids  of 
the  tissues  of  the  trunk,  we  can  think  of  the  current 
ascending  one  arm.  leaving  it  at  the  shoulder  to  spread 
through  the  body,  then  entering  the  other  arm,  descend- 
ing through  it,  an<l  leaving  it  at  the  hand;  thus  the  tirst 
arm  has  an  anode  at  the  hand  and  a  cathode  at  the 
shouhler,  and  the  other  arm  has  an  anode  at  the  shoulder 
and  a  cathode  at  the  hand.  Experiments  on  isolated 
nerves  show  that  exciting  a  nerve  above  a  descending 
current  excites  less  than  exciting  it  above  an  ascending 
current,  and  Hitti'r's  observation  is  in  haruKiny  with  this 
result,  and  is  more  interesting  because  in  his  case  the 
irritant  was  the  normal  voluntary  impulse.  Hitter 
("Beitrilge  zur  n;lheren  Kenntniss  des  Galvanismus," 
etc.,  Jena,  1803;  Gehlen's  Journnlf..  il.  Clum.  Phyx.,  u. 
Mineral.,  vi..  S.  421,  1!H08)  made  other  Intere.'iting  obser- 
vations of  fundamental  importance.  One-  of  these  was 
that  the  effect  of  the  current  on  the  nerve  increasi'S  witli 
the  time  of  closure,  this  being  revealed  by  the  modifica- 
tions of  irritability  observed  when  the  current  is  opened. 
Another  observation  was  that  the  modifications  proiluced 
in  the  nerve  by  the  current  may  not  be  limited  to  the  re- 
gion subjected  to  the  current,  but  may  spread  with  op- 
posite sign  along  the  nerve  toward  the  muscle,  as  de- 
pression of  irritability  where  there  is  an  ascending,  and 
elevation  of  irritability  where  there  is  a  descending 
current,  what  we  now  recognize  as  the  anelectrotonic 
and  catelectrotonic  effects. 

Twenty  yeare  later  another  discovery  having  an  im- 
portant bearing  upon  our  question  was  reporled  by  the 
physicist  Nobili  (Annal.  de  Chimie  el  de  I'lijiKiqiie.  p.  :50. 
1S30).  He  saw  a  frog  preparation,  which  iiail  entered 
into  tetanus  from  some  unknown  cause,  become  quiet 
when  a  battery  current  was  passed  through  it.  He  ex- 
plained the  result  as  due  to  a  change  proiluced  by  the 
current — this  change  preventing  the  transmission  of  the 
excitation  process.  He  even  went  so  far  as  to  recom- 
mend the  use  of  the  constant  current  to  the  physician  as 
a  means  of  arresting  tetanus. 

This  subject  was'studied  by  Matteucci  (Compt.  rend., 
vi.,  680.  1838)  and  others,  but'lhe  first  to  do  really  careful 
work  upon  it  was  Valentin  ("  Lehrbuch  d.  Physiol,  des 
Meuschen,"  ii.,  3,  S.  655).     He  excited  a  nerve  at  a  dis- 
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tance  from  the  muscle  with  an  induction  current  and 
noted  the  heiglit  of  the  contraction;  then  he  sent  through 
a,  part  of  the  nerve,  close  to  the  muscle,  a  constant  current, 
and  saw  the  conti'action  of  the  muscle  lessen  or  altogether 
fail;  finally  he  removed  the  constant  current,  and  on  ex- 
citing wiUi  the  induction  current  again,  saw  the  muscle 
contract.  The  result  of  this  experimeut  was  to  show 
that  the  uerve  could  be  tlie  seat  of  the  inhibition.  Val- 
entin found  in  addition  that  excitation  might  fail  when 
the  irritant  was  ajiplied  to  the  region  between  the  part  of 
the  nerve  subjected  to  the  battery  current  and  the  mus- 
cle ;  but  he  observed  tliat  this  occurred  only  when  the 
ascending,  not,  the  descending,  current  was  used. 

The  next  to  investigate  these  questions  was  Eckhard 
C'Der  galvanische  Strom  als  Hiuderniss  der  Muskelzuc- 
kuug";  Henleand  PiaaSer.  Zeit.ic/ii:  f.  rat.  Med.,  JST.  F., 
Bd.  ^iii.,  S.  198).  He  corroborated  Valentin's  statement 
that  a  constant  cm'rent  flowing  through  a  nerve  makes  it 


Tig.  lfU9.— Effect  nf  a  ronsUnt  Battery  Current  on  the  IrrltabUity  of  a  Nerve.  Tlie  nerve  lielnfr  tatiim  as  ttie 
abscis.sa,  positive  ordluates  represent  increased  and  negative  decreased  irritaljility.  ^l,  Shows  the  point 
where  the  ciin-ent  enters;  B.  where  it  leaves  the  nerve.  Curve  y  J,  shows  the  irrltjibllity  caused  in  dif- 
ferent parts  of  the  nerve  during  the  How  of  a  weak  current ;  v  S,  by  a  medium  current ;  ii  s,  by  tlie  strongest 
current. 

impassable  for  an  irritation  developed  in  it  higher  up;  and 
he  proved  that  this  was  true  for  mecJiiiuical  and  chem- 
ical as  well  as  for  electrical  stimuli.  Eckhard  (Beitrdge 
z.  Anat.  u.  Physiol.,  Hcfti.,  8.  25,  IBS"))  also  observed, 
like  Valentin,  that  the  ascending  current  can  lessen  the 
excitability  between  the  positive  electrode  and  the 
muscle,  aiid  found,  in  adtlitif)n.  that  the  descending  cur- 
rent can  increase  the  excitability  of  the  nerve  between 
the  negative  electiodc  and  the  muscle.  This  was  ob- 
sei'ved  to  be  true  when  chemical  stimuli  were  used.  He 
failed  to  find  the  iucrensed  irritability  which  occurs  near 
the  cathode  when  the  curient  is  ascending. 

Although  the  work  of  his  predecessors  had  revealed 
many  of  the  more  important  effects  of  the  tiow  of  a  con- 
stant galvanic  current  through  a  nerve,  we  are  indebted 
to  Pfliiger  for  a  critical  review  of  the  field,  and  for  the 
disentangling  of  apparently  conflicting  results.  He  de- 
vised exact  methods  for  grading  the  strength  of  the 
polarizing  current,  for  securing  a  constant  strength  of 
stimulation,  and  for  recording  the  height  of  the  muscular 
contractions  which  he  used  as  the  test  of  the  strength  of 
the  excitation  developed  in  and  transmitted  by  the  nerve. 
With  the  help  of  these  methods  he  was  enabled  to  distin- 
guish more  accurately  than  had  been  done  the  effects  of 
the  polarizing  current  on  c<mdueti  vity  and  on  excitability. 
He  sums  up  the  results  of  his  studies  on  the  effect  of  the 
polarizing  current  on  the  in-itability  of  the  nerve  when 
it  is  excited  by  an  induced  current  as  follows  ("Unters. 
u.  d.  Physiol. "d.  Electrotonus."  S.  47,  Berhn,  1859): 

I.  We" send  a  constant  descending  current  through  a 
stretch  of  nen'e  near  to  the  gastrocnemius  muscle  and 
lay  the  electrodes  of  the  induction  circuit  near  the  posi- 
tive electrode  and  between  this  and  the  central  cut  end 
of  the  sciatic  nerve.  A  descending  induction  current 
now  causes  a  weaker  contitiction  when  the  nerve  is  polar- 
ized, a  stronger  when  it  finds  itseH  in  the  normal  condi- 
tion. 

II.  The  constant  descending  current  flows  through  a 
stretch  of  the  nerve  near  the  cut  end,  and  tlie  irritating 
descending  induction  current  strikes  the  nerve  in  the 


vicinity  of  the  negative  electrode  and  between  this  and 
the  muscle.  Tne  contractions  now  appear  stronger  tlian 
when  the  constant  current  does  not  flow  through  the  nerve. 

III.  The  constant  ascending  current  flows  through  a 
stretch  of  the  nerve  near  the  gastrocnemius  muscle,  and 
an  ascending  induction  shock  strikes  the  nerve  iu  the 
neighborhood  of  the  negative  electrode  and  between  this 
and  the  central  cut  en;l.  While  the  constant  current 
flows,  the  contractions  are  larger  than  when  this  is  not 
the  case. 

IV.  The  constant  ascending  current  flows  through  a 
stretch  of  nerve  in  the  vicinity  of  tlie  cut  end,  and  an 
ascending  induction  shock  strikes  the  nerve  near  the 
positive  electrode  and  between  this  and  the  muscle. 
While  the  constant  current  flows,  the  contractions  are 
weaker  than  when  this  is  not  the  case. 

If  the  strength  of  the  current  surpassed  a  certain 
amount,  inhibitory  effects  on  the  conduction  power  of 

the  nerve,  like  those 
described  by  Valentin 
and  Eckhard,  were 
seen. 

Thus  Pfliiger  found 
that  the  excitability  of 
the  nerve  in  the  ex- 
trapolar  regions  was 
decreased  near  the  an- 
ode and  increased  near 
the  cathode,  lioth  when 
the  polarizing  current 
was  ascending  and  de- 
scending, and  in  the 
region  central  as  well 
as  peripheral  to  the 
jiart  subjected  to  the 
current.  In  short,  the 
irritabilit}'  of  the  nerve 
during  the  flow  of  the 
current  is  decreased  in  anelectrotonus  and  increased  in 
catelectrotonus. 

Pfliiger  also  observed,  by  the  use  of  chemical  stimuli, 
that  th(!  irritability  is  altered  in  the  intrapolar  regions. 
Since  the  irritability  is  here,  as  in  the  extrapolar  regions, 
decreased  at  the  side  of  the  anode  and  increased  at  the 
side  of  the  cathode,  there  is  an  indifferent  point  at  some 
])lace  between  them  where  these  effects  neutralize  each 
other. 

Pfliiger  found  that  as  the  polarizing  current  is 
strengthened  the  anodic  depressing  influence  predomi- 
nates more  and  more  and  the  indifferent  ]ioint  shifts  tow- 
ard the  cathode.  He  gives  the  following  scheme  (Fig. 
1849),  to  illustrate  the  alteration  of  the  irritability  of  the 
nerve  in  electrotonus  bj'  different  strengths  of  battery 
current. 

Although  the  most  striking  effect  of  the  cathode  is  to  in- 
crease the  irritability  of  the  nerve,  a  number  of  observers* 
have  reported  that  a  strong  current,  if  allowed  to  flow  for 
a  considerable  time,  may  cause  a  subsequent  depression 
of  the  irritability.  This  fall  of  irritability  in  the  region 
of  the  cathode  has  geuerall_y  been  attributed  to  a  spread 
of  the  condition  of  decreased  irritability  at  the  anode 
into  the  region  of  the  cathode.  The  indifferent  [loint  is 
said  to  shift,  as  the  current  is  strengthened,  towai'd  the 
cathode,  until  finally  the  cathodic  region  is  invaded  and 
the  irritability  is  depressed  beneath  the  cathode.  Results 
obtained  by  Werigo  (Pttiiger's  Archiv,  xxxi.,  S.  417, 
1883;  ibid.,  Ixxxiv.,  S.  547,  1901),  and  confirmed  by  the 
experiments  of  Bui'ker  (Pfliigei's  Archiv.  Ixxxi.,  1890) 
throw  doubt  on  the  usually  accepted  explanation.  Ac- 
cording to  Wei'igo,  the  fall  of  irritability  at  the  cathode 

*  Hermann  (PBiiser's  Archiv,  vli.,  S.  854,  1873;  I'hM.,  x..  S.  2ai, 
187.5),  Gnienhaeen  (Pflii^er's  .\rchlv.  iv.,  1871).  Tigerstedt  ("Mitth. 
a.  d.  phvsiol.  Lab.  d.  Carotin.  Institut.  in  Stockholm,"  Bd.  i.,  18T.i), 
who  used  mechanical  excitations  for  the  intrapolar  region.  Zanetow- 
ski  ("Sitzlir.  d.  k.  Akad.  d.  Wiss.  in  Wien.  Math.  Phys.  I'l.,"  Bd.  c.vi., 
Abthl.  3.  s.  IS,').  18II7I.  LUotiik  v.  Lhota  (Bull,  internal.  A.  TAciid.  d. 
Sc.  d.  Boheniei,  Hermann  and  Tschltschkin  (Pfluger's  Archiv, 
Ixxviii.,  S.  .53,  1899),  and  Gotch  (Schaefer's  "Textbook  of  Physiol- 
ogy," ii.,  p.  495, 19tXi;. 
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is  not  tlie  rfsult  of  aiioilic  inniieiici',  but  is  an  effect  pro- 
duced by  the  cutliodi'.  The  tiist  elTecl  of  the  closure  of 
tlie  current  is  to  heitrhten  the  irritaliility  at  the  cathode, 
and  this  eouditiou  of  heightened  irritaliility  extends  from 
there  with  lessening  intensity  in  both  direelioiis  along 
the  nerve;  this  condition  of  increased  irrit.aliility  .soon 
gives  place,  liowever.  to  a  decrease  of  irritability  iiiuiie- 
diately  beneath  the  ciithode,  the  iriitability  in  Hie  intra- 
polar  and  c.xtrapolar  regions  to  either  side  of  it  remain- 
ing high.  If  the  current  is  long-continued,  the  calho<lic 
decrease  of  irritability  spreads  along  the  nerve  to  either 
side  of  the  pole. 

The  changes  in  irritability  which  take  place  when  a 
battery  current  is  put  into  a  nerve  begin  iininediately. 
We  shall  consider  this  question  later,  in  connection  with 
«lcctrotonic  currents. 

After- Effect  of  tlic  Current. — In  the  early  days  of  gal- 
vanism it  was  observed  that  when  the  cinTcnt  is  with- 
drawn from  a  nerve  it  leaves  it  in  an  altered  state.  The 
first  observations  related  to  the  excitation  phenomena 
accompanying  the  opening  of  the  current.  The  opening 
contraction  was  seen  first  by  Valli  and  Fowler  (Keiii- 
Lold's  "Gcschichte  des  Galvanisinus,"  n.s.w.,  S.  S."), 
1792),  the  opening  flash  by  Rutherford,  and  the  opening 
sensation  by  Robinson  (Al.  ^Monro's  and  Richard  Fowler's 
"Abhandliini:."  S.  57,  1793).  Both  Volta  ("Collezione 
deU'Opere."  T.  ii.,p.  11;  letter  to  Banks  "  Jlemoria  .sully 
Iden<liia."  p.  219)  and  I'faff("Ucberthierische  Electricil.it 
n.  Reizbarkeit,"  S.  7t!)  failed  to  n'cognize  the  true  sig- 
niticance  of  the  opening  contraction,  referring  it  to  changes 
occurring  in  the  battery  circuit  at  the  instant  it  was 
broken.  Ritter  ("BeitrSge  z.  niiheren  Kenntniss  d.  Gal- 
vanismus,"  Stuck,  i.,  S.  78,  1802) attributed  it  to  an  effect 
left  in  the  organism,  saying  that  the  instant  the  battery 
circuit  was  broken  its  inHuence  must  cease.  This  view 
was  supported  by  Ermann  (Gilliert's  Annnlea  el.  Physik, 
xxiii.,  S.  30,  180(1)  and  Dumas  ("Traite  experimental," 
T.  iv.,  S.  968,  p.  284,  1.S36)  and  has  been  generally  ac- 
cepted. Ritter's  view  is  favored  by  the  fact  that  the 
opening  tetanus  observed  by  him  with  the  ascending  cur- 
rent is  the  greater  the  longer  the  current  lasts  (Ritter, 
"Beweis  dass  ein  bestiindiger  Galvanisinus  den  Lebens- 
process  in  dem  Thierreich  begleite,"  S.  119-121,  1798). 
Pfliiger  ("Electrotonus,"  S.  72.  18.59)  in  treating  of  this 
subject  accepts  Rilter's  idea  that  the  opening  tetanus  is 
due  to  an  equalization  of  the  alterations  produced  by  the 
current  in  the  nerve,  the  molecules  being  carried  back  to 
normal  position  by  internal  forces.  He  points  out,  how- 
ever, that  the  visible  excitatory  phenomena  are  only  the 
outward  expression  of  changes  produced  in  the  nerve  by 
the  current,  and  that  the  current  leaves  behind  it  altera- 
tions which  manifest  themselves  in  a  change  of  the  irri- 
tability. In  general  at  all  points  where  the  irritability 
is  raised  during  the  flow  it  is  lessened  just  after  its  re- 
moval and  vice  versa.  Pfliiger  ("Electrotonus."  S.  274) 
states  that  the  fall  at  the  cathode  is  of  .short  duration, 
however,  and  is  followed  by  a  second  rise,  while  the  rise 
at  the  anode  lasts  for  a  considerable  period.  The  decline 
of  excitability  at  the  cathode  when  the  current  has  been 
strong  is  of  so  short  duration  that,  according  to  Obernier 
(Archivf.  Anett.  ii.  P/iytciol..  S.  269,  1861),  it  may  be  difti- 
cult  to  detect  it.  Werigo  (Pflliger's  Arc/iir.  Ixxxiv., 
S.  .547,  1901)  states  that  "the  after-effect  of  the  current 
depends  more  upon  the  duration  of  flow  than  upon  the 
strength  of  the  current.  If  the  flow  is  of  short  duration 
the  recovery  is  very  rapid  ;  if  it  is  prolonged,  a  condition 
of  decreased  irritability  may  last  for  a  long  time.  A  re- 
versiil  of  the  current,  making  the  former  anodic  region 
cathodic,  hastens  the  return  of  the  irritability  to  the 
normal. 

Effect  of  the  Constant  Current  on  the  Cnndvctvitij  of  the 
jVcrrc— Pfliiger  ("Electrotonus,"  S.  48)  found,  like  Val- 
entin and  Eckhard,  that  if  the  current  surpas-ses  a  certain 
strength,  it  has  an  inhibiting  effect  on  the  conduction 
power  of  the  nerve.  To  denionstrate  it,  it  is  only  neces- 
sary to  excite  the  nerve  by  a  feeble  stimulus  applied  to 
the  central  end  of  the  nerve  of  a  nerve-muscle  prepara- 
tion, and  then  let  a  battery  current  flow  in  either  direc- 
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tion  through  the  part  of  the  nerve  l)etween  the  excited 
point  and  the  miLSele.  The  flow  of  the  current  lessens 
the  conductivity  of  tlii>  nerve  in  the  region  of  the  anode 
and  the  nnisile  fails  to  be  excited.  This  block  at  the 
anode  is  thought  to  lie  associated  with  the  les.scn<'d  ex- 
citability of  this  regiiiu  liy  those  who  regard  the  conduc- 
tion lUdcess  to  be  due  to  the  successive  stiinidations  of 
succeeding  points  of  the  nerve.  After  the  removal  of 
the  current  there  is,  for  a  short  time,  a  block  in  the  region 
of  the  cathode  corresp<inding  to  the  decreased  irritability 
in  this  region.  Like  the  decrease  in  irritaliility.  the  de- 
crease in  conductivity  is  greater  the  stronger  tlie  liattery 
current  and  the  longer  the  closure.  The  lessening  of 
conductivity  (lining  the  closure  and  just  after  the  open- 
ing of  the  battery  current  explains  the  third  stage  of 
PflUger's  law  of  contraction.  If  tlie  current  is  strong 
i  and  the  anoile  lie  nearest  the  muscle,  the  excitation  de- 
velojied  at  the  catlio<li>  on  the  closure  of  the  cnrrenl  fails 
to  be  transmitted;  and  if  the  cathode  is  next  to  theniuscle, 
the  excitation  developeil  al  the  anode  at  the  <ipening  is 
prevented  from  reaching  the  muscle.  This  experiment 
r.liows  that  the  change  in  cdiiductivity,  like  theaUeration 
of  irritability,  liegins  immediately. 

Not  only  is  the  i)ower  to  conduct  les.sened  during  the 
flow  of  the  current,  but  von  Bezold  ("Eleclr.  Erreg. 
d.  Nervcn  u.  Jliiskelii."  Leipzig.  1861)  has  shown  that 
the  conduction  rate  is  slowed.  This  result  has  been  cor- 
roborated by  the  work  of  Hutherford  (.Imir.  nf  Aiait.  mid 
Phjixiul..  ii.,  ]i.  87,  1807)  and  (Jotch  (Schaefer's  "Text- 
book of  Physiol.,"  ii.,  ]i.  .")I12,  1900),  who  also  found  that 
with  weak  currents  of  short  duration  the  conductivity  is 
quickened  at  the  cathode.  We  should  expect  to  tind  the 
conductivity  at  the  cathode  to  be  lessened  diirin.i:  the  flow 
of  the  current,  if  it  is  strong  and  long-continued  (W'^'go, 
Pflliger's  Archh,  Ixxxiv.  S.  547,  1901). 

Eleclrotonim  in  1/irinan  KereeK  and  Muscles. — Electro- 
tonic  phenomena  in  man  are  of  great  interest  not  only 
because  of  their  theoretical  im|iort,  but  because  of  their 
bearing  upon  diagnosis  and  therapeutics,  rnfortiinatcly 
the  conditions  under  which  the  nerves  and  muscles  exist 
in  the  normal  man  are  such  as  to  make  exact  experi- 
mentation impossible.  In  spile  of  the  difliculties  which 
exist,  it  has  been  ascertained  that  the  voltaic  current  lias 
the  same  etTect  uiion  the  nerves  and  muscles  of  nun  as 
ujion  those  of  the  frog  anil  the  higher  animals. 

In  studying  the  elTect  of  the  l)attery  current  on  the 
nerves  of  man  one  has  to  resort  to  the  unipolar  nn-tliod, 
recommended  by  Chauveau  (Compt.  rend..  Ixxxi.,  j).  779, 
824,  187.5;  Ixxxii.,  p.  73,  1876).  By  this  method,  a  large 
electrode  is  placed  over  some  indifferent  part  of  the 
body,  and  a  small  electrode  is  ptit  directly  over  the  part 
to  be  subjected  to  the  current.  The  position  of  this 
electrode  does  not  accurately  mark  the  point  at  which 
the  current  will  enter  and  leave  the  nerve  because  the 
current  spreads  as  it  enters  the  moist  tissues  beneath  the 
electrode. 

Hermann  ("Handbuch  d.  Physiol.,"  Bd.  ii.,  Abth.  1,  8. 
62,  1879)  states  that  one  can  never  be  sure  of  the  direction 
which  the  threads  of  the  current  will  take  in  the  nerve. 
If  the  exciting  electrode  is  the  anode,  it  will  freiimntly 
happen  that  there  is  a  catelectrotoiiic  region  above  and 
below  the  point  of  application  of  the  electrode.  Jlore- 
over,  because  of  its  spread  through  the  flui<is  about  the 
nerve,  the  current  docs  not  enter  and  leave  the  nerve  at 
two  definite  places,  but  there  are  formed,  liencath  the 
physical  anode,  the  leading-in  electrode,  and  iK'neath  the 
phVsical  cathode,  the  leading  out  electrode,  many  physio- 
logical anodes  and  cathodes.  It  is  at  these  physiological 
anodes  and  cathodes,  the  places  where  the  current  enters 
and  leaves  tlu'  nerve,  that  its  anelectrotonic  and  catelec- 
trotonic  effects  are  produced.  The  position  and  number 
of  these  physiological  poles  will  of  course  be  different  in 
each  experiment. 

It  is  not  strange  that  working  under  such  variable 
conditions  different  obsi-rvers  have  arrived  at  contradic- 
torv  results 

Fick  ("Medicin.  Physik."  S.  377.  1866)  tried  by  ap- 
plying the  current  to  the  ulnar  nerve  at  the  elbow  to  get 
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inhibition  of  voluntary  muscular  contractions,  but  failed 
to  do  so  even  with  very  strong  currents.  Eulenberg 
(Deutsch.  Archiv  f.  klin.  Med.,  iii.,  1867)  obtained,  on  the 
nerves  of  men,  changes  in  irritability  closely  resembling 
those  obtained  by  Ptluger  on  the  nerves  of  frogs.  Erb 
{Dcvtseh.  Archir'f.  klin  Med,  iii..  1867)  at  first  found  a 
decrease  of  irritability  near  the  cathode  and  an  increase 
near  the  anode.  Later,  however,  his  attention  having 
been  called  by  Helmholtz  to  the  way  in  which  the  cur- 
rent spreads,  lie  repeated  his  experiments  and  decided 
that  the  nerves  of  men  behave  like  those  of  animals 
(Ziemssen's  "Patholog.  u  Therapie."  iii.,  S.  90,  1882). 
Samt,  Bruecker,  Kimge,  and  Ziemsscu  also  studied  this 
question  but  failed  to  obtain  uniform  results. 

De  Watteville  (Th^se  iuaug.,  1883)  reached  the  con- 
clusion that  human  nerves  react  like  those  of  frogs  to  the 
battery  cuirent;  and  Waller  and  de  Watteville  (Philos. 
Trans.  Royal  Soc,  London,  1882)  obtained  definite  proof 
that  the  irritability  of  the  human  nerve  is  decreased  in 
anelectrotonus  and  increased  in  catelectrotonus.  Waller 
("Lect.  on  Physiol.,''  first  series,  on  Animal  Electricity, 
p.  81,  London,  1897)  describes  the  following  experiment: 
A  large  Hat  electrode  is  placed  on  the  back  of  the  neck 
and  the  knob  of  a  small  electrode  over  the  ulnar  nerve  at 
the  back  of  the  elbow.  The  electrode  is  pressed  carefully 
upon  the  nerve,  and  then  tapped  at  regular  intervals  with 
a  light  mallet,  just  hard  enough  to  give  distinct  twitches 
of  the  fingers.  If  while  these  light  blow.sare  being  given 
the  current  is  sent  into  the  nerve,  the  electrode  being 
made  a  cathode,  the  elTeet  of  the  taps  is  seen  to  be  more 
l)r()nouueed  ;  if  the  current  is  then  revei-sed.  and  the  elec- 
trode is  made  an  anode,  the  laps  are  seen  to  be  without 
effect. 

Excitation  EffeetH  eif  the,  Vnltdic  Current. — Not  only  does 
the  voltaic  current  produce  alterations  within  the  nerve 
which  greatly  modify  its  irritability  an<l  conductivity 
during  the  How  and  after  the  withdrawal  of  the  current, 
but  it  causes  excitation  elfects  at  the  instant  that  the  cur- 
rent begins  and  at  the  inst^mt  that  it  ceases  to  flow 
through  the  nerve.  These  excitation  effects  are  inti- 
mately related  to  the  electrotonic  changes  produced  by 
the  current.  an<l,  to  be  understood,  must  be  considered 
in  this  connection. 

The  amount  of  excitation  dejiends  on  two  sets  of  con- 
ditions: those  conditions  of  nutrition.  et<-..  which  deter- 
mine the  excitability,  the  molecular  staliility,  of  the 
nerve  as  a  whole;  and  those  conditiims  which  determine 
the  extent  and  character  of  the  electrotonic  changes 
which  occur  at  the  two  poles.  This  latter  .set  of  condi- 
tions are,  viz.,  the  strength  and  density — i.e.,  the  inten- 
sity of  the  current;  the  rate  of  change  of  intensity;  the 
duration  of  the  current;  and  the  length  of  nerve  sub- 
jected to  its  influence. 

It  has  been  frequently  pointed  out  that  a  rise  of  irrita- 
bility is  closely  associated  with  increased  molecular  in- 
stability. If  the  change  be  sufficiently  sudden  there  may 
be  moleculardisintegrations  which  result  in  the  liberation 
of  energy  and  the  development  of  an  excitation  jirocess. 
At  the  instant  the  current  is  sent  into  a  nerve,  there  is 
a  sudden  rise  of  irritability  at  the  cathode,  from  the 
normal  to  something  above  the  normal,  and  a  fall  at  the 
anode,  from  the  normal  to  something  below  the  normal. 
When  the  current  is  opened  the  reverse  is  true:  a  sudden 
rise  of  irritability  at  the  anode,  from  below  the  normal  to 
a  level  above  the  normal,  and  a  fall  of  irritability  at  the 
cathode,  from  a  point  above  the  normal  to  a  level  below 
the  normal.  The  sudden  rise  of  irritability  and  sudden 
increase  of  molecular  instability  occurring  at  the  cathode 
when  the  current  is  clo.sed,  and  at  the  anode  when  it  is 
opened,  cause  an  excitation  process  to  develoji  at  the 
cathode  on  the  closing  and  at  the  anode  on  the  opening 
of  the  current. 

PHUger*  stated  his  "  law  of  polar  excitation  "  as  follows 
(■'  Untersuchungen,"  S.  456) :  "  A  given  stretch  of  a  nerve 

*  Tlie  statement  is  not  infrequently  maili' thiit  Cliiuivi'iiu  fJour.de 
Physiol..  11., pp.  4i)0-.5ll;  ibid.,  pp.  .T.>i-.iTii,  l.s.")tii  iii^cnvereil  the  "  Law 
of  iPolar  Excitation."  Those  wlio  are  interested  in  this  subject  aie  re- 
ferred to  the  article  by  PlliiKer,  PHiiper's  Arehiv,  xxxi.,  S.  119, 1883. 


is  irritated  by  the  development  of  catelectrotonus  and  the 
disappearance  of  anelectrotonus,  but  not  through  thedis- 
aiijiearauce  of  catelectrotonus  or  the  development  of  an- 
electrotonus." 

The  cathode  closing  effect  is  the  stronger  and  is  the- 
only  one  seen  when  the  current  is  weak ;  as  the  current 
is  strengthened  the  anode  opening  excitation  also  de- 
velops, so  that  by  medium  currents  both  closing  and 
opening  effects  are  seen.  By  strong  currents,  these  ex- 
citation effects  are  rendered  still  stronger;  but  a  new 
condition  begins  to  show  itself,  viz. ,  the  effect  of  the  cur- 
rent on  the  conductivity.  The  conductivity  of  the  nerve 
suddenly  lessens  at  the  region  of  the  anode  at  the  instant 
the  current  is  closed,  and  at  the  cathode  at  the  instant, 
the  current  is  broken,  and  if  the  current  be  strong  the 
decrease  of  conductivity  acts  as  a  block  for  excitatioii 
processes  developed  higher  up. 

The  results  of  the  excitjxtion  of  the  nerve  of  the  frog, 
by  making  and  breaking  battery  currents  of  diffeient 
strengths  and  different  directions,  have  been  formulated 
by  Ptluger  C'Electrotonus,"  S.  454)  as  follows: 

PKLiJGER's  Law  of  Contraction. 
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The  same  law  is  found  to  hold  good  for  afferent  nerves, 
the  retlex  response  being  taken  as  the  index,  only  in  this 
case  the  organ  to  be  excited  being  at  the  central  end  of 
the  nerve,  the  effects  of  descending  and  ascending  cur- 
rents are  reversed. 

That  the  closing  excitation  is  developed  at  the  cathode 
and  I  he  opening  at  the  anode  may  be  proved  by  sub- 
jecting special  regions  of  the  nerve  to  agents  which  will 
alter  the  irritability.  Gotch  and  Macdonald  (Jmini.  of 
Phi/giol.,  XX.,  p.  25'7,  1896)  found  that  if  the  irritability 
of  the  nerve  be  raised  at  one  pole  by  the  cooling  of  that 
part  of  the  nerve,  and  lowered  at  the  other  by  warming 
the  part,  one  obtidns  with  suitable  strengths  of  current 
an  excitation  only  from  the  jiole  that  is  on  the  cooled 
region,  a  clusing  if  this  is  \\u:  cathode,  an  opening  if 
this  isthe  anode.  Similarresultsare  got  if  the  irritability 
of  the  nerve  is  locally  raised  by  the  application  of  NaCl 
and  locally  lowered  by  the  application  f)f  ammonia. 

Effect  of  Jiute  tf  bliange. — DuBois-Reymond  formu- 
lated his  "law  of  excitation  "  as  follows:  "It  is  not  the 
absolute  value  of  thecuiTcut  at  each  instant  to  which  the 
motor  nerve  replies  by  a  contraction  of  its  muscle,  but 
the  alteration  of  this  value  from  one  moment  to  another; 
and.  indeed,  the  excitation  to  movement  which  results 
from  this  change  is  the  greater  the  more  raiiidly  it  occurs 
by  equal  amounts,  or  the  greater  it  is  in  a  given  time." 
Although  this  rule  is  not  without  exceptions,  the  gen- 
eral statement  holds  good  that  excitation  effects  fail  in 
case  catelectrotonic  changes  develop  and  anelectrotonic 
changes  pass  off  gradually;  the  suddenness  with  which 
the  equilibritun  of  the  nervous  molecules  is  altered  ap- 
liears  to  play  an  imjiortant  part  in  producing  what  wc 
call  the  nerve  impulse.  Fortius  reason  the  rate  at  which 
the  change  of  intensitj'  of  the  existing  current  occurs 
has  a  marked  influence  on  the  result,  and  within  certain 
limits  (varying  with  the  special  type  of  nerve)  the  more 
rapid  the  changes  the  greater  the  exciting  effect. 

Effect  of  Duration  of  Current. — The  catelectrotonic  and 
anelectrotonic  states  do  not  develop  with  equal  rapidity, 
the  former  developing  very  rapidly  and  the  latter  some- 
what more  slowly.  Foi'  this  reason,  weak  currents  of 
short  duration  excite  only  on  the  closure,  at  the  cathode. 
This  is  true  of  brief  voltaic  currents,  breaking  induction 
currents  and  condenser  discharges.  Anodic  excitations 
with  induced  currents  are  to  be  obtained  only  when  very 
intense  currents  are  used. 
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Effect  of  Lenrjth  of  Nerre.—TUa.X  cxcitiition  fails  when 
tlie  fk'CtrodfS  arc  applifd  to  the  opposite- si<k'S  of  (lie 
uerve  is  due  not  to  the  lesistjiiiee,  althoiisrh  this  is  iii- 
treascd,  but  to  the  fact  tliat  the  antaironistie  aneleetro- 
tonie  and  catelectrotonie  effects  Dcutralizc  each  other. 
On  the  other  hand,  we  find  that  the  elTect  of  irritation  is 
the  greater  the  longer  the  stretch  of  nerve  between  the 
electrodes,  because  the  further  they  are  apart  the  more 
complete  the  anelectrotonie  and  catelectrotonie  changes. 
The  Openinrj  and  Chixhir/  Tituntm. — Hitter  observed 
that  if  a  strong  ascending  current  flows  through  a  nerve 
for  a  considerable  time,  on  the  opening  of  the  circuit  the 
muscle  enters  into  vigorous  continued  contraction,  which 
only  gradually  passes  off.  This  phenomenon  has  received 
the  name  of  Ritter's  opening  tetanus.  The  excitation 
develops  at  the  anode,  as  is  shown  by  the  fact  that  it 
persists  after  the  uerve  is  cut  above  the  anode  in  the  in- 
trapolar  region.  The  cause  of  tlie  excitation  is  to  be 
found  in  the  anelectrotonie  chemical  changes  which  have 
been  produced  during  the  flow  of  the  current,  and  wliicii. 
because  widespread,  reciuire  considerable  time  for  their 
disappearance.  The  tetanus  ceases  at  once  if  the  current 
is  again  closed,  and  the  decrease  of  irritability  which  ex- 
ists at  the  anode  when  the  current  is  closed  is  again 
established.  On  the  other  hand,  the  tetanus  becomes 
still  stronger  if  the  current  be  closerl  in  the  reverse  direc- 
tion, and  the  irritability  in  the  region  of  the  formeranode 
is  now  still  further  increased  by  putting  that  region  into 
a  condition  of  catelectrotcmus. 

If  the  irritability  of  a  nerve  be  increased  by  some 
agent,  a  salt  or  a  mechanical  influence,  for  example,  but 
not  enough  for  the  state  of  heightened  irritability  to  pass 
over  into  a  condition  of  excitation,  the  closure  of  the 
current,  by  still  further  increasing  the  irritability  at  the 
cathode,  will  cause  a  closing  tetanus. 

These  effects  can  be  sununed  u])  as  follows:  If  the  irri- 
tability of  a  nerve  be  heightened  by  any  influence  of  a 
kind  to  produce  a  condition  of  latent  excitation,  this  state 
manifests  itself  by  a  continuous  excitation  starting  at  the 
cathode  on  the  closure,  and  at  the  anode  on  the  opening 
of  the  current.  There  are  some  nerves,  especially  the 
Don-nK'dullated  of  crayflsh,  wliich  under  nonnal  condi- 
tious  show  prolonged  closure  effects  in  a  very  striking 
manner,  and  Biedermann  ("Elektrophysiologie,"  S.  .590. 
189.5)  argues  that  the  medullated  nerves  of  voluntary 
muscles,  although  normally  excited  only  by  the  make  and 
break  of  the  current,  may  under  altered  conditions  re- 
spond as  well  to  the  jjolar  changes  resulting  from  a  pro- 
longed flow  of  the  current. 

The  Imw  of  Vtinir((ction  for  Human  Neri-es  — The  law 
of  contraction  which  applies  to  human  nerves  under 
normal  conditions  tliffers  considerably  from  the  law  of 
contraction  established  b_v  PflUger  for  the  isolated  nerves 
of  frogs.  The  differences  are,  however,  more  apparent 
than  real,  and  are  readily'  reconciled  if  one  takes  into  ac- 
count the  conditions  under  which  the  work  is  done.  The 
so-called  unipolar  method  is  used  for  the  excitation  of 
human  nerves  (see  page  769).  By  this  method  both  open- 
ing and  closing  effects  are  to  be  obtained  beneath  the 
positive  and  beneath  the  negative  electrode,  because 
under  each  of  these  there  are  pliysiological  anodes  and 
cathodes  where  the  current  enters  and  leaves  the  nerve. 
This  condition  is  illustrated  in  the  following  figure. 

The  current  enters  the  nerve  beneath  the  anode,  and 
leaves  it  beneath  the  cathode  as  a  comparatively  dense 
stream;  but  where  it  leaves  the  nerve  beneath  the  anode 
and  enters  it  beneath  the  cathode,  the  stream  is  diffused. 
These  differences  in  densit\'  play  an  important  part  in 
determining  the  rea<tions. 

The  current  sju'eads  widely  as  it  passes  from  or  to  the 
electrodes  through  the  nerve,  so  that  to  either  side  of  the 
anode  and  cathode  the  current  is  flowing  in  both  direc- 
tions along  the  nerve:  for  this  reason  we  cannot  find  the 
effects  of  direction  of  current  such  as  show  themselves 
on  the  isolated  nerve. 

Closing  excitations  developing  at  the  physiological 
cathodes,  when  the  nerve  passes  from  the  normal  state 
to  one  of  catelectrotonus,  alwavs  tend  to  be  stronger  than 


opening  excitations,  developing  at  the  physiological 
anodes,  when  the  nerve  passes  out  of  the  slate'of  anelec- 
trotoinis.  Of  I  he  two  (losing  and  two  opening  excita- 
tions, that  which  occurs  where  the  densily  of  the  current 
is  greater  is  the  stronger. 

If  the  effect  of  closing  and  opening  excitations  be  tested 
at  the  positive  and  negative  electrodes  with  gradually 
increasing  strengths  of  current,  under  normal  conditions 
the  following  order  will  he  observed,  viz. : 

1.  Cathode  closing  contraction    (KCC),  i.e.,  the  con- 


Fk:.  1&")0.— Unipolar  Exiitation  r>f  Hum.in  Nerve.  A,  The  positive 
electrode,  the  physical  anode  ;  K,  the  nepative  electrode,  the  physi- 
cal cathode;  a,  a,  a,  ])liysiulo(jlcal  anodes;  fc,  fc,  h,  physiological 
cathodes. 

traction  which  results  from  the  development  of  catelec- 
trotonus at  the  physiological  cathode  beneath  the  physical 
cathode. 

2.  Anode  closing  contraction  (ACC),  i.e.,  the  contrac- 
tion which  results  from  the  development  of  catelectro- 
tonus at  the  physiological  cathode  beneath  the  physical 
anode. 

3.  Anode  opening  contraction  (AOC),  i.e.,  the  contrac- 
tion which  results  from  the  cessjttiou  of  anelectrotouus  at 
the  physiological  anode  beneath  the  physical  anode. 

4.  Cathode  opening  contraction  (KOC),  i.e.,  the  con- 
traction which  results  from  the  cessation  of  anclectrotonus 
at  the  physiological  anode  beneath  the  physical  cathode. 

It  is  convenient  to  describe  the  results  in  three  stages, 
corresponding  to  weak,  medium,  and  strong  currents. 

First  stage,  only  KCC  is  seen. 

Second  stage  shows  KCC  (stronger),  ACC  and  per- 
haps AOC.  the  latter  being  feeble,  or  more  rarely  AOC 
being  stronger  than  ACC,  the.se  variations  depending  on 
differences  in  the  density  of  the  current  due  to  relation 
of  nerve  to  surrounding  tissues. 

Third  stage  gives  all  four  contractions,  the  KCC  being 
vigorous  and  prolonged,  tending  to  take  on  the  character 
of  a  continuous  contraction  (the  closing  tetanus'),  and  the 
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KOC  being  very  feeble.  By  this  third  stage  tlie  coming 
of  the  AOC  may  be  delayed.  Waller  (Airhiren  de  Physiol, 
■iwrmal  ct.  Piithol..  p.  383,  1883)  finds  this  delay  may  be 
as  much  as  0.3  second,  and  attributes  it  to  the  loss  of 
conductivity  which  occurs  in  the  region  of  the  physio- 
logical cathode  for  a  short  time  after  the  opening  of  the 
current. 

Effect  of  the  Voltaic  Current  on  the  Irriteibility  eind  Con- 
ductitiii/  of  Muscle.^lf  a  constant  battery  current  is  al- 
lowed to  flow  through  a  muscle,  it  acts  upon  it  as  it  does 
upon  the  nerve,  and  puts  it  into  the  peculiar  condition 
called  by  DuBois-Reymond  "elcctrotonus."  in  which  its 
irritability  and  comluctivity  arc  markedly  altered. 

If  a  battery  current  is  sent  for  a  short  time  through  a 
curarized  sartorius  muscle,  from  end  to  end,  and  the 
muscle  is  then  irritated  by  an  induction  current  having 
the  same  direction,  applied  to  it  through  the  same  elec- 
trodes, it  will  be  fouud  that  the  irritability  is  increased 
by  the  flow  of  the  current.  Von  Bezold  ("Untersuchun- 
geu  fiber  die  electrische  Erregung  der  Nerven  uud  Mus- 
keln."  S.  211,  Leipzig,  18GI),  who  was  the  first  to  observe 
this,  supposed  that  the  irritability  of  the  whole  muscle 
was  increased.  Biedermann  ("Electro-Physiology." 
translation  by  Frances  Welby.  i.,  p.  291.  London,  1898) 
has  shown  that  this  is  not  the  case.  The  flow  of  the  cur- 
rent first  increases  the  irritability  at  the  cathode  if  the 
current  is  weak,  but  decreases  it  if  the  current  is  strong 
and  long-continued.  The  changes  in  irritability  are  not 
to  be  fonnd  in  the  intrapolar  or  e.\trapolar  regions. 

Biedermann  {loe.  (v7.,  p.  280)  gives  the  following  ex- 
planation of  the  loss  of  initability  seen  at  the  cathode 
when  the  muscle  is  subjected  to  a  strong  current  for  a  con- 
siderable time:  An  electric  current  <luiingits  flow  raises 
the  irritability  of  the  muscle  at  the  cathode,  and  produces 
latent  excitation  elfects,  which,  though  insutlicient  to 
cause thedischargeofane.\eitati(m  wave,  result  in  fatigue 
and  decreased  irritability  at  the  jioints  where  the  current 
leaves  the  muscle  fibres.  The  afler-elTect  of  the  current 
is  decreased  irritability  at  the  cathode  and  increased  at 
the  anode,  these  changes,  too,  being  localized  at  the 
poles.  On  account  of  the  loss  of  irritability  produced  at 
the  cathode,  a  current  sufficiently  strong  to  produce  a 
marked  closing  excitation,  if  withdrawn  after  flowing  a 
short  time  and  then  sent  in  again,  fails  to  give  a  closing 
excitation.  If  the  current  be  then  put  through  the  nuis- 
cle  in  the  reverse  direction,  so  that  the  former  anode  is 
made  a  cathode,  a  good  closing  contraction  is  obtained. 
This  phenomenon  is  analogous  to  what  is  known  as  the 
"voltaic  alternative"  in  the  case  of  nerves. 

The  conductivity  is  altered  in  the  same  way  as  in 
nerves.  Contrary  to  the  view  of  von  Bezold,  it  is  not 
changed  in  the  intrapolar  region.  Engelmann  (Pfliiger's 
Archil:  iii..  1870),  studying  the  ureter  of  the  rabbit,  found 
that  the  conductivity  is  les.sened  at  the  anode  by  medium 
ctu'rents  and  is  lost  there  by  strong  currents.  Further, 
by  strong,  continued  currents,  the  conductivity  decreases 
at  the  cathode.  Biedermann  (toe.  cit.,  296)  a.ssociated  this 
with  the  lessened  irritability  and  regards  it  as  an  effect  of 
the  fatigue  caused  by  the  latent  excitation.  He  did  not 
find  it  less  at  the  anode  in  the  case  of  striated  muscles, 
but  as  it  is  lessened  at  the  anode  in  the  case  ot  the  nerves 
and  non  striated  muscle,  he  thinks  there  must  have  been 
some  experimental  error. 

Polar  Excitation  of  Muxcle  by  the  Battery  Current. — In 
the  case  of  muscles  as  of  nerves,  the  excitation  process 
develops  at  the  cathode  on  the  closing  and  at  the  anode 
on  the  opening  of  the  current. 

Both  Vulpian  {Gas.  med.  d.  Paris,  p.  618,  1857;  Compt. 
rend.  (2),  iv.,  1857;  Joiirn.  de  Physiol.,  i.,  p.  569, 1858)  and 
Schiff  (Molesch.  "  Unters.,"  v.,  S.  187,1858;  "Beitrfigez. 
Physiol.,"  ii.,  S.  13)  observed  that  when  a  muscle  is  dying 
and  can  no  longer  transmit  the  excitation  wave,  it  may 
show  a  localized  contraction,  an  "idiomuscular  welt,"  at 
the  point  of  application  of  the  cathode.  They  failed  to 
recognize  the  significance  of  the  phenomenon,  and  we  are 
Indebted  to  von  Bezold  for  the  proof  that  the  "law  of 
contraction  "  found  by  Pflilger  and  Chauveau  for  nerves 
holds  good  for  muscles.     He  connected  a  myograph  lever 


with  the  tibial  end  of  a  curarized  sartorius  muscle,  and 
then  recorded  the  latent  period  of  the  nuiscle  when  the 
upper  part  was  held  fii'mly  by  two  electrodes  placed  at 
unequal  distances  from  the  tibial  end.  The  latent  period 
was  longer  by  closing  excitations  when  the  cathode  was 
farther  away  from,  and  shorter  when  it  was  nearer  to, 
the  recording  part  of  tlie  muscle. 

Engelmann  (Pfiliger's  Archie,  iii.,  S.  247.  1870)  re- 
ported that  the  ureter  of  the  rabbit  exhibits  in  an  admir- 
able manner  the  polar  elfeets  of  the  current,  a  peristaltic 
contraction  wave  starting  from  the  cathode  on  tlie  closing 
and  from  the  anode  on  the  ojiening  of  the  current.  Her- 
mann ("Handbuch  der  Physiol.,"  Bd.  ii.,Abth.  1,  S.  93, 
1879)  states  that  if  loops  of  wet  thread  be  used  as  elec- 
trodes and  placed  ou  the  curarized  muscle,  a  welt  like 
contraction  develops  at  the  cathoile  on  the  closing,  and 
at  the  anodeon  the  opening,  and  draws  the  whole  muscle 
toward  tlie  electrode  in  ([uestion.  Engelmann  (PHiiger's 
Aichir,  XX vi.,  S.  97)  and  Biedermann  ("Sitzung.sbr  d.  k. 
Akad.  d.  "Wiss.  z.  Wieii,"  Bd.  Ixxx.,  Abth.  3,  S.  367)  as- 
certained that  if  a  part  of  a  nuisele  be  injured  by  being 
dipped  intoa  hot  salt  solutimi.  and  electrodes  beapplied, 
the  one  to  the  injured  the  otlier  to  the  normal  part,  the 
closing  contraction  is  very  feeble  if  the  cathode  beapplied 
to  the  injured  part,  but  vigorous  if  it  be  applied  to  the 
normal  part.  These  and  many  other  similar  observations 
have  fully  established  von  ]5ezold's  eonclii.sions. 

Not  only  does  the  muscle  contract  when  the  current  is 
made  or  broken,  but  during  the  flow  of  the  current  a 
continuous  slight  contraction  may  be  oliserved  at  the 
cathode.  If  a  current  be  led  throiiiih  a  iiuiselc  from  end 
to  end,  one  can  see  with  a  lens  a  swelling  of  the  muscle 
at  the  point  where  the  current  leaves  it.  The  difference 
between  the  two  kinds  of  contraction  is  well  brouglit  out 
in  the  following  experimi'nt  of  Engelmann  (Pfli'iger's 
Archie,  iii.,  S.  316):  He  clamped  a  curarized  sartorius 
muscle  in  the  middle,  apidying  the  clamp  firmly  enough 
to  prevent  the  muscle  from  moving  but  not  enough  to 
interfere  with  its  conductivity;  he  then  placed  the  elec- 
trodes near  the  two  ends,  and  connected  the  tibial  end 
with  a  recording  lever  When  the  anode  was  on  the 
writing  end,  a  single  twitch  ivas  seen  on  the  opening  of 
the  current;  when  the  cathode  was  on  that  end,  the 
twitch  caused  by  the  closing  of  the  current  was  followed 
by  a  prolonged  contraction.  The  tendency  of  the  mus- 
cle to  give  a  prolonged  localized  contraction  ijt  the  cathode 
during  the  flow  of  the  current  is  increased  by  cold  or  any 
influence  which  slows  muscular  reactions. 

In  conclusion  it  may  be  said  that  the  battery  current 
can  arouse  two  different  kinds  of  contraction  in  the  mus- 
cle; a  sudden  change  in  the  intensity  of  the  current  at  the 
instant  it  is  closed  or  opened  causing  a  simple  twitch, 
and  a  continuous  flow  of  tlie  current  causing  a  prolonged 
tetanic  contraction.  When  the  current  is  elo.sed  the  ex- 
citation develops  at  the  cathode,  and  when  it  is  opened 
at  the  anode,  and  it  is  probable  that  in  the  ease  of  the 
muscle  as  of  tlie  nerve  the  excitation  juocesses  are  asso- 
ciated with  the  sudden  passage  of  the  tissue  into  a  state 
of  catelectrotonus  and  out  of  a  state  of  anelectrotonus. 
In  a  like  manner  we  can  compare  the  continuous  contrac- 
tion which  is  developed  in  the  muscle  at  the  cathode  when 
the  flow  of  the  current  is  prolonged,  with  the  continued 
state  of  heightened  irritability  which  exists  in  the  nerve 
while  it  is  subjected  to  the  flow  of  the  current.  As  Gotch 
(Sehaefer's  "Textbook  of  Physiology,"  ii.,  p.  436)  says; 
"  In  the  muscle,  contraction  is  the  sign  of  the  cathodic 
state;  in  the  nerve,  increased  excitability." 

There  is  another  interesting  effect  which  may  be  men- 
tioned in  this  connection,  viz. :  the  inliibitory  action  of 
the  anode  during  the  flow,  and  of  the  cathode  on  the 
opening  of  the  current.  Biedermann  ("Electro-Physiol- 
ogy," trans.,  i.,  p.  2.57,  1896)  states  that  if  the  electrodes 
are  applied  to  the  ventricle  of  the  heart,  the  muscle  re- 
laxes during  S3'stole  at  the  point  of  application  of  the 
anode  when  the  current  is  closed,  and  at  the  point  of 
application  of  the  cathode  when  it  is  opened.  A  stronger 
current  is  required  for  the  cathodic  than  for  the  anodic 
effect. 
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The  inhibitory  influence  of  tlie  anode  can  be  well  seen 
if  a  battery  current  is  allowed  to  flow  throufrh  a  piece  of 
smootli  muscle  when  in  tonic  contraction  (liiedennann, 
lot.  cit.,  p.  256).  ]t  is  also  oli.served  on  striated  muscles, 
when  put  into  a  state  of  tonus  by  veratrine.  The  phe- 
nomenon is  undoubtedly  associated  with  the  decrease  of 
irritaticin  which  takes  jilacc  at  the  anode  on  the  closure 
and  at  the  cathode  on  the  upcninj^  of  the  current  (Bie- 
dermann,  loc.  cit..  p.  265). 

Elotnitnnie  Ciirnittx. — If  a  constant  current  be  sent 
through  a  special  jiart  of  a  nerve,  and  a  galvanometer  be 
connected  with  any  portion  of  the  nerve,  either  central 
or  peripheral  to  the  region  sulijected  to  the  i)olari/.ing 
current,  the  instrument  will  indicate  the  presence  of  an 
electric  current  having  the  same  direction  as  the  battery 
current.  The  battery  current  by  mciins  of  which  these 
changes  are  produced  is  frequently  sjiokeu  of  as  the 
polarizing  current,  and  the  electrodes  connecting  the 
battery  with  the  nerve  as  the  "  polarizing  electrodes." 
The  electrodes  which  connect  the  nerve  with  the  galva- 
nometer, or  electrometer,  when  the  eleetrotonic  currents 
are  being  studied,  are  referred  to  as  the  "leadiug-off  elec- 
trodes. " 

The  fact  that  the  flow  of  a  constant  battery  current 
through  a  part  of  a  nerve  can  alter  the  electromotive 
state  of  the  whole  nerve  was  first  observed  bj'  DuBois- 
Revmond  ("  Untersuchungen  iiber  thierische  Electrici- 
tat?'  Bd.  ii.,  Abth.  1,  S.  289,  1849),  who  called  the  elec- 
tric currents  which  residt  from  the  change  "eleetrotonic 
currents,"  those  to  be  obtained  from  the  side  of  the  anode 
being  tenned  "anelectrotnnic,"  and  from  tlie  side  of  the 
cathode  "catelectrotonic"  currents  (see  Fig.  1851). 

I.  The  anelectrotonic  cuiTcnt  strengthens  the  effect  of 
the  demarcation  current  on  the  galvanometer. 

II.  The  catelectrotonic  current  weakens  the  effect  of 
the  demarcation  current  on  the  galvanometer. 

This  can  be  taken  as  a  lu'oiif  that  eleetrotonic  currents 
are  independent  of  the  current  of  rest.  Another  proof  is 
that  they  can  be  ob.served  when,  on  account  of  the  sym- 
metrical arrangement  of  the  leading-off  electrodes,  de- 
marcation currents  cannot  be  detected.  With  this  ar- 
rangement a  change  in  the  electrical  condition  of  the 
nerve  is  caused  by  the  polarizing  current,  of  such  a  type 
that  all  points  of  the  nerve  on  the  side  of  the  cathode  are 
more  negative  and  all  points  on  the  side  of  the  anode 
more  positive  than  normally,  the  change  being  greater 
close  to  the  electrodes,  and  shading  off  from  these  points 
in  both  directions  along  the  nerve.  This  is  true  of  the 
e-xtrajxilar  regions  at  least,  and  probably  is  true  of  the 
intrapolar  region  also,  though  considerable  uncertainty 
exists  as  to  just  what  happens  in  this  part.  To  state  the 
change  with  reference  to  the  direction  of  the  polarizing 
current,  a  battery  current  flowing  through  a  portion  of 
a  nerve  alters  the  chemical  condition  of  the  whole  nerve, 
all  points  of  which  become  electrically  active  in  the 
direction  of  the  current,  each  point  becoming  galvano- 
metrically  negative  in  respect  to  other  points  in  advance 
of  it  in  the  direction  of  the  current. 

If  one  would  avoid  confusion  in  studying  this  subject, 
he  must  always  bear  in  mind  the  fact  that  a  cuiTcnt  is 
always  to  be  considered  as  flowing  in  a  circuit,  from  the 
positive  to  the  negative  sign,  and  consequently  the  flow 
in  the  part  of  the  circuit  containing  the  nerve  must  have 
the  opposite  direction  to  the  flow  in  the  part  containing 
the  galvanometer.  A  point  which  is  positive  with  refer- 
ence to  the  direction  of  flow  through  the  galvanometer  is 
negative  with  reference  to  the  direction  of  flow  through 
the  nerve,  and  rire  rersa. 

Eleetrotonic  currents  are  not  to  be  identified  with 
currents  of  action,  because  they  are  to  be  seen  when  the 
battery  current  is  flowing  constantly  through  a  motor 
nerve,  and  is  too  iveak  to  cause  a  state  of  excitation, 
sufticient  at  least  to  produce  a  current  of  action  and 
a  contraction  of  the  muscle.  Further,  as  Hermann 
("Handbuch  d.  Physiol.,"  Bd.  ii..  Abth.  1,  S.  1.58, 
1879)  says,  the  fact  "that  eleetrotonic  currents  increase 
■with  increase  of  strength  of  the  polarizing  current,  and 
do  not  reach  a  maximum,  is  against  the  view  that  they 


are  the  result  of  a  condition  of  excitation.  Finally,  the 
eleetrotonic  effeels  are  the  stronger  the  nearer  the  part 
of  the  nerve  examined  lo  the  region  through  which  the 
battery  current  is  flowing,  which  would  not  be  Irue  of 
currents  of  action. 

To  any  mie  familiar  with  Ihe  tendency  of  electrical 
currents  lo  spread  through  mnisl  ccinduclors,  the  first 
thought  is,  that  electrolouie  currents  are  due  to  the  ordi- 
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Fig.  18.51.— Effect  of  Eleetrotonic  Currents  on  the  Demarratlon  Cur- 
rent. B.  Battery :  .1,  positive  electrode,  the  amide;  C,  neirative 
electrode,  Ihe  cathwl»';  O.  galvannineler:  am>w  p  shows  the 
direction  of  the  [mlarizing  current:  am.iw '/ shows  Ihe  dirtn-tlon  of 
the  demarcation  currenl  in  the  nerve;  arrow  tl'  shows  ihe  direction 
of  this  current  In  Ihe  galvanoriict«T  circuit;  anwv  <i  shows  the 
direction  of  the  anelectrotonic  current  in  the  nerve;  arrow  a' the 
direction  of  this  current  in  the  pilvanometer  circuit;  arrow  c, 
the  direction  of  the  catelectrotonic  current  in  the  nerie  ;  arrow  c', 
the  direction  of  this  current  in  the  Kalvanoineter  circuit. 

nary  spread  of  the  batterj-  current  beyond  the  electrode 
bringing  it  to  the  nerve.  "That  this  is  not  the  immediate 
cause  is  proved  by  the  fact  that  whatever  interrupts  the 
physiological  conductivity  of  the  nerve,  as  a  ligature  or 
strong  acid  applied  between  the  polarizing  e!"ctrodes  and 
leading-off  electrodes,  although  not  Ics-seuing  the  physi- 
cal power  of  the  nerve  to  conduct  electric  currents,  often 
wholly  does  away  witli  the  phenomenon.  The  same  is 
true  of  anything  which  will  lessen  the  pliysiological 
activities  of  the  nerve.  DuBois-Reymond  failed  to  find 
eleetrotonic  currents  on  dead  nerves,  moist  threads,  and 
muscles,  which  offer  favorable  conditions  for  the  spread 
of  electrical  currents.  Schiff  (-Lehrbuch  d.  Muskel  u. 
Nervenphvsioloeie,''  S.  69.  Larr,  1858-59)  and  Valentine 
{/.(ihrhrift.  f.  nil.  Med.  (3),  xi..  S.  1.  1861)  failed  to 
find   them  on  degenerated    nerves,   wliile   Grucnhagcn 
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(Konigsberger  med.  Juhrb..  iv..  S.  199,  1864)  thinks  tliat 
lie  observed  them.  Boruttau  (Pliliger's  Aixhir,  Bil. 
Iviii..  S.  29.  1894)  observed  electrotonic  currents  on  the 
nerves  of  frogs  ten  or  twelve  days  after  their  removal 
from  the  bod_y,  and  long  after  they  had  lost  the  power  to 
excite  the  muscles.  As  long  as  the  ordinary  structure  of 
the  nerve  is  retained,  these  curi'cnts  can  be  detected ;  but 
they  weaken  the  more  the  chemico-physical  condition 
departs  from  the  normal.  Hermann  ("  Handbuch  d. 
Physiol.,"  Bd.  ii.,  Abth.  1,  S.  1.58)  draws  attention  to  the 
fact  that  electrotonic  currents  have  been  found  to  be 
greater  in  frog's  nerves,  at  the  side  of  the  anode  than  at 
the  side  of  the  cathode,  though  if  due  to  the  ordinary 
spread  of  current  it  is  likely  that  they  would  be  the 
same. 

Probably,  under  certain  conditions,  feeble  currents 
which  are  of  purely  physical  origin  may  be  detected  in 
the  extrapolar  regions;  these  are  not  to  be  confused 
with  ph}'siological  electrotonic  currents,  although  these, 
too,  as  we  shall  see,  are  iu  their  ultimate  analysis  tlie 
result  of  chemico-physical  changes  brought  about  iu  the 
living  substance  by  the  polarizing  current.  Waller 
(■'Lectures  on  Animal  Electricity."  p.  104.  London.  1897) 
discusses  this  question,  and  shows  how  by  the  use  of 
anaesthetics,  ether  and  chloroform,  one  can  distinguish 
between  the  purely  physical  and  physiological  factoi's 
of  the  phenomenon.  He  finds  that  the  physiological  fac- 
tor, the  true  anelectrotonic  and  catelectrotonic  effects, 
disappears  as  the  physico-chemical  conditions  peculiar  to 
the  living  state  art^  suppressed  by  the  ana'sthetio.  and 
the  physical  factor,  the  "  physical  electrolonus  "  of  certain 
German  monographs,  the  "residual  <leHection"  as  he 
calls  it,  remains.  Fliysical  electrotouus,  according  to 
Waller,  means  nothing  more  than  current  escai^e  (see 
(Waller,  "Lectures  on  Animal  Electricity,"  note,  p.  106). 
Biedermanu  ("Sitzungsbr.  d.  k.  Akad.  d.  Wissensch.," 
Bd.  xcvii.,  Abth.  3,  S.  84,  Wien,  1888;  "Elektro-Phys- 
iology,"  translated  by-  Frances  C.  Welby,  ii.,  S.  294, 
Loniion.  1898)  was  the  first  to  use  an  aniesthetic  to  dis- 
tinguish between  physiological  and  physical  electrotonic 
effects.  His  conclusions,  as  we  shall  see  later,  differed 
from  those  of  Waller  (see  effect  of  amesthetics.  p.  775). 

The  effectof  tlie  tcniper.-iturc  isauotlier  proof  thattrue 
electrotonic  currents  are  dependent  on  the  normal  physi- 
ological condition  of  the  nerve.  Raising  the  temperature 
to  40°  C.  (which  would  be  favorable  to  the  physical  con- 
duction of  the  current),  or  lowering  it  to  .5°  C..  causes  the 
e.xtrapolar currents  to  disappear  (Waller.  lr>e.  cit..  p.  107). 

Strength  of  Eleetroto)iic  Currcntn. — Electrotonic  cur- 
rents are  the  stronger  the  greater  the  intensity  of  the 
polarizing  current,  within  the  limits  which  would  cause 
injury  of  the  nerve;  the  longer  the  stretch  of  nerve  sub- 
jected to  the  current,  provided  the  resistance  be  allowed 
for;  the  nearer  the  leading-otf  electrodes  are  placed  to 
the  polarizing  electrodes;  the  more  normal  the  condition 
of  the  nerve,  and  the  greater  the  polarizability  of  the 
nerve.  A  maximum  strength  of  electrotonic  current  has 
not  been  found.  Anelectrotonic  currents  are  stronger 
than  catelectrotonic,  and  DuBois-Reymond  {Archiv  f. 
Aiiiit.  >i.  P/ii/siii!.,  S.  441.  1867)  obtained  anelectrotonic 
currents  twenty-two  times  the  strength  of  t'le  deniarca 
tiou  current,  and  requiring  an  electromotive  force  of  0..i 
of  a  Daniel  cell  for  their  compensation. 

Secondary  Electrolonus. — The  strength  of  the  electro- 
tonic curient  developed  in  a  nerve  may  be  enough  to  ex- 
cite another  nerve  in  contact  with  it.  The  current  in  the 
first  nerve  fiows  through  the  second,  which  completes  the 
circuit  for  it;  when  the  current  enters  or  ceases  to  flow 
through  the  second  nerve,  on  the  make  and  break  of  the 
polarizing  current  in  the  first  nerve,  the  second  nerve  is 
excited  and  a  muscle  connected  with  it  will  contract. 
For  example,  exciting  the  central  stump  of  the  peroneal 
may  excite  the  fibres  of  the  tibial,  where  they  run  by  the 
side  of  the  peroneal  fibres  in  the  sciatic,  and  may  cause  a 
contraction  of  the  .gastrocnemius.  This  "paradoxical 
contraction"  of  DuBois-Reymond  ("  Uutersuch.,"  ii.,  1, 
S.  52.S,  1849)  is  not  to  be  confused  with  the  "  paradoxical 
contraction  "  of  Bering  (Hermann's  "  Handbuch,"  Bd.  ii., 


Al)thl.  1.  S.  160,  1879).  due  to  excitation  of  a  second 
nerve  by  the  current  of  actiou  of  the  first.  The  electro- 
tonic current  from  the  first  nerve  can  put  the  second  into 
secondary  electrotouus.  as  can  be  shown  with  a  galva- 
nometer; and  Moleschott  ("Uutersuch.,"  Bd.  x.,  S.  649. 
1870)  has  seen  even  a  tertiary  electrolonus. 

Brite  of  Dereloprneut  itnd  Sprend  of  Meetrotontis  in 
yerren. — DuBois-Reymond  ("Uutersuch.,"  Bd.  ii..  S. 
321,  391,  .540,  1849)  concluded  that  electrotouus  begins  to 
develop  at  the  two  poles  at  the  instant  the  polarizing 
current  isclosed.  Pflilger  ("Uutersuch.  u.  d.  Physiol,  d. 
Electrotouus,"  S.  442-444,  18r)9,  Berlin)  agrees  with  this; 
he  writes:  "  DuBois-Reymond  has  shown  that  the  growth 
of  the  electrotonic  current  finds  sufficient  time  for  its  de- 
veloimient  even  by  the  quickest  induction  currents.  I  can 
affirm  tlie  same  for  the  rate  at  which,  with  strong  cur- 
rents, the  change  of  irritability  occurs  after  the  closing 
of  polariziug  currents."  Heiniholtz  (">Ionat.sbericlite 
d.  Berliner  Akad.."  S.  329,  18.54),  making  use  of  DuBois- 
Reymond's  "paradoxical  contraction,"  i.e..  letting  the 
electrotonic  current  of  one  nerve  excite  another  nerve 
resting  upon  it.  concludeil  that  "the  condition  of  elec- 
trotouus does  not  appear  demonstrably  later  than  the 
electrotonic  current  which  excites  it."  Bernstein 
("Naturwiss.  Rundsch.,"  S.  9,  1887;  "  Uutersuch.  a.  d. 
physio].  Inst.  d.  Univers.  z.  Haller."  S.  75.  1S88)  ascer- 
tained, with  the  aid  of  his  rlieotome,  tliat  extrapolar  elec- 
trotouus shows  itself  near  the  poles  within  0.001  second 
after  the  battery  current  has  been  closed,  and  Hermann 
(Pfluger's  Arc/'iii;  Ixii.,  S.  1,  1888)  concluded  that  the 
polarization  chan,ges  causing  these  currents  begin  at  the 
instant  that  the  polarizing  current  enters  the  nerve. 

The  method  of  the  rise  and  fall  of  the  electrotonic 
change  was  first  described  by  DuBois  Reyniond  (Arc/iir 
f  Anrit.  II.  Vhynol.  n.  irinsensc/i.  ^/ed..ii.  446,  1867),  who 
found  that  anelectrotonic  currents  of  nerves  grow  to 
their  maximum  somewhat  less  rapidly  than  catelectro- 
tonic, and  then  gradually  fall,  while  catelectrotonic  cur- 
rents reach  their  inaximum  almost  immediately  and  then 
forthwith  fall,  the  decline  occurring  even  during  the  rise 
of  the  anelectrotonic  currents. 

It  is  generally  conceded  that  elcctrotonus  begins  to  de- 
velop at  the  poles  at  the  instant  tlie  current  is  closed,  and 
spreads  thence  along  the  nerve  in  the  form  of  a  wave; 
great  differences  of  opinion  exist,  however,  as  to  the  rate 
at  which  it  travels  along  the  nerve.  Pflilger  ("Electro- 
touus," S.  442)  decided  that  anelectrotonic  alterations  of 
excitability  occur  at  the  same  instant  as  the  anelectro- 
tonic currents,  and  he  considered  that  those  two  phenom- 
ena were  merely  different  expressions  of  the  change  pro- 
duced in  the  nerve  by  the  polarizing  current.  This 
makes  the  rate  of  spread  of  the  change  of  irritability 
of  interest  in  this  connection.  Gruenhagen  (Pfliiger's 
Arc/lie.  iv.,  S.  549.  1871;  vi.,  S.  181,  1872)  found  that  the 
changes  in  irritability  associated  with  anelectrotonus  and 
catelectrotonus  are  transmitted  with  equal  rapidity,  and 
appear  in  all  parts  of  the  nerve  at  the  instant  that  the 
current  is  closed.  Wundt  ("  Uutersuch.  z.  Jlechanik.  d. 
Nerven  u.  Nervencentren,"  i.,  1871)  arrived  at  a  different 
result,  deciding  that  the  alterations  of  irritability  of  the 
nerve  of  the  frog  do  not  develop  iu  all  parts  of  the  uerve 
at  the  instant  of  the  closure  of  the  current,  but  sprea<l 
over  the  nerve  as  a  comparatively  slow,  wave-like  proc- 
ess, comparable  to  the  excitation  wave,  "the  anodic  wave 
of  inhibition  "  travelling  at  the  rate  of  80-700  mm.  per 
second,  according  to  the  strength  of  the  current.  Bara- 
nowsky  and  Garre  (Pfluger's  Arcliir,  xxi.,  S.  446.  1.880) 
got  rates  which  were  entirely  different  from  those  of 
Wundt,  and  which  were  favorable  lo  Grueuhageu's  con- 
clusions. They  found  that  the  decrease  of  excitability  iu 
the  anodic  extra jiolar  regions  must  spread  at  a  rate  of  not 
less  than  165  metres  per  second.  xVscher  (Zeitsdi.f.  Biol., 
xxxii..  S.  473,  1895),  on  the  other  hand,  concluded  the 
rate  of  pro|)agation  to  be  30  metres  per  second. 

Experiments  on  the  rate  of  transmission  of  electrotonic 
currents  both  in  the  nerve  and  in  "  core-conductor  models" 
of  nerves,  have  given  equally  contradictory  results. 
DuBois-Reymond  (Archio  f.  Aiiat  u.  Phi/siol.,  S.  449, 
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1867;  Ges.  Abthl.,  S.  258),  reviewing  Helmholtz's  ex- 
]!( rimcut,  cited  alxne,  lieeiiled  tliat  it  sliowcd  that  the 
<  liaiigc's  ill  the  iii-rve  whicli  underlie  eleetrotoinis  are 
transmitted  as  fajiidly  as  the  exeilatiim  prueess.  Tsehir- 
jew  {Arr/iirf.  Aniit.  ii.  J'/ii/iti"/.,  S.  ')'i'>.  ISTlli  eoneliided 
that  the  rate  was  alioiit  the  same,  or  peihaps  slightly 
slower  than  the  excitation  process:  an<l  lieriistiin  (.i/r/iu' 
/.  Aiuit.  II.  Plijiniol.,  S.  197,  1!S!S6)  found  that  the  propa- 
gation of  electrotonic  changes  is  less  rapid  than  that  of 
tlie  excitation  wave,  the  catelectrotonic  wave  travelling 
at  the  rate  of  !t-10  nini.  per  seeoml.  Lately,  Hermann 
anil  \V<'iss  (Ptiiiger's  Airliir.  Ixxi.,  S.  037."  1898)  have 
expressed  themselves  in  favor  of  Oruenhagen's  view, 
that  the  electrotonic  stiite  develops  in  all  parts  of  the 
exlrapolar  regions  of  nerves  inslantani-ously. 

Experiments  ou  "  core-conductor  models  "  (see  page  777) 
are  of  great  interest  in  this  connection,  for  the  results 
obtainable  with  them  imitate  with  wonderful  accuracy  the 
phenomena  observed  on  nerves.  Borutlau  (PHil.ser's 
Air/iir.  Iviii.,  S.  1,  1894)  tindson  liis  core  conductor  models 
of  nerves  what  DuBois-Reym<ind  found  for  nerves  them- 
selves, viz.,  that  cateleetrotonus  develops  faster  and  de- 
clines more  rapidly  than  anelectrotonus.  A  study  of  the 
galvanic  alterations  in  these  models,  imiler  the  influence 
of  a  polarizing  current,  shows  the  extrapolar  electro- 
tonic currents  to  lie  transmitted  in  the  form  of  a  wave, 
the  rate  varying  with  the  composition  of  the  model,  the 
temperature,  etc.,  and  averaging  about  100  metres  per 
second.  Hermann  and  Samwav  (Pfliiger's --LrA/r,  xxxv., 
S.  1,  1884)  had  found  the  rate  to  lii^at  least  60  metres 
per  second.  Gotch  and  Burch  (Sdiaefer's  "Textbook  of 
Physiol.."  ii.,  p,  549,  1900),  employing  capillary  elec- 
trometres  and  recording  the  movements  of  the  mercury 
by  photography,  found  the  rate  on  models  to  be  over  100 
metres  iier  second. 

An  explanation  of  the  conflicting  results  which  have 
been  obtained  by  those  who  have  studied  this  question 
may  be  found  in  the  way  in  which  electrotonic  currents 
in  nerves  and  core  conductors  develop  and  decline,  and  in 
the  fact  that  they  lessen  in  intensity  as  the  distance  from 
the  poles  increases.  Hermann  (Pttijger's  Arc/ih\  xvi., 
S.  423,  1880:  Hermann  and  Weiss,  Pflliger's  Archie.  Ixxi., 
S.  237,  1898)  points  out  that  a  difference  in  the  strength 
of  the  current  at  the  different  parts  of  the  nerve  might 
well  result  in  a  ditference  in  the  lag  of  the  recording  in- 
strument. Both  Biederinann  (••Electro-Phvsiol.."  ii..S. 
280,  189.51  and  Gotch  (Sehaefer's  "Textbook  of  Physiol.," 
ii.,  pp.  497  and  .549,  1900)  in  their  reviews  of  this  subject 
agree  that  all  the  slower  times  whicli  have  been  given 
are  for  this  reason  open  to  suspicion.  On  the  whole  the 
evidence  is  in  favor  of  the  view  that  the  electrotonic 
■changes  spread  to  all  parts  of  the  nerve  almost  instanta 
neously. 

Electrntoiuis  in  Son-ileduUated  Nerres. — It  was  for  a 
long  time  generally  believed  that  the  electrical  jjlienoni- 
ena,  at  least,  of  electrotonus  occurred  only  in  medullated 
nerves  and  were  absent  from  non-medullated  nerves. 
This  dilTerence  was  attributed  to  the  peculiar  structure 
of  the  medidlated  nerve,  an  axis  cylinder  surrounded  by 
a  sheath  of  different  chemical  composition. 

It  has  been  shown  bv  Biederinann  ("  Bericht.  d.  Wien. 
Acad.  d.  Wis.s.,"  Bd.  xciii.,  Abth.  3:  Bd.  cxvii.,  Abth. 
3;  Pflliger's. l;r/(('c.  liv..S.  24;  "Electrophy-siology,"  ii., 
p.  281,  1895)  that  certain  electrotonic  effects  may  be  ob- 
served on  the  non medullated  nerves  of  a  mollusk,  the 
Anodonta.  If  such  a  nerve  be  connected  by  its  longi- 
tudinal surface  and  cross  section  n-itli  a  galvanometer,  it 
shows  a  strong  demarcation  current;  if  this  be  compen- 
sated, and  a  battery  current  be  applied  to  a  distant  part 
of  the  nerve,  there  is  at  the  instant  ot  closure  a  swing  of 
the  galvanometer  in  a  direction  corresponding  to  a  nega- 
tivevariation  of  the  demarcation  current,  this  Iwing  due 
to  the  action  of  the  current  resulting  from  excitation.  If 
the  polarizing  current  passes  through  a  part  of  the  nei-ve 
not  far  from  the  leading-off  electrodes,  the  negative 
variation  is  followed  by  a  positive  variation  when  the 
polarizing  current  is  ascending  (flowing  away  from  the 
leadiDg-olI  electrodes),  i.e.,  when  the  anode  is  nearest  to 


the  leading-off  electrodes.  If  the  negative  effect  was 
large,  the  ])ositive  aftereffect  is  delayed  and  increases 
more  slowly  during  the  i)a.ssage  of  the  current.  Its  maxi- 
mum strength  Cdnics  with  a  greater  intensity  of  battery 
current  than  is  re(|uired  to  pinduec  the  maximum  nf  the 
initial  negative  variation.  Of  course  these  two  inllueiiii-s 
antagonize  each  other,  and  ]>roduce  more  or  less  conflict 
ing  results,  ac<^ording  to  their  relative  <#rength.  This 
anelectrotonic  elfect  is  grealir  the  stronger  the  polari;'.iiig 
current,  tln'  nearer  the  leadingolT  electrode  to  the  anode, 
and  the  greater  the  vitality  of  tln^  nerve.  When  the 
])i)larizin,!.'  curniit  is  <leseending.  i.e..  when  the  cathode 
is  nearest  the  leadingolV  electrodes,  little  or  no  increase 
in  the  effect  ot  the  current  of  action  on  the  galvanometer 
is  seen. 

It  would  appear  from  these  results  of  BiiderUinmi  that 
non-medullated,  like  meilullated  nerves  show  anelectro- 
tonic galvanic  effects,  but  that  they  fail  to  show  catelec- 
trotonic effects,  von  I'exhuell  l/tit.f.  Jlioi..  x.,  S.  .550) 
failed  to  And  any  marked  electrotonic  effects  on  the 
non-medullated  nerves  of  eephalopods;  but  Borutlau 
(PlUigers  Air/iii;  Ixvi.,  t^.  285,  1.8!I7;  i/,i,l..  Ixviii.,  S. 
351,  i897;  Ixxxiv.,  S.  378,  1901)  reports  that  these  nerves 
show  the  same  electrotonic  changes  as  medullated,  ex- 
cept that  catelectrotonic  effects  are  feeble,  anil  the  an- 
electrotonic condition  may  extend  over  into  the  calhodic 
area.  Mendelsohn  (Jinl.  fie  In  Soe.  tie  Biol..  1900;  Rieliet's 
Dictionnaire  de  Physiologic,  v.,  p.  414,  1901 )  al.so.  as  a  re- 
sidtof  work  on  many  different  forms,  asserts  that  in  gen- 
eral the  non-meilnllated  nerves  of  lower  animals  present 
the  same  qualitative  electrotonic  manifestations  as  the 
medullated  nerves  of  the  higher  animals.  Quantitatively, 
however,  there  are  great  dilferences:  catelectrotonic 
changes  are  always  less  pronounced  than  anelectrotonic 
changesin  non-medullated  ni'rves(in  some  forms,  indeed, 
may  be  absent),  and  very  much  h'ss  marked  than  in 
medullateil  nerves.  It  is  to  be  remembereil  that  the 
medullat<'d  nerves  of  higher  animals  ditl'er  in  regard  to 
the  strength  of  anelectrotonic  and  catelectrotonic  effects. 
In  frog's  nerves  anelectrotonus  is  usually  stronger  than 
cateleetrotonus,  while  in  mammalian  nerves,  according 
to  Waller  ("Lectures  on  Animal  Electricity,"  p.  97, 
and  p.  122.  1897).  they  are  of  equal  importance.  Borultau 
finds(Pflriger's.l;r/i(V,  Ixxxiv.,  S.  380,  1901 1  that  in  mam- 
malian nervesanelcctrotonic  effectsare  always  somewhat 
more  than  catelectrotonic.  though  the  diiTereiice -is  con- 
siderably less  than  in  the  case  of  the  nerves  of  frogs. 

Jnflucitres  irhicli  Alter  the  I'hyniological  Artirity  nf  the 
Xerre  Alter  the  Eleetrntonic  CurrentK. — The  death  of  a 
nerve,  however  produced,  does  away  with  electrotonic 
currents,  and  conditions  which  merely  modify  the  physio- 
logical activity'  of  the  nerve  alter  the  intensity  of  these 
phenomena. 

Effeet  iif  AiKTsthetici. — Biederniann  ("Elektrophvsio- 
logie."  S."  090.  .lena,  1895;  Sitztmgsbr.  d.  k.  Akad.  d. 
Wi.ssensch.,  Bd.  xcvii.,  Abth.  3,  S.  84,  Wien,  1888) 
observed  that  if  a  nerve  were  etherized,  although  the  irri- 
tability and  conductivity  were  lost,  electrotonic  effects 
were  still  to  be  observed.  Normally,  anelectrotonic 
effectsare  considerably  in  excess  of  catelectrotonic,  but 
after  etherization  they  are  about  the  sjuue.  Biederinann 
attributed  the  electrotonic  effeets  which  remained  alter 
etherization  to  the  electrolytic  effects  of  the  current,  and 
concluded  that  they  were  purely  physical  phenomena, 
while  those  which  were  lost  he  considered  to  be  the  true 
physiological  electrotonic  changes.  He  regarded  the 
phvsiological  factor  to  be  the  result  of  a  reaction  of  the 
nerve,  dependent  on  increased  assimilation  in  Ileriiig's 
sense,  and  to  correspond  to  greater  functional  activity. 

Waller  ("Lectures  on  Animal  Electricity,"  p.  104, 
London.  1897)  also  made  use  of  anrt>sthetics  to  disliu; 
giiish  between  the  physical  and  physiological  elements 
of  electrotonus,  but  arrived  at  ditlerent  results.  He 
found  (Proc.  Physiol.  8oe.,  Joiini.  of  Phi/xinl..  vol.  xix., 
189())  that  both  the  anodic  and  cathodic  effects,  and  their 
diliiinution  on  excitation  of  the  nerve,  are  influenced 
by  all  the  agencies  which  alter  the  electrical  response 
of  the  nerve.     Ether,  chloroform,  and  carbon-dioxide 
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gas  may  abolish  both  anelectrotonic  and  catelectiotonic 
effects,  the  abolition  being  succeeded  l)y  secondary  aug- 
mentation. This  result  is  in  favor  of  the  view  that 
the  total  electrotonic  effect  is  physiological,  if  we  ex- 
cept the  minor  effects  of  current  escape  which  may  oc- 
cur when  very  strong  polarizing  currents  are  emplciyed. 
A  similar  conclusion  is  reached  bv  Boruttau  (Ptliiger's 
Arc/iir.  l.w.xiv.,  S.  381,  1901);  AValler  also  found  "that 
electrotonic  currents  may  be  temporarily  modilied  by  nar- 
cotics in  such  a  way  that  the  catelectrotonic  effect  may 
be  relatively  strengthened  and  the  anelectrotonic  current 

weakened,  so  that  the  quotient  -p  may  be  less  than  one. 

This  has  been  corroborated  b}'  Boruttau  (Pflfiger's  Arc?m\ 
Ix.xxiv,,  S.  33.5.  1901). 

Effi'et  (>f  Acids  and  Bases. — Tills  question  is  of  impor- 
tance with  reference  to  the  electrolytic  changes  which  the 
current  produces  in  the  nerve.  Waller  ("Lectures  on 
Animal  Electricity,"  p.  125,  1897)  studied  the  effects  of 
weak  acid  and  alkaline  baths,  and  carbon-dio.xidegas  and 
the  fumes  of  ammonia,  upon  anelectrotonus  and  catelec- 
trotonus.  He  found  catelectrotonus  to  be  increased  by 
slight  acidification  and  decreased  by  slight  basiflcation ; 
anelectrotonus.  on  the  other  hand,  is  generally  decreased 
by  slight  acidification  and  but  little  aflecfed  by  slight 
basiflcation.  To  state  the  effects  in  the  order  "of  their 
occurrence  with  rcsi)ect  to  the  strength  of  the  acid,  first 
there  is  increase  of  anelectrotonus;  second,  diminished 
anelectrotonus  and  increased  catelectrotonus,  this  being 
the  typical  effect;  third,  diminished  catelectrotonus,  as 
the  last  effect.  These  effects  come  out  clearly  only  when 
the  strength  of  the  acid  is  nicely  graded,  as  otherwise  the 
finer  effects  are  lost.  The  )-elation  of  anelectrotonus  to 
catelectrotonus  under  these  influences  can  be  expressed 

A 

by  the  quotient  ^-     Generally  the  early  stages  are  lost. 

and  by  acidification  both  A  and  K  are  lessened ;  but  A  is 

lessened  more  than  K,  so  the  total  effect  is  to  lessen  — 

u 

by  acidification.     The  characteristic  effect  by  basification 

A 
js  to  increase  ^'    The  effect  of  tetanizing  the  nerve  is, 

according  to  Waller,  the  same  as  the  effect  of  carbon- 
dioxide  gas  upon  the  nerve,  and  he  argues  that  the  effect 
during  tetauization  is  due  to  the  production  of  carbon- 
dioxide  gas  by  the  active  nerve  tissue,  a  view  which 
Boruttau  is  inclined  to  favor. 

Ejfrct  of  TcmpevfttuiT. — According  to  Biedermann 
("Elektrophysiol.."  8  690,  1895),  if  tiie  nerves  of  frogs 
are  cooled,  they  appear  to  approach  the  state  of  non- 
medullated  nerves  in  tlieir  electrotonic  reactions,  the 
ordinary  difference  between  the  strength  of  the  anelectro- 
tonic and  catelectrotonic  effects  being  accentuated,  be- 
cause the  cold  enhances  the  physiological  anelectrotonic 
reaction.  AValler,  however,  has  seen  both  anelectrotonus 
and  catelectrotonus  disappear  under  the  elTect  of  tem- 
peratures of  40°  C.  and  0°  C.  If  the  exposure  to  the 
abnormal  temperature  was  not  too  prolonged,  electro- 
tonic currents  were  again  seen  on  the  return  of  the  tem- 
perature to  15°  C.  The  effect  of  lowering  the  temperature 
to  normal  after  heating  to  40°  C.  was  to  cause  the  cateh'C- 
trotonic  currents  to  be  greatly  increased,  so  as  to  be  even 
more  than  the  anelectrotonic.  This  fact  is  attributed  to 
the  chemical  disruption  of  the  living  matter  under  the 
influence  of  the  heat,  the  effect  being  the  same  as  that 
produced  by  acid  and  by  tetanization  of  the  nerve. 

Effect  of  Excitation  on  Electrotoims  and  the  Effect  of 
Electrotonns  on  the  Current  of  Action. — Bernstein  (Archiv 
f.  Anat.  u.  Physiol,  v.  wissensch.  Med.,  S.  614,  1866)  was 
the  first  to  study  this  question.  He  found  that  the  current 
of  action  causes  a  negative  variation  of  electrotonic  cur- 
rents, similar  to  that  which  it  produces  in  demarcation  cur- 
rents. This  change  is  known  as  the  "electrotonic  decre- 
ment" of  Bernstein.  The  view  was  advanced  that  the 
excitation  process  lessened  thesusce|itiliility  of  the  nerve 
to  polarization.  Hermann  ("Handb.,"  Bd.ii.,  Abth.  1,  S. 
165,  1879)  corroborated  the  fact  but  gave  another  explana- 


tion. His  view,  which  has  since  been  generally  accepted, 
is  that  the  electrotonic  currents  are  peculiar  threads  of 
currents  from  the  polarizingcircuits.and  that  the  apparent 
negative  variation  of  the  same  is  due  to  a  change  caused  by 
the  excitation  i)rocess  in  its  passage  through  the  polarized 
nerve.  He  explains  the  facts  on  the  assumption  that  the- 
wave  of  negativity  which  accompanies  the  irritation- 
process  gains  intensity  as  it  spreads  toward  more  strongly 
anelectrotonic  or  more  weakly  catelectrotonic  parts  of  the 
nerve,  and  loses  intensity  as  it  spreads  toward  more 
weakly  anelectrotonic  or  more  strongly  catelectrotonic 
parts  of  the  nerve  (law  of  the  polarization  increment  of 
irritation).  According  to  this  view,  the  irritation  process- 
would  be  at  its  inaxiinum  at  the  anode  and  at  its  mini- 
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Fig.  18.'52.— .4,  Sliowlng  Lessening  of  Anelectrotonic  Current.  B, 
Showing  Lessening  of  Catelectrot*)nic  Current.  X,  Exciting  circuit; 
I',  galvanometer  cireuit:  Z,  polarizing  circuit ;  black  arrow,  direc- 
tion of  electrotonic  currents ;  dotted  arrow,  direction  of  electro- 
motive effect  due  to  excitation. 

mum  at  the  cathode,  i.e.,  the  galvanometer  would  indi- 
cate a  marked  negativity  in  the  region  of  the  anode  as 
compared  with  the  cathotie,  which  would  mean  that  there 
would  be  in  the  intrapolar  region  a  strong  axial  current 
of  action  of  the  same  direction  as  the  polarizing  battery 
current,  which  would  make  it  appear  that  this  was 
strengthened.  This  is  in  fact  observed  in  galvanometer 
experiments,  and  wasexplained  by  Gruenhagen  as  due  to 
a  lessening  of  the  resistance  during  excitation.  Hermann 
found,  however,  that  this  does  not  happen,  and  that  the 
effect  is.  as  has  been  stated,  the  result  of  an  electro-motive 
force  resulting  from  the  excitation.  The  current  of  action, 
then,  because  of  the  same  direction  as  the  polarizing  cur- 
rent, makes  it  appear  that  this  is  strengthened;  on  the 
other  hand,  because  of  the  opposite  direction  to  the  polar- 
ization current,  it  makes  it  appear  that  the  polarization  is 
less. 

In  the  extrapolar  regions  there  is  a  decrease  of  the  elec- 
trotonic currents,  both  on  the  side  of  the  anode  and  on 
that  of  the  cathode.  If,  for  example,  the  galvanometer 
circuit  is  between  the  part  excited  and  the  part  subjected 
to  the  polarizing  current,  the  effect  of  the  anodic  elec- 
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trotonic  cum-iit  on  the  galvauomcter  v;ill  be  lessened 
when  the  excitation  is  frivcii.  because  Ihe  part  of  tlie 
nerve  near  the  anode  will  lieeiunc  nidve  ncjralive  than 
moie  distant  parts,  ami  the  eirect  i>f  the  cathodie  electro- 
tonic  current  on  the  galvauoineler  will  be  lessened  be- 
cause the  part  of  the  nerve  near  the  cathode  will  become 
less  negative  than  more  distant  parts. 

Similar  effects  are  observed  when  the  galvanometer 
electrodes  are  connected,  llieone  uilli  the  cut  end  and 
the  other  with  the  Ion  nit  uih' rial  surface,  only  in  this  case 
the  presence  of  the  demarcation  current  ( (linplicates  the 
result.  The  current  of  action  under<;o<'s  a  marked  altera- 
tion in  its  passage  through  the  jiolarized  region,  the  wave 
of  negativity  increasing  as  it  approaches  parts  relatively 
more  positive  (as  the  region  of  the  anode),  or  leaves  parts 
relatively  more  negative  (as  the  region  of  the  cathode), 
and  decreasing  as  it  approaches  more  negative,  and  leaves 
more  positive  parts  of  the  nerve.  These  effects  are  best 
ob.served  with  a  capillary  electrometer  (Ootcli  and  Rurch. 
Proe.  of  Roy.  Soe.  London,  vol  l.\iii.,  p.  300,  1898: 
Schaefer's  "Textbook  of  Physiol.."  vol.  ii..  p.  r>')i,  19(10). 
Boruttau  (Pttiiger's  Archir,  Ixxxiv.,  S.  3:W.  1901)  says, 
if  the  part  of  the  nerve  eoiuiected  with  the  clectrome'ter 
is  between  the  point  irritated  and  the  jiart  of  the  nerve 
subjected  to  the  battery  current,  when  the  anode  is  near- 
est, the  second  phase  of  the  ctirrent  of  action  is  strength- 
ened, and  when  the  cathode  is  nearest  it  is  weakened; 
while  the  first  phase,  if  superposition  be  allowed  for,  is 
le.ssened  in  the  first  case,  and  generally  increased  in  the 
second,  although  here,  too.  it  may  be  lessened.  Just  the 
opposite  happens  when  the  region  subjected  to  the  bat- 
tery current  is  between  the  part  irritated  and  the  portion 
connected  with  the  electrometer.  If  with  this  arrange- 
ment the  electrometer  electrodes  connect  the  longitudinal 
surface  with  a  cross  section,  the  single  phase  of"  the  cur- 
rent  of  action  is  lessened  if  the  anode  is  nearest,  and 
strengthened  if  the  cathode  is  nearest,  as  Bernstein  found 
(1866)  for  the  negative  variation  caused  by  excitation  of 
the  nerve  with  an  interrupted  current. 

The  After-Effects  of  PuUirhntion,  Seenndary  Electro- 
motire  Phenometm. — When  a  strong  polarizing  current  is 
withdrawn  from  a  nerve,  two  different  iihenomena  pre- 
sent themselves.  On  account  of  the  electrolytic  effects 
jiroduced  in  the  nerve  by  the  polarizing  current,  polariza- 
tion currents  of  opposite  directions  to  the  battery  current 
are  present  after  its  removal.  On  account  of  alterations 
in  irritability  of  the  tissue,  excitation  effects  may  not  only 
occur  at  the  instant  of  the  removal,  but  they  may  continue 
for  some  time  after.  The  effect  of  the  condition  of  ex- 
citation is  to  make  the  formeranode  negative  as  compared 
with  the  rest  of  the  nerve,  from  the  standpoint  of  the 
galvanometer  circuit,  which  means  that  within  the  nerve 
currents  would  flow  away  from  this  point.  These  inter- 
nal currents  of  action  would  have  the  oppo.site  direction 
to  the  polarization  current,  and  in  the  anodic  extrapolar 
region  tend  to  nullify  its  action  on  the  galvanometer. 
The  result  is  that  the  anodic  polarization  changes  are 
overpowered,  and  the  cathodie  extrapolar  currents  alone 
manifest  themselves.  This  interpretation  is  in  haniiony 
with  the  results  observed  in  muscle  after  the  removal  of 
the  battery  current. 

Elertrotoiiic  Curri'iitu  of  Muscle  tqion  Remornl  of  the 
Butter;/  Ctirrent. — Muscles  if  subjected  to  the  tlow"  of  a 
battery  current  become  polarized  just  as  the  nerves  do. 
the  electrotouic  effects  differing  only  in  res|)ect  to  inten- 
sity. DuBois-Reymond("Untersuch".,"Bd.  ii..  Abth.  1,  S. 
329,  1849)  was  tlie  first  to  observe  polarization  currents 
in  muscle  and  termed  them  "secondary  currents."  Val- 
entin (Pfliiger's  Arc/iic.  i..  S.  .")12,  l.'^6S)  reported  that 
muscles  might  show  extrapolar  electrotouic  currents, 
and  Hermann  ("Ilandbuch  d.  Plivsiol."  Bd.  i..  Abth.  1, 
S.  91-93;  Bd.  ii.,  Abth.  1,  S.  1()8,  1879)  confirmed  this 
result.  The  effects  are  most  marked  in  the  immediate 
vicinity  of  the  electrodes,  and  as  in  the  case  of  nerve  are 
strongest  near  the  anode.  DuBois-Reymond  observed 
two  opposite  effects  on  removing  the  battery  current,  the 
one  indicating  a  polarization  current  of  tlie  same,  and 
the  other  of  the  opposite  direction  to  the  polarizing  cur- 


rent. The  former  of  these  (which  he  called  the  positive 
polarization  current)  is  a  current  of  action,  due  to  a  con- 
dition of  excitation  developed  at  the  region  of  the  anode, 
which  becomes  suddenly  relatively  ni-gative  at  Ihe  in- 
stant that  the  battery  <urrenl  is  briiken  That  this  cur- 
rent is  the  result  of  the  openini;  ,.x,.itiiiioii  is  shown  by 
the  following  facts,  viz. :  it  can  lii'  oliserve<l  best  by  plac- 
ing one  electrode  at  the  anode  and  the  other  at  a"  short 
distance  from  this,  the  electrode  at  the  anode  becoming 
negative  in  relation  to  Iheother;  it  is Im'sI  developed  when 
the  battery  curniit  is  strong,  of  slioit  duration  and  nipidly 
broken;  tlieetrect  is  only  to  beobservi'd  on  fresh  inus<les. 
Later  writers  have  generally  em|doyed  the  term  "anodic 
after-elTect  "  for  this  change. 

The  polarization  curri'iits  which  have  the  opposite 
direction  to  the  battery  current,  the  negative  polarization 
currents  of  DuBois  Heymond,  are  purely  physical  phe- 
nomena, such  as  can  be  obtained  in  any  electrolyte  as  the 
result  of  the  flow  of  a  batte'iy  current.  These  polariza- 
tion currenlsare  found  tlirou.ihoiit  the  intrapolur  region, 
and,  although  weak,  in  the  exlrapolnr.  They  last  bui 
a  short  time  after  the  w  ithdrawal  of  the  battery  current, 
and  their  ainonnt  varies  with  Ihe  strength  ami"  duration 
of  the  battery  current.  Although  idiysical  phenomena, 
they  are  intimately  related  to  the  physical  and  chemical 
siructureof  the  protoiilasm  of  the  inuscle,  for  they  fail 
if  it  is  altered  by  heat.  etc.  Nevertheless  thev  are  not 
the  result  of  the  physiological  activities  of  tlie  musi  le, 
liecause  they  can  be  obtained  when  the  muscle  is  too 
fatigued  to  respond  to  stimuli. 

Theories  of  Eleclrotonir  Currentji. — Two  principal 
theories  as  to  the  origin  of  electrotonic  currents  have  been 
evolved.  The  first  of  these,  known  as  the  "molecular 
theory,"  was  set  forth  by  DuBois-Reyniond  ("Unter- 
snchungen  fiber  thierische  Electricitiit,"  ii.,  S.  289-3N9, 
1849).  According  to  this,  the  battery  current  altered  the 
position  of  hypothetical  electromotive  molecules  of  the 
nerve,  giving  tln'iii  a  eolumnar  arrangement.  AVe  need 
not  dwell  on  this  conception,  as  the  theory  and  its  vari- 
ous modifications  (Bernstein.  PHuger's  Archir,  vi.,  S. 
33.5,  1872;  Fleischl,  "Sitzungsbr.  d  Wiener  Akad.." 
Abth.  3,  Ixxvii.,  1878)  have  been  disjilaced  by  the  theory 
of  electrolytic  |iolarizalion.  Hermann  iliscusses  the 
earlier  literature  of  this  subject  in  his  "  Handbnch  der 
Pliysiologie,"  Bd.  ii.,  Abtli.  1.  S.  171-196,  1879. 

Peltier  discovered  the  ocrurreiice  of  polarization  in 
animal  tissues,  and  DuBois-Revmond  ("  L'nters.  li.  thier. 
Electric,"  i.,  S.  376,  1848;  ii.,  2;  S.  377,  1849)  repeated  his 
observations,  and  detected  after  the  removal  of  a  battery 
current  from  an  isolated  nerve  an  electromotive  force  of 
ojiposite  direction.  He  termed  the  polarization  effects 
produced  by  the  flow  of  Ihe  current  "secondary  electro- 
motive effects."  DuBois-Revmond  also  ("Monatsbr.  d. 
Akad.  z.  Berlin,"  S.  39."),  lKr>6;  Ges.  Abth.  1,  S.  1)  re- 
ported that  the  polarization  occurs  at  the  bounding  sur- 
faces of  dissimilar  electrolvtes.  Matleucci  (Comptes 
rend.,  1.,  p.  412.  1860;  lii.,"  p.  231,  1861;  hi.,  p.  760. 
1863;  Ixv.,  p.  \n\.  194,  884,  1867;  Ixvi.,  p.  .580.  1868),  in- 
fluenced by  the  results  of  Peltier  and  DuBois  Reymond. 
studied  these  secondary  electromolive  effects,  and  found 
an  explanation  of  electrotonic  currents  in  the  internal 
polarization  of  the  nerve;  he  also  thought  to  have  proved 
the  existence  of  electrolytic  products  within  the  nerve, 
viz.,  acids  at  the  anode  and  alkalies  at  the  cathode. 

Hermann  ("  rnlerstich.  z.  ])hvsiol.  d.  Mnskeln  u. 
Nerven,"  Heft  3,  S.  71.  Berlin  1868";  Pfliiger's  .lir/dV,  v., 
S.  233;  ilu'd..  vi.,  S.  312)  studied  the  polaiization  after- 
current of  the  nerve,  and  concluded  that  the  polarization 
effects  are  not  equally  distributed  through  the  nerve,  but 
occur  at  the  bounding  surfaces  of  sheath  and  core;  that 
jiolarization  explains  all  the  galvanic  effects  of  electro- 
tonus;  an<l  that  Pfliiger's  anelectrotonus  and  catelectro- 
touus  correspond  with  the  regions  of  positive  and 
negative  polarization  of  the  core  of  the  nerve. 

Vore-Vondnclor  Models. — It  was  in  1863  that  ^tatteucci 
discovered  that  if  a  constant  current  flow  s  through  a  por- 
tion of  a  platinum  wire  covered  with  a  sheath  saturated 
with  a  fluid,  extrapolar  currents  can  be  led  off   w  hicli 
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correspond  to  the  electrotonic  currents  of  nerves.  In 
.addition,  he  noted  tliat  amalgamated  zinc  wires  sur- 
rounded by  a  solution  of  zinc  sulpiiate  do  not  give  such 
currents,  from  which  lie  decided  that  electrotonic  currents 
are  the  result  of  polarization.      This  view  was  corrobo- 


FIG.  18.i3.—  Electrotonic  Currents  of  a  Core-Cnnductor  Model.  C-C. 
Good  conducting  metal  core,  surrounded  by  Iluid  sheath ;  E,  bat- 
tery:  G.  (jf'.  G*.  galvanometers ;  .1,  anode;  (\  cathode  of  ballery 
current;  black  arrow,  direction  of  battery  cun'ent ;  dotted  armw. 
direction  of  electrotonic  current  as  shown  by  palvanomctcrs. 
(Copied  from  Hermann's  "Handbuch,"  Bd.  ii.,  Abtbl.  1.,  S.,  ITti.) 

rated  by  Schiff  ("Nuovo  Cimento,"  ave.,  1868).  The 
])henonicna  to  be  observed  on  core-conductor  models  and 
tlieir  relation  to  elcctrotonus  in  nerves  were  thorouglily 
investigated  bv  Hermann  (Pfluger's  Archil),  v.,  S.  264, 
1871;  vi.,  S.  312,  1873;  vii.,  S.  301,  1873;  "Handbuch," 
Bd.  ii.,  Abthl.  1.  S.  174-184,  1879). 

The  core-conductor  models  employed  by  Hermann  con- 
sisted of  a  platinum  wire  surrounded  by  zinc  sulphate,  and 
of  an  amalgamated  zinc  wire  surrounded  by  zine  sulphate. 
The  wire  was  pas.sed  horizoutall.y  through  the  middle  of 
a  glass  tube  containing  the  fluid.  A  number  of  short 
tubes,  welded  to  the  upper  side  of  the  main  tube  at  stated 
intervals,  permitted  the  entrance  of  the  polarizing  and 
leading-off  electrodes,  which  were  made  of  amalgamated 
zinc. 

With  this  arrangement  he  was  able  to  demonstrate 
many  of  the  more  important  phenomena  associated  with 
the  production  of  electrotonic  currents  in  nerves.  He 
•offei'ed  the  following  explanation.  In  the  case  of  the  coie 
conductor  in  which  there  is  no  polarization,  such  as  an 
amalgamated  zine  wire  surrounded  by  zinc  sulphate,  the 
battery  current  takes  the  shortest  path  through  the  fluid 
sheath  from  the  electrodes  to  tlie  good  conducting  core; 
if.  however,  polarization  occurs  at  the  boundary  between 
the  sheath  and  the  core,  as  hajipens  when  iilalinum  wire 
is  used,  counter  currents  are  set  up,  which  resist  the  pas- 
sage of  the  battery  current  from  the  sheath  to  the  core 
beneath  the  anode,  and  from  the  core  to  the  sheath  be- 
neath the  cathode,  and  cause  the  jiolarizing  current  to 
spread  widely  along  the  sheath  into  the  e.\trapolar  re- 
gions. The  current  thus  spreading  through  the  moist 
sheath  can  be  detected  by  a  galvanometer  connected  liy 
electrodes  with  the  sheath  in  the  e.xtrapolar  regions,  and 
the  current  wherever  tested  is  found  to  have  the  same 
direction  as  tlie  polarizing  current. 

H.  Weber  (Borchardt's  Joiirn.  f.  MatJi.,  l.x.xvi.,  S.  1; 
Pfluger"s  Ai-c/rh'.  vii.,  S.  319),  working  with  Hermann, 
from  a  mathematical  research,  decided  that  in  theory 
metal  cores  are  not  essential  to  core-conductor  phenomena, 
and  that  two  electrolytes  with  polarizable  contact  sur- 
faces would  give  like  results.  Hering  {"Lotos.  Prag. ," 
Bd.  ix.,  1888)  worked  with  models  without  a  metal  core, 
and  therefore  still  more  resembling  nerves.  He  used  a 
hollow  stem  of  grass,  soaked  in  water,  and  then  filled 
with  a  strong  soditnn  cliloride  solution  which  conducts 
well  as  compared  with  water.  In  these,  too,  ijolarization 
occurs  at  the  surface  of  contact  between  the  good  conduct- 
ing core  and  the  less  perfectly  conducting  sheath.  Her- 
mann says  that  a  difference  in  the  conduction  power  of 
core  and  sheath  may  not  be  essential. 

Within  a  few  years  a  number  of  papers  have  appeared 
"which  show  an  astonishing  similarity  in  the  electrical 
phenomena  to  be  observed  on  nerves  and  core-conductor 
models.  Indeed,  it  is  claimed  bv  some  observers  (Borut- 
tau,  Pflllger's  Archip,  Iviii.,  S.  f,  1894;  lix.,  S.  47,  189.5; 


Ixiii.,  S.  158,  1896;  Ixviii.,  S.  351,  1897;  Hoorweg, 
Pflllger's  Air/iiv,  Ixxi.,  S.  128,  1898)  that  all  the  elec- 
trical phenomena  which  can  be  observed  on  nerves  are 
exactly  reju-oduced  by  these  models.  Boruttau  says  the 
form  of  model  that  most  exactly  imitates  the  electrical 
phenomena  observed  on  nerves  is  that  of  Radzikowski 
("Institut  Solvay,  Travaux  de  laboratoire,"  t.  3,  fasc.  1, 
pp.  1-22,  Brussels.  1899),  which  consists  of  a  magnesium 
wire  in  dilute  sodium  chloride. 

Eh'ct rah/tic  PolnrizntioH  Effects. — "Waller in  his  lectures 
on  "  Animal  Electricity  "  argues  strongly  in  fa\'or  of  the 
view  that  extrapolar  electrotonic  currents  are  the  result 
of  electrolytic  polarization,  and  he  gives  an  excellent 
]ucture  of  the  way  such  electrolytic  changes  may  occur, 
and  how  they  may  produce  tlie  polarization  currents  tliat 
cause  the  spread  of  battery  currents  along  the  nerve. 
Got ch  also  (Schaefer's  "Textbook  of  Pliysiol.,"  vol.  ii., 
pp.  .540-547,  1900)  illustrates  these  effectswell.  It  a  bat- 
tery current  be  sent  through  a  fluid  conductor,  the  current 
cau.ses  an  electrolytic  decomposition  of  the  electrolyte  and 
the  collection  of  the  ions  at  tlie  poles.  Acids,  o.xygen, 
chlorine,  etc.,  electro-negative  ions,  collect  at  the  anode, 
gases,  hydrogen,  sodium,  etc.,  electro-positive  ions,  col- 
lect at  tiie  cathode. 

If  the  current  be  strong.  O  and  H  may  be  seen  to  come 
ofl:  as  bubbles.  If  it  be  weak  there  is  still  a  separation 
of  ions,  though  tliey  may  not  be  visible.  Tlie  fact  that 
such  an  electrolytic  decomposition  occurs  and  that  the 
ions  collect  at  the  two  poles  may  be  detected  by  intro- 
ducing into  the  solution  some  substance  which  will  change 
color  under  the  influence  of  an  acid  or  an  alkali.  Waller 
lias  employed  a  solution  of  dextrin  and  potassium  iodide 
to  illustrate  the  phenomena.  The  hattery  current  de- 
composes the  iodide  of  potassium,  the  base  "collects  at  the 
cathode  and  the  iodide  at  the  anode,  where  it  strikes  a 
red  color  with  the  dextrin. 

Gotch  suggests  the  use  of  methylene  blue,  which  is 
blancheil  on  being  reduced  at  the  cathode  and  takes  on  a 
stronger  Cdlor  under  the  influence  of  the  acid  at  the  anode. 

The  products  of  liie  electrolytic  change  are  themselves 
capable  of  generating  a  current,  the  anodic  ions  being 
galvanometiically  positive  to  the  cathodic  ions.  That 
they  do  this  can  lie  ascertained  by  letting  a  battery 
current  flow  through  a  moist  conductor,  and  then  flis- 
connecting  the  electrodes  from  the  btittery  and  connect- 
ing them  with  a  galvanometer,  when  a  current  of  op- 
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Fig.  ia54.— Diapram  of  Polarization  Currents  in  a  Moist  Conductor, 
when  a  Battei-y  current  is  led  through  by  Metal  Electrodes.  A  and 
C,  metal  electrodes;  Ii,  battery;  h,  k',  keys;  G,  galvanometer;  O, 
acid,  negative,  but  galvanometricatly  positive  ions;  II,  basic,  posi- 
tive, hut  galvanometricatly  negative  ions.  The  dotted  arrows  show 
the  diivi-tiun  nf  the  iiolaiizing  eurrent.  and  the  black  arrows  the 
direction  of  polarization  currents  observed  with  galvanometer  after 
opening  of  battery  circuit. 

posite  direction  to  the  preceding  battery  current  will  be 
indicated.     This  is  the  .so-called  polarization  current. 

This  polarization  change  is  most  marked  at  the  point 
wliere  the  metal  electrodes  come  in  contact  with  the 
moist  conductor. 

This  external  polarization  effect  may  be  greatly  lessened 
b}' employing  "uon-polarizable  "  electrodes.  In  case  the 
moist  conductor  is  composed  of  more  than  one  sulistance, 
and  these  have  different  capacities  of  conduction,  an  in- 
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tcrual  polarization  may  be  observed.  Such  is  especially 
the  case  with  nicdullatcd  norvcs. 

Waller  (••  LccluRs,"  p.  !Hi)  shows  that  the  hiinian  body 
may  bo  intiTiially  pi>laiizid  by  the  tlow  of  a  battery  cur- 
rent. He  took  two  pairsof  cups  coiitaininirsalt  solution, 
jiud  connected  one  pair  with  a  battery  and  the  other  with 
a  galvanometer.  He  then  di])ped  two  oC  his  lingers  into 
the  tiist  pair  of  cups,  thus  completing  the  balt^'ry  circuit 
through  himself:  he  then  removed  Iho.se  tingers,  an<l' 
dijiped  two  otiiers  into  the  cups  conneet<'d  with  the  gal- 
vanometer; this  showed  a  detiection,  proving  that  there 
had  been  an  internal  iiiilari/ation  of  Ids  biidy. 

DuBois-Ueyniond  showed  that  the  electrolytic  polari- 
zation occurs  at  the  interspace,  i.e..  the  iioint  of  contact, 
of  the  dilTereut  moist  conductors.  This  is  illustrated  in 
the  following  scheme  (Fig.  IS.w). 

In  this  case,  the  electrolyti<'  elTects  are  supposed  to 
■occurat  the  contact  of  tlie  surfaces  of  thi>  slu  ath  andcore. 
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Pig.  18.5.5. — BiaaTara  showlog  the  Internal  Polarization  EITerts  left  in 
a  Core  Conductor,  such  as  a  Nerve,  after  llie  witlidrawal  of  the 
I'olarlzing  Current.  B,  battery;  .1  ami  r.  non-polarizable  elec- 
tnides:  h.  k\  ke.vs;  G.  g-alvanoraeter ;  dotted  arrows,  show  course 
of  polarizinp  current :  black  arrows  show  course  of  polarization 
currents  in  a.\is  and  sheath,  as  indicated  by  the  galvanometer  after 
oiieuing  of  battery  circuit. 

"We  have  to  consider  that  internal  anodes  exist  where  the 
Ijattery  current  enters  the  axis  cylinder  beneath  the  anode, 
.1,  and  where  it  enters  the  sheath  beneath  the  cathode, 
C.  and  internal  cathodes  where  the  current  leaves  the 
sheath  below  the  anode,  and  where  it  leaves  the  axis 
cylinder  beneath  the  cathode. 

Negative,  acid  ions  would  collect  at  the  internal  anodes, 
and  positive,  basic  ions  at  the  internal  cathodes,  and 
these  would  cause  the  polarization  currents  in  the  axis 
and  sheath  indicated  in  the  (li;igram.  When  the  battery 
circuit  is  broken  and  the  galvanometer  circuit  closed,  a 
part  of  these  currents  will  How  through  the  galvanometer, 
and  the  region  of  the  anode  will  be  found  to  be  galvauo- 
metrically  positive  with  reference  to  the  region  of  the 
cathode. 

Cause  of  Extrapolur  Ehclrntnnic  Cm-niils. — (n)  After  the 
Polarizing  Current  is  ^yitfl(lralcn.  The  electrolytic  polar- 
ization ctTccts  are  the  most  marked  directly  beneath  the 
anode  and  c;ithiiile.  'When  the  biittery  current  ceases  to 
flow,  the  sheath  of  nerve  beneath  the  an<ide  will  be  gal- 
vanonietrically  positive  to  all  other  parts  of  the  sheath, 
and  therefore  jiohirization  currents  will  flow  from  this 
part  of  the  sheath  to  the  other  less  positive,  extrapolar  as 
well  as  intra  polar  parts  of  the  sheath,  and  return  currents 
■will  comeback  to  the  anode  through  the  core.  If  two 
points  of  the  extrapolar  region  be  connected  with  the  gal- 
vanometer, a  part  of  these  extrapolar  currents  will  How 
through  the  galvanometer  circuit  from  the  point  nearest 
the  anode  to  the  one  more  distant,  these  threads  of  .cur- 
rent returning  to  the  anode  through  the  core.  In  a  like 
manner,  since  the  part  of  the  sheath  near  the  cathode  is 
more  negative  than  other  parts  of  the  sheath,  if  two 
points  of  the  cathodic  extrapolar  region  be  connected  with 
a  galvanometer,  current  threads  will  be  obtained  flowing 
from  more  distant  parts  toward  the  cathode,  and  iiidicat 


ing  a  flow  of  current  in  llie  core  away  from  the  calhwle. 
As  a  matter  of  fact  the  (hickne.ss  of  the  sheath  of  a  core 
conductor  has  an  important  inlliieiice.  but  this  c|iiestion 
neetl  not  be  discussed  here  (Ootch,  Schaefer's" Textbook 
of  Physiology,''  vol.  ii..  p.  .")44.  liKIO). 

(/')  JJiiriiii/  the  Fhiir  iif  the  I'ulariziii;/  Current.  The 
condii  ions  which  lead  to  the  j)rodiiction  of  the  extrapolar 
currents  which  are  delected  in  a  core  condtictorand  nerve 
after  the  |iolarizing  current  has  been  withdrawn  are 
present  during  the  How  of  the  iiolarizing  ctirrent.  Elec- 
trolytic jiolarization  elTet  ts  begin  to  develop  at  the  in- 
stant the  i)iilarizingcurreiit  enters,  and  conlinin' ihroiigh- 
out  its  How  .  They  are,  IhcTeforc,  one  of  the  sources  of 
the  electrolonic  currents  observed  in  core  conduclors  and 
nerves  during  the  How  of  the  current  ((Jolch,  Sclmefer's 
"Textbook,"  p.  .146).  Another cjitise is  to  be  found  in  the 
fact  that  the  polarization  curients  which  develop  about 
the  core  resist  the  pas.sage  of  the  ballery  current  from 
the  sheath  lo  the  core  and  from  I  he  core  to  the  shealli. 
and  cause  it  tospread  widely  intothe  extrapolar  regions. 

llihiti'iii  iif  l'"liinziilifiii  ti>  KrriliitiiiH  iinil  ('I'liilurtinn. 
—  I'lliiger  says  that  the  beginning  of  our  knowledge  of 
electrotonus  starts  with  the' observation  of  Ritter  ("  Hei- 
trage  zur  nilhern  Kentnissdes  Galvanismus."  et{..  .lena, 
1803)  that  the  irritability  of  a  nerve  is  altered  by  the  flow 
of  a  current,  and  dill'crenlly  for  ascending  and  dcsceiMl- 
ing  currents.  The  fact  that  the  How  of  an  electric  cur- 
ii'iit  through  a  nerve  may  lead  to  the  development  of 
electrotonus  was  first  oi)served  by  Dniiois  IJeymond 
(•■  I'ntersucli.  I'l.  thierische  p'lectricitiit."  lid.  ii..  Abtb.  1, 
S.  289.  1849).  He  considered  excitation  to  be  closely 
related  to  I  he  electrotonic  changes  which  he  observed,  and 
these  to  be  associated  with  the  electrolysis  produced  by  the 
current.  Although  he  recognized  electrotonus  and  ex- 
citation to  be  intinmlely  related,  he  did  not  regard  the 
electrotonic  state  to  be  identical  w it !i  the  process  of  ex. 
citation  as  manifested  by  sensation  and  movement.  His 
statement,  "Galvanic  excitation  is  only  the  lirst  stage  in 
the  electrolysis  of  a  nerve,"  has  received  support  from 
many  of  the  latest  observations. 

Pflliger  recognized  that  there  is  a  ^■ery  close  relation 
between  the  polar  changes  of  irritability  and  conductiv- 
ity which  he  observed  and  the  |iolarelectrical  ))heiiomi-na 
of  electrotonus.  but  regarilcd  llietu  as  the  dilTerent  symp- 
toms of  the  internal  molecular  changes  produced  by  tlie 
battery  current  in  the  nerve.  DuBois-Keymond  ("  I'liter- 
such.,"  Bd.  i.,  S.  2.')8)  had  formulated  a  general  Jaw  for 
excitation,  viz. :  excitation  is  caused  not  by  the  continu- 
ous flow  of  a  current,  but  by  changes  of  intensity  within 
short  intervals  of  time,  and  PHliger  ("  I'ntersiich.  it.  d. 
Physiol,  d.  Electrotonus,"  S.  44.5.  Berlin.  18.")9tinterpreti-d 
this  law  to  mean  that  excitation  depends  iipoti  the  rsite 
at  which  the  inner  molecular  constitution  (^f  the  nerve  is 
altered  by  the  application  of  some  extirnal  force,  and 
found  this  law  to  be  in  harmony  with  his  law  of  "polar 
excitation  of  nerve," — "a  given  stietch  of  nerve  is  ex- 
cited by  the  development  of  catelectrotonus  and  the  dis- 
appearance of  anelectrotonus,  not.  however,  by  the  dis- 
appearance of  catelectrotonus  and  the  development  of 
anelectrotonus"  ("rntersucli.,"  S.  .■)4tb.  He  as.sociatcd 
excitation  with  the  sudden  rise  of  irritability  which  occurs 
at  the  cathode  on  llie  closing,  and  at  the  anode  upon  the 
opening  of  the  current. 

Herniann  followed  up  the  observati<ins  which  Matteiicci 
had  made  in  1863  on  core  conductor  models,  and  con- 
cliuleil  that  electrotonic  currents  anil  the  electrical  phe- 
nomemi  to  be  observed  on  nerves  w  hen  they  are  excited, 
can  be  explained  by  the  cheniico-physicid  effects  of  the 
current;  and  further,  that  the  ex|)lanalion  of  the  "law 
of  ]K)lar  excitation"  developed  by  I'fliiger  is  to  1m.' 
sought  in  the  electrolytic  changes  which  the  current 
produces  at  the  two  poles.  Hermann  (Hermann  u.  AVeiss. 
PHiiger's  Arehir.  Ixxi..  S.  279.  1898)  states  that  as  early  as 
1867  t"  Untersuch.  il.  Mii.skeln  u.  Nerven."  Heft  2.  S. 
41-42.  Berlin.  1867)  he  developed  a  theory  tlisit  under  the 
influence  of  the  cathode  the  Splitting  up  of  chemical 
compounds  in  the  tissue  is  ha.stened  (dissimilation  oc- 
curs), and  so  negativity  is  produced  in  the  neighborhood 
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of  the  cathode,  and  under  the  influence  of  the  anode  de- 
composition is  delayed  and  perhaps  synthetic  changes 
produced,  whence  a  condition  of  positivity  is  developed 
near  the  anode.  He  says  that  later  he  gave  this  theory 
up  for  a  better  one,  hut  it  has  been  accepted  by  many 
and  was  brought  forward  again  by  Hering  and  Bieder- 
mann("Ber.  d.  Oesterr.  Akad.  Math.  Naturwiss.  CI.," 
Abthl.  3,  Bd.  997,  S.  1-1.5,  188s ;  Biedermann.  "  Electro- 
physiologic," S.  706,  Jena,  189.5),  who  described  electro- 
tonus  of  the  nerve  as  a  physiological  phenomenon  and 
different  from  the  jihysical  change  to  be  observed  on 
core-conductor  models.  Through  this  some  confusion  in 
terminology  arose.  Bernstein  classes  under  physiological 
electrotonus  the  changes  iu  irritability,  and  under  phys- 
ical the  galvanic  phenomena  produced  by  the  current. 
Hermann  is  not  satisfied  that  such  a  division  is  admissible, 
nor  is  it  now  generally  accepted.  Hermann  (Inc.  ctt.,  S. 
280)  says:  "For  me  all  physiological  phenomena  of  elec- 
trotonus are  only  effects  of  polarization  of  the  nerve  core, 
these  being  at  once  the  result  of  the  action  of  the  current 
and  the  cause  of  its  spread  into  the  e.xtrapolar  regions." 
The  assumed  assimilation  and  dissimilation  effects  find 
place  under  the  physiological  action  of  positive  and 
negative  polarization.  Boruttau  (Pfli'iger's  Archir,  Iviii., 
S.  51,  1894;  li.x.,  S.  47,  1895;  l.xiii.,  S.  154,  1896;  Ixvi., 
1897;  Ixviii.,  1897;  Ixxxi.,  S.  360,  1901),  in  his  many 
papers  on  this  subject,  favors  the  view  that  excitation 
alwavs  goes  hand-inhaud  with  a  catelectrotonic  condi- 
tion and  that  the  current  of  action  can  be  identified  with 
"a  wave-like  spread  of  catelectrotonus."  He  arrived  at 
the  view  through  his  experiments  on  core-conductor  mod- 
els, on  which  ho  claims  that  all  the  electrical  phenomena 
to  be  observed  on  nerves  can  be  reproduced.  His  experi- 
ments have  shown  an  astonishing  similarity  beween  the 
way  iu  which  electrical  waves  traverse  these  models  and 
the  way  that  the  waves  which  accompany  the  nerve  im- 
pulse pass  along  the  neive.  Even  very  brief  currents, 
such  as  induction  currents,  can  cause  catelectrotonus; 
and  he  finds  that  if  a  series  of  equal  induction  currents 
of  alternating  direction  are  pa.ssed  through  a  portion  of 
a  core-conductor  model,  the  opposite  equal  polarization 
effects  cause  a  condition  of  negativity,  of  catelectrotonus, 
to  develop  near  the  electrodes  on  each  side  of  the  polar- 
ized region,  Hoorweg  (Pflliger's  Arcliiv,  Ixxi.,  S.  128, 
1898)  as  the  result  of  his  experiments  comes  to  much  the 
same  conclusion  as  Boruttau,  but  Hermann  (Pfli'iger's 
Ardiir,  Ixxi.,  S.  294.  1898)  states  that  he  is  not  prepared 
to  go  as  far  as  Boruttau,  and  does  not  consider  that  core- 
conductor  models  can  be  looked  upon  as  nerve  models  in 
respect  to  irritability  ;  they  are,  for  him,  models  of  elec- 
trotonic  effects  of  the  current.  He  considers  that  polari- 
zation, and  the  excitation  associated  with  its  development 
and  disappearance,  are  to  be  held  as  distinctly  separate 
phenomena.  This  year  he  writes  (Pflitger's  Arc/iiv. 
Ixxxiii.,  S.  360,  1901)  with  reference  to  the  current  of 
action  and  excitation:  "One  need  not  consider  these  as 
separate  properties;  on  the  contrary,  for  me  excitation  is 
nothing  more  than  that  cliange  in  the  core  which  causes 
the  potential  of  the  current  of  action." 

Pflliger  found  that  the  sudden  cessation  of  anelectro- 
tonus  as  well  as  the  establishment  of  catelectrotonus  is 
associated  with  a  sudden  rise  of  irritability  and  excitation. 
This  is  difficult  to  explain  on  the  theory  that  excitation 
onlv  occurs  on  the  estalilisliinent  of  catelectrotonus. 
Gruetzner  {BrenUiucr  iierzH.  Ziitifchi:.  No.  233,  1882) 
and  Tigerstedt  ("Mitthl.  a.  d.  physiol.  lab.  d.  Carolin, 
Instit.  "in  Stockholm."  Hft.  2,  Abl'hl.  2,  1882)  have  tried 
to  meet  the  difficulty  by  attracting  attention  to  the  fact 
that  on  the  opening  of  the  polarizing  circuit  a  catelectro- 
tonic condition  is  developed  at  the  former  anode,  through 
the  establishment  of  the  jiolarization  after-current  of 
opposite  direction.  This  explanation  is  not  altogether 
satisfactory  to  Gotch  (Schaefer's  "Textbook  of  Physi- 
ology," ii."  p.  499,  .509,  1900)  who  points  out  a  number 
of  difficulties,  and  decides  that  something  more  than 
the  effect  of  the  after-polarization  current  must  be  at 
work  in  the  production  of  the  opening  excitation;  it 
appears  to  have  been  accepted  by  Hermann,  Boruttau, 


and  others  who  associate  excitation  with  the  catelectro- 
tonic state. 

The  prolonged,  more  or  less  continuous  excitatory  con- 
dition seen  to  follow  the  opening  of  a  strong  current  that 
has  flowed  through  a  nerve  for  a  considerable  time,  and 
which  is  known  as"Ritter's  opening  tetanus. "  like  the 
continuous  contraction  which  may  develop  during  the 
flow  of  a  strong  current,  is  generally  attributed  to  an 
irritation  caused  by  the  ions  liberate"d  at  the  two  poles- 
during  the  flow  of  the  current. 

Relation  of  Poliiiiiatioii  to  Condnrtion. — The  excitation 
process  is  transmitted  in  nerves  in  the  form  of  a  wave, 
at  a  definite  rate,  withoiit  loss  of  energy ;  electrotonus  is 
developed  insfautaueously,  is  a  stationary  condition,  and 
lessens  in  intensity  with  increasing  distance.  As  Wal- 
ler ("Lectures  on  Auimal  J^lectricity,"  p  114,  London, 
1897)  states,  both  electrotonie  currents  and  currents  of 
action  are  expressions  of  polarization,  but  the  former  is 
a  stable,  the  latter  a  fleeting  cliange,  propagated  as  a 
wave  along  the  compound  electrolyte.  If  this  be  true, 
how  can  the  excitation  associated  with  the  development 
of  catelectrotonus  result  in  conduction?  Hermann 
(Pfluger's  Archil-.  Ixxv.,  S.  574,  1899)  recalls  that  a» 
early  as  1872  he  expressed  the  view  that  the  polarization 
which  occurs  at  the  bounding  surfaces  of  the  axis  cylinder 
and  the  sheath  of  the  nerve  might  play  a  part  in  the 
conduction  process.  He  says  there  are  two  laws  of  the 
utmost  importance  in  this  connection,  that  of  Pfliiger, 
that  a  part  of  a  nerve  is  irritated  when  catelectrotonus 
increases  and  when  anelectrotonus  diminishes,  and  his 
own  law  of  the  current  of  action,  that  every  cross  section 
of  a»fibre  is  negative  in  respect  to  one  less  init-ated  or 
not  irritated.  Since  an  irritated  part  of  a  core  is  negative 
with  reference  to  neighboring  parts  which  are  at  rest, 
currents  would  be  set  up  which  would  flow  from  the 
core  through  the  sheath  and  back  to  the  core.  These 
currents  would  act  catelectrotonically  to  excite  the 
neighboring  inactive  parts,  and  anelectrotonically  to  in- 
hibit the  part  which  had  been  irritated.  On  this  basis, 
as  the  wave  of  excitation  pa.sses.  each  point  becomes  first 
catelectrotonic  and  then  aneleetrotonic.  The  idea  that 
an  anelectrotonic  condition  immediately  follows  a  catelec- 
trotonic explains  for  Hermann  why  it  is  that  not  all  the 
available  energy-producing  substance  made  irritable  by 
the  condition  of  catelectrotonus  is  used  up  by  a  single 
excitation.  Werigo  (Pflliger's  Archie.  Ixxxiv.,  S.  618, 
1901)  thinks  that  it  is  unnecessary  that  anelectrotonus 
should  thus  follow  catelectrotonus,  because,  if  currents- 
are  of  short  duration,  the  rapid  rise  of  excitability  at  the 
cathode  is  always  followed  by  an  immediate  fall  of  ex- 
citability. Hermann  (Pfli'iger's  Archir.  Ixxiv.,  S.  .582, 
1899),  at  the  close  of  a  paper  in  which  he  attempts  to  give 
a  mathematical  expression  to  his  theory  of  nerve  excita- 
tion, writes,  "The  irritation  works  on  the  current  forma- 
tion just  like  self-induction,"  but  he  says  that  we  cannot 
assume  self-induction  for  protoplasm. 

Hermann's  theory  of  the  conduction  process  requires 
excitability  in  the  conducting  part,  and  the  claim  has 
been  made  by  a  number  of  investigators  (Gruenhagen, 
Efron,  Gad  and  Sawyer,  Goldscheider,  Piotrowsky)  that 
the,y  have  observed  conductivity  in  parts  of  a  nerve  which 
had  lost  their  excitability,  through  I  he  application  of  cold 
or  some  narcotizing  drug.  The  excitation  wave  is  evi- 
dently closely  associated  with  a  wave  of  electrical  nega- 
tivity, but  the  question  arises.  Are  these  to  be  regarded 
as  inseparable  in  the  ca.se  of  nerves?  The  current  of  ac- 
tion can  be  demonstrated  on  a  core-conductor  model  where 
there  can  be  no  (|uestion  of  excitation ;  and.  as  Hermann 
observes,  a  platinum  wire  is  not  a  model  of  an  irritable 
nerve,  but  only  one  to  illustrate  its  electrical  properties. 
Gotch  and  Burch  (Jo'ini.  of  Physiol. .  xxiv  .  p.  144)  found 
in  experiments  in  which  two  rapidly  following  excita- 
tions were  given  to  a  nerve,  different  parts  of  which  were 
at  different  temperatures,  that  excitation  can  pass  aloug 
a  stretch  of  nerve  without  a  current  of  action  developing. 
Herzen  {CentrnlU.  f.  Physiol.,  siii..  S.  455;  Revue  Scien- 
ti.fique.  January  13th.  1900)  found  that  a  nerve  poisoned 
with  chloral,  and  presumabl}'  not  irritable  (since  no  mus- 
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cular  contractions  resulted  from  excitation),  was  still  able 
to  conduct  and  give  a  negative  vmialioii.  Had/.ikowski 
("Ins.  Solwav,  Travau.\  de  lali."  iii..  fasc.  1.  p.  1.  1H!)9) 
found  currents  of  action  in  ncivcs  wliicli  were  apparently 
not  functioning,  sinrc  tin  v  did  imt  i-.\iitr  the  nuiscles. 
According  to  him.  tlic  curniil  of  action  issinipl\  a  cliem- 
ico-phj'sical  cliangc  icsulling  from  tlie  core  (■(uiducldr 
structure,  and  not  es.sc-utiall_v  connected  with  function. 
Tliese  resultsare  by  no  means  generallv  acce|)ted.  Thus 
Wedensky  (Pt1iig(-r's  .Icc/kc,  i.\.\.\ii.,  S.  124,  litOO)  con- 
siders that  excitability  and  conductivity  are  inseparably 
connected,  and  Horuttau  (Pfliiger's  Air/u'r.  l.xx.xi..  S.  StiO. 
litOO:  Ix.xxiv.,  S.  3-,>."),  litOl).  after  reviewing  the  work  that 
has  been  done  by  others  on  this  subject  and  describing  a 
large  luimber of  e.xiieiinientsof  hisown.  concludes  with  a 
reiteration  of  the  view,  already  fKMiiienlly  exjires.sed  by 
him.  that  the  aiipeanmce  of  currents  of  action  without 
true  functional  activity  of  the  nerve  or  the  leverse  never 
occurs. 

There  can  be  no  doulit  th:it  electrolysis  and  the  conse- 
quent polarization  iilienomena  can  exist  iudejiendently 
of  excitation,  for  they  are  to  be  observed  on  core  con- 
ductor models  in  which  there  is  no  (|uestioii  of  excitation 
in  the  physiological  sense.  All  the  electrical  phenomena 
to  be  detected  on  nerves  can  be  reproduced  on  core-con- 
ductor models,  and.  therefore,  we  are  justilied  in  assum- 
ing that  in  the  nerve  as  in  the  model  they  may  be  chemico- 
physical  processes.  This  conclusion  does  not  prevent  us 
from  considering  the  electrical  phenomena  detected  in 
nerves  as  physiological  proces.ses,  for  they  are  to  be  found 
in  nerves  only  so  long  as  the  chemical  and  anatomical 
structure  peculiar  to  living  protoplasm  is  maintained, 
and  are  modified  by  any  influence  which  alters  the  func- 
tional activity  of  the  tissue.  Probably  strengths  of  cur- 
rent capable  of  producing  excitation  will  always  pro- 
duce, if  suitably  applied,  polarization,  but  it  by  nomeans 
is  sure  that  polarization  effects  may  not  occur  indepenil- 
cntly  of  excitation. 

Although  we  cannot  say  that  ])olari7ation  and  excita- 
tion are  identical,  it  is  evident  that  they  are  very  closely 
related  and  can  be  considered  as  two  different  symptoms 
of  the  Siiine  chemico-physical  changes  of  the  living  pro- 
toplasm. The  closeness  of  the  relation  is  made  evident 
by  the  fact  that  they  are  influenced  in  the  same  way  liy 
so  many  different  conditions.  Both  excitation  effects  and 
polarization  are  most  marked  in  medullated  nerves;  both 
recjuire  the  integiity  of  the  nerve  fibre,  and  both  arc  altered 
in  a  similar  manner  by  most  of  the  influences  which  affect 
the  activity  of  nerve  protoplasm  ;  both  are  increased  when 
the  length  of  nerve  subjected  to  the  current  is  increased ; 
both  are  increased  by  an  increase  in  the  intensity  and 
duration  of  the  current ;  currents  of  very  short  duration, 
such  as  induction  currents,  can  produce  polarization  as 
well  as  excitafion :  finally,  the  more  rapidly  polarization 
develops  the  greater  the  excitation. 

^yal•l■ell  P.  Lombard. 

ELEMI. — Of  the  several  resins  which  atone  time  or 
another  have  been  sold  under  this  name,  that  in  use  at 
present  is  the  one  known  as  Manilla  elemi,  and  comes 
from  the  Philippines. 

Elemi  exudes  from  incisions  in  the  bark  of  one  at  more 
species  of  ('niuiriinn  (fam.  BiirsernceiF).  C.  conimnne  L.. 
of  India,  yields  one  variety,  but  it  is  apparently  not  that 
now  in  use,  which  comes  chiefly  from  the  island  of 
Luzon. 

Elemi  is  a  soft,  translucent,  grayish-white  or  yellowish 
substance,  of  pleasant  aromatic  odor,  and  rather  terebin- 
thinous  taste.  It  comes  in  large  cakes  or  inasses.  often 
very  much  contaminated  witli"  dirt,  chips,  and  leaves. 
The  British  official  description  is  as  follows.  "When 
fresh,  soft,  granular,  resinous,  and  colorless,  but  by 
keeping  it  becomes  harder,  and  of  a  pale  yellow  tint. 
Odor,  strong  and  fragrant,  somewhat  reseml)ling  fennel 
and  lemon.  Moistened  with  reetitied  spirit,  it  breaks 
up  into  small  particles,  which,  when  examined  by  the 
microscope,  are  seen  partly  to  consist  of  acicular  crys- 
tals," 


Composition.— According  to  Flllekiger  it  contains  teu 
per  cent,  of  maaiHnl  nil,  which  may  lie  separated  upon 
fractional  distillation  into  six  portions,  all  i>f  the  turpi'U- 
tine  series.  t',„II,o,  or  V-M..  The  remaining  resin  is  a 
complex  mixture,  from  which  .several  crystalline,  resin- 
ous sulistances— »»(///•/;/,  /tryoiili/i,  bnit/iii,  etc. — and 
amor|ihoiis  risins  have  been  separated,  Klemie  acid  is 
tinally  .inothi-r  ingvedii-nt. 

Action  .\ni)  Isk.  — Elemi  is  a  local  stimulant,  like  lur 
pentine  and  resin,  anil  is  juit  to  the  same  uses.  Its  only 
employment  here,  and  that  quite  rarely,  is  as  an  iii- 
gr<'dient  of  plasters  and  ointments,  I'ikjiii  iiliim  lileiiii 
was  made  of  elemi  one  part  ami  simple  ointment  four 
parts.  If.  /'.  II„IU». 

ELEPHANTIASIS. —  (.Synonym:  Elephantiasis  Ara- 
liuni:  ll;llll:lcloe^  leg;  Morbus  hereuleus;  Sjiargosis  of  the 
Egyptians;  Pachydermia;  fiarconni  mucosum;  Tropical 
big  leg;  Bucncmia  tropica;  Ilypersarcosis;  Phlegmasia 
malabarica;  JIal  de  Cayemie. ) 

Definition. — A  non-contagious  endemic  or  si)oradic 
disease,  characterized  by  a  chronic  hyperplasia  of  the 
true  skill  and  subcutaneous  tissues;  usually  limited  to 
an  exclusive  lipcality.  and  iirecedcd  by  a  local  disturbance 
of  the  ciiciilalion,  especially  in  the  lymphatic  ves.sels; 
and  terminating  in  swelling,  adeina,  induration,  progres- 
sive hypertrophy,  more  or  less  pigmentation,  the  devel- 
opment of  fissures,  and  the  growth  of  the  papilUe, 

Owing  to  its  great  aiitiiiuity  and  the  piominencc 
awarded  it  by  the  earliest  medical  authorities,  elephan- 
tiasis must  be  regarded  as  a  disea.se  of  phenomenal  inter- 
est. Its  name  would  seem  to  imply  that  it  originated  in 
Arabia;  indeed,  according  to  the  most  ancient  history  of 
medicine,  it  first  prevailed  in  that  country  and  was  of 
common  occurrence.  Formerly  Ihi'  term  was  practically 
unlimited  in  its  apjilication  and  faileil  to  express  with 
even  approximate  accuracy  the  various  formsand  phases 
of  the  disease.  It  apparently  embraced  all  the  morbid 
conditions  of  the  human  body  which  involved  the  en- 
largement of  a  specified  part,  and  pointed  particularly 
to  the  condition  described  as  lepra  gra'conim.  Truly, 
this  was  a  most  unfortunate  name,  as  it  was  many  times 
applied  to  lesions  of  a  totally  different  pathological  char- 
acter. Happily,  however,  the  employment  of  this  ge- 
neric term  for  diverse  morbid  processes  has  finally  been 
discountenanced,  being  at  present  confined  to  a  single 
disease. 

While  elephantiasis  is  a  typical  pandemic  disorder, 
characterized  by  wide  differences,  it  is  either  endemic'  or 
sporadic  in  its  distribution,  differing  symptomatically  as 
to  its  exciting  causes,  but  with  like  results  in  all  cases. 

The  endemic  form  is  essentially  a  disease  of  the  tropical 
and  subtropical  regions,  appearing  most  frei|iiently  in 
Africa,  India,  the  Indian  Archipelago,  the  West  Indies 
and  South  America.  The  sporadic  form  occurs  all  over 
the  world;  the  endemic  type  is  rarely  encountered  be- 
yond the  3.5th  degree  of  North  and  South  latitudes.  In 
Travencore  it  is  very  common,  affecting  about  five  per 
cent,  of  the  entire  population,  while  in  some  of  the  South 
Pacific  Islands  nearly  one-half  of  all  the  inhaliitants  are 
its  victims. 

In  the  United  States  the  di.sease  is  comparatively  rare, 
being  more  prevalent  in  our  territorial  po.s.se.'^sions  and  in 
the  South  than  in  the  North,  where,  indeed,  it  d(K>s  not 
seem  to  spring  from  the  same  cause.  The  pathological 
process  is  so  different  in  the  two  groups  of  the  disease, 
as  to  etiology,  symptomatology,  and  course,  that  there 
.seem  to  be  two  distinct  types  of  the  disease,  covering  a 
multitude  of  hypertrophic  conditions,  such  as  result  from 
congenital  elephantia.sis,  telangiectodes  and  lympliangi- 
ectodes,  or  ac(|uired  obstruction  of  the  lymphatic  system, 
and  including  cases  of  chronic  phlegmasia  dolensand  hy- 
pertrophy originating  in  chronic  eczema  and  varicose 
veins. 

The  endemic  form  declares  itself  somewhat  suddenly, 
and  is  accompanied  by  pain  and  inflammation  of  the 
parts  affected,  more  or  less  well-marked  febrile  symp- 
toms, and  the  so  called  elephantoid  fever  which  is  usually 
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characterized  by  a  iirodromic  stage,  generally  following 
overexertion  or  injury,  chills,  high  fever,  and  gastric 
disturbances. 

The  inflammation  is  of  an  erysipelatous  character,  and 
chooses  the  lymphatics  and  blood-vessels  as  its  points  of 
attack.     Often  the  Ij-mph  glands  of  the  groin  and  arm- 


FiG.  1856.— Elephantiasis  Tropica  ol  Leg.    (Crocker.) 

pit  become  swollen  and  extremely  sensitive.  A  lym- 
phatic streak  of  a  rose  color  is  frequently  seen  to  traverse 
the  skin  which,  when  palpated,  seems  to  present  a  line 
of  knots;  the  region  involved  becoming  reddened,  hot, 
painful,  oedematous,  and  swollen. 

In  a  few  days  the  constitutional  symptoms  subside, 
and  so  also,  as  a  rule,  does  the  swelling;  a  slight  thicken- 
ing, however,  may  remain.  The  further  course  of  the 
disease  is  marked  by  repeated  attacks,  at  irregular  in- 
tervals, of  lymphangitis  and  lymphatic  o'dema.  These 
may  be  repeated  once  or  twice  in  a  single  month,  or  may 
be  delayed  for  a  whole  J'ear.  As  a  rule,  the  oftener  the 
attacks  occur  the  less  intense  is  the  general  reaction; 
wliile,  on  the  other  hand,  there  occurs,  each  time,  addi- 
tional hypertrophy  of  the  region  affected.  Finally  the 
affected  part  becomes  permanently  enlarged,  hard  to  the 
touch,  and  dark  in  color,  with  folds  beneath  which  dirt 
and  offensive  discharges  collect;  hence  the  comparison, 
if  the  disease  affects  the  lower  extremity,  to  the  ele- 
phant's leg.  In  the  interval  between  any  two  attacks,  if 
protracted,  the  swelling  somewhat  recedes,  but  afterward 
it  increases  again.  As  a  consequence  of  the  recurrent  in- 
flammation, enormous  and  persistent  hypertrophies  re- 
sult. Sometimes  there  are  slight  tension  and  firmness 
of  the  affected  parts,  but  at  other  times  they  show  a  dis- 
coloration consisting  of  various  shades  of  red.     After  a 


few  attacks,  a  fold  of  skin,  when  pinched,  reveals  an  ap- 
preciable thickening.  Repeated  attacks  result  in  still 
further  thickening  of  the  skin  and  subcutaneous  connec- 
tive tissue,  the  skin  becoiuing  harder,  firmer,  non-resist- 
ant, and  more  tensely  fastened  to  the  substratum.  In  ex- 
treme cases,  the  deep  fascia,  the  sheaths  of  the  blood-ves- 
sels, and  the  periosteum  are  involved.  The  condition  is 
furthermore  favored  by  the  stasis  of  the  lymph  in  the 
channels  and  obstructed  glands,  resulting  in  a  dilatation 
of  the  lymphatic  trunks,  which  become  indurated,  tough, 
and  stringy.  Ultimately,  they  and  the  surrounding  con- 
nective tissues  become  fused  together  into  a  uniform, 
hard  mass. 

The  changes  which  take  place  upon  the  exterior  of  the- 
integument,  after  the  lapse  of  a  }'ear  or  more,  are  mani- 
fold. At  first  the  skin  is  usually  diy,  shinj',  smooth,  and 
tense;  a  little  later  it  becomes  discolored  and  is  found  to- 
be  rough,  tawny,  ichthyotic,  and  pigmented.  The  nat- 
ural folds  and  furrows  are  gi'catly  exaggerated,  and  often 
present  in-egular  fissures  esiiecially  pronounced  at  the 
bases  of  the  folds,  under  which  the  epidermis  is  apt  to 
become  macerated  and  decomposed,  as  a  result  of  which 
there  is  an  offensive  discharge.  The  papillary  layer  is 
frequently  modified  in  that  it  may  be  uniformly  "thick- 
ened like  the  whole  skin,  or  this  may  occur  only  at  cer- 
tain points,  forming  the  verrucous  projections  often  en- 
countered about  the  arch  of  the  foot  or  between  the  folds 
of  the  integument.  While  the  structural  change  of  the 
papillary  layer  is  not  always  the  same,  it  luay  be  said 
that  thickening  of  the  epidermis  is  generally  associated 
with  hypertrophic  papilhe. 

This  disease  is  calculated  to  give  more  or  less  annoy- 
ance to  the  patient,  not  alone  because  the  parts  are  cum- 
bersome, but  for  the  leason  that  great  deformities  of  the 


Fig.  1857.— Elephantiasis  of  the  Leg  Resuiting  Irom  Varicose  Ulcer. 
(Chatelain.) 

toes  may  result  from  atrophj'  and  dislocations.  The 
nails,  too,  may  contribute  to  the  characteristic  discom- 
fort by  undergoing  some  kind  of  degeneration.     Oeca- 
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sionally  even  the  bones  show  a  change.  Osteoiihy  tes  may 
arise,  particularly  mar  the  insertion  of  a  muscle  or  sinew, 
or  at  the  borders  of  tlic  eiiiphyses.  and  eventually  the  bone 
underjroes  necrosis  and  ulceration.  In  addilioii  to  inter- 
ference caused  by  the  deformity,  the  function  of  the  limb 
becomes  greatly  impaired  froiii  the  hypertrophy  of  the 
structures  of  the  soft  jiarts  anil  from  atrophy  of  the 
bones  and  muscles.  The  resulting  inconvenience  is  con- 
siderable, especially  when  the  disease  affects  the  lower 
portion  of  the  leg.  Other  local  discomforts  may  arise. 
Thus,  for  example,  eczenui  is  sometimes  set  U]),  at  other 
limes  varicose  ulcers  are  formed,  and,  in  rare  cases,  rup- 
ture of  the  lymphatics  ensues.  All  these  arc  no  doubt 
secondary  consef|Ucnces  of  the  disease,  but  tliey  greatly 
aggravate  the  sutfering  of  tlie  patient.  Again,  severe  and 
continuous  pain,  usually  of  a  neuralgic  character,  may 
accompany  the  disease.  Occasionally  elephantiasis  may 
be  as,sociated  with  complications:  these  are  found  to  be 
most  numerous  in  the  endemic  variety.  They  consist,  as 
a  rule,  of  suppuration  of  the  inguinal  glands,  and  of  cel- 
lulitis with  subsetiuent  abscess  formations. 

The  sporadic  form,  like  the  endemic,  very  often  de- 
clares it.self  in  recurring  attacks  of  lymphangitis,  but 
differs  from  it  in  these  particulars:  the  constitutional 
symptoms  are  not  usually  as  severe,  and  the  enlargement 
is  more  equally  distributed  about  the  limb  and  not  so 
often  associated  with  the  section  below  Hie  knee.  Cases 
resulting  wholly — or  nearly  so — from  chronic  irritation, 
without  any  acute  intlanunatory  signs,  would  seem  al- 
most to  constitute  an  entirely  different  class.  However, 
these  two  types — the  endemic  and  the  sporadic — are  so 
similar  clinically  that  they  must  be  considered  as  one.  It 
is  not  difticult  to  see  that  repeated  inflammations  have 
greatly  interfered  with  the  venous  and  lymphatic  circu- 
lation :  the  limb  has  therefore  been  chronically  congested, 
and  a  superabundance  of  lymph  has  been  constantly 
present  in  the  subcutaneous  cellular  spaces.  This  con- 
dition finally  becomes  more  pronounced  and  results  in  the 
hypertrophy  and  induration  so  characteristic  of  elephan- 
tiasis. In  rare  cases  the  acute  and  chronic  inflammation, 
which  ma3'  be  regarded  as  the  cause  of  the  disease,  are 
wanting. 

The  particular  portion  of  the  body  most  frequently 
attacked  is  the  leg,  yet  the  hypertrophy  frequently  ap- 
pears elsewhere,  as.  for  example,  in  the  scrotum,  penis, 
labia,  baud,  arm,  face,  and  ears.  Apart  from  the  ex- 
tremities it  may  be  stated  that  it  is  most  often  met  with 
in  the  scrotum,  which  has  been  known  to  attain  a  weight 
of  more  than  one  hundred  pounds,  and  actually  to  reach 
the  gnnmd.  'When  the  male  genitals  become  the  seat  of 
the  difHculty,  we  have  symptoms  and  complications 
peculiar  to  these  parts.  The  s\'mptoms  referred  to,  in 
addition  to  the  constitutional  ones  and  the  recurring  at- 
tacks of  lymphangitis,  are  both  systemic  and  local.  For, 
besides  the  usual  chills  and  fever,  we  often  encounter 
nausea  and  vomiting,  associated  with  severe  i^ains  in  the 
groin,  radiating  from  the  spermatic  cord,  with  subse- 
(|uent  swelling  of  the  locabty .  The  attack  may  be  acute, 
in  consequence  of  the  disturbance  in  the  circulation,  this 
being  especially  true  when  the  inguinal  glands  are  greatly 
inflamed  and  swollen,  ami  when  there  is  a  chronic  in- 
flammatory affection  of  the  penis  and  scrotum.  Strict- 
ures, urinary  fistuUe.  and  incontinence  of  urine  are 
frequently  the  source  of  the  disease.  The  cutaneous 
covering  of  the  scrotum  and  penis  soon  loses  its  sensi- 
tiveness and  becomes  indurated,  rough,  and  rugose.  The 
prepuce  is  lengthened  and  thickened  and  the  skin  gradu- 
ally becomes  hypertrophied.  When  the  scrotimi  is  in- 
volved, the  raphe  and  the  natural  folds  and  furrows  are 
greatly  exaggerated;  beneath  these,  dirt  and  dribbling 
urine  from  a  retracted  penis  collect,  and  give  rise  to 
the  formation  of  excoriations,  fissures,  and  ulcerations, 
accompanied  by  offensive  discharges.  We  also  find  hernia 
and  hydrocele  frequently  associated,  as  complications, 
with  elephantiasis  of  the  scrotum. 

Lymph  scrotum  is  a  peculiar  form  of  the  disea.se  known 
as  nevoid  elephantiasis :  this  is  frequently  associated  with 
hsematuria,  chvluria,  and  a  varicose  condition  of  the  Ivm- 


pliatics  of  the  scrotum,  apparently  due  to  the  presence 
of  the  Filaria  sanguinis  hominis.  It  is  characterized  by 
the  presence  of  enlarged  vessels  arnuigi-d  in  lines  oV 
groups,  which  vary  in  diameter  from  a  piuhead  to  a  liean, 
and  which,  being  opened,  exude  a  pinkish,  milky  tluiil 
which  readily  coagulates.  In  its  incipieiicy  it  isal'leiided 
witli(hills,  fever,  and  erysipchilous  iiillammalions;  the 
inguinal  glands  on  <inc  or  liolh  sides  are  swollen;  and, 
soinctimes,  there  is  inflammation  of  tin;  testicles. 

Elephant ia.sis  of  the  female  genitals,  in  Ihir  tempeftlte 
zone,  is  more  freciucntly  met  with  than  its  congener 
in  man,  but  in  the  tropical  and  sub-tropical  climates, 
these  organs  are  less  often  as.sjiiled.  The  parts  generally 
alTected  are  the  vulva,  the  labia  ma.jora,  lcs.sotlen  the  labia 
minora,  and  rarely  the  clitoris.  The  sporadic  variety  in 
remarkable  in  that  it  is  comparatively  milil  anil  sel(ii>m 
presents  the  intense  features  found  in"  the  endemic  tyi>e. 
In  this  variety  the  development  cd'  the  diseiuse  maV  be 
slow  and  painless,  or  veiy  raiiid.  It  is  usually  charac- 
terized by  symptoms  which  indicate  that  it  is  the  result 
of  some  irritation,  as  onanism,  or  of  sonu-  local  affectiim. 
as  syphilitic  inflammation,  which,  in  addition  to  the  irri- 
tation, obstructs  the  circulation  of  the  lymphatics.  IJe- 
nign  tumors  which  appear  early  in  childhood,  or  congen- 
ital malformations  may  serve  to  explain  the  subsequent 
hypertrophy. 

The  entire  vulva  is  not  always  inv(dved.  but  usmilly 
the  labia  majora  become  affected.  Should  the  le.s.ser  labia, 
fail  to  escape  the  influence  of  the  disease,  they  will  often 
become  the  seat  of  a  spherical  or  jiear  shapeti  tumor,  for 
the  most  part  small,  although  sometimes  attaining  cnn- 
siderable  size.  The  skin  restricte<l  to  this  region  mav 
become  either  smooth  and  .somewhat  tense  and  firm,  (>r 
wrinkled  aiul  covered  with  dilated  sebaceous  glands  with 
ga])ing  orifices;  or  it  may  show  warty  growths  arising 
froiu  the  eidarged  papilUe.  In  the  latter  ca.se  the  entire 
surface  of  the  vulva,  as  far  as  to  the  anus,  may  be  coveted 
with  these  warty  giowths.  The  svirface,  owing  to  the 
presenceof  distinct  and  hyiiertroidiie  papilhe,  reveals  nu- 
merous rifts  and  fissures.  Tlied<'velopment  of  the  disease 
in  these  parts  is  generally  (iuit<'  slow,  a  number  of  years 
being  neces.siiry  to  protluce  tumors  as  large  as  a  hen's 
egg,  but  at  times  the  pathological  change  occurs  more 
rapidly,  and  then  the  mas.ses  may  attain  enormous  di- 
mensions. Even  when  these  growths  are  small,  the 
patient  often  suffers  from  rhagades,  fissures,  and  ulcera- 
tions, which,  if  not  actually  painful  in  thetnselvcs,  are  al- 
ways troublesome  by  reason  of  the  irritation  cau.sed  by 
the  acid  excretions.  The  mucous  membranes  of  the  ure- 
thra and  vagina  also,  under  these  conditions,  often  throw 
out  a  discharge  which  is  of  an  irritating  character. 

While  the  vaiious  localities  mentioned  may  be  suscep- 
tible to  elephantiasis,  it  would  nevertheless  appear  that 
only  the  lower  extremities  and  the  genital  organs,  owing 
to  the  fre<|uency  with  which  they  are  attacked  and  the 
extent  of  the  hypertrophy,  deserve  here  to  be  considered. 
The  portions  of  the  body  most  usuallj-  attacked  are  the 
leg  and  the  scrotum;  all  other  sites  are  so  rarely  impli- 
cated that  a  detailed  description  thereof  seems  unneces- 
sary, the  characteristic  symiitoms  having  already  been 
sufficiently  indicated  in  discussing  the  preceding  forms. 

Elephantiasis  of  the  face  and  head  usually  presents  a 
lobulated  appearance  without  well  defined  borders.  It 
genci-dlly  results  from  frequent  attacks  of  erysipelas,  or 
it  follows  a  chronic  eczema,  or.  finally,  it  may  be  due  to 
traumatism.  The  entire  face  may  lie  affected,  or  oidy  a 
single  section,  as  the  forehead,  ears,  lips,  and  nose.  Ele- 
phantiasis of  the  mamnue  occurs  only  in  women  and  never 
before  puberty.  It  generally  manifests  il.self  during 
pregnancy  or  lactation  and  is  almost  invariably  of  the 
endemic  type.  In  the  tropics  the  female  breast  has  been 
known  to  develop  into  a  colos,«jil  tumor,  large  enough  to 
extend  down  to  the  patient's  knees,  and  at  the  Siime  time 
the  affected  skin  has  shown  a  marked  tendency  to  ul- 
cerate. 

Finally,  elephantiasis  is  sometimes  congenital.  This 
form  resembles  the  sporadic  or  the  endemic  variety  in  its 
anatomical  characteristics,  but  differs  from  them  not  only 
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in  origin  but  in  general  symptoms.  Instances  of  con- 
genital lynipliaugiectatic  nuicroglossia  and  macrocheiiia 
are  occasionall}'  met  with.  Cases  of  circumscribed  lym- 
pbangiectasis  of  the  skin  are  also  sometimes  encountered, 
And  from  their  resemblance  to  tumors  they  are  classified 
•as  lymphangiomata.  AVell  defined  elephantiasis  due  to 
•congenital  causes  is  not  frequent  in  temperate  climates. 

Typical  instances  of  the  malad}'  in  tropical  countries 
have  been  made  the  subject  of  interesting  monographs 
bj*!Moncorvo,  of  Rio  de  .laiiciici.  in  wliicli  he  graphically 
■depicts  the  facial 
■and  manual  de- 
formities. He 
discovered  the 
presence  of  strep- 
tococci in  the 
blood  and  he  be 
lieves  that  they 
were  the  exciting- 
cause.  The  y 
found  their  way 
into  the  maternal 
circulation,  as  be 
believes,  through 
the  placenta,  from 
a  previous  injurx 
to  the  abdomen. 
Some  authoriticN 
attribuie  the  de 
velopment  of  this 
peculiar  disease  to 
the  fllaria  or  its 
•embryos,  others 
regard  it  as  the 
result  of  heredi 
tary  syphilis. 

In  a  sporadic 
•case  which  was 
reported  by  Dr. 
Ernest  Wende, 
and  which  devel 
oped  in  intra-uter 
ine  life,  it  was 
found,  upon  mi 
■croscopical  exam 
ination,  that  the 
connective  tissue 
of  the  skin  was 
greatly  thickened, 
■especially  in  the 
papillary  layer: 
the  sweat  glands 
were  distorted ; 
the  muscles  had 
undergone  fatty 
•degeneration;  the 
walls  of  the  blood- 
vessel s  were 
t  h  i  c  k  e  n  e  d  and 

some  of  them  were  obstructed.  Similar  changes  were 
met  with  in  the  lymphatics.  The  lymph  spaces  -were 
■enlarged  and  dilated.  Round-cell  infiltration  was  pres- 
ent. No  filari;e  or  embryos  were  found.  It  was  con- 
cluded that  the  etiology  of  this  disease  is  not  subject  to 
a  single  law,  as  now  held  by  some  authorities,  but  is  due 
to  several  distinct  causes.  Fig.  18.59,  copied  from  a 
photograph,  shows  the  gross  manifestations  of  the  dis- 
ease in  this  particular  case. 

ETroLOGT. — This  affection  occurs  at  all  ages,  but  is 
especially  found  in  connection  with  adult  life.  It  attacks 
both  sexes,  but  the  male  sex  in  the  ratio  of  four  to  one, 
a  fact  undoubtedly  due  to  greater  liability  to  exposure. 
It  is  developed  in  all  countries  and  clin>ates,  but  is  more 
■commonly  found  in  the  island  and  coast  territory  of  trop- 
ical and  subtropical  regions.  In  the  endemic  form,  it 
most  frequently  occurs  among  the  natives.  Sir  Joseph 
Fayrer  states  that  in  India,  if  the  disease  occurs  among 
Jluropeans,  it  is  always  among  those  who  possess  an  ad- 
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mixture  of  native  blood.  On  the  other  hand,  Mansou 
says  that  racial  peculiarities  do  not  play  a  vital  part  in 
the  problem,  but  that  the  Europeans,  owing  to  their  edu- 
cation and  habits,  are  less  exposed  and  therefore  less 
liable  to  contract  the  disease. 

jNIany  observers  emphasize  the  possibility  that  heredity 
is  either  the  direct  cause  of  the  endemic  variety  of  the 
disease,  or  that  it  creates  a  predisposition  to  it  and  enters 
into  the  problem  as  a  factor.  In  support  of  this  theoiy, 
it  has  been  oliserved  that  the  disease  has  existed  in  the 

same  family  for 
several  genera- 
tions. It  shoidd 
be  borne  in  mind, 
however,  that  the 
individual  mem- 
bers of  such  fam- 
ilies arc  usually 
exposed  to  the 
same  general  in- 
fluences of  cli- 
mate, habits,  and 
mode  of  living. 
Jloisture,  d  a  m  p 
and  swampy  re- 
gions, and  unhy- 
gienic surround- 
ings in  general 
may  have  a  bear- 
ing upon  the  etio- 
logical relations  of 
the  disease,  inas- 
much as  such  con- 
ditions are  allied 
to  the  habitat  of 
the  mosquito;  this 
especially  applies 
to  the  poorer 
classes.  AVhile  the 
disease  is  often 
found  in  moim- 
tain  d  i  s  t  r  i  c  t  s, 
rapid  changes  of 
temperature  and 
exposure  to  the 
sun  or  damp  are 
more  frequent 
causes. 

The  question 
whether  elephan- 
tiasis is  not  a  spe- 
cific disease  de- 
pending upon  a 
specific  cause — 
for  instance,  a  true 
parasite — has 
been  freely  dis- 
cussed by  Carter, 
Lewis,  and  Ban- 
croft, and  especially  by  Manson.  In  the  endemic  variety 
such  a  connection  has  been  established,  and  it  appears 
that  its  existence  is  associated  with  the  Filaria  san- 
guinis hominis,  known  to  exist  in  malarial  districts,  and 
which  readily  finds  a  habitat  in  the  blood-vessels  and 
lymphatics.  There  is  a  strong  probability,  according  to 
Slanson,  that  the  di.sease  owes  its  origin  to  a  certain 
species  of  mosquito.  Quite  recenll}-.  Dr.  Low  and  Capt. 
James,  while  working  with  mosquitoes,  claimed  to  have 
discovered  that  these  belong  to  the  genus  Anopheles  as 
well  as  the  genus  Culex,  and  that  the  former  more  fre- 
quentl}'  acts  as  an  iutermediaiy  host. 

In  considering  the  etiology  of  the  sporadic  varietj',  we 
are  able  to  gain  a  clearer  comprehension  of  the  disease, 
one  which  includes  all  the  pathological  factors  produc- 
ing lymphangitis  and  all  kinds  of  atypical  forms  of  in- 
flammation, especially  erysipelas.  The  question  arises 
whether  these  repeated  attacks  of  inflammation  consti- 
tute a  true  erysipelas,  or  a  lymphatic  process  peculiar 
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to  ik'plmntiasis  alone.  Tlie  consensus  of  opinion  is  that 
the  slreptofocciis  iliseoveretl  in  several  eases  eorresponds 
to  a  speeitic  cause  dilleient  from  lliat  which  proiluces 
genuine  erysipelas.  However,  a  true  erysipelatous  con- 
dition may  precede  eleiihaiUiasis.  if  the  "local  con<iitions 
are  favorable,  as  is  often  the  ease  when  ulcers,  fissures,  or 
lymph  fistula"  are  present.  It  is  dillicult  to  ascertain  the 
cause  of  the  many  cases  of  elejihaiitiasis  that  occur  spo- 
radically in  our  climate,  for  tlie  alfection  is  apparently 
occasioned  by  various  factors,  favoring  the  theory  of  a 
recurrent  inflanunation 
and  ol)structions  of  a 
lymphatic  O'dcmatous 
character.  For  instance, 
when  the  disease  bejiins 
in  the  lower  extremity. 
any  local  process  or  t'ai- 
tor  calcidated  to  iniiiedi- 
the  venous  circulation — 
as  by  compression  from 
scars,  or  by  means  of  a 
thrombus  resulting  from 
a  ])hlebitis,  or  even  by 
means  of  a  frost-bite — 
may  possibly  give  rise 
totlieditliculty."  In  fact, 
it  may  be  caused  by  any 
decided  intlammatiou  of 
the  soft  parts.  To  the 
last-named  category 
chronic  eczema,  syph 
ilis,  lupus,  ulcers,  and 
fistuUie  especially  be 
long. 

P.\T  nOLOGT. — Th( 

patliology  of  this  mal- 
ady is  peculiar  in  thai. 
irrespective  of  the  spi 
cific  causes, — of  which 
there  are  a  number. — 
the  resulting  changes  are 
invariably  tlie  same. 

The  peculiar  charae 
teristics  are  a  cell  prolit 
eration  and  hypertrophy 
which  involve  in  a  vary 
ing  degree  all  the  struc 
tures  of  the  alTected 
parts.  Implication  of 
the  fibrous  tissue  con- 
stitutes, perhaps,  thr 
most  prominent  feature 
of  the  disease  and  pro- 
duces the  bulk  of  the 
mass,  the  process  involv- 
ing the  true  skin,  blood- 
vessels, lymphatics,  and  the  structures  of  the  nervous  and 
muscular  systems.  The  various  layers  of  the  skin  be- 
come so  matted  by  reason  of  the  enormous  increase  in  the 
fascicles  of  the  fibrous  tissue  that  they  can  hardly  l)e  distin- 
guished. The  corium  is  greatly  thickened  and  indurated, 
and  in  certain  localities  the  process  is  so  niaiked  as  to  pro- 
duce verrucous  elevations.  The  sebaceous  and  sweat 
glands,  as  well  as  the  hair  follicles,  are  at  first  usually  un- 
changed, but  subseijuently  are  widely  separated  or,  in 
consequence  of  hypertrophic  pressure,  become  atrojijued 
and  scarcely  perceptible,  often  plugged  and  their  walls 
thickened.  The  fascitB  and  intermuscular  septa  are 
greatly  augmented,  and  present  evidence  of  fatty  degen- 
eration. Upon  sectiim.  the  parts  show  the  hypertrophic 
tissue  to  be  fibrous,  lustreless,  sclerotic,  and  homogene- 
ous, and  a  lymph-like  fluid  exudes.  In  certain  cases 
dilated  lymph  pockets  appear,  from  which  lymph  or 
chyle  escapes,  supposed  to  result  from  the  obstruction 
of  one  or  more  large  lymph  trunks. 

Tropical  elephantiasis  is  now  known  to  be  caused  by 
the  partial  or  complete  obstruction  of  some  lymphatic 
vessel  or  gland  by  the  filaria  or  its  embryos,  these  having 
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been  discovered  in  the  peripheral  Ivmpli  ve8.sels.  in  many 
cases  involving  the  .scrotum  and  lower  extremities.  The 
question  of  its  being  a  parasil Ic  disease,  parlicularlv  in 
that  form  which  is  found  in  hot  eounlries,  has  biiii  fully 
discussed  by  Wuchercr,  Lewis,  anil  especially  by  Manson. 
The  filaria  has  been  found  in  t  hose  sulTering  froni  other  dis- 
eases, both  in  luan  and  in  some  of  the  lower  animals,  but 
without  causing  any  apparent  inconvenience.  It  e.visis 
in  some  cases  w  ithout  reaction  and  w  ilhoiit  anv  evidence 
of  eleidiantiasis.     In   view  of  these  facts,  therefore,  the 

evidence  that  the  filaria 
is  in  itself  the  exciling 
cause  of  the  disease  is 
not  complete.  All  we 
can  sjiy  is  that  it  repre- 
sents one  of  the  many 
causes  which  may  de- 
velo])  the  disciise  in  hot 
io\inlries  when  other 
etiological  factors  are 
present. 

The  adult  male  and 
female  filariie  that  gain 
entrance  to  the  lym- 
phatic vessels,  thus  caus- 
ing a  stasis  of  the  lym- 
phatic lluid  of  which 
elcphantia.sis  is  the  con- 
se(|Uence.  measure,  re- 
spectively, the  male  83 
mm.  in  length  by  0.407 
mm.  in  thickness,  the 
female  1.").")  nmi.  in 
length  by  It,  715  mm.  in 
thickness,  while  th<-ir 
embryo  measures  14 
nun.  by  0.0:W  mm.  In 
apiieaiauce  the  parasite 
is  long,  smooth,  roimd. 
and  opaline.  Accord- 
ing to  the  opinion  of 
Manson,  the  parent 
worm  occupies  some 
portion  of  the  lymph 
channel,  at  which  phice 
its  ova  are  discharged, 
to  wander  through  the 
lymph  glands  and  gen- 
iral  circidation.  These 
( inljryos  have  a  diameter 
scarcely  larger  than  that 
of  a  lymph  corpuscle. 
JIanson  states  that  they 
are  abstracted  from  the 
blood  by  the  mosquito, 
and  by  it  introduced 
into  the  water  stream,  which  ultimately  affects  man 
through  contamination.  Filaria  embryos  disjippear  peri- 
odically from  the  t)lood  and  reappear  in  the  Siime  iiidi- 
viilual.  this  phenomenoti  dei)einling  on  the  habits  of 
the  host.  It  has  been  ascertained  that  during  the  day 
the  filaria'  are'hbsolutely  wanting  in  the  blixKl.  while 
in  the  evening  ami  at  midnight  they  are  largely  in  evi- 
dence. The  presence  of  filaria'  may  also  depend  upon 
the  nocturnal  habits  of  the  mos(|uito.  It  has  not  iM'cn 
shown  with  absolute  certainty  whether  the  filaria-  which 
appear  during  the  idglit  comi'  in  freshly  from  the  lymph 
vessels  and  then  die.  or  whether  they  assert  themselves  al- 
ternately in  the  blood  anil  lymph. '  The  discovery  nf  fi- 
laria- in  the  blood  depends  very  much  upon  the  precise 
time  of  examination,  which  often  proves  to  be  negative. 
So  long  asthe  patient  is  active,  no  specimens  of  the  para- 
site are  likely  to  be  discovereil :  but  usually  a  mixlerate 
number  of  embryos  can  be  found  after  the  iiatient  has  Ix-en 
in  bed  for  a  short  time. 

TnE,\TMKNT, — In  the  end(-mie  type,  in  order  to  secure 
immunity  from  filarial  complications,  prophylaxis  is  im- 
portant. "  The  drinkiug-water,  unless  collected  in  cisterns 
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that  are  protected  from  mosquitoes,  should  be  filtered  or 
boiled.  In  sections  favorable  to  the  disease,  the  individ- 
ual should  always  sleep  under  netting.  In  suspicious 
cases,  remedial  measures  should  be  jiromptly  applied  to 
all  injuries  received.  All  cases  may  be  greatly  benefited 
by  a  change  to  a  country  that  is  free  from  malarial  and 


Fig.  I860.— Filarla  Sanguinis.     (Photomicrograph  by  Dr.  Harvey  K. 
Gaylord.; 

miasmatic  influences;  for  it  has  been  observed  that  even 
if  the  disease  is  far  advanced  the  severity  of  the  paro.xys- 
mal  attacks  will  be  iessened  by  the  removal  to  a  diUerent 
countrj'. 

Surgical  interference  of  one  kind  or  another  has  never 
accomplished  any  detinite  result  in  these  cases.  That  the 
embryos  which  are  usually  lodged  in  the  glandular 
structure,  after  being  hatched,  cuter  the  general  circula- 
tion of  other  portions  of  the  body,  is  capable  of  demon- 
stration. 

The  measures  commonly  adopted  in  connection  with 
this  condition.  es])ecially  when  preceded  by  chills  and 
fever,  are  such  as  will  most  successfully  combat  inflam- 
matory processes.  The  eifect  of  such  remedies  will  be 
to  counteract  the  fever,  lesseu  e.vudation,  and  diminish 
stasis.  The  medicines  generally  employed  for  this  pur- 
pose are  quinine,  salines,  phenacetine,  or  any  other  suit- 
able antipyretic,  while  soothing  and  astringent  lotions, 
like  le<id-water  and  opium,  zinc  o.vide.  and  boric  acid 
may  be  applied  locally  until  the  inflammatory  action  has 
subsided.  After  the  intercurrent  attacks,  tonics,  such  as 
iron,  cod-liver  oil,  strychnine,  and  mineral  acids,  may  se- 
cure beneficial  results. 

The  sporadic  cases  which  are  met  with  in  our  countrj' 
are  best  treated  by  counteracting  the  cause.  If  the  dis- 
ease is  the  result  of  an  ulcer  on  the  leo^  this  should  be 
promptly  healed,  its  excrescences  removed  and  the  limb 
maintained  in  an  elevated  and  horizontal  position.  After- 
ward it  should  be  methodically  compressed  with  a  rubber 
bandage.  The  toes  should  be  separately  enveloped,  then 
the  foot  and  ankle,  and  lastly  the  leg,  so  as  to  diminish  the 
redema.  When  elephantiasis  of  the  leg  has  reached  such 
proportions  that  bandages  no  longer  serve,  ligation  of  the 
artfria  femoralis  and  of  the  iliaca  externa  must  lie  resorted 
to.  In  certain  instances  these  measures  have  proved  ef- 
fective and  they  should  be  tried  in  extreme  cases.  In 
acute  attacks  the  parts  may  be  punctured — in  order  to 
lessen  the  elTusion  by  providing  an  escape  for  the  fluid — 
and  antiseptically  dressed  with  an  astringent  lotion  or 
ointment. 

In  a  few  instances  nerve-stretching  and  partial  excision 
of  the  sciatic  nerve  have  been  followed  by  beneficial  re- 
sults.    In  elephantiasis  of  the  scrotum  the  removal  of  the 


offending  mass  by  the  knife  sometimes  becomes  indis- 
pensable. The  mortality  resulting  from  heroic  treatment 
is  comparatively  small.  Before  operating,  Fayrer  recom- 
mends drawing  off  the  blood  by  placing  the'patient  on 
his  back,  elevating  the  tumor  and  compressing  it  with 
an  elastic  bandage.  The  incision  is  to  be  made  alongside 
of  the  cord  and  at  the  root  of  the  penis.  The  skin  Is  re- 
flected and  the  cord,  testicles,  and  penis  protected  by 
turning  them  out ;  the  mass  is  then  quickly  removed, 
only  a  few  bold  incisions  being  required. 

The  female  genitals,  almost  without  exception,  de- 
mand surgical  interference.  For  this  purpose  either  the 
knife  or  the  galvano-cautery  may  lie  employed.  The 
latter  method  is  simply  and  especially  adapted  to  cases 
of  hypertrophied  labia.  Amputation  of  the  leg  has  also 
been  resorted  to,  but  the  operation  has  not  been  charac- 
terized by  the  same  success  as  has  attended  it  in  other  re- 
gions affected  by  the  disease. 

PnoGNOsis. — Tlie  prognosis  largely  depends  not  only 
upon  the  particidar  form  of  the  disease,  but  upon  its 
complications.  It  is  evident  from  what  has  been  said 
that  the  disease  is  not  necessarily  fatal — even  the  en- 
demic variety  vastly  improves  under  a  change  of  climate. 
Tins  is  likewise  true  of  sporadic  cases.  Both  surgery 
and  medicine  have  rendered  even  aggravated  cases  com- 
paratively curable.  The  duration  of  life  is  not  usually 
shortened  by  elephantiasis,  since  it  exerts  no  detrimental 
influence  upon  the  general  constitution.  Death  rarely 
ensues  from  it  except  in  those  cases  which  involve  sup- 
puration or  septic  infection. 

The  necessary  literature  relating  to  this  subject  is  to- 
be  found  in  the  following  books:  A,  von  Winiwarter: 
"  Chirurgischen  Krankheiten  der  Haut " ;  Hyde  and 
Montgomery:  "Diseases  of  the  Skin,"  "Twentieth  Cen- 
tury Practice  of  Medicine,"  vol.  iv. ;  "  Albutt's  System  of 
Medicine."  vol.  ii,  ;  "La  Pratique  Dermatologique,"  vol. 
ii. :  and  the  London  Lancet  and  British  Medical  .Journal, 
1880  and  following  }-eai"s.  Oronr  W.   Wende. 

ELGIN  SPRINGS,— Addison  County,  Vermont. 

Post-Office. — Vergennes.     Boarding-houses. 

Access. — Via  Vermont  Central  Railroad  to  Vergennes, 
thence  three  miles  south  by  stage.  This  resort  is  pleas- 
antly located  in  the  Chaniplain  valley,  surrounded  by 
beautiful  scenery  and  delightful  drives.  The  summer 
temperature  generally  ranges  from  about  .50°  to  70'  F., 
and  the  weather  is  tisually  clear  and  bracing.  The  fol- 
lowing analysis  of  the  springs  was  made  in  1889  by 
Henry  M.  Sullj-,  of  Middlebury  College: 

One  Unitkd  Statks  Gallo.v  ro.MAi.vs: 

Solids.  GraiDS. 

Silica 1.19 

Calcium 24.til 

Magnesium 25.10 

Sodium 11.30 

Chlorine   .34 

Sulphuric  acid 87.6,t 

Carbonic  acid LI'S 

Iron Trm^es. 

Total 151.27 

Temperature  when  drawn,  4.5°  F.  The  compounds 
formed  by  these  acids  and  bases  have  not  been  designated 
by  the  chemist,  but  it  can  readily  be  seen  that  they  would 
consist  largelj-  of  sulphates  witli  an  admixture  of  carbon- 
ates and  chlorides.  The  water  contains  a  considerable 
proportion  of  sulphate  of  magnesium  and  some  sulphate 
of  sodium  which  gives  it  a  cathartic  effect.  It  resembles 
the  waters  of  Seidlitz  and  PuUna  in  Bohemia  and  is  valu- 
able in  chronic  constipation  and  in  blood  disorders.  The- 
water  is  slightly  opalescent  when  fre.sh,  faintly  alkaline 
to  test  paper,  and  odorless.  It  becomes  perfectly  clear 
after  standing,  James  K.  Crook. 

ELM,  SLIPPERY.— Ulmus,  Elm  B.\rk.  "The  dried 
inner  bark  of  Uintusfuha  Mx.  (fam.  Vlmnct'if)  "  (U.  S.  P.). 
This  is  a  smaller  and  less  graceful  tree  than  the  common 
"American,"  or  white  elm,  V.  Americniui,  which  it  in 
general  resembles.     It  is  a  moderate-sized  tree,  with  a- 
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linnvn,  rinii;li  bark,  ami  soft,  but  tough,  red  wood.  The 
leaves  are  larger  and  tliieker  than  those  of  the  common 
elm,  and  rough  or  jnibeseent  beneath,  and  the  fruit  is 
twice  as  large.  The  expanding  buds  and  smallest  twigs 
are  velvety.  The  inner  bark  of  most  elms,  as  well  as  of 
many  other  species  in  the  order  (nettles,  hemp,  etc.),  is 
very  pliable  and  tough  ;  that  of  the  present  sjiecies  is  also 
very  mucilaginous,  and  is  vahie<l  on  this  account. 

This  is  a  common  tree  in  the  I'nited  Stales,  especially 
in  the  central  iiortions;  but  tli<'  demand  for  its  bark  has 
I'.xterminatcd  it  from  many  regions,  which  suggests  the 
question  whether  it  could  not  be  collected  in  such  a  way 
as  not  to  destroy  the  tree,  as  is  done  with  the  barks  of 
cinchonas  in  India, 

The  bark  should  be  collected  in  the  spring.  It  is  "in 
flat  pieces,  varying  in  lengtli  and  width,  about  one- 
eighth  of  an  inch  (3  mm.)  thick,  tough.  ])ale.  brownish- 
white,  the  inner  siirface  tinely  ridged;  fracture  tibrous 
and  mealy;  the  transverse  section  delicately  checkered: 
odor  slight,  peculiar;  taste  mucilaginous,  insipid."  It 
contains  no  starch,  a  fact  which  affords  an  excellent 
means  of  detecting  the  numerous  starchy  adulterants  of 
the  ground  bark. 

Slippery  elm  bark  is  remarkable  for  the  abundance  of 
mucilage  which  it  imparts  to  either  cold  or  hot  water, 
making  a  nearly  transparent,  thin,  jelly-like,  but  not 
filteralile  solution.  It  is  precipitated  by  neutral  acetate 
of  lead.  The  addition  of  strong  alcohol  to  the  concen- 
trated mucilage  abstracts  a  portion  of  its  water  without 
coagulating  it. 

The  employment  of  slipperj'  elm  is  sjiid  to  have  been 
learned  from  the  aborigines.  In  medicine  it  is  used  as  a 
pleasant  demulcent,  like  other  g>ims  and  mucilages;  in 
sore  throats,  diarrhoeas,  dysentery,  inllanunation  of  the 
bladder,  etc. ;  also  as  a  poultice.  It  is  a  very  mild  agent, 
and  has  hardly  any  value,  excepting  that  of  an  unirritat- 
ing  protecti(m  to  the  parts  it  reaches.  The  crude  bark, 
chewed  and  swallowed  in  large  quantity,  has  been  the 
mechanical  cause  of  serious  consequences  in  one  or  two 
ca.ses. 

Administr.\tion. — The  powdered  bark,  stirred  into  hot 
water,  is  sometimes  used  as  a  demulcent  drink.  It.  of 
eourse.  includes  the  woody  dust,  and  is  an  unsightly  mi.x- 
ture.  The  ofticial  mucilage  (Mucihign  Ulmi).  made  from 
the  sliced  bark  and  strained  (si.x  per  cent. ).  is  much  better. 
Dose  indefinite.  The  powder  can  be  used  for  poultices. 
It  is  often  mi.xed  with  flaxseed  for  this  purpose. 

Allied  Pl.^xts. — Several  other  elm  barks  are  muci- 
laginous, but  none  so  much  so  as  this.  The  European 
eliii  ( I'lmns  cainjxstris  L.)  is  official  in  several  countries. 
It  is  slightly  astringent.  W.  P.  Bolles. 

EL  PASO  DE  ROBLES  HOT  AND  COLD  SULPHUR 
SPRINGS.— Sau  Luis  Obispo  County,  C'alilurnia.  Hotel 
and  cottages. 

These  springs  lie  in  the  beautiful  valley  of  the  Salinas 
River,  about  16  miles  from  the  shores  of  the  Pacific  Ocean 
and  21fi  miles  from  San  Francisco.  They  are  reached  by 
the  Southern  Pacific  Railroad  via  Soledad.  Access  may 
also  be  had  from  San  Luis  Obispo  by  stage.  The  name 
of  El  Paso  de  Robles  is  derived  from  the  Spanish,  mean- 
ing "the  pass  of  the  oaks."  from  the  fact  that  the  main 
highway  ran  through  this  valley.  For  many  miles  this 
picturesque  valley  is  covered  with  gigantic  white  oak, 
live  oak,  and  coltonwood  trees,  and  nestled  in  one  of 
these  cosy  groves  is  Paso  Robles  Retreat.  The  once  wild 
"pass  in  tile  oaks"  is  now  transformed  into  a  blooming 
resort,  with  cultivated  grounds,  and  Paso  Robles  is  a  de- 
lightful little  town  of  about  a  thousand  inhabitants. 
■NVlien  the  Southern  Pacific  Railroad  is  completed  the 
place  will  become  of  considerable  commercial  impor- 
tance. Near  the  springs  and  overlooking  the  prosperous 
little  town  a  commodious  and  elegant  hotel  is  under  con- 
struction. The  building  is  of  solid  brick  throughout. 
Some  eighteen  or  twenty  cottages  are  also  found  under 
the  umbrageous  oaks  in" different  parts  of  the  extensive 
grounds.  On  each  side  of  the  resort  and  valley  the  ever- 
green hills  covered  with  forests  of  pine,  oaks,  man/.anita 


groves,  and  sweet-scented  shrubbery,  form  a  pleasant 
contrast  to  Paso  Robles  proper.  The  climate  is  remark- 
ably ndldaiid  delightful  all  the  year  round,  and  tin- atmos- 
phere is  pure,  balmy,  and  invigorating.  The  wafers  of 
Paso  Hobles  are  sulphurous  andalkaline  and  range  in  li'in- 
perature  from  ri<)°  to  Vi'i  V.  They  com  prist'  the  "Main 
Hot  Sulphur"  spring,  the  "Mud"  or  ".Moor"  spring, 
the  "Soda,"  "San<l,"  "Cold."  "White  Sulphur,"  "Iron," 
and  "Garden"  springs.  The  great  hot  sulphureterl 
spring  is  located  about  three  hundred  yards  from  the 
hotel  in  a  southeasterly  direction.  (Iver  it  has  been  con- 
structed one  of  the  finest  bathing  eslal)lishnienfs  on  the 
coast,  consisting  of  sixty  individual  hath  tubs,  and  a  large 
vat,  fifteen  by  thirty  feet,  for  a  swinuning  or  plunge 
bath.  The  flow  of  this  spring  is  about  Ave  thousanil 
gallons  per  hour,  and  it  has  a  temperature  ranging  from 
105  to  110  F.  The  following  analysis  was  made  by  Dr. 
Winslow  Anderson  in  1889: 

0.\K  fxiTED  States  Uallo.v  Contains: 
Soflds.  (irafM. 

Sixlitini  ililoriile a'l.TS 

S<Kliiiin  fticarlxmnte 41.19 

Soiiiuni  rarlM^inate 7.62 

So'liuni  sulpliiite 7.^ 

S<:>ditnn  iniii.ie Trace. 

So<liiiiii  liniiiijde Trace. 

Petas.-.iuin  'hlurlde l.,57 

PoIiis>jiiiii  iiirlMinale :i.(fi 

Pi'i;i>,siiiiii  ii'tliile Trace. 

INita.-.snmi  siilplmtt Trace. 

Ma^nesjulii  carbonate 2.1.T 

Magnesiutn  snlpliate ,5.11 

Calcium  carbnnate 1.33 

Calcium  sulphate 2.94 

Ferrum  peroxide 73 

Borates Trace. 

Lltbates Trace. 

Alumina 2.1 

Silica 1.7.i 

lo<lides  and  bntmides Trace. 

Orgauic  matter 1.91 

Total 101.47 

Gases.  Cu.  in. 

Free  sulphureted  liydronen S.7."i 

Free  cartxmic  acid  gas H.tMl 

These  waters  are  found  to  be  especially  serviceable  in 
subacute  and  chronic  rheumatism  and  articular  alTcc- 
tions.  in  blood,  glandular,  and  cutaneous  affections,  and 
in  strumous  cases.  In  catarrh  of  the  nasopharynx  the 
water,  tised  as  a  hot  douche,  has  proved  beneficial.  It 
may  also  be  used  to  advantage,  in  the  form  of  a  hot 
douche,  in  the  treatment  of  leticorrhoeal  discharges  and 
in  engorgement  of  the  female  ])elvic  organs.  The  mud 
springs,  about  a  mile  and  a  half  north  of  the  hotel,  are 
(.f  decided  benefit  in  rheumatism,  arthritis,  stiff  joints, 
sprains,  synovitis,  glandular  enlargements,  chronic  cuta- 
neous disea.ses,  etc.  They  range  in  temperature  from  104' 
to  Vi'V  F.  and  have  been  found  to  be  highly  charged 
with  mineral  and  gaseous  ingredients.  The  mud  springs 
cover  a  space  of  about  twenty-five  feet  square,  over  which 
suitable  bathing  facilities  have  been  established.  These 
consist  of  dressing-rooms,  hot  sulphurous  wafer  plunges, 
and  the  mud  bath.  This  latter  is  a  compartment  or  vat 
four  by  eight  feet  and  nearly  filled  with  jircparcd  moor  or 
mud,  and  so  arranged  that  the  hot  sidphurous  wafer  and 
gases  rise  directly  into  it  from  the  ground  beneath.  The 
mud  springs  flow  collectively  about  six  thousand  gallons 
per  hour.  About  two  hundred  yards  north  of  the  mud 
baths  is  the  Soda  Spring.  Its  temperature  is  T7  F.,  and 
its  flow  is  limited.  Tlie  water  is  much  u.scd  for  drinking 
purposes.  By  allowing  a  small  quantity  of  sulphureled 
hydrogen  to  e,s<'ape  the  water  becomes  very  palatable. 
According  to  Anderson's  analysis, 

Onk  United  statks  Gallon  Contains: 

SoUds.  Grains. 

Sodium  chloride ^-fj 

Sodium  cartxinate '-^ 

Sodium  blrarlionate 19.<0 

Sodium  sulphate -. S.05 

Potassium  rartwmale 1.1" 

Potassium  sulphate ^ 
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Solids.  Grains. 

Majmesium  carbonate 3.17 

Matniesium  sulpliate 7.80 

Calcium  carbonate 5.33 

Calcium  sulphate 6.47 

Iron  peroxide Trace. 

Silica 93 

Alumina 85 

Organic  matter Trace. 

Totalsolids 83.82 

Gases.  cu.  in. 

Free  carbonic  acid  gras 9.30 

Free  sulphureted  hydrogen l.tH) 

The  water  lias  raluable  antacid  and  aperient  properties. 
It  belongs  to  the  alkaline-oarbouateil  class.  The  other 
springs  at  Paso  Robles  are  not  extensively  used  as  yet, 
although  some  of  them  will  no  doubt  be  found  of  value. 

Jiimes  K.  Crook. 

EMBALMING.     See  Dead  Bodies,  D^jMsal  of. 

EMBELIA.— The  fruit  of  Emhelia  ribes  Burm.  (fam. 
Myrsinarea).  The  fruits  of  this  Indian  shrub  are  nearlj- 
as  large  as  black-pepper  fruits,  globular,  slightly  beaked, 
dull  red  and  striate,  becoming  brown  on  keeping.  They 
are  said  to  be  used  to  adulterate  pepper.  The  drug  is 
largely  used  in  its  home  as  a  stomachic,  carminative, 
stimuiant,  and  anthelmintic,  and  also  as  a  parasiticidal 
application  to  ringworm  and  similar  affections.  It  ap- 
pears to  be  specially  useful  as  atwnicide.  Although  it  is 
said  iisually  to  kill  the  worm,  a  purgative  should  lie  taken 
both  before  and  after  the  administration  of  the  remedy, 
lis  important  constituent  is  <«//'<?/<■  "(•/(/,  which  is  found 
to  iiossess  the  same  properties  as  the  drug  itself.  Em- 
belic  acid,  the  formula  for  which  is  CJIi.Oj,  occurs  in 
orange  yellow  scales,  soluble  in  alcohol,  odorless  and  taste- 
less. It  is  given  in  doses  of  0.2  to  0.4  gm,  (gr,  iij.-vi,), 
to  be  both  preceded  and  followed  by  castor  oil.  The  fruit 
contains  also  resin,  fat,  tannin,  and  a  small  amount  of  an 
alkaloid,  which  has  been  called  ehrii'lnnhiiie.  The  pow- 
dered fruit  is  given  in  doses  of  from  -1  to  IG  gm.  (  3  i.-iv.) 
or  the  fluid  extract  in  corresponding  amount. 

IhiD-y  II.  litisby. 

EMBOLISM. — That  form  of  metastasis  in  which  insolu- 
ble substances  are  transported  by  the  blood  current  and 
lodged  in  some  part  of  the  vascular  system  is  known  as 
embolism.  The  material  transported  is  an  embolus.  The 
process  may  occur  in  lymph  vessels  (lymphogenous  em- 
iiolisni),  as  well  as  in  blood-vessels  (h:eniatogenous  embol- 
ism). The  latter  is,  however,  the  more  common  and  im- 
portant form,  and  embolism  is  usually  understood  to  mean 
this  when  no  special  modifying  designation  is  used. 

The  substances  which  may  enter  the  vascular  system 
and  be  carried  in  the  blood  stream  as  emboli  are  of 
the  most  varied  character.  They  maybe  gaseous,  liquid, 
or  solid.  The  most  common  emboli  are  those  composed 
of  the  products  of  coagulation  of  the  blood,  and  unless 
specially  designated  an  <'mbolus  is  usually  understood  to 
be  derived  from  a  thrombus.  Tumor  cells,  living  or  dead 
tissue  elements,  animal  or  vegetable  jiarasites,  jiarenchy- 
matous  cells,  placental  cells,  fat,  pigmei.t,  masses  of  cal- 
cification, air,  and  various  extrinsic  substances  may  also 
gain  entrance  into  the  blood  stream  and  form  emboli. 

The  lodgment  and  impaction  of  the  embolus  in  the 
vessel  is  due  to  the  fact  tliat  on  account  of  either  its  size 
or  its  physical  properties  the  material  transported  is 
laiight  upon  an  obstruction  in  the  vessel  or  cannot  pass 
its  lumen,  and  so  remains  either  partially  or  wholly 
blocking  it.  Metastasis  in  the  direction  of  the  normal 
current  is  known  as  direct  embolism,  in  the  opposite 
direction  as  retrograde.  The  transportation  of  emboli 
from  the  veins  into  the  .systemic  arteries  without  passing 
through  the  jiulmonary  circulation  is  designated  crossed 
or  paradoxical  embolism.  This  may  occur  in  case  of  a 
patent  foramen  ovale  or  a  persistent  ductus  Botalli. 

The  importance  of  the  embolism  depends  upon  the  na- 
ture of  the  embolus,  its  size,  and  the  anatomical  location 


and  relation  of  the  obstructed  vessel.  Emboli  containing 
tumor  cells  or  infective  agents,  as  bacteria,  are  the  most 
injurious  (septic  emboli):  those  consisting  of  dead  tissues 
or  substances  incapable  of  growth  act  only  mechanically 
in  obstructing  the  circulation  (bland  or  aseptic  emboli). 
Hard  or  sharp-pointed  substances  may  injure  the  vessel 
wall  and  lead  to  the  formation  of  an  aneurisiu.  Toxic  or 
infective  emboli  may  weaken  the  wall  of  the  vessel  and 
also  produce  aneurisms.  Large  emboli  may  seriously 
interfere  with  the  nutrition  of  Uie  jiart  supplied  by  the 
obstructed  vessel.  Embolism  of  small  arterioles  or  capil- 
laries may  produce  a  very  slight  disturbance  of  nutrition 
or  none  at  all.  If  the  embolus  does  not  completely  oc- 
clude the  vessel  no  serious  circulatory  disturbance  may 
be  caused,  but  the  complete  closure  of  the  vessel  usually 
follows  from  the  formation  of  an  induced  or  secondary 
thrombus.  If  the  obstructed  vessel  has  abundant  col- 
lateral anastomoses  beyond  the  point  of  obstruction  no 
disturbance  of  nutrition  of  any  consequence  may  occur; 
but  if  the  obstructed  vessel  is  a  terminal  aitery  poorly 
provided  with  collaterals,  degeneration  or  necrosis  of  the 
part  supplied  b;  -twill  result  from  an  insufticient  supply 
of  nutrition  (amiemic  and  hemorrhagic  infarction). 

Direct  EiiiIioli.tm. — Embolism  in  the  direction  of  the 
normal  blood  current  is  of  most  fretpient  occurrence. 
The  substance  forming  the  embolus  is  carried  along  by 
the  blood  streaiJ  until  it  is  caught  liy  some  obstruction 
or  swept  into  a  channel  so  narrow  as  to  prevent  its  farther 
passage.  It  follows,  therefore,  that  direct  eniboli.sni  can 
occur  only  in  the  pulmonary  and  systemic  arteries,  heart, 
and  portal  vein.  Emboli  founil  in  the  right  side  of  the 
heart  or  pulmonary  arteries  have  their  origin  in  the 
systemic  veins;  those  found  in  tlie  systemic  arteries  arise 
in  the  pulmonary  veins  or  left  heart.  Portal  vein  emboli 
take  their  origin  from  thrombi  either  in  the  main  trunk 
or  in  its  contriliuling  branches.  The  course  and  site  of 
lodgment  of  the  embolus  is  determined  by  the  .size,  form, 
weight,  and  character  of  the  material  composing  it,  as 
welt  as  by  the  force  and  volume  of  the  blood  stream,  the 
size  of  the  blood-vessels,  the  angle  at  which  they  are 
given  olf,  the  position  of  the  body,  etc.  Consequently 
emboli  arising  in  the  systemic  veins  or  right  heart  are 
more  frequently  carried  into  the  pulmonary  arteries  sup- 
plying the  lower  lobes  of  the  lungs,  and  more  frequently 
info  those  of  the  right  lower  lobe  than  into  those  of  the 
left.  Emboli  from  the  left  heart  more  frequently  pass 
into  the  thoracic  aorta  than  into  the  carotid  or  subclavian 
arteries.  The  left  carotid  arising  from  the  highest  jioint 
of  the  aortic  arch  isiiiorc  likely  to  receive  emboli  than  the 
right  carotid.  Likewise  the  left  common  iliac  artery,  be- 
ing more  directly  in  the  line  of  the  current  in  the  abdomi- 
nal aorta,  receives  emboli  more  often  than  the  right  iliac. 
Since  the  conditions  in  the  systemic  veins  are  much  more 
favorable  for  thrombosis,  embolism  of  the  pulmonary 
arteries  is  nuich  more  common  than  of  the  systemic 
arteries.  Of  the  latter  the  small  branches  in  the  lower 
extremities  are  most  likely  to  receive  emboli,  but  in  the 
great  majority  (jf  cases  this  event  is  not  diagnosed  clini- 
cally, inasmuch  as  the  symptoms  produced  are  of  much 
less"  importance  than  those  caused  by  embolism  of  the 
renal  arteries,  splenic,  etc. 

If  the  embolus  completely  closes  the  lumen  of  the  ob- 
structed vessel,  it  is  styled  an  obturating  embolus. 
Spherical  emboli  are  most  likely  to  do  this,  but  an  ejon- 
gated  portion  of  a  thrombus  may  be  folded  several  times 
upon  itself  and  pushed  into  a  vessel  several  times  its  own 
diameter,  completely  obturating  the  lumen.  This  hap- 
pens very  often  in  the  case  of  long  pieces  of  thrombi 
washed  out  of  the  femoral  veins  and  in  this  manner 
blocking  up  the  largest  branches  of  the  pulmonary  artery. 
Similarly,  irregular  thrombi  of  soft  consistence  may  be 
pushed  into  a  vessel  so  as  completely  to  fill  it.  If  the 
embolus  is  hard  and  firm  there  may  still  be  some  space 
left  for  the  blood  to  flow,  but  this  is  usually  soon  closed 
by  secondary  thrombosis.  Cylindrical,  elongated,  flat  or 
irregular  emboli  may  be  caught  at  an  arterial  bifurcation 
and  be  pushed  partly  into  both  branches,  either  whoUy 
or  partly  blocking  llieni  (straddling  or  riding  embolus). 
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Larfre  soft  thrombi  may  break  up  anil  the  resulting  em- 
boli may  till  a  large  number  of  small  branehes.  Emboli 
arising  in  the  systemie  veins  small  enough  to  jiass  the 
pulmonary  capillaries  may  lodge  in  the  cerebral  or  renal 
capillaries. 

littroiirntle  EmbuUxm. — A  retrograde  transportation  and 
impaction  of  an  embolus  is  more  likely  to  occur  in  the 
lymph  stream  than  in  the  blood,  and  plays  a  very  im- 
portant part  in  the  lymphogenous  metastasis  of  tumors. 
Under  especial  conditions  retrograde  embolism  may  oc- 
cur also  in  the  veins,  usually  in  the  large  veins  near  the 
heart.  The  cause  of  the  retrograde  transportation  may 
lie  either  in  a  reflu.x  flow  from  the  heart  and  great  veins 
into  the  hepatic  veins  or  the  veins  of  the  neck,  head,  or 
arms;  or  in  case  of  extreme  venous  stasis  an  embolus 
may  be  gnidually  pushed  backward  in  the  vein  by  ab- 
normal venous  imlse  waves  proceeding  from  the  heart. 
This  event  is  most  likely  to  occur  in  dilatation  of  the  right 
heart  with  tricuspid  insufficiency.  Any  condition  which 
increases  the  pressiue  in  the  veins  near  the  heart  favors 
also  a  retrograde  embolism — decreased  negative  pressure 
in  the  thorax,  disturbances  of  respiration,  jirolonged  and 
difficult  expiration,  cardiac  insufliciency.  etc.  If  the 
venous  valves  remain  adequate  the  embolus  may  be 
caught  on  them,  but  in  the  extreme  distention  of  the 
vessels  they  become  insufficient  and  allow  the  embolus 
to  pass.  Retrograde  metastasis  has  been  observed  in  the 
hepatic,  cerebral,  mesenteric,  renal,  pulmonary,  axillary, 
and  coronary  veins,  pampiniform  plexus,  and  dural 
sinuses.  It  has  been  most  frequently  observed  in  the 
case  of  tumor  metastasis,  but  retrograde  transportation 
of  liver  cells  and  infective  emboli  has  also  been  reported. 
In  the  case  of  non-infective  thrombotic  material  it  would 
be  very  difficult  to  establish  a  diagnosis  of  retrograde 
embolism. 

Piinidoj-ical  Embolism. — The  passage  of  emboli  through 
an  open  foramen  ovale  or  pei"sistent  tluctus  Botalli  with- 
out passing  throu.gh  the  pulmonary  cirodation  is  known 
as  paradoxical  or  crossed  embolism.  An  opening  in  the 
foramen  ovale  in  the  shape  of  a  narrow  oblique  slit  is 
found  in  a  relatively  large  number  of  autopsies.  Under 
conditions  of  disturbed  pulmonary  circulation  in  which 
the  pressure  in  the  right  auricle  becomes  greater  than 
that  in  the  left,  the  slit  in  the  foramen  is  widened  and  its 
membranous  edges  are  bulged  into  the  left  auricle.  The 
opening  may  be  so  enlarged  that  not  only  small  emboli 
may  pass  through  it.  but  thrombi  arising  in  the  right  side 
of  the  heart  may  extend  through  it  into  the  left  auricle. 
Masses  of  tumor  cells  and  liver  cells,  the  latter  in  c.-ises 
of  traumatic  laceration  of  that  organ,  have  been  found 
obstructing  the  opening.  Aside  from  such  autopsic  evi- 
dence the  diagnosis  of  crossed  embolism  is  impossible. 
The  metastasis  of  certain  large-celled  tumors  is  best  ex- 
plained by  the  assumption  of  paradoxical  eiubolism.  but 
the  possiliility  of  even  large  tumor  cells  passing  through 
the  pulmonary  capillaries  without  setting  up  lung  sec- 
ondaries must  be  borne  in  mind. 

V.\iiiF.TiES  OF  EMiiOi.i. — Bhind  EmhoU. — These  are 
composed  for  the  greater  part  of  thrombotic  material 
which  does  not  contain  toxic  or  infective  agents;  but  no 
sharp  line  can  be  drawn  between  them  and  septic  emboli, 
inasmuch  as  emboli  may  contain  pathogenetic  organisms 
and  yet  not  give  rise  to  septic  proccs.ses,  because  of  the 
action  of  the  protective  forces  of  the  body  inhibiting 
their  growth.  The  practical  criterion  is  not  the  absence 
or  presence  of  micro-organisms  in  the  embolus  but  the 
effect  of  the  latter  upon  the  vessel  wall  at  the  point  of 
lodgment.  A  bland  embolus  is  accordingly  one  whose 
effects  are  purely  mechanical.  Besides  thrombotic  ma- 
terial, pigment  "granules,  dead  cellular  elements,  fat. 
mas-ses  of  calcification,  extrinsic  substances  such  as  car- 
bon or  metal  dust,  etc.,  may  pro<luce  only  mechanical 
effects. 

bifirtite  EmhoU. — Because  of  their  frequent  occurrence 
and  the  serious  conditions  resulting  from  them  infective 
emboli  containing  pathogenetic  microorganisms  are  of 
very  great  pathological  importance.  In  addition  to  the 
purely  mechanicar effects  produced  by  them  they  show 


at  the  jioint  of  lodgment  the  characteristic  effects  of  the 
bacteria  which  Ihev  contain.  Thes<'  elTect.s  are  <'hemlcHl 
in  nature,  the  result  of  the  specific  products  of  ihi-  organ 
ism,  and  are  eharacteri/.ed  by  degeriemlion  or  necrosis  of 
the  vessel  wall,  hemorrhages,  inllaminalion,  sujipuration. 
gangrene,  etc.  As  a  result  of  the  weakening  of  the  v.nll 
through  the  injury  or  destruelion  of  its  imier  coal  an 
aneurism  may  be  formeil  (aniMirysma  myeolico  em- 
bolicum).  The  metastasis  of  emboli  eonlaining  pyo 
genetic  organisms  gives  rise  tf)  the  ei>nditi(»ii  known' as 
pyjemia.  The  jirimary  focus  of  the  embolism  is  usually 
an  infective  venous  thrombus  formed  at  the  point  of  eil 
trance  of  the  bacteria,  which  mav  be  in  any  part  of  the 
body.  From  this  fhrombusi'mlioli  may  ari-ie  and  convey 
the  bacteria  to  other  parts  of  the  vas<ular  system,  where 
having  lodged  Ihey  may  niidtiply  ami  produce  poisons 
which  exert  their  chanicleristic  cITeets  upon  the  v<'s.sel 
wall  and  surrounding  tissues.  From  llie.se  secondary 
foci  other  emboli  may  Ih'  given  off  and  the  process  in- 
(hfinitely  repeated. 

There  may  be  no  evident  primary  focus  and  the  second- 
ary lesions  may  form  the  oidy  features  of  the  dis<-a.se;  or. 
as  in  the  case  of  malignant  endocarditis.  infe<-tivr- thrombi 
may  form  U|ion  the  valves  of  the  heart  and  give  origin 
to  infective  emboli,  though  the  primary  entrance  of  the 
bacteria  into  the  vascular  system  cannot  !»■  discovered 
(cryptogenic  infection).  Embolism  of  bacteria  alone  from 
the  primary  focus,  either  singly  or  in  mas.ses,  may  occur 
without  the  formation  of  an  infective  thrombus  at  this 
point.  Thesi'  may  become  attached  to  the  ves.sel  wall, 
multiply,  and  set  u])  their  characteristic  changes.  In 
this  manner  bacteria  arising  in  infective  thrombi  in  the 
systemic  veins  may  pass  the  lung  capillaries  and  produci- 
their  effects  in  the  systemie  arli'ries  or  <apillaries.  As 
mentioned  above,  not  all  emboli  containing  pathogenetic 
bacteria  give  rise  to  secondary  lesions  at  t  he  point  of  loilg 
ment.  This  may  be  explained  by  an  increase  in  the  vital 
resistance  of  the  body  or  a  dinnuished  virulence  of  the 
bacteria  due  to  conditions  arising  either  in  them  or  in  the 
body. 

fiimor-rell  Emboli. — Very  rarely  benign  tumors  may 
extend  into  bloodvessels  and  give  rise  to  emboli  which 
may  develop  into  secondary  growths  of  the  same  nature 
as  the  primary.  In  the  metastasis  of  malignant  tumors 
embolism  plays  a  much  more  important  role,  as  it  is  the 
chief  fa<tor  of  their  si)read  thiough  the  boily.  Both 
carcinoma  anil  sarcoma  very  frequently  break  into  blood- 
vessels, loosened  tumor  cells  arc  carried  awav  in  the 
blood  stream,  and  from  the  emboli  thus  produceil  .second- 
ary growths  arise.  It  may  be  emphasized  here  that  this 
embolism  isalwaysoneof  tumor  cellsand  not  of  para.siles 
which  may  cause  the  formation  of  such  cells.  Thestruc 
turc  of  s;irioma  particularly  favors  ha-malogenous  metas- 
tasis, inasmuch  as  the  cells  of  a  Siircoma  not  infrequently 
form  the  wall  of  the  bli>od-vc.s.sels  of  the  tumor,  or  are 

separated  from  the  bl I  stream  by  an  endothelial  layer 

only.  On  the  other  hand,  the  spread  of  carcinoma  into 
the  lymph  spaces  favors  lymphogenous  metastasis,  and 
in  general  it  may  be  sjiid  that  s:ircoma  and  carcinoma 
are  characterized  respectively  by  hiematogenous  and  by 
lymphogenous  metastasis.  Large  ina.«ses  of  tumor  celU 
coming  from  the  systemic  veins  may  block  the  orifices  of 
the  right  heart  or  the  pulmonary  artery  and  cau.se  sudden 
ilealhr  As  a  rule,  however,  the  mechanical  effects  of 
emboli  compo.sed  of  tumor  cells  are  unimportant  when 
compared  to  the  significance  of  the  tumor  meta.sta.sis. 
More  frequently  tlie  secondary  growths  of  malignant, 
tinnors  arise  froiu  capillarv  emboli  rather  than  from  those 
of  large  size.  Tumor  ci-lls  of  small  size  may  jiass  the 
pulmonary  capillaiies  without  lodgment  and  give  rise  ti> 
secondary  growths  in  the  systemic  capillaries.  Both  the 
retrograde  and  the  pannloxical  varieties  of  cml)olism  of 
tumor  cells  have  been  observed. 

Emboli  of  Aiiimiil  I'limitilin. — The  Filaria  sanguinis. 
Bilharzia  lijvnnitobia.  and  the  Plasmixlium  malaria'  may 
he  found  in  the  blotxl  of  the  human  Ixxly.  and  umler 
certain  conditions  may  block  the  capillaries  or  smaller 
arterioles.     Echinococcus  cysts  in  the  heart  wall  may 
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rupture  Into  the  blood  stream  and  give  rise  to  general 
metastasis.  The  embryos  of  tricliiua  ]iiiss  from  the  in- 
testine to  the  muscles  tlirough  the  I^nipli  and  blood,  and 
the  ania^bie  found  in  the  intestine  may  reach  the  liver  by 
way  of  the  portal  vein. 

Fat  Einbolixm. — This  is  probabl.y  a  very  common  form 
of  embolism,  but  in  the  majority  of  cases  it  is  of  little 
pathological  significance.  Occasionally  it  is  fatal,  in 
conditions  wiien  so  much  fat  is  set  free  into  the  circula- 
tion as  to  block  up  many  capillaries  and  small  arteries; 
or  a  moderate  fat  embolism  may  aid  in  causing  death  in 
cases  of  shock,  cachexia,  anaemia,  etc.  Tlie  source  of 
the  fat  is  usually  the  fatty  bone  marrow,  but  fat  may 
enter  the  circulation  as  the  result  of  injury  to  any  tissue 
or  organ  of  the  body  which  contains  fat.  Amputations, 
fractures,  crushing,  etc.,  of  bones  containing  fatty  mar- 
row are  tiie  most  common  causes,  but  even  slight  con- 
cussion of  tlie  bones  may  set  free  some  fat  into  the  blood- 
vessels. Congestion  or  inflammation  of  the  marrow  may 
also  lead  to  fat  embolism.  Injury  to  adipose  tissue 
in  breast  amputations,  in  laparotomy,  during  cliild-birth, 
in  laceration  oi-  necrosis  of  fatty  liver,  in  destruction  of 
brain  tissue,  in  fatty  degeneration  of  sclerotic  plaques, 
etc.,  may  also  cause  the  entrance  of  fat  into  the  circula- 
tion. Fatty  embolism  has  also  been  observed  in  the 
lipsemia  of  diabetes,  and  has  been  supposed  to  be  the 
cause  of  the  dyspnoea  and  coma  in  this  disease. 

The  fat  droplets  floating  in  the  blood  stream  collect  for 
tlie  greater  part  in  tlie  lungcaiiillaries,  and  in  sevt-re  eases 
the  majority  of  these  vessels  may  be  found  greatly  dis- 
tended and  filled  with  plugs  of  oil.  The  caiiillaries  of 
the  brain,  kidneys,  and  heart  suffer  next  in  proportion. 
Layers  of  fat  may  occasionally  be  present  in  the  post- 
mortem clots  found  in  the  heart  and  great  veins.  Tlie 
results  of  fatty  embolism  are  purely  mechanical.  In  a 
moderate  degree  the  fat  may  be  disposed  of  by  saponiti- 
cation,  emulsion,  phagocytosis,  etc. 

f'eUiiliir  Emhiilixm. — Pulmonary  embolism  of  the  giant 
cells  of  the  bone  marrow  is  of  very  frequent  occurrence, 
being  found  in  many  to.xic  and  infective  conditions,  per 
nicious  ana'uiia,  splenic  ana'inia,  leukaemia,  congestion 
and  inflammation  of  tlie  bone  marrow,  injury  to  the 
lioiies,  etc.  It  occurs  to  the  greatest  extent  in  puerperal 
eclampsia,  but  is  also  commonly  found  in  the  lungs  of 
women  dying  in  the  puerperiuin  of  diseases  other  than 
eclampsia.  The  significance  of  the  process  is  not  yet 
known;  within  a  limited  degree  it  may  lie  physiological, 
or  it  may  occur  just  before  death  as  a  ])re-agonal  phe- 
nomenon. In  the  acute  infections  the  existing  hyper- 
a'lnia  of  tlie  bone  marrow  may  be  the  underlying  cause 
of  the  metastasis.  Injury  to  the  bones  may  cause  a 
metastasis  not  only  of  the  fat  and  giant  cells  of  the  mar- 
row but  also  of  portions  of  marrow  tissue  and  bony  frag- 
ments. Tile  giant  cells  appear  in  the  lung  capillaries  as 
deeply  staining  masses  of  chromatin  liaving  a  very  irreg- 
ular knobbed  shape,  rarely  multinuclear.  As  a  rule  the 
cells  are  crowded  so  tightly  into  the  capillaries  that  no 
cell  protoplasm  can  be  made  out,  but  in  the  cells  found 
in  the  small  arterioles  tlie  protoplasm  is  usually  intact. 
In  puerperal  eclamjisia  the  number  of  giant-cell  emboli 
may  be  as  great  as  from  six  to  eight  in  evLiy  low-power 
field.  This  variety  of  embolism  is  also  found  in  associa- 
tion with  other  forms  of  cellular  embolism — e.g.,  that  of 
liver  cells,  placental  cells,  etc.  Giant  cells  resembling 
those  of  the  marrow-  may  originate  in  the  hitmolympli 
glands  in  fatal  eases  of  "ana;mia,  and  it  is  possible  that 
these  may  also  give  rise  to  pulmonary  embolism. 

Giant  cells  arising  from  the  s.yncytium  of  the  chorionic 
villi  liave  also  been  found  in  the  pulmonary  capillaries  in 
eases  of  puerperal  eclampsia,  hydatid  mole,  etc.  Ac- 
cording to  Sehmorl,  this  form  of  embolism  plays  an  im- 
portant role  in  the  etiology  of  eclampsia ;  but  tliis  is  prob- 
ably not  the  case,  as  it  is  not  constantly  found  in  this 
disease  and  may  be  present  in  the  lungs  of  puerperal 
women  not  suffering  from  eclampsic  symptoms.  Furtlier, 
since  the  differential  diagnosis  of  multinuclear  bone- 
marrow  cells  and  syncytial  cells  is  practically  impossible, 
it  is  probable  that  many  of  the  emboli  found  in  the  pul- 


monary capillaries  and  thought  to  be  syncytial  cells  were 
in  reality  bone-marrow  cells.  In  case  of  hydatid  moles 
portions  of  syncytial  buds  or  villi  may  break  into  the 
uterine  sinuses  and  be  carried  to  tiie  lungs,  but  this  proc- 
ess must  be  regarded  as  being  of  the  nature  of  a  tunioi 
metastasis. 

After  traumatic  laceration  of  the  liver,  large  portions 
of  liver  tissue  have  been  found  in  the  puhuonaiy  arteries. 
Small  pulmonary  emboli  of  liver  cells  may  occur  after 
hemorrhage  and  necrosis  of  the  liver.  Paradoxical  em- 
bolism of  liver  cells  has  also  been  observed,  and  portions 
of  liver  tissue  have  been  found  blocking  the  foramen 
ovale.  In  connection  with  liver-cell  embolism  pulmonary 
emboli  of  bone-marrow  giant  cells  are  usually  present. 

Splenic  cells,  sometimes  containing  malarial  parasites 
and  pigment,  red  blood  cells,  or  blood  pigment,  may  be  • 
found  under  certain  conditions  in  the  liver  capillaries. 
Portions  of  endothelium,  bits  of  the  lieart  valves,  etc., 
may  also  be  loosened  into  the  blood  stream  and  form  em- 
boli in  the  capillaiies  of  various  organs;  brain,  spleen, 
kidney's,  etc. 

Air  Embolism. — Air  luay  enter  the  circulation  through 
wounds  or  surgical  operations  about  the  neck,  upper 
part  of  thorax,  shoulders  and  head,  in  which  conditions 
the  air  is  sucked  into  open  veins  by  means  of  respiratory 
aspiration.  Air  may  also  enter  the  circulation  through 
the  uterine  veins  after  separation  of  the  placenta  in  abor- 
tion, placenta  prievia,  uterine  injections,  etc. ;  or  open 
veins  in  ulcers  of  the  stomach  and  intestines  ma.y  be  the 
point  of  entrance.  Gaseous  emiiolism  may  be  produced 
by  infection  with  gas-producing  bacilli.  The  cause  of 
death  in  caisson  disease  lias  been  thought  io  be  emboli  of 
nitrogen  which  has  been  alisorbed  by  the  blood  under 
high  atinospheric  |iressure  and  suddenly  released  on  re- 
turn to  normal  atmospheric  conditions.  It  is  probable 
that  many  of  the  cases  reported  as  air  embolism,  espe- 
cially those  in  which  tlie  air  has  been  supposed  to  enter  the 
uterine  or  stomach  veins,  have  been  in  reality  cases  of 
gaseous  embolism  due  to  infection  with  the  Bacillus 
afirogenes  capsulatus. 

Effects  of  Embolism. — The  metastasis  of  dead  or  inert 
substances  incapable  of  growth  produces  cliiefly  mechan- 
ical effects,  inasmuch  as  their  chemical  properties  arc  not 
usually  such  as  to  cause  furtlier  alterations  in  the  vessel 
wall  or  its  neighborhood.  Of  the  purely  mechanical 
effects  the  most  important  is  the  obstruction  of  an  artery 
by  an  embolus.  If  the  embolized  vessel  lias  abimdaiit 
anastomoses,  as  is  the  case  with  the  arteries  of  the  volun- 
tary muscles,  skin,  bone,  uterus,  th_yroid,  etc.,  there  may 
be  no  appreciable  disturbance  of  the  circulation;  but  if 
the  obstructed  vessel  has  few  anastomoses  and  a  collateral 
circulation  is  not  quickly  established,  the  tissues  supplied 
by  the  occluded  artery  will  quickly  degenerate  or  necrose 
as  the  result  of  the  anaemia.  The  area  of  ana'Uiic  necrosis 
produced  liy  the  occlusion  of  an  artery  by  either  throm- 
bosis or  embolism  is  known  as  an  infarct.  Two  varieties 
of  infarcts  are  distinguished;  anaemic  or  white,  and  the 
hemorrhagic  or  red  infarct.  The  former  occurs  as  the 
result  of  the  occlusion  of  terminal  arteries  in  the  kidne_y.s, 
spleen,  heart,  lirain,  and  rarely  in  the  liver.  The  hemor- 
rliagie  infarct  occurs  regular!}'  as  the  result  of  the  ob- 
struction of  the  terminal  branches  of  the  pulmonary  and 
superior  mesenteric  arteries.  It  differs  from  the  anamiic 
only  in  that  into  the  necrosed  area  there  is  an  infiltration 
of  blood.  It  is  therefore  a  hemorrhagic  ana-mic  ne- 
crosis. The  hemorrhage  into  the  necrosed  tissue  takes 
placed  by  diapedesis  from  the  injured  walls  of  the  ves- 
sels lying  within  or  at  the  liorder  of  the  infarcted  area. 
These  become  partly  filled  with  blood  from  collateral 
capillaries  and  arterioles,  and  the  vessel  walls,  weakened 
by  disturbance  of  nutrition  from  the  lack  of  their  ac- 
customed blood  supply,  permit  of  liemorrhage  by  dia- 
pedesis. The  low  tissue-resistance  in  the  lung  and  mes- 
entery and  submucosa  of  the  intestines  also  favors 
hemorrhage.  Surrounding  the  ana-mic  infarcts  of  the 
spleen,  heart,  kidnej'S,  etc.,  there  is  always  a  narrow 
zone  of  congestion  and  hemorrhagic  infarction  which  is 
visible  in  the  fresh  specimen  as  a  red  line  surrounding 
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the  gray  or  yellowish  dead  ana?mic  area.  This  may  be 
explained  as  beiiii?  due  partly  to  collateral  conires'tioii 
and  partly  to  heniorrhajie  from  the  small  anastoinosinj; 
vessels  at  the  border  of  the  infarct,  whose  walls  also  suffer 
disturbance  of  nutrition  (rom  the  ana'mia  or  stasis,  and 
permit  the  escape  of  blood  by  diapedcsis.  In  cases  of 
extreme  venous  congestion  tliis"border-line  of  hemorrhajre 
may  be  greatly  increased  in  size  antl  an  anaemic  infarct 
may  for  the  greater  part  or  wholly  become  hemorrhagic. 
Thrombosis  in  the  veins  also  favors  the  ])roductioii  of 
hemorrhagic  infarction.  It  is  probable  thai  under  noiinal 
conditions  of  the  circulation  occlusion  of  a  terminal  branch 
of  either  the  pulmonary  orthe  mesenteric  arteries  will  ])ro- 
.duce  no  infarction  owing  to  the  rich  collateral  anasto- 
mosis. Under  conditions  in  which  the  circulation  in 
these  vessels  is  already  impaired  obstrucli(jn  of  ibeir  ter- 
minal branches  will  produce  a  hemorrhagic  infarct.  The 
fact  that  infarcts  of  the  lung  and  intestines  are  invariably 
hemorrhagic  has  not  yet  been  satisfactorily  explained, 
but  it  is  supposed  that  the  rich  anastomoses  of  the  pid- 
monary  and  superior  m<'Senteric  arteries  lead,  through 
the  establishment  of  a  collateral  How,  to  the  refilling  of  the 
vessels  of  the  infarcted  area,  and  that  the  walls  of  these 
vessels  having  been  damaged  by  the  amemia  i)ermit  of 
-diapedesis. 

Embolism  of  the  coronary  arteries,  the  valvular  orifices, 
the  pulinonary  artery  or  its  main  branches,  or  the  bulbar 
jirteries  may  cause  immediate  death.  Fat  embolism  of 
the  cerebr-al,  ptdmonary,  or  renal  capillaries  may  be  so 
■extensive  as  to  cause  death  by  obstruction  of  the  circu- 
lation and  disturbances  of  nutrition.  Less  severe  eases 
may  cause  coma,  dyspna^a,  etc..  ^vhile  moderate  degrees 
may  produce  no  symptoms  at  all.  Likewise  air  embolism 
in  small  amount  may  produce  no  effect.  Larger  amounts 
of  air  may  collect  in  the  right  heart  and  pulmonary  artery 
in  a  frothy  mass  which  the  heart  is  unable  to  force 
through  the  pulmonary  capillaries,  death  resulting  from 
paralysis  of  the  heart".  In  caisson  disease  death  may 
follow  the  embolism  of  bubbles  of  nitrogen  which  have 
been  siiddenly  liberated  in  the  blood  by  the  too  sudden 
reduction  of  the  high  atmospheric  pressure  under  which 
it  had  been  absorbed.  The  effects  of  embolism  of  cellu- 
lar elements,  animal  parasites,  etc.,  are  purely  mechanical. 
Pulmonary  embolism  of  placental  cells  has  been  thought 
to  be  the  cause  of  eclamptic  convulsions.  Tumor  cells 
not  only  act  mechanically  but  give  rise  to  secimdary 
growths  as  well.  Sharp-pointed  masses  of  ealcitication, 
•etc.,  not  only  cause  obstruction  of  the  circulation  but 
may  so  injure  the  vessel  wall  as  to  lead  to  the  formation 
■of  an  aneurism. 

Toxic  and  infective  emboli,  in  addition  to  their  purely 
mechanical  effects,  produce  changes  in  the  vessel  wall 
.and  its  neighborhood  due  to  the  action  of  the  poisons 
which  they  contain  or  which  are  produced  by  the  bacteria 
contained  within  them.  Degeneration,  necrosis,  and  in- 
flammation of  the  vessel  at  the  point  of  obstruction  may 
lead  to  a  widespread  purulent  arteritis,  formalion  of  ab- 
sce.sses,  etc.,  or  as  a  result  of  the  ■sveakeniug  of  the  wall 
aneurisms  may  lie  produced. 

Seqiiehf. — In  the  case  of  embolism  of  thrombotic  ma- 
terial organization,  simple  and  purulent  softening,  or 
calcification  of  the  embolus  may  take  place.  The  seiiuela; 
of  infarction  are  essentially  the  same  as  those  of  necrosis 
in  general:  organization,  encapsulation,  cyst  formation, 
calcification,  abscess,  gangrene,  etc.  Emboli  of  liver 
■cells  cpiickly  necrose,  the  dying  cells  forming  centres  of 
coagulation  and  thrombus  formation.  Bone  marrow  and 
placental  giant  cells  undergo  a  slow  necrobiosis,  and 
may  also  give  rise  to  thrombosis.  Small  bits  of  dead 
tissue,  pigment  graiuiles,  and  bacteria  may  be  .lemoved 
b_v  phagocytes.  Fat  in  small  amount  is  saponified  or 
emulsified,  or  disposed  of  by  phagocytosis.  Small 
amounts  of  air  may  be  absorbed. 

Sv-MPTOMS. — The  general  symptoms  of  non-infective 
•embolism  depend  upon  the  anatomical  position  antl  rela- 
tions of  the  occluded  vessel,  the  specific  function  of  the 
part  supplied  by  it,  and  the  degree  of  ansemia  produced 
iy  the  obstruction.     The  passage  of  the  embolus  through 


the  ves.sels  or  heart  causes  no  definite  symptoms.  Puii 
may  follow  the  impaction  of  an  iMnbolus  in  an  arU-rv 
particidarly  in  the  abdomituil  aorla.  me.xenleric.  iliac,  ami 
fi-moral  arteries.  At  limes  it  is  verv  severe,  having  llii' 
character  of  that  of  a  painful  blow.'  It  is  probably  due 
to  the  irritation  of  .sensory  nerves  in  the  vessel"  wall 
caused  by  the  sudden  impaction  and  distention.  I'aiii 
may  follow  the  embolism  as  a  result  of  local  anainia.  in. 
Ilanunation,  and  the  various  sei|urhe  of  infarction.  In 
rare  cases  a  chill  or  fevir  may  accompiinv  the  impaeliou 
of  non  infective  emboli.  Fever,  however," usually  follows 
embolism  as  one  of  the  accompanying  phenomena  of  sec- 
ondary infiammation,  sepsis,  garigrene,  etc.  Embolism 
of  vessels  supplying  visible  parts  of  llie  ImkIv  may  be 
manifested  by  signs  of  local  aniemia,  gangreiii-']  etc.  "  In 
farction  nf  tlw  lungs,  kidneys,  and  inli'slines  may  be 
shown  by  hemorrhage  from  \'\nsv  organs.  Infarclion  of 
any  organ  will  lead  to  disturbance  of  its  function.  In 
the  caseof  infective  emboli,  besides  the  symptoms  due  lo 
the  mechanical  obstruction  of  the  eirculaiion,  those  of  lo- 
cal and  general  infection  are  present:  chills,  fever,  etc. 
These  are  usually  of  such  great  importance-  as  complete- 
ly to  cast  into  the  background  the  symptoms  of  local 
ana'mia  or  infarction. 

The  order  of  fre(|uency  of  arterial  endiolism  is  given 
by  Welch  as  follows:  pulmonary,  renal,  splenic,  cerebral, 
iliac  and  arteries  of  lower  e.xtremilies,  axillary  and  arler. 
iesof  upper  extremities,  cudiaca.xis  with  hepatic  and  gas- 
tric branches,  central  artery  of  the  retina,  superior  mesen- 
teric, inferior  mesenteric,  abdondnal  aorta,  and  coronary 
arteries.  This  order  is  based  not  so  much  upon  the 
actual  occurrence  of  emboli  as  upon  the  symptoms  of 
embolism.  It  is  very  |)robal)le  that  embolism  of  the 
small  arteries  of  the  lower  extremities  would  come  next 
to  the  pulmonary  in  the  order  f)f  frequency,  but  the 
signs  or  symptoms  attending  this  eveul  may  be  so  unim- 
portant as  to  be  overlooked. 

I'tiliHoiKiry  KmMistii. — Embolism  of  the  main  trunk  or 
both  of  the  main  branches  of  thi'  pulmonary  artery  is 
usually  followed  by  sudden  de;ilh  from  syncope.  "  In 
other  cases  there  may  be  a  sudden  attack  of  intense  pre- 
cordial i)ain  and  dyspnoa  followed  (|uickly  by  death. 
In  less  extensive  pulmonary  embolism  the  chief  symptoms 
may  be  intense  dyspnoea,  cyanosis,  great  tlisturbauce  of 
heart  action  and  respiration,  sweating,  chills,  syncope, 
convulsions,  coma,  etc.  Embolism  of  the  smaller  ter- 
minal branches  may  produce  no  symptoms,  but  very  often 
hemorrhagic  infarction  is  accompanied  by  chills,  dysp- 
noea, fever,  pain  in  the  side,  pulmonary  hemorrhage, 
etc.  Infective  emboli  give  rise  to  jiyainie  abscesses, 
purulent  and  fibiinous  pneumonia,  and  the  local  and 
general  symptoms  arising  from  these  conditions. 

Iterinl  EiuMism. — Large  infarcts  of  the  kidney  may 
cause  pain:  .small  ones  are  unaccompanied  by  painful 
sensations.  Htematuria  is  the  most  important  sign  of 
renal  infarction.  Infective  emboli  cause  pyaniic  ab- 
scesses. These  are  manifested  by  severe  constitutional 
symptoms  of  intoxication,  pyuria,  etc. 
"  Splenic  Embolism. — Infarction  of  the  spleen  may  occur 
witliout  .signs  or  symptoms,  but  frequently  there  arc 
sudden  pam  in  the  splenic  region,  chills  and  fever, 
splenic  enlargement,  peiisplenitic  friction,  etc.  Infec- 
tive endjoli  may  cause  splenic  abscess  with  symptoms 
of  pya>mia. 

Ci'-n/'i-dl  Em/j(ilism. — The  left  middle  cerebral  is  most 
commonly  involved^  Sudden  hemiplegia  au<i  aphasia 
are  the  chief  symptoms.  Embolism  of  tlie  vertebral  or 
basilar  artery  "produces  symptoms  of  acute  bulbar  pa- 
ralysis. 

Mi'MiiUrie  Embnlinm. — Infarction  of  the  intestines  is 
usually  manifested  by  sudden  attacks  of  .severe  colicky 
pain,  alxlominal  teniierness.  blofMly  or  facal  vomiting, 
blo(Hl  in  the  stools,  gangrenous  odor  of  stools,  sweating, 
subnormal  temperature,  and  collapse  Death  usualfy 
occurs  within  a  very  short  time.  Very  rarely  the  symp- 
toms are  less  pronounced  and  of  such  vague  character  as 
to  make  liiagnosis  impo.ssible  The  condition  may  very 
much  resemble  that  of  intestinal  obstruction.      fimboi- 
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ism  of  the  smaller  branches  of  the  intestinal  arteries  gives 
rise  to  the  formati(jn  of  intestinal  ulcers. 

Aortic  Embolism. — The  ocrlusion  of  the  thoracic  aorta 
by  embolism  is  of  very  rare  occurrence.  It  may  be 
caused  by  the  dislodgment  of  large  thrombi  in  the  heart 
or  in  aortic  aneurisms  above  the  point  of  embolism. 
Death  is  instantaneous  or  occurs  within  a  very  short  time. 
Embolism  of  the  abdominal  aorta  is  not  of  such  rare  oc- 
currence. In  tlie  majority  of  cases  the  embolus  arises 
from  a  heart  thrombus.  The  symptoms  may  develop 
suddenly  or  the  onset  may  be  gradual.  Pain  in  both  legs, 
often  extreme,  is  usually  present ;  with  this  there  is  as- 
sociated paralysis,  absence  of  femoral  pulsiition,  and  as- 
cending gaugrene.  Death  may  occur  within  a  few  hours 
or  be  delayed  for  months,  in  the  latter  case  the  result  of 
slowly  progressive  gangrene  or  sepsis.  Embolism  of  the 
iliacs,  or  of  the  femoral  or  popliteal  arteries  is  manifested 
by  similar  symptoms  varying  in  degree  with  the  size  of 
the  vessel  occluded  and  the  location  of  the  embolus. 

Coronary  Embolism,. — Embolism  of  the  larger  branches 
of  the  coronary  arteries  cjiuses  sudden  death,  or  an  attack 
of  extreme  dyspnoea  and  severe  precordial  pain  which 
may  be  followed  shortly  by  death.  Embolism  of  the 
smaller  branches  may  cause  ana'uiic  infarction  with 
symptoms  of  angina  jiectoris.  As  a  result  of  the  weak- 
ening of  the  heart  wall  by  the  infarction  rupture  of  the 
heart  into  the  pericardial  sac  may  take  place  causing 
sudden  death,  or  aneurismal  dilatation  of  the  heart  may 
be  produced,  leading  to  serious  impairment  of  cardiac 
efficiency. 

Rftinal  Embolism. — Sudden  blindness  is  produced  by 
the  embolic  occlusion  of  the  central  artery  of  the  retina. 
Ophthalmoscopic  examination  reveals  a  condition  of  ret- 
inal infarction  usually  without  the  occurrence  of  hem- 
orrhage. In  embolism  of  the  smaller  retinal  branches 
multiple  hemorrhages  \isually  occur  with  more  or  less 
pronounced  disturbance  of  vision. 

Emiiolism.  of  .Spermatic  Artcn/. — Occlusion  of  the  sper- 
matic artery  by  embolism  is  said  to  have  caused  gan- 
grene of  the  testis  in  a  small  number  of  cases. 

Di.\GNOSis. — Since  the  cliicf  symptoms  of  embolism 
are  of  the  same  nature  as  those  of  tliromliosis,  the  differ- 
ential diagnosis  of  these  two  conditions  is  of  main  im- 
portance. The  sudden  development  and  severity  of 
symptoms  of  arterial  anaemia  are  more  characteristic  of 
embolism  than  of  thrombo.sis.  Absolute  dependence  can- 
not, however,  be  placed  upon  this  jioint,  inasmuch  as 
thrombi  occasionally  occlude  with  great  rapidity,  while 
on  the  other  hand  the  synijitoms  of  embolism  may  be 
slow  of  development  owing  to  the  fact  that  the  embolus 
either  does  not  entirely  obturate  the  vessel  which  is  later 
completely  closed  by  .secondary  thrombosis,  or  the  em- 
bolus may  be  so  situated  that  the  secondary  thrombosis 
plays  the  chief  part  in  the  production  of  the  ana'mia. 
After  arterial  embolism  the  establishment  of  the  col- 
lateral circulation  usually  leads  to  a  more  decided  im- 
provement of  symjitoms  than  is  conunonly  the  case  after 
thrombosis.  Absolute  reliance  cannot  be  placed  upon 
this  factor,  since  occasionally  after  thrombosis  very 
marked  amelioration  follows  the  development  of  the 
collateral  circulation.  The  occurrence  of  arterial  ob- 
struction in  yoiuig  individuals  or  in  adults  show'ing  no 
signs  of  arteiiosclerosis,  especially  in  cases  of  valvular 
lesions  of  the  left  side  of  the  heart,  points  very  strongly 
to  the  occurrence  of  embolism.  If  arteriosclerosis  is 
present,  the  differential  dia,gnosis  between  thrombosis 
and  embolism  becomes  much  more  difficult. 

The  establishment  of  a  source  for  emboli  in  the  exis- 
tence of  a  previously  formed  thrombus,  cardiac  disease, 
aneurism,  infected  wound,  etc.,  is  the  most  reliable  factor 
in  the  diagnosis  of  embolism.  In  pulmonary  embolism 
the  source  may  be  sought  in  thrombi  in  the  systemic 
veins  or  right  heart.  In  embolism  of  the  systemic  arter- 
ies the  chief  source  of  the  ciubolus  is  disease  of  the  lui- 
tral  or  aortic  valves.  Thrombi  in  aortic  aneurisms  may 
also  give  rise  to  emboli.  Infected  wounds,  abscesses, 
acute  endocarditis,  etc.,  form  the  sources  of  infective 
emboli.     Abortion,   separation  of  the  placenta,  uterine 


injections,  pregnancy,  etc.,  are  conditions  in  which  em- 
bolism may  occur.  Injury  of  the  bones  or  fat-containing 
tissues  gives  rise  to  fatty  embolism.  Though  eases  may 
occur  in  which  the  source  cannot  be  found,  and  though 
the  existence  of  a  thrombus  in  one  vessel  does  not  ex- 
clude the  occurrence  of  thrombosis  in  others,  it  is  pos- 
sible, in  the  majoiity  of  cases,  to  make  a  correct  diagnosis 
of  embolism  whenever  definite  symptoms  are  present. 

Tre.\T-Ment. — Prophylactic  treatment  may  be  of  the 
greatest  importance  in  the  prevention  of  the  detachment 
of  an  eiubohis  from  a  thrombus.  In  the  case  of  venous 
thrombosis  of  the  lower  extremities  absolute  rest  of  the 
affected  limb,  or  better  of  the  body  as  a  whole,  should 
be  insisted  upon,  as  a  very  large  percentage  of  tlie  cases  of 
death  from  pulmonary  eiubolism  occur  as  the  result  of 
the  patient's  movements  in  walking,  bathing,  or  going  to 
stool.  AValking  shoiild  not  be  allowed  for  at  least  six 
weeks  after  venous  thrombosis  of  the  lower  extremities. 
Massage  or  palpation  of  the  affected  vein,  or  even  press- 
ure upon  it  with  a  stethoscope,  as  well  as  all  unneces- 
sary movement  and  manipulation  of  the  limb,  should  be 
avoided.  Pro]ihylaetic  measures  may  be  instituted 
further  against  the  formation  of  thrombi  by  stimulation  of 
the  heart's  action,  improvement  of  the  general  nutrition, 
prevention  of  extension  of  infection  by  surgical  interfer- 
ence, etc.  In  the  case  of  acute  endocarditis,  heart 
thrombus,  aortic  aneurism,  etc.,  absolute  rest  is  also  es- 
sential as  a  projihylactic  measure  against  embolism. 

After  embolism  has  occurred  the  general  indications 
are  relief  of  pain,  absolute  rest,  proper  nourishment, 
cardiac  stimulation,  etc.  The  development  of  the  collat- 
eral circulation  shoidd  be  brought  about  as  soon  as  pos- 
sible in  order  to  avoid  ana'mic  necrosis.  In  case  of  em- 
bolism of  accessible  portions  of  the  body  tliis  may  be  aided 
by  the  local  application  of  heat.  When  infarction  has 
taken  place  the  general  indications  of  treatment  are  along 
lines  tending  to  proiuote  absorption  and  organization  of 
the  dead  tissues.  In  the  case  of  gangrene  of  the  lower 
extremities  and  intestinal  infarction  operation  according 
to  general  surgical  principles  may  be  performed. 

Aldred  Scott  WartMn. 

EMBRYOLOGY.— The  general  history  of  the  embryo 
up  til  aliout  the  end  of  the  second  month  is  given  under 
Fatiis.  Koriiiiition  of.  Thedevelopiuentof  special  organs 
is  treated  under  those  organs;  e.g.,  for  the  develop- 
ment of  the  brain  see  under  Brain.  There  are  also  in- 
clude<l  in  the  II.\xi)iiooK  the  following  special  embryo- 
logical  articles;  Alhnitois,  Amnion.  Area  Embryonalis, 
Blastoderm,  Blastopore,  Chorion,  Co/lom,  Differentiation, 
Embryos,  Gastruhi.  Germ  Layers,  Impregnation,  Nevren- 
teric  Canal,  Xatachord,  Placenta,  Proamnion,  Segntenta- 
tion  of  the  Body,  Segmentation  of  the  Ovum,  UnMlical 
Cord,  and   Y<ilk  Sac. 

In  this  article  are  given,  (1)  a  brief  sketch  of  the  hi.story 
of  embryology ;  (2)  practical  directions  for  the  study  of 
embryos. 

1.  ilisToiiY  OF  Embkyologt. — Although  embryology 
is  the  department  of  Tuorphological  science  now  most 
in  vogue  among  investigators,  it  has  held  this  high 
tank  but  a  very  short  time.  Embryology  may  date  its 
birth,  after  gcstating  for  many  centuries  in  the  womb  of 
science,  from  the  year  KiOO.  wiien  Fabrieius  ab  Aquapen- 
dente  published  his  Avork.  "  De  Formato  Fa>tu,"  fol- 
lowed four  years  later  by  his  ■' De  Formatione  Fa-tus." 
After  Fabrieius  came  a  series  of  anatomists,  who  during 
the  seventeenth  and  eighteenth  centuries  slowly  added 
to  the  knowledge  of  the  development  of  man  and  other 
vertebrates;  but  it  was  a  time  of  vague  general  notions, 
a  period  wln-n  ]irinciples  which  seem  to  us  elementary 
were  still  luuler  dc-liate.  It  was  not  until  Caspar  Fiiede- 
rieh  WoHf  published  his  dissertation,  "Theoria  Genera- 
tionis"  (lT."")il).  that  the  mere  idea  of  development  by 
gradual  dilferentiation  of  unformed  material  could  make 
its  way.  WolflE  is  justly  regarded  as  the  initiator  of 
modern  embryology,  for  until  his  views  of  gradual  dif- 
ferentiation (epigeiiesis)  were  established  correct  embryo- 
logical  conceptions  were  impossible.     The  next  great 
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ailvaiice  was  due  to  tlic  influence  of  DOllinger.  of  WOrz- 
burg.  a  man  who  inspired  many  of  tlie  best  lesearelies. 
I'ndei-  bini  were  Indued  I'auder  and  vim  Haer.  who  first 
detiuilelv  ascertained  tbe  existence  and  tmced  much  of 
tlie  history  of  the  germ  layers.  Von  Haer  was  a  magniti- 
cent  iuteUect— among  the  great  morphologists  of  (ier- 
many  easily  first.  His  book  (is2!n  on  tlie  di'velopment 
of  animals  lias  never  been  equalli-d  for  keen  insight  and 
original  profound  thoughts  in  the  domain  of  morphology. 
The  author  is  no  less  remarkable  for  liis  observational 
powers.  Kiilliker  says,  with  perfect  truth,  that  von 
iSaer's  researches  "are  to  lie  described  as  uncondilionHlly 
the  best  which  the  emliryciliigi<al  literature  of  all  time 
and  all  peoples  has  to  show."  The  third  epoch  may  be 
.sjiid  to  have  begun  with  the  establishment  of  the"cell 
doctrine  by  Schleiden  and  Schwann  (183',t).  after  which 
began  the  labor  of  ascertaiinng  the  origin  and  nietamor- 
plioses  of  the  cells  in  the  endiryo.  Schwann's  discovery 
led  to  the  recognition  of  the  real  signitication  of  tlie  seg- 
mentation of  the  yolk,  which  ha<l  been  previouslv  dis- 
covered.  The  next  great  change  occurred  during "istid- 
1870.  after  Darwin  had  given  a  mighty  impulse  to 
biology  by  the  publication  of  his  "  Origin  of  Species"; 
in  this  ])eriod  the  germ  layers  were  discovered  and  de- 
sciibed  in  invertebrates  by  Kowalewslvy,  Metschnikoff, 
and  others,  and  in  tlie  course  of  a  few  years  it  was  defi- 
nitely proved  that  tlie  germinal  layers  exist  in  all  multi- 
cellular animals.  Since  1S7(I  a  multitude  of  researches 
have  been  carried  out,  a  wealth  of  new  discoveries  made, 
largely  in  eon.sequencc  of  the  vast  improvements  in  the 
methods  of  investigation.  These  improvements  have 
been — first,  in  regard  to  the  numns  of  preserving  ova  and 
embryos:  second,  in  the  manners  of  making  sections  and 
staining  them. 

Of  recent  writers  the  student  of  human  embrj'ology 
must  place  His  and  Kiilliker  first;  the  former  has 
worked  out  the  anatomy  of  very  young  human  embryos 
with  surprising  skill,  and  the  latter  has  contributed  a 
vast  scries  of  observations  on  the  development  of  nearly 
every  organ  and  tissue. 

In  the  history  of  embryology,  then,  the  following 
points  mark  the  chief  epochs: 

17.59. — The  doctrine  of  gradual  development,  or  epi- 
genesis.  detinitely  established  by  Caspar  Fr.  Wolff. 

1829. — The  existence  of  the  germ  layers  demonstrated, 
and  their  nuist  important  metamorphoses  in  vertebrates 
traced  out  by  Carl  Ernst  von  Baer. 

1839. — The  cell  doctrine  apfilied  to  animals  by 
Scliwann,  and  embryology  turned  into  the  study  of  his- 
togenesis. 

1860-70. — The  presence  of  germ  layers  in  invertebrates 
proven  by  Kowalewsky,  JletsehnikolT.  and  others. 

1S70-.S5. — Constantly  increasing  number  of  special  re- 
searches, and  steady  perfecting  of  methods. 

2.  Embrvoi.ogic.\l  Methods. — The  student  of  hu- 
man embryology  cannot  obtain  his  material  at  will,  but 
can  only  take  advantage  of  opportunity.  A  considerable 
number  of  abortions  and  miscarriages,  natural  and  pro- 
cured, occur  in  every  community,  and  the  ova  and  em- 
bryos thus  discharged  are.  in  a  minority  of  ca.ses.  normal 
and  fresh  ;  the  older  the  embryo  the  more  likel)'  it  is  to 
be  in  good  condition.  Embryos  less  than  two  inches 
long  are  best  preserved  intact :  larger  embryos  are  much 
better  opened,  and  the  parts  severed  and  hardened 
separately.  If  the  specimen  is  intended  only  for  the 
study  of  gross  anatomy,  it  will  suffice  to  preserve  it  in 
seventy-percent,  alcohol,  which  must,  however,  be  re- 
newed once  or  twice  at  first,  and  the  larger  the  specimen 
the  more  necessiirv  is  the  caution  of  changing  the  alco- 
hol. 

If  the  specimen  is  good  enough  to  be  used  for  section 
cutting,  it  must  be  preserved  with  more  care.  Embryos 
of  more  than  seventy  days  shoidd  be  opened  and  par- 
tially dissected  if  good  preservation  of  the  internal  jiarts 
is  desired,  (a)  For  general  use  Parker's  tluid  (forma 
lin  16  c.c,  water  784  c.c,  and  96-percent,  alcohol  1.200 
c.c.)  may  be  recommended,  as  it  has  great  penetrating 
power;    it  should   be   renewed   after  twenty  four    and 


fortyeiglit  hours,  and  the  (piniititv  of  fluid  should  l)o 
abotit  ten  times  the  volume  of  the  "embryo.  (A)  For  ini 
bryos  of  nine  weeks  or  less  preservalioii  intact  in  Zen- 
ker's fluid  (corrosive  siiblimatC.  10  gin.,  pol«.s.sium 
bichromale  5  gm.,  sodium  liisulphale  2  gni..  water  2(H) 
c.c.  glacial  acetic  add  10c  .lor  in  von  Hnth'stluid  (sjil- 
urated  soliilion  of  picric  aciil  liM)  parts,  hot  satiiraled 
solution  of  corrosive  subliinati'  1(H)  parts,  acetic  acid  1 
part)  may  be  reconinicii<led.    Zenker's  lliilij  re<|iiiiis  from 

twelve  to  thirty  six  hours,  von   Halh'.s  froi le  half  to 

two  hours,  aecortling  to  the  size  of  the  speciinen.  liolli 
of  these  require  to  be  followed  by  Ireatinejit  with  tinc- 
ture of  iodine  to  remove  the  corrosive  :.iul(limate.  (<•)  Of 
all  good  methods  the  most  expeditious  is  to  place  the 
embryo  or  organ  for  live  minutes  or  less  in  a  mi.xlun-  of 
10  parts  strong  nitric  acid  and  !tl)  parts  water;  transfer 
to  si.xty  per  cent,  for  an  hour  or  two,  anil  linn  to 
seventy  jier  cent,  (rf)  The  simplest  iiicIIiihI  of  all  is  to 
put  the  specimen  into  sixty-per  <-enl.  alcohol  for  Iwenlv- 
four  hours,  then  permanently  in  sevcniv  to  eigliiv  per 
cent. 

In  iirescrviiig  enibryological  malerial  observe  the  fol- 
lowing rules:  Handle  Ihe  spiciincn  as  little  as  possible; 
do  not  on  any  account  put  il  in  water  or  wash  it ;  if  it 
is  neces.s!iry  to  keep  it  moist,  wrap  a  soft  damp  cloth 
gently  round  it;  never  put  a  fresh  sjiecimcn  in  strong 
alcohol;  never  keep  a  speciinen  in  strong  alcohol,  i.e.. 
over  eighty  per  cent.  The  only  time  when  strong  alco- 
hol can  be  .safely  used  is  after  a  s|)ecimen  has  been  hard- 
ened;  and  then  only  to  ait  for  twenty-four  hours  imme- 
diately before  embeddiiig. 

To  cut  sections:  For  very  small  objects,  paraflin  is 
satisfactory,  but  for  most  of"the  work  of  Ihe  human  cm 
bryologist  celloidin  is  the  best  embedding  inateriiil  A 
specimen  to  be  embedded  in  this  material  is  put  (1)  for 
one  day  in  ninety-live-percent,  alcohol;  (2)  for  one  day 
in  a  mi.xture  of  equal  i>arts  ether  and  ninetytiveper- 
cent,  alcohol;  (I!)  for  one  day  in  a  thin  celloidin  solu- 
tion; (4)  embedded  in  celloidin.  To  embed,  wnip  a 
piece  of  glazed  [laper  round  a  r.i/linrln'nil  cork,  so  as  to 
make  a  jiapcr  cup  of  wliii  h  the  end  of  the  cork  forms 
the  bottom:  Ihe  paper  may  be  fastened  to  the  cork  with 
a  couple  of  pins;  the  cup  must  be  considerjibly  deeper 
than  the  object  to  be  embedded,  because  bubbles  form  in 
the  celloidin.  and  it  is  desirable  to  have  the  celloidin  so 
deep  that  the  bubbles  will  rise  above  the  specimen;  Ihe 
specimen  is  placed  in  the  cu]i,  which  is  then  tilled  with 
thick  celloidin  solution.  The  object  may  then  be 
pushed  into  the  right  position  for  culling.  The  cup  is 
allowed  to  stand  until  a  film  is  formed  over  the  celloi- 
din, and  is  then  (■>)  transferred  to  a  jar  of  eighty-per- 
cent, alcohol,  where  it  remains  until  the  celloidin  is 
thoroughly  hardened,  a  process  requiring  several  ilays. 
To  keep  the  cork  down  and  the  cup  right  side  up.  put 
into  the  bottom  of  the  cork  a  sinker  ma<le  of  a  heavy 
bullet  and  a  stout  pin  or  sharp-pointed  wire  nail.  Cel- 
loidin is  made  by  Sobering,  at  Herlin.  and  .sohl  in  ounce 
boxes;  it  may  be  dissolved  in  equal  parts  el  her  and  alco- 
hol; two  solutions  are  required,  one  about  Ihe  consist- 
ence of  maple  syrup,  the  other  like  thick  niola.s.se8. 

Celloidin  sections  must  be  maile  under  alcohol.  The 
sections  are  stained  and  the  eelloiilin  is  left  on;  to  mount 
them,  place  the  sections  in  alcohol  on  a  gla.ss  slide,  drain 
off  the  extra  alcohol,  and  drop  on  top  of  the  .sections  a 
thin  filtered  solution  (fifleen  |iercent.  is  good)  of  white 
shellac,  enough  completely  to  cover  the  sections:  dry 
the  slide  at  a  gentle  wannih.  say  30'  C,  until  the  shellac 
is  hard ;  clear  up  with  oil  of  cloves,  and  mount  in  balsam. 
(This  method  is  new.  and  has  not  been  published  before.) 

Staining:  Small  pieces,  not  exceeding  one  fourth  of  an 
inch  in  diameter,  may  be  stained  in  t"l<i  before  embed- 
ding. The  best  method,  on  the  whole,  iH'cau.se  the  safest, 
for  in  toto  coloration,  is  to  soak  Ihe  object  for  one  to  two 
days  in  alum-cochineal,  made  by  boiling  s<!ven  parts 
powdered  cochineal  and  seven  parts  burnt  alum  with 
four  hundred  parts  water  for  at  lea.st  one-half  hour;  Ihe 
solution  must  lie  filtered  l«'fore  using.  For  staining. 
JIayer's  paracannine  and   Mayer's  ha'matein  solutions 
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may  also  be  highly  recommended.  For  sections  it  is  best 
to  employ  a  variety  of  stains ;  my  own  experience  has 
led  me  to  consider  the  following  live  dyes  the  most  val- 
luable:  alum-cochineai.  Beale's  carmine,  llinot's  picric 
acid  carmine,  aium-hiiematoxylin  (Boelimer"s),  and 
Weigert's  acetate  of  copper  and  ha-matoxylin.  Osmic 
acid,  nitrate  of  silver,  chloride  of  gold,  etc.,  must,  of 
course,  be  used  for  special  purposes,  and  their  employ- 
ment will  naturally  suggest  itself  to  the  experienced  his- 
tologist  at  the  proper  moment. 

Both  for  the  sake  of  comparison  and  on  account  of  the 
rarity  of  young  human  embryos,  and  of  the  impossi- 
bility of  obtainiug  the  earlier  stages  of  man's  develop- 
ment, it  is  important  to  study  the  embryology  of  mam- 
mals and  other  vertebrates.  An  admirable  guide  for 
such  studies  is  Sedgwick's  edition  of  Foster  and  Bal- 
four's "Embryology."  The  best  rejsiime  oi  the  methods 
used  in  embryology  is  Lee's  "' Jlicrotomists'  Yade  Jle- 
cum,"  of  which  the  German  edition  edited  b)"  Paul  Mayer 
is  the  best.  Charles  Sedgwick  Mi  not. 

EMBRYOS,  HUMAN.— Age. — It  has  been  quite  gener- 
ally accepted  that  the  age  of  an  embryo  must  be  deter- 
mined by  the  time  of  a  certain  cohabitation.  In  many 
cases  it  was  attempted  to  locate  the  day  exactly.  After 
it  had  been  shown  that  the  ovum  is  extruded  from  the 
ovary  at  or  before  menstruation  begins,  it  was  then  gen- 
erally admitted  that  the  egg  could  be  fertilized  at  any 
point  between  the  ovary  and  the  uterus.  The  time  re- 
quired for  the  ovum  to  pass  through  the  Fallopian  tube 
was  considered  the  time  in  which  it  was  capable  of  be- 
ing fertilized.  According  to  the  above,  these  conclu- 
sions are  not  based  on  a  sound  footing,  because  of  the 
difficulty  in  obtaining  accurate  observations,  and  also 
because  they  do  not  agree  with  the  results  obtained  from 
the  lower  animals.  Both  Coste  and  His  have  shown  that 
the  eggs  of  the  hen  are  feitilized  ten  or  more  days  after 
<'opulation.  and  the  former  has  shown  that  the  egg  is  no 
longer  capalile  of  fertilization  after  it  has  passed  through 
the  lower  portion  of  the  oviduct. 

Impregnation  is  nearly  always  marked  by  a  cessation 
of  menstruation,  and  it  now  remains  to  be  shown 
whether  the  fertilization  takes  place  during  the  last  men- 
strual period,  or  at  tlie  time  of  the  first  cessation ;  for  it 
is  known  from  the  examination  of  the  ovary  in  the  liv- 
ing subject  that  ovulation  usually  comes  just  before 
•menstruation.  Since  it  seems  to  be  necessary  to  fertilize 
the  egg  just  as  it  leaves  the  ovary,  it  is  probable  that 
impregnation  takes  place  just  before  the  menstrual 
period.  To  locate  the  menstrual  period,  from  which  to 
compute  the  age  of  an  embryo,  we  must  consult  the 
tables,  which  are  in  part  copied  from  His. 

From  a  comparative  standpoint  we  can  easih'  deter- 
mine the  age  of  human  embryos  within  four  weeks. 
Counting  from  the  last  menstrual  jieriod,  it  is  quite  easy 
to  see  by  the  size  of  the  embryo  whether  or  not  it  is,  say 
three  or  seven  weeks  old.  The  table  shows  that,  b_y 
counting  in  this  wa\',  embryos  of  the  same  size  may 
have  a  difference  of  four  weeks  in  age  (see  Table  II. ,  2, 
and  Table  III.,  8,  10  and  14) ,  In  these  cases  the  age  cor- 
responds to  the  other  cases,  if  from  their  time  twenty- 
«ght  days  are  subtracted.  This  already  indicates  that, 
as  a  rule,  fertilization  of  the  ovum  takes  place  during  the 
ovulation  which  jirecedes  the  first  menstruation  which 
has  lapsed.  After  Reichert  had  shown  that  menstruation 
is  only  a  method  of  clearing  out  the  uterus  after  an  ovu- 
lation, and  after  Leopold  had  shown  that  the  mucous 
membrane  of  the  uterus  undergoes  histological  changes 
tefore  ovulation,  it  is  fair  to  assume  that  the  latter 
changes  arc  oidy  preparatory  to  the  reception  of  the 
ovum,  and  that  when  the  unfertilized  ovum  reaches  the 
uterus,  menstruation  is  only  a  method  of  reducing  the 
uterus  to  its  former  condition. 

Only  in  four  of  the  cases  is  it  necessary  to  compute 
the  age  of  the  embrvo  from  the  last  menstrual  period, 
and  it  is  not  fair  to  assume  that  just  these  four  embryos 
have  groM'n  too  rapidly.  All  the  rest  must  have  twenty- 
eight  days  subtracted  from  their  time  in  order  to  make 


them  correspond  with  the  above  four.  These  are  the 
main  reasons  for  assuming  that  the  fertilization  of  the 
egg  takes  place  just  before  the  first  menstrual  period 
which  has  lapsed.  It  may  be  that  a  great  man.v  fertili- 
zations take  place  during  the  last  menstrual  period,  but 
that  when  menstruation  has  once  begun,  the  activity  of 
the  uterus  destroys  the  ovum,  and  that,  as  a  rule,  onh' 
those  ova  are  preserved  in  which  menstruation  docs  not 
follow  the  last  ovulation.  At  least  the  embryological 
evidence  speaks  for  this,  and  at  present  embryologists 
make  their  specimens  correspond  with  one  another  when 
they  reckon  their  ages  from  the  last  menstrual  period, 
minus  twenty-eight  days. 

The  tables  show,  in  addition,  that  in  certain  pregnan- 
cies the  first  cohabitation  followed  the  last  menstrual 
period.  It  cannot  be  that  in  these  cases  the  ovum  of  the 
last  period  could  have  been  fertilized,  for  it  is  quite  cer- 
tain the  ovum  loses  its  power  of  being  fertilized  shortly 
after  it  leaves  the  Graafian  follicle.  In  the  case  given  in 
Table  HI..  1  (B  B),  the  first  cohabitation  of  a  newly  mar- 
ried woman  took  place  on  April  4th,  say  about  five  days 
after  the  last  menstrual  period;  and  the  woman  ceased 
menstruating  at  once,  probably  on  account  of  the  fertili- 
zation of  the  ovum  of  the  following  ovidation.  If  all 
the  cases  of  newly  married  women  in  which  there  was  an 
early  pregnancy  were  collected,  it  would,  no  doubt,  be 
shown  that  in  many  of  the  cases  the  women  did  not  men- 
struate at  all  after  marriage.  At  present,  however,  I 
know  of  four  such  cases.  Ills  has  tabulated  cases  given 
by  Hasler,  in  which  the  first  copulation,  the  last  menstrual 
period,  and  the  date  of  birth  of  the  child  are  given.  In 
all  of  these  cases  the  age  of  the  fa>tus  is  from  two  hun- 
dred and  seventy  to  two  hundred  and  eighty  days,  if  the 
beginning  of  pregnancy  is  reckoned  from  the  beginning 
of  the  first  period  which  has  lapsed.  If  the  beginning 
of  pregnancy  is  placed  at  the  first  cohabitation,  the  age 
of  the  fa?tuses  varies  fully  a  month  according  to  the  time 
of  the  cohabitation;  if  the  time  which  has  elapsed  be- 
tween the  cohabitation  and  the  first  menstruation  which 
lapsed  is  subtracted  from  the  duration  of  the  pregnancy, 
then  the  lengths  of  the  pregnancies  are  practically  alike. 
Assuming  that  the  lengths  of  pregnancies  should  be 
about  the  same,  it  makes  it  highl}-  probable  that  fertiliza- 
tion takes  place  at  the  time  of  the  first  menstrual  period 
which  has  lapsed  rather  than  at  the  time  of  cohabitation. 

In  several  of  the  cases  given  in  the  tables,  the  last  co- 
habitation took  place  several  weeks  before  the  cessation 
of  menstruation,  showing  that  the  vitality  of  the  sper- 
matozoa within  the  female  organs  lasts  for  at  least  a  few- 
weeks.  It  is  probalile,  however,  that  the  spermatozoa 
cannot  live  in  the  Fallopian  tubes  or  uterus  for  over  a 
month,  because  authentic  posthumous  births  always  take 
place  within  two  hundred  and  eighty  days  after  the 
father's  death. 

The  general  conclusions  formulated  by  Professor  His, 
and  accepted  by  embryologists,  are  as  follows: 

1.  The  beginning  of  development  is  the  time  of  impreg- 
nation, i.e..  at  that  moment  when  the  spermatozoon 
enters  the  ovum. 

2.  The  time  the  egg  leaves  the  ovary  is  marked  by 
menstruation,  but  it  is  not  necessjrry  for  the  Graafian 
vesicle  to  rupture  during  menstruation ;  it  may  take 
place  two  or  three  days  before  or  even  during  the  hemor- 
ihage. 

3.  The  egg  is  not  capable  of  being  fertilized  at  any 
point  from  the  ovary  to  the  uterus,  but  only  shortly 
after  it  has  left  the  ovary ;  as  a  rule,  as  it  is  entering  the 
Fallopian  tube. 

4.  'The  spermatozoa  w^hich  have  entered  the  female 
sexual  organs  must  await  the  ovum  in  the  upper  part 
of  the  Fallopian  tube,  and  can  retain  their  vitality  here 
several  days,  or  possibly  several  weeks.  The  time  of 
cohabitation  is,  therefore,  not  directly  related  to  the  age 
of  the  embryo. 

5.  The  age  of  the  embryo  is  to  be  estimated  from  the 
beginning  of  the  first  menstrual  period  which  has  lapsed, 
although  it  is  possible  to  have  a  menstruation  aftei  ferti- 
lization of  the  ovum. 
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6.  The  age  of  an  embryo  can  be  e.xpressed  by  the  fol- 
lowing  foniuila;  A  =  X  —  M  ur  A  =  X  — M  —  2S,  in  wliich 
X  is  till'  dale  of  the  abortinu  and  M  the  bcginiiinir  of  Ihe 
hist  period.  The  seccmd  fornmhi  is  for  embryos  in 
whicli  it  is  nece.ss!iry  to  estimate  the  age  by  counting 
from  the  first  lapsed  jieriod. 

Preservation. — The  htiman  embryos  whicli  come 
into  the  bauds  of  the  embryoloi;isls  are  nearly  altogether 
worthless  for  careful  study,  due  to  careless  preservation. 
Of  one  hundred  and  tifty  embryos  less  than  si.\  weeUs  old, 


which  have  come  into  the  writer's  hands  during  the  past 
few  years,  only  a  few  have  proved  to  be  valuable,  and  tliese 
came  from  two  physicians.  The  main  reason  why  speci- 
mensare  destroyed,  in  nearly  all  cases,  is  llial  tb<-ovum  is 
placeil  in  very  dilute  alcohol,  ami  in  so  doing  it  is  also 
liandleil  very  rouL'hly  Yet  poor  specimens  are  belttr 
than  none  at  all.  and  in  all  ca.ses  all  ova  should  Ix'  pre- 
served, even  if  there  is  but  little  hope  for  a  good  speci- 
men. Not  only  should  ova  which  appear  to  be  nornml 
be  preserved,  but  all  specimens,  for  freiiueiilly  pathulog- 


T.vni.K  I. — EMiiiiVos  (IF  TUK  Skcond  AVeek. 


1 

B 

OllSlTVtT. 

Length 

or 
imibryo. 

Dimensions  of 
umbilical  vesicle. 

Dimensions  of 
ovum. 

-in 

Pnilmble 
age. 

TlefenMUi'S. 
or  fniin  wtiorii  obtained. 

1 

O.lil  mm. 

0.19  mm 

3.0  X  1.5  X  l.Smm.. 

'm  ft 

ElnhettungdesniemH'h.  Eleg.  1890; 
Wiener  med.  Wo<lienblBtt,  1877. 
Ahhandl.  d.  k.  A.  d.  Wlss..   Berlm. 

1H73. 

Breuss 

Reichert 

.38  days.. 
42  days. . 

ill  days!! 
14  days.. 

■i 

5.5  X  3.3  mm 

A 

Siegenbeek  van  Heukeloiii. 

Graf  Spee 

No.  XL' 

Keibel 

0.325  mm. 
0.37  mm. 
O.S     mm. 
1.0     mm. 

5 
1. 

l.OK  ■  1  mm 

IJi   X  1  mm 

7.0  X  5.5  mm 

10.0  X  7.0  X  7.0 nun.. 

5  weeks. 
41  days. . 

12  days+. 

13  days. . 

His'  An'hiv,  IHllii. 

Dr.  Kluri'dge.  Niixhua,  N.  H. 

His' Archil,  IHKI. 

Anat.  Anz..  xv..  I8il8. 

His-  Anhlv.  1896. 

s 

Etemod 

10.8  X  8.2  X  6  mm  . . . 
10.0  X  8.5  X  li.jmm.. 

;M  days. . 
5  weeks. 

ISdayiV. 

t) 

1.8  X  1.5  mm 

0.79  mm. 

1.14X1.2  mm 

7.3  X  5.8  X  5.4mm.. 

12  days. 

*  The  Roman  numbers  refer  to  the  euibn-os  in  my  collection. 

+  Twelve  days  in  my  estimation,  as  liraf  Spee  only  in  a  general  way  gives  live  weeks  as  the  time  between  the  lost  period  and  the  abortion. 

T.VULE    n. — E.MHRVOS   OF   THE   FlKST    H.M.K   OF   THE   TuiUI)    WeEK. 


i 

s 

s 

z 

Observer. 

Length 
embryo. 

• 

Dimensions  of 
umbilical  vesicle. 

Dimensions  of 
ovum. 

Time 
between 
last  period 

and 
abortion. 

Probable 
age. 

References, 
or  from  whom  obtained. 

1 

No.  XII 

2.1    mm. 
2.1    mm. 
2.1   mm. 
2.12  mm. 
2.15  mm. 
2.3   mm. 

2.3  mm. 

2.4  mm. 

2.5  mm. 

3.6  mm. 
2.6   mm. 
2.69  mm. 
3.0   mm. 
3.0   mm. 

1.5  X  1  X  1  mm 

2.6  mm 

2.3  X  l.fimm 

3.0  X  2.5  X  1.75mm.. 

1.6  X  1.3  mm 

1.9  X  l.Smm 

2.1  X  1.7  mm 

18.0  X  18X8 

41  days.. 

42  days. . 

13  days. . 

14  days. . 

Dr.  Ellis.  Elkton,  Md. 

o 

3 
4 
5 

16.3  mm 

Anat   Any  .  .\V..  IMts. 

His(Lg.) 

Hi8(S.  R.) 

His  (Sch.) 

15.0  X  12.5  mm 

9.0  X  8  mm 

40  days..!  12  days.. 

Aiiiit.  mensci).  F.inbryoncn. 
.\nat.  mcnsch.  Kuibrvtincn. 

1 

8 

His  (L  ) 

t    9.0  X  8  mm 

Anat.  mensth.  Kmliryonen. 

Edln.  Med.  and  Surg.  Journal,  1830. 

2.1  mm 

15.0x10  mm 

15.0  X  13  X  8  mm .. 

14  days..  1  14  days.. 

10 

rhiariiicri 

1.9  X  1.8  X  1.6  mm... 

2.6  X  1.7  mm    

2.5  X  1.5  mm 

Arch.  Ital.  de.  Biol..  12. 

1 

1" 

1,5.0  X  14  mm 

42  davs. . 

42  days. . 

43  days. . 

14  da.vs. . 

14  days. . 

15  days.. 

Verein.  SchU-s.-Httlst.  Aerztc,  1887. 

13 
14 

His  (E.B.) 

His'  ARh.,  I.ssio,  p.  .58. 

8.0  mm 

A.  f.  m.  A.,  30. 

2.41  mm. 

2.22  X  1.6  X  1.45  mm. 

11.7  X  10.6  X8mm. 

14  days. 

Table  UI. — E.vrBRYOS  of  the  Secoxh  Half  of  the  Third  Week. 


Observer. 


His  (B.  B.) 

No.  LXX.WII 

Ecker 

His  nil.) 

His  (Lr.) 

Stubenrauch  *K.)  . 

No.  CXLVIII 

Wagner 

No.  I 

Hensen 

No.  LXXVI 

No.  LXXX 

Hls(D3) 

HistW.) 

His  (R.) 

Meyer 

No.  XIX 

No.  XVI 

Stubenrauch  (I.)  . . 


Lengtl) 

of 
embryo. 


5.0 


mm. 
.0  mm. 
.0   mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 
.5  mm. 

mm. 
.0  mm. 
.0  mm. 

mm. 
.25  mm. 
.5  mm. 
.0  mm. 
.0  mm. 


Dimensions  of 
umbilical  vesicle. 


Dimensions  of 
ovum. 


3.0X3  mm 14  X  II  mm 

34  X  16  X  9  mm. . 


3.0  •:  2.7  nan 30  X  35  mm . 

2.8  X  2.3  mm 15  mm 


3  mm.. 

4  mm.. 
4  mm. . 


17  X  14  X  10mm. 


30  X  30  mm. 


4  mm 

3.5  X  2  X2  mm  . 


22x20  mm 

24  X  18  X  8mni. 

■  21)  X  15  mm 

'  35  X  20  mm 

I  22  mm 

!  22  mm 

I  18  X  14  mm 

;  24  X  18  mm 


Average :  4.67  mm.    3.3  X  2.2  x2  mm  ....!  22  X  18  X  9  mm ;i9.5days. 


48  days. 
42  days. 
45  days. 
51  days . 


Probable 
age. 


20  davs. 
14  days. 
17  days. 
23  days. 


References, 
or  from  wbom  oblaloed. 


52  days. 
38  days. 
20  days. 


21  days. . 


34  davs. 


20  days. 

21  days'. 


21  days. .  21  days. 


18  days..  18  days. 
45  days..]  17  days. 


Anat.  menwh.  Embryonen. 

Dr.  Cole.  Peru.  III. 

HLs'  An-hlv.  1880. 

.Anat.  iiietisch.  Kmbryonen. 

.\nat.  mensi-h.  Emlirvonen. 

Inaug.  Dis..  .MOnchen,  1889. 

I>r.  1 1  (ten.  Baltimore. 

Mfiller's  Arcblv.  183,5. 

Dr.  Cavln.  Baltimore. 

His'  Anhlv,  IH77. 

Dr.  Mllchell.  Chicago. 

Dr.  Bntnhiun.  Iliilltmore. 

Anac.  nicns4-b.  K.inbr>itnen. 

Anal.  nien.'i<-h.  Embryenen,  pp.  7 

Annl.  mcn.sch.  Embryonen. 

A.  f.  m.  A..  :«■>. 

Dr.  Williams.  Baltimore. 

Dr.  SberwoiKi.  Baltimore. 

Inaug.  DIs..  .MQnchen.  1889. 
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Embryos. 
Embryos. 
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Table  IV. — Embryos  of  the  Fourth  Week. 


i 

e 

s 
Z 

Observer. 

Length 
embryo. 

Dimensions  of 
umbilical  vesicle. 

Dimensions  of 
ovum. 

Time 
between 
last  peri(Hl 

and 
abortion. 

Probable 
age. 

References, 
or  from  whom  obtained. 

1 
•> 

No  CXVI                      

6.5  mm. 
7.0  mm. 
7.0  mm. 
7.0  mm. 
7.0  mm. 
7.75  mm. 
8.5  mm. 
8.0  mm. 

28  X  20  X  10  mm. . . 
25  X  25  mm 

.55  days. . 
52  days. . 
51  days. . 

27  days.. 
24  davs.. 
23  days. . 

Dr.  Ryan.  Sprinpfleld.  111. 

Xo  II         

7.0  X  4.5  X  4  j  mm  . . 

Dr.  C.  0.  Miller.  Baliimnre. 

3 

i 
5 
6 

InauR.  Dis.,  Mfinchen,  1889. 
Dr.  Doufflas.  Nashville,  Tenn. 
Anat  mensch.  Embrvonen. 

18  X  18  mm 

His  (B  ) 

25  X  22  mm 

His  (Stt  ^ 

21  X  17  mm 

20  X  12  mm 

57  days. . 

27  days.. 

Anat.  mensch.  Embryonen.  8,  74. 

His  (XVIT  t 

Anat.  mensch.  Embryonen. 
A.  f.  in.  A.,  36. 

8 

28  days.. 

28  days.. 

~ 

7.34  mm. 

5.3  X  4.5  X  4.5  mm. . . 

26  X  19  X  10  mm  . . 

26  days. 

Table  V. — Embryos  of  the  Fifth  Week. 


Observer. 


Ecker 

No.  LSXXVIII  . 
HU  (XCYIII.)  .. 

No.  CIX 

His  (Br.) 

His  (XCVII.i  ... 

HisCRg.) 

His  (SI.) 

His  (XIX.) 

No.  XXXV 

His(M.  2) 

His  (Br.  2) 


Length 

of 
emoryo. 


10.0  mm. 
10.0  mm. 
10.3  mm. 
11.0  mm. 
11.0  mm. 
11.0  mm. 
II.5mm. 

12.5  mm. 
12.8  mm. 
13.0  mm. 
13.0  mm. 

13.6  mm. 


Dimensions  of 
umbilical  vesicle. 


.5.0  X  4.5  mm  . 


5.5  X  4.5  mm  . 
0.0  X  5  mm . . . 
o.U  X  4.5 


6.0  X  4.5  mm  . 


Average 11.6mm.    5.2x4.6x4.omm...  32  X  27  X  15  mm 34.6days. 


Dimensions  of 
ovum. 


30  X  28  X  15  mm  . 

35  X  25  mm 

30X30  mm 

30  X  27  mm 

30X25  mm 

30  X  27  mm 

30x27  mm 

40x32  mm 


35  x28  mm.. 


60  days. 


61  days. 


;i7  days. 
64  davs. 
63  davs. 


Probable 
age. 


32  days. 


33  days. 


37  days. 
36  days. 
35  days. 


References, 
or  from  whom  obtained. 


Icon.  Physiol..  28. 
Dr.  Brumm,  Detroit. 
Anat.  mensch.  Embryonen. 
Dr.  Cushinp.  Baltimore. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embrvonen. 
Dr.  C.  O.  Miller.  Baltimore. 
Anat.  mensch.  Embryonen. 
Anat.  mensch.  Embryonen,  9, 


T.\BLE  VI. — Embryos  Over  Five  Weeks  Old. 


1 
2 

Observer. 

Length 

of 
embryo. 

Dimensions  of 
umbilical  vesicle. 

Dimensions  of 
ovum. 

Time 
between 
last  period 

and 
abortion. 

Probable 
age. 

References, 
IV  from  whom  obtained. 

1 

2 
3 
4 
5 
6 

flic   IT)r    11 

15.0  mm. 
15.0  mm. 

6.0  x  5.5  mm 

5.5  -  4.5  mm 

45  X  40  mm 

Anat.  mensch.  Embrvonen. 

His  C^  **) 

35  X  28  mm 

Anat.  mensch.  Embr\'onen. 

51  days. 
54  days. 

No  CVI 

Dr.  Gardner,  Baltimore. 

40  X  30  X  20  mm 

Dr.  Cottrell,  Louisville,  Kv. 

No.  XLII 

\o  CXLIV 

Dr.  Wills  Los  Anneles,  Cal. 

18  0  mm 

40  X  30  X  30  mm 

Dr.  Watson.  Baltimore. 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

40  X  30  mm 

Dr.  Kittridge,  Nashua,  N.  H. 

\n   YXVIII 

19  0  mm 

50  X  30  X  20  mm 

47  days. 

Dr.  Sewall,  Denver,  Col. 

No   XCIV 

20  0  mm 

50  X  40  X  30  mm 

Dr.  Knill,  Detroit.  Mich. 

No   XXII 

20.0  mm. 

5.0  X  3  X  2  mm 

36  X  30  X  30  mm 

Dr.  Snivelv.  Waynesboro,  Pa. 

53  days. 

Minofs  Embryoiugy,  3Se. 

His 

220mm 



56  davs. 

Anat.  mensch.  Embrvonen. 

30  mm 

Dr.  Howard,  Cleveland,  Ohio. 

No.  LXXII 

30  mm 

Dr.  Thaver,  Baltimore. 

His  (Lp  ) 

23.0  mm. 

55  X  50  mm 

Anat.  mensch.  Embrvonen. 

No  XXXI 

50  X  30  X  30  mm  .... 

66  days. 
77  days. 
84  days. 
76  days. 

Dr.  Ballard.  Baltimore. 

Dr.  C  0.  Miller,  Baltimore. 

No  rxTVir 

60X  45  X  40 

Dr.  A.  T.  (Jundrv,  Baltimore. 

23 
24 

Nn    rXYVIII 

24  0  mm 

50  X  40  mm 

Dr.  Luplon,  Baltimore. 

94  days. 

Dr.  Booker.  Baltimore. 

His.  (Dr.  2) 

45  X  40  mm         . .     . 

Anat.  mensch.  Embryonen. 

75  days. 

Dr.  Carr,  Durham.  N.  C. 

27 

28 
29 
30 
31 

No    XLV 

28  0  mm. 

40  X  35  X  20  mm 

Dr.  D<juglas.  Nashville,  Tenn. 

No  XXVI 

30  0  mm 

75  days. 

Dr.  Simon,  Baltimore. 

68  days. 

Human  F.mhrvolf)RV.  398. 

No.  LXXIX 

No  CXXIX 

50X50X50  mm 

91  days. 

fir.  Bripffs.  Blackville,  S.  C. 

32  0  mm 

65  days. 

Dr.  Gundrv.  Baltimore. 

60  X  30  X  40  mm  . .-. . 
40  X  30  X  15  mm 

78  days. 

Dr.  Watson.  Baltimore. 

^^ 

No  LII 

33  0  mm 

Dr.  Gartn.  Baltimore. 

?1 

84  days. 

Dr.  Spencer,  San  Francisco. 

^5 

No  XCV 

46  0  mm. 

68X50X50 mm  .... 

83  days. 

Dr.  Watson.  Baltimore. 

Sfi 

\o  CV 

48  0  mm 

83  days. 

Dr.  Watson.  Baltimore. 

V 

Dr.  Snivelv.  WavnestK>ro,  Pa. 

90  days. 

Dr.  Ballard,  Baltimore. 

^( 

No  XLIX 

70.0  mm. 

70.0  mm. 

80.0  mm. 

95.0  mm. 
100.0  mm. 
112.0  mm. 
130.0  mm. 
160.0  mm. 
135.0  mm. 
210.0  mm. 

65  days. 
65  days. 

Dr.  Snivelv,  Wavnesboro.  Pa. 

No.  XXXIV 

No    r\T  VT 

104  davs. 

Dr.  Ellis,  Elkton,  Md. 

1'' 

115  days. 

Dr.  Watson,  Baltimore. 

-n 

101  davs. 
127  days. 

Dr.  Ballard.  Baltimore. 

11 

No  rxwviiT 

Dr.  Watson.  Baltimore. 

in 

No.  CXLIX 

123  days. 

Dr.  Hoen.  Baltimore. 

46 

125  days. 

Dr.  Atkinson.  Baltimore. 

17 

No   XLV I 

143  davs. 

Dr.  Taylor.  Baltimore. 

•1H 

No.  CXXI 

190  days. 

Dr.  Ballard,  Baltimore. 
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T.\BLE   VII. 


-Extreme  and  Aver.voe  >lK.\srREMENT8  ix  JIillimetres  of  the  Embrvo  and  its  Appendages 
AS  Obtained  from  Tables  I.  to  VI. 


Week. 

Mensiirement. 

Length  of  emhryn. 

(ireatest 
ilimensloiis  of  the 
umbilical  vesicle. 

Ifn-ulest 

illmi*nsliiii.<4  of  the 

ihorion. 

Pniliahle 
age  In  days. 

1  Extreme* 

0.19  to  1.54 
0.79 

2.1  to  3 
2.41 

3.2  to  » 
4.li7 

6.5  lo  8 

7.:n 

10  to  13.6 

11.1) 
15  to  19 

17.3 

2(1  to  24 

•"••5 

0.19  to  1.8 

1.14 

l.l>  to  3 

2..5'io  4 

3.3 
4  to  7 

5.3 
4  to  B 

5.2 

5.5  to  0 

5.7 

3lo  10 

7.2 
5.7  to  18 

11.7 
14  lo  30 

IH  to  45 

211 
.10  lo  40 

■ti 
X,  Ui  50 

41 
30  to  65 

47 
40  10  45 

42 

40  to  08 

54.5 

10  to  U 

(  Average 

j  Extreme 

12  to  15 

1  Average 

(  Extreme 

14  to  23 

1  Extreme 

23  U)28 

211 
32  to  37 

Fifth 

1  Average 

\  Extreme 

t  Extreme 

34.6 

\  Extreme 

1  Average 

1  Extreme 

2")  to  28 

21) 
30  to  48 

37 

1  Average 

1  Extreme 

1  Average 

•  The  extreme  measiu^ments  of  the  umbilical  vesicle  and  chorion  are  the  greatest  measurements  in  each  case. 


ical  specimcus  are  obtaineci  wliicli  may  prove  to  be  of 
the  greatest  practical  value.  T/ie  heat  aud  most  roncen- 
ient  method  of  prcserring  yonnrj  emhryim  (>  to  place  the  un- 
opened orum.  trith  the  least  jx/sitihle  handliiif/.  in  a  large 
quantity  of  rery  strong  aleohol.  The  aleoliol  of  druggists 
is  in  no  case  too  strong,  and,  according  to  my  experi- 
ence, is  as  a  rule  too  weak.  Often  the  ovum  iswrapped 
in  a  towel  and  then  placed  in  a  small  (luautity  of  alcohol 
and  water.  This  may  lie  a  nietliod  of  preserving  mu- 
seum specimens,  but  it  practically  ruins  every  embrvo 
which  is  preserved  in  this  way.  When  an  ovuiii  is  placed 
in,  say,  four  ounces  of  strong  alcohol,  the  water  of  the 
ovum  dilutes  the  alcohol  to  a  proper  strength. 

Those  physicians  who  have  the  proper  opportunities 
should  place  the  specimen  as  ,soon  as  possible,  and  with- 
out opening  the  ovum,  in  seventy  percent,  alcohol,  i.e.. 
absolute  alcohol  reduced  liy  volume  to  seventy  jier  cent. 
At  the  end  of  a  day  or  two  it  should  be  placed  in  fresh 
alcohol  of  the  sitme  strength.  An  excellent  method  for 
preserving  einbryologieal  specimens  is  to  place  the  mem- 
branes, blood  and  all  in  a  weak  solution  (five  to  ten  per 
cent,)  of  formalin. 

A  second  convenient  metiiod  is  to  place  a  specimen  in 
quite  a  large  quantity  of  Miiller's  fluid,  to  be  changed 
once  or  twice  during  the  first  few  days,  after  which  ii 
may  be  preserved  in  the  same  fiuid  indefinitely.  The 
embryo  is  fully  hardened  in  about  a  month,  and  then  it 
can  be  washed  in  water  for  a  day  or  two,  after  which  it 
is  to  be  preserved  in  seventy-percent,  alcohol. 

Ten  per  cent,  nitric  acid  is  a  convenient  and  a  most 
excellent  method.  The  ovimi  is  to  be  placed  in  four  or 
six  ounces  of  a  ten-percent,  solution  and  opened  while 
in  the  fluid,  care  being  taken  not  to  injure  the  embryo. 
According  to  its  size  (if  not  over  an  incli  long),  it  .should 
remain  in  the  acid  for  from  thirty  minutes  to  two  hours. 
At  the  end  of  this  time  it  is  to  be  placed  in  seventy-per- 
cent, alcohol. 

Another  e.xcellent  method  is  to  emploj'  saturated 
aqueous  corrcsive  sublimate.  The  specimen  is  to  be 
treated  as  in  the  ten-percent.  HXO3.  only  it  is  to  remain 
in  the  sublimate  longer.  These  specimens  are  then  to  be 
preserved  in  seventy-percent,  alcohol. 

There  are  many  other  methods,  but  if  any  of  the 
above  arc  employed  there  will  be  a  sufficient  supply  of 
material  to  aid  the  study  of  human  embryology.  It  is 
really  wonderful  to  see  what  ))rogress  has  been  made  in 
this  study  when  we  consider  liow  difficult  it  is  to  obtain 
good  material.  Some  of  the  most  important  discoveries 
have  been  made  in  the  careful  study  of  a  few  well- 
preserved  human  embryos,  as  a  glance  at  the  many  pa- 
pers of  His  and  at  the  excellent  text-book  of  Minot  will 
show. 

A  great  work  is  done  when  the  specimens  are  once  ob- 
tained, but  in  order  to  make  it  complete  thej'  must  be 


placed  in  the  hands  of  a  specialist,  who  can  devote  all 
his  energies  as  well  as  all  the  additional  neiessary  ex- 
pense to  these  the  most  precious  of  embrvologieal 
specimens.  Franklin  P.  Mall. 

EMBRYOS,  HUMAN,  PATHOLOGICAL. -This  article 

is  liusi  li  u|inii  till'  sluily  ot  lilly  |iulliiil.ii.'iial  human  ova 
which  have  been  collected  by  me  during  the  past  six 
years.  All  of  the  embryos,  with  hut  one  exception,  have 
been  cut  into  serial  sections,  thus  permitting  of  a  more 
careful  study  than  is  possible  from  that  of  the  external 
appearances  alone.  As  far  as  po.ssible.  I  have  obtained 
additional  data  from  the  physicians  who  sent  me  the 
specimens;  these  have  proved  to  be  of  much  value  in 
determining  the  age  of  them.  Sections  were  also  made 
of  the  uterine  moles,  as  well  as  of  nearly  all  of  the  em- 
bryonic membranes  sent  me.  It  is  almost  needless  to 
stale  that  while  I  was  collecting  the  pathological  speci- 
nuiis  a  ( onsiderably  greate]- number  of  normal  ones  cjime 
into  my  possession.  These  have  also  been  cut  into  serial 
sections,  and  they  have  been  constantly  used  for  compar- 
ison in  studying  the  pathological  ova. 

The  material  at  my  dispcsal  justifies  a  much  more  ex- 
tensive account  than  I  give.  The  illustrations  could 
also,  with  advantage,  be  much  more  numerous.  In  the 
present  article,  my  aim  is  to  describe  in  a  connected  way 
llie  specimens  as  briefly  as  jios-sible.* 

The  scattered  literature  relating  to  pathological  hu- 
man embryology  is  very  extensive,  and  in  general  of  not 
much  value.  From  the  numerous  conununications  relat- 
ing to  young  pathological  embryos,  two  groups  of  pa- 
pers stand  out  prominently — those  of  Ilis  and  those  of 
tliacomini.  The  more  general  article  by  His  is  published 
in  Virchow's"  Festschrift,"  vol.  i..  and  that  by  Giacomini, 
is  in  Merkel  und  Bonnet's  "  Ergebni.vse  der  Analomie," 
vol.  iv.  The  results  of  these  two  authors  I  have  used  as 
a  basis  after  confirming  many  of  their  statements.  In 
general,  I  am  able  to  confirm  all  of  His'  statements, 
while  I  find  some  of  Giacomini's  obscure,  Giacomini's 
numerous  publications  are  mostly  on  single  specimens, 
which  are  usually  very  young.  The  nature  of  his  prob- 
lem, as  well  as  the  limited  amount  of  material  at  his  dis- 
posal, is  a  suflicieiit  excuse  for  any  misinlerprelation  he 
may  have  made,  Ilis  latest  pa|)er, '  piiblislied  shortly 
before  his  death,  .shows  the  marked  intiueiice  the  studies 
of  the  normal,  by  Graf  Spec  and  others,  have  had  upon 
his  ideas. 

Any  change  which  may  take  place  in  the  embryo  after 
it  is  well  formed,  that  is.  after  the  second  week,  is  easily 
recognizable,  provided  it  has  not  gone  too  far.  Speci- 
mens of  this  sort  can  lie  divided  intti  two  great  groups: 

•  A  more  detailiil  description  of  the  embryos  referred  to  will  lie 
found  In  an  article  by  me  in  the  Welch  "  Festschrift,"  and  in  Johns 
Hopkins  Hospital  Report.^,  vol.  Ix. 
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(1)  those  in  which  the  embryo  is  primarily  affected  and 

(2)  those  in  wliich  the  chorion  is  primarily  affected.  In 
the  first  group  the  embryo  is  affected  and  the  chorion 
normal,  while  in  the  second  group  the  chorion  is  diseased 
and  the  embryo  partly  or  wholly  strangulated,  due  to  its 
impaired  nutrition.  The  earliest  stages.  His'  nodular 
forms,  are  among  the  most  interesting.  Since  all  of  them 
are  vesicidar,  it  might  be  better  to  call  them  vesicular 
forms.  In  all  of  them  there  is  a  vesicle  which  shows 
man}'  of  the  characteristics  of  the  umbilical  vesicle  with 
blood  islands  embedded  within  its  walls.  The  fact  that 
the  blood  and  the  blood-vessels  arise  iu  the  umbilical 
vesicle  makes  it  very  certain  that  the  vesicular  forms 
represent  the  remnants  of  very  early  embryos.  There 
have  now  been  studied  a  sufficient  number  of  young 
normal  embryos  to  establish  the  time  the  blood-vessels 
grow  from  the  embryo  to  the  chorion.  Tliis  is  at  the 
end  of  the  second  week,  and  the  vesicular  forms  must 
represent  embryos  younger  than  two  weeks,  for  in  none 
of  them  have  the  blood-vessels  reached  the  villi  of  the 
chorion.  Between  the  lim"  of  the  formation  of  blood  iu 
the  walls  of  the  umbilical  vesicle  and  Ihat  of  their 
growth  into  the  chorion  lies  the  important  stage  of  the 
formation  of  the  body  of  the  embryo.  Early  normal 
specimens  which  Peters.'  Eternod,^  Siegenbeek  van 
Heukelom-"  and  Graf  Spec*  have  recently  published 
indicate  that  the  vesicidar  stages  are  formed  before  the 
body  of  the  embryo  is  outlined,  and  also  in  many  in- 
stances hand  inhand  with  the  formation  of  the  amnion. 
If  we  can  use  the  same  reasoning  with  the  vesicidar 
forms  which  we  do  with  the  older  ones,  then  the  vesicu- 
lar must  be  due  to  arrested  development  of  earlier  and 
much  younger  stages  than  we  have  as  yet  been  able  to 
study.  If  the  amnion  is  formed  by  an  invagination  of 
the  layer  of  the  embryonic  vesicle,  as  I  have  previously 
asserted.*  then  the  e.vplanaficm  of  a  number  of  the  vesic- 
ular forms  is  very  easy.  But  the  recent  publication  of 
a  very  j'oung  normal  embryo  by  Peters  speaks  against 
this.  Yet  the  persistence  of  an  epithelial  layer  over  the 
vesicle  in  the  vesicular  forms,  as  well  as  its  invagination, 
indicates  that  in  the  specimen  I  previously  described  the 
ectoderm  must  have  broken  out  of  its  natural  boundaries 
from  a  stage  like  Peters',  or  that  this  ectodermal  plate 
upon  the  umbilical  vesicle  represents  a  stage  before  the 
formation  of  the  anuiion.  Either  explanation  is  plans 
ible,  but  the  first  appears  to  me  to  be  the  more  likely,  for 
recently  Selenka  has  described  an  ovum  of  Hylnbates 
concolors  in  which  the  amnion  almost  communicates 
with  the  exterior  of  the  ovum.'  The  ovum  Selenka  de- 
scribes is  about  1  cm.  in  diameter  with  an  umbilical 
vesicle  measuring  1  mm. 

From  all  appearances  the  epithelial  covering  of  the 
chorion  of  early  human'  ova  is  formed  long  before  the 
amnion  and  embryo  are  outlined.  Judging  by  the  early 
stages  of  other  mammals,  the  epithelial  covering  of  the 
chorion  in  man  must  be  produced  as  Rauber's  layer  is 
formed  in  them.  While  the  ovum  is  still  wandering 
down  the  uterine  tube,  its  epithelial  covering,  or  Riiu- 
ber's  layer,  is  undoubtedly  still  smooth,  and  only  grows 
into  villi  when  the  cavity  of  the  uterus  is  reached. 
Then  the  syncytial  laj'er  is  fonned,  and  as  evidence  ac- 
cumulates it  becomes  more  and  more  probable  that  it  is 
embryonic  in  origin.  I  have  in  my  collection  a  young 
normal  ovum  from  a  tubal  pregnancy  in  which  the  syn- 
cytial layer  is  very  extensive,  and  is  growing  against  a 
blood  clot  on  one  side  and  against  normal  tubal  epithe- 
lium on  the  other.  At  certain  points  its  syncytial  layer 
has  destroyed  the  lining  epithelial  cells  of  the  tube  and 
is  in  direct  contact  with  the  subepithelial  tissue.  The 
grow^th  of  the  syncytial  layer  could  be  interpreted  as 
growing  from  the  epithelial  cells  of  the  tube  to  the  cho- 
rion and  from  it  to  the  blood  clot  and  the  lining  cells  of 
the  tube  on  the  opposite  side  of  the  ovum;  but  why  this 
roundabout  and  improbable  way  of  explanation  when 
the  direct  is  so  much  easier?  Moreover,  the  characteris- 
tics of  the  syncytial  layer  are  so  decidedly  "embryonic" 
that  it  is  not  difficult  to  separate  it  from  tubal  epithe- 
lium when  the  two  come  in  contact.     Even  the  nests  of 


partly  destroyed  tubal  cells  are  very  unlike  the  cells  of 
the  syncytial  laj-ers. 

The  quantity  of  syncytium  may  be  either  increased 
or  diminished.  In  the  former  instance  the  buds  of  syn- 
cytium ari.se  from  all  portions  of  the  villi  as  well  as  from 
the  chorion  proper.  When  there  are  numerous  buds 
arising  directly  from  the  chorion  the  epithelial  cells  often 
become  piled  up  until  the  layer  is  considerably  more 
than  two  cells  deep.  The  double  layer  of  syncytial  cells 
is  also  present  on  the  inside  of  the  amnion  in  a  specimen 
(CXLH.)iu  which  the  syncytial  cells  "ate"  through  the 
membranes  to  the  embryo. 

The  force  of  the  growth  of  the  syncytium  may  be 
terrific.  It  destroj'S  whatever  comes  in  front  of  it.  It 
grows  best  when  it  comes  in  contact  with  mother's 
blood,  as  a  study  of  numerous  specimens  shows.  Its  re- 
action upon  other  cells  is  also  terrific,  for  whenever  leu- 
cocytes come  iu  contact  with  the  syncytium  their  nuclei 
fragment,  and  they  disintegrate.  When  the  syncytium 
forms  great  masses  of  cells,  so  great  that  its  nutrition 
becomes  impaired,  the  centres  of  the  masses  become  ne- 
crotic. We  have  here,  again,  all  of  the  reactions  of  a 
parasite  battling  for  its  existence.  When  the  growth  of 
the  ovum  is  retarded  by  the  destruction  of  the  embryo, 
excessive  inflammation  of  the  uterus,  or  other  causes, 
the  syncytium  may  attack  the  tLssues  of  the  chorion  and 
destroy  it  in  part  This  kind  of  attack  is  favored  most 
by  leucocytic  infill  ration  of  the  mesoderm  of  the  chorion, 
as  well  as  by  fibrous  degeneration  of  its  walls.  Yet  such 
an  attack  is  rare,  for  it  appears  as  if  the  simple  meso- 
derm of  the  chorion  belongs  to  the  most  resistant  of  tis- 
sues. Under  certain  circumstances  it  can  continue  to 
grow  almost  by  itself,  for  a  long  time  resisting  syncy- 
tium, leucocytes,  and  bacteria. 

The  cmbryologists  of  the  early  part  of  this  century 
described  within  the  c<elom  of  the  ovum  a  delicate  net- 
work of  fibrils,  the  nature  of  which  is  not  definitely 
known.  This  structure,  the  magma  reticulare,  is  fairly 
well  marked  in  normal  ova  and  finally  disappears  when 
the  amnion  reaches  the  chorion.  This  is  its  story  under 
normal  conditions.  When,  however,  the  amnion  fails 
to  reach  the  choiion  in  due  time  the  magma  reticulare 
may  become  fluid,  or  in  other  instances  it  is  converted 
into  a  granular  mass,  or  magma  granulare.  On  the  other 
hand,  tlie  magma  reticulare  may  be  greatly  increased  in 
pathological  ova  of  about  the  fourth  week,  with  or  with- 
out a  diseased  chorion.  When  this  condition  continues, 
the  magma  reticulare  may  become  only  partly  granular, 
as  a  number  of  my  specimens  show. 

At  the  first  appearance  one  is  inclined  to  consider  the 
magma  reticulare  as  being  composed  of  fibrin.  In  order 
to  test  this  question.  I  collected  a  number  of  fresh  speci- 
mens, both  normal  and  pathological,  hardened  them  in 
alcohol  and  then  stained  them  by  means  of  Weigert's 
fibrin  stain.  In  no  instance  did  the  fibrils  of  the  magma 
hold  the  stain.  These  tests,  then,  arc  only  negative, 
giving  us  no  insight  as  to  the  nature  of  the  fibrils  of  the 
magma. 

Not  only  is  the  amount  of  magma  found  in  the  coelom 
excessive,  but  it  ma\'  also  extend  through  the  amnion 
and  reach  the  embryo.  In  other  instances,  when  the  em- 
bryo remains  normal  until  the  sixth  week,  a  magma 
reticulare  may  form  primarily  in  the  amniotic  cavity  and 
ultimately  become  granular.  Whether  or  not  the  reticu- 
lar magma  undergoes  disintegration  to  form  the  gran- 
ular remains  to  be  shown.  It  is.  however,  noteworthy 
that  usually  either  one  or  the  other  exists,  but  intermediate 
stages  with  both  present  are  not  rare. 

In  nearly  all  instances  there  are  scattered  throughout 
the  magma  numerous  cells  with  relativel_v  small  nuclei 
and  a  considerable  quantity  of  protoplasm,  showing  alt 
the  characteristics  of  the  blood  corpuscles  of  the  embryo. 
These  are  the  migrating  cells  of  His.  In  all  pathological 
specimens  it  is  found  that  the  migrating  cells  penetrate- 
all  of  the  tissues  of  the  embryo;  in  fact,  all  of  the  tissues 
and  spaces  within  the  chorion.  My  specimens  show  all 
of  the  intermediate  stages  between  blood-vessels  filled 
with  blood,  with  few  migrating  cells  in  the  tissues,  to 
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empty  blood-vessels  with  the  tissues  stuffed  with  migrat- 
ing cells.  These  stages,  together  with  the  common  mor- 
pliological  appearances  of  the  hlooil  corpuscles  and  the 
migrating  cells,  force  the  conclusion  that  the  latter  are 
blood  corpuscles  within  the  tissues. 

It  appeai-s  as  if  tlie  blood  corpuscles  of  the  embryo 
have  great  power  to  migrate  wiihin  the  blood  spaces  be- 
fore the  heart  is  fonned.  In  jiathological  embryos,  when 
the  circulation  is  retarded  or  arrested,  the  corpuscles 
leave  the  blood-vessels  to  form  conditions  w  hich  may  be 
termed  inflammation  of  the  embryo.  As  the  blood  cells 
leave  the  blood-vessels  to  wander  through  the  tissues, 
the  blood-vessels  continue  to  grow  in  diameter  as  well  as 
in  extent,  for  I  have  numerous  specimens  in  which  the 
aorta  is  distended  and  empty,  while  in  other  instances  cap- 
illary vessels  without  blood  within  them,  have  grown 
into  the  villi  of  the  chorion. 

Arrested  Develop.mext  of  the  Emrryo  with  Cox- 
TixuED  Growth  of  the  Ovum. — The  specimens  which 
come  under  this  group  vary  in  so  many  respects  that  it 
is  impossible  for  me  to  consider  them  from  any  .stand- 
point except  that  of  their  approximate  ages  when  their 
development  was  tirst  arrested.  Before  doing  this,  I 
worked  through  the  specimens  from  many  other  stand- 
points—their size,  their  membranes,  and  the  condition 


of  their  tissues— only  with  imsatisfactory  results.  Tlie 
general  shape  of  the  embryos,  and  their  organs,  how- 
ever, gave  me  a  clew  to  their  ages  when  development 
was  arrested;  anil  when  they  are  considered  from  this 
standpoint  the  results  are  fairly  .sjitisfactory.  Knowing 
the  time  at  which  the  development  of  the  "embryos  wius 
arrested,  the  other  factors — tissues  of  the  embryo,  cho- 
rion, and  time  of  the  abortion — can  easily  1k'  taken  into 
consideration.  Moreover,  in  all  instances  I  have  repeat- 
edly compared  the  pathological  specimens  with  the  nor- 
mal, my  cabinet  being  well  supplied  with  numerous  sets 
of  si'rial  sections  of  both. 

There  are  in  my  collcclion  two  specimens  of  arrest  of 
developmental  the  beginning  of  the  second  wiek  (Nos. 
cxv.  and  cxxxvi.).  A  glance  at  the  table  shows  that  one 
of  these  specimens  is  a  two  weeks'  embryo  in  a  four- 
weeks'  ovum;  the  other  a  four- weeks'  embryo  in  a  two- 
weeks'  ovum.  In  one  the  developmi-nt  of  the  embrj'o 
was  arrested  at  the  beginning  of  the  second  week, 
but  the  chorion  continued  to  grow  two  weeks  longer 
before  the  abortion ;  in  the  other  the  reverse  is  the 
history. 

Specimen  cxxxvi.  appeared  to  be  pathological  before  it 
was  cut  open,  but  it  was  found  filled  with  an  increased 
quantity  of  magma,  within  which  could  be  seen  a  nor- 


T.\BLE  I. — Arrested  Development  of  the   Embryo.* 


Number. 


Dimensions  of 
ovum. 


Length 
of  embryo. 


Time  between 

last  periiHl 
and  abortion. 


Remarks. 


Two  TO  THREE  Weeks. 

CXXXVI 

U  X  11  X    6inm... 
30x27X22  mm... 

56  days 

Mafn^a  reticulare  Increased. 

cxv 

3  mm 

56  days 

Magma  retlculare  greatly  increased. 

Three  to  Focr  Weeks. 


CL 

35X30X  10  mm... 
20  X  16  X   6mm... 
46  X  30  X  30mm... 
40  X  30  X  20mm... 
33X30X  Inmm... 
35  X35X  15mm... 

5  mm. 

65  davs 

CXXII 

Amnion  has  reached  chorion. 

ex 

8  mm 

S2davs 

78  davs 

Amnion  has  reached  chorion.    Embryo  very  much  macerated. 

CXLI 

8  mm 

Magma  ivilculare  within  ca*lom. 

61  davs 

35  days 

Macma  reiiciilart'  increased. 

CIV 

12  mm 

Magma  reticulare  greatly  increased. 

CXXXVII 
LXXXI... 
CXLII.... 


60X  30X  ;30mm... 
65  X  .^  X  3.T  mm . . . 
SOX  40X30 mm... 


16  mm. 
30  mm. 
3D  mm. 


FOCR  TO  FivK  Weeks. 


LX   

8  mm. 

cxxxv 

1(K  X65  X  63 mm.. 
30X25X2.1  mm.. 
32X  32X32 mm.. 

Amnion  has  reached  the  chorion. 

CLXl 

10  mm 

S3  days. 

65  days 

cxxxin 

LIV 

Magma  reticulare  greatly  increased. 

11mm. 

LXIX 

cxxxii 

TOx-idx  2Umm.. 
42X30  mm 

Amnion  has  reached  the  chorion. 

89  days 

Amnion  has  reached  the  chorion. 

Five  to  Six  Weeks. 


86  days.. 
U  days. 
129  days.. 


Cord  filled  with  a  reticular  mass. 
Syncytium  within  cavity  of  amnion. 


XCIV 

CXXVllI., 


CLII.... 
LXXIX. 
CXXIV.. 


SOX  40  X  30  mm...  I  30  mm. 
50  X  43  mm i  20mm. 


70  X  42  X  38  mm 
50  X  50  X  50  mm 
90  X  75  X  30  mm 


Six  to  Seven  Weeks. 


SEVEN  TO  Nine  Weeks. 


•  The  Roman  numhei^  given  the  embryos  correspond  with  the  record  numbers  in  the  cabinet  of  human  embryos  tn  the  AMtomlcal  Labora- 
tory  of  Johns  Hopkins  University. 
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nial  embryo  of  the  fourth  iveek.  Since  I  had  never  seen 
a  chorion  too  small  for  its  embryo,  I  had  my  doubts 
about  the  accuracy  of  my  observation  until  the  specimen 
i\as  cut  into  serial  sections.  Then,  to  my  surprise.  I 
found  an  embryo  practically  normal  of  the  four-weeks" 
stage  to  corrsepond  with  the  menstrual  history.  The 
chorion,  however,  is  markedly  thickened,  with  villi,  and 
not  in  cells.  Both  choriou  and  villi  contain  a  great  num- 
ber of  blood-vessels  which  are  overlilled  with  blood. 
The  syncytium  is  very  extensive,  large  buds  arising 
from  all  parts  of  the  villi  as  well  as  from  the  chorion  it- 
self. Comparing  it  with  normal  specimens,  the  syncy- 
tium is  excessive  in  ijuantity,  w hiih  may  account  for  the 
good  nutrition  of  the  embryo.  The  large  amount  of  em- 
bryo blood  also  speaks  for  this.  The  trouble  in  tliis 
specimen  seems  to  lie  with  the  mesoderm  of  the  chorion, 
which  prevented  it  from  expandin.g  sutlicicntly.  This 
condition  was  compensjited  by  an  excessive  growth  of 
the  syncytium,  which  gave  sutticient  nutrition  to  the 
embryo.  The  entire  vascular  system  of  the  embryo, 
umbilical  vesicle,  and  chorion  is  overdisteiided  and  the 
peritoneal  cavity  of  the  emlivyo  is  also  tilled  witli  blood. 
Finally,  however,  the  ciiuilibrium  between  embryo  and 
chorion  was  overthrown,  resulting  ultimately  in  the 
abortion.  This  inequality  is  also  expressed  by  the  ex- 
cessive quantity  of  magma  witliin  the  cu'lom. 

The  second  specimen  in  whicli  there  was  an  arrest  of 
development  at  the  beginning  of  the  .second  week  is  No. 
cxv.  Here  the  development  of  the  embryo  is  arrested 
and  the  chorion  has  continued  to  grow.  This  variety  of 
abnormality  is  very  common,  and  it  is  fairly  easy  to  in- 
terpret the  varicms  steps  by  which  it  is  brought  about. 
Not  only  are  specimens  of  this  kin<l  easy  to  inter])ret, 
but  we  iiave  in  them  the  key  through  whidi  we  shall  ul- 
timately obtain  data  regarding  the  very  earliest  human 
eiubryos.  If  an  ovum  four  weeks  old  have  within  it  an 
embryo  two  weeks  old.  why  may  not  an  ovum  three 
weeks  old  have  within  it  an  embryo  one  week  ohl'/  All 
the  specimens  reported  in  this  article  speak  most  de- 
cidedly in  favor  of  this  hypothesis.  In  general,  this  em- 
bryo is  an  exaggerated  two  weeks'  stage  with  a  four- 
weeks'  anuiion  and  clxuion.  The  great  quantity  of  pus 
encircling  the  chorion  and  cutting  olT  its  nutrition,  with 
a  consequent  atrophy  of  the  syncytium,  cuts  otT  also 
the  nutrition  of  the  embryo,  thus  gradually  causing  its 
death.  The  overthrow  of  the  ei|Uilibriuni  between  the 
eiubryo  and  uterus  is  indicated  by  the  great  quantity  of 
magma  within  the  ctelom  as  will  as  within  the  anmion 
The  effect  of  strangulation  of  the  embryo  is  beautifully 
shown  within  its  tissues.  The  form  of  the  central  ner- 
vous system  is  extremely  simide.  like  that  of  an  embryo 
two  weeks  old,  but  it  is  hjrgerand  it  is  solid.  Peripheral 
nerves  are  not  present.  The  heart  is  simple,  complet<'ly 
filled  with  blood;  the  blood-ves.sels  have  mostly  disaj)- 
peared.  The  umbilical  vesicle  is  relatively  small  and 
tilled  with  a  solid  mass  of  entoderm  <-ells.  Its  communi- 
cation with  the  body  is  almost  entirely  cut  oil.  Within 
the  body  there  is  neither  liver  nor  alimentary  canal  left. 
The  peritoneal  cavity  communicates  very  freely  with 
the  extra-embryonic  cielom;  there  is  no  pericardial  cav- 
ity. Traces  of  myotoiues  and  Woltlian  btxlies  are  still 
left.  Throughout  the  embryo  and  the  magma  of  the 
cadom  and  amnion  there  are  scattered  cells  with  all  the 
characteristics  of  embryo  blood  corpuscles.  These  are 
undoubtedly  the  migrating  cells  already  described  by 
His.*  In  tills  specimen  we  see  the  later  stage  of  this 
process;  and,  judging  by  all  the  conditions  present,  its 
duration  must  have  been  about  two  weeks.  His  de 
scribes  a  similar  stage,  differing  only  in  that  the  time  be- 
tween the  death  of  the  embryo  and  the  abortion  is  four 
weeks  more  than  in  No.  cxv. 

The  two  specimens  described  aliove  indicate  that  there 
has  been  an  an"est  of  development  of  SDtne  portions  of 
the  ovum  and  give  some  liints  regarding  the  physiology 
of  some  of  the  groups  of  tissues.  In  No.  cxv.  the  pri- 
mary lesion  was  undoubtedly  the  endometritis,  which  de- 
prived the  ovum  of  its  proper  nutrition.  The  second 
portion   of  Table  I.    gives   better  data    regarding   the 


primary  lesion  as  well  as  the  probable  duration  of  the 
secondary  changes  within  the  embryo. 

Judging  by  ^he  general  appearance  of  specimen  No. 
xcvii..  it  might  be  considered  uoriual  with  the  exception 
of  the  excessive  magma  leticulare.  Sections  show,  liow- 
ever.  that  the  chorion  is  librous  and  the  embryo  is  iutil- 
trated  with  migrating  cells  which  have  also  invaded  the 
entire  coeloiu.  The  age  of  this  specimen,  if  determined 
by  the  embryo  and  its  organs,  is  not  over  twenty-eight 
days,  while  the  menstrual  history  calls  for  at  least 
thirty-one  days.  We  have,  therefore,  to  do  in  this  speci- 
men with  an  embryo  which  has  undergone  pathological 
changes  for  at  least  three  days.  The  choriou  is  fibrous, 
and  I  am  inclined  to  locate  the  priiuary  trouble  in  it. 
The  chorion  is  the  least  changeable  of  all  the  eiubryonic 
tissues,  and,  therefore,  it  may  follow  that  a  slight  alter- 
ation in  it  jiroduces  grave  consequences.  The  early 
changes  in  the  process  of  degeneration  of  an  embrvo  are 
beautifidly  shown  in  this  specimen.  The  central  ner- 
vous system  is  greatly  dilated,  the  boundaries  of  the  ab- 
dominal viscera  are  obscured,  and  the  vascular  system  is 
greativ  dilated.  The  entire  embryo  is  filled  with  migrat- 
ing cells  which  show  all  the  characteristics  of  embryo 
blood  corpuscles. 

A  stage  slightly  in  advance  of  the  above  is  shown  in 
specimen  No.  civ.  Here,  however,  the  membranes  ap- 
pear normal,  hut  the  walls  of  the  umbilical  vesicle  are 
fibrous,  the  magma  is  greatly  increased  and  granular, 
and  the  embryo  is  macerated  and  straightened.  The 
I  changes  within  the  embryo  are  much  more  in  advance 
'■  than  in  xcvii..  the  liver  tissue  being  entirely  obscured. 
The  vascular  systciu  is  undoubtedly  blocked,  and  the 
migrating  cells  have  invaded  all  of  the  tissues,  including 
the  umbilical  cord,  to  the  chorion. 

In  both  of  the  above  s]ieeimens  the  embryos  nuist  have 
been  strangidaled  sullieieiitlv  to  cause  their  death,  thus 
permitting  the  bhioil  corpuscles  to  leave  the  vascular 
system  to  invade  the  tissues  and  the  eadom.  In  speci- 
men cxxii,  the  primary  lesions  were  not  so  severe,  the 
embryo  cdntiniied  to  grow  but  not  develop,  and  the  am- 
nion eonlinned  to  dilate  until  it  met  the  chorion.  The 
primary  trouble  here  again  appears  to  be  a  fibrous 
change  in  the  chorion.  The  central  nervous  system  is 
distendeil,  the  vascular  system  is  dilated,  and  the  aorta  is 
empty.  The  tissues  of  the  embryo  are  partly  filled  with 
migrating  cells.  Specimens  ex.  and  cxi.i  show  the 
sjime  process  two  or  three  weeks  later.  The  siiecimens 
(ame  from  the  sjime  woman,  who  was  sulTering  from 
leucorrluea,  and  in  general  show  the  sjime  chararter- 
isties.  They  are  both  embryos  four  weeks  old  which 
had  been  retained  in  the  uterus  another  four  weeks  after 
strangulation. 

Ill  Nos.  ex.  and  exi.i.  the  villi  of  the  chorion  are  al- 
most ilestroyed.  and  the  chorionic  walls  are  converted 
into  a  fleshy  mass  invaded  by  leucocytes.  The  embryos 
are  atrophied,  the  organs  are  obliterated,  and  the  vascu- 
lar systems  are  distended.  That  the  process  was  slow  is 
indieatetl  by  the  amnion  having  reached  the  chorion  and 
the  general  form  of  the  embryo  and  its  tis.sues  corre- 
sponding with  that  of  cxxii.  The  uterine  trouble  of  the 
mother,  the  extreme  changes  of  the  chorion  in  lioth 
specimens  with  almost  identical  changes  in  both  embryos, 
prove,  as  much  as  these  specimens  can  iirove,  that  there 
was  a  gradual  staugulation  of  the  embryo  due  to  inflam- 
mation of  the  utirine  mucous  membrane,  first  affecting 
and  then  destroying  the  villi  of  the  (horion. 

The  specimens  in  my  collection  of  embrvos  of  the  fifth 
week  lack  the  data  of  those  of  the  fourth  week,  yet 
something  can  be  made  out  of  them.  Undoubtedly  the 
youngest  of  this  group  is  No.  cxxxiii.  The  villi  of  the 
chorion  appear  normal  but  have  little  syncytium  at  their 
tips.  Between  the  villi,  upon  the  chorionic  walls,  there 
is  an  excessive  (piantity  of  syncytium.  The  cadom  is 
completely  filled  with  an  exces.sive  quantity  of  magma, 
in  which  lies  the  embryo  greatly  cramped  and  closely 
enveloped  by  the  amnion.  Terrific  changes  have  taken 
place  within  the  embryo.  In  every  respect  this  embryo 
is  like  No.  xcvn.,  only  it  is  a  few  days  older.     The  mi- 
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grating  cells  have  invaded  the  entire  embryo  and  at 
numerous  points  tliey  were  Icavins  th(>  body  to  enter  the 
cavity  of  the  ainiiion.  At  these  jioiiits  the  epithcMuin  of 
tlie  embryo  is  exfoliated.  Speeinien  ci.xi.,  whose  abor- 
tion was  cau.sed  by  rejieated  attem]its  on  the  part  of  the 
mother,  aids  materiallj-  in  locating  tlie  beginning  of  the 
pathological  changes  in  the  ovum.  While  there  is  great 
activity  in  the  lencocyt<-s  and  syncytium  on  the  outside 
of  the  choiion,  there  is  more  activity  of  the  migrating 
ceils  within  tlie  embryo,  and  this  latter  condition  must 
be  viewed  as  being  secondary. 

The  other  embryos  of  the  tifth  week  indicate  that  a 
slower  process  has  taken  place  in  them.  The  history  of 
one  of  them,  and  the  dimensions  of  the  chorion  of  others, 
also  speak  for  this.  The  least  changed  of  all  the  speci- 
mens is  No.  cxxxil.  The  history  of  the  specimen  as 
well  as  the  dimensions  of  the  chorion  indicate  that  this 
specimen  must  have  been  alive  V)nt  did  not  grow  to  any 
marked  extent  during  three  weeks  preceding  the  abor- 
tion. The  organs  of  the  embryo  are  aliout  normal  in 
form  and  structure,  with  a  small  numl)crof  migi-ating 
cells  in  the  tissues  and  peritoneal  cavity.  Specimens  lx. 
and  Liv.  show  slight  tissue  changes  in  advance  of 
ccxxir.  More  marked  changes  occur  in  lxix.,  which, 
judging  by  the  size  of  the  chorion,  must  have  been  un- 
dergoing pathological  changes  for  a  number  of  months 
before  the  abortion.  In  No.  i.xxxii.  the  villi  of  the 
chorion  are  considerably  atrophied,  while  in  i.xix,  they 
are  entirely  wanting,  with  librous  chorionic  walls.  The 
embryo  itself  is  atrophic  and  much  maei-rated.  The 
central  nervous  system  is  distended,  the  sharp  contour  of 
the  organs  is  lost,  and  the  vascular  sj'Stem  is  distended. 
Migrating  cells  have  invaded  all  the  tissues,  including  the 
peripheral  nerve  bundles  and  the  umbilical  cord. 

While  most  extreme  changes  will  take  place  in  several 
weeks  in  pathological  embryos  of  the  fourth  week,  in 
embryos  of  the  tifth  week  months  are  retpiired  to  pro- 
duce "corresponding  changes.  In  specimen  lxix.  the  slow 
process  must  have  been  at  work  for  months,  producing 
all  sorts  of  ti.ssue  abnormalities,  from  multiple  papilli- 
form  growths  of  the  entire  epitheiial  covering  of  the  body 
to  an  atrophied  head.  In  si«'cimcn  cxxxv.  this  process 
of  tissue  change  and  organ  destruction  is  still  more  ad- 
vanced. The  primary  lesion  of  this  specimen  must  also 
have  been  in  the  chorion.  The  villi  are  all  destroyed 
while  the  chorion  remains  as  a  thin  fibrous  membrane  in- 
filtrated w  ith  leucocytes  and  a  few  nests  of  syncytial  cells. 
The  entile  chorion  is  very  large,  lined  by  an  amnion, 
and  is  filled  with  a  jelly  like  substance  which  liardened 
to  the  consistence  of  glycerin -jelly  in  formalin.  The 
atrophic  embryo  shows  the  usual  nervous  system  with 
the  head  end  of  it  completely  destroyed.  The  outline  of 
the  organs  and  peritoneal  cavity  is  also  very  indefinite, 
the  entire  embryo  being  filled  w  ith  migrating  cells.  The 
vascular  system  is  more  definite  than  are  other  portions  of 
the  embryo,  it  no  doubt  having  functioned  longest.  The 
head  end  of  the  embryo  has  become  greatly  atrophied,  its 
front  end  being  converted  into  a  mucoid  mass.  The  eyes 
have  sunken  deep  into  the  head  but  the  lenses  continued 
to  develop  into  hard  jiearls  composed  of  lens  fibres.  The 
front  end  of  the  chfirda  is  exjianded  into  a  large  mucoid 
tumor  on  either  side  of  whicli  there  is  a  large  cartilagi- 
nous tumor.  All  this  shows  that  development  eea.sed 
long  before  the  ovum  was  aborted,  but  that  tissues  already 
established  continued  to  grow  and  to  tlegenerate  into 
all  sorts  of  masses. 

In  addition  to  the  groups  of  enibrjos  of  the  third, 
fourth,  and  fifth  weeks,  there  are  several  specimens  of 
later  date  which  show  that  the  changes  in  form  and  struc- 
ture are  not  likely  to  occur  when  there  is  an  arrest  of  de- 
velopment in  later  stages.  Specimen  Lxxxi.  seems  to  have 
its  primarv  trouble  in  the  chorion,  it  being  fibrous  and 
invaded  by  leucocytes  as  well  as  syncytium.  The  am- 
niotic cavity  is  greatly  distended  and  the  embryo  is 
macerated  with  an  ulcerated  crest  on  top  of  its  head. 
The  whole  specimen  suggests  death  and  destruction  of 
tissues  without  any  indication  of  further  growth  of  any 
of  the  parts. 
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Specimen  cxLrr.  also  shows  the  great  resistance  of  na 
older  embryo  that  has  been  dead  for  several  months  be 
fore  the  abortion.  The  .syncytium  ha,s  also  been  active, 
having  eaten  into  the  walls  of  the  eliorioii  and  its  villi 
and  having  eiilered  the  cavity  of  the  amnion.  Here  these 
Cells  form  their  characteristic  double  layers  again  and 
also  invade  the  tissues  of  the  thickened  amnion. 

Embryo  cxxviii  is  a  perfect  normal  specimen  w  ith  u 
normal  chorion  of  about  the  sixth  week,  but  the  history 
shows  that  it  must  be  older.  The  jjcculiarity  of  this 
specimen  is  the  delicate  reticulum  of  fibrils  over  the  em- 
bryo within  the  amnion.  It  may  be  that  this  is  the  be- 
ginning of  the  granular  magma  frequently  found  with 
the  amnion  of  oldir  pathological  ova.  Of  ihis  same  date 
I  have  another  embryo,  xi  iv.,  witli  fibrous  degeneration, 
as  well  as  some  lencocy  tic  infill  ration  of  the  chorion.  The 
embryo  is  normal  in  form  and  the  amnion  is  packed  witli 
a  mass  of  granular  magma.  There  are  many  indications 
of  destruction  of  the  tissues  of  the  embryo,  but  none  of 
growth  and  regeneration. 

No.  Lxxix.  is  similar  to  xcrv.  but  older.  It  also  lias 
leucocy  tie  (also  syncytial)  invasion  of  the  chorion,  necrosis 
of  the  ti.ssues  of  the  enlbrvos  and  so  on.  The  epithelial 
covering  of  the  enibrvo  has  partly  fallen  off,  but  at  the 
border  line  of  the  exfoliation  there  appears  to  be  an  at- 
tempt at  regeneration.  Its  lines  are  not  ragged,  but  the 
regenerating  border  is  elevated  and  rounded.  There 
are  no  cell  figures.  No.  CLii.,  much  like  i.xxix.,  shows 
a  more  advanced  stage  of  degeneration.  In  this  speci- 
men the  cause  of  the  strangulation  of  the  embryo  is  to  be 
found  in  the  endometritis,  which  gradually  cut  off  the 
nutrition  of  the  chorion,  and  later  aided  in  destroying 
the  villi. 

Among  these  specimi-ns  I  may  mention  here  a  remark- 
able one,  cxxiv..  in  which  the  nutrition  must  have  been 
impaired  some  time  during  the  second  month  of  preg- 
nancy. The  entire  duration  of  i  his  pregnancy  must  have 
been  at  least  four  months.  The  larjre  chorinn  bus  on  one 
side  of  it  a  small  placenta  whicli  is  inliltrated  w  ith  leuco- 
cytes. The  quantity  of  syncytium  is  normal  but  appears 
necrotic,  a  change  which  may  have  taken  place  immedi- 
ately before  the  abortion.  Between  the  chorion  and  am- 
nion there  is  a  large  ctelom.  The  wallsof  the  amnion  are 
gieatly  thickened.  The  umbilical  cord  is  tliiii  and  great- 
ly twisted.  The  general  form  of  the  embryo  is  nearly 
normal,  but  there  are  club  hands  and  club  feet.  The  ex- 
ternal ear  is  also  rudimentary  and  jiointed.  If  this  s|)eci- 
men  is  compared  with  a  normal  emliryo  of  the  fourth 
month  it  is  seen  at  once  how  much  too  small  and  how 
distorted  this  embryo  is.  In  this  instance  it  is  interesting 
to  note  that  accompanying  this  abnormal  embryo  there  is 
a  diseased  jilaceuta,  a  distended  extra  embryonic  cadom, 
and  a  very  thin  umbilical  cord. 

EtnhriiiiH  irith  SUyht  AbiiornniUtji. — In  addition  to  em- 
bryos CXXVIII.  and  xciv.  descrilied  above,  I  have  several 
specimens  in  my  collection  witli  slight  abnormalities 
which  could  not"  greatly  affect  the  further  growth  and 
nutrition  of  the  embryo."  No.  vi.  is  uiidoubledly  a  nor- 
male  embryo,  as  it  was  obtained  by  inducing  abortion 
seventy-seven  days  after  the  beginning  of  the  last  men- 
strual period.  Its  lis.sues  all  appear  normal  w  ith  the  ex- 
cciition  of  a  small  vesicle  on  the  ventral  side  of  the  lower 
tip  of  the  s]iinal  cord.  This  vesicle  is  lined  with  one 
layer  of  cylindrical  cells:  other  embryos  of  the  same 
stage,  in  my  collection,  do  not  possess  it.  A  pathological 
embryo  of  iibout  the  same  age.  No.  i.xxxi..  has  a  similar 
dilatation  at  the  lower  tip  oftlie  spinal  cord. 

There  are  in  my  collection  three  specimens  of  hernia  of 
the  liver  (x..  xciv.,  xxx.).  Embryo  in  x.  is  stumpy  and 
poorly  shaped,  but  the  tissues  appear  normal.  No.  xciv. 
is  abnormal  while  xxx.  is  normal. 

Dkgexkh.vtiox  of  the  E.mbuvo.  Le.wixo  oxlv  the 
U>iiiii.ic.\i.  CoiiD. — This  remarkable  group  of  specimens 
caused  me  a  great  deal  of  troulde,  and  not  until  studying 
them  again  and  again  could  I  make  anything  of  them. 
With  but  one  exc-eption  (Lxxvn.)  they  were  all  found  in 
ova  which  otherwise  appeared  normal.  The  main  data 
are  given  in  Table  II. : 
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Table  II. 


No. 

Diameter  o£ 
ovum. 

Dimensions  of 

embryonic 

mass. 

Time  between 

last  period  and 

aboition. 

XXXVII 

cxxx   

mm. 

25  X  18  X  15 
15  X  10  X    6 

30 

25 
70  X  40  X  30 

mm. 

2X2 
7X2 
9X2 
«X2 
1X0.25 

days. 
U 

XXXII 

82 

LXXVII          

embryo  is  greatly  needed  to  keep  up  the  equilibrium  be- 
tween the  ovum  and  uterus  and  tlie  abortion  follows. 

The  earliest  stam'  of  this  form  of  degeneration  is  lep- 
resenleil  in  specimen  xxxvii.  (Figs.  1861  to  1863),  which 
is  made  up  of  n  very  atiophic  head  of  an  embryo  seated 
upon  the  tip  of  the"  umbilical  cord  within  the  amnion 


In  general,  the  size  of  the  cord  does  not  correspond  to 
the  size  of  the  ovum  or  to  its  age  when  determined  from 
the  last   menstrual    period.       In    spicinicns   xxxii.    and 


Fig.  1863.— Section  IliroiiKli  ttie  Attacliiji. m  .ii  rh 
Vesicle  to  the  Chorion  in  No.  .\.\.\V1I. 


l'ml)ilical  Cord  and 
;-;  10  limes. 


FIG.  IfBl.-  SecUon  through  llie  Head,  I  iuhilic;il  Vesicle,  and  Chorion 
of  Specimen  .No.  X.XXVll.  I'lie  pharynx  and  llrsl  aortic  arches  are 
cut  across  in  the  head.    X  10  times. 

rxxx.  the  embrvonic  masses  are  much  alike,  and  they 
might  well  rejiresent  the  cords  of  embryos  of  the  second 
month.  The  size  of  the  ovum  in  xxxii.  calls  for  this 
age.  but  th('  time  between  the  first  lapsed  menstrual  jie- 
riod  and  the  abortion  is  much  greater. 
In  siHciinen  cxxx.  the  size  of  the  ovum, 
as  well  as  its  history.  ]>laces  it  in  the 
early  part  of  the  Ihiid  week,  but  at  this 
tim(  the  cord  and  umbilical  vesicle  are 
much  less  developed  than  in  this  speci- 
men. 

It  ajipcars  to  me  that  we  have  in  the 
five  specimens  given  in  Table  II.  five 
stages  of  a  varii'ty  of  ])atli<)logical  em- 
bryos intermedial'  between  ova  without 
any  embryos  at  all  and  those  forming 
eiilbiyos  which  aic  gnally  deformed. 
At  an  early  stage,  after  the  formation  of 
the  amnion,  thi-ough  unknown  causes,  the  embry 
or.  having  been  originally  deformed,  cease  to  grow,  while 
the  amnion,  cord,  and  chorion  grow  on  as  if  nothing  had 


The  umbilical  vesicle  is  attached  to  the  side  of  the  cord 
but  does  not  extend  in  any  way  to  the  embryo.  The 
very  rudimentary  nervous  .system,  the  absence  of  the 
heart,  as  well  a.s  other  cjiuses.  are  sufflcieut  to  overthrow 
the  further  growth  of  this  embryo  had  the  abortion  not 
occurred. 

The  next  stage  is  represented  in  specimen  cxxx. 
(Figs.  1864-186fi).  Here  the  embryo  is  alieady  reduced  to 
a  mass  of  cells  which  no  longer  contains  nervous  system 
or  vascular  system.  It  iiatuially  dies  in  consequence 
of  the  absence  of  these  imiiortant  members  and  thus 
interferes  with  the  e(|uilibrium  of  I  he  ovum.  The  coixl 
is  filled  with  blood-vessels  and  blood,  showing  a.ijain  that 
an  embiyo  must  have  been  present  at  an  earlier  date. 


Fig.  1862.— Section  tliroujrh  the  Umbilical  Cord  and  Vesicle  and  the 
Chorion  of  No.  XXXVll.     X  10  times. 

happened.  Therefore  the  normal  villi  of  the  chorion 
and  the  comparative  absence  of  magma  reticulare.  This 
continues,  however,  until   the  circulation  through  the 


Fig.  1804.— Section  Uirougli  the  Amnion,  Cord,  and  Ueninant  of  the 
Embr.voof  No.  CXXX.  X  10  limes. 

Had  the  amnion  not  been  complete,  the  remnants  of  the 
embryo  would  probably  have  fallen  off,  converting  this 
speciincn  into  one  represented  in  the  next  stage. 

The  relation  of  the  amnion  to  the  cord  makes  it  proba- 
ble that  this  specimen  is  not  over  three  weeks  old.  The 
large  ccclom  also  speaks  for  this.  The  huge  and  detached 
umbilical  vesicle  is  diflicull  to  account  for.  It  may  be 
that  the  early  destruction  of  the  embryo  and  the  over- 
throw of  Ihe  circulation  through  the"  umbilical  vesicle 
may  have  hastened  lis  growth  and  favored  its  separation 
froin  the  umbilical  cord.  Of  course  it  is  possible  that  the 
lasting  connection  between  the  vesicle  and  umbilical 
cord  was  separated  by  traumatic  means,  but  a  tear  is  not 
visible  at  anv  point. 

A  stage  slightly  more  advanced  is  represented  in  speci- 
men xxxii.  (Figs.  1867  and  1868).  Here  the  amnion  fills 
the  ovum  completely,  the  embryo  is  entirely  destroyed, 
and  the  cord  shows  a  number  of  secondary  changes.  It 
may  be  that  this  stage  is  really  but  little  in  advance  of 
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the  specimen  cxxx.,  as  in  it  the  embryo  remnants  wore 
well  protected  by  the  amnion.  In  both  specimens,  how- 
ever, the  blood-ves.seIs  are  well  tilled  with  blood,  and  at 
points  the  vascular  walls  are  broken  and  the  cells  iulil- 


FiG.  1867.— Section  tin. 


Fig.  186.5.— Section  through  the  Amnion,  Cord,  and  Chorion  of  No.  CXXX.    X  10  times. 


trate  the  surrounding  tissues.  These  pictures  are  ex- 
tremely striking  and  suggest  an  attempt  at  repair  by  the 
process  of  inflammation  at  this  early  stage.  The  tip  of 
the  cord  is  intensely  stained  by  the  carmine,  suggesting 
very  much  a  section  through  an  ulcerating  wound.  The 
nucleated  blood  cells  are  out  among  the  mesoderm  cells 
of  the  cord  and  become  necrotic  as  they  approach  its 
ragged  edge. 

The  stage  as  represented  in  specimen  xxxii.  is  shown 
in  a  somewhat  advanced  form  in  specimen  xxv.,  Fig. 
1S69.  The  stump  end  of  the 
cord  is  not  so  ragged  as  be- 
fore; it  has  become  rounded 
and  the  larger  blood-ves.sels 
are  not  overdistended  with 
blood.  It  appears  as  if  the 
stage  of  great  reaction  be 
tween  the  blood  cells  and  the 
necrotic  tissue  had  passed 
and  the  wound  had  nearly 
healed. 

lu  the  live  specimens  de- 
scribed above,  the  morpho- 
logical characteristics  of  the 
chorion,  villi,  and  syncytium 
appear  normal.  The  magma  reticulare,  however,  is 
greatly  diminished  in  (|uantity  or  is  entirel_y  wanting. 
With  the  exception  of  the  partly  deformed  emhrj-o, 
then,  there  was  little  to  suggest  that  the  specimens  are 
pathological.  It  appears  that  the  destruction  of  the  em- 
bryo with  a  deficient  quantity  of  magma  reticulare  is 
the   only   sign  to  account  for  the  abortion.     Specimen 

Lxxvii.,  however,  shows 
that  the  ovum  can  be  re- 
tained in  the  uterus  for  a 
long  time  after  the  em- 
liryo  has  been  destroyed, 
and  that  under  these  cir- 
cumstances decided  sec- 
ondary changes  may  take 
place.  In  this  specimen 
the  chorion  and  amnion 
have  both  become  more 
fibrous  than  normal,  ap- 
pearing as  if  all  the 
delicate  mesoderm  spaces 
Fifi.  1S66.— Section  through  the  At-  had  disappeared.  At  the 
tachment  of  the  Amnion  and  point  of  i  tincture  between 
Cord  to  the  Chorion  of  No.  CXXX.    J,  ■'.  j      i      ■ 

X  10  times.  the    amnion  and   chorion 


there  is  a  nodulo  which  no  doubt  represents  tlie  hist 
remnant  of  the  umbilical  cord.  The  mesodermal  ti.ssue 
of  the  villi  has  also  become  fibrous,  and  there  are  no 
blood-vessels  within  them.  There  is  no  magma.  AVliile 
this  stage  has  been  reached  on  the  inside  of 
the  oviiiii,  the  syncytium  and  Iriicocytes 
on  the  outside  have  be<i)me  most  active. 
Willi  every  increased  cuianlily  of  fresh 
blood  between  the  villi  the  .syncytium  re- 
ceives new  food  and  continues  to  grow. 
Wherever  syncytium  comes  in  contact  with 
leucoeyles  it  cau.ses  their  destruction,  as  the 
fraLniicntatioii  of  their  nuclei  shows.  But 
this  cannot  continue  forever,  and  linally  the 
sync\ti\iin,  as  well  as  the  leucocytes',  at- 
tacks the  mesoderm  of  the  chorion  and  its 
villi,  and  in  specimen  l.xvii,  all  stages  of 
this  process  are  shown.  Similar  i)iclures 
are  seen  in  specimen  xciii.,  which  in  all 
]irol)ability  also  belongs  to  this  group  of  ab- 
normal ova.  In  cxi.n.  the  syncytial  attack 
is  still  more  intense;  it  invades  the  iiicso- 
(lenn  of  the  cliorion  and  its  villi,  has  entered 
the  cavities  of  the  cadoiu  and  amnion,  and 
is  attacking  the  amnion. 

The  excessive  growth  of  .syncytium  and 
its  invasion  of  the  maternal  tissues,  ulti- 
mately forming  malignant  tumors,  was  first 
pointed  out  by  Silnger,''  and  has  since  been 
confirmed  numerous  times  by  competent  investigators. 
Recently,  however.  Xeumanu '"  has  shown  that  not  only 
does  the  syncytium  enter  the  tissues,  and  ultimately 
the  circulation  of  the  mother,  but  it  also  invades  the 
tissues  of  the  chorion  and  its  villi.  This  observation 
I  can  confirm,  but  am  unable  to  contribute  to  its  diag- 
nostic value.  In  general,  it  appears  to  me  that  destruc- 
tion of  the  chorion  and  its  villi  may  be  accomplished  by 
the  syncytium,  but  this  is  exceptional.  It  appears  that 
when  the  chorion  is  attacked  bv  the  svncvtiiiin  tlicie  are 


ni.l  and  the  Amnion  at  its  Atlachiu-m 
y.  10  times. 


"I  -No.  XXXII. 


usually  great  quantities  of  leucocytes  accompanying  it, 
and  this  condition  may  al.so  favor  Ihe  forniation  of  de- 
ciduomata.  At  any  rate  the  fact  is  established  that  the 
syncytium  may  enter  and  destroy  the  chorion  and  its 
villi  in  uterine  moles  of  long  standing. 

OvA  XOR-MAL  IX  FOR.M   WITIIOfT   EmBHYOS   AXD    UtE- 

RLSE  Moles. — The  ten  specimens  w  hicli  come  under  this 
head  differ  very  much  from  one  another  in  form  and  age, 
but  careful  consideration  of  all  their  .structures  shows 
that  they  belong  together.  They  are  all  alike  in  that  the 
embryos  are  missing,  and  they  must  have  been  destroyed 
at  a  very  early  date;  in  seven  of  them  this  must  have 
taken  place  before  the  embryo  was  six  weeks  old,  as 
there  is  no  trace  of  an  amnion  left :  while  in  tliree  of  them 
(XCIII.  and  lxxvii.)  the  amnion  is  fully  formed,  but  the 
geueral  appearance  of  tlu!  ova  shows  that  they  represent 
earh'  stages  in  development. 

Table  III.  gives  the  general  characteristics  of  the  ova 
which  represent  all  stages  of  uterine  moles.  The  young- 
est specimen,  Lxxi.,  is  an  ovum  about  two  weeks  old, 
normal  in  every  respect,  with  the  exception  that  the  em- 
bryo is  wanting  entirely.  Within  the  ccelom.  however, 
there  is  a  small  nodule  about  1  mm.  in  diameter,  which 
may  represent  the  remnant  of  the  embryonic  mass.     It  is 
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Table  HI. — Table  op  0v.\.  without  Embryos  and  Uterine  Moles. 


Number. 


Diameter 

of  choriouic 

mass. 


Diameter 

of 
coelom. 


Time 

between  last 

period  and 

abortion. 


Amnion. 


Syncytium. 


Magma. 


LXXI.... 

XX 

XXIX.... 
LV 

cmi . . . . 

LXX 

LXXXII. . 
XCIII.... 
CLIX  . . . . 

LXXVII.. 


10  X  OX.imm.. 
30  X  li  X  8  ram. . 

30  mm 

aoX20X  14  mm. 
50X20X  20  mm. 
4.5  X  30  X  28  mm. 
75  X  W)  X  40  mm. 

40  X  20  mm 

Walnut 


8  mm., 
16  mm. 
24  mm. 
l.'i  mm. 


40  days . 


o  ram. 
7  mm. 


54  days . . 
77  days . . 
113  days . 
279  days . 


70  days  (?). 


70  X  40  X  30  mm. 


20  mm. 


None 

None 

None 

None 

None 

None 

None  . . . 
Present  . 
Present . 

Present . 


N(»rmal 

Normal. 

Fibrous 

Leucoeytic  invtoion 

Leucocytic  invasion 

Necrotic 

Hypertrophic 

Syncytial  invasion 

Syncytial  and  leucocytic 

invasiim. 
Syncytial  and  leucocytic 

invasion. 


Normal 

Normal 

Atrophic 

Necrotic 

Normal 

Hypertrophic 

Atrophic 

Hypertrophic 

Syncytial  and  leucocytic 

invasion. 
Syncytial  and  leucocytic 

invasion. 


Normal  — 

Normal 

Excessive  . 
Necrotic... 

Normal 

Excessive  . 
Diminutive 
Excessive  . 
Excessive  . 

Excessive  . 


Normal. 

lurieased. 

Excessive. 

Granular. 

None. 

None. 

None. 

None. 

None. 

None. 


composed  of  twisted  discs  looking  mucli  like  the  dried 
blood  corpuscles  of  the  frog,  being  pigmented,  but  they 
would  not  st^iiii.  If  this  mass  represents  the  renuiants 
of  the  embryo,  it  must  have  died  long  before  the  abortion 


Fig.  186S.— Section  through  the  Attachment  of  the  Umbilical  Cord 

XXXIL    X  10  times. 

took  place.  Embryo  xx.  also  appears  normal  with  the 
magma  normal  or  slightly  increased  in  i|uantity  and 
lumpy.  These  small  nodules  of  magma  appeared  to  the 
naked  eye  like  remnants  of  the  embryo,  but  sections  of 
the  ovum  easily  demonstrated  the  contrary. 

The  specimens  i.xxi.  and  xx.  would  be  considered  nor- 
mal if  they  had  within  them  a  normal  <nibryo.  It  ap- 
pears that  to  the  extent,  as  represented  in  these  speci- 
mens, the  chorion  develops  independently  of  an  embryo, 
but  its  further  growth  is  alTected  if  no  embryo  is  i)iesent. 
It  may  be  noted  that  in  tb<'  ovum  df  the  second  week  the 
uutiiticm  must  reacli  the  emiu'yo  thnpugh  the  fluid  (if  the 
cielom  antl  thence  through  the  umbilical  vesicle.  Tow- 
ard the  end  of  the  second  week  the  l)h)od-vessels  of  the 
embryo  reach  the  chorion,"  and  at  tliis  time  nutrition  must 
reach  the  embryo  throtigh  its  blood-vessels,  which  now 
reach  to  the  villi  of  tlie  chorion.  So  if 
an  early  embryo  is  missing  we  shi)uld 
find  marked  changes  in  the  choiion 
after  the  beginning  of  Ihe  tliird 
week.  This  proves  to  be  the  case 
in  specimen  xxix.  The  walls  of  the 
chorion  and  its  villi  arc  fibrous  and 
thickened.  The  syncytium  is  very 
extensive:  its  borders  are  no  longer 
sharply  defined,  and  at  points  it  in- 
vades the  choiion.  Many  of  the  isl- 
ands of  syncytium  are  enclosed  in  a 
mucoid,  and  sometimes  fibrinous,  en- 
velope. This  i)iocess  is  still  further 
increased  in  specimen  LV.,  which  from 
its  size  and  history  belongs  to  the  be- 
ginning of  the  fifth  week.  The  cav- 
Itj'  of  tlie  co'lom  has  become  smaller,  the  villi  are  matted 
together,  and  with  their  surrounding  .syncytium  appear 
necrotic.  There  is  much  bliiod  and  fibrin  between  the 
villi  and  leucocytes  have  invaded  the  wall  of  the  chorion. 
In  this  specimen  we  have  a  typical  mole  which  is  two 
weeks  older  than  the  specimen  lxxi. 


Another  modification  of   the  degenerative  process  is 
shown  in  specimen  i.xx.     It  is  an  hydatid  mole.      The 
chorion  is  small,  collapsed,  deeply  buried  in  the  speci- 
men, and  from  it  arise  enormous  villi  with  very  large 
spaces  within  them.     Between  the  villi 
there    is    a    considerable    C|uantity    of 
t'lood  which  gave  nuti'imeut  to  the  ex- 
cessive syncytium. 

Ti>   what   extent  a   collapsed  ovum 
may  grow  is  shown  in  specimen  Lxxxii. 
A  large  solid  mass  the  si/.e  of  a  duck's 
egg  was  expelled  nine  months  after  the 
last    menstrual    period.     At    the    end 
which   lay  in   the  os  uteri  there  is  an 
extensive  ulceration  of  Ihe  mole;  other- 
wise it  is  very  compact.     After  it  had 
been   hardened,  I  cut   it   into   sections 
which,  to  my  astonishment,  contained  a 
collapsed  chorion  sending  folds  in  all 
to  the  ihorion  in  No.    directions    throughout   the    specimen. 
Through  the  middle  of   the  specimen 
theic  are  large  spaces  along  the  col- 
I   lapsed  chorion  filled    with    fresh   blood.     The  opjiosite 
walls  of  the  chorion  are  in  ajiposition  thi'oughout  most 
of  the   specimen,  and  at    points   they    have    grown    to- 
gether.    There   is  no  amnion,  and   on    this   sicconnt    I 
place  the  beginning  of  this  mole  back  to  the  first  month 
of  pregnancy.     The  extensive  ramification  of  the  folds 
of  tlie  chorion  shows  that  it  must  have  continued  to  grow 
throughout  the  nine  months  of  its  existence,  this  being 
made  possible  by  the  nutrition  brought   to  it    by   the 
fresh   blood   in   its  interior.     Islands  of  syncytial  cells 
are  located  throughout  the  s))ecinien  ujion  the  chorionic 
wall.      This  syncytium   shows  active   growth    and    its 
cells  stain   well  at  mimerous  points  wliere  it  comes  in 
contact   with    fresh   blood.     All   the    syncytial   masses 
which  are  distant   from    the   fresh  blood   are   necrotic, 
which  is  undoubtedly  due  to  the  lack  of  nutrition.    Nests 


Fig.  ISO'.i. 


)ugh  the  Umbilical  Cord  and  Amnion  at  their  Attachment  to  the  Chorion 
in  No.  XXV.    X  10  times. 


of  leucocytes  with  fragmented  nuclei  are  scattered 
throughout  the  specimen.  The  walls  of  the  chorion 
are  not  invaded  by  the  syncytium. 

The  aliovc  group  of  specimens  shows  all  stages  of 
mole  formation  before  the  amnion  is  in  contact  with  the 
chorion.     There  are,  liowever,  three  other  specimens, 
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cm.,  i.xxvii.  and  ci.ix..  in  wliicli  tlio  cliorion  is  lined 
with  an  amnion.  These  must  liave  luisen  from  speei- 
niens  like  those  in  \\liieh  the  emhrvo  was  destroyed, 
leaving  only  the  umbilical  cord.  S^iieeimen  lxxvii.  I 
have  already  discussed  with  that  gToui>  in  which  the  em- 
bryo is  destroyed,  leaving  only  the  cord  (Table  II.),  and 
to  it  I  now  add  xciii.  in  discussina:  it  with  this  group. 

In  specimen  i.xxvii.  tliere  is  a  small  slump  of  the  um- 
bilical cord  left,  while  tlie  chorion  has  a  large  (|uaiitilv 
of  blood  and  syncytium  between  its  villi.  At  jioints  the 
cliorion  and  villi  are  invaded  by  the  syncytium.  In 
xciir.  this  process  of  destruction  has  increased,  the  cho- 
rion is  thickened  and  irregular,  and  it  is  surrounded  by 
bypertrophied  villi  with  great  quantities  of  blood  anil 
syncytium  between  them.  Over  the  entire  mass  there  is 
a  layer  of  S3ncytium  covered  with  blood  and  tibrin,  tlieu 
a  space,  and  then  the  decidua.  AVithin  the  mesodermal 
tissue  of  the  cliorion  there  are  occasional  islands  of  syn- 
cytium. 

The  two  groups  of  pathological  ova,  given  in  Tables 
II.  and  III.,  are  undoubtedly  caused  by  an  arrest  of  de- 
velopment and  a  destruction  of  the  embryo  before  the 
fifth  week  of  pregnancy.  In  one  of  the  groups  this  took 
place  very  early  before  the  amnion  had  been  fully  formed 
and  I  am  strongly  inclined  to  believe  that  they  repre- 
sent specimens  in  which  the  amnion  did  not  form  at  all 
— the  so-called  vesicular  forms.  In  the  second  group  the 
embrj'o  and  amnion  were  formed,  then  the  embryo  was 
destroyed,  leaving  the  amnion  and  chorion.  In  both  sets 
the  equilibrium  b_v  which  the  normal  growth  of  the  cho- 
rion is  favored  was  overtlirown,  due  to  the  destruction  of 
the  embryo.  In  case  the  ovum  is  not  aborted,  it  continues 
to  grow  in  an  irregular  fashion,  and  the  chorion  or  villi 
either  become  atrophic  or  hyiiertrophic.  The  s\'ncytium 
in  all  cases  continues  to  grow  as  long  as  it  receives  the 
proper  nutrition,  and  in  certain  instances  it  attempts  to 
destroy  the  chorion  and  its  villi. 

Vesicular  Forms  of  P.\Tnoi,ociiCAL  E)rBRYOs. — The 
different  varieties  of  patliological  embryos  described 
above  can  all  be  explained  as  forms  of  arrested  develop- 
ment of  the  embryo,  its  partial  destruction  or  its  com 
plete  destruction.  In  all  instances  the  chorion  proves  to 
be  the  most  resistant  tissue  and  continues  to  grow  after 
forming  a  large  cyst-like  ovum,  but  occasionally  collaps- 
ing to  form  a  fleshy  mole.  AVheu  the  primary  trouble  is 
in  the  embryo,  usually  the  chorion  apjiears  normal ;  but 
when  the  primary  trouble  is  in  the  chorion  tlie  embryo 
is  immediately  affected,  often  resulting  in  its  strangula- 
tion. In  the  younger  strangulated  embryos  the  tissue 
reactions  are  very  raarlved,  while  in  the  older  strangu- 
lated specimens  there  is  a  slow  and  irregular  growth,  but 
not  development  of  the  organs. 

In  addition  to  the  atrophic  embryos  and  moles  there  is 
a  group  of  vesicular  forms  which  are  extremely  ditlicult 
to  understand.  It  has  frequently  been  asserted  that  this 
group  represents  early  pathological  embryos,  but  as  yet 
no  positive  proof  has  been  brought  forward  to  substan- 
tiate this  view.  All  the  specimens  at  my  disposal  indi- 
cate that  the  vesicle  is  the  umbilical,  for  in  it  there  is 
found  the  characteristic   mesoderm    with  blood-vessels 


filled  with  blond.     This  is  naturally  what  we  would  ex- 

])cet  to  linil.  as  the  blood  ves.sels  arise  in  the  umbilical 
vesicle  and  grow  intcj  liie  emiiryo.  In  the  very  early 
normal  human  embryo,  described  recently  by  Peters,  we 
have  a  very  small  amnion  eomjiletely  closed  with  tlic 
head  end  of  the  amnion  not  wholly  covered  with  meso- 
derm. There  can  be  no  question  about  this  specimen 
being  normal.  I  lliink.  on  this  account,  that  the  young 
sjiecimen  (No.  xi.)  described  by  nie  several  years  ago  must 
now  be  considered  pathological.  Yet  this  does  not  indi- 
cate that  the  amnion  never  communicated  witli  the  cu-- 
loni.  None  of  the  facts  ar('  against  this  liypothcsis,  und 
many  of  the  pathological  S])eciniens  in  iny  collection 
speak  for  it.  At  any  rate,  the  walls  of  the  vesicular 
forms  are  not  only  formed  of  a  layer  of  mesoderm,  in 
wliich  are  embedded  blood-vessels  and  lined  with  a  hiyer 
of  entddenu  cells,  but  are  covered  with  a  layer  of  epithe- 
lium which  in  a  number  of  speeiiuens  foini  an  invagina- 
tion— the  amnion.  This  outer  covering  of  the  vesicle, 
which  I  shall  term  the  ectoderm,  may  repn'sent  an  early 
normal  form  of  the  ectoderm  or  it  may  represent  a  <lis- 
placcd  ectoderm  in  a  stage  as  early  oV  earliiT  than  the 
Peters  specimen. 

The  ectodermal  covering  of  the  vesicle  is  usually  pres- 
ent in  the  vesicular  forms  and  nearly  always  absent  from 
the  umbilical  vesicle  in  the  normal  embryo.  In  a  large 
collection  of  serial  sections  of  normal  embryos  I  have 
foiunl  it  present  but  once.  These  facts  can  he  interpreted 
in  either  of  the  ways  given  above  and  need  not,  there- 
fore, Ijc  discussed  further.  At  any  rate,  the  epithelial 
layer  covering  the  vesicle  in  the  i>athological  ova  is 
nearly  always  present,  and  in  my  description  of  them  I 
shall  assume  that  it  is  the  ectoderm. 

The  fact  that  there  is  so  great  a  morphological  differ- 
ence between  the  vesicular  embryos  and  the  older  patho- 
logical embryos  makes  it  likely  that  some  very  marked 
barrier  lies  between  the  two  varieties.  This  undoubtedly 
is  the  amnion,  for  in  the  one  it  is  absent  or  not  clo.sed,  and 
in  the  other  it  is  present.  In  order  to  bring  the  vesicular 
forms  into  any  sort  of  harmony  it  is  necessiiry  to  assume 
that  the  ectodermal  covering  of  the  vesicle  is  either  a  dis- 
placed amnion  or  that  it  is  an  arrested  development  of 
an  extremely  early  normal  stage. 

That  the  cavity  of  the  amnion  may  liave  commtini- 
cated  at  an  early  stage  of  its  development  with  the  coe- 
lom  is  indicated  by  Giacomini  in  his  thirteenth  commu- 
nication.'- The  pathological  embryo  in  the  sjiecimen  he 
describes  is  not  entirely  encircled  by  the  amnion,  for  the 
head  of  the  embryo  protrudes  through  an  opening  into 
the  cceloni.  A  similar,  but  normal  specimen,  is  described 
by  Siegenbeek  Van  Ileukelom.'^  This  s])ecimen  dates 
from  the  end  of  the  second  week.  The  amnion  is  not 
complete.  In  two  successive  sections  the  amnion  has  in 
it  an  opening  in  the  dorsal  median  line  which  Van  Heuke- 
lom  believes  to  be  artificial,  for  free  chromatin  granules 
are  present  in  the  tissues  in  the  immediate  neighborhood 
of  the  opening.  A  similar  condition  is  present  in  the 
Peters  embryo,  as  the  amnion  is  not  entirely  enclosed 
with  a  layer  of  mesoderm  but  protrudes  into  the  ccelom. 

The  first  vesicular  specimen  of  my  collection  wliich  I 


Table  IV. — Vesicular  Forms  of  Pathological  E.mbryos. 


Number. 


xm 

cxxxiv 

XI 

LXXXVII 

LVIII 

LXXVIII 

XXIV 

XIV I  30  mm 

CXXXIII 1  IT  X  14  mm 

XXI 40x:)()mm  .... 

CXXX 15X10X   6ram 

cxLvii soxzrxao  mm 

CXLIII 


Dimensions  of 
ovum. 


8X    7  mm 

17  X  llmin 

10  X   7  mm 

34  X  16  X  9  mm  . 
SOX  18  X  13 ram.. 
36X33X1.3  mm.. 

1  X  16X    .5mm,. 


Dimensions  of 
vesicle. 


1.0X6X6mm.,, 

9,0X  3mm 

1..T  X  1  mm 

2.5  mm 

B.Omm 

1.0  X  6  mm 

2.6  mm 

1.5  mm 

2.0  X  1.3  mm 

5.3  X  3.5  mm 

4.0  X  3  X  1.3  mm  . 
1.0  mm 

23.0  X  10  mm 


Time  between 

last  iwriod 
and  abortion. 


33  days . 

41  days . 

42  days  . 
71  days . 
87  days . 


27  days . 
14  days . 


Amnion  fortneil. 
Amnion  partly  formed. 
Amnion  partly  formed. 
Par-tial  amnion. 
Partial  amnion. 
Multiple  amnion. 
Multiple  amnion. 
No  amnion. 
No  amnion. 
No  amnion. 
No  amnion. 
No  amnion. 
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shall  describe  is  No.  xm.     It  is  a  double  vesicle,  amnion, 
and  umbilical  vesicle  attached  to  the  chorion.     The  C(r- 

lom  is  filled  with  a  con- 
siderable quantity  of  mag 
ma  reticulate.  The  walls 
of  the  vesicles  are  fibrous 
and  thickened,  and  be- 
tween them  there  is  a 
thickened  mesoderm.  The 
I  issues  of  the  vesicles  and 
I  heir  cavities  are  filled 
with  a  considerable  num- 
ber of  miffratiuE;  cells. 
Figs.  1870-187-2  sliow  all 
the  layersof  tlie  embryonic 
mass  in  their  normal  posi- 
tion with  two  large  blood- 
vessels embedded  in  the 
mesoderm.  In  the  em- 
brjonic  stalk  the  blond - 
vessels  unite  into  a  .single 
trunk.  There  is  no  heart. 
The  stage  of  this  specimen 
is  midway  between  Graf 
H.  and  Gle.,  and  a  little  earlier  than  the  em- 

This  specimen 


Fig.  1.x:u.  Si-.ti.'ii  ibmiKrh  the 
rmhilical  Vesicle  and  Cborion  of 
Specimen  No.  XIII..  His'  No. 
XLIV.  BhKxl  corpuscles  are 
within  the  cavity  of  the  vesicle. 
X  30  times. 


Spec's 

bryo  Eternod  '•■  lias  described  lecently. 
shows  also  that  the  blood- ves.sels  filled 
with  blood  may  grow  to  the  chorion 
bel'oie  the  heart  has  even  existed. 
This  fact  is  not  remarkable  when 
considered  in  connection  with  our 
knowledge  of  the  growth  of  the 
blood -ves.sels  from  the  umbilical  vesi- 
cle to  the  body  of  the  embryo  to  fonn 
the  lieart.  Kiirthermor<',  Loeb'-'  has 
shown  recently  that  when  the  heart 
of  embryo  fishes  is  poisoned  with  K( '! 
a  complete  set  of  blood-ves.sels  K 
developed  without  any  circulation 
whatever.  The  fact  that  blood-ves- 
sels may  grow  into  the  villi  of  the 
chorion  without  the  picsence  of  cir- 
culation or  blood  corpuscles  and  the 
great  power  the  blood  corptiseles 
possess  to  wander  through  any  of  the 
tis.siU'S  of  the  embryo,  exclude  to  a 
great  extent  Ihe  mechanical  idea  of  the 
first  formation  of  the  bhxKl- vessels. 

The  beginning  of  the  arrest  of  development  in  speci- 
men XIII.  must  have  taken  place  after  the  amnion  was 


Xo.  XIII.  an  intermediate  stage  between  the  nodular  and 
atrophic  abnormal  embr^-os. 

One  of  the  most  remarkable  specimens  which  may  be 
discussed  in  this  connection  is  No,  cxxxrv.     From  exter- 


Fio,  IWl.— Section  throuRli 
lar  Veins,  Umhilical  Vesn 
XIII,    X  30  times. 


Fig,  1872.— Section  throutrli  the  linlulical  Vesicle  as  It  Joins  Ihe 
Chorion  in  No.  XIII,  x  'M)  tiTiies.  The  large  in'egiilar  space  in  the 
chorion  is  a  blood  space  which  cttnmuinicates  with  the  veins  of 
the  embryo. 


nal  ajipearances  the  ovum  cnnnot  be  over  seventeen  days 
old.  A  few  days  before  the  abortion  took  jilaee  the 
ovum  was  punctured  and  a  clot  of  mother's  blood 
formed  within  the  civlom.  The  ac- 
tivity of  the  leucocytes  was  terrific, 
for  they  encircled  the  eiiibryo,  entered 
its  tissues,  and  invaded  the  chorion. 
AVe  can  fairly  presume  that  the  em- 
bryo was  inf<'cted  with  mother's 
blood  somewhere  in  the  neighbor- 
hooilof  the  twelfth  day  of  pregnancy, 
and  that  its  development  was  partly 
arrested  at  that  tim<'.  Williin  Ihe 
ovum  there  is  a  large  vesicle  which 
iscollapsi'd  (Fig.  1873),  It  isattached 
to  the  chorion  by  means  of  a  firm 
pedicle.  The  bloodvessels  of  the 
embryo  reach  to  the  chorion  and  enter 
the  villi  iiuinediately  over  the  attach- 
ment of  the  pedicle  to  the  chorion. 
In  addition  to  the  reaction  between 
the  leucocytes  of  the  niolhcr  and  the 
cells  of  the  embryo  the  most  remark- 
able thing  is  the  arrangement  of  the 
germ  layers. 

Fig.  1873  shows  in  general  the  <-ollapsed  vesicle,  com- 
posed mostly  of  two  layers  with  a  deep  and  short  invagi- 
nation of  a  layer  which  appears  to  be  the  ectoderm.  The 
cells  of  the  ecto<lerm  are  from  three  to  si.x  cells  deep,  and 
the  whole  layer  has  very  sharp  holders.  Immediately 
below  this  layer  there  is  a  sharp  layer  of  single  cubical 
cells,  the  entoderm.  On  the  side  opposite  the  invagina- 
tion there  is  also  a  double  layer,  the  inner,  or  entoderm, 
the  outer,  or  mesoderm.  In  general,  one  can  see  in  this 
specimen  many  characteristics  of  the  layers  of  the  vesicle 


IS!-.' 


completely  formed.  Had  it  continued  to  grow  it  might 
have  produced  an  embryo  like  cxv.  descrilied  above.  An 
earlier  stage  could  hardly  have  done  this,  so  we  find  in 


s::).— Section  throuch  the  Ovum  and  Enil-i      i  .     >  -'  le  of  No, 

CXXXIV.    Tlie  uniWIIcal  vesicle  is  torn  and  coiiMpsc.i.  the  invagi- 

natioii  of  its  walls  and  the  myotome-lilie  bodies  are  shown.    B, 
blood  clot ;  L,  leuc<K'ytt?s. 

of  No.  XI.  (Figs.  1874  and  1875).  The  marked  difference 
is  in  the  direction  of  the  invagination;  in  xi.  it  is  away 
from  the  stem,  while  in  cxxxiv.  it  is  toward  it.  In  ad- 
dition, the  ectoderm  lining  the  invagination  of  embryo 
cxxxn'.,  the  mesoderm  on  the  side  near  the  blood  clot,  is 
arranged  in  a  peculiar  manner,  suggesting  myotomes. 
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There  are  five  of  them,  and  they  are  siincnin(l<'(l  with 
embryo  blood  as  well  as  UMicocytis.  The  wrong  direc- 
tion of  the  invagination  of  the  celoilerm,  and  its  wrong 
relation  to  the  "niyotonies,  "  make  it  extremely  dilticult 
to  interpret  this  specimen.  1  am  inclined  to  tlie  opinion 
that  the  clot  of  blood  arrested  the  development  of  the 
embryo  when  it  was  in  the  stage  represcnied  by  No.  xi., 
but  that  the  parts  continued  to  grow,  shifting  the  layer 
into  this  abnormal  position.  The  amnion  did  not  close, 
the  blood-vessels  of  the  embryo  failed  to  form  a  heart, 
but  continued  to  grow  in  all  directions  through  the  wails 


flfi.  1874.— Section  thniugh  the  tiiiliilifal  Vesicle  and  its  Invagina- 
tion of  spwiiiien  No.  XI.  >:  .5(1  times.  The  tbree  la.vers  correspond 
with  the  ectodenu,  mesoderm,  and  entoderm.  The  invagination 
marlvs  the  cavity  of  the  amnion. 

of  the  vesicle,  its  stem,  the  chorion  and  some  of  its  villi. 
The  mesoderm  continued  to  develop  for  a  while  and  pro- 
duced aborted  myotomes. 

A  specimen  similar  to  the  experimental  embryo 
cxxxn'  is  No.  xi.  Tliis  .specimen  has  been  describrd  in 
detail  in  the  Join-nfd  of  Mnrphology,  vol.  xii..  and  in  the 
Johns  Hopkins  Hospital  Reports,  vol.  ix.  At  that  time 
1  used  this  specimen  as  a  basis  upon  which  to  construct 
«  theory  -of  the  formation  of  the  anmion.  The  general 
arrangement  of  the  layers  is  given  in  Figs.  187-1  and  1875. 
Entoderm  within,  mesoderm  with  blood-vessels  in  the 
middle,  and  a  thick  ectodermal  plate  on  the  outside.  A 
deep  invagination  of  all  three  lay- 
ers is  the  amnion.  A  sharp  allan- 
tois  is  within  the  stem. 

Specimen  i.xxxvii..  Figs.  1870 
and  1877.  corresponds  with  xi.  as 
well  as  with  cxxxiv.,  which  Is  an 
experiment  upon  a  normal  em- 
bryo. The  age  of  this  specimen 
is  about  in  the  neighborhood  of 
two  and  a  half  to  three  weeks, 
judging  by  a  normal  embryo 
which  was  within  this  same  ovum. 
The    large   vesicle    1   believed  ai 


alterations.  Its  walls  arc  made  up  of  three  distinct  lay 
ers— an  outer,  composed  of  cylindrical  cells;  a  nu'ddle 
in  which  are  located  blood  islands:  and  an  inner  com 
posed  of  flat  cells. 
With  tlie  exception 
of  its  thickened 
walls,  it  appears  as 
a  normal  umbilical 
vesicle  which  is  in- 
verted. The  outer 
epithelial  layer  does 
not  cover  the  entire 
vesicle.  On  one  side 
there  is  a  deep  inva- 
gination of  all  three 
layers,  as  shown  in 
the  figures. 

The  presence  of 
tliis  vesicle,  in  addi- 
tion to  a  normal  em- 
bryo within  the 
ovum,  is  in  itself  re- 
markable. I  am  in- 
clined to  interpret  it 
as  an  abnormal  sec- 
ond embryo.  The  in- 
vagination brings  it 
in  line  with  the  em- 
bryos described 
above.  Remarkable 
is  it  that  the  outer 
layer  is  so  extensive, 
that  the  invagination 
is  so  small,  and  that 
blood  islands  are  in- 
cluiled  in  the  walls 
of  the  invagination. 

Closely  related  to 
Lxxxvii.  is  specimen 
Lviii.,  Figs.  1878  and 

1879.  The  mesoderm  of  the  vesicle,  pedicle,  and  cho- 
rion is  fibrous  and  decidedly  abnormal  in  appearance. 
Witliin  the  pedicle  there  are  a  few  large  blood  islands. 


Fig 


FifiS.  IK'S  and  1877.— Sections  thmiieh  the 
Vesicle  and  Chorion  of  Specimen  No. 
LXXXVII.  ;■  2.1  times.  A  dwi»T  por- 
tion of  the  invapination  in  He.  IST'l  Is 
shown  cut  in  crn,<s  si'i-iion  in  ¥\k.  Ibn. 
Blood  islands  are  in  the  mesoderm. 


Fig.  IST-i.— Section  throiijrh  the  Stem  I'nlt- 
injr  the  Umbilical  Vehicle  with  the  Cht*- 
rion  in  No.  XI.  ;■  .iti  times.  The  cavity 
within  the  stem  lined  with  epithelium 
is  the  aUaniois. 


first  tc  be  the  umbilical  vesicle  of 
the  embryo  present  in  the  ovum, 
but  sections  of  them  both  showed 
that  the  embryo  had  its  own  nor- 
mal umbilical"  vesicle,  while  the 
additional  vesicle  showed  marked 


FIG.  1879.  Fic.  1878. 

Fic  is-s  — spctions  throueh  the  Vesicle  and  its  .attachment  on  the  Chorion  from  Sptvimen  S"o. 
LVIli  ■  111  times  Within  the  stem  there  is  a  sharply  deHiied  cavity  lined  with  epilhelium 
and  an  hour-Klass-Uke  spiice  Blled  \vith  bl.xxl.  On  one  side  the  stem  is  covered  with  epi- 
thelium. „.     ,__       .        j-«.. 

Fig.  1879.— The  Cavity  of  the  Stem,  shown  m  Fig.  1878,  enlaiKed  aO  times. 
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In  the  ueigliboiiiood  of  lliem  tliere  is  a  space  lined 
witli  a  sharp  layer  of  epitlielial  cells  which  might  be 
interpreted  as  an  arn'St  of  development  of  a  stage  like 
Graf  Spec's  v.  H.  Ou  the  outside  of  the  pedicleT  how- 
ever, there  is  a  distinct  layer  of  epithelial  cells,  whicli 
brings  this  specimen  in  harmony  with  the  others  di' 
seriljed  above.  Jly  interpretation  of  this  specimen  is  a 
partial  formation  of  the  amnion  with  most  nf  the  ccto- 


and  1887,  a  specimen  without  any  amnion  whatever.  The 
vesicle  is  covered  with  a  layer  of  epithelial  cells  (ec- 
toderm) which  has  fallen  off  "in  part.     There  are  a  few 


Fig.  im). 


FIG.  1882. 

Figs.  l.S'fl.  lasi.  and  IKs:;.  -The  Scrtimis  tlimuirli  the  Vesicle  and  CIio- 
rlonof  Xo.  I,.\XVIII.  •  ID  times.  Blixid  wlililn  the  onvitv  of  the 
vesicle.  The  stem  Is  panly  ciivered  wlih  epithelium  and  there  Is  a 
double  amnion,  shown  in  Fig.  ItitiO. 

derm  on  the  outside  of  llie  vesicle.  A  siinihir  condition 
is  founil  in  specimen  i.xxviii..  Figs.  1880-1882.  Here 
again  there  is  an  epithelial  layerarotmd  the  jieriphery  of 
the  stem  with  a  double  amnion  lined  with  higli  epi'ilie- 
lium  just  bencatii  it  (Fig.  It^.SO).  There  are  also  blood 
islands  in  the  mesoilerm  of  the  pedii-le.  Much  more 
marked  than  any  of  the  above  is  the  condition  found  in 
XXIV..  Figs.  1883-1885.  We  have  here  an  ectoderm  of 
varying  tliickness  covering  a  large  slmre  of  the  vesicle, 
dipping  into  the  depth  jit  numerous  points  to  produce 
solid  plugs  as  well  as  invaginations.  There  are  also  nil 
nicroiis  epithelial  tubes  within  the  iiedide  wiiieh  ilo  not 


Fig.  1883.— Section  through  the  Vesicle  and  (  horlon  of  Specimen  No. 
XXIV.  X  25  times.  There  are  a  multiple  allanlois  and  multiple 
amnion  with  a  thick  layer  of  epithelium  over  the  vtslcle. 

communicate  with  the  outer  epithelial  layer.  In  this 
specimen  we  again  have  multiple  amnion  made  intelligi- 
ble from  all  of  the  specimens  just  described. 

In  addition  to  the  specimen  in  which  the  amnion  is 
either  partial  or  multiple,  we  Iw.'e  in  xiv.,  Figs.  1886 


-Deeper  Section  through  ND.  XXIV.,  showing  the  Branc-h- 
ing  Allarituls. 

blood  islands  jiresent.  There  tire  also  two  spaces  in  the 
choi-i(m  which  do  not  communicate  with  the  main  cavity 
of  the  vesicle  and  they  aic  lined  with  a  layer  of  thin 
cells.  These  may  be  remnants  of  the  amnion,  but  their 
appearance  differs  so  from  the  amnion  in  other  specimens 
that  I  am  not  inclined  to  accept  such  an  explanation. 
Below  ihem,  embedded  in  the  chorion,  there  is  a  nest  of 
syncytial  cells. 

With  the  hypothesis  that  the  epithelial  covering  of 
the  ve.siclo  anil  the  epithelial  tulies  in  the  stem  are  de- 
rived from  Ihe  eelodenn.  all  of  these  pathological  speci- 
mens of  the  vesicular  form  can  be  explained.  I  liave 
constantly  conipareil  them  with  numerous  sets  of  serial 
sections  of  normal  uinbilieal  vesicles  of  all  ages,  and  have 
never  found  this  epithelial  covering  of  the  umbilical  vesi- 
cle of  the  normal  eml)iyo  like  that  in  the  pathological. 
In  one  instance'  the  umbilical  vesicle  of  a  pathological 
embryo  of  the  fourth  week  (xcvii.))s  covered  with  a 
layer  of  epithelial  cells. 

While  we  have  all  variations  in  the  growth  of  the  ecto- 
dernuil  covering  of  the  vesicle,  we  also  have  variation  in 


Fig.  1883.— a  DeeiHT  Section  of  the  Vesicle,  showing  the  Irregular 
Thickening  of  the  Ectoderm  and  Euiodenu. 

tlie  growth  of  its  entodermal  lining.  In  general,  there 
is  a  tendency  for  the  pedicle  of  the  vesicle  to  become 
destroyed,  thus  lilierating  the  vesicle  from  the  chorion. 
Hand  in  hand  with  this  [irocess  there  is  an  arrest  of  the: 
development  of  the  allanlois.  Usually  there  is  none. 
My  inclination  is  to  consider  the  cavity  in  the  pedicles  of 
xiV.  and  XXI,,  Fig.  1886.  as  the  allanlois  which  has  been 
separated  from  the  umbilical  vesicle.  Yet  this  is  only  an 
opinion.  In  specimen  i.xxviii.  the  cavity  of  the  umbili- 
cal vesicle  extends  well  into  the  chorion  (Fig,  1882),  and 
this  condition  may  be  viewed  as  dilatation  of  the  allan- 
lois. In  specimen  xxiv,.  Figs.  1H83.  1884.  with  the  mul- 
tiple amnion,  we  also  have  a  multiple  allanlois.  Its 
bi-anches  subdivide  niiiny  times,  as  the  figures  show. 

In  all  the  pathologic;d  specimens  there  are  blood  islands^ 
in  the  iH-dicle,  This  fact  establishes  the  meaning  of  the 
vesicle.  It  is  the  remnant  of  the  embryo  and  its  umbili- 
cal vesicle.     Prom  it  the  blood-vessels  grow  to  the  cho- 
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rion,  and  in  all  the  pathological  specimens  of  vesicular 
fomi  they  do  not  reach  it.  The  same  statement  applies 
to  all  ova  in  which  the  embryo  was  destroyed  at  an  early 


Figs.  1S86  and  1887.— Sertion  through  the  Nodule  (Vesicle)  of  Speci- 
men Xo.  XIV.  X  2.5  times.  A  few  blood  islands  are  within  the 
stem  as  well  as  an  enclosed  mass  of  syncytium.  These  are  also  still 
in  the  chorion.  The  nodule  is  coyered  with  a  layer  of  epitheUum 
which  has  fallen  oil  at  points. 

date.  If  the  embryo  is  fairly  well  formed  before  it 
started  to  disintegrate,  there  are  blood-vessels  with  or 
without  blood  in  the  chorion. 

What  I  have  called  umbilical  vesicle  is  undoubtedly, 
in  some  instances,  what  Giacomini  calls  amnion  in  his 
earlier  commimicatious.  The  presence  of  bloodvessels  is 
the  main  evidence  for  my  calling  these  vesicles  umbili- 


dcrmal.  Other  observations,  enumerated  above,  also 
speak  for  this  interpretation. 

A  single  vesicle  just  si^paraled  from  the  chorion  is  found 
in  No.  cxxiii..  Fig.  ls«!).  This  vesicle  is  complet<-ly 
separ!it«l  from  the  tliorion  with  its  poinleti  end  opposite 
a  pointed  mouud  within  the  choiion  showing  its  original 
connection.  A  similar  vesicle  is  in  s|>ecimen  CXX-X.,  but 
the  communication  may  have  broken  otT.  Another  spec- 
imen of  I  lie  same  kind  is  (xi.vit.  The  vesieli'  is  fully 
separated  from  the  cliorion  and  is  partly  covered  with  a 
very  thick  mesoderm  in  which  are  blood  vessels  tilled 
with  blood.  There  are  blood  ■ves.sels  in  lliechorion  in  the 
immediate  neighborhood  of  the  vesicle,  showing  that  at 
one  time  the  vesicle  must  have  been  connected  with  it. 

A  unique  specimen  is  shown  in  No.  cxi.iti.  There  are 
two  large  vesicles  which  do  not  communicate  and  are 


cal.  The  presence 
of  an  epithelial  cov- 
ering, especially  in 
the  neighborhood  of 
the  pedicle,  its 
forming  complete, 
partial,  or  multiple 
invagination  into 
the  vesicle  or  into 
its  stem,  are  my 
main  reasons  for 
designating  it  ecto- 


Fir.  l.sS.1.— Sif'tlon  thr  'U(rh  the  Vesicle  and 
Chorion  in  No.  XXI.  x  JTi  times.  Tlie 
se<ond  vesicle  between  the  larger  one 
and  the  chorion  appears  to  be  the  stem 
with  a  dilated  allantols,  altbougb  It  Is  not 
attached  to  the  chorion. 


FIG.  1889.— Section  tbrouKh  the  Vesicle  of  .Vo.  CXXIII.    X  25  times. 
Entoderm,  mesodemi,  and  blood  Islands  nre  shown. 

connected  with  the  chorion.  The  structure  of  their 
walls  could  not  be  made  out,  a.s  the  specimen  had  been 
in  alcohol  many  years.  The  vesicles  seem  to  represent 
the  amnion  and  umbilical  vesicle. 

The  primary  alleetinu  in  the  vesicular  forms  seems  to 
be  in  the  neigiiborhoml  of  the  pedicle.  At  this  point  all 
the  forces  come  together.  Through  it  the  bloo<|.ves.si'ls 
meet  the  chorion.  Into  it  the  amnion  and  allantois 
grow.  So  it  is  natural  that  forces  which  oveiilirow  the 
development  of  an  early  embryo  must  express  themselves 
at  this  point.  Franklin  P.  Mall. 
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EMETICS    are   medicines 

ised  to  produce  vomiting. 
Thev  are  1.  >i  lo  ,,.....;.  Some  of  the  medicines  for- 
merly cmploved  have  becune  ob.solete,  anil  others  are 
raielV  resorted  to,  because  their  emetic  operation  is  harsh 
and  disagreeable,  and  often  followed  by  injurioiis  conse- 
quences. 

The  principal  effect  of  emetics,  the  process  of  vomitiiig, 
is  esiscntiallv  the  stiine — no  difference  by  what  means  in- 
duced; butit  may  Iw  precedeil  and  followed  by  numer- 
ous phenomena  which  differ  greatly  in  intensity  and  du- 
ration according  to  the  agent  used.  These  phenomena 
will  be  considered  with  the  individual  emetics.     Here  we 
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may  profitably  study  tlie  common  effect  of  emetics,  the 
act  of  vomiting. 

In  order  that  vomiting  may  take  place,  certain  mus- 
cles. who.se  action  is  con.secutive  in  the  normal  state, 
mu.st  contract  simultaneously.  The  efferent  imimlsesco- 
ordinuliug  th(_'ir  movements  come  from  the  medulla  ob- 
longata, and  are  held  to  start  in  the  emetic  centre,  which 
is  closely  related  to  the  respirator}-  centre,  but  is  doubt- 
less more  extensive.  When  tliis  centre  becomes  e.xcited 
in  consequence  of  the  action  of  a  medicine,  or  of  a  mor- 
bid state  of  otlicr  organs,  such  as  the  stomach,  \iterus, 
peritoneum,  meninges,  cerebrum,  etc..  or  of  the  blood, 
as  in  urjeniia,  efferent  impulses  pass  from  it  to  the  vari- 
ous muscles  whose  simultaneous  contraction  is  necessary 
in  order  that  vomiting  ma}'  take  place. 

However  induced,  by  medicines  or  by  pathological 
.states,  tlie  process  of  vomiting  usually  begins  with  nausea 
and  a  flow  of  saliva,  which  is  partly  swallowed,  often 
witli  much  air.  Soon  retching  takes  place,  an  ineffectual 
effort  to  voiuit,  in  which  a  strong  inspiratory  effort  is 
made  while  tlie  glottis  is  closed,  so  that  no  air  can  enter 
the  lungs.  The  air  being  drawn  into  the  pharvn.x,  some 
•of  it  is  swallowed  and  helps  to  distend  the  stomach,  thus 
facilitating  the  act  of  vomiting.  Immediately  after  the 
inspiratory  effort,  and  while  the  diaphragm  is  power- 
fully contracted  and  forced  down  toward  the  stomach, 
a  strong  contraction  of  the  abdominal  muscles  occurs. 
Since  the  diaphragm  remains  contracted  and  the  glottis 
closed,  the  whole  force  of  this  expiratory  effort  is  spent 
in  pressure  upon  the  abdominal  organs,  and  especially 
upon  the  distended  stomach.  Sometimes  several  succes- 
sive retchinffs  take  place  before  the  contraction  of  the 
abdominal  walls  becomes  so  powerful  as  to  cause  tlie 
ejectment  of  the  contents  of  the  stomach.  When  this 
latter  liappens  the  cardiac  orifice  of  the  stoniach  is  widely 
dilated,  which  is  supposed  to  be  effected  by  contraction 
of  the  longitudinal  niuscular  fibres  of  the  tt'sophagus, 
especially  those  which  pass  from  the  end  of  the  O'soplia- 
giis  over  tlie  stiimaeli.  but  wliieli  nimc  juobably  results 
from  the  diminution  of  the  inlratlioraeic  pressure  neces- 
sarily following  the  powerful  inspiratory  effort  while  the 
glottis  is  closed.  The  intense  action  of  the  abdominal 
muscles,  which  causes  the  expulsion  of  the  contents  of 
the  stomach,  is  quickly  succec^ded  by  a  sudden  and  jiow- 
ertul  expiration,  which  jirevents  the  vomit  from  entering 
the  glottis,  and  ejects  mucus  or  otlirr  jiathological  pro(l- 
ucts  which  may  be  present  in  the  air  passages. 

During  the  contraction  of  the  alidoniinal  muscles  the 
<!irculati(m  of  blood  in  the  abdominal  vessels  is  interrupt- 
ed, and  hence  the  vessels  of  the  face.  necU.  conjunctiva, 
and  probably  of  the  brain,  become  distended. 

The  mode  of  action  of  most  emetics  is  doubtfid.  Of 
one  only,  apomorphiue.  is  it  clearly  proved  that  it  acts 
on  the  emetic  centre.  Of  ipecacuanha  and  tartar  emetic 
it  is  not  yet  fully  established  how  they  act,  whether  on 
the  oiuetic  centre  or  on  the  gastric  nerves,  or  both.  It  is 
generally  held  that  sulphate  of  zinc,  sulphate  of  copper, 
mustard,  and  alum  act  on  the  gastric  nerves,  though 
some  authors  hold  that  sulphate  of  zinc  and  sulphate  of 
copper  may  also  act  on  the  emetic  centre. 

According  to  the  supposed  action  <if  emetics,  they  have 
Tjeen  divided  into  two  groups:  direct  and  indirec*,  Tlmse 
supposed  to  act  on  the  gastric  nerves  have  been  called 
direct  emetics,  and  sometimes  local,  mechanical,  or  irri- 
tant emetics.  The  indirect  emetics,  which  are  supposed 
to  act  on  the  emetic  centre,  have  also  been  called  systemic 
emetics, 

Apomorphitm  Ili/d roc/do iri^. — The  emetic  action  of  this 
salt  was  observed  by  its  discoverers,  Wright  and  Mat- 
thiessen,  in  experiments,  but  Gee  first  investigated  its 
operation  on  man.  Numerous  careful  experiments  on 
man  and  animals  have  been  made  since  the  discovery  of 
its  emetic  power  (1869),  so  that  its  mode  of  action  and 
the  incidental  phenomena  preceding  and  following  its 
operatifm  have  been  clearly  elucidated. 

It  ])roduces  vomiting  by  acting  on  the  emetic  centre. 
This  is  evident  from  the  fact  that  when  injected  into  the 
subcutaneous  tissue  it  acts  more  sjieedily,  certairdy,  and 


in  smaller  doses  than  when  given  internally.  That  its 
operation  does  not  result  from  elimination  through  the 
gastric  mucous  membrane  is  proved  by  the  fact  tliat  in- 
travenous injection  is  followed  by  vomiting  in  animals 
whose  aorta  has  been  previously  ligated.  so  that  no  apo- 
morphiue can  be  conve_yed  to  the  stomach. 

Apomorphine.  in  appropriate  doses,  acts  speedily,  cer- 
tainly, and  gently. 

The  time  elapsing  between  the  subcutaneous  injection 
and  the  first  act  of  vomiting  may  vary  from  two  to 
twenty  minutes,  but  it  rarely  exceeds  ten  minutes.  In 
twelve  careful  observations  by  Riegcl  and  Boelim  the 
avera.ge  time  was  nine  and  a  half  minutes  after  injection 
of  the  average  dose  of  gr,  J,  In  six  other  observations  by 
the  same  physicians  vomiting  took  jilace.  on  the  average, 
in  five  and  a  half  minutes  after  average  doses  of  gr.  |. 

The  emetic  action  takes  place  with  great  certainty, 
unless  the  dose  is  too  small  or  too  large,  when  it  may 
fail.  It  may  also  fail  in  certain  patliological  states,  es- 
pecially in  lu'ofound  sojior  ju-oduced  by  narcotics,  and  in 
,sevei'e  dys]iiicea  with  cyanosis.  In  these  conililions  it  is 
supposed  that  the  emetic  centre  is  so  greatly  depressed 
that  aiiomorphine  cannot  excite  it, 

Usualh'  the  action  of  apomorphine  is  gentle,  and  at- 
tended by  slight  incidental  ]ilienomena.  Sometimes  the 
vomiting  occurs  quite  suddenly  and  unexpectedlj'.  with 
very  little  effort,  and  without  having  been  preceded  by 
notable  nausea  or  other  symptoms.  More  frequently  the 
act  of  vomiting  is  preceded  for  a  short  time,  usually  sev- 
eral minutes,  by  such  phenomena  as  are  incidental  to  the 
vomiting  ]u-ocess  however  induced.  There  occurs  slight 
nausea,  with  giddiness,  ringing  of  the  ears,  and  head- 
ache. Frequently  there  takes  place  a  copious  flow  of  sa- 
liva, with  free  perspiration.  The  patient  ma_v  complain 
of  some  pra'cordial  distress;  or  he  may  yawn,  and  be- 
come languid  and  sleepy.  Retching  soon  takes  place, 
and  is  rapidly  followed  by  voiniling.  In  rare  instances 
the  patient  during  the  ])eriod  nf  nausea  becomes  restless, 
and  presents  molor  disorder,  such  as  rliythmical  move- 
ments of  the  head,  siijiination  and  |iroiialiou  of  the  fore- 
arms, spasmodic  movements  of  the  lower  jaw,  and  hic- 
cup, 

IJefore  vomiting  ensues  the  pulsi'  becomes  accelerated, 
but  afterward  slow.  The  blood  |U'essure,  according  to 
Ilarnack,  does  not  become  increased,  from  which  it  is  in- 
ferred that  the  frer|uent  pulse  results  fnim  excitation  of 
the  aeceleiat<ir  nerves.  In  some  patients  very  little  or 
no  change  in  the  puLse  rate  is  observable.  The  respira- 
tions beconii'  rapid  and  ,superficial  before  vomiting,  and 
afterward  slow. 

The  act  of  vomiting,  after  an  ordinar.v  dose  of  apo- 
morjihine,  may  occur  but  once,  or  be  repeated  several 
times,  occasionally  from  four  to  eight  times.  It  is  usually 
(piick  and  easy  if  the  stomach  is  distended,  but  preceded 
by  ineffectual  retching  if  the  stomach  is  empty.  Be- 
tween the  acts  of  vomiting,  when  they  occur  several 
limes,  the  patient  feels  weak,  yawns  occasionally,  and 
sweats  freely.  Sometimes  copious  salivation  takes  place. 
The  nausea  continues,  often  with  eructations  and  retch- 
ing. After  the  last  act  of  vomiting  nausea  may  persist 
for  a  short  time :  the  patient  is  much  relaxed,  and  usually 
very  sleepy.     The  depres.sion  is  rarely  intense. 

All  the  symjiloms  produced  by  apomorphine  wholly 
disappear,  as  a  rule,  in  fmm  thirty  minutes  to  two  hours. 

In  young  children  ap]u-(ipriate  iliiscs  generally  cause 
vomiting  very  rapidly,  the  time  ela]ising  between  the  in- 
jection and  the  first  act  of  vomiting  varying  from  three 
to  seven  minutes  (.lurasz).  In  from  one  to  three  minutes 
the  child  exhibits  evidences  of  its  action.  Usually  it  be- 
comes more  quiet,  yawns  occasionally,  grows  jiale,  and 
has  a  staring  look.  Infants  not  rarely  present  symptoms 
of  depression;  the  head  droops,  the  extremities  become 
cool  and  powerless,  the  face  very  pale,  the  pulse  feeble, 
and  the  general  a]jpearance  resembles  that  of  narcotic 
poisoning.  According  to  Jurasz,  these  phenomena  soon 
vanish  after  the  cessation  of  vomiting.  Then  the  child 
still  perspires  freely,  and  has  a  copious  flow  of  .saliva, 
but  soon  becomes  sleep}',  and  usually  goes  to  sleep.     Af- 
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ter  several  hours  of  r<st  it  awakes  fully  restored  to  its 
onliuary  eoiulition.  Tluis  the  elfeels  produced  by  apo- 
morphiiie  in  infants  are  marked  liy  greater  <leprcssioii 
than  in  adults.  This  is  supposed  to  he  due.  not  to  a 
specific  action  of  the  medicine,  but  to  tlie  nausea,  for 
which  infants  have  great  susceptibility  and  little  endu- 
rance. 

Sometimes  alarming  depression  has  followed  moderate 
doses  in  adults.  Thus  gr.  }.  caused  intense  collapse  in  a 
strong  man  (Dujardin-Heaumetz).  In  the  ease  of  an  old 
man  gr.  y,- failed  to  proiiuee  emesis,  but  caused  agitation, 
dinmess  of  sight,  small  pulse,  yawning,  copious  flow  of 
saliva,  and  somnolency  (Jloeller).  After  doses  of  gr.  ^'j 
to  gr.  f'j  a  woman  hail  repeated  attacks  of  syncope,  with 
alternating  myosis  and  mydriasis,  and  convulsive  twitch- 
ings  of  the  corners  of  the  mouth  (Prevost).  In  young 
children  appropriate  rloses  sometimes  produce  spasmodic 
movementsof  the  head,  extremities,  jaws,  and  diaphragm, 
with  hypera'sthesia  (Jurasz). 

Excessive  doses  may  fail  to  produce  vomiting,  and  he 
followed  by  alarming  symptoms,  although  generally  they 
are  not  followed  by  severer  symptoms  than  moderate 
doses.  Professor  Pecholier,  after  an  injection  of  nearly 
gr.  ^,  had  ineffectual  retchings,  then  suddenly  became 
unconscious,  and  ceased  to  breathe.  After  anotlier  injec- 
tion he  vomited,  and  fell  into  a  state  of  profound  collapse, 
from  which  he  was  rescued  by  liypodermatic  injections 
of  ether  and  the  apiilication  of  sinapisms. 

Apomorjihine  is  appropriate  in  all  cases  indicating  the 
use  of  an  emetic.  It  should  be  employed  whenever  a 
speedy  evacuation  of  the  stomach  is  necessary,  as  in 
cases  of  poisoning,  and  when  the  stomach  is  inllamed, 
and  hence  liable  to  be  injured  by  the  irritant  emetics. 
It  is  specially  indicated  when  patients  are  unable  or  un- 
willing to  swallow,  as  in  trismus  and  insanity. 

Apomorpliine  is  administered  hypodermaticallj'.  It 
never  produces  notable  irritation,  even  when  concen- 
trated solutions  are  injected. 

According  to  Jurasz  and  other  observers,  the  following 
■doses  are  suitable  for  children:  From  birth  to  three 
months,  gr.  ^iv  ^^  »V'  tliree  months  to  one  year,  gr.  ^'5 
to  -jV:  one  year  to  live  years,  gr.  -^^^  to  ^j^:  five  years  to 
ten  years,  gr.  ^'j  to  ^'j.  For  adults  the  close  varies  from 
gr.  -jJj  to  J.  Females  and  weakly  males  require  somewhat 
smaller  doses,  from  gr.  -^g  to  i. 

Generally  one-percent,  solutions  are  employed  for 
adults,  and  one-half-per-cent.  for  children.  The  solution 
rapidly  becomes  green,  but  retains  the  emetic  propertj- 
for  a  long  time.  It  is  a  good  rule  to  remain  with  the  pa- 
tient for  some  time  after  the  injection  has  been  made,  in 
order  to  apply  restoratives  should  inordinate  depression 
result. 

Ijii'caciiiinlia. — As  an  emetic  ipecacuanha  is  character- 
ized by  slowness  and  mildness  of  action.  Its  activity  is 
due  to  the  presence  of  an  alkaloid,  called  emetine,  which 
it  contains  in  great!}'  varying  ciuantities.  Podwyssotzki 
found  in  the  best  kinds  of  ipecacuanha  from  three- 
fourths  to  one  per  cent,  of  emetine,  and  in  the  poorest 
only  from  one-fourth  to  one-half  per  cent. 

The  mode  of  action  of  emetine  is  doubtful.  Most  au- 
thors incline  to  the  view  that  it  results  from  an  irritant 
action  upon  the  iicri]ihei'al  termination  of  the  vagus 
nerve  in  the  stomach,  because  it  acts,  when  given  inter- 
nally, in  smaller  doses  than  when  injected  subcutane- 
ously,  and  just  as  rapidly,  and  because  it  has  been  discov- 
ered in  the  vomit  after  "subcutaneous  injection.  Others 
hold  that  it  acts  on  the  emetic  centre,  because  it  causes 
vomiting  after  all  modes  of  administration,  internal,  sub- 
cutaneous, intravenous,  etc. :  and  beeau.se  they  failed  to 
detect  it  in  the  vomit  or  any  secri'tion  or  <>xcretion  after 
subcutaneous  or  intravenous  injection  iPodwys-sotzki). 

Ipecacuanha,  or  its  active  juinciple,  emetine,  acts 
slowly  even  when  maximum  doses  are  given.  Rarely 
does  vomiting  occur  before  twenty  miiuites  after  doses 
of  one  scruple,  and  usually  not  before  thirty  minutes, 
Emesis  results  in  about  the  sitnie  time  after  subcutane- 
ous injections  of  emetine.  When  small  or  moderate 
doses  of  ipecacuanha  are  administered,  vomiting  may  be 


delayed  for  a  longer  time.  Thus  Ackerniann.  in  trials 
with  ten  grain  doses  given  at  intervals  of  tifteen  minutes, 
found  that  vomit ingoccuiri'd  in  lliree-(|uarters(il  an  hour. 
Sometimes,  liowever.  very  small  iloses,  two  to  li\c  grains, 
act  in  twenty  or  thirty  minutes.  This  is  due  in  pari  to 
the  varying  c|uantities  of  the  active  principle,  luit  more 
generally  to  the  notable  susceptibility  of  some  persons  to 
its  action. 

Even  in  very  laigc'  doses  ipceaiuiudia  always  acts 
mildly,  llie  act  of  vomiting  oc<  iirriuLT  but  once  or  twice. 
DoubtUss  this  is  due  to  the  expulsion  of  the  greater  ]iart 
of  the  emetine  before  it  can  act  upon  the  gastric  nerves 
or  become  absorbed;  for  in  animals,  aftrr  subcutaneous 
injections  of  large  <loses  of  emetine,  llie  act  of  voniitiug 
is  repeated  three  or  four  times  at  long  intervals. 

The  incidental  phenomena  are  usually  slight.  Some 
times  the  nausea  is  decided,  and  attended  by  marked 
general  relaxation:  and  there  may  occur  a  coiiious  How 
of  saliva,  free  perspiration,  giddiness,  sliudilerings.  rapiil 
pulse,  eructations,  and  repeated  rel(  hing  before  the  ael  of 
vomiting;  but  these  phenomena  iiuickly  subside  alter- 
ward,  the  patient  remaiiung  only  weak  anil  sleepy  for 
sometime.  Somelimes  looseness  of  the  bowels  occurs, 
especially  if  the  emetic  operation  is  much  delayed. 

The  quantity  of  ipecacuanha  required  to  iiroduce  vom- 
iting varies  greatly — in  some  patients  one  or  two  grains 
sulhcing.  in  others  less  than  twenty  or  thirty  grains  not 
succeeding.  Emetine  usually  acts  in  dnsesof  one  twelfth 
to  one-sixth  of  a  grain.  Aeeording  tf)  llusemann  it  more 
frequently  than  i|ieeacuanha  causes  loose  stools. 

Ipecacuanha  may  be  employed  in  all  ca.ses  requiring 
emetics,  if  speedy  action  be  not  neces.siiry.  It  has  usu- 
ally been  preferred  to  other  medicines  when  irritiiling 
substances,  such  as  indigestible  articles  of  food,  required 
removal,  or  when  aecuuiulations  of  nuieus  in  the  bron- 
chial tidies  were  inqieding  the  respiratory  jirocess.  On 
account  of  its  gentle  action  it  is  especially  suitable  for 
feeble,  old,  and  very  yoiuig  patients. 

For  ailidts  the  dose  of  ipecacuanha  varies  from  ten  to 
twenty  grains,  repeated  at  intervals  of  ten  or  tifteen  min- 
utes until  vomiting  occurs.  Genendly  it  is  given  in  the 
form  of  powder,  mixed  with  an  equal  quantity  of  sugar. 
For  very  feeble  patients  the  wine  is  preferable,  wliich 
may  be  given  to  adults  in  doses  of  half  an  ounce.  Ijirge 
draughts  of  te|>id  water,  taken  as  soon  as  nausea  begins, 
hasten  the  emetic  operation.  To  infants  and  young  chil- 
dren the  syrup  of  ipecacuanha  is  usually  administered  in 
do.ses  of  half  a  drachm  to  two  drachms  every  ten  minutes 
until  vomiting  result.s. 

Antimiinii  it  Potn-ixii  Turlriiii. — Tartar  emetic  is  noted 
for  severity  of  action,  and  hence  is  rarely  employed  ex- 
cept in  combination  with  ipecacuanha. 

Small  doses  act  slowly.  In  careful  trials,  Ackerniann 
found  that  half  a  grain,  repeated  at  intervals  of  fifteen 
minutes,  produced  vomiting  in  one  hour  and  three-quar- 
ters. But  doses  of  one  or  two  grains  frequently  opemte 
within  fifteen  minutes.  Often"  purgation  follows,  espe- 
ciall)'  when  the  vomiting  takes  place  slowly. 

The  incidental  symptoms  are  viry  pronounced.  They 
consist  of  intense  nausea.  |irofounil  nuiscular  relaxation, 
pallor  of  the  face,  .sluidderings,  free  perspiration,  giddi- 
ness, copious  salivation,  distress  in  the  epigastrium,  eruc- 
tations, and  severe,  often  violent,  and  frequently  repealed, 
retching.  The  act  of  vomiting  is  usually  repeated  a  num- 
ber of  times,  at  intervals  of  various  length.  Sometimes 
it  occurs  so  often,  and  is  attended  by  such  severe  nausea 
and  retching  as  to  cause  profound  collaiise,  marked  by 
deathly  pallor,  sunken  features,  superficial  breathing,  and 
weak  thready  pulse. 

Most  authorities  hold  that  tartar  emetic  produces  vom- 
iting by  acting  on  the  gastric  nerves.  The  fact  that  it 
causes  Vomiting  when  injected  into  a  vein,  or  into  the 
conni-ctive  tissue,  does  not  prove  that  it  acts  en  the 
emetic  centre,  for  the  quantity  required  to  produce  vom- 
iting wlien  thus  administered  is  larger  than  the  internal 
dose,  and  it  acts  more  slowly.  Besides,  the  medicine  ma}' 
i  he  detected  in  the  vomit  after  .subcutjineous  or  intraveu- 
I  ous  injection,  and  hence  comes  into  close  relation  with  the 
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nerves  of  the  stomach.  When  tartar  emetic  is  given  in- 
ternally, the  greater  part  is  discharged  ^vith  the  vomit, 
and  the  part  retained  or  absorVied  is  insufficient  to  cause 
tmesis  when  injected  into  a  vein. 

There  exist  no  special  indications  for  the  use  of  tartar 
emetic.  Formerly,  when  it  was  supposed  to  exert  a  con- 
trolling influence  over  inflammatory  affections,  it  was 
often  given  at  first  in  emetic  doses.  But  this  iiractice  is 
now  obsolete.  It  should  never  be  administered  to  very 
young  children,  to  aged  or  weakly  patients,  on  account 
of  the  profound  collapse  which  it  may  induce. 

The  hyperemesis  which  .sometimes  residts  from  tartar 
emetic  may  be  allayed  by  giving  small  pieces  of  ice  witli  a 
few  drops  of  chloroform.  The  following  remediesare  also 
useful:  strong  coffee,  tannic  acid,  ether,  wine,  alcohol, 
morphine,  and  tincture  of  opium. 

The  dose  of  tartar  emetic  for  adidts  is  from  half  a 
grain  to  one  grain,  repeated  twice  if  necessary.  It  is 
usually  combined  with  ipecacuanha:  I^  Antimonii  et 
potassii  tartratis,  gr.  ij. :  pulv.  ipecacuanha?,  3  i.  ^I. 
Div.  in  partes  aequales,  iv.  Sig. :  One  powder  everj"  ten 
minutes  until  vomiting  takes  place. 

Zinci  Sulphas.— This  salt,  in  suitable  doses,  produces 
vomiting  promptly,  energetically,  and  with  little  nausea. 
In  some  instjjnces  it  also  causes  colicky  pain  and  liquid 
stools. 

According  to  the  observations  of  Toulraouche,  vomit- 
ing rarely  occurs  after  the  administration  of  two  grains, 
inconstantly  after  four  grains,  almost  always  after  six 
to  twelve  grains,  and  only  in  one-third  of  the  cases  after 
fifteen  grains.  Liquid  stools  occvu'  in  one-half  of  the 
cases  after  four  to  twelve  grains,  and  in  two-thirds  of  the 
cases  after  fifteen  grains. 

Sometimes.  ho\vever,  it  operates  in  doses  of  one  scruple 
to  half  a  drachm,  almost  as  soon  lus  it  reaches  the  stom- 
ach, causing  a  single  but  copious  ejectment. 

On  account  of  its  rapid  action  and  the  absence  of  no- 
table nausea,  siilphate  of  zinc  is  adapted  to  cases  requiring 
speedy  evacuation  of  the  stomach.  Hence  it  is  usually 
employed  in  narcotic  poisoning. 

To  adults  it  is  given  in  doses  of  six  to  twelve  grains, 
repeated,  if  necessjiry,  e\ery  ten  minutes  until  vomiting 
ensues.  'B,  Zinci  sulphatis.  amyli,  aa  3  ss.  -M.  Div.  in 
partes  fequales  iij.  8ig  :  One  powder  every  ten  minutes 
until  vomiting  is  induced. 

Ctipri  Siilp/itiK. — This  salt,  like  the  sulphate  of  zinc, 
usually  acts  promptly  and  without  marked  nausi'a.  Its 
emetic  action  is  also  frequently  followed  by  colic  and 
liquid  stools. 

While  the  action  of  sulphate  of  copper  is  generally 
rapid,  occurring  soon  after  administration,  it  is  some 
times  quite  slow.  Thus  Ackermaim  found  that  five- 
grain  doses,  administered  every  fifteen  mintites.  caused 
vomiting  in  one  hour.  Formerly,  when  sulphate  of  cop- 
per was  used  as  an  emetic  in  the  early  stjtge  of  phthisis, 
it  was  frequently  observed  that  its  operation  was  delayed 
for  luore  than  halt  an  hour  (Thompson). 

Sulphate  of  copper  is  preferable  to  other  emetics  in 
poisoning  with  phosphorus,  because  it  possesses  anti- 
dotal properties.  It  gradually  becomes  reduced  by  the 
phosphorus,  and  then  covers  the  phosphorus  with  a  layer 
of  metallic  copper,  and  thus  jirevents  its  volatilization 
and  absorption  (Bamberger). 

Svdphate  of  copper  has  been  especially  recommended 
in  croup.  If  the  exudation  impeding  respiration  be 
loosely  attached,  the  powerful  opei~ation  of  sulphate  of 
copper  may  cause  its  expulsion;  but  it  can  produce  no 
other  effect. 

The  dose  of  sulphate  of  copper  for  adults  is  from  two 
to  ten  grains:  for  children,  from  one  to  five  grains,  re 
peated,  if  neeessiiry.  several  times  at  intervals  of  ten  or 
fifteen  minutes.  1$  Cupri  sulphatis,  3i. :  pulv.  acacite. 
3ij.  M.  Div.  in  chart,  iv.  Sig.:  One  powder  every 
ten  minutes  until  vomiting  ensues  (in  narcotic  poison- 
ing), R  Cupri  sulphatis,  gr.  vi. :  aquiv  destill.,  3  i.  ; 
syrupi,  3  ss.  51.  Sig. :  A  dessertspoonful  every  ten 
minutes  until  vomiting  ensues  (in  croup). 

Sinapis  Alba. — Mustard  in  large  doses  rapidly  induces 


vomiting.  When  other  emetics  and  the  stomach  pump 
are  not  at  hand,  it  is  employed  in  poisoning  with  nar- 
cotics. Sometimes  it  acts  promptly  when  suliihate  of 
zinc  has  failed.  It  should  not  be  used  when  the  poison 
is  of  such  a  nature  as  to  produce  inflammation  of  the 
stomach. 

A  teaspoonful  of  mustard  flour  may  be  administered  in 
a  teacupful  of  tepid  water,  and,  if  necessary,  repeated 
once  or  twice  at  intervals  of  ten  minutes. 

Aliimt'ii. — Alum,  in  doses  of  half  a  drachm  to  two 
drachms,  produces  vomiting  in  from  twenty  to  forty 
minutes.  Its  operation  is  attended  bj"  very  littli'  nausea 
and  depression.  It  has  sometimes  been  employed  in 
croup  and  in  narcotic  poisoning.  For  children  the  dose 
is  half  a  drachm  administered  in  syrup,  and  repeated,  if 
neces.saiy".  in  half  an  hoiu'. 

Gener.^i.  Ixdicatioss  for  the  Use  of  E.xtetics. — 
Emetics  are  used  to  evacuate  the  stomach,  to  expel  path- 
ological products  from  the  air  passages,  and  to  remove 
foreign  bodies  lodged  in  the  oesophagus  or  upper  part  of 
the  air  passages. 

1.  To  evacuate  the  stomach  is  the  first  indication  in 
many  cases  of  poisoning.  As  it  is  essential  to  accomplish 
this  as  speedily  as  possible,  only  those  emetics  should  be 
useil  which  act  promptly.  In  poisoning  by  narcotics, 
such  as  morphine,  opium,  atropine,  belladonna,  stramo- 
nium, etc.,  one  of  the  following  emetics  should  be  se- 
lected: apomorphine,  sulphate  of  zinc,  sulphate  of  cop- 
per, or  mustard.  The  subcutaneous  injection  of  apo- 
morphine is  (piickly  followed  by  copious  vomiting,  if  the 
nervous  centres  are  not  greatly  depressed.  Hence,  if  a 
long  time  has  not  elajised  since  the  poison  was  taken,  and 
profound  sopor  has  not  taken  place,  this  emetic  should 
ije  preferred  to  all  others.  But  if  the  patient  is  so  coma- 
tose that  he  caimnt  be  aroused,  apomorphine  should  not 
be  used,  as  it  would  probably  fail  to  induce  vomiting  and 
would  greatly  increase  the  depression. 

If  some  time  has  elajised  since  the  poison  was  taken, 
vomiting  is  not  readily  induced.  Then  sulphate  of  zinc 
and  sulphate  of  copper  may  fail  inordinary  doses;  hence 
some  authors  recommend  very  large  doses,  from  twenty 
to  forty  grains.  It  is  well  to  recollect,  however,  that 
according  to  the  observaticms  of  Toulmouchc.  doses  of 
fifteen  grains  and  more  of  sulphate  of  zinc  more  fre- 
quently fail  than  doses  of  six  to  twelve  grains.  It 
should  also  be  recollected  that  large  doses  of  sulphate  of 
zinc  and  of  sulphate  of  copper,  if  they  do  not  cause 
emesis,  produce  .severe  irritation  of  the  intestinal  mucous 
membrane,  and,  after  absorption,  depress  the  centra!  ner- 
vous system.  If  moderate  doses  do  not  soon  cause  vom- 
iting, recourse  should  be  had  to  mustard  flour,  which 
generally  acts  luomptly. 

In  poisoning  w  itli  phosphorus,  sulphate  of  copper  is 
preferable  to  other  emetics,  as  it  prevents  the  volatiliza- 
tion and  absorjition  of  the  poison. 

In  poisoning  with  strychnine  or  nux  vomica,  apomor- 
phine is  the  most  suitable  emetic.  In  several  instances 
the  sjiasms  produced  by  strychnine  have  immediately 
subsided  after  a  hypodermatic  injection  of  apomorphine. 

Apomorphine  has  been  successfully  employed  in  cases 
of  poisoning  with  oil  of  bitter  almond,  with  carbolic 
acid,  and  with  kerosene. 

Emetics  are  contraindicated  in  poisoning  with  corro- 
.sive  substances,  such  as  the  concentrated  mineral  acids 
and  the  caustic  alkalies. 

Whenever  emetics  are  employed  in  cases  of  poisoning 
by  vegetable  and  animal  substances,  repeated  emesis 
shoidd  be  produced,  as  it  is  not  rarely  found  that  the 
vomit  of  the  third  or  fourth  evacuation  gives  evidence  of 
the  presence  of  some  of  the  poison.  In  order  to  hasten 
and  facilitate  the  action  of  the  emetic,  large  quantities  of 
tepid  water  should  be  given,  and  the  fauces  titillated 
with  the  finger  or  a  feather. 

Emetics  are  indicated  to  evacuate  the  stomach  when 
indigestible  food,  or  the  products  of  fermentation  or  pu- 
trefaction, cause  severe  gastric  irritation  or  alarming  dis- 
order of  the  nervous  system.  Sometimes  convulsions  in 
children,  a  comatose  state  in  adults,  intense  headache. 
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jiinl  severe  cramp  like  piiiu  in  the  stuniaeh,  have  this  ori- 
gin. If  the  liistury  of  the  illness  and  the  general  condi- 
tion of  the  patient  clearly  point  to  this  canse,  emetics 
should  be  used.  They  usually  give  .speedy  relief.  The 
best  internal  emetic  is  ii)eeacuanha.  as  itproduees  less 
'irritation  of  the  gastric  mucous  membrane  than  sul|)hate 
of  zinc,  sulphate  of  copper,  or  mustard.  Large  quanti 
ties  of  tepid  water  should  be  given  as  .soon  as  nausea  su- 
pervenes, in  order  to  render  the  vomiting  as  easy  as 
possible.  A  subcutaneous  injection  of  apomorphine  is, 
however,  superior  to  all  internal  emetics,  as  it  in  no  wise 
increases  the  irritation  of  the  stomach  and  causes  speedy 
evacuation.  Especially  should  it  be  preferred  to  ipecac- 
uanha w  hen  convulsions  in  children  are  caused  by  gastric 
irritation. 

2.  To  e.\]iel  ))athological  ]iroducts  from  the  air  pas- 
sages, emetics  are  occasionally  indicated  in  bronchitis, 
bronchiolitis,  catarrhal  imeumonia,  and  croup.  When 
respiration  is  difficult,  rai)id,  and  stiperlicial,  and  moist 
rfdes  are  heard  over  vaiions  parts  of  the  chest,  emetics 
often  give  decided,  although  temporary,  relief.  Apomor- 
phine is  preferable  to  other  emetics,  as  it  possesses  de- 
cided expectorant  properties  and  acts  r.ipidly  and  gently. 
It  may,  however,  fail  in  capillary  bronchitis,  when  the 
breathing  is  very  difficult  aud  ilccided  cyanosis  has  taken 
place.  The  only  internal  emetic  which  shoidd  be  admin- 
istered to  children  to  eject  accumidatious  of  mucus  in  the 
air  passages  is  ipecacuanha.  In  strong  adults  this  rem- 
•cdy  may  be  combined  with  tartar  emetic. 

Emetics  are  generally  resorted  to  in  crou)>  to  c.\pel  the 
fibrinous  exudation  or  false  membrane.  Sometimes  they 
accomplish  this,  but  more  frec|uently  fail  on  account  of 
the  finH  attachment  of  the  membrane.  If  the  ejectment 
takes  place,  a  notable  amelioration  of  the  dyspnoea  im- 
mediately occurs.  As  it  is  of  the  highest  importance  to 
jn-event  the  depression  which  so  rapidly  occurs  in  croup, 
only  those  emetics  are  eligible  which  produce  slight  nau- 
sea, such  as  sulphate  of  copper,  sulphate  of  zinc,  and 
alum.  Apomorphine  has  been  successfully  used  in  some 
cases,  and  in  the  early  stage  of  croup  deserves  preference 
to  other  emetics. 

3.  Sometimes  emetics  are  indicated  when  foreign  bod- 
ies have  lodged  in  the  Q?sophagus  aud  upper  jjarl  of  the 
air  pa.ssages.  They  are  usefid  when  the  substance  lodged 
in  the  oesophagus  is  rounded,  doughy,  or  pidpy,  but 
may  be  harmful  when  it  is  very  irregular  (pieces of  bone, 
needles,  tisli  bones),  as  the  efforts  incident  to  vomiting 
may  be  followed  by  severe  injury  of  the  a?sophagus. 

When  foreign  bodies  lodge  above  the  glottis,  they  may 
be  expelled  by  emetics;  but  if  situated  below,  vomiting 
may  cause  them  to  lodge  in  the  rima  glottidis,  especially 
if  they  be  angular. 

Apomorphine  should  be  preferred  to  all  other  emetics 
to  remove  foreign  bodies,  as  it  ads  speedily  and  cer- 
tainly. 

CosTn.\rsDiCATiONS. — At  the  time,  now  happily  past, 
when  it  was  supposed  that  the  whole  course  of  febrile 
and  intlammatory  diseases  might  be  favorably  modilied 
by  the  action  of  eiuetics,  especially  liy  such  as  induce 
severe  and  prolonged  nausea,  authors  found  it  necessary 
to  enumerate  numerous  contraindications,  such  as  in- 
flamination  of  any  of  the  abdominal  organs,  diseases  of 
the  heart  and  blood-vessels,  great  debility,  the  extremes 
of  life,  pregnancy,  the  presence  of  hernia,  etc.  When 
the  presence  of  a  poison  iu  the  stomach  indicates  its  rapid 
evacuation,  an  emetic  must  be  given  regardless  of  all 
other  considerations,  if  the  stomach  pump  cannot  be 
used.  But  iu  ca.ses  of  gastric  irritation  in  which  life  is 
not  imperilled,  other  less  rapid  methods  of  treatment 
should  be  instituted,  if  the  operjition  of  vomiting  itself 
endangers  the  life  or  future  well-being  of  the  patient. 

Satnuel  yiekks. 

EMETINE.     See  Ipecac. 

EMMENAGOGUES.     See  EcMict. 

EMODIN.     See  Bitekthorn  and  Cascarn  Sagrada. 


EMOLLIENTS  (from  Ijitiu  eiiwllire,  to  soften)  are 
substances  which  lend  to  .soften,  relax,  and  protect  the 
parts  to  wliich  they  are  applied.  As  a  rule  they  are  fatly 
and  have  very  litl'le,  if  any,  real  medicinal  activity;  luit 
this  lack  of  active  imdicinal  virtue  in  no  way  delracls 
from  their  therapeutic  value.  Emollients  are"  for  out- 
ward application"  only.  Subslaiues  of  a  sinular  kind, 
but  for  iiiUniiil  use.  are  called  <lemulcinLs,  and  these  I  svo 
terms  nuist  be  kept  distinct.  Demulcents  are  for  mu- 
cous membranes;  emollients  for  the  skin.  (See  article 
Dim iilei  lilt.) 

Action  and  I'sks. — The  action  of  emollients  is  almf>st 
entirely  mechanical;  by  their  moisture  and  warmth  they 
cause  the  blood  ves.sels  to  dilate,  an<l  with  relaxation  of 
contractile  tissues  ])ri-ssure  on  the  nerves  is  l(s.s<,-iicd,  and 
thus  the  tension  and  i)ain  in  an  intlamed  part  are  re- 
lieved. Emollients  also  exert  a  y»'//ec^>c  inllueiice  over 
intlamed  surfaces  which  would  otherwise  sutler  from 
friction  and  even  from  the  oxygen  of  the  air;  in  cases 
in  which  the  skin  is  broken,  or  the  epidermis  stripped  off. 
the  |)rocess  of  repair  can  go  on  without  let  or  hindrance 
under  the  protective  covering  of  an  emollient.  The  ju- 
dicious use  of  emollients  is  also  resiioiisible  IVir  the-  exclu- 
sion of  many  pathogenic  organisms  which  woulil  othir- 
wise  find  an  easy  eiitnuii-e  through  a  br<jken  skin,  and 
which,  having  once  gained  admission,  would  do  more 
than  ordinary  harm  in  ti.ssues  whose  powers  of  resistance 
were  already  enfeebled.  AVilhout  emollients  wounds, 
burns,  and  superticial  inllammations  would  heal  but 
slowly;  by  emollients  the  skin  is  fitlen  pr<servetl  from 
cracks,  chaps,  and  fissures,  and  should  the.s<'  imfortu- 
uately  supervene  emollients  are  the  best  remedial  agents 
we  have.  The  ap|ilication  of  emollients  to  those  surfaces 
of  the  body  which  come  in  contact,  as  the  thighs,  will 
lessen  the  friction  and  increase  the  comfort.  Emollients 
also  tend  to  prevent  bed-.sores  and  heal  blisters;  they  are 
also  useful  in  some  forms  of  skin  diseases,  such  as 
eczi'ina. 

List  nf  EmnUicnt  SiihHtaiicts. — The  chief  arc:  Almond 
oil,  cacao  butter,  castor  oil,  cold  cream,  glycerin,  goose 
grease,  lanolin,  lard,  liniments,  linseed  oil,  neatsfoot  oil, 
olive  oil,  paraflin,  petrolatum,  soap,  spermaceti,  suet, 
vaseline.  Care  must  be  taken  to  avoid  using  rimcid  fat 
or  oil,  for  this  w(mld  act  as  an  irritant,  and  do  more  hann 
than  good.  Other  substances,  as  collodion,  white  of  egg, 
etc.,  act  as  jiii'ttetiecti.  but  are  not  emollitmts.  Poultices 
made  of  substances  retaining  heat  and  moisture  are 
sometimes  grouped  with  emollients,  or  even  regarded 
as  eiuollients,  but  they  are  not  rightly  included  under  that 
heailiug.  Ji.  J.  E.  Scott. 

EMPHYSEMA  OF  THE  LUNGS.— Z>«^Hf7j<m.— Em- 
physema is  the  condition  in  which  there  is  dilatation  of 
the  air  vesicles  with  atrophy  of  the  alveolar  walls. 

Strictly  speaking  there  come  under  this  detinition  three 
forms  of  the  disease:  Hypertroi)hic  or  large-lunged  em- 
physema, atrophic  or  small-lunged  emphy.sema,  some- 
times known  as  senile  atro|)hy,  and  local  or  compen- 
satory emphysema.  In  addition  to  these  forms  it  is 
convenient  to  consider  here  certain  other  conditions  to 
which  the  term  emphysema  is  applied,  viz.,  acute  vesic- 
ular emphysema  and  interstitial  emphysema. 

I.  IlYi'KHTiiopiiic  E-Mi'iivsKM.\  (Syn.  Liirge-Lunged 
EiiipliKiiiKi). — }fiiihi(l  AiKttoiiiji. — The  lungs  are  large  and 
distended  and  do  not  collapse  when  the  chest  is  opent<l. 
The  borders  are  rounded,  encroaching  on  the  heart,  some- 
times meeting  and  even  overlapping  beneath  the  stenium; 
the  apices  project  far  ab«)ve  the  clavicles  and  the  dia- 
phragm is  depre.s-sed  by  the  voluminous  lungs.  In  color 
the  organs  are  of  a  jiale  gray  or  grayish  red,  and  often 
streaked  with  lines  ainl  spots  of  pigment.  The  outlines  of 
the  lobuUs  arc  more  distinct  than  in  health,  and  on  clos«.' 
observation  the  individual  air  cells  ap|M'ar  as  clear  dilated 
vesicles  reaching  the  size  of  small  shot  or  s<imewlmt 
larger;  in  occasional  instances  large  thin-walled  blebs  or 
buiJiV  form  from  the  union  of  smaller  vesicles  and  reach 
the  size  of  a  cherry  or  walnut.  To  the  feel  the  organs 
are  soft  and  downy,  they  pit  on  pressure  owing  to  Kjss 
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of  elasticity,  tliey  do  not  crepitate  like  healthy  lungs,  and 
when  placed  iu  water  they  lloat  higher  than  usual. 

Tlicse  changes,  altliough  tliey  may  be  generalized,  are 
seen  earliest  and  reach  their  highest  development  in  those 
area.s  of  the  lungs  which  are  unsupported  by  firm  and 
resisting  portions  of  the  chest  wall.  They  are  thus  best 
seen  at  the  apices,  along  the  anterior  borders,  especiallj' 
on  the  left  side,  at  the  lingula  and  at  the  bases  of  the 
lungs,  particularly  at  the  free  borders  and  on  the  left  side 
where  the  linn  support  of  the  liver  is  lacking. 

Microscopically  the  nlveolai-  walls  are  much  thinned 
and  the  vesicles  and  iufundibula  are  much  enlarged. 
Rindtleisch  lias  shown  thai  extensive  anastomoses  take 
place  between  the  ptdmouary  arterioles  and  the  veins. 

The  bronchi  frequently  show  evidence  of  chronic  ca- 
tari'hal  inllanunation,  a  condition  which,  as  will  be  pres- 
entlj'  seen,  is  a  frequent  precursor  of  emphysema. 

In  rare  in.stances  rupture  of  the  thinned-walled  vesi- 
cles may  occur  and  an  escape  of  air  take  jilace  into  the 
pleura,  producing  pneumothora.v,  or  into  the  cellular 
tissue  of  the  lung  or  mediastinum,  whence  it  may  reach 
the  subcutaneous  tissues  of  the  neck  and  thorax  and 
cause  subcutaneous  eni]ihysema. 

Changes  in  the  right  heart  are  commonly  seen  in  ad- 
vanced cases  of  emphysema.  Owing  to  the  increased 
strain  thrown  on  the  right  ventricle  as  the  result  of  the 
occlusion  of  large  areas  of  capillary  vessels,  dilatation- 
hypertrophy  sets  in  primarily  on  this  side,  leading  to 
tricuspid  regurgitation  and  ultimately  to  the  same  train 
of  morbid  changes,  consisting  in  chronic  congestion  of 
the  various  viscera,  as  are  seen  in  cases  of  chronic  lieart 
disease.  The  main  branches  of  the  judmonary  artery 
sometimes  undergo  chroidc  .sclerotic  changes,  the  result 
of  long-continued  high  arterial  pressure. 

l^iitJuyene-iiii. — Much  discussion  has  centred  about  the 
pathogeny  of  emphysema,  and  the  chief  theories  of  its 
production  may  be  brielly  discussed  under  three  heads. 

1.  Inspiratory  Theory. — LaCimee  first  advanced  the 
view  that  emiibyscma occurred  during  inspiration  owing 
to  the  inspiratory  movements  being  more  i]owerful  than 
the  expiratory.  Gairdner  subsetiueiitly  developed  this 
theory  of  <>mphysema  and  put  forward  a  hyi)othesis 
which  is  still  regarded  as  correct  but  only  in  a  very  lim- 
ited sense.  According  to  this  writer  dimiiuition  in  the 
volume  of  the  lung,  due  to  collapse  from  bronchitis  or 
broneho-pneumoiiia,  or  again  recession  from  fibroid 
change,  precedes  the  development  of  eni]ihysema,  and 
the  adjacent  air  vesicles  dilate  to  take  tlie  i)lac<'  of  the 
collapsed  areas.  That  such  a  se([uence  does  occur  is  gen- 
erally admitted  in  the  development  of  local  or  com  pen - 
satoiy  emphyseina,  but  it  is  regarded  as  of  altogether 
secondary  importance  in  the  production  of  the  form  of 
the  disease  now  under  discu.ssion.  Gairdner's  suggestion 
that  the  inspired  air  expanded  in  the  air  vesicles  under 
the  influence  of  the  body  heat  hardly  needs  refuting,  as 
it  is  now  well  known  that  the  inspired  air  is  heated  in 
the  nasal  cavities. 

2.  Expiratory  Theory. — Jenner  (Med.-Chir.  Soc. 
Trans.,  vol.  xi.).  although  preceded  by  Mendelssohn, 
independently  advanced  the  view  that  emphysema  was 
produced  chiefly  b.y  forces  acting  during  expiration. 
He  showed  that  during  violent  expiratory  actions,  such 
as  cough  or  straining  cfl'orts.  certain  portions  of  the 
lungs  being  unsupjiorted  by  rigid  parts  of  the  chest  wall, 
yield  and  dilate  under  the  influence  of  expiratory  forces, 
and  that  the  apices,  the  anterior  borders  and  the  bases, 
especially  along  tlieir  free  margins,  are  exactly  those 
parts  which  are  least  sujiported  and  which  are  affected 
earliest  and  in  the  highest  degree  by  emphysema.  In 
support  of  his  view  Jenner  pointed  out  the  bulging  that 
takes  place  at  the  apices  during  an  attack  of  cough,  es- 
pecially when  the  lung  is  alTectcd  by  emphysema,  and 
he  also  quotes  Louis  as  his  authority  for  the  statement 
that  the  base  of  the  left  lung  is  affected  by  emphj'sema 
trsviee  as  often  as  the  right,  owing  to  the  absence  of  the 
firm  support  afforded  by  the  liver. 

The  frequency  of  emplij-sema  in  old-standing  cases  of 
bronchitis  is  readily  explained  by  the  application  of  Jen- 


ners  views.  During  the  accompanying  cough  a  deep- 
inspiration  is  taken,  the  glottis  is  closed,  and  a  violent 
expiratory  effort  is  brought  about  by  the  muscles  of  ex- 
piration, compressing  the  lung  and  causing  dilatation  of 
these  organs  iu  the  parts  referred  to,  A  similar  mechan- 
ism comes  into  play  during  the  severe  nutscular  efforts 
caused  by  such  movements  as  lifting  or  dra.ffging  heavy 
weights,  .straining  at  stool,  or  playing  on  a  wind-instru- 
ment. 

The  emphjsema  which  is  so  frequently  seen  in  old 
cases  of  asthma  is  not  so  readily  explained.  The  bron- 
chitis and  cough  which  are  such  common  accompani- 
ments of  asthma  are  undoubtedly  responsible  iu  great 
part,  inducing  emphysema  l)y  cxpii-atory  efforts  as  in 
bronchitis,  but  this  hardly  seems  the  whole  explanation. 
During  an  attack  of  astiuna  a  temporary  emphysema 
frequently  develops,  particularly  when  the  attack  is 
prolonged  or  severe,  and  passes  off  as  it  subsides.  The 
enlargement  and  fixation  of  the  chest  in  the  inspiratory 
posture,  together  with  the  noticeable  difticulty  in  expi- 
ration, indicate  ditliculty  in  expelling  air  from  tlie  chest, 
and  in  consequence  the  alveoli  become  overfilled.  Ac- 
cepting the  usual  view  that  asthma  is  due  to  obstruction 
of  the  smaller  tubes,  resulting  from  spasm  or  catarrh,  it 
is  assumed  that  the  resistance  to  the  exit  of  air  is  greater 
than  to  its  entry,  and  in  consequence  the  alveoli  gradu- 
ally become  distended. 

3.  Vital  Causes.— Most  clinicians  agree  that  emphy- 
sema is  occasionally  found  when  no  apparent  cause  has 
been  in  operation  or  when  the  history  of  cough  or  other 
cause  has  been  slight  or  of  short  duration.  In  such  in- 
stances it  is  assiuned  that  there  is  a  congenital  deficiency 
in  the  quality  of  the  lung  tissue,  allowing  it  to  jield 
under  the  ordinarj-  strain  to  which  it  is  of  necessity  sub- 
jected. In  support  of  this  view  it  may  be  urged  that 
emphysema  is  not  uncommonly  foimd  in  several  mem- 
bers of  a  family,  and  a  numl)er  of  observers  have  re- 
corded a  marked  hereditary  tendency  in  the  disease. 

Cohnheim  has  endeavored  to  show  that  a  defective  de- 
velopment of  elastic  tissue  imderlics  the  |U'0(luclion  of 
empliy.sema,  but  a  deficiency  in  lids  tissue  may  simply 
represent  the  atrophy  accompanying  the  morbid  process. 

Summing  up,  then,  the  conditions  tending  to  produce 
emphysema  we  must  attribute  special  weight  to  violent 
expiratory  efforts.  Owing  to  the  yielding  character  of 
certain  portions  of  the  thoracic  cavity  the  air  is  com- 
pressed and  driven  into  the  underlying  alveoli,  which 
dilate  and  idtiiuately  liecome  emphysematous.  In  this 
form  of  emphysema  inspiratory  causes,  apart  from  the 
possible  inspiratory  distention  caused  by  asthma,  play 
no  part,  and  lastly,  whilst  it  seems  probable  that  as  in 
other  tissues  there  may  be  a  lack  in  resisting  power,  we 
have  no  definite  anatomical  knowledge  iu  what  this  con- 
sists. 

Eiioltigy. — Age.  Emphysema  occurs  at  all  periods  of 
life,  but  it  is  more  frequently  found  in  adults  beyond 
middle  life,  although  it  occurs  even  in  young  children. 

Sex.  JIales  are  more  exposed  to  the  causes  favoring 
the  development  of  emphysema,  and  it  is  consequently 
more  frequent  in  this  sex  than  in  females. 

Occupation.  All  occupations  involving  exposure  and 
catarrhal  affections  or  heavy  straining  efforts  tend  to 
produce  emphy.sema  by  cau.sing  violent  expiratory  ef- 
forts. It  is  thus  found  more  amongst  the  laboiing  thaa 
the  leisure  classes. 

Previous  Diseases.  Of  all  the  causes  of  emphysema 
chronic  or  recurring  bronchitis  is  by  far  the  most  com- 
mon. It  is  indeed  unusual  to  find  old-standing  cases  of 
this  nature  without  some  accompanying  emphysema.  In 
children  the  cough  of  pertussis  and  of  the  pulmonary  le- 
sions associated  with  measles  are  occasional  factors  in  the 
development  of  the  disease,  and  Osier  remarks  on  the 
frequency  of  emphysema  in  the  asthmatic  attacks  asso- 
ciated with  adenoid  growths.  In  chronic  cardiac  disease 
and  in  aiterial  sclerosis  with  its  accompanying  cardiac 
and  renal  lesions  emphysema  is  often  seen. 

It  is  probable  that  inflammator}'  changes  in  the  lung 
sometimes  lessen  its  resisting  power  and  favor  the  pro- 
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duction  of  emphysema.  A  case  of  Hertz's  is  quoted  by 
Hilton  Fiigge.  in  vhich  eni|iliysenia  rapidly  developed 
in  a  cornet  player  after  un  attack  nf  dmihle  pneumonia. 

Si/iiiiitniiis. — The  onset  of  emphyseinu  is  slow  and  in- 
sidious, although  it  occasionally  develops  rather  rapidly 
after  an  attack  of  bronchitis  or  whoopinir  cough.  No 
special  symptoms  are  noticed  in  the  earlier  stages  of  tlie 
malady,  although  there  is  a  freijuent  Idstory  of  chronic 
or  recurring  bronchitis. 

I)ys|>MU'a  is  by  far  the  most  imjiortant  and  prominent 
feature  of  the  malady.  The  patient  notices  after  any 
unusual  elTort  that  he  sulfers  sonu^what  from  slunanoss 
of  breath.  The  difticidty  is  aggravated  by  every  slight 
attack  of  bronchial  catarrh.  As  the  disease  advances  the 
dyspna'a  increases  and  there  are  paro.xysmal  attacks  like 
asthma,  especially  with  any  accession  of  catarrhal  trou- 
ble, and  are  accomi)anied  by  wheezing,  i)rolonged  expi- 
ration, and  ortliopmea.  Eventually  dyspno'a  becomes 
more  constant  and  jircsent  even  at  lest,  llu-  patient  sits 
propped  up  by  pillows  or  in  an  armchair,  and  the  sliglit- 
est  exertion  is  accompanied  by  an  increase  of  dyspna>a. 

A  slight  tinge  of  lividity  about  the  lips  and  finger 
nails  is  present,  indicating  deticieut  aeration  of  lilood,  and 
in  advanced  stages  there  may  be  a  most  intense  degree 
of  cyanosis.  With  this,  however,  the  patient  may  not 
be  incapacitated  for  slight  exertion,  and  as  Osier  remarks 
there  is  hardly  any  other  condition  in  which  a  patient 
may  go  about  and  even  walk  to  a  hospital  with  a  lividity 
of  startling  intensity. 

Haemoptysis  is  not  often  noticed  in  emphysema,  and 
when  present  is  suggestive  of  a  complicating  tubercu- 
losis. Recurring  hemorrhages  have,  however,  been  ob- 
served, and  although  usually  slight,  have  been  known  to 
be  severe  and  even  to  prove  fatal. 

Cough  and  expectoration,  strictly  sjieaking,  depend  on 
associated  bronchitis,  but  many  indi\iduals,  in  whom 
bronchitis  is  a  subordinate  feature,  suffer  from  a  sliglit 
cough  and  expectorate  clear  perles  of  mucus. 

The  cmirse  of  the  disease  is  usually  progressive.  The 
symptoms  are  much  aggravated  during  attacks  of  bron- 
chitis, and  each  attack  tends  to  increase  the  emphysema- 
tous condition  and  the  distress  of  the  patient.  Dilattition 
of  the  right  heart  may  still  further  aggravate  the  dysp- 
na'a and  distress  of  the  sulTerer;  a>dema  of  the  lower  ex- 
tremities, albuminuria,  and  signs  of  portal  obstruction  set 
in  and  the  clinical  picture  is  that  of  advanced  cardiac 
disease.  There  is  dilatation  of  the  veins  of  the  neck  and 
sometimes  pulsiUion  indicating  tricuspid  regurgitation. 

Although  tliere  is  commoidy  some  failure  in  general 
nutrition  in  emphysematous  patients,  it  is  only  in  the 
terminal  stages  of  the  disease  that  emaciation  becomes  at 
all  marked.  Clubbing  of  the  finger  nails  is  less  frequent 
than  might  be  anticipated,  occurring,  according  to  Es- 
bach,  only  once  in  si.x  cases. 

Physieal  Signs. — The  recognition  of  the  disease  rests 
on  the  presence  of  certa,in  physical  signs.  In  a  well- 
marked  instance  the  appearance  of  the  chest  is  very  char- 
acteristic. The  thorax  is  rounded  or  barrel-shaped,  the 
anteroposterior  diameter  is  increased,  and  a  cyrtometer 
tracinir  may  even  show  that  it  exceeds  the  transverse. 
The  ciavicl'es  are  prominent,  the  supraclavicular  and  in- 
fraclavicidar  fo.ssie  are  deeper  than  usual,  the  .shoulders 
are  rounded,  and  the  back  is  convex,  causing  the  scapuite 
to  assume  a  more  horizontal  position.  The  thorax  is  in 
fact  fixed  in  the  inspiratory  position,  and  the  sterno- 
mastoid  and  trapezius  muscles  are  prominent  and  hyper- 
trophied.  The  first  and  second  pieces  of  the  sternum 
sometimes  form  a  jirominent  angle,  known  as  the  angle 
of  Ludovici,  the  bone  being  convex  from  above  down; 
the  intercostal  spaces  are  wide,  whilst  the  projectiim  of 
the  lower  ribs  gives  the  abdomen  a  hollow  appearance. 
There  is  verv  slight  inspiratory  movement,  the  tape 
measure  showing  a  movement  often  not  exceeding  one- 
quarter  or  one-half  an  inch. 

The  vocal  fremitus  is  somewhat  diminished  as  is  also 
vocal  resonance. 

Whilst  the  above  signs  are  present  only  m  well- 
marked  cases  of  the  disease,  by  means  of  percussion  even 


slight  degrees  of  emphysema  can  be  detected.  The  reso- 
nant areas  of  lung  are  increased,  and  instead  of  cardiac 
dulness  bcgiiunng  at  the  fourth  rib  il  is  found  at  a  lower 
level  and  may  indeed  he  altogether  replaced  by  pulmo- 
nary resonance  which  pa.sses  into  the  tympany  of  the 
stomach.  The  liver  dulness  is  also  lower  than  usual,  and 
in  marked  instances  may  lie  completely  replaced  bv 
pulmonary  resonance.  Although  displaced  downward, 
it  is  only  .seldom  that  the  hepatic  border  can  be  palpated 
owing  to  the  arching  forward  of  the  lower  ribs  ahiady 
referred  to.  In  the  back  the  resonant  note  of  the  lungs 
is  also  lower  than  usual,  reaching  as  low  as  the  lower 
border  of  the  twelfth  rib.  Not  oidy  are  the  resonant 
areas  of  the  lungs  increased  in  extent,  but  the  character 
of  the  note  is  changed,  becoming  louder  and  deeper  than 
normal,  and  in  some  instances  it  is  even  tymjianitic. 

On  atisctdtation  the  breath  sounds  are  distant  and 
feeble,  whilst  expiration  is  frequently  but  by  no  means 
always  |)rolonged. 

The  cardiac  impidse  is  feeble  owing  to  the  presence  of 
the  lung  between  the  heart  and  the  chest  wall,  and  both 
first  and  second  sounds  are  often  nuich  enfeebled  from 
the  same  cause.  A  systolic  murmur  is  not  very  luicom- 
mon  at  the  lower  end  of  the  sternum  and  sometimes  indi- 
cates a  tricuspid  regurgitation.  Increased  pidsjilion  in 
the  epigastric  region  is  often  bnind  due  to  the  iow  posi- 
tion of  the  diaphragm,  and  it  is  sometimes  intensilied  by 
enlargement  of  the  right  ventricle. 

Diiigiiosis. — Emphysema  is  readily  recognized  by  the 
characteristic  shape  of  the  chest  and  in  slighter  degrees 
of  the  affection  by  the  increases  in  the  resonant  areas  of 
percussion.  A  hi.story  of  bronchitis  should  always  sug- 
gest careful  mapping  out  of  the  extent  of  pulmonary 
resonance.  Emphysema  is  very  apt  to  obscur<'  the  diag- 
nosis of  other  alTections  within  the  thorax,  and  it  may 
prove  difficult  or  impossible  to  recognize  an  enlarged 
heart,  an  aneurism,  or  a  tuberculous  focus  at  the  apex  in 
the  presence  of  marked  emphysema.  The  diminution  of 
the  liver  dulness  sometimes  leads  to  an  erroneotis  diagno- 
sis of  cirrhosis,  an  error  ea.sily  committed  without  a  due 
appreciation  of  the  increased  area  of  pidmouary  reso- 
nance. 

Prognmtis. — Emphysema  is  an  extremely  chronic  mal- 
ady, lasting  for  a  long  period  of  years.  The  prognosis 
is  "inlluenced  largely  by  the  freiiuency  and  severity  of 
attacks  of  bronchitis,  each  of  which  tends  to  cause  fur- 
ther damage  to  the  lung  tissue.  In  individuals  who  can 
afford  to  reside  iu  a  suitable  climate  and  avoid  attacks  of 
bronchial  catarrh  the  condition  may  be  stationary.  The 
condition  of  the  heart  and  kidneys  requires  careful  con- 
sideration. The  outlook  is  not  good  when  evidence  of 
breaking  down  of  cardiac  compeusjition  is  present,  and 
such  serious  signs  as  dropsy  and  albununuria  usually 
presage  a  fatal  issue.  Emphysema  is  a  freiiueut  accom- 
paniiiient  of  interstitial  nephritis  and  is  in  such  instances 
altogether  a  subordinate  feature,  the  prognosis  resting 
on  the  condition  of  the  kidneys. 

Tieiitiii, lit. —Jemwr  tndy  remarks  that  as  "emphy- 
sema is  an  incurable  disease,  its  prevention  is  of  the 
highest  importance,  and  to  determine  its  cause  ...  is  to 
determine  to  some  extent  the  means  to  be  employed  for 
its  prevention."  It  is  of  much  importance  to  jm^vent 
frequent  recurrences  of  bronchitis  and  to  this  end  the 
various  causes  of  bronchitis  shotdd  be  as  far  as  possible 
avoided.  If  circumstances  permit  residence  in  a  temper- 
ate and  equable  climate  is  to  be  recommended  in  winter 
and  in  the  changeable  and  uncertain  wealhi^r  of  the 
spring  and  fall.  After  the  development  of  any  degree 
of  the  disease  it  is  of  importance  to  avoid  any  occupa- 
tion involving  straining  efforts  as  such  are  certain  to  ag- 
gravate the  maladv. 

Patients  with  empliysema  usually  seek  advice  for  at- 
tacks of  bronchitis  or  asthma,  and  as  the  treatment  of 
these  conditions  does  not  differ  from  that  ordinarily 
adopted  it  is  not  necessary  further  to  refer  to  them  here. 

The  use  of  the  compressed  air  bath  is  highly  spoken  of 
by  C.  T.  Williams,  Fowler,  and  others.  Uyspna-a  is 
markedly  lessened  and  the  good  effect  continues  after  a 
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course  of  baths.  The  lack  of  apparatus  has  hitlierto  pre- 
vented any  e.xtensive  use  of  this  mode  of  treatment. 
Expiration  into  rarefied  air,  carried  out  with  the  view  of 
■emptj'ing  tlie  chest  of  residual  air  and  so  aiding  expira- 
tion, has  not  been  attended  with  such  good  results  as  the 
use  of  compressed  air. 

When  symptoms  of  cardiac  failure  are  present  digi- 
talis and  strychnine  are  of  value,  and  in  cases  of  marked 
cyanosis  and  dyspnoea  bleeding  and  the  withdrawal  of 
ten  to  twenty  ounces  of  blood  may  l)e  necessary. 

It  is  of  importance  not  to  overload  the  stomach,  as  dis- 
tention of  the  abdomen  increases  the  difficulty  of  breath- 
ing and  precipitates  asthmatic  attacks.  An  occasional 
dose  of  calomel  or  blue  pill  followed  by  a  ssiline  is  of 
much  value  in  relie\'ing  the  portal  circidation,  particu- 
larly in  plethoric  subjects. 

li.  Ateopiiic  Emi"HYSE.\i.\  (syn.  Smfill-Lunged  Eiiijtliy- 
sema,  Senile  AtropJii/). — This  variety  of  emphysema  is 
met  with  in  old  people  and  is  really  a  senile  atrophy 
of  tlie  lung,  accompanied  by  some  dilatation  of  the  air 
vesicles. 

Tlie  contrast  between  hypertrophic  and  atro]ihic  em- 
phy.senia  is  very  striking,  the  only  feature  they  have  in 
•common  being  some  dilatation  of  the  air  sacs. 

In  atrophic  emphysema  the  lungs  are  small  and  dark- 
colored  from  excess  of  pigmentary  deposit.  They  can 
be  compressed  into  a  very  small  space  and  collapse  when 
the  thorax  is  opened.  The  bronclii  sliare  in  the  general 
atrophy  and  sometimes  present  evidences  of  catarrhal 
intlammation.  Some  of  the  air  cells  are  enlarged,  jiartly 
as  the  result  of  atrojihy  of  adjacent  alveolar  walls,  partly 
from  the  bronchial  iiiugh  which  is  s'l  common  in  acl- 
vanced  life.  The  other  organs  present  the  changes  of 
senile  involution. 

Individuals  who  are  the  subjects  of  this  condition  are 
thin,  old,  and  shrivelled-looking.  and  they  do  not  suffer 
from  any  sym|itom  which  can  be  dissociated  from  the 
debility  and  failure  of  old  age  Dyspncea  is  absent  ow 
iug  to  the  general  atrophy  of  the  tissues  causing  a  less- 
ened demand  for  oxygen. 

The  thorax  is  diminished  in  size  and  the  ribs  lie  more 
obliquely  than  usual.  Vicing  closely  packed  together  and 
the  lower  ones  depressed  so  as  lo  be  near  the  iliac  crest 
The  shoulders  are  often  rounded  and  stooping  is  therefore 
pre.sent.  Percussion  resonance  is  increased  owing  to  the 
thin  chest  wall,  but  the  cardiac  dulness  is  not  <liminished 
and  may  even  be  increased  owing  to  retraction  of  the 
lungs. 

III.  Co>rPENS.\TonY  Emphyskm.x. — This  fonn  of  em- 
physema results  from  disease  of  any  portion  of  the  lung 
in  which  the  volume  of  the  organ  is  diminished.  It  is 
seen  constantly  in  the  neighboihood  of  old  tuberculous 
foci  or  of  areas  of  collapse  in  broncho-pneumonia.  AVith 
disease  resulting  in  ccmtraetion  of  one  lung  the  opposite 
side  becomes  emphysematous,  this  change  being  seen  in 
its  highest  degree  in  the  fibroid  lung,  and  to  a  less  extent 
in  pleurisy  or  pneumothorax.  In  the  earlier  .stages  of  the 
affection  the  air  vesicles  are  simply  dilated,  but  tdti- 
mately  the  adjacent  alveolar  walls  atrophy  and  a  perma- 
nent dilatation  ensues.  Gairdner's  view  that  emphy- 
sema is  due  to  inspiratory  stretching  of  the  air  vesicles  is 
probably  in  part  the  explanation  of  this  form  of  emphy- 
sema, although  the  expiratory  strclching  due  to  cough, 
so  rarely  absent  in  pulmonary  disease,  doubtless  inten- 
sifies the  condition.  When  confined  to  a  .small  area  this 
form  of  emphysema  is  chielly  of  pathological  inteiest 
and  may  give  rise  to  no  jihysical  signs.  A  liyperreso- 
nant  note  with  feeble  respiratory  murmur  and  prolonged 
expiration  over  a  limited  area  of  lung  is  suggestive  of  the 
condition,  and  if  present  at  the  apex  of  a  lung  usually 
indicates  a  tuberculous  focus: 

Compensatory  change  in  a  healthy  lung  may  be  of  the 
nature  of  true  hypertrophy.  It  is  indicated  by  an  in- 
creased rather  than  diminished  expansion,  and  by  the 
presence  of  puerile  breathing. 

AciTF.  Vesicul.vr  Emphysema. — In  any  condition  in 
which  extreme  dyspnoea  is  present  this  type  of  emphy- 
sema develops.     It  occurs  in  the  dyspncea  of  cardiac  or 


renal  disease,  in  asthma  and  bronchitis,  and  in  obstruc- 
tion of  the  air  passages. 

There  is  only  a  temporary  distention  of  the  air  vesicles, 
passing  off  with  the  cessiition  of  the  dyspnteal  attack, 
and  not  going  on  to  atrophy  and  destruction  of  the  alve- 
olar walls. 

The  condition  is  recognized  by  the  extreme  inspiratory 
distention  of  the  thorax,  by  the  increase  of  the  resonant 
areas  of  the  lungs,  and  by  the  hyperresonant  note. 
(Edema  is  frequently  present,  evidenced  by  the  crack- 
ling rales  at  the  bases  and  by  sonorous  and  sibilant  rales 
over  the  chest. 

The  treatment  is  that  of  the  primary  condition. 

IXTEHSTiTi.\L  Emphysema. — This  form  of  emphysema 
is  rather  rare  and,  clinically,  is  of  but  slight  importance. 

Air  occasionally  passes  into  the  interstitial  tissue  of  the 
lung  from  rupture  of  an  air  vesicle.  This  accident  is 
seen  after  severe  paroxysms  of  cough,  and  it  is  probable 
that  such  a  condition  not  infrequently  occurs  and  recov- 
ery ensues  without  any  special  symptoms.  In  some  in- 
stances, liowever,  the  air  passes  along  the  connective 
tissue  to  the  mediastinum  and  thence  to  the  subcutane- 
ous tissue  of  the  neck  and  thorax,  where  it  is  recognized 
by  the  crepitating  sensation  conveyed  to  the  fingers.  On 
the  other  hand,  the  air  may  find  its  way  down  from  a 
wound  in  the  neck,  beneath  the  dee|i  fascia,  and  thence 
to  the  connective  tissue  of  the  lung.  Money  has  recorded 
cases  of  tracheotomy  wounds  in  which  this  complication 
arose,  and  in  a  few  instances  pneumothorax  was  induced 
by  rupture  of  the  pleura.  Frederick  G.  Fiuhy. 

EMPHYSEMA.  SUBCUTANEOUS  {hi<prn^fm.  infla- 
ti'ju  :  finm  ir.  ill.  and  ormx.j,  to  hhnr),  also  known  as 
cellular  or  surgical  cniijliysima,  may  be  defined  as  a 
pathological  condition  in  which  air  or  other  gases  are 
either  (h-veloped  in  or  iiitniduced  into  the  cellular  tissue 
beneath  the  skin.  The  cases  of  air  or  gases  being  dewl- 
oped  in  the  tissues  are  infre(|U(nt,  and  are  generally  the 
result  of  decomposition,  or  come  more  appropriately  un- 
der the  head  of  gangrenous  emphysema.  We  are  here 
concerned  with  those  cases  in  which  the  air  is  introduced 
into  the  1  issues. 

ETioi.ofiv  AND  Pathology. — The  most  common  loca- 
tion of  subcutaneous  emphysema  is  the  chest;  and  the 
causes  may  be  divided  into  traumatic  and  pathological. 
The  former  may  occur  in  any  of  the  following  ways:  (1) 
The  air  cells  of  the  lung  may  rupture  from  overdisten- 
tion  following  violent  expiratory  elfcirt  of  any  kind,  and, 
the  pleura  remaining  intact,  the  air  escapes  into  the  cel- 
lular tissue  lietween  the  lobides,  thence  by  the  root  of 
the  lung  into  the  superior  mediastinum,  then  to  the  cel- 
lular tissue  at  the  root  of  the  neck,  and  here  becoming 
subcutaneous  is  capable  of  spreading  over  a  laige  part 
of  the  l)o(ly.  It  may  causedyspmra,  and,  if  very  severe, 
prove  fatal.  (2)  The  lung  may  receive  a  wound  (the 
chest  wall  remaining  intact),  as  when  it  is  lacerated  by 
a  fractured  rib;  in  this  ca.se  the  air,  on  inspiration, 
passes  into  the  pleura,  and  during  expiration,  the  wound 
of  the  lung  being  closed  by  the  valve  like  action  of  the 
tissues,  the  air  is  pumped  out  and  finds  its  way  into  the 
subcutaneous  tissues.  (li)  A  wound  of  the  chest  v.all 
may  |icnetrate  the  pleural  cavity  (and  possibly  the  lung), 
and  if  the  wound  be  narrow  and  of  a  valvular  character, 
with  the  external  and  internal  openings  not  opposite  to 
each  other,  then  during  inspiration  the  air  easily  passes 
into  the  pleural  sac,  but  on  expiration  the  edges  of  the 
wound  falling  together  cause  "the  valve"  to  close,  and 
the  air  which  cannot  escape  in  anj-  other  way  infiltrates 
the  cellular  tissue.  (4)  In  a  long,  sinuous  wound  of  the 
chest  wall,  which  does  not  reach  the  picuia,  air  may  be 
drawn  into  the  tissues  during  inspiration,  but,  the  wound 
closing  during  expiration,  emphysema  results.  In  the 
above  ca.ses.  if  the  lung  is  wounded,  there  may  or  may 
not  lie  a  pneumothorax.  If  the  wound  happens  to  be  at 
a  spot  where  adhesions  exist  between  the  two  layers  of 
the  pleura,  there  will  be  no  pneumothorax,  (."i)  Wounds 
of  the  trachea,  larynx,  or  bronchi  may  jiroduce  emphy- 
sema.    "Emphysema  occurring  at  the  time  of  the  oper- 


S16 


REFERENCE   HANDBOOK  OF  THE  5IED1CAL  SCIENCES. 


ICiii|>liy«onia. 


ation  (i.e.,  tnicheolomy)  is  due  to  too  suiiill  n  skin  wound 
iir  to  opening  up  the  cellular  tissue  in  allenipts  to  pass 
llie  I\ilic;  it  may  be  very  extensive  and  spread  down  into 
I  lie  thorax  :  in  sueh  eases  it  is  sometimes  fatal  from  press- 
ure upon  the  lungs.  Chanipneys  (Jled.Cliir.  Trans., 
IKSi)  has  shown  exi)erinientally  lliat  there  is  serious  dan- 
ger of  mediastinal  em]diysenia  and  pneumothorax  when 
arlitieial  respiration  or  sudden  \  iolenl  inspiratory  ellort 
is  made  after  division  of  the  dee]i  eervieal  I'aseia;  hence 
the  tnbi'  or  dilator  should  be  put  in  (juiekly  and  llie  fas- 
cia disturbed  as  little  as  possible."  (Ashby  and  Wrijrht: 
"Diseases  of  Children."  Am.  ed.,  1S93,  p.  18(i.)  Em- 
physema may  also  follow  paracentesis  thoracis,  but 
is  li'euenilly  sli>rlit.  thoucrh  .severe  cases  are  not  un- 
known. ■■  Eriehscu  mentions  a  ca.se  in  which  the  scro- 
tum became  blown  out  to  the  size  of  a  cocoanut  five  min- 
utes after  a  puncture  of  the  chest,  in  which  the  patient 
couirhed  violently  "  (/-""<■<■'.  l^f^!'.  i..  'i'-i*'}.  In  the  head 
we  may  have  orbital  emphysema  from  fracture  of  one  of 
ilie  thin  orbital  bones  and  the  establi.shment  (if  a  commu- 
nication wilh  one  of  the  air  eontaiuini;  cavities.  In  the 
abdomen  emphysema  has  been  caused  by  rupture  of  the 
duodenum  or  perforation  of  the  (;vcum. 

Symptoms. — Ilistoiy  of  the  injury.  Disability,  vary- 
ini;  with  the  dejrree  and  location  of  the  hurt.  Painful 
constriction  of  the  chest  at  the  seat  of  the  lesion,  with 
dyspnu'a  and  tendency  to  sulTocatiou.  The  chief  syinp. 
torn  is  the  swelling,  w  hicli  has  little  or  no  discoloration, 
is  possibly  pale,  is  not  painful,  has  no  sense  of  weight, 
on  pressure  it  pits  but  slightly  and  the  pitting  is  very 
transient,  but  there  is  a  peculiar  and  unmistakable  crep- 
itation or  crackling  which  is  pathognomonic  of  this  con- 
dition. The  swelling  begins  at  the  .seat  of  the  lesion  (but 
when  it  is  tirst  seen  at  the  root  of  the  neck  it  is  caused 
bv  rupture  of  the  lung)  and  inerea.ses  rather  rapidly,  its 
size  varying  somewhat  with  the  laxity  of  the  subcutane- 
ous tissiiesr  it  is  mostly  limited  to  the  trunk  and  neck, 
though  occasionally  it  may  extend  over  the  greater  part 
of  tire  body.  In  severe  cases  the  air  may  se|>arate  the 
fascia  and  penetrate  between  and  lielow  the  muscles. 
The  palms  and  soles  and  also  the  scalp  generally  escape. 
When  the  swelling  is  very  small,  it  is  lobulated.  and  by 
pressure  the  air  can  be  driven  out.  An  external  wound 
can  generally  be  found  when  the  air  has  entered  from 
without;  if  from  within,  an  expiratory  etff>rt  will  cause 
the  swelling  rapidly  to  increase  in  size.  On  the  face,  the 
features  may  be  obliterated,  and  the  eyes  hidden  by  the 
swollen  lids. 

PnoGXosis  .\ND  Treatment. — The  prognosis  is  as  a 
rule  quite  favorable:  the  air  generally  becomes  absorbed 
rapidly  and  completely,  only  rarely  inducing  inflamma- 
tion. The  danger  is  in  the  pressure,  or  in  ihe  pneumo- 
thorax, with  which  emphysema  is  often  associated.  Care 
must  be  taken  to  prevent  sepsis.  If  absorption  do  not 
take  place,  we  may  try  pressure  by  means  of  strapping 
o'  bandages;  these  failing,  we  tiy  multiple  punctures  or 
incision.     Antiphlogistic  measures  arc  in  order. 

Subcutaneous  emphysema  appears  to  have  attractions 
for  others  besides  the  physicians.  In  Europe  it  is  artifi- 
cially induced  by  malingerers,  by  mendicants,  by  prison- 
ers, and  those  who  from  lack  of  iiatriotism  or  some  other 
cause  do  not  wish  to  serve  in  the  army.  These  enterpris- 
ing individuals  by  means  of  a  small  wound  inflate  the 
subcutaneous  tissues  and  then  produce  a  deformity 
which,  though  transitory,  may  possibly  serve  their  pur- 
pose and  excite  the  syiiipathy  if  not  the  admiration  of 
the  more  honest  and  hard-working  portion  of  the  com- 
munity. 

Fifteen  years  ago  Dr.  Silvester,  in  the  Lonett  (1885, 
i.,  11;  ii.,  418),  suggested  the  self-induction  of  subcuta- 
neous emphysema  as  a  method  of  "life-saving  from 
drowning  " : "  but  the  idea  does  not  seem  to  have  been 
generally  accepted.  H-  J-  E.  Srott. 

EMS.— This   well  known    spa,    about   TO   miles    from 
Cologne  via  Coblenz.  is  beautifully  situated  in  the  nar- 
row valley  of  the  River  Lahn,  at  an   elevation  of  300 
feet     On  both  sides  of  the  river  rise  precipitous  and  for- 
VoL.  III.— .52 


estcovered  moimtains.  It  exhibits  all  the  cliaraeteristics 
of  a  spa  town;  numerous  hotels,  large  and  small,  villus 
and  loflging  houses;  the  bath-houses  with  a  magiuticent 
Kursaal;  pidjlic  gardens  iKlmindily  laid  out,  with  a  line 
covered  walk  ;  bazaars,  resluiinints'  cafes,  and  an  English 
church. 

The  climate  is  a  mild  one.  the  average  temperature  of 
Ihe  year  being  411.1  F.,  and  for  the  suminir,  .May,  .)7.9' 
F.,  ."lune  ti4.(>  F.,  .Inly  (!K.2'  F..  August  (i;t.."i  F..  Sep- 
tember .57.!)'  F.  The  annual  rainfall  is  •21}  2  in<hes.  The 
season  extends  from  .May  1st  to  September  30t|i.  May 
and  September  are  the  pleasjinlest  months;  the  snmnier 
is  said  to  be  rjither  too  warm  for  comfort.  The  town 
conlainsabout  8,(I(J0 inhabitants an<l  about  22,400  persons 
visit  it  aimiially,  among  whom  are  many  Americans, 
English,  and  Russians.  Here  one  can  lead  a  pleasant 
life  with  good  music  and  good  societj'.  For  many  years 
the  Emperor  William  I.  was  accustomed  to  take  these 
waters,  and  it  was  here,  on  .luly  1.5th,  IHTO.  that  he  made 
his  memorable  answer  to  the  French  andjas.siidor  which 
led  to  the  war  of  1870-71. 

The  warm  waters  of  Ems  liave  been  known  and  iis<'d 
since  the  foiu'teentli  century  or  even  earlier,  and  How 
from  warm  alkaline  sjiline  springs  whoso  source  is  from 
a  verj-  compact  sjindslone  wliich  runs  into  (|uai1zite;  the 
temperature  ranges  from  80  V.  lo  120  F.  The  princi- 
lial  constituents  are  sodium  carbonate,  sodium  chloride,  ' 
and  free  carbonic  acid  ;  the  Eisenf|Uelle  contains  only  car- 
bonate of  iron.  There  are  eight  or  nine  .springs,  all  simi- 
lar chemically  but  diflcring  in  temperature:  those  most 
used  are  the  following,  with  their  temperatures:  Kessel- 
■  brunnen,  IIG"  F. :  Krithnclien,  110'  F. ;  FOrstenbrunnen, 
[  103°  F. ;  Augtista,  102°  F. ;  Victoria,  81°  F. ;  Kaiser- 
brunnen,  83'  F. 

According  to  Buckland,  the  chief  ingredients  in  six- 
teen ounces  are  as  follows: 

Bioarl>onate  soda HUt  l^y  grains. 

Cliloridc  sodium 7 

Hirarbimate  lime 1  to  2 

nicarlKxiute  iiiairne.'iiaRi I  to   2      " 

Carbonic  acid  gas 6  to   8cu.  in. 

These  waters  are  used  princii)ally  for  drinking,  but 
they  are  also  employed  for  the  purposes  of  gargling,  in- 
halation, and  bathing. 

The  baths  are  well  fitted  up  with  apparatus  for  hot  and 
cold  douches  and  various  other  methods  for  water  appli- 
cation. There  are  six  public  bathhouses  with  one  hun- 
dred and  eighty  bath-rooms.  One  of  the  especial  features 
in  the  utilization  of  these  waters  is  the  method  of  ap- 
plying sprays  to  the  throat,  and  the  inhalation  of  finely 
pulverized  water,  either  simple  or  medicated.  There  are 
also  rooms  for  gargling;  a  milk  and  whey  cure;  and  a 
"terrain  kur.  "  Massage  is  also  given  in  connection  with 
the  baths.  The  waters  are  chii'fly  drunk  between  six  and 
eight  in  the  morning,  and  the  "jour  medical "  is  verj- 
much  like  that  at  other  European  spas. 

A  large  (luantity  of  this  water  is  aimiially  exported. 
From  the  town  a  wire-rope  railway  leads  to  the  to|)  of 
the  wooded  Malberg.  I.OIIO  feet  high,  where  are  charm- 
ing walks  provided  with  convenient  resting  places:  there 
are  also  numenms  other  attractive  excursions  in  the  vi- 
cinity. The  accommodations  are  good  and  abundant,  and 
the  health  reports  are  satisfactory. 

The  waters  of  Ems  are  employed  m  a  vaiiety  of  mala- 
dies, and,  as  is  more  or  le.«s  the  case  in  all  carefully  regu- 
lated spa<.  the  hygienic-dietetic  ruUs  inculcated  along 
with  the  use  of  the^waters  undoubtedly  greatly  increase 
their  efficacy.  Two-thirds  of  the  patients  who  visit  Ems 
are  sufferei"^,  it  is  sjn<l,  from  chronic  catarrh  of  the  nose, 
larvnx,  pharynx,  and  bronchi.  Indeed,  one  of  the  un- 
pleasant features  of  the  place  is  the  coughing  and  expec- 
toration met  with  on  nil  sides.  Chronic  bronchitis  from 
measles  or  whooping-cough  receives  markeil  benefit  from 
the  treatment  here.  C"lironic  gastric  and  inleslinal  ca 
tarrh.  hepatic  congestions,  atonic  dyspepsia  a.'-sociated 
with  anamia,  cystitis,  gouty  and  rheumatic  alTections. 
especially  the  fonner;  exces-sive  nervous  irritability,  hy- 
pochondria, hysteria,  paralytic  affiftions  of  the  liinte, 
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are  diseases  which  are  treated  more  or  less  successfully 
at  Ems.  Skin  diseases  aud  scrofula  are  also  in  evidence 
here  as  at  almost  every  other  bath  resort.  The  baths  are 
extensively  emploj-ed  in  cases  of  leucoiThoea,  in  catarrhal 
conditions  of  the  uterus  and  cervix  uteri,  in  nervous  cases 
of  dysmenorrha?a  and  in  sterility. 

Indeed,  one  sometimes  wonders  what  chronic  diseases 
that  flesh  is  heir  to  are  not  benefited  at  such  popular 
spas  as  Ems.  according  to  the  advocates  of  natural  hy- 
drotherapy. The  comparative  ease  of  access  from  Paris 
or  England  renders  Ems  ver}- aval Uible  for  Americans; 
aud  its  attractive  situation  in  the  vicinity  of  tlie  Rhine 
invites  the  weary  traveller  to  settle  down  there  for  a 
brief  season,  improve  his  metabolism  b}'  a  course  of 
water-drinking,  diet,  and  rest,  and  then  go  on  his  way 
rejoicing  in  his  renewed  health  and  vigor. 

Edicavd  0.  Otis. 

ENCEPHALOCELE.    See  Brain  :  Cepluilocde. 

ENCHONDROMA.     See  Chondroma. 

ENDARTERITIS.     See  Blood- VemU.    {Path.) 

ENDOCARDITIS.     See  Ueart  Diseases. 

END-ORGANS,  NERVOUS.— While  in  origin  all  ner- 
vous struct uris  may  be-  said  to  have  been  derived  from 
peripheral  structures,  in  so  far  as  the  nervous  elements 
are  ectodermal  rather  than  otherwise,  yet  in  higher  ani- 
mals the  .separation  of  those  elements  that  are  aggregated 
within  the  body  to  form  a  central  system  from  those 
which  retain  their  primitive  connection  with  epidermal 
structures  is  so  complete  as  to  warrant  the  division  of 
nervous  elements  into  central  and  end-organs. 

End-organs  fall  likewise  into  two  great  classes  depend- 
ing on  the  origin  of  the  stimulus  they  are  designed  to 
receive.  Peripheral  organs,  properly  so  called,  are  such 
as  are  adapted  to  receive  stimuli  from  without,  as  in  the 
case  of  the  sensory  cells  in  the  skin  and  organs  of  special 
sense  (aud  this  group  cannot  well  be  arbitrarily  sepa 
rated  from  the  entirely  similar  organs  of  the  asthesodic 
system  within  the  body)  while  kinesodic  end-organs  are 
such  as  are  intended  to  deliver  to  organs  like  muscles  and 
glands  the  stiraidi  elaborated  in  the  central  system.  In 
addition,  there  is  the  systeiu  of  somatic  or  sympathetic 
organs  which  serves  to  modify  the  function  of  one  organ 
in  accordance  w  ith  the  activities  of  otliers — a  system  of 
somatic  equilibrium  probably  much  more  important  than 
even  3-et  supposed. 

In  this  article  the  somatic  or  so-called  sympathetic  sys- 
tem is  not  included. 

Peripher.\l  Exd-Org.\xs. — It  would  seem  from  the 
data  of  comparative  anatomy  tliat  the  progenitors  of  the 
vertebrates  had  sensory  cells  scattered  among  the  epider- 
mal elements  in  the  skin,  aud  that  in  the  course  of  evo- 
lution there  was  Exhibited  a  tendency  for  these  cells  to 
become  collected  toward  the  lateral  and  dorsal  parts  of 
the  body  and  especially  in  the  region  of  the  future  head. 

Probably  Van  Gehuchteu  was  tlie  first  to  announce  the 
discovery  of  scattered  sensory  cells  in  the  skin  of  the 
earthworm,  though  the  observation  was  made  some  time 
earlier  in  the  writer's  laboratory.  This  author  and  Ret- 
zius  agree  that  these  cells  are  directly  connected  with 
the  central  nervous  system  by  nerve  fibres  having  origin 
in  the  cells.  Such  cells  would  seem  to  be  analogous 
with  sensory  ganglia  and  might  be  supposed  to  combine 
the  function  of  such  ganglion  cells  w-ith  those  of  special 
sense  cells  (rod  cells  and  the  like). 

Lewis  Atheston  has  described  (Anai.  Am.,  xvi.,  20) 
nervous  structures  in  the  worm  T>ibife.v  rictdorum,  ex 
hibiting  a  still  higher  differentiation.  He  shows  that  in 
worms  there  are  not  only  scattered  nerve  cells  in  the  epi- 
dermis which  have  the  direct  fibrous  connection  with  the 
central  system  described  liy  Retzius,  but  that  there  are 
other  cells,  in  no  way  fundamentally  different,  which  are 
grouped  symmetrically  to  form  sense  organs  upon  the 
prostomium  and  first  few  segments  of  the  body.     These 


sense  organs,  though  there  are  no  specially  modified  sup- 
porting or  central  glandular  cells  as  in  vertebrates,  bear 
an  unmistakable  resemblance  to  the  lateral-line  buds  of 
amphibians,  etc.  Atheston  finds  all  gradations  between 
the  isolated  cell  and  the  sense  bud,  and  is  inclined  to  re- 
gard the  one  as  a  derivative  of  the  other,  either  in  that 
the  sense  organ  is  the  result  of  a  closer  aggregation  of 
the  isolated  cells  or  that  the  isolated  cells  arelhe'^-esult  of 
a  degeneration  of  more  primitive  sense  organs,  perhaps 
as  a  result  of  the  influence  of  the  enclosing  tube  (see  also 
Miss  Langdon's  paper  oh  the  "Sense  Organs  of  Nereis." 
Jijiir.  of  Comp.  yein-iil.,  x.,  1.) 

In  the  case  of  vertebrates  the  concentration  proceeds 
further  and  the  spinal  ganglia  are  permanently  sepai-dted 
from  the  skin,  while  the  peripheral  sensory  fibres  in 
most  cases  seem  to  aiise  in  the  cells  of  the  ganglia  and 
proceed  by  a  process  of  repeated  subdivision  and  elonga- 
tion toward  the  skin,  where  connections  are  effected  in  a 
secondary  manner  with  sensory  cells  in  the  epithelium. 

In  Arapliioxus  it  would  appear  that  the  sensory  ganglia 
are  as  yet  unformed,  their  elements  being  scattered  in  the 
form  of  dispersed  nerve  cells  throughout  the  dorsal  or  seu- 
s<:iry  ner\'e  trunk  in  each  segment.  In  lower  vertebrates, 
notably  aquatic  am- 
phibia, if  our  studies 
are  correct,  an  interme- 
diate condition  is  found. 
The  peripheral  sense  or-  l#J  l*lf»l 
gans  sht)W  an  unmis- 
takable tendency  to  col- 
lect into  hands  along  the 
lateral  aspects  of  the 
body  to  form  the  so- 
called  lateral-line  organs 
which  are  composite  ag- 
gregates of  nervous  and 
glandular  elements.  Not 
all  the  sensory  cells  are  fig.  1890.  -  isolated  Sensory  Cells 
thus  collected,  but.  es-  from  Tuhifex  ripulorum.  (After 
peeially  on  the  head.  -^tbeston.) 
there  are  numerous  cells 

of  unmistakably  nervous  nature  that  arc  not  collected 
into  buds  as  are  those  of  the  lateral  line. 

In  the  tailless  amphibia  the  curious  fact  was  noticed 
that  after  the  metamorphosis  the  sensory  or  rod  cells  are 
liberated  from  their  original  association  in  the  "buds." 
aud  are  scattered  on  the  surface  of  the  head  aud  back  in 
groups  in  such  a  way  that  the  free  or  distal  end  of  all  the 
cells  of  the  group  lie  in  a  pore  of  the  skin.  It  seems 
scarcely  to  be  doubted  that  these  scattered  groups  are 
actually  the  same  cells  that  in  the  larva  are  found  in  the 
sense  buds. 

The  greatest  diversity  of  opinion  still  prevails  as  to  the 
nervous  connections  of  these  peculiar  cells.* 

The  most  probable  view  is  that  two  entirely  di.stinct 
.sets  of  nerve  fibres  are  associated  with  the  lateral-line 
buds,  one  consisting  of  such  a  felting  of  perigemmal 
fibres  as  may  be  demonstrated  by  methylene  blue  in  the 
case  of  skin  glands,  while  in  the  other,  the  specific  ner- 

*  The  onntra.si  between  the  results  of  ililTerent  inethods  is  nowhere 
better  ilhistraled  than  iu  the  dilTert-nt  roiirlusii-ns  rejicbed  l>y  Flisari 
and  Panasel  on  tlie  one  hand  i.\rrh.  italieriiies  de  liioi..  xiv.,  p.  L'4(i) 
and  those  of  Amsleia  (Archiv  f.  mikroski.fp.  Anat.,  xxxi..  -). 
The  former  authors  worked  with  the  chrome-silver  method  and  de- 
seril>e  a  direet  conimunieation  of  the  nerve  fibre  witb  the  rod  cells  of 
the  taste  buds.  IThis  we  are  able  to  substantiate  from  personal  ot)- 
servation. )  Amstein,  on  the  other  band,  denies  sucti  connection 
most  emphatically  and  claims  that  teased  preparations  with  methylene 
blue  show  with  all  possible  clearness  that  there  is  no  such  connection, 
but  instead  that  the  Viirirctse  nerve  fibres  form  a  fcltinpr  of  fibres 
around  the  axial  and  t>uter  cells  of  the  hud  and  en<l  free  in  the  pore. 
Amstein  finds- quite  similar  nerve  eridiuirs  in  the  filiform  papilhe. 
He  does  not  find  forke<l  cells,  but  inclines  to  the  view  that  such  cells 
result  frx>ra  the  separation  of  the  true  nerve  fibre  from  the  peripheral 
end  of  the  cell  to  which  it  is  attached.  The  appearance  of  continuity 
between  the  cell  and  the  nerve  fibre  is  said  to  be  illusory  and  is  ex- 
plained as  due  to  the  blackening  of  thecellaswellasihe  fibre.  Ehrlich 
(Deutsch.  med.  Wochenschrift,  l.s%,  4)  described  intensely  colored 
cells  in  the  mucous  membrane  of  the  olfactory  reffion  which  pass 
without  interruption  into  a  nerve  flbrcbut  the.se  cases  Arnstein  also 
dismisses  as  illusory.  Dr.  Niemack  has  also  reached  similar  conclu- 
sions by  the  use  of  different  material  (Auat.  Hefte,  Merkel  und 
Bonnet,  Anal.  Anzeiger,  viii.,  p.  20). 


SIS 


REFERENCE   HANDBOOK   OP  THE  MEDICAL  SCIENCES 


Kureplialfic'ole* 
I':ud-<»r-;aiiH. 


vous  stnicliires  consist  of  rod  cells,  not  in  the  centre  of 
the  bud  as  stated  by  authors  but  more  peripherally  situ- 
ated. The  last-mentioned  undoubtedly  connect  with  a 
nerve  libre  that  seems  to  be 
continuous  with  the  cell, 
thousjb  it  is  jiossible  that 
there  is  an  interruption  of 
the  actual  conlinuily  beneath 
the  corium  of  the  skin. 

Inasmuch  as  the  epithelial 
layers   of    the     mouth     and 


Fig.  1S91  A  AND  B.— Sense  Buds  from  the  Skin   of   the   Axolotl. 

(Original.) 

tongue  are  morphologically  only  portions  of  the  skin,  it 
is  necessary  to  examine  these  regions  for  liglil  on  the 
nerve  endings  as  they  may  be  modified  under  the  special 
conditions  here  existing.  In  the  frog,  which  has  been 
the  subject  of  the  most  elaborate  investigation,  the  seu.se 
of  ta,ste  cannot  be  at  all  highly  developed,  for  the  animal 
Is  accustomed  to  swallow  its  food,  chiefly  horny-coated 
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Fig.  1892.— J,  Pericellular  Endings  from  Sensory  Bud  of  Conger  Eel. 
B,  Intrabulbar  endings  in  barbus.     (Lenhossek.) 

insects,  without  mastica.tion ;  and  experiments  (Bethe) 
prove  a  very  sluggish  response  to  chemical  irritants.  In 
the  tongue  of  the  frog,  as  well  as  in  the  palate,  there  are 
numerous  scattered  specific  sense  organs,  those  of  the 
tongue  being  flat  end-plates,  while  those  of  the  palate 
are  protuberant  sensory  papilla.  Although  these  organs 
were  described  by  Leydig  in  1858  they  have  fre(iuently 
been  the  objects  of  special  study  since  then,  and  even 
now  authors  are  not  wholly  in  agreement  as  to  the  details 
of  the  structure.  The  cellular  elements  in  the.sc  sense 
organs  consist  of  the  cylinder  of  flask  cells  forming  the 
protection  for  the  sensory  rod  cells,  a  subordinate  variety 
of  which  has  been  termed  forked  cells  by  reason  of  the 
divided  peripheral  projection.  Alatc,  or  winged  cells, 
around  the  cup  or  flask  have  also  been  noticed  by  some 
authors.  Bethe.  who  nas  recently  studied  these  buds  by 
means  of  the  modiljcation  of  the  methylene-bluc  method 
which  bears  his  name,  finds  two  sorts  of  nervous  termini 
in  them:  first,  free  termini  lying  between  tlie  cylinder 
cells  and  reaching  the  surface:  second,  termini  with  bulb- 
like  expansions  on  various  cells  (Fig.  1894|.  Onetypeof 
such  endings  is  three-lobed  and  such  endings  are  atlixed 
to  the  sides  of  the  cylinder  cells;  tlie  other  variety  has 


Fir,.  18«3.—yl.  Nerve  Endings  In  Jaroheon'g 
Orgiin.  (LenhiBwek.)  II.  Nene  cndlDgs 
Id  tastebulbs.    (Amsteln.) 


simple  circular  end-plates  and  these  endings  are  found 
on  the  rod  cells,  fork  cells,  and  possibly  also  on  cylinder 
cells.  In  no  case  di<l  Bethe  succeed  "in  finding"  actual 
continuity  between  the  roil  cells  anil  the  nerve,  lie  in 
fact  seems  to  find  greater  intimacy  of  connection  between 
the  cylinder  cells,  which  are  not  supposed  to  have  a  ner- 
vous function,  than 
with  the  rod  cells, 
anil  in  no  ca.se  is 
there  more  than  a 
contact  with  the 
ceil  wall.  He  ex- 
plains the  continu- 
ity detected  by 
Arnstein  and  others 
as  the  result  of 
faulty  observation 
ami  imperfect 
methods.  In  the 
ordinary  pavement 

epithelium  of   the  palate  Bethe  finds  termini  on  gland 
cells  and  ciliated  cells,  as  well  as  deeper  elements. 

Our  own  studies  of  the  gustjitory  epithelium  of  tlie 
axolotl  are  in  accord  with  tlie  results  of  Bethe  upon  the 
frog  so  far  as  the  diffuse  endings  are  concerned,  though 
the  methylene  blue  does  not  give  adequate  insight  into 
the  connections  between  fibres  and  cells.  Thi-  ta.ste 
buds,  on  the  other  hand,  alTord  results  similar  to  those 
obtained  from  the  sensory  buds  of  the  skin.  The  source 
of  many  of  the  erroneous  conclusions  reached  is.  as  men- 
tioned beyond,  the  fact  that  in  succes-sful  milhylene  blue 
preparations  it  often  happens  that  fibrous  element.s  st«in 
when  the  cells  of  origin  for  the  same  fibres  do  not. 

Diffijsi'.  Peripheriil  Coiuwetinits. — Various  early  writers 
have  reported  the  existence  of  a  dense  network  or  felling 
of  nervous  material  among  the  epithelial  and  even  the  cor- 
neum  cells  of  the  skin.  This  structure  was  first  made  out 
by  the  use  of  gold  chloride,  and  there  was  always  left  open 
the  possibility  that  the  appearance  was  due  to  the  disposi- 
tion of  metallic  ssilts  in  the  interstices  between  the  cells. 
Dogiel,  in  his  papcron  the  nerve  endings  of  the  genitalia, 
figures  a  very  extensive  meshwork  of  this  kind  with  here 
and  there  a  free  knob  like  tiTmiuation,  and  he  traces  the 
lower  part  of  the  reticulum  to  a  direct  communication  with 
a  set  of  nerve  fibres  passing  perpendicular  to  the  skin  (Fig. 


Fig.  1894.— Serve  Endings  In  the  Epithellam  of  the  Frog.  (According 
to  Bethe. I  J^.  "Gabelzelle,"  fn.>m  sensory  papillie  of  the  tongue; 
B,  cTlinder  celts;  C.  Isolated  rod  cell;  D,  upvvt  part  of  papilla; 
E.  ciliaie  cell  of  palate. 

1895).  Strong,  in  his  paper  on  the  cranial  nerves  of  the 
frog,  figures  a  similarly  minute  meshwork.  In  all  of  the 
above  cases  there  is  the  element  of  uncertainty  growing 
out  of  the  fact  that  the  methods  are  impregnation  rather 
than  staining  processes  and  are  histologically  uncertain. 
In  the  skin  of  the  Amphibia  there  exists,  at  tlie  iMise  or 
ental  aspect  of  the  layer  of  Malpighi,  a  layer  or  stratum 
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■which  19  in  a  peculiarly  nascent  state.  These  cells  are 
devoid  of  the  thick  and  rigid  walls  characteristic  of  the 
superficial  cells  and  are  protoblasts  rather  than  complete 


-Diagram 


the  Skin   of   the 
Dogiel.) 


Sexual   Organs.     (Alter 


cells.  In  this  layer  we  may  find,  at  all  stages,  the  evi- 
dences of  mitotic  division.  In  fact  there  is  a  permanent 
proliferating  zone  in  this  region.  Comparison  of  this 
stratum  -nith  that  of  higher  vertebrates  shows  that  the 
latter  form  no  exception,  though  it  is  not  always  easy  to 
detect  the  protoblastic  elements.  A  single  theoretical 
consideration  is  sufficient  to  convince  one  that  this  is 
■what  should  be  expected,  for  it  is  of  course  recognized 
that  every  type  of  vertebrate  has  some  provision  for  the 
constant  or  occasional  removal  of  the  skin.  In  some 
cases  the  process  of  removal  of  the  eorneum  is  intermit- 
tent, while  in  others  it  is  gradual.  In  cither  case  it  is 
obvious  that  there  must  be  a  proton  of  undifferentiated 
material — of  cells  that  have  not  passed  beyond  the  plastic 
stage.  In  those  parts  of  the  skin  where  there  is  little 
differentiation  between  the  various  layers  the  difference 
between  the  eorneum  and  deeper  cells  is  not  readily  de- 
tected in  i>reparations  by  the  usual  iirocesses.  but  in  the 
thicker  portions  where  the  so-called  Leydig  cells  aiipcar 
the  basal  protoblasts  are  crowded  into  the  interspaces  and 
pried  apart.     One  effect  of  this  process  has  been  to  stretch 


Fig.  1896.— Skin  of  AxolotI,  showing  Pericellnlar  Network  and  the 
Nerve  Fibres  Entering  from  Below.     (Original.) 

the  connecting  protoplasm  into  an  excessively  thin  layer 
or  film  enveloping  the  Leydig  cell  either  completely  or 
as  a  coarse  meshwork  of  naked  protoplasm.     In  all  the 


preparations  ■we  have  seen,  the  appearance  is  that  of  a 
broad  reticulum  arising  in  the  intercalary  or  basal  proto- 
blasts and  enveloping  the  cell  in  such  a  way  as  to  wrap 
it  completely  in  the  products  of  the  adjacent  pro- 
toblasts. 

The  nerve  sujjply  to  the  reticulum  is  abundant, 
and  the  fibres  can  be  traced  without  difficulty 
through  the  corium  lajer  in  all  preparations.  The 
sheaths  seem  to  cease  after  passing  the  corium  and 
the  subsequent  course  is  less  easy  to  make  out.  In 
a  considerable  number  of  eases  it  has  been  possible 
to  trace  such  fibres  with  all  desirable  clearness  to 
actual  connection  with  the  bases  of  the  lower  pro- 
toblasts above-mentioned.  The  fibre  is  red,  as  is 
the  protoplasm,  so  that  it  remains  possible  that  the 
exact  nature  of  the  union  is  not  obvious,  yet  from 
the  fact  that  two  masses  of  naked  protoplasm  thus  come 
in  contact,  the  range  for  possible  modes  of  union  cannot  be 
extensive.  It  is  believed  that  the  condition  above  de- 
scribetl  in  so  striking  an  example  is  by  no  means  limited 
to  the  aquatic  or 
semi-aquatic  ver- 
tebrates. It  has 
simply  been  most 
clearl}'  seen  in 
these  cases  be- 
cause the  cells  are 
so  large  and  the 
intracellular  retic- 
ulum is  so  evi- 
dent (Fig.  1896). 
It  is  evident  that 
many  of  the  end- 
ings to  be  de- 
scribed bevond  as  free  nerve  endings  receive  a  new  in- 
terpretation when  it  is  understood  that  these  may  be  in 
immediate  contact  with  protoplasmic  material  lying  be- 
tween the  mature  cells  and  forming  a  stroma  in  which 
thej-  are  in  a  sense  embedded.  It  has  been  suggested  that 
to  some  such  reticulum  as  that  indicated  the  organs  may 
owe  the  remarkable  solidarity  and  co-ordination  of  their 
activities. 

Free  Serve  Endingii  of  the  Skin. — It  seems  abundantly 
proven,  in  spile  of  the  doubts  of  Krause,  Gold-scheider, 
and  others,  that  free  nerve  endings  exist  in  the  epidermal 


Fin.  1897.  -  Vertical 
Outer  Part  of  the 
(After  Kolliker.) 


Section    through    the 
Cornea   of   a   Rabhit. 


FIG.  1898.-Sectlon  ilu    (,uii 
the  Oesophagus  of  a  cat. 


i:i.iiiHiiNiii  i.ii.i  Part  of  the  Mucosa  of 
Kilil-ball  with  terminal  arborizations. 


layer  of  the  skin.  These  are  among  the  most  difficult 
objects  to  prepare  suitably  for  study  and,  as  suggested 
above,  it  is  proliable  that  these  fibres  have  relations  pri- 
marily with  au  intercellular  reticulum  derived  from  pro- 
toblasts of  the  JIalpighian  layer.  The  cornea  is  a  favorite 
part  of  the  skin  in  which  to  demonstrate  these  fibres,  but 
they  seem  to  be  distributed  over  the  whole  body  surface. 
Belonging  to  the  siime  category  apparently  are  the  so- 
called  tactile  inenisqiies  identified  by  Ranvier.  In  this 
case  also  the  fibres  communicate  with  ill-defined  flattened 
intercellular  bodies  in  the  superficial  and  deep  layers  of 
the  skin. 
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It  is  as  yet  imiiossitiU-  to  cU'terminc  wliat  the  relation 
of  tlie  fine  arborizations  of  these  free  endin-rs  may  be  to 
the  socalied  hot  and  cold  spots.     It  appears,  however. 

that  tile  percep- 
tion of  heat  and 
pain  is  intiniately 
associated  with 
circulatory 
chamres  and  that 
the  nerve  siii>ply 
to  the  capillaries 
must  not  be  over- 
looked. 

Miss  DcWitt 
has  described  with 
mncli  slvill  the  ter- 
minations of  free 
tilires  in  the  mu- 
cous membrane  of 
the  (esophagus. 

"  T  he  1  a  r  g  e, 
inedullated,  sen- 
sory fibres,  found 
in  the  nerve 
trunks  of  both  the 
intermuscular  and 
the  submucous  plexus,  pass  througli  the  muscuhiris  mu- 
Cosa>  and  form,  with  frequent  bniiicliiiig.  a  tiiier-meshcd 
ple.xus  in  the  deeper  parts  of  the  mucosa.  From  this 
plexus  branches,  still  medullated.  are  given  oil.  which 
pass,  repeatedly  dividing  at  tlie  nodesof  Ranvier,  toward 
the  epithelium.  Under  the  epithelium,  these  nerve  tibres 
lose  their  medullary  sheaths  and  form  a  line-meshed  sub- 
epithelial  plexus,  whose  tibres  extend  for  considerable 


Fig.  1899.- 


-Tangentinl  Section  of  Mucosa  of 
(Esopbagiis  of  Cat. 


Pig.  1900.— Longitudinal  Se<ti. 11  ..,  showing  the  Pulvlnus  or 

Erectile  Organ  and  the  Path  ol  the  Serve  lo  the  Annular  Ring. 

distances  under  the  epithelium.  Before  losing  their  med- 
ullarv  sheaths,  many  of  the  medullated  tibres  give  off  at 
the  laodes  of  Ranvier  nou-meduUated  tibres,  which  also 
pass  up  toward  the  epithelium  and  assist  in  the  forma- 


tion of  the  subepithelial  plexus.  From  this  ple.xus,  as 
well  as  from  non  inedullated  lihres  which  come  up  di- 
rectly fi<im  the  muco.sii  and  si-cm  to  take  no  part  in  the 
roriualion  of  the  phxus.  (inc.  varieos<'  nerves  pass  up 
into  the  epillK'lium.  wind  between  the  epithelial  cells, 
occasionally  giving  olf  longer  or  shorter  branehes.  w  hich 
terminate  in  varicosities  of  ditferent  forms  anil  sizes:  the 
terminal  tibres  also  linally  end  in  ball  like  thickenings 
on  or  between  thi'  epithelial  cells,  either  near  the  sur- 
face or  at  a  gnviter  depth. 

"That  the  terminal  and  lateral  arbori/.alions  surround 
the  eliithelial  <'ells.  ending  on  or  between  the  cells  in 
small  varicose  thickenings,  .sometimes  on  the  surface  cells 
and  sometimes  on  the  deeper  ones,  may  be  .seen  in 
Fig.    1898,  tJikeu  from  a  cross  section  of  the  a'sopliu- 


Fig.  1901.— Longitudinal  Section  of  Sheath  of  Vihnssaat  the  PulviniLS 
showing  Pan  of  .Annul.ir  Nerve  Uing  as  seen  b.v  (ioliil  Mitliod. 
(From  Messinger.  after  Herrick.) 

geal  mucosa  of  a  young  cat.  In  the  great<'r  part  of  the 
oesophagus,  these  terminal  arborizations  .seem  to  be  puite 
evenly  distributed,  and  it  has  seemed  to  me  probable 
that  nearly  all  of  the  epithelial  cells  come  in  contact 
with  one  or  more  of  the  terminal  nerve  fibres.  In  the 
upper  part  of  the wsophagus.  however,  neurits  junction 
with  the  pharynx,  there  arc.  in  addition  to  these  uni- 
formly distributed  telodendria.  certain  pi'culiar  bull  like 
mas.scs.  consisting  of  the  telodendria  of  several  nerve 
fibres,  whose  branches  are  very  short  and  soon  become 
non-medullated.  The  non-medullated  fibres  soon  briiik 
up  into  lon.ir,  slender,  varicose  end-branches,  forming 
end-bruslies  which  meet  and  intermingle  with  tin- end 
brushes  of  other  nerve  tibres.  making  a  dense  and  com- 
pact mass  of  terminal  nerve  tibri'S.  which,  on  superlicial 
examination,  resembles  a  special  sensi>ry  end  organ. 
Closer  study,  however,  fails  to  reveal  the  presence  of  a 
conncctivetissue  cai>sule.  and.  in  cross  s«'Ctious,  we  find 
that  the  ending  is  in  the  epithelium  and  does  not  differ 
from  the  end-arborizations  in  other  jiarts  of  the  mucosa 
except  for  the  fact  that  here  they  are  more  closely 
crowded  together,  more  richly  bninche<l  and  beset  with 
larger  and  more  abundant  varicosities." 

A  modification  of  tin-  free  endings  is  found  in  connec- 
tion with  certain  modified  hairs.     The  \1bris8Je  of  car- 
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nivorse,  for  example,  have  a  curious  hiEmostatic  or  erectile 
apparatus  in  conuection  with  the  hair  bulb,  aud  around 
the  neck  of  the  bottle-shaped  bulb  is  an  annular  arrange- 


FIG.  1902.—^,  Krau.se's  End-Bulb. 
Pacinrs  body. 


Fig.  1903.— Nerve  Endins 
B,  in  Human  Conjunctiva. 

<Dogiel.) 


ment  of  fibres  that  seems  to  be  intended  to  serve  as  a 
means  of  receiving  tactile  impressions  arising  from  move- 
ments of  the  hair. 

Terminal  Corpuscles. — These  dilTer  from  the  free  termini 
in  the  fact  that  the  nerve  ending  issurrounded  by  a  more 
or  less  complicated  sheath  of  connective  ti.ssue.  and  it 
would  appear  as  though  the  arrangement  of  parts  was 
destined  to  apply  c-xU-rnal  pressure  or  irritation  more 
directly  or  powerfully  to  the  nerve  fibre. 

The  nerve  bulbs  of  Krause  are  the  simplest  of  these 
organs  and  are  found  in  the  conjunctiva,  lips,  tongue, 
and  geniUilia.  They  consist  simply  of  a  Siie  of  connective 
tissue  of  round  or  oval  form  in  which  the  end  tibre  lies 
either  as  an  a.xial  thread  oras  a  coinidicaled  coil.  In  the 
case  of  the  genital  corpuscles  there  seems  to  be.  accord- 
ing to  Dogiel,  a  complicated  lateral  anastomosis  between 
the  fibres  of  the  ditlerent  corpuscles  alToi-diiig  an  oppor- 
tunit}-  for  excessive  irradiati<in  of  the  stimulus. 

Tactile  corpuscles  pi-oper  ai'c  much  more  complicated 
structures.  The  neurilemma  of  the  entering  nerve  fibre 
becomes  continuous  with  the  sheath  <d'  the  corpuscle. 
Each  corpuscle  may  receive  from  one  to  four  libres  which 
enter  with  their  siieaths  for  some  distance.  The  fibre 
then  becomes  non-medullat<-d  and  forms  numerous  coils 
or  loops  within  the  corpuscle.  These  corpuscles  are 
especially  numerous  on  the  palms  and  soles,  on  the  mar- 
gins of  file  lips  and  in  the  genitalia,  but  are  not  confined 
to  these  organs. 

Pacini's  corpuscles,  which  are  most  numerous  in  the 
joints  and  in  the  mesentery,   though  also  found  in  the 


Fifi.  1904.- An  Early  Stage  in 
the  Olfactory  Epithelium. 
Neuroblasts  prolife  rating 
and  migrating  to  inner  as- 
pect ol  epithelium. 


FIG.  1905.- A  Ijiter  Stage  of  Olfac- 
tory Epithelium.  Beginnings  of 
olfactory  nen'e. 


axial  nerve  fibre.  The  simple  bulb  is,  how-ever,  clothed 
with  numerous  concentric  capsules  and  the  whole  covered 
with  a  connective-tissue  pseudo-epithelium  of  polygonal 
cells. 

Organs  of  Special  Sense. — It  is  generally  believed  that 
the  sensory  elements  in  the  organs  of  higher  sense  have 
been  derived  from  the  simple  form  of  rod  cell  found  in 
the  lateral-line  buds  aud  taste  buds.  The  latter  have  al- 
ready been  referred  to  as  being  obviously  similar  to  the 
lateral-line  organ.?,  and  we  believe  that  whatever  method 
of  nerve  connection  shall  be  determined  in  one  will  also 
be  found  characteristic  of  the  other,  unless,  indeed,  the 
nervous  connections  in  one  or  the  other  case  prove  to  be 
secondary,  as  is  not  impossible.  From  a  speculative 
point  of  view  it  is  impossible  to  say  whether  the  gusta- 
tory cells  are  derived  from  parts  of  the  lateral  sensory 
bands  arising  between  the  pituitary  and  the  olfactory  or 
whether  they  have  entered  the  mouth  in  a  secondary  way 
via  the  gill  clefts. 

For  both  the  olfactoiy  and  Jacobson's  organ  the  direct 
connection  of  the  specific  cell  with  the  nerve  fibre  has 
been  demonstrated.*  In  these  cases  most  writers  agree 
also  that  the  radix  fibres  are  the  product  of  moniliforni 
series  of  neurocytes  or  neuroblasts.  The  writer  is  much 
inclined  to  regard  this  as  the  primitive  method  of  nerve 
formation  and  one  that  prevails  in  the  case  of  other  periph- 
eral nerves  in  a  disguised  form. 

The  first  indication  of  the  change  of  the  ordinary  to 
the  sensory  eiiithelium  is  seen  in  the  thickening  of  a  por- 
tion of  the  superficial  layer  from  the  morphological  front 
of  the  head  (tlie  region  of  the  future  infundibular  recess) 


corium  layer  of  the  skin  of  the  extremities,  have  some- 
tliing  in  common  with  the  end-bulbs,  being  quite  simple 
in  structure,  with  a  single  straight  or  slightly  curved 


Fk;,  r.lOti.— Teased    Preparation   for   Olfactory  Epithelium  of  Sala- 
mander. 

in  relatively  broad  Viands,  one  on  either  side  of  the  head. 
As  the  head  liexures  increase,  these  areas  are  carried 
ventrad  aud  come  to  occupy  the  roof  of  the  mouth  and 
adjacent  parts  of  the  buccal  cavity.  The  development 
of  the  taste  buds  from  this  epithelium  we  have  not  traced 
in  these  subjects,  though  it  is  probable  that  (hey  are 
formed  from'lhis  proton,  as  the  mucous  parts  of  the  hy- 
pophysis are.  At  the  time  the  first  olfactoiy  rudiments 
appear,  the  curvature  is  such  that  the  heniisplieres  are 
protuberant  iu  front  and  .so  come  nearly  in  contact  with 
the  prota  of  the  olfactory  in  the  two  bands  of  germiiiative 
epithelium  above  meuli'oned.  Still  there  is  no  dilliculty 
in  seeing  that  the  original  proliferations  take  place  in  the 
skin,  and  that  the  constant  proliferation  by  division  of 
the  earlier  cells  siiins  the  nerve  fibre  from  the  original 

*  A  Ithough  there  was  for  a  long  time  considerable  disagreement  as 
to  the  aciual  connections  of  the  olfactory  nerve  fibres,  and  the  classi- 
cal stuilies  of  Kolliker,  Klein,  ami  Piana  left  the  matter  open,  it  seems 
as  though  tilt-  laier  studies  of  Ebrlich,  Arasteiu.  Cajal.  Gehucht<'n, 
Retzius,"  Brunu,  aud  Leuhossi-k,  who  employed  the  silver  and  methy- 
l>-ni'-i)iiie  UH'ttioils,  were  sultirient  to  prove  conclusively  that  the  ol- 
factorv  eintliiiiuiu  possesses  rod  cells  whose  pro.ximal  end  is  in  actual 
continuity  with  the  fibre  of  an  olfactory  nerve  filament.  The  writer 
hasfrequentlv  vcrilled  this  in  specimeiis  of  Amphibia  double-stained 
with  h;einat".\vlin  and  pici-oi-armine,  in  which  very  unambiguous 
views  can  be  secured.  A  fi-w  figures  from  these  preparations  were 
published  bv  Mr.  Bawden,  then  a  student  in  the  writer's  laboratory 
(Jour.  Comp.  Neurol.,  iv.).  Our  studies  in  the  development  of  the 
olfactory  nerve  show  that  the  proton  of  the  nerve  is  formed  in  or 
under  the  epithclluin  of  tlie  nasal  area,  and  that  the  nerve  grows  by 
moniliform  concnsionce  of  cells  which  arise  by  mitosis  from  this 
proton.  From  this  standpoint,  then,  it  would  be  expected  that  the 
neurocytes  of  origin  woulil  be  found  in  the  epithelium.  In  all  essen- 
tial respects  the  relations  in  .l.i'-obson's  organ  are  the  same  as  in  tbe 
true  nasal  olfactory  epithelium. 
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source  to  tlie  point 
wliere  the  tuber  subse- 
quently aris<.'s.  In  faet. 
the  tuber,  vliich  has 
frequently  been  eoni- 
pared  to  the  ganglion  of 
origin  of  a  cranial  nerve, 
does  not  seem  to  alTord 
origin  for  any  centri- 
fugal fibres  whiitever. 
In  preparations  by  the 
silver  method  it  is  easy 
to  see  that  the  ueurite 
of  the  moniliform  chain 
of  the  olfactory  nerve 
comes  into  relations  in 
the  gloraerules  with  den- 
drites of  the  mitral  cells. 

For  a  long  time  dur- 
ing the  development  of 
the  brain  an  obvious 
ganglionic  mass  lies  be- 
low the  skin  at  the  base 
of  the  point  of  origin  of 
the  olfactory.  The 
gradual  elaboration  of 
the  cavities  of  the  nares 
only  serves  to  redis- 
tritJute  the  prota  with- 
out materially  disturb- 
ing the  simplicity  of 
the  arrangement. 

The  fact  that  the  lens 
is  essentiallj'  a  sensory 
depression,  homologous 
with  the  nasal  sac.  is  one 
of  the  well-established 
generalizations  of  the 
last  few  years.  In  this 
case,  however,  neuro- 
blasts are  not  developed, 
and  the  spongioblasts 
undergo  very  remark- 
able gelatinous  transformation,  though  the  nuclei  may 
always  be  demonstrated  by  sufficient  preparation. 

The  internal  ear  is  the  ne.xt  organ  of  this  lateral  series, 
and  its  formation  beautifully  illustrates  the  uniformity 
in  diversity  characteristic  of  all  morphological  processes. 
The  auditory  sense  organ,  like  the  preceding,  is  an  in- 
vagination of  specialized  sensory  epithelium  continuous 


Fig.  1907.— structure  of  tbc  Olfactory  Filaments  and  Bulb.  (Itam6n 
y  Cajal.)  6c.  Bipolar  cells  of  the  olfactory  nniC'Hi.s  membrane ;  sm, 
submucosa:  c(/iHi,  cribriform  pliiic  of  the  ctlitiioid;  o(/.  olfactory 
glomeruli;  mc.  mitral  cells;  c;*.  cpittu-liuin  of  tbe  olfactory  ven- 
tricle ;  t'C,  epithelial  cells  of  the  olfactory  uit-mbrane. 


Fig.  190S.— Head  of  Embryonic  Shark.  ,4r<iii()pi.i.<  vulnnrif.  showlnfr 
the  saucer-like  depression,  corresponding  to  the  insinklnp  sense 
organ  which  is  to  be  con\  erted  into  the  auditory  sense  oruMns  of  the 
sMrk.  a.r.,  Auditorvvesicle:  cp,  position  of  epiphysis;  i/i,  mesen- 
cepbalon ;  /,  (ore-brain ;  g,  gill  region ;  h,  medulla.     (After  Ayers.) 


with  that  which,  in 
lower  verlebnites,  form8 
the  "organs  of  the  lat- 
eral line."  It  lirsl  ap- 
pears as  a  saucer-like 
depression  (Fig.  1908), 
from  which  is  foniied 
the  capsule  from  the 
various  transformations 
of  which  the  "mem- 
branous labyrinlli  "  witli 
it.s  sensiiry  patches  is 
formed. 

The  priniilive  sac  di- 
vides inti>  a  cephalic  and 
a  caudal  purtioii.  Com- 
liarison  nf  the  inethrKls 
of  development  of  the 
lateral-line  organs  in  the 
dogfish,  for  example 
(Ay  era),  shows  great 
similarity  with  the  early 
morphological  changes 
ill  the  cai'  by  which  the 
semicircidar  canals  are 
formed.  "Within  the 
two  chambers  formed 
four  canal  sense  organs 
develop.  The  two  ex- 
ternal organs  are  .soon 
enclosed  within  the  am- 
pulla of  the  twi)  com- 
plete anil  relatively  large 
canals  which  are  now 
formed  about  them." 
"  Up  to  this  lime  the  or- 
gans have  retained  the 
primitive  relations  to 
each  other,  a  serial  ar- 
rangement along  a  line 
running  in  an  antero- 
posterior direction. 
Now  there  begins  a  dis- 
tortion of  the  structure  as  a  whole,  which  continues 
ever  after  and  reaches  its  greatest  development  in  the 
mammals,  viz.,  a  process  of  sinking  and  drawing  out 
ventrally  of  the  posterior  chamber  of  the  ear,  so  that 
hereafter  we  might  speak  of  a  superior  and  an  inferior 
portion  or  chamber"  (Ayers).  By  progressive  subdivi- 
sions the  four  patches  give  rise  to  the  eight  detinilive 
auditory  sensory  organs  of  mammals.  Meanwhile,  the 
neuroblasts  have  migrated  to  the  ectal  surface  and  give 
rise  to  the  two  ganglia  ( vestibtili  and  cochleaO  from  which 
the  two  blanches  of  the  auditory  nerve  are  iirodueed. 

The  transformations  of  the  epithelium  in  the  fonuatiou 
of  the  organ  of  Corti  are  out  of  place  here,  but  obey  laws 
easily  intelligible  from 
our  knowledge  of  the 
history  of  the  spongio- 
blasts elsewhere. 

The  retina  is  essen- 
tially a  modification  of  a 
portion  of  the  primitive 
neural  tube.  The  pig- 
ment layer  undergoes  a 
change  directly  compar- 
able with  that  which 
produces  the  velum  cere- 
belli  or  the  introductory 
stages  of  plexus  forma- 
tion. The  original  limits 
of  the  tube  are  represent- 
ed in  the  retina  by  the 
membrana;  liraitantcs. 

The  relations  are  at 
first  exactly  as  in  the 
brain  proper  (Fig.  1909). 
The  neuroblasts  are  fig.  l«ie. 
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Fig.  I910.-Collectini;  Fllanients  of  the 
Vestibular  Branch  of  the  ,\inlitory 
Nerve.  (Raui6ii  y  Cajsil.  i  Trans- 
verse seetion  of  the  seniicircular 
canal  of  a  mouse,  vl.  Lumen  of  the 
canal ;  B,  acmistic  crest ;  C.  bundle 
of  nerve  fibres  containing  bipolar 
cells:  r>.  a  similar  bundlesupplyinir 
the  top  of  the  canal ;  rt.  h.  and  c. 
varieties  of  bipolar  epithelial  cells. 


foniied  adjacent  to  the  ventricular  surface  and  migrate 
to  the  ectal  surface.  A  portion  remains  in  tlie  nuclear 
(granular)  layers  and  corresponds  to  the  granules  which 
lie  adjacent  to  the  ventricles  in  the  brain.     The  method 

of  formation  of  the  rods 
^  and  cones  is  still  a  mat- 
ter of  dispute.  Professor 
His  thinks  they  are 
formed  by  protrusion  of 
backward-gro-ning  proc 
esses  of  the  neuroblasts. 
It  is,  perhaps,  doubtful 
if  we  have  not  to  do 
,       .  -  with   the   nuclei  of  the 

\^^'-      .   ;T  li.l         -'*^  spongioblasts    and     the 

T     /r  ,  1  '.il  l)!,'.!',/  ,^  greatly   modified  lioiuo- 

logues  of  the  cilia  char- 
acteristic of  ventricular 
epithelium.  In  anj'  case 
the  true  neurons  collect 
in  a  single  or  double 
series  on  the  vitreous 
surface  of  the  retina, 
and  give  rise  to  an  axis- 
cylindei'  process  which 
passes  through  the  chi- 
asm to  the  tectum  opti- 
cum,  and  to  piotoiilas- 
mic  processes  which 
subdivide  in  the  "inner 
inolecular  layer  "  (equiv 
aleiit  to  the  marginal 
reticidar  zone  of  th? 
brain).  The  direct  con- 
nection between  the  ganglion  cells  anil  the  rods  and 
cones  has  not  been  observed,  and  probably  the  connection 
is  through  a  reticulum  or  neuropilemas  in  all  other  cases. 
The  nerve  fibres  develop  in  the  human  retina  at  about 
the  fifth  week.  It  is  obvi<ms,  from  the  results  of  recent 
investigation,  that  fibres  arising  in  the  tectum  opticuni 
pass  toward  the  retina  as  well  as  vice  versa. 

Further  discussion  of  the  organs  of  special  sense  is 
rendered  unnecessiiry  by  the  fact  that  vision  and  audition 
are  fuUj'  treated  under  these  heads. 

Musde  Spindles  arc  problematical  nervous  organs  which 
are  supposed  to  supply  the  sensory  stimtdi  on  which 
are  based  the  muscular  sense  and  jiressure  sense.  They 
were  first  described  by  KOUiker  btit  were  first  jiroven  to 
be  sensory  by  Sherrington.  The  most  complete  account 
is  that  ofHiiber  and  DeWitt  (Joiirn.  Comp.  Neurol.,  vii., 
3,  4)  from  which  the  following  is  taken. 

"The  capsule  or  perimysial  sheath,  has  essentially  the 
same  structure  in  all  vertebrates  examined,  although  it 
varies  much  in  thickness.  It  is  made  up  of  concentrically 
arranged  layers  of  white  fibrous  tissue,  the  several  layers 
being  oftenin  close  appf)sition,  or  again  more  or  less  dis- 
tinctly separated  one  from  the  other,  leaving  larger  or 
smaller  clefts  between  them.  The  luimber  of  these  con- 
centric layers  varies ;  Sherrington  places  it  at  si.x  to  eight, 
which  number  holds  good  for  many  of  the  muscle  spindles 
seen  b_v  us,  especially-  those  found  in  manunalian  muscle. 
The  fibrous  tissue  "of  the  concentric  lamelkr  is  white 
fibrous,  practically  devoid  of  yellow  elastic  tissue.  At 
the  beginning  of  "the  muscle  spindle  (pro.ximal  end),  the 
capsule  becomes  continuous  with  a  somewhat  thickened 
perimysial  sheath,  which  surrounds  the  luuscle  fibres 
about'to  enter  the  muscle  spindle.  The  behavior  of  the 
capsule  at  the  distal  end  of  the  muscle  spindle  depends 
somewhat  on  its  relative  position  in  the  muscle.  The 
spindle  may  be  embedded  in  tlie  muscle  substance,  in 
wliich  case,  as  Sherrington  correctly  states.  '  its  long  axis 
lies  parallel  to  the  muscle  fibres  amid  which  it  is  em- 
bedded ' :  here  the  distal  end  of  the  capsule  seems  again 
to  become  continuous  with  the  internal  perimj'sium. 

"Jlore  immediatel.y  surroiuiding  the  enclosed  muscle 
fibres,  designated  by  Sherrington  as  '  inti-afuml  lihre.i.' 
there  is  foimd  a  connective-tissue  sheath  whicli  he  has 
described  as  the  ' axial  sheath,'  consisting  of  thin  lands 


or  plates  of  white  fibrous  tissue  in   which  nuclei  are 
numerous. 

"Between  the  capsule  and  the  axial  sheath  is  found  a 
relatively  large  lymph  space — Golgi  and  Sheriington — 
designated  by  the  latter  as  the  "  periuxial  spnee '  /  this, 
he  correctly  states,  is  '  bridged  across  and  partially  sub- 
divided in  many  points  by  extremely  tenuous  membrane& 
and  filaments. '  The  pei'iaxial  lymph  space  is  broadest 
near  the  middle  of  the  muscle  spindle,  generally  tapering 
off  toward  the  ends.  The  intrafusal  fibres  are  sometimes 
in  the  middle  of  this  sjjace  and  again  eccentric.  The 
sjiace  also  shows  buddings  here  and  there,  which  seem, 
however,  in  a  large  measure  due  to  foldings  in  the  cap- 
sule, the  result  of  contraction  of  the  contiguous  muscle 
fibres." 

From  one  to  four  large  medullated  nerves  end  in  the 
smaller  spindles  and  from  five  to  eight  in  the  larger, 
com]iound  spindles. 

Single  spindle  nerves  are  surrounded  by  a  thick  sheath 
of  Henle;  small  bundles  of  spindle  nerves,  by  a  connec- 
tive-tissue sheath,  which  becomes  in  part  continuous 
with  the  capsule,  in  part  with  the  axial  sheath.  The 
spindle  nerves  remain  medullated  until  they  are  within 
the  axial  sheath,  the  interuodal  segments  becoming  shorter 
as  the  muscle  spindle  is  approached :  but  this  is  more 
especially  noticeable  after  they  have  penetrated  the  cap- 
sule. After  losing  the  medullary  sheath  (within  the 
axial  sheath),  thenon-medullated  continuation  of  spindle 
nerves  undergoes  further  subdivision,  before  the  ultimate 
ending  is  reached. 

Rutfini,  whose  account  we  may  here  follow,  describes, 
for  the  cat.  three  types  of  idtimate  endings  of  the  spindle 
nerves — spiral,  circular,  and  fiowerlike  endings  ("termi- 
naisons  a  spiiides.  a  anneaux,  et  a  fleurs  ").  Of  these,  the 
spiral  endings  may  be  first  considered,  as  they  seem  to  us 
the  most  tyjiical.  The  non-medullated  terminal  branch  of 
the  spindle  nerve  thus  ending,  flattens  out  into  a  ribbon- 
like ending,  more  or  less  irregular,  which  is  spirally 
wound  around  the  intrafusal  fibre,  this  spiral  extending 
for  a  longer  or  shorter  distance  along  the  intrafusal  fibre; 
the  spii'al  turns  are  sometimes  so  close  together  that  they 
almost  touch  each  other,  or  again,  farther  apart,  so  that 
they  can  be  clearly  made  out.  These  spirals  have  also 
been  described  by  Kerschncr,  who  very  correctly  adds 
that  from  place  to  place  offshoots  proceed  from  the  spiial, 
which  may  end  on  the  intrafusal  fibre  surrounded  by  the 
spiral,  or  on  some  coutigtious  intrafusal  fibre.  The 
"ring-shaped"  endings  of  Rutlini  have,  we  believe,  been 
correctly  interpieled  by  Kerschncr  as  iateial  views  of 
flat  spirals.  Such  ring-shaped  endings  may,  however, 
now  and  then  be  formed  by  short  side  branches  of  the 


Fig.  1911.— .-1  and  B,  Motor  Plates  from  Muscle  of  Rabbit ;  C.  cross 
section  of  nuisde  and  motor  plate  of  Frog.  (After  Huber  and 
DeWiU.) 

non-medullated  terminal  branches,  which  almost  com- 
pletely, or  completely,  encircle  an  intrafusal  fibre ;  several 
such  "endings  may  b"e  side  by  side  on  an  intrafusal  fibre. 
The  flower-like  endings  mentioned  by  Ruflini,  are,  no 
doubt,  as  suggested  by  Kerschncr,  the  terminal  endings 
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of  the  siiiials,  or  of  l)riiiiclies  from  llie  spirals;  tlicy  may, 
lunvevcr,  now  and  thin  hr  seen  as  brandies  from  the 
terminal,  nonniedullated  eontinnalion  of  the  spindle 
nerves,  whicli  have  a  zi^'zaireourse  on  an  intnifusiil  fibre 
without  foiming  a  spiral. 

Batten  shows  that  "in  infantile  paralysis  the  spindle 
remains  absolutely  normal,  although  the  surroundins 
tissue  undergoes  eomjilete  atrophy."  In  tabes,  he  shows 
that  certain  ehanges  take  ]ilaee  in"  the  termination  of  the 
nerve,  the  genersil  strueture  of  the  spindle  remaininsr 
nonna!.  In  progressive  muscular  atrophy  the  spindle 
remains  unaltered,  and  the  same  is  probably  true  witli 


i'M'P 


Fig.  1912.— Section  of  the  Skin  of  the  Head  of  a  Toad  iBufoi  aftci- 
inlrii-ritam  injection  with  methylene  WueandflxaMon  with  lietlies 
solution  of  molrhdate  of  ammonia.  E.xamined  in  s-'lyeerin.  The 
section  i;^  somewhat  obliqne  so  that  the  duct  and  pari  of  t lie  body 
of  the  ?laiid  are  absent.  Tlie  delicate  non-meduUated  lllires  are 
seen  gencRinsly  distributed  over  the  uncut  surface  v-f  the  inland. 
Coarser  fltires  are  also  seen  in  the  lower  and  upper  plexuses,  also  a 
bundle  of  sensory  rods  at  the  left. 


regard  to  ]ieriphcral  ncurites.  Section  or  atrophy  of  the 
nerve  trunk  leads  to  atrophy  of  the  muscle  lihres  within 
the  spindle,  though  it  is  probable  that  it  takes  a  consider- 
able length  of  time  for  changes  to  take  place  in  the 
mu.scle  fibre  within  the  spindle." 

Kixicsonic  Exd-Orgaxs. — The  most  important  ter- 
mini of  the  centrifugal  s^'Stem  are  those  upon  muscles 
and  glands.  The  motor  end-plates  are  the  points  of  al- 
tachraent  of  the  motor  nerve  tibix's  upon  the  muscles  and 
arc  accordingly  the  receiving  stations  of  the  muscle  and 
the  points  whence  the  stimulus  is  distributed  to  the  librc 
prior  to  its  contraction.  Thev  were  lirst  observed  by 
Iloyerc  in  1840  and  have  lieeu  the  subjects  of  much  pa- 
tient investigation  since  that  time.  The  best  work  in 
this  tick!  is  that  of  Kuehne.  which  has  been  ably  sup- 
plemented by  Huber  and  DeWitt.  The  tibi-e  penetrates 
the  Siircolemma  and  forms  a  very  com])licated  arborescent 
figure  l>y  the  ramitications  of  the  axis  cylinder,  and  this 
may  be  regarded  as  the  end-brush  of  one  or  more  motor 
neuiitcs.  The  granular  mass  in  which  the  nerve  (ibre 
terminates  was  at  lirst  supposed  to  bean  expanded  por- 
tion of  the  nerve  til)rc.  It  contains  nuclei  (the  sole  nuclei) 
winch  have  been  variously  interpreted.  The  following 
summary  from  Ilidjcr  probably  expresses  the  present 
state  of  "our  knowledge: 


"(1)  The  ramifie<l  terminations  of  the  axis  cylinder  in 
the  motorial  ciidiivirs  of  stri|K'il  muscle  arc"  the  end- 
brushes  of  the  neuraxes  of  motor  ncuriuis.  and  are  similar 
in  slructun-  to  the  end  brushes  of  other  creaOiro  spinal 
ti  lires. 

•'(2)  This  end-brush  (A(*  Gewei'/i.  KiUine)  tcnninate«  in 
the  .sarci>pliisma,  therefore  under  the  .sarcoleinnia  of  the 
muscle  librcs.  At  the  placeof  endingof  the  nerve  (ibri'.s, 
the  .sjircoplasma  may  be  acciuuulated  in  a  circunisciilM-d 
mass,  forming  an  elevation,  more  or  less  distinii.  on  the 
side  of  the  muscle  fibre,  as  in  reptilia.  birds,  and  mam- 
malia, or  spnad  out  over  a   proporti itely  grialer  arm 

of  the  muscle  libre.  as  in  amphibia.  In  the  mass  of 
sarcoplasnia.  the  mvisdc  nuclei  (sole  nuclei  f>f  other 
writei-s)  arc  relatively  more  numerous  tlian  in  other  parts 
of  the  must  le  libre. 

"(3)  The  neurolemma  of  the  nerve  fibre  terminating  in 
the  motorial  ending  becomes  continuous  with  the  snr- 
coleinma  at  the  iioint  of  cntiiuicc  of  the  said  nerve  tibre 
into  the  sarcoplasnia.  Over  the  endings,  sarcoleninm  or 
neurolemma  nuclei — telolemma  nuclei— are  si'eii. 

■■  (4)  The  neuraxisof  the  motor  neuron  loses  its  meilul- 
lary  sheath  before  piercing  (he  sjinolemnia." 

With  reference  to  Die  endings  in  glands  and  other  vis- 
ceral organs  space  need  not  be  taken  here  as  the  ilisciis- 
sion  will  naturally  accompany  the  articles  on  these  organs. 
The  drawing  in  Fig.  11)12  will  suthcieiitly  illustrale  the 
complexity  of  the  nerve  supply  to  glandsand  the  dilTer- 
ence  between  these  endings  and  those  of  a  s<'nsory  nature. 

6'.  L.  lierrick. 

ENDOTHELIOMA.     See  .S/rcoiH/t. 

ENDOTHELIUM.     See  Epithflium. 

ENEMATA.     See  KnlfmrhiKisnTiiX  Alimfntfitinn,  Iltrtnl. 

ENGADINE    lUPPERi,  SWITZERLAND.— The  Upper 

Engadine  valley  extends  from  .Maloja.  til  th<'  summit  of 
the  pass,  to  a  little  beyond  Samadcn.  in  a  direction  from 
southwest  to  noitheast.  Through  this  valley  runs  the 
Inn,  while  high  mountains  belonging  to  the  Hernina 
and  .lulier  chains  enclose  it  on  cither  side.  The  I'pper 
Engadine  valley  is  wider  than  the  lower  and  contains 
several  lakes.  It  is  about  thirty  miles  in  length,  and 
varies  from  a  half  a  mile  to  a  mile  in  width  ;  and  its  mean 
height  above  sea  level  is  .5.  .500  feet.  The  whole  Engadine 
is  one  of  the  highest  inhabited  valleys  in  Europe.  In  the 
I'pper  Kngadine  are  situated  the  health  resorts  of  Maloja, 
St.  Moritz.  and  Saraaden,  where  consumiitives  go  in  the 
winter  for  the  "air  cure";  and  Pontresina  and  others 
which  are  visited  in  the  sunmier  only. 

The  I'pper  Engadine  valley  is  again  divided  into  an 
upper  and  a  low  er  portion,  (|Uite  different  in  the  chanieter 
of  their  scenery.  In  the  upper  portion,  extcndin,!.'  from 
JIaloja  to  St.  Moritz,  where  are  situated  the  lakes  before- 
mentioned,  the  mountain  boundaries  on  either  side  are 
grander  and  wilder  and  much  loftier,  and  their  summits 
are  covered  w  itli  extensive  glaciers  and  snow  lields.  In 
the  lower  half,  extending  from  St.  Moritz  to  the  termina- 
tion of  the  valley,  the  picture  is  quite  difrerent.  "Here 
there  arc  no  lakes,  the  floor  of  the  \alley  is  much  wider, 
and  is  occupied  by  broad  stretches  of  meai low- land 
through  which  the  Inn  quietly  and  tamely  flows  along." 
'•The  mountains  on  each  side  arc  of  lower  elevation; 
they  all  rise  in  gentle  slopes  from  the  floor  of  the  valley, 
and  present  no  bold  or  striking  features  of  form  or  oiil- 
lini'." 

The  upper  or  southern  end  of  the  valley  is  open  and 
affords  a  ready  ingress  to  storms  of  wind  and  rain  ap- 
proaching the  valley  from  the  southwest:  the  wind, 
however,  blows  most  in  spring  and  siinimer.  while  the 
winter  is  the  calmest  sesisoii  of  llic  year. 

Cliiiintr. — The  climate  of  the  I'pper  Engadine  is  very 
similar  to  that  of  the  neighboring  valley  of  Davos,  al- 
ready described.  (Cf.  Diirnx.)  In  the  lirst  place,  there  is 
the  striking  variability  of  the  lem|vrature  as  in  all  high- 
lying  stations.     The  diurnal  variations  are  sudden  and 
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great;  for  instance,  in  August,  between  seven  and  ten 
o'clock,  the  mercury  rises  from  44.6°  to  .53.6°  F. ;  and 
again  at  sunset  it  falls  as  rapidl_y  as  in  the  morning  it 
rose.  Secondly,  tlie  great  radiant  lieat  of  the  sun  is  an- 
other characteristic ;  for  in.stance.  the  maximum  sun  tem- 
perature in  the  upper  Engadine  on  Februarv  4th,  1876. 
■was  118'  F. 

The  number  of  hours  of  possible  sunshine  in  winter  is 
somewhat  greater  in  tlie  Engadine  tlian  at  Davos;  for 
example,  on  January  1st,  the  sun  ri.ses  at  Maloja  at  9:35 
and  sets  at  3:45,  while  at  Davos  it  rises  at  10:03  and  sets 
at  3. 

The  average  rainfall,  most  of  it  being  snow,  is  32.67 
inches;  it  lies  on  the  ground  for  over  live  months,  be- 
ginning about  November  14th.  The  relative  humidity 
is  75  per  cent.  The  mean  annual  temperature  is  about 
36.5°  F.,  and  for  the  seasons  as  follows:  Winter,  18.1° 
F. ;  spring,  33.7°  F. ;  summer,  50.9°  F. ;  autumn,  36.5° 
F.  There  is  said  to  be  rather  more  cloudiness  in  the 
Upper  Engadine  than  at  Davos.  As  at  Davos,  the  purity 
and  exhilarating  quality  of  the  air  in  this  region  constitute, 
in  brief,  the  great  striking  characteristic  which  all  experi- 
ence who  enter  this  valley.  The  writer  can  never  forget 
his  own  sensations  as  he  came  over  the  pass  from  Chia- 
venna  into  this  delicious  atmosphere.  Merely  to  exist 
was  a  delight,  and  to  spend  the  day  in  tramping  over  a 
glacier  or  mountain  climbing  was  exquisite  pleasure,  and 
after  such  exertions  no  sign  of  weariness  was  experienced. 

A  considerable  number  of  consumptives  take  the  winter 
cure  here,  and  there  are  excellent  acconunodations  at 
Saraaden,  St.  Moritz.  and  Maloja;  at  the  latter  is  the  large 
Kurhaus,  accommodating  live  hundred  guests  and  espe- 
cially arranged  for  a  winter  residence;  the  ventilation  and 
sanitary  arrangements  are  of  the  best.  In  the  village  of 
St.  Moritz  is  the  great  caravan.Siiry  "Engadiner  Kulm." 
with  a  wonderful  view  over  the  whole  district  of  St. 
Moritz.  Here  one  can  find  every  comfort,  and  even  lux- 
ury,— large  reception-rooms,  a  library,  a  dining-room  for 
three  hundred  and  fifty  persons,  ancl  a  fine  eolleclion  of 
engravings  and  pictures.  The  English  and  Americans 
chiefly  patronize  tliis  hotel.  St.  Moritz  is  the  highest 
village  in  the  Engadine  or  in  Switzerland,  having  an  ele- 
vatio'n  of  6,085  feet. 

A  mile  or  two  from  St.  Moritz  village  are  the  St.  Moritz 
baths.  These  are  supplied  from  two  acidulous  iron 
springs. — the  old  and  the  new,  containing  soda  with  a 
large  jii'oportifin  of  fixed  solids  and  free  carbonic  acid. 
These  waters  are  used  both  for  drinking  and  tor  baths 
and  are  visited  in  the  season — from  the  ndddle  of  June  to 
the  middle  of  September — by  numerous  patients  of  all 
nations.  The  conditions  benefited  Ijy  the.se  waters  are 
anamiia,  chlorosis,  dyspepsia,  raensti-ual  irregularities, 
various  derangements  of  the  nervous  system,  etc.  There 
is  a  large  Kurhaus  with  many  rooms,  two  bath  houses 
containing  eighty  baths,  and  complete  bydrotlierapeutic 
arrangements  (warm,  cold  and  Scotch  douches,  sitz  baths, 
vapor  baths,  etc. ),  as  well  as  facilities  for  massage.  There 
is  a  covered  promenade  leading  from  the  Kurhaus  to  the 
spacious  pump  room  of  the  new  spring.  There  are  gen- 
erally about  three  hundred  and  eight}'  patients  in  the 
Kurhaus,  and  every  attention  is  given  to  their  comfort 
and  diversion. 

What  has  been  said  regarding  the  winter  climate  of 
Davos  in  the  treatment  of  inilmoiiarv  tuberculosis  applies 
equally  to  that  of  the  Engadine;  there  is  no  material 
ditference  between  the  "  air  cure  "  of  the  Davos  and  that  of 
the  Engadine  valley,  and  the  results  should  closely  re- 
semble each  other.  In  the  winter  resorts  of  the  Upper 
Engadine  there  is  greater  variet}'  of  scenery  and  the  life 
is  more  restful  and  quieter. 

Regarding  the  uses  of  such  a  climate  as  that  of  the 
Upper  Engadine  for  cases  other  than  tuberculosis,  a  few- 
words  can  pro]]erly  be  said  here,  applicable  also,  in  a 
measure,  to  all  high-altitude  resorts.  Whatever  the  mal- 
ady or  condition  there  should  exist  a  "certain  integrity 
and  reactionary  power  of  the  constitution,"  if  the  patient 
is  to  be  benefited  by  a  climate  which  is  stimuhiting  and 
bracing,  such  as  this.     This  being  presupposed,  we  can 


say,  in  general,  that  where  functional  activity  needs  to  be 
improved,  and  the  whole  system  toned  up,  a  few  weeks' 
residence  in  this  jiure.  clear,  dry,  bracing  air  will  almost 
surely  produce  favorable  results.  "I  believe,"  says  Bur- 
ney  Yeo,  "  this  kind  of  climate  is  especiallj'  useful  to  those 
who  have  been  utivnf/.  l)ut  by  some  accident  or  other, 
such  as  o\'erwork.  or  illness,  or  trouble,  have  become 
weak;  to  those  who  possess  a  latent  power  of  reaction." 
To  enumerate  especial  conditions,  there  may  be  men- 
tioned, nervous  dyspepsia,  want  of  appetite,  sleepless- 
ness, malaria,  neuralgia,  anaMnia,  the  later  stages  of  con- 
valescence from  severe  illness,  hypochondriasis,  asthma 
uncomplicated  with  emphysema  or  organic  disease  of  the 
heart  or  arteries,  chronic  bronchitis  with  much  secretion, 
and  those  various  mal-conditions  arising  from  "  insuffi- 
cient exercise  in  the  open  air  and  deficient  absorption  of 
oxygen." 

Biu'ney  Yeo  happily  expresses  it  when  he  says  that 
nnich  of  the  benefit  that  is  derived  from  a  short  residence 
in  an  elevated  region  like  that  of  the  Upper  Engadine  is 
due  to  the  alterative  infiueuce  which  it  exercises  on  the 
human  organism.  "In  passing,"  he  continues,  "from 
the  sea-level  to  an  elevation  of  over  6,000  feet  we  nuist 
alter  in  a  verv  essential  manner  the  conditions  of  our 
lives." 

It  is  well  also  to  bear  in  mind  some  of  the  contra-indica- 
tions  of  a  mountain  climate  like  this.  Such  are,  weak- 
ness from  extremes  in  age;  constitutional  weakness; 
organic  cardiac  di.sea.se;  atheroma;  chronic  Immchitis 
with  dilated  bronchi :  and  e:nphysema,  uniscular  debility 
and  general  exhaustion,  rheumatism  and  inability  to  en- 
dure great  and  sudden  changes  of  temperature. 

Finally,  if  we  are  not  in  search  of  health  or  better 
health,  we  all  need  change  occasionally. — "that  change 
which  is  the  type  of  life  and  the  condition  of  health; 
that  change  which  is  rest."  Where  can  a  more  complete 
or  a  moi-e  refreshing  change  be  found  than  among  the 
grand  glaciers  and  majestic  mountain  peaks  of  the  Upper 
Engadine.  where  we  can  "draw  in  easier  breath  from 
larger  air. "  Edicard  0.  Otis. 

ENTERITIS. — An  inflammation  of  the  small  intestine, 
involving  jiarticularly  the  nnicous  membrane,  and  to  a 
less  extent  the  subnuicous  layer.  It  may  be  either  acute 
or  chronic.  The  whole  length  of  the  intestine  may  be 
involved  or.  more  usually,  the  infiammatiou  is  limited  to 
certain  portions  of  this. 

The  meaning  of  the  term  enteritis  has  varied  consider- 
ably as  vised  by  different  authors,  and  at  different  periods 
in  medical  literature.  It  does  not  appear  to  have  been  in 
use  by  the  ancients.  In  the  eighteenth  century  it  was 
applied  to  the  group  of  symptoms  now  included  under 
peritonitis,  although  Cullen  (1784)  mentions  two  varieties 
of  the  disease,  one  of  which  evidently  refers  to  an  inflam- 
mation of  the  nuicous  membrane  and  subjacent  tissues 
of  the  intestine.  In  France,  at  about  the  end  of  the 
eighteenth  century,  Pinel  limited  the  use  of  the  word  to 
an  inflammation  of  the  intestinal  mucous  membrane.  Its 
meaning  was  further  restricted  during  the  first  half  of 
the  nineteenth  century  by  Broussais  (1821),  who  applied 
it  to  an  inflammation  of  the  mucous  membrane  of  the 
small  intestine  only,  and  gave  the  name  colitis  to  a  simi- 
lar process  in  the  colon.  This  restricted  meaning  has 
been  more  or  less  generally  retained  up  to  the  present 
time. 

At  the  beginning  of  the  last  century  the  lesions  of  the 
intestinal  lymphoid  structures  found  in  typhoid  fever 
were  included  under  the  general  term  enteritis,  and  this 
use  of  the  term  was  continued  to  some  extent  even  after 
the  specific  nature  of  the  lesions  had  been  dennmstrated. 
At  present  the  term  is  avoided  by  some  authors,  "intesti- 
nal catarrh  "  being  used  instead  as  indicating  the  charac- 
ter of  the  most  frequent  form  of  inflammation  of  both  the 
large  and  the  small  intestines.  While  it  is  recognized 
that  the  same  etiological  factors  may  produce  similar 
changes  in  either  the  laige  or  the  small  bowel,  that  usu- 
allj-  each  is  involved  to  a  greater  or  less  extent  in  both 
the  acute  and  the  chronic  catarrhs  of  the  intestine,  and 
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tbat  at  times  it  is  (iiffioult  to  dctermino  the  exivct  parts  in- 
volved, yet,  as  tlie  symptoms  referalile  to  the  one  or  other 
part  of  the  intestine  vary  to  some  extent,  and  as  the  treat- 
ment mnst  neeessiirily  ilifTer  accordiniily.  it  may  lie  wise 
)o  use  the  term  enteritis,  as  will  be  don<>  in  this  article, 
as  applyinir  lo  the  small  intestine,  the  term  eolilis  Ixin.!; 
used  for  the  aireelion  of  the  colon,  and  ileo-colitis  for  the 
comliined  involvement  of  the  two. 

The  summer  diarrhieas  of  children  will  not  be  dis- 
cussed here,  nor  will  the  specific  infections  of  the  intes- 
tine. 

As  the  catarrhal  variety  of  enteritis  is  by  far  the  most 
common,  and  for  this  reason  the  most  iniportant,  both 
the  acute  and  the  chronic  forms  of  this  will  be  discussed 
at  some  length. 

Cataruhai,  Entkritis. 

Catarrhal,  as  here  used,  has  the  common  meaning  of 
the  term,  that  is,  as  indicatin.ir  an  inflammation  of  a  mu- 
cous membrane  characterized  by  a  free  exudation  from 
the  surface,  usually  rich  in  mucus.  During  life  such  an 
inflammation  is  evidenced  by  the  presence  of  the  inflam- 
matory exudate  which  is  discharged  from  the  body,  as 
well  as  by  various  other  symptoms  which  are  explained 
by  the  process. 

Etiology. — Acule  Catarrhal  Enteritis. — ^The  causes  of 
this  are  most  numerous.  They  may  act  as  jiredisposing 
to,  or  direct  excitants  of.  the  iuflaiumator.y  process.  The 
dividing  line  between  these  two  classes  is  frequent!}' 
difficult  to  determine.  The  disease  of  the  intestine  may 
occiu'  alone,  or  it  may  accompany  or  result  from  various 
other  disorders.  It  is  to  be  noticed  that  because  of  its 
position  and  the  length  of  its  canal,  the  .small  intestine  is 
particularly  liable  to  be  affected  by  any  kind  of  irritating 
substances  which  are  ingested,  unless  these  are  rendered 
harmless  in  the  stomach,  as  well  as  by  certain  excretory 
products  which  pass  through  its  wall;  and  of  prime  ini- 
portance  among  the  jiredisposing  factors  is  the  ease  and 
frequency  with  which  an  abnormal  condition  of  the  blood 
supply  of  the  intestinal  wall  occurs,  in  part  due  to  some 
obstruction  to  the  retiu-ning  blood  in  the  portal  system, 
and  in  part  to  the  lack  of  suflicieut  support  for  the  blood- 
vessel walls  by  the  surrounding  tissue. 

An  unsuitalile  dietary  is  probably  the  most  frequent 
direct  cause  of  intestinal  derangement.  This  may  be  at 
fault  only  in  quantity,  or  in  cjualit}',  or  in  both.  Food 
which  is  entirely  wholesome  may.  when  eaten  in  too 
great  quantities  and  only  iiartially  masticated,  excite  a 
diarrha'a,  as  may  also  unripe  fruit,  uncooked  vegetables, 
etc.  This  may  l)e  onlv  an  evidence  of  increased  peristal- 
.si.s,  but  often  it  results  from  a  true  catarrhal  inflammation 
of  the  intestine.  The  undigested  food  here  acts  either  as 
a  mechanical  irritant,  or  it  furnishes  favorable  conditions 
for  abnormal  bacterial  development  in  the  intestinal 
canal.  This  microbic  growth,  in  which  the  common  in- 
habitants of  the  intestine  chiefly  take  part,  gives  rise  to  a 
variety  of  active  irritants.  These  in  large  part  are  only 
excessive  quantities  of  substances  normally  present, 
chiefly  acids,  such  as  lactic,  butyric,  acetic,  and  formic, 
together,  with  different  kinds  of  gases.  But  besides 
these,  substances  of  a  more  decidedly  toxic  nature  may 
be  formed  here,  probably  closely  resembling  those  re- 
ferred to  in  the  next  group.  This  group  embraces  those 
foods  which,  before  being  eaten,  have  already  under,sone 
bacterial  decomposition  and  contain  poisonous  products 
resulting  from  this.  Such  are  t;untcd  meat  and  fish,  at 
times  milk  and  its  vario\is  products,  etc.  The  active 
toxic  agents  in  several  of  these  are  already  known. 
Among  them  may  be  mentioned  Vaughn's  tyrotoxieon. 
Firth's  lactotoxin,  and  the  various  ptoma'ins  which 
Brieger  has  isolated.  At  times  the  inflammation  can  be 
explained  as  due  to  some  idiosyncrasy.  Thus  lobsters, 
cheese,  eggs,  etc.,  when  entirely  wholesome  and  in  mod- 
erate quantities,  may  in  certain  individuals  give  rise  to 
an  acute  enteritis.  Foul  water  also  frequently  produces 
a  similar  disturbance. 

Among  the  active  poisons  whose  entrance  into  the  ali- 


mentary canal  is  followed  by  severe  inflammatory  proc- 
esses an-  included  arsenic,  corrosive  sublimate,  antimony, 
the  mini  lal  acids  and  caustic  alkalies,  and  many  others. 
The  drastic  purgatives,  as  erolcm  oil,  rulocynili,  elate- 
rium,  etc.,  in  unsiiitabU^  do.ses  may  produce  enteritis. 

Exposure  lo  cold,  jiarticularly  li  siidilen  chilling  of  llie 
bo<ly  after  overheating,  is  a  recognized  cause  of  the  dis- 
ease. In  what  way  this  acts,  wiietlier  retlexly  through 
the  nervous  syst<-m,  as  seems  pmbalile,  or  otherwise,  is  a 
(luestion;  but  .some  disturbance  of  the  intestinal  function 
is  produced  sullicicnt  to  excite  an  inflammatory  proees-s. 
Cold  drinks,  ice,  ice-cream,  etc..  when  taken  iii  immode- 
rate amounts  may  have  a  similar  result. 

Excessive  sunnm-r  heat  is  also  a  common  cause  of  ca- 
tarriial  enteritis,  particularly  in  young  children;  hence 
the  popular  term  "summer  complaint  "  so  frecpiently  ap- 
plied to  this.  Its  action  is  largely  an  indirect  one,  fur- 
nishing favoralih-  conditions  for  bacterial  growth  in  food 
before  its  consumptinn.  Kxli-nsive  burns  of  the  skin 
may  giv(- rise  to  an  inflammation  and  ulceration  of  the 
duodenum.  The  actual  exciting  agent  here  is  probably 
a  toxic  substance  which  is  formed  at  the  site  of  tlic  bum, 
and  is  excreted  into  the  upper  portion  of  the  intestine. 

The  role  of  bacteria  in  ]irodueing  decomposition  prod- 
ucts in  various  articles  of  food  has  already  been  referred 
to.  No  speciflc  microorganism  can  he  accepted  as  tlie 
usual  cause  of  enteritis,  although  the  common  colon  ba- 
cillus is  nmloubtedly  a  frequent  factor,  dui'  to  conditions 
which  favor  its  rapid  developinint  and  increased  viru- 
lence in  the  intestinal  canal.  Gilrtner  has  cultivated  and 
described  a  bacillus  which  was  obtained  from  the  flesh  of 
a  cow  having  an  intestinal  disease,  and  also  from  the 
spleen  of  a  man  w  ho  had  bei'U  |)oisoned  by  eating  some 
of  this  meat.  Cultures  of  this  produced  a  marked  ent<.'r- 
itis  in  susceptibh'  animals.  To  this  orgamsm  w:ls  given 
the  name  Bacillus enteritidis.  Gaffky  iias  likewise  found 
in  the  stools  of  a  cow  having  a  bloody  diarrluea.  anrl  in 
those  of  patients  who  were  made  sick  by  tlu'  milk  from 
this  cow,  a  small  highly  virulent  bacillus.  Each  of  these, 
however,  closely  resemhles  the  Bacillus  coli  communis, 
and  they  are  probably  members  of  the  so-called  colon 
group. 

Tratnualic  causes,  stich  as  blows  on  the  abilomen,  may 
give  rise  to  intestinal  inflanunation.  Gall  stones  may 
mechanically  produce  this,  as  can  also  the  presence  (if 
certain  intestinal  worms. 

Among  the  more  important  predisposing  causes  is  age. 
Young  children  show  but  slight  resistance  to  intestinal 
irritants,  so  that  even  cow's  milk  ina.v  be  snllicient  to 
produce  a  catarrhal  enteritis  in  an  infant.  Old  and  de- 
bilitated persons  have  an  increased  intestinal  susceptibil- 
ity, and  chronic  congestion  of  the  intestinal  wall  predis- 
poses to  the  disease.  Previous  attjuks  of  inflamnnition 
tisually  render  the  mucous  membnuie  very  stisieptible 
for  a  time  to  slight  irritation. 

A  catarrhal  enteritis  accompanies  numerous  other  dis- 
eases of  the  intestines,  as  tumors,  invagination,  peritoni- 
tis, etc.,  and  also  occurs  in  many  of  the  acute  infectious 
diseases. 

The  causes  of  Chronic  Inteitinal  Catarrh  are  Uirgely 
those  of  the  acute  form  of  the  disease.  A  severe  acute 
attack  of  enteritis,  when  prolonged  because  of  unfavor- 
able conditions  for  recovery,  may  gradually  pass  into  the 
chronic  type.  Or  the  repeated  action  of  slight  irritants. 
as  indigestible  food,  alcohol,  purgatives  frequently  em- 
ployed, intestinal  parasites,  etc.,  may  give  rise  lo  this 
condition.  Here  the  process  is  at  limes  evidenced  by 
.several  acute  attacks,  or  the  symptoms  of  chronic  enteri- 
tis cou.stitute  the  first  appearance  of  the  disi'ase.  Asy- 
thing  which  interferes  with  the  normal  circulation  of  ths 
blood  or  lymph  in  the  vessels  of  the  intestinal  wall  teiuls 
to  render  it  susceptible  lo  inllammalory  excitants.  Thus 
cirrhosis  of  the  liver,  and  chronic  ilisia-ses  of  the  lungs  and 
heart,  which  give  rise  to  a  continuous  overdistention  of 
the  venous  system,  are  very  frequently  associaU'd  with 
a  chronic  enteritis.  Continual  excretion  of  toxic  sub- 
stances through  the  intestinal  wall,  as  (X-curs  in  chronic 
nephritis,  and  probably  also  in  tuberculosis,  malaria,  and 
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other  diseases,  favors  a  catarrhal  hiflammation.  Over- 
work of  all  khids,  wliether  physical  or  mental,  predis- 
poses to  the  disease.  Secondary  forms  of  enteritis  fre- 
(]ueutly  follow  various  gastric  disturliances,  as  well  as 
intestinal  tumors,  displacements,  and  adhesions. 

Pathology. — Aciiie  ditarrhal  Enleritifi. — Au  external 
examination  of  the  intestines  may  show  them  to  be  con- 
siderably distended  in  cases  of  aciitc  enteritis  of  some 
duration,  this  ehange  being  due  to  a  partial  paralysis  of 
the  muscular  coat,  or  to  an  accumulation  of  gases  in  the 
canal.  In  severer  cases,  with  early  fatal  termination, 
there  may  be  a  lessening  of  the  intestinal  lumen  due  to 
muscular  contiaction.  The  color,  as  seen  from  the  serous 
surface,  depends  upon  that  of  the  contents  of  the  intes- 
tines and  njion  the  vascularity  of  the  walls.  It  may  be 
pale  when  the  intestine  is  distended,  red  in  spots  corre- 
sponding to  areas  of  congestion  of  the  mucous  membrane, 
yeilowisTi  diie  to  bile,  or  dark  red  when  blood  pigment 
is  included  in  the  intestinal  contents. 

The  appearance  of  the  mucous  membrane  may  vary 
much  from  what  the  severity  of  tin-  disease  woidd  sug- 
gest. At  times  neither  redness,  nor  swelling,  nor  increased 
secretion  may  be  found  post  mortem,  even  when  during 
life  the  symjitomsof  intestinal  catarrh  have  been  marked 
(OslerV  "it  is  not  usual  to  find  the  whole  length  of  the 
intestine  uniformly  involved,  though  this  may  occasion- 
ally be  seen  in  the  .secondary  enteritis  of  infectious  dis- 
ea.scs.  as  scarlet  fever  and  measles.  It  is  more  common 
to  find  portions  of  apparently  normal  mucous  membrane 
separating  the  inflamed  areas,  which  may  lie  from  only 
a  few  centimetres  up  to  a  metre  or  more  in  length.  The 
iiiHaniniatory  process  may  be  confined  to  a  single  ana- 
tomical division  of  the  intestine  (hence  a  duodenitis,  je 
junitis,  or  ileitis'!,  but  this  is  e.\cci>tional.  More  often 
the  lower  part  of  the  ileum  is  involved,  a  part  or  the 
whole  of  the  colon  showing  a  similar  condition. 

The  acute  catarrh  is  characterized  by  a  marked  hyper- 
rpniia,  either  difl'use  or  localized,  the  latter  being  seen 
particularly  in  the  vicinity  of  the  lymph  follicles  and  on 
the  crests  of  thi' valvuhT  "eonniven'tes.  This  congestion 
may  be  .so  great  as  to  give  rise  to  numiTous  punctate 
hemorrhages.  The  color  varies  from  a  bright  red  lo  pur- 
plish. But  the  entire  wall  may  be  gray,  probably  due 
to  a  post-mortem  disjippearance  of  the  hypenvmia.  The 
distention  of  the  vessels  in  the  more  dependent  loops  of 
the  intestines,  due  to  a  settling  of  the  blood  after  death, 
is  not  to  be  mistaken  for  an  intlannnatory  congestion. 
In  rapidly  fatal  cases  the  hypera>mia  may  be  the  only 
macroscopic  evidence  of  inflammation.  Moie  commonly 
the  muciuis  membrane  is  swollen,  and  on  its  surface 
there  is  a  collection  of  a  greater  or  less  quantity  of  mu- 
cus, either  in  a  uniform  layer  or  in  small  masses.  This 
may  be  quite  translucent,  or  opaque,  the  cloudiness  be- 
ing" then  due  to  the  epithelial  cells  contained  in  the  mucus, 
and  not  to  pvis  formation;  or  it  may  be  stained  by  the 
variotis  substances  in  the  intestinal  canal — yellow  or 
greenish  by  bile,  red  or  brown  due  to  the  presence  of 
blood  pigment,  or  dark  from  bismuth. 

The  active  exudation  on  the  part  of  the  inflamed  mu- 
cous membrane  is  indicated  by  the  watery  character  of 
the  intestinal  contents.  Here  "at  times  may  be  found 
considerable  masses  of  cast-off  epithelial  cells.  To  this 
condition  the  term  desquamatite  catarrh  has  been  applied. 
That  this  process  is  not  entirely  a  post-mortem  one  is 
shown  by  the  presence  of  epithelial  cells  in  the  stools 
during  life,  and  thetindin_^  in  the  colon  of  hollow,  finger- 
shaped  masses  of  epithelial  cells  which  covered  the  villi 
of  the  small  intestine.  The  valvuhv  conniventes  may  be 
thiokened  a)id  the  villi  swollen  so  that  the  latter  can  be 
seen  more  easily  than  they  normallj'  can.  Due  to  this 
enlargement  of  the  villi  the  surface  of  the  mucous  mem- 
brane at  times  has  a  somewhat  velvety  appearance.  Not 
infrequently,  in  .severe  cases  of  enteritis,  there  occure  a 
localized  superficial  necrosis  of  the  inflamed  membrane, 
with  resulting  ulceration.  These  ulcers  are  at  first  small, 
rounded,  flat,  with  walls  that  show  but  little  infiltration, 
but  they  may  gradually  enlarge  (cataiThal  ulcers). 

The  lymphoid  structures  of  "the  intestine  are  often  en- 


larged, appearing  as  grayish  projections  w  ith  a  hyperae- 
mic  bordei-.  The  solitary  follicles  may  reach  the  size  of 
a  pin's  head.  At  first  they  are  somewhat  tran.slucent, 
the  increase  in  size  being  then  due  to  a?dema.  Ashyper- 
]dasia  and  cellular  infiltration  occur  they  become  opaque. 
In  the  agminated  glands  the  enlargement  maj-  be  uni- 
form over  the  entire  patch,  or  only  single  follicles  or 
groups  of  these  arc  swollen.  At  times  these  changes  in 
Uie  lymphoid  structures  are  very  marked  (follicular  enter- 
itis). The  superficial  portion  of  the  follicles  may  become 
necrotic,  and  by  a  separation  of  this  necrosed  tissue  there 
result  small  round  ulcers,  the  so-called  follicular  ulcers. 
This  follicular  enlargement  and  ulceration  are  seen  most 
frequently  in  children  and  may  take  place  very  raiiidly. 
It  has  been  found  in  a  child  ciglit  years  old  in  wjiom  death 
occurre<l  two  days  after  the  onset  of  the  symptoms  (.lohn- 
ston).  Such  ulcers  may  increase  in  size  and  unite  with 
neighboring  ones  to  form  irregularly  shaped  idcerated 
areas,  in  the  midst  of  which  there  remain  small  portions  of 
mucous  membrane.  In  the  small  intestine  this  process  is 
most  marked  at  the  lower  part  of  the  ileum,  although  here 
it  is  usually  less  advanced  than  in  the  colon. 

Jlicroscopically  there  may  be  seen  more  or  less  oedema 
and  cellular  infiltration  of  the  mucous  membrane.  The 
distance  between  Lieberkiihn's  glands  is  frequently  in- 
creased, and  the  epithelial  cells  lining  these  may  show- 
various  forms  of  degeneration  (mucoid,  etc.).  There 
may  also  be  a  marked  proliferation  of  the  endothelial 
cells  of  the  lymph  vessels.  Only  in  the  severer  cases  of 
acute  catarrhal  enteritis  does  the  submuco\is  layer  show 
pi-onounced  hyper.emia  or  a  cellular  exudate  around  the 
vessels.  The  muscle  coat  is  not  involved  in  acute  ca- 
tarrh. 

In  the  lighter  forms  of  enteritis  there  can  be  a  complete 
recovery  from  the  disease  witlxnit  leaving  any  permanent 
anatomical  change  behind.  When  the  catarrh  is  of  longer 
standing  a  complete  restoration  to  the  normal  condition 
may  not  take  place,  but  there  may  follow  a  form  of 
atrophy  of  the  mucous  membrane  in  which  the  glandu- 
lar layer  is  thinned.  Such  a  resulting  atrojihy  of  some 
l<ortion  of  the  mucosa  is  very  frequently  observed  in 
adults  (Nothnagel).  Small  pigmented  areas  indicate  the 
sites  of  the  healed  ulcere. 

In  Chrnnic  Cdtiirrhiil  Enteritis  the  changes  from  nor- 
mal which  are  found  in  the  intestine  are  fully  as  varied 
as  those  of  the  acute  fonn  of  the  disease.  In  general,  the 
exudative  ]iroeesses  here  are  less  pronounced  than  the 
proliferative;  the  latter  in  turn,  in  long-standing  cases, 
freipiently  being  follow-ed  by  atrophy  of  the  affected 
mucosji.  Also  the  deeper  layers  of  the  intestinal  wall 
are  involved  to  a  greater  extent  than  in  the  acute 
process. 

The  mucous  membrane  is  at  times  found  to  be  strik- 
ingly iiale.  This  is  seen  not  infretiuently  in  autopsies 
upon  small  children  who  have  died  as  a  result  of  the 
disease.  On  the  contrary,  when  a  chronic  congestion  of 
the  abdominal  vessels  has  been  prominent  the  color  may 
be  a  dark  red  due  to  the  hypeijemia;  or  altered  blood 
pigment  may  be  deposited  in  the  tissue  in  sufficient  quan- 
tities to  give  it  a  slaty  hue.  The  pigmentation  here  is 
most  marked  in  the  vicinity  of  the  follicles  and  on  the 
villi. 

In  chronic  as  in  acute  enteritis  the  whole  length  of 
the  intestine  is  rarely  involved,  but  areas  of  diseased  and 
of  normal  mucous  membrane  alternate.  The  ileum,  par- 
ticularly the  lower  portions  of  this,  shows  the  character- 
istic changes  more  frequently  than  does  the  jejunum  or 
the  duodenum ;  but  the  processes  in  the  large  intestine, 
resulting  from  an  accompanying  colitis,  are  often  more 
marked  than  those  of  any  part  of  the  small  intestine. 

The  intestinal  wall  becomes  thickened  as  a  result  of 
proliferative  changes  occurring  in  it.  Both  the  mucous 
and  submucous  coats  are  involved,  and  the  glandular  as 
well  as  the  connective-tissue  elements  take  part  in  the 
process.  The  tubules  of  the  glands  elongate,  become 
distended,  and  produce  abnormal  quantities  of  mucus 
which  appears  as  a  layer  often  quite  adherent  to  the  sur- 
face of  the  mucosa.  "  At  the  same  time  the  glands  are 
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somewhat  separated  by  newly  formed  connective  tissue. 
Wlien  the  hypcrjihisia  is  circinnscrihed  there  may  result 
polypoid  projections  of  tli<'  thic^kened  mucosa,  hut  this  is 
less  frequently  seen  in  tlie  ileum  than  it  is  in  similar  proc- 
esses of  the  large  intestine. 

The  subsequent  changes  that  occur  in  the  thickened 
wall  are  largely  atrophic  in  nature.  As  the  youug  con- 
nective ti.ssue  of  the  nuicous  and  submucous  coals  grad- 
ually contracts,  it  compresses  the  glands  of  LieberkUhn. 
and  as  a  result  they  undergo  more  or  less  complete  atro- 
phy. The  villi  likewi.se  largely  disiippear  so  that  the 
mucosii  becomes  thinned,  and  also  smoother  on  the  stir- 
face  than  normal. 

The  hyperplasia  of  the  lymphoid  tissue  may  be  even 
more  marked  here  than  in  acute  enteritis;  later,  this  too 
may  alropliy.  leaving  behind  smooth,  darkly  jjigmented 
spots  in  place  of  the  folliclis.  Here  also  are  foimd  both 
catarrhal  and  follicular  idcers.  These  gradually  enlarge 
and  become  deeper.  They  may  even  extend  to  the  se- 
rous layer,  giving  rise  to  a  circumscribed  chronic  perito- 
nitis by  which  adhesious  between  the  different  peritoneal 
surfaces  are  fonnid. 

Complete  recovery,  in  the  anatomical  sense,  does  not 
occur  in  chronic  enteritis.  An  atrophy  of  the  mucous 
membrane,  smooth  pigmented  dots  at  the  site  of  the 
follick^s,  scars  residtiug  from  healed  ulcers,  or  some  other 
structural  evidence  of  the  process  still  remains. 

Symptoms.  Coukse,  .\xd  Di.vgnosis.  ^Catarrh  of  the 
small  intestine,  as  already  indicated,  does  not  commonly 
occur  alone.  It  is  usually  combined  with  inflammation 
of  the  colon,  as  an  ileocolitis:  hence  the  symptoms  ob- 
.served,  and  as  here  given,  both  in  the  acute  and  the 
chronic  forms,  are  evidences  of  disease  in  both  the  large 
and  the  small  intestines.  Those  will  bi."  emphasized  which 
are  referable  to  the  process  in  the  latter. 

An  attack  of  Acute  Cat(irrh<il  Enteritis  usually  begins 
suddenly,  following  directly  upon  the  action  of  the  ex- 
citing cause,  the  coimection  with  which  is  often  evident. 
There  is  at  first  a  feeling  of  fulness  and  discomfort,  soon 
amounting  to  actual  pain,  in  the  lower  [lart  of  the  abdo- 
men. This  pain,  which  is  colicky  or  griping  in  nature, 
is  quickly  followed  by  diarrluea.  After  each  evacuation 
there  is  a  lessening  or  cessation  of  the  abdominal  pain 
which  reappears  before  the  ne.xt  movement.  The  num- 
ber and  character  of  tiie  stools  are  important  in  establish- 
ing the  diagnosis,  and  in  determining  the  extent  and  se- 
ve^-ity  of  the  process.  They  usually  vary  from  two  to 
three  daily,  in  the  lighter  cases,  up  to  tiffeen  or  twenty 
or  even  more  in  the  severe  attacks.  If  diarrho?a  is  not 
present,  as  may  happen  when  the  small  intestine  alone  is 
involved,  the  recognition  of  the  catarrh  becomes  more 
difficult.  In  general  the  more  the  large  intestine  is  in- 
volved the  greater  is  the  number  of  movements.  The 
consistence  of  the  first  stool  may  be  that  of  the  normal 
faeces,  or  it  may  be  jelly-like.  The  subsetiuent  ones  rap- 
idly become  more  liquid,  gruel-like,  and  later  watery, 
and  are  often  frothy  front  the  admixture  of  gas.  the  re- 
sult of  bacterial  growth.  The  stools  at  lirst  may  give 
the  usual  fa?cal  odor,  but  this  soon  changes,  becoming 
tnore  offensive.  There  may  be  a  marked  .sour  smell,  par- 
ticularly in  milk-fed  patients.  Later,  the  watery  dis- 
charges" may  become  nearly  odorless,  but  these  if  allowed 
to  stand  rapidlv  develop  an  offensive  odor. 

The  color  of"  the  discharges  depends  largely  upon  the 
extent  to  which  the  small  intestine  is  involved.  When 
the  upper  portion  of  this  takes  part  in  the  enteritis  the 
stools  vary  from  brown  to  light  yellow  from  the  presence 
of  unchanged  bile  pigment:  or,  in  children,  but  not  in 
adults,  tliev  mav  be  green  from  the  oxidation  of  this. 
The  presence  of  "bile  may  be  demonstrated  by  Gnielin's 
nitric-acid  test.  The  discharges  may  also  be  variously 
colored  by  articles  of  food,  or  by  medicines  (bismuth, 
iron,  etc.)",  and  by  the  presence  of  blood.  The  copious 
liquid  .stools  mav"  be  nearly  colorless.  When  there  is  a 
duodenitis,  withcatarrhal  occlusion  of  the  common  bile 
duct,  the  fiEces  mav  be  verv  pale  because  of  the  absence 
of  bile. 

Mucus  is  always  present  in  the  ftrces.     Tliis  may  be 


in  larger  or  smaller  shreds,  readily  recognizefl,  or  only  in 
minute  gelatinous  particles  intimately  mixed  with  the 
stool.  It  may  be  unstained,  colori'd  yelJDW  by  the  bile, 
or  pigmented  by  the  other  intestinal  contents,  Kpitlielial 
cells,  either  fairly  well  preserved  or  showing  various  de- 
grees of  degeneration,  are  contained  in  the  mucus.  These 
may  be  present  in  siillicient  miinbers  to  give  it  an  <ipac|ue 
appearance  which  macrosmpK  ally  reseinliles  pus.  out 
pus  cellsarenot  often  found  in  large  inimbers  in  the  stools 
of  acute  catarrh.  lilood.  w  lii(  h  is  at  limes  pn-sent  in  the 
stodls  in  catarrhal  entirilis  in  small  qiiantilics,  indicalesa 
marked  infiaiiunatory  hyperainia  or  ulceration. 

In  the  early  stages  of  tlie  disease  renmants  of  undigest- 
ed food  are  fre(|Uently  pas.si'd  per  rectum,  such  as  pieces 
of  meat,  particles  of  sinrchy  foods,  etc.  When  these  bits 
of  meat  consist  of  connective  tissue  only  they  indicate  u 
disturbance  of  the  gastric  function,  but  when  iniisclo 
masses  are  found  they  are  to  be  referred  to  a  disturbance 
in  the  intestinal  digestion  (Schmidt).  Such  iiinliu'esied 
food  may  occasionally  be  found  even  on  the  fi until  or 
fifth  day  of  thediseasi'.  having  been  retain<-d  in  the  bowel 
up  to  this  time,  and  having  served  to  excite  the  intlam- 
mation.  IJacleria  are  usually  present  in  the  stools  in 
large  numbers.  Promiiu'ul  among  thesf'  will  be  found 
the  normal  iidiabitants  of  the  intestinal  canal,  but  at  times 
streptococci  may  readily  be  seen. 

Among  the  subjective  symptoms  the  most  prominent 
is  the  feeling  of  discomfort  in  the  abdomen,  with  tho 
colicky  pains  already  referred  to,  which  precede  the  evac- 
uations. This  sense  of  discomfort  may  be  slight  and 
may  pass  off'  in  a  few  hours  or  a  day  or  two,  but  in  the 
severer  cases  the  sulfering  may  be  so  great  as  to  jiroduce 
a  feeling  of  faintncss.  with  coldness  of  the  surface  and 
sweating.  These  more  seven'  pains  extend  to  the  geni- 
tals and  lower  exirennlies.  There'  is  a  feeling  of  thirst, 
but  all  desire  for  food  is  lost.  Only  when  the  large  in- 
testine alone  is  iutlamed  may  the  appetite  remain.  Nau- 
sea may  be  present,  at  times  accompanieil  by  vomiting 
even  when  no  lesion  of  tlie  stomach  can  be  found  post 
mortem.  TIk'Ic  is  always  some  feeling  of  debility  and 
malaise,  which  in  children  or  persons  weakened  in  any 
way  may  amoiuitto  severe  i)rostratiou. 

The  abdomen  is  often  somewhat  distended  and  is 
tender  on  pressure,  either  diffusely  or  in  particular  re- 
gions. Loud  borborygnn,  diu'  to  the  presence  of  gas  in 
the  intestine,  are  frequently  heard.  Little  of  value  is 
obtained  by  percussion.  Fever,  as  a  rule,  is  not  present 
in  simple  catarrhal  enteiitis,  ami  when  it  does  occur  is 
slight  in  degree  and  passes  olf  in  a  f<'W  days.  On  the 
other  hand,  the  attack  may  be  ushered  in  with  a  cliill, 
followed  by  a  ])ronounced  rise  in  tempeniture,  and  a  sus- 
picion may  be  aroused  that  the  case  is  one  of  typhoid 
fever.  The  spleen,  however,  is  not  usually  enlarged, 
although  Fischl  describes  this  as  of  occasir)nal  occurrence. 

The  quantity  of  urine  varies  invei-sely  to  tliat  of  the 
watery  stools."  It  may  be  but  little  changed  from  nor- 
mal, but  is  frequently  small  in  amount  and  concentratefl. 
Temporary  albimiinuna  with  hyaline  casts  is  occasionally 
present  (Fischl),  and  this  eveii  in  the  less  severe  oises, 
without  fever  or  collapse.  The  casts  may  be  foimd  with- 
in a  few  hours  after  the  beginning  of  the  diarrhcra.  Xa 
a  rule  they  disappear  (luickly  as  the  catarrh  improves. 
Jaundice  is  common  when  the  duodenum  is  involved. 

Siuli  special  sympioms  as  may  occur  in  the  s<'eondnry 
forms  of  enteritis  belong  rather" to  the  primary  di,seii.se 
and  will  not  be  discussed  here. 

The  DiiigiiiiKiK  is  ordinarily  made  without  dillieulty. 
Some  error  in  diet,  exposure  to  cold,  or  other  etiological 
factor  is  often  evident.  The  acuteness  of  theons*'t.  the 
irastro-intestinal  disturbance,  the  presence  of  mucus  in 
the  diarrhneal  stools,  slight  distension  of  tlie  abdomen 
with  diffuse  or  localized  abdominal  tenderness,  and  loud 
boriiorv'jmi,  can  hardly  be  mistaken  for  any  other  con- 
dition." The  febrile  <'ases  may  so  closely  simulate  ty- 
phoid fever  for  the  first  few  days  that  a  Widal's  test  of 
the  blood  maybe  necessary  t«  eliminate  this.  In  epi- 
demics of  cholera,  the  watery  discharges  of  enteritis  may 
so  closely  resemble  those  of  the  former  disease  that  a  bac- 
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tefiological  examination  of  the  stools  for  the  cholera  spi- 
rillum may  be  necessary. 

Tlie  determination  of  what  particular  portion  o£  the 
intestine  is  involved  in  the  inflammatory  process  offers 
more  difliculty.  Certain  of  tlie  symptoms  enumerated 
above  are,  however,  suflicient  to  implicate  the  small  intes- 
tine. As  previously  noted  the  upper  part  of  this,  or  even 
its  lower  end  when  the  colon  is  in  normal  condition,  may 
be  inflamed  without  an  accompanying  diarrhoea.  Yet 
here  the  fiBces  give  evidence  of  the  condition.  Jilucus 
from  the  small  intestine  is  found  intimately  mi.\ed  witli 
the  fteces,  but  not  in  masses  of  any  size.  The  micro- 
scope may  be  needed  to  show  its  presence.  Unusual 
quantities  of  undigested  food,  particularly  muscle  tissue, 
and  the  jiresence  of  unchanged  bile  pigment,  are  indica- 
tions that  the  bowel  above  the  ileo-ciecal  valve  is  at  fault. 
The  iiresence  of  abnormal  quantities  of  indiean  in  the 
urine  shows  the  same.  Abdominal  tenderness  in  the 
vicinity  of  the  umbilicus  is  more  marked  in  jejunitis 
and  ileitis,  but  the  severe  pain  produced  by  a  colitis  may 
lie  so  diffused  over  the  abdomen  that  slight  tnnbilical 
tenderness  may  be  of  little  significance.  Duodenitis  fre- 
quently accompanies  a  catarrhal  gastritis,  and  the  symp- 
toms of  the  latter  may  completely  obscure  those  of  the 
former  until  the  common  bile  duct  becomes  involved, 
when  the  resulting  jaundice  indicates  the  condition  of 
the  duodenum.  A  dull  pain  on  pressure  in  the  right 
hypochondriac  region  may  indicate  this  even  when  icte- 
rus is  absent. 

The  Coyne  of  the  lighter  forms  of  the  disease  is  recov- 
er}- in  two  or  three  days.  In  the  severer  types,  or  when 
the  conditions  for  convalescence  are  unfavoi-able.  this 
may  occur  only  after  several  weeks.  Still  other  cases 
gra<lua!ly  become  chronic.  After  the  patient  appears  to 
be  entirely  well  there  is  frequently  a  marked  su.sceptibil- 
ily  of  the  mucous  membrane,  so  tiiat  slight  irritants  may 
again  e.xcite  a  catarrhal  condition.  A  tendency  to  con- 
stipation may  follow  the  acute  diarrha'a;  it  is  due  to  a 
partial  paralysis  of  the  muscle  hiyer  of  the  intestine. 
This  niav  develop  into  chronic  constipation.  It  is  only 
exceptionalh',  and  then  chiefly  in  infants  and  debilitated 
persons,  that  the  disea.se  i)roves  fatal.    • 

Among  the  symi)toms  of  Chronic  Cnlnrrhril  Enteritis 
the  number  and  character  of  the  stools  again  hold  the 
chief  jilace.  Subjective  symptoms  may  be  entirely  Inck- 
ing  except  as  they  are  connected  with  irregularity  in 
these.  Whereas  in  acute  intestinal  catarrh  diarrluea  is 
almost  invariably  present,  this  does  not  hold  true  in  the 
chronic  form  of  the  tlisease.  Here  tlie  stools  vary  much. 
The  classification  of  the  cases,  as  given  by  Nothnagel, 
depending  upon  the  frequency  and  nature  of  the  dis- 
charges, will  here  be  followed.  This  includes  four 
groups.  In  the  first  one  there  is  constipation,  the  stools 
being  from  two  to  four  days  apart  and  frequently  occur- 
ring only  after  a  cathartic  has  been  taken.  This  consti- 
pation is  to  be  explained  as  due  to  a  decreased  auto- 
matic activity  of  the  nervous  a])paratus.  produced  by 
the  chronic  catarrhal  process.  But  with  this  lessened 
automatic  activity  there  may  be  a  normal  or  even  in- 
creased susceptibility  toward  various  irritants.  The  con- 
dition here  is  probably  to  be  explained  chiefly  by  a  chronic 
cataiTh  of  the  large,  rather  than  of  the  small,  intestine. 

The  second  class,  which  is  larger,  shows  alternately 
constipation  and  diarrha'a,  and  frequently  these  recur 
with  noticeable  regularity.  The  daily  stools  for  two  or 
three  days  will  be  very  hard;  during  the  following  twen- 
ty-four hours  there  will  be  from  four  to  six  diarrhoeal  dis- 
charges containing  considerable  mucus,  and  accompanied 
b}'  a  diffuse  pain  in  the  abdomen.  Then  constipation 
again  follows.  Or  the  stools  may  be  normal  for  some 
days  and  then  from  four  to  seven  diarrha-al  movements, 
with  colicky  pains,  follow  in  one  day,  and  this  is  suc- 
ceeded by  constipation.  Here  also  constipation  is  the 
main  feature,  but  the  decomposition  of  the  stagnant  in- 
testinal contents  produces  an  increased  peristalsis  by  act- 
ing upon  the  fairly  irritable  nervous  apparatus.  The 
periodicitj'  of  the  constipation  may  be  entirely  irregular. 

In  the  third  class,  which  includes  but  few  cases,  there 


is  a  daily  movement,  but  this  is  rather  soft,  not  well 
formed. 

The  last  group  comprises  those  cases  in  which  for 
months  there  may  be  daily  freqtient  diarrhoeal  discharges. 
In  this  class  there  is  good  evidence  of  disease  of  the  small 
intestine  as  well  as  the  large,  funiislied  by  the  presence 
of  unchanged  bile  pigment,  or  yellow-stained  epithelial 
and  round  cells,  in  the  stools.  The  condition  is  explained 
on  the  supposition  that,  because  of  the  chronic  enteritis, 
digestion  does  not  proceed  in  a  normal  manner  in  the 
small  intestine,  and  that  the  abnormal  products  (acids, 
etc.)  formed  here  act  in  such  a  way  as  to  irritate  the  in- 
flamed mucous  membrane  of  the  "large  intestine  and  so 
keep  up  a  marked  peristalsis,  causing  the  diarrha'a. 

There  are  still  other  cases  in  which,  owing  to  some 
nervous  influence,  the  evacuations  may  occur  only  at 
night  time,  or  early  in  the  morning. 

Of  the  contents  of  the  stools,  mucus  is  most  character- 
istic of  the  catarrhal  condition.  This  varies  greatly  in 
quantity,  and  may  even  rarely  be  absent  in  severe  catar- 
rhal conditions  when  the  mucous  membrane  is  atiophic. 
It  may  also  at  times  be  present  in  other  than  catarrhal  in- 
rtamnuition;  yet,  in  general,  its  continued  presence  in  the 
stools,  whether  these  are  firm  or  liquid,  may  be  consid- 
ered an  indication  of  an  existing  catarrh,  although  it 
is  a  fact  that  a  tliin  layer  of  nuicus  often  covers  the 
hard  facal  masses  of  habitual  constipation  even  without 
catarrh. 

The  conditions  of  odor,  color,  and  the  presence  of  epi- 
thelial cells  and  of  food  particles  are  similar  to  those  in 
acute  catarrh.  Blood,  when  present,  gives  evidence  of 
an  ulcerative  process.  Indiean  in  the  urine  is  of  the  same 
significance  as  that  already  staled  for  acute  enteritis. 

The  subjective  sym|)toms  may  be  fe\^in  number  and 
inconspicuous,  or  they  may  stand  out  prominently.  Sore- 
ness and  distention  of  the  abdomen,  due  to  gas  forma- 
tion, may  occur,  liut  severe  pains  are  usually  lacking. 
By  palpation  the  tenderness  may  be  foiuid  limited  to  cer- 
tain intestinal  areas,  tiuis  indicating  to  .some  extent  the 
parts  involved.  In  the  severer  ca.ses  the  abdominal 
synqitoms  may  be  constant,  while  in  the  others  they 
may  be  called  forth  only  by  some  slight  error  in  diet,  or 
appear  as  an  accompaniment  of  a  cold,  or  follow  over- 
exertion. The  general  condition  is  more  or  less  disturbed. 
Dulness  and  headache  frequently  result  from  the  absorp- 
tion of  poisonous  products  from  the  intestinal  tract.  The 
appetite  is  ])oor,  luarition  sutTcrs  more  and  more,  and  the 
disturliances  in  this  may  assume  a  very  grave  character 
when  a  large  extent  of  the  intestinal  mucous  membrane 
becomes  involved.  "When  an  atrojihy  of  the  intestinal 
mucosa  is  accompanied  by  that  of  the  stomach  a  distinct 
picture  of  pernicious  anamiia  can  be  produced. 

The  Didynoms  of  a  chronic  catarrh  of  some  portion  of 
the  iutestinal  canal  usually  follows  readily  from  the 
sj'mptoms.  The  determination  of  the  involvement  of 
the  small  intestine  is  made  from  the  stools  and  tirine 
chiefly,  and  involves  the  same  factors  as  those  already 
given  for  the  acute  variety. 

The  Course  of  the  disease  is  protracted.  After  months 
or- years  a  functional  cure  may  be  achieved,  but  fre- 
quenth'  the  enteritis  remains  until  the  end  of  life.  It  is 
most  dangerous  in  early  cliiUlliood  and  in  old  age.  By  it 
the  patient  may  be  so  debilitated  that  intercurrent  diseases 
often  prove  rapidly  fatal. 

TnE.\T.MEKT. — Acute  Catarrhal  Enteritis.— The  treat- 
ment should  be  directed  toward  the  removal  of  the  excit- 
ing cause  and  the  protection  of  the  intestine  against  fur- 
therinjur}-.  Frequently  in  the  milder  cases  no  medicinal 
treatment  is  necessary.  The  diarrhn-a  has  expelled  the 
irritating  substances  which  produced  the  catiirrh,  and  a 
temporal)'  withdrawal  of  all  food,  or  the  use  of  small 
quantities  of  liquid  nourishment  only,  combined  with 
rest,  is  quickly  followed  by  recovery.  AVhen,  however, 
the  colicky  pains  persist  and  the  abdomen  becomes  dis- 
tended in  spite  of  the  frequent  stools,  a  cathartic  may 
well  be  given.  For  this  purpose  either  calomel  or  castor 
oil  is  most  often  chosen ;  the  projier  dose  for  an  adult 
being  from  five  to  ten  grains  of  the  former,  or  a  table- 


830 


REFERENCE   HANDBOOK   OF  THE   JIEDIC.VL   SCIENCES. 


I<:iit<-rlll«. 
ICllKTllln, 


spoonful  of  the  latter.  Or  the  calomel  nia}'  be  given  in 
small  doses  repeated  at  short  intervals,  and  followed  by 
a  Seidlitz  powder.  After  the  aetinu  of  tin-  puriralive, 
and  with  a  proper  restrietion  of  the  diet  and  rest,  tlie 
symptoms  generally  subside.  When  the  i)ain  is  more 
inten.se  this  may  often  be  relieved  by  the  application  of 
warm  or  hot  fomentations  to  the  alid'omen.  Opiates  are 
occasionally  required  for  this  purpose,  .\fter  the  acute 
pain  lias  been  relieved,  a  tlannel  bandai;c  arotuid  the  ab- 
domen is  frequently  of  value  in  keeping  this  warm  and 
so  preventing  a  recurrence  of  the  di.seondort. 

If  the  attack  is  of  a  more  severe  character,  and  accom- 
panied by  fever,  there  should  be  complete  rest  in  bed 
for  a  few  days.  When  alter  thorough  evacuation  has 
been  accomplished  the  diarrhoea  persists,  astringent  and 
slightly  antiseptic  remedies  may  well  be  enqiloyed.  The 
bismuth  preparations  are  here  particidarly  vai\iable.  A 
very  satisfactory  combination  may  be  found  in  bismuth 
salicylate  (gr,  vi.),  zinc  sulphocarljolate  (gr.  ss.),  com- 
pound aromatic  powder  (gr,  ij.),  and  prepared  chalk  (gr, 
iv,),  to  be  given  three  or  four  times  daily,  Opitnu  may 
be  required  in  the  more  obstinate  diarrh"a>as.  The  tinc- 
ture of  this  maybe  prescribed  in  doses  of  from  five  to  ten 
drops  every  three  hours;  or  the  opium  mav  be  condnned 
with  bismuth  and  chalk.  Evidences  of  cardiac  weakness 
are  to  be  treated  by  the  appropriate  stimulants. 

After  the  diarrh(ea  disappears  a  tendency  toward  con- 
stipation not  infrequently  occurs.  This  is  to  be  treated 
by  eneniata  rather  than  by  purgatives.  Also  in  those 
cases  in  which  diarrho-a  is  absent  from  the  first,  when 
there  is  a  history  of  the  taking  of  indigestible  food  fol- 
lowed by  colic  and  ineffectual  straining  at  stool,  a  gen- 
erous enema  of  warm  water  may  well  be  given  instead 
of  a  cathartic. 

Regulation  of  the  diet  is  of  absolute  importance  both 
for  cure  and  for  prevention  of  a  recurrence  of  the  dis- 
ease. Complete  abstinence  from  food  for  the  first  day 
or  two  is  advisidile.  As  the  apjietite  is  usually  lost  this 
is  easily  accomplished.  At  this  time  such  drinks  as  pure 
water,  weak  tea  without  sugar,  or  even  small  amounts  of 
bouillon,  or  hot  diluted  milk,  from  which  the  cream  has 
been  removed,  are  in  place.  These  slioidd  be  given  in 
small  quantities  at  intervals.  Very  cohl  drinks  and  ice 
should  not  be  employed.  After  this  brief  period  of  ab- 
stinence from  food,  the  patient  may  be  allowed  to  take 
thin  soups  of  barley,  rice,  oatmeal,  etc.  or  gruels  made 
from  the  common  prepared  foods  used  for  infants.  For 
many  milk  alone,  or  this  diluted  with  barley  or  rice  wa- 
ter, is  all  that  is  rcqiured.  Egg  albumen,  scraped  raw 
beef,  toasted  bread  or  crackers,  and  later  landj  chops, 
tender  steaks,  oysters,  etc,  are  easily  digested.  Baked 
or  mashed  potatoes  are  to  be  allowed  oidy  after  the  diar- 
rhoea is  completely  stopped.  Fruits  and  vegetables 
should  be  partaken  of  only  sparingly  for  some  time  after 
the  attack,  and  for  weeks  the  patient  shoidd  avoid  all 
kinds  of  indigestible  food.  The  appetite  usually  returns 
with  the  disappearance  of  the  symptoms.  Otherwise 
stomachics  maj'  be  employed.  In  secondary  enteritis  the 
treatment  becomes  largely  that  of  the  primary  affection. 

In  CJironic  Cuinrrliiil  Enteritis  the  regulation  of  the 
patient's  mode  of  life  f(n-  a  consideralile  periofl  is  of  great- 
er value  than  medicinal  treatment.  This  includes  avoid- 
ance of  overwork  of  any  kind,  but  with  suflicient  exer- 
cise in  the  open  air,  a  simple  diet  composed  of  easily 
digested  food  taken  at  regular  intervals,  and  carefulness 
about  exposure  to  cold,  with  the  wearing  of  suflicienl 
warm  clothing  especially  about  the  abdomen.  As  those 
cases  in  which  chronic  diarrhoea  is  a  pronnuent  feature 
are  more  serious  than  those  with  constipation,  it  may  here 
be  necessar}'  to  keep  the  patient  in  bed  for  some  weeks  iu 
order  to  secure  as  complete  rest  for  the  system  as  jiossible, 
to  avoid  unfavorable  external  influences,  and  at  the  same 
time  carefully  to  re.gulate  the  diet.  Small  amoimts  of 
food  should  be  given  frequently  and  regularly,  but  suffi- 
cient nourishment  must  be  taken  if  possible  to  prevent 
loss  in  weight.  Large  quantities  at  a  time  are  to  be 
avoided.  In  the  severer  cases  with  diarrhaa  the  diet 
may  need  to  be  temporarily  restricted  to  the  forms  of 


lifHud  food  recommended  above  as  suitable  for  eases  of 
acute  enteritis.  Hut  in  general  easily  digc-sled  meats,  as 
beefsteak,  land)  i  hops,  cliicken.  elc.  as  well  as  soft-boiled 
eggs,  oysters,  toasted  bicad  with  butter,  baked  potatoes, 
anil  similar  articles  may  be  allowed,  together  with  soups 
and  gruels.  Most  kinds  of  fruits  an<l  vegetables,  and  idl 
foods  in  general  that  leave  much  luidigc'sled  residue  or 
are  dillienlt  of  digestion,  must  be  avoided,  as  should  also 
very  cold  drinks,  or  those  containing  sugar  or  acid  iti 
any  consiili  lable  amount,  or  tlmse  highly  chargr'd  with 
carbonie-acid  gas.  Pure  water,  weak  tea,  locoa,  milk, 
kiiniyss,  etc,  are  to  be  used,  but  mdy  in  moderate  qimn 
titles.  They  may  be  given  warm  or  moderately  cool, 
never  ice  cold, 

A  more  liberal  diet  may  be  allowed  when  constipation 
is  marked,  and  when  the  food  is  jiroperly  cho.sen  the 
condition  nuiy  often  be  relieved  by  tins  means  alone. 
Sonpsare  to  be  avoided  as  tin  y  appear  to  arrest  peristal- 
sis. Aside  from  this  the  artii-l's  ot  fond  above  nieiilloned 
may  be  employed.  The  additions  to  these  should  be  such 
as  tend  to  increa.se  the  intestinal  peristalsis;  the  physio- 
logical astringents  should  be  avoided.  Thus  foods  "con- 
taining sugar,  honey,  grapes,  and  cooked  fiuils  aieofi<-n 
of  value,  as  are  also  starchy  foods.  Fals  in  the  form  of 
butter  or  cream,  chicken  fat,  etc,  may  be  reconiminded, 
Oenerous  amounts  of  bnltennilk  and  kumyss  may  be  ad- 
vantageously given,  I5ut  a  diet  which  will  leave  a  large 
amount  of  iiidigeslilile  residue,  such  as  cabbage,  beets, 
fruits  containing  many  seeds,  elc,  is  to  be  avoided  here 
also  as  liable  to  ])roduce  too  much  iriitation  of  the  intes- 
tinal nnieosa.  A  gla.ss  of  cool  water  t<iken  an  hour  be- 
fore breakfast  often  acts  favorably, 

Nothnagel  has  emphasized  jiarticularl}' the  use  of  vari- 
ous mineral  waters  in  chronic  enteritis  as  being  of  much 
value,  not  merely  by  tempor.-irily  relieving  the  symp- 
toms, but  at  the  same  time  by  acting  beneficially  upon 
the  diseased  intestine  to  favor  the  repair  of  the  lesions. 
Naturally  the  results  are  more  favorable  when,  as  is  ex- 
ceptionally the  case,  the  treatment  can  be  carried  out  at 
the  sanitaria  connected  with  the  various  springs;  such 
favorable  results  being  due  to  some  extent  to  the  rest 
and  regular  habits  there  insisted  on.  In  lieu  of  this  the 
bottled  waters  or  artificially  prepared  salts  are  to  be  em- 
])loyed.  Of  particular  value  in  those  cases  in  which 
diarrhcea  is  marked  are  the  waters  of  Karlsbad  and 
Vichy,  those  of  Kissingen  being  somewhat  less  active, 
^Vhen  constipation  is  present  certain  of  the  Saratoga 
waters  act  very  favorably,  as  do  also  those  from  Jlarien- 
bad  in  Austria, 

-Medicinally,  chronic  enteritis  with  diarrhcea  may  fre- 
ipienlly  be  benefited  by  the  use  of  chalk,  or  c-halk  and 
bisnuith.  Boas  recommends  the  mixture,  iu  ecjual  parts, 
of  the  carbonate  and  phosphate  of  lime,  or  the  addition 
to  this  chalk  mixture  of  one-fifth  its  weight  of  bismuth 
betauaphthol,  a  teaspoonfid  of  either  preparation  being 
given  three  times  daily.  Cathartics  should  not  be  em- 
ployed to  relieve  the  constipation.  If  the  regidalion  of 
the  diet  or  the  use  of  spring  waters  does  not  accomplish 
this,  other  laxatives  may  be  employed:  but  eneniata, 
either  of  plain  water,  or  of  soap  and  water,  or  containing 
oil  iu  .some  form,  are  to  be  preferred. 

When  the  catarrh  is  secondary  to  other  chronic  forms 
of  disea.se.  as  is  fre(|Uently  the  ca.se.  treatnieiil  is  to  be 
directed  primarily  towarci  the  original  disease,  as  fre- 
ciuenlly  it  is  only  by  relieving  this  that  the  catarrhal 
condition  can  be  improved. 

Croupovs  ok  DipnriiicniTic  ExTKitiTis. — This  com- 
panitively  rare  form  of  enteritis  is  characieri/ed  by  the 
presence  of  a  fibrinous  exudate  in  the  tissue  and  on  the 
surface  of  the  intestinal  mucosji.  wlierc^  it  forms  a  false 
membrane  (croupous),  frerpiently  combined  with  more 
or  less  coagulation-necrosis  of  the  inflamed  tissue  (diph- 
theritic). Anatomically  it  closely  resembles  certain  forms 
of  dysentery,  but  the  small  as  well  as  the  large  intes- 
tine, though  to  a  less  extent,  may  be  involved  in  the 
inflammatory  process,  and  it  has  no  specific  etiological 
factor. 

Various  bacteria  probably  play  an  important  part  in 
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the  production  of  this  fonTi  of  iuflamniation,  but  the  ac- 
tion of  these  is  as  a  rule  scenndaiy  to  tliat  of  other  inju- 
rious agents.  Thus,  different  mineral  poisons,  as  corro- 
sive sublimate,  arsenic,  etc.,  may  be  the  iirimary  cause, 
and  the  toxic  sulistances  siipiiosed  to  be  formed  in  cer- 
tain chronic  conditions,  as  Bright's  disease,  the  cachexia 
of  malignant  ttimors,  etc. ,  and  excreted  through  the  in- 
testinal tract,  are  apparently  factors  in  its  production.  It 
occurs  occasionally  in  infectious  diseases,  as  pneumonia, 
scarlet  fever,  septic  processes,  etc.  It  maj-  develop 
from  a  c<atarrhal  inflammation  of  the  mucous  membrane, 
but  is  not  constantly  preceded  by  this.  Macroscopically 
the  fibrinous  exudate  appears  as  a  gray  or  a  grayish- 
yellow  la^-er  of  greater  or  less  extent  on  the  surface  of 
the  mticosa.  It  may  be  limited  to  the  tips  of  the  villi  or 
to  the  crests  of  the  valvule-  eonuiventes,  or  the  patches 
maj-  be  of  considerable  si/.e.  There  may  be  merely  a 
very  thin  film  of  this  on  the  surface  of  the  membrane, 
or  the  infiltration  and  necrosis  may  extend  deeply  into 
the  mucous  membrane.  The  solitary  follicles  may  not  be 
involved,  or  they  may  be  enlarged  and  take  part  in  the 
diphtheritic  process.  "  In  the  laUer  ciise  follicular  ulcers 
are  common. 

•  Diphtheritic  enteritis,  when  occurring  in  the  course  of 
severe  infections,  may  not  give  rise  to  any  symptoms  not 
referable  to  the  primary  disease.  The  condition  is  at 
times  met  with  post  mortem  when  not  suspected  during 
life.  Diarrhcea  and  abdominal  jiain  may  exist  but  are 
not  distinctive.  The  character  of  the  stools  shows  noth- 
ing to  differentiate  this  from  dysentery.  The  treatment 
must  be  symptomatic,  with  proper  attention  to  the  ac- 
companying disease. 

Phlegmosois  Enteritis  is  to  be  mentioned  as  a  rare 
form  of  intestinal  intlanunalion.  Here  there  is  a  more  or 
less  diffuse  suppurative  intilti-ation,  particularly  of  the 
submucous  coat.  It  is  cau.sed  by  bacterial  invasion  and 
is  nearl}-  always  secondary  to  other  forms  of  intestinal 
■disease,  such  as  the  varioiis  kinds  of  ulcers,  intu.ssuscep- 
tion,  strangulated  hernia,  etc.  Tlie  symptoms  belong 
rather  to  the  primary  disease  than  to  the  phlegmonous 
inflammation.  There  is  no  clinical  picture  by  which  it 
can  be  recognized  before  death. 

Ulcers  in  great  variety  occur  in  the  intestinal  tract, 
many  of  theiu.  liowevcr,  being  found  much  more  com- 
monly in  the  large  than  in  the  small  intestine.  The  ma- 
jority of  these  ulcers  are  not  the  expression  of  an  ordinary 
inflanimatory  process.  Certain  of  them  occiu'  in  sjiecific 
infectious  diseases,  either  acute  or  chronic  (typhoid,  an- 
thrax, tuberculosis),  while  others  result  from  the  direct 
destruction  of  tissue  by  toxic  agents  (mercurial  ulcers, 
etc.).  Interference  with  the  local  blood  sujiply  is  the 
probable  primary  cause  in  a  certain  jiroportion  ((  'j..  duo- 
denal ulcers),  or  ulcers  may  accompany  tumor  growths. 
None  of  them  should  l)e  considered  heie.  There  remain 
as  occasionally  occurring  in  the  small  intestine  in  inflam- 
matory processes  the  catarrhal  and  follicular  uU-ers,  al- 
ready briefly  mentioned,  and,  rarely  in  the  lower  end  of 
the  ileum,  the  so-called  stercoral  ulcer.  None  of  these 
is  as  common  or  as  important  here  as  in  the  largo  bowel. 
The  catarrhal  and  follicular  ulcers  are  expressions  of 
the  severer  forms  of  catarrhal  enteritis,  either  acute  or 
chronic;  hence  their  etiology  is  the  same  as  that  of  this 
disease.  A  few  words  only  as  to  the  manner  of  their 
formation  and  their  results  arc  here  necessary. 

The  catarrhal  ulcer  commences  by  a  localized  collec- 
tion of  round  cells  in  the  mucous  membrane.  These 
cells  lie  between  and  surround  Lieberklihn's  glands.  The 
superficial  epithelial  e<41s  over  this  spot  are  des(iuamated 
and  the  tubular  glands  destroyed,  or,  if  the  ulcer  is  very 
shallow,  the  lower  portions  of  tliese  may  remain.  This 
.gives  rise  to  small  isolated,  usually  rounded,  erosions 
which  at  first  reach  hardly  to  the  submucous  coat.  These 
may  heal,  or  may  increase  in  size,  and  become  confluent, 
forrning  irregular  ulcerat<-d  areas  of  considerable  size 
which  may  extend  downw;ird  to  the  muscle  coat,  or  even 
give  rise  to  perforation  or  peritoneal  adhesions.  In  these 
larger  ulcers  the  walls  are  somewhat  undermined  and 
thickened. 


The  follicular  ulcer,  which  begins  by  an  increase  in 
round  cells  in  the  lymphoid  structures,  with  a  subse- 
quent superficial  necrosis,  at  first  appears  as  a  minute 
round  opening  into  the  enlarged  follicle.  In  the  earlier 
stages  the  process  is  limited  to  the  follicular  tissue,  the 
isolated  ulcer  being  rotind  with  thickened  overhanging 
edges.  The  surrotinding  tissue  is  next  involved,  the  sub- 
mucous coat  being  infiltrated  and  softened  and  the  over- 
lying mucous  MK'mbrane  becoming  necrotic.  By  conflu- 
ence considerable  ulcerated  areas,  similar  to  the  large 
catarrhal  tilcers,  result.  Healing  may  occur  even  in  ca- 
tarrhal or  follicular  ulcers  of  considerable  size  by  the  for- 
mation of  connective  tissue,  and,  by  contraction  of  this, 
more  or  less  stenosis  of  the  bowel  is  occasioned. 

Stereoin^l  ulcers,  which  are  comparatively  frequent  in 
the  large  intestine,  may  at  times  be  found  in  the  lower 
end  of  the  ileum.  They  are  due  to  the  presence  of  hard- 
ened fa'ces,  such  as  may  occur  above  stenosed  portions 
of  the  intestine,  or  in  habitual  constipation.  This  pro- 
duces a  superficial  necrosis  of  the  mucous  membrane, 
together  with  an  inttammatoiy  infiltration  of  the  sur- 
rounding tissue  and  subseiiuenf  ulceration. 

Ulcers  of  both  the  large  and  the  small  intestine  may 
exist  without  giving  clinical  evidence  of  their  presence. 
Particularly  when  they  are  limited  to  the  small  intestine 
and  cacum  there  may  niit  even  be  diarrha>al  movements. 
In  general  the  I'resenee  in  the  stools  of  small  amounts  of 
pus,  mixed  with  a  few  red  blood  corpuscles  and  with 
mvicus,  may  be  regarded  as  suspicious  of  an  ulcerative 
process  of  intlammatory  origin,  particularly  when  this  is 
accomiianieil  by  other  evidences  of  intestinal  inflamma- 
tion. I'ut  Ihi-re  is  no  way  by  which  it  can  be  definitely 
determinetl  that  these  ulcers  are  located  in  the  .small 
bowel.  The  jiain  which  may  be  present  in  ulceration, 
either  spontaneous  or  elicited  by  pressure,  is  not  sulfi- 
ciently  characteristic  to  warrant  a  diagnosis  of  this  con- 
dition, still  less  to  indicate  its  definite  location. 

The  treatment  of  ulcers,  when  thought  to  be  present 
in  the  small  intestine,  is  the  siime  as  that  of  the  severer 
forms  of  e.-aaiThal  enteritis — viz.,  as  complete  avoidance 
of  all  forms  of  irritation  of  the  bowel  as  possible.  Large 
doses  of  bismuth  may  prove  valuable. 

Cliarlea  J.  Bartlctt. 

ENTEROCLYSIS.— Enteroclysis,  lavage  of  the  intes- 
tines, is  the  title  of  the  subject  that  we  shall  discuss, 
though,  to  speak  correctly,  it  is  but  a  subdivision  of  the 
larger  topic,  which  we  shall  designate  '•Intestinal  Hy- 
drotherapy." 

We  would  define  intestinal  hydrotherapy  as  the  em- 
ployment of  water  in  the  intestinal  tract  for  therapeutic 
purposes,  the  fluid  lieing  administered  through  the  anal 
orifice.     This  would  include: 

1.  The  enema. 

2.  Irrigation  with  a  single  tube — true  enteroclysis. 

3.  Irrigation  with  a  double-current  tube,  or  with  two 
tubes — also  true  enteroclysis. 

Experiments  with  Entekocltsis. 

We  will  .give  a  i-esume  of  the  experiments  which  were 
conducted  in  the  physiological  laboratory  of  the  College 
of  Physicians  and  Surgeons  (Columbia  University",  and 
which" had  for  their  object  to  deteriuine  the  relations  of 
this  ])roeedure  to  pulse  tension,  renal  activity,  and  intes- 
tinal absorjition;  and  to  ascertain  the  effects  produced  by 
water  of  ditt'erent  temperatures.  The  animals  employed 
for  these  experiments  were  dogs,  and  generally  those  of 
large  size. 

Thev  who  are  interested  in  the  technical  details  of  the 
procedures  will  find  them  recorded  in  the  New  York 
Vfdhdl  Journal,  .lantiaiy  29th,  1898,  and  also  in  the 
author's  manual,  entitled""  Enteroclysis,  Hypodermocly- 
sis,  and  Infusion." 

I.  Till  Effect  nil  Piihe  Tf union  Produced  by  Enterodysis 
mth  ^Vllhrllt  Different  Teiiqw,ratures.—'Sorm?i\  saline  so- 
lution (a  drachm  of  salt  to  a  pint  of  water)  was  employed 
in  all  cases.     With  a  temperature  not  lower  than  100° 
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F.,  nor  liigliiT  tlmu  10o°  P..  tlie  tension  of  the  pulse  wsvs 
.slightly  iiRieascd;  willi  a  teiii|)iTiitiirc  In'slw  r  than  Kl.'i' 
F.,  the  increase  in  tension  was  more  nuticealilc.  licemn- 
ing  progre.ssively  grealer  as  tlie  teniperaliire  of  tlie  solu- 
tion was  inereaseil.  At  1 10-  F.  tliere  were:  marked  in- 
crease in  the  tension  of  llie  |)ulse,  increased  rapidity  of 
respiration,  and  changes  in  tlie  respinitorv  curve.  And 
from  110^  to  liO  F  .  lliere  were:  progressively  increas- 
ing tension  of  tlie  pulse,  and  strong  heart  action. 

Willi  a  tiiiipeniturc  frotii  !)0  F.  down  loa  point  as  low 
as  ;!(i  or  37  F.  (iced  water),  the  tension  of  the  pulse  con- 
tinued to  increase  as  (he  tciuperature  of  ihc  water  dc- 
crt-ased.  After  irrigation  for  ahoul  twenty  minutes  with 
water  at  the  lower  temperatures  the  heart  action  hecame 
weaker  and  the  [jrcssure  fell. 

Pniftii-iil  JMliirtioiis.—(\)lni!p\U'ntii  Icmiierature  of 
100~  to  103"  F.,  or  even  as  high  as  104  F.,  if  increase  in 
pulse  tension  is  to  be  avoided. 

Thougii  iihysiologically  a  slight  increase  in  the  tension 
of  the  pulse  occurs  at  these  lower  temperatures,  clinically 
none  can  be  tlelcctcd.* 

(2)  If  a  moderate  increase  of  pulse  tension  is  not  ob- 
jectionable, a  temperature  of  10.5' 

to  loy    F.  cjin  be  employed. 

(3)  To  increase  rapidly  the  pulse 
tension  and  stimulate  the  heart, 
employ  the  fluid  at  a  tempcrdture 
of  lid  F..  and  increase  the  heat 
gradually  to  120    F. 

This  is  excellent  in  shock:  be- 
fore, or  during  severe  operations. 
to  prevent  shock;  and,  from  the 
conunencemeut  of  chloroform  an- 
a'sthcsia,  to  prevent  the  sudden 
dilatation  of  the  vessels. 

(4)  Cold  is  a  temporary  stimu- 
lant: later,  it  acts  as  a  depressant. 

It  should  therefore  be  emploj-ed  with  caution.  Jlore 
patients  have  au  idiosyncrasy  as  regards  cold  than  as  re- 
gards heat. 

II.  Effect  of  Eiiteivciusis  on  Slmck  from  Ueiuorrliiige. — 
The  degree  of  the  tension  of  the  pulse  was  tirst  noted  in 
an  animal,  and  then,  after  blood  had  been  withdrawn  from 
the  femoral,  the  clfects  on  the  pulse  tension  and  the  heart 
were  observed.  The  report  of  a  single  experiment  will 
suffice : 

Weight  of  dog,  20  lbs. ;  blood  pressure,  1.5.5  mm.:  .50 
c.c.  of  blood  removed  at  a  time,  until  509  c.e.  in  all  had 
been  withdrawn.  Under  the  influence  of  these  succes- 
sive removals,  the  pressure  fell  rapidly  to  112  mm.  En- 
teroclysis  was  at  once  begun  with  normal  sjdine  solution 
at  no"  F. ,  and  the  heat  was  rapidly  increased  to  120  F. 
Immediate  rise  of  blood  pressure  followed,  and  in  ten 
minutes  it  reached  140  mm.,  and  remained  .steady  at  this 
point:  the  heart  was  bv  this  time  acting  with  fair  force 
(see  Fig.  1913).  "    , 

Deduction. — In  shock  from  hemorrhage  irrigjite  with 
normal  saline  solution  at  a  temperature  of  110  to  120°  F., 
preferably  at  120'  F. 

III.  Effect  of  Enteroclysia  upon  Body  Tenijiernture. — 
Dogs  were  employed  for  the  experiments,  which  were 
conducted  in  a  room  of  a  temperature  of  about  72°  F. 
Irrigation  was  continued  for  about  twenty  minutes,  the 
temperature  of  the  water  being  gradually  raised  from  110' 
to  120°  F.  The  results  were:  a  gradual  rise  of  the  body 
temperature;  in  the  a.xilla  the  increase  amounted  tol'  F. ; 
the  temperature  of  the  aortic  Idood  increased  0.5'  to  0.8° 
F. ;  the  tension  of  the  pulse  increasedmarkcdiy. 

Hot  irrigation  was  then  suddenly  cliaiige<l  to  cold,  the 
water  having  a  temperature  of  3(1  to  :JT  F..  and  this 
was  continued  for  twenty  minutes,  with  the  following 
results:  Axillary  temperature  fell  2  F. ;  blood  tempera- 
ture fell  1°  F.  ;  "pulse  tension  at  tirst  continued  high,  but 
later  it  fell,  and  the  heart  action  became  rapid  and  fee- 
ble.    With  a  temperature  of  from   100   to  105     F.,  the 

*  This  statement  is  in  regiinl  to  tlie  pure  retlex  effect  of  the  tein- 
perature  iiprm  pulse  ti-nsion,-not  in  relation  to  effects  produced  by 
absorption  nf  the  fluid. 
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irrigating  fluid  exeiled  no  appreciable  iiiHuenre  upon  tlie 
body  temperature.  Water  temperatures  of  10.5  to  110° 
F.  causeil  slight  increase  of  body  leiiipeniliire  in  the 
course  of  twenty  minutes;  while'at  from  WJ  to  (Kt  F. 
they  caused  slight  fall  in  the  body  teniperaliire  in  the 
same  period  of  time. 

With  enteroclysis  at  a  temperature  of  less  thuti  »M)' 
P.,  there  was  a  lo.ss  of  IhhIv  leiiiperiiluic  in  the  course  of 
twenty  minutes;  but  it  was  not  very  marked  until  the 
extreme  degrees  of  cold  were  reached.  Tliere  were  iilio- 
syucrasies  in  the  animals.  Cold  at  lirsl  stiniulalcd.  but, 
when  prolonged,  it  deprissed  the  circiil.itioii. 

JJeihicliniis. — 1.  Hot  irrigation  at  110  to  120  F.,  when 
prolonged,  increases  the  temperature  of  the  body  ami 
bloml,  and  hence  its  \alue  as  a  means  of  stimulating  the 
heart.  In  .shock  and  in  allied  eomlitions  its  great  value, 
especially  when  waterat  a  high  teniperaliire-  is  emplove<l, 
has  been  demonstrated  clinically. 

2.  In  severe  fevers  it  might  not  be  advisiible  to  employ 
enleroclysis  at  a  high  temperature,  and  yel  it  is  possible 
that  the  etiological  cimdilions  iiuiy  radically  inodifv  tliis 
rule. 
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Diagram  Illustrating  the  Effects  of  Shock  from  Heiiiorrliugc  and  Its  Tn-utiueiit 
by  Enteroclysis. 


3.  Cold  irrigation  reduces  temperature  and  at  first 
stimulates  the  circulation:  but  later  it  is  a  (lepres.sant. 
It  has  been  employed  to  reduce  temperature  in  clysenlery. 
etc.  I  believe  that  it  should  be  cautiously  used  and  at  a 
temperature  not  below  TO  to  SO  F.  at  tirsl.  and  only  in 
sthenic  cases.  It  should  be  cmploye<l  for  a  brief  periinl. 
and  friction  during  its  ap|ilication  might  be  advisable. 

Cold  rectal  irrigation  is  s;ifer.  and  iced  water  has  lieen 
so  employed  for  rectal  congestion  for  a  period  of  over 
thirty  minutes  continuously  and  with  a  successful 
issue. 

IV.  Effect  of  Enieroeli/M  irith  Wnler  at  Different  Tern- 
jyeititiirex.  on  Renal  Aclirily  and  Intextinnf  A/'xoi/ition. — 
The  experiment  was  mjule  in  the  following  manner:  The 
inanometci  was  in  each  case  attached  to  the  carotid  arte- 
ry, to  enable  the  observer  to  m>le  the  elfcct  on  pulse  ten- 
sion :  one  ureter  Avas  catheterizcd  and  the  cat lieter  was  so 
adjusted  that  the  drops  of  urine  impinged  on  a  lever  sup- 
ported by  a  tambour,  each  movement  of  which  wa.s  trjins- 
mitted  to  a  second  tambour,  which  siijiiiorted  a  register- 
ing pen :  every  drop  of  urine  was  thus  regislen.'<l  on  a 
revolving  kyiuograph.  in  the  fonn  of  an  iiiverled  V. 
The  urine  was  collected  and  measured.  The  opposite 
ureter  was  also  cathetcrized  and  the  urine  measured. 

Enteroclysis  with  normal  sjiline  solution  at  tempera- 
tures of  from  110  to  120'  P.  increases  renal  secn-tioii  in 
the  course  of  ten  minutes,  and  very  markedly  so  in 
twenty  minutes.  There  is  a  marked  increase  of  pulse 
tension.  Note  the  lir<i  ci/cUn  of  Ihc  increase  of  the  secre- 
tion. Thus,  for  example,  at  the  end  of  ten  minutes  the 
increase  in  secretion  corresponds  to  the  inaximnm  heiglit 
of  the  blood  pressure  obtained  by  entero<'lysis  at  120'  F., 
and  to  the  commenceiuent  of  temperature  increase 
(see  experiments  just  describe<l).  With  enleroclysis  at 
temperatures  of  from  105'  to  110'  P..  there  is.  at  the 
higher  temperatures,  a  slight  increase  of  s<-<'retion  in  ten 
minutes  and  a  considerable  increase  in  Iwenly  mintites: 
but  at  the  lower  temperatures  there  is  no  increase  until 
after  the  lapse  of  twenty  minutes. 

A\'ith  enteroclysis  at  temperatures  of  from  100'  to  103' 
P.,  no  increase  iii  rcual  secretion  is  ooteU  uutil  the  oihtu- 
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tlon  has  been  kept  up  for  twenty  minutes,  and  then  the 
increase  is  considerable.  There  is  a  sliglit  increase  in 
pulse  tension.  Noteworthy  is  the  single  cycle  of  in- 
creased secretion. 

That  the  increase  in  renal  activity  which  occurred  in 
the  course  of  twenty  minutes,  from  an  enteroclysis  with 
normal  saline  solution  at  temperatures  varying  from  100° 
to-120°  F..  was  due  to  absorption  of  the  fluid  from  the 
intestine,  ■vvas  demonstrated  as  follows:  A  weak  solution 
of  potassiiim  ferrocyanide.  1  to  40.000.  was  added  to  the 
normal  saline  solution  in  each  case,  and  the  urine,  as  it 
fell  into  the  receiving  vessel,  w-as  tested  every  tifteen  to 
thirty  seconds  with  cldoride  of  iron.  On  every  occasion 
the  Prnssiaa-blue  reaction  was  secured  at  the  end  of 
twentj'  minutes,  and  this  occurred  synchronously  with 
the  increase  of  renal  secretion.  This  experiment  further 
demonstrates  the  fact  that  intestinal  absorption  occurs 
from  the  large  intestine  (colon  or  rectum)  in  about  twen- 
ty minutes. 

The  following  interesting  fact  was  noted:  A  small  ene- 
ma, or  an  enteroclysis.  of  normal  saline  solution,  which 
had  a  temperalure  of  99'  to  100'  F..  and  which  contained 
a  weak  solution  of  potassium  ferrocyanide.  produced,  at 
the  end  of  about  twenty  minutes,  increased  diuresis,  as 
demonstrated  by  the  greater  number  of  drops  of  urine 
registered  on  the  kymograjih  at  this  time,  syuchrouoiis- 
Ij'  with  the  apjx'arancc  of  the  Prussiau-blue  leaction  in 
the  urine  in  response  to  the  chloride-of-iron  test;  yet  no 
discoverable  rise  of  pressure  occurred  in  tlie  mauomctric 
tracings.  The  increased  secretion  was  therefore  evidently 
due  to  the  action  of  the  saline  solution  on  the  kidney 
cells.  This  corresponds  to  the  results  obtained  b_v  Foster 
in  his  experiments  with  infusion  ;  for  this  authority  noted 
that  a  normal  saline  solution,  administered  in  so  small  an 
amount  that  no  rise  in  pulse  tension  could  be  detected 
with  the  manometer,  caused  a  i>rofuse  diuresis. 

The  effects  of  cold  irrigation  on  renal  secretion  were 
found  to  be  as  follows:  Enteroclysis  with  normal  saline 
solution  at  all  temperatures  from  100'  F.  to  iced  water 
(36  to  37"  F.)  produces  diuresis  in  about  twenty  minutes, 
this  effect  being  due  to  absorption  of  the  fluid  from  the 
intestines.  The  pulse  tension  is  increased  as  the  tem- 
perature is  lowered,  and  hence,  by  this  means,  secretion 
is  fm-ther  increased.  With  the  lower  temperature,  how- 
ever, in  about  twenty  minutes  the  animal  freciuently 
goes  into  shock  and  renal  secretion  then  ceases.  Cold 
enteroclysis,  or  enemata,  would  seem,  therefore,  to  be 
contraindicated  in  renal  disease. 

We  believe  that  general  deductions  from  physiological 
experiments  on  healthy  animals  cannot  be  universally 
applied  to  the  human  subject,  and  this  is  doubtless  the 
true  explanation  why  the  pure  physiologist  quite  fre- 
quently leads  us  to  erroneous  conclusions.  In  the  prac- 
tice of  mctlicine,  the  results  seemed  are  often  markedly 
modified  by  the  existing  clinical  conditions.  For  exam- 
ple, enteroclysis  at  a  tem])erature  of  from  110'  to  I'M  F. 
was  recommended  when  the  pulse  tension  ami  tempera- 
ture were  not  high.  Neverthcle.s.s,  1  have  secured  excel- 
lent results  in  acute  URtmic  poi.soning.  with  high  pulse 
tension  and  a  tcin]ieratvn-e  of  102"  F.,  from  an  enterocly- 
sis with  normal  saline  solution  at  a  temperature  of  from 
115'  to  120  F.,  kept  up  for  a  period  varying  irom  half 
an  hour  to  one  hour.  Profu.se  sweating,  diuresis,  and 
bowel  action  followed,  and  there  was  also  a  marked  fall 
in  pulse  tension.  Other  observers  have  had  the  same  ex- 
perience. 

If  the  blood-vessels  are  atheromatous,  a  great  degree  of 
heat  might  be  undesirable.  Nitroglycerin,  gr.  y-J-,;,  given 
previously  to  the  enteroclysis,  might  be  of  value. 

Clinic.m.  ArPLic.vTioxs, 

Hot  saline  enteroclysis  is  an  excellent  remedy  in  acute 
urtemic  poisoning,  in  oliguria,  in  renal  congestion,  or  in 
any  dropsical  condition  due  to  oliguria,  such  as  pulmo- 
naiy  a?dema,  pleurisy  with  effusion,  ascites,  etc.  It  aids 
eliiiiinatiou  of  the  toxins,  through  the  kidneys,  in  typhoid 
fever,  sepsis,  septic  endocarditis,  diphtheria,  etc.     Many 


practitioners  have  obtained  excellent  results  by  the  em- 
ployment of  this  mode  of  treatment. 

A  tempcrattue  of  from  110°  to  120°  F.  gives  the  best 
results,  due  to  the  double  cycle  of  increase  in  the  urine, 
attributable  to  the  several  causes  heretofore  noted  in  the 
account  of  the  experiments. 

Renal  disease  with  jiolyuria  seems  to  contraindicate 
the  emiiloyment  of  this  method;  or,  at  all  events,  the  ex- 
istence of  the  latter  symptom  necessitates  a  cautious  em- 
ployment of  the  method.  In  a  case  of  enlarged  prostate, 
I  found  thtit  prolonged  irrigation  aggravated  the  polyuria. 

The  Enem.\. — Thi're  are  two  forms  of  enemata — the 
high  and  the  low.  The //(<//(f/(f««f  is  administered  through 
a  colon  tube,  or  long  catheter,  to  which  is  attached  a 
fountain  syringe,  or  a  vessel  arranged  on  a  similar  princi- 
ple. The  bag  should  hang  at  a  lieight  of  two  or  three 
feet  above  the  patient,  and  the  tube  should  be  pinched 
.sulliciently  to  allow  the  fluid  to  enter  slowly,  so  as  not  to 
excite  intestinal  spasm.  The  colon  tube,  well  lubricated 
with  olive  oil  or  vaseline,  is  inserted  into  the  rectum  and 
pushed  gently  into  the  bowel  for  a  distance  of  from  twelve 
to  fotnteen  inches.  Its  progress  is  facilitated  by  allowing 
the  solution  to  flow,  as  the  tube  is  pushed  farther  up  into 
the  bowel.  In  infants  a  small  catheter  (No.  16  or  No.  18 
French)  can  be  used.  The  water  employed  for  the  enema 
should  preferably  be  sterile  (boiling  it  for  about  tifteen 
minutes  is  generally  suflicient).  If  a  Davidson  syringe 
is  used,  the  flow  is  often  intermittent  and  forcible,  ex- 
citing spasm  of  the  bowel,  and  hence  it  is  better  to  use 
the  fountain  syringe. 

Pdxitioii  (if  iltc  Patient. — The  dorsal  position,  with  the- 
hips  or  the  foot  of  the  bed  elevated,  is  best.  The  knee- 
elbow  posture  is  at  times  employed  for  a  high  injection. 

QiKiiititi/  (if  the  tyjlntion ;   2'empei-ature  ;   Indieiitidiiit. 

—  When  it  is  desired,  in  a  case  of  faecal  accumulation, 
tympanites,  etc..  lo  secure  an  iiction  of  the  bowels,  the 
following  luixtvircs  may  be  employed  (in  the  case  of  an. 
adult) ;  one  ijuart  or  a  quart  anil  a  "half^of  simple  water  at 
a  temperature  of  from  101  to  104°  F.  ;  or  suHicient  soap 
{brown  or  castilc)  may  be  added  to  this  to  form  suds;  or, 
tinally,  if  there  is  tyinpiuiites,  3  ss.-i.  of  spirits  of  tur- 
pentine may  be  added  to  the  last.     Olive  oil  or  glycerin 

—  3  ss.-i.  — constitutes  a  valuable  adjunct.  For  the  pur- 
pose of  softening  fiecal  accumulations  I  have  employed 
as  much  as  Oss.  or  Oi.  of  oil  or  of  glycerin  at  a  single  injec- 
tion. In  the  case  of  an  infant,  from  half  a  pint  to  a  pint 
and  a  half  of  water — with  an  addition  of  3  i.-ij.  of  olive 
oil.  if  required — is  the  average  qnantit}-  employed  at  an 
injection. 

The  enema  is  also  of  value  in  apoplexy  and  in  infantile 
convulsions.  It  is  important  to  remember  that  dilatation 
of  the  int estin<'  and  loss  of  nuiscular  tone  may  result  from 
the  too  fre(|uent  employment  of  the  enema. 

Kussmaul's  method  of  oil  irrigation  for  the  treatment 
of  chronic  constipation  appears  to  be  a  valuable  thera- 
peutic measure.  He  employs  about  a  pint  of  olive  oil 
by  enema,  at  bedtime,  injecting  it  slowly  through  a  long 
tube;  the  patient  lying  down  during  the  operation,  tir.st 
on  the  left  side,  then  changing  gradually  to  the  dorsal 
position,  and  finally  resting  upon  the  right  .side.  Gentle 
mas.sage  is  kept  up  while  the  oil  is  being  injected.  If 
possible,  the  enema  is  to  be  retained  over  night. 

For  stinailation  in  shock.— to  whatever  cause  it  may  be 
due. — in  heart  failure  during  anaesthesia,  in  ura'inia.  oli- 
guria, suppression  of  urine,  septic  conditions,  cholera, 
diphtheria,  etc. ;  and  as  a  means  of  replacing  to  some  ex- 
tent the  loss  of  fluid  from  the  body,  such  as  occurs  in 
gastroenteritis  and  after  certain  surgical  operations,  the 
enema  may  be  'of  great  value.  The  fluid  shoulil  be  in- 
jected slowly  through  a  long  tube,  with  the  hips  of  the 
patient,  or  tlie  foot  of  the  bed.  well  elevated.  The  reten- 
tion of  th(^  injected  tlviid  nuist  be  carefully  provided  for. 
Normal  saline  solution  (one  drachm  of  salt  to  the  pinfof 
water),  at  a  temperature  of  from  110°  to  120'  F.,  should 
be  employed  for  any  of  these  conditions.  In  an  adult 
the  quantity  to  be  injected  at  any  one  time  should  not 
be  less  than" one  pint  nor  more  than  two  quarts,  and  the- 
injection  should  be  repeated  every  one  to  three  hours,. 
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l''lll<*ro(-l)nlN. 
ICiilfrocI)  hIm. 


acfonlinj;  to  tlu'  incliciitioiis  thai  may  be  prcsi'iit.  In 
chililicn  a  propoitioiiatcly  sniallcr  ("|iianlity  of  lliiiil 
should  Ix' used.  In  ailditioii  to  tlic  iioimal  saline  solii 
tioM  otlii-r  solutions  may  he  uscil  to  ailvaiilai;i'.  'I"lic-se 
arc  enumerated  in  the  section  on  Doulile-Cmrcnt  Kn- 
tcroclysis. 

The  method  here  deserilied  is  of  value  in  dysentery, 
typhoid,  cholera,  irastio-enti'ritis,  etc.  It  should  be  more 
correctly  elassilied  under  eiUeroelysis  with  a  siiii;le  lube, 
but  it  is  a  <lillicult  matter  to  draw  a  sharp  linodf  divi- 
sion between  the  two  kinds  of  eiUeroelysis. 

In  eases  of  jaundice  or  of  JienioiThaj;e  (intestinal  or  in 
adjacent  or<;ansi,  and  in  those  in  which  it  is  desircil  sim- 
ply to  reduce  temperature,  the  S;ime  niethoil  i.s  to  bo 
employed,  but  the  solution  shoidd  liavc  a  temperalure  of 
from  !»0  to  70'  F..  or  even  liss.  Cold  should  be  em- 
jdoyed  in  slheiuc  eases  only,  and  even  then  with  caution. 
In  ca.ses  of  heraorrha,!;e  or  of  jaundice  a  temperature  of 
from  Uir  to  120'  F.  at  times  irives  the  Ik  st  results.  Nor- 
mal saline  solution  is  commonly  employed  under  these 
cireiuustances.  Some  advocate  the  injection  of  fresh  beef 
blood  to  check  intestinal  bemorrhaye. 

For  relaxing  spasm,  such  as  occurs  in  renal,  biliary,  or 
intestinal  colic,  as  much  as  one  or  two  ciuarts,  at  a  tem- 
perature of  from  101°  to  H)4'  F. ,  is  to  be  injected,  in  tln' 
ca.se  of  adults.  In  the  case  of  children  a  smaller  (pian 
tity  is  to  be  employed.  At  times,  especially  in  intestinal 
colic,  a  teiuperature  of  from  110  to  120'  F.  gives  the 
best  results. 

[The  nutritive  encmata  are  described  in  Vol.  I.,  under 
the  head  of  Al/'iin  iiliitinii.  licctul.l 

IiittiKKiiKciiilioi). — In  this  condition  the  enema  may  often 
prove  a  usefid  therapeutic  agent  througli  its  mechanical 
effects.  When  it  is  admini.stered  for  this  purpose,  the 
patient's  hips  should  be  elevated  and  the  .shoulders  de- 
pres.scd.  Someadvoeate  Trendelenburg's  position.  Em- 
mctt  Holt,  in  the  ease  of  infantsor  young  children,  places 
them  in  the  dorsal  position,  with  the  thighs  tle.\ed.  and, 
froiu  tinu!  to  lime  during  the  injection  lie  inverts  the 
patient,  gently  manipulating  the  tumor  through  the  ab- 
dominal wall.  "Hydrostatic  pressure  slionld  supply  the 
tone  re(|uir<'d.  In  the  case  of  adults  the  long  colon 
tube  should  be  employed,  while  for  infants  a  small  ca- 
theter. No.  18,  will  be  found  better  suited  to  the  work. 
As  regards  the  height  at  which  the  fountain  .syringe 
should  lie  hung.  I  may  state  it  to  be  four  or  five  feet 
above  the  patient;  this  elevation  giving  a  pressure  of  not 
over  three  pounds  to  the  inch.  Occasionally  it  may  be 
necessary  to  place  the  bag  at  an  elevation  of  si.x  or  even 
eight  feet,  in  order  to  increase  the  pressure,  but  tliis  is 
rarely  advisable."    (Holt.) 

E.vperiments  made  upon  the  cadaver,  for  the  purpose 
of  throwing  light  upon  this  question  of  pressure,  fur- 
nish results  which  are  apt  to  be  misleading;  and  it  must 
be  remembered  that  great  pressure  upon  the  wall  of  a 
viseus  like  the  intestine,  especially  if  it  be  in  a  damaged 
condition,  is  likely  to  prove  dangerous. 

The  solution  to  be  employed  should  con.sist  either  of 
water  or  of  normal  salt  solution.  Holt  also  advises  milk 
and  water  or  thin  gruel  as  being  less  irritalini:  than  plain 
■water.  He  advocates  at  times  the  injection  of  air.  The 
injection  of  o.xygen,  as  emphiyed  by  Dr.  Clement  Cleve- 
land, in  post-operative  intestinal  obstruction,  or  paresis, 
should  be  of  value  (N.  Y.  Medical  Jiecord,  January  oth. 
1901). 

■'The  ti'iuperature  of  the  fluid  employed  should  be  at 
sonic  point  between  100  and  lO.")  F..  and  in  all  ca.ses 
an  anasthetic  sluuild  be  administered.  The  c|uantity  of 
fluid  to  be  injected  .should  vary  according  to  the  position 
of  the  intussusception.  The  best  guide  as  to  the  amount 
is  furnished  by  the  deyrre  ofttiuion  nf  thealnlomiiiiil  iru/h. 
During  the  progress  of  the  injection  the  buttocks  .slionld 
beheld  tightly  together,  to  prevent  escape  of  the  llnid. 
If  at  any  moment  the  tension  should  seem  to  be  too  great, 
the  pressure  upon  the  buttocks  may  be  withheld  and 
some  of  the  lluid  allowed  tocscape.  As  a  further  guide, 
ill  estimating  the  amount  of  Huid  to  be  injected,  we  can 
remember  that  the  colon  of  an  infant,  si.\  months  old, 


will  hold  about  a  pint  without  disleiition,  and  that,  at  the 

age  of  two  years,  it  will  hold  two.  or  possibly  llirec, 
pints.  Till'  adult  colon  holds  consiilendily  more  than  a 
gallon  (Weir  says  nine  pints,  or  a  liltleover)  without  dis- 
tention, i'ressure  should  bi'  kept  up  for  from  ten  to 
iwiiity  minutes,  or  even  for  half  an  hour.  If  Ilie  injec- 
tion fails  to  reduce  the  iiitussn.sception  within  this  time, 
then  stop.  .V  second  attempt  call  bi>  made  within  two 
hours,  and  if  failure  again  results,  then  resort  to  liipurut- 
oiny."  This  is  the  advice  given  by  Holt.  .My  own  per- 
sonal view  is,  that  it  is  better  to  resort  to  operative  inter- 
ference after  one  failnre  of  the  injeclion. 

The /«(/!  <■//«;»(  is  one  in  which  the  lluid  injected  docs 
not  extend  beyond  the  rectum.  For  this  purp<isea  foun- 
tain syringe,  provided  with  the  short  rectal  tip,  well 
lubricated,  is  to  be  preferred.  A  Davidson  .syringe  or 
even  a  suitable  pattern  of  a  hard  rubber  hand  syringe 
may  Ik'  employed  when  only  a  small  (|uanlity  of  t'luid  is 
to  be  injeeled. 

Ill  this  form  of  enema  tin-  patient  may  o<eupy  cither 
the  dorsal  or  the  semi  obli(|neor  the  sitting  postuie;  and, 
when  solutions  of  a  high  temperature  aie  emploveii.  it  is 
well  to  lubricate  the  nates  and  the  anus  as  fiirasloa 
point  beyond  the  sphincter.  If  the  enema  is  to  be  re- 
tained, the  iiatient  should  assume  either  the  dorsjd  pos- 
ture, with  the  hips  elevated  or  wliat  is  known  as  the  Sims 
position. 

The  conditions  which  call  for  llicus('  of  the  low  enema 
do  not  dift'er  materially  from  those  which  suggest  the 
desirability  of  employing  the  high  variety.  In  fact,  the 
dilTeri'iice  often  amounts  simply  to  this";  in  one  set  of 
cases  it  seems  desirable  to  inject  a  small  mass  of  tliiid, 
while  in  the  other  a  larger  quantity  appears  to  be  re- 
(luiied.  Thus,  in  shock,  iinvmia,  etc.,  from  two  to  .si.\ 
ounces  of  normal  .sjiline  .solution,  at  a  tcnipenilure  of 
110-120  F.,  are  injected;  the  int<M)lioii  being  that  it 
should  b(f  absorbed.*  Such  an  injection  shoiilil  be  given 
very  slowly,  and,  as  the  tip  is  withdrawn,  a  towel  should 
be  slipped  over  the  anus,  and  the  buttocks  should  be  held 
together  for  some  minutes  thereafter  to  prevent  escape 
of  llu'  fluid.  Then,  again,  small  encm.-ita  of  starch  water 
containing  illv.-.\ij.  of  laudanum,  or  of  tincture  of  bella- 
donna, etc.,  often  pnive  useful  in  allaying  irritability  of 
the  rectum  or  adjacent  organs.  Finaliy.  in  ca.ses  of  dys- 
entery, etc.,  after  thorough  irrigation  of  the  bowel,  eiie- 
mata  of  this  class  are  generally  of  value. 

■When  it  is  desired  that  the  Iliiiil  injected  should  be  re- 
tained for  a  short  time  and  then  evacuated,  the  (luantity 
employed  should  vary  from  two  ounces  to  a  pint,  accord- 
ing to  the  circumstances  of  tlieea.se.  The  temperature 
of  the  fluid  should  vary  in  a  similar  manner;  hot  solu- 
tions (from  110'  to  120  F.)  bi-ing  best  suited  to  certain 
conditions,  and  cold  (from  90'  to  60'  F. )  toothers.  There 
are  even  cases — those  of  internal  heiiuurhoids,  for  ex- 
ample— in  which  iced  water  may  be  u.sed  to  advantage. 
On  the  other  hand,  there  are  individuals  who  show  u  de- 
cided re]iugnance  to  cold  encmata. 

Entkhih  i.vsis  WITH  .\  SiNoi.K  Tube. — Enleroclysi.s 
with  a  single  tube  may  belong  to  either  of  the  two  varie- 
ties— the  high  or  the  low.  There  are  .sevenil  methods. 
Thus,  for  example,  a  colon  tube  or  hirge  catheter  is  in- 
troduced into  the  bowel  and  a  fountain  syringe  or  a 
funnel  isaltaclied.  A  delinilec|uantity  of  fluid  isallowed 
to  How  in,  and  then  the  fountain  syringe  is  di'tached,  or 
the  funnel  is  lowered  below  the  level  of  the  patient  and 
the  solution  evacuated.  This  procedure  is  npealed  a 
second  time,  or  several  times,  according  to  the  indica- 
tions, or  until  the  Huid  that  returns  is  ijuite  clear.  As 
already  slated  above,  both  the  temperalure  and  the 
amount  of  the  tluiil  employed  should  vary  according  to 
the  individual  cireumstanees  of  each  ease. 

A  Y  shaped  glass  tube  may  be  attached  by  its  stem  to 
the  rectal  tube,  and  by  its  forks  to  the  rcuinlain  syringe 
on  the  one  hand.  an<l  to  a  carry-otT  tube  on  the  oilier. 
By  checking  the  outflow  through  the  latter  w  Idle  allow- 

*  In  thpsp  conditions  an  even  larger  quantity,  if  it  ran  b"  ali8iirtH-<l, 
is  preferable. 
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ing  the  inflow  to  continue,  and  then  by  arresting  the  lat- 
ter and  allowing  the  fluid  to  escajie  through  tlie  carry- 
off  tube,  one  can  irrigate  the  intestine  in  a  satisfactorj- 
manner. 


Fig.  1914.— Enteroclysls  with  Single  Tube.    Case  of  an  infant. 

Still  another  method  is  to  allow  the  injected  fluid  to 
l>e  ejected  by  the  patient  alongside  the  tube,  immediately 
after  which  a  fresli  supply  of  the  fluid  is  again  injected. 
This  operation  can  be  repeated  as  often  as  may  be  desired. 
It  will  be  found  useful  not  only  for  cleansing  purposes 
but  also  for  the  relief  of  suchconditionsassliock.  unpmia, 
liemorrliage,  etc.  The  mode  of  procedure,  in  the  case  of 
an  infant,  is  thus  described  by  Dr.  L.  Emniett  Holt,  who 
places  the  ileo-ca'cal  valve  as  the  limit  wlii<h  the  fluid 
may  reach:  "The  child  is  plawd  on  the  back,  thighs 
flexed,  buttocks  brought  to  the  edge  of  the  table,  cloth- 
ing protected.  The  fountuin  syringe  at  a  lieight  of  four 
to  five  feet;  a  fle.\ible  rectal  tube,  or  soft  catheter,  No. 
18-20  American  scale,  is  emiiloyed;  an  e.\tra  eye  may  be 
cut  near  the  tip.  The  catheter  is oihd  and  just  aftei*  the 
tip  is  inserted  into  the  anus  the  water  is  turned  on.  This 
lenders  it  stiffer,  and  it  passes  more  readily.     It  is  pushed 


Fig.  1913.— Bodenhamer's  Rectal  Irrigator.  ^,inflo«ing  stream;  B, 
outflowing  stream ;  C,  points  at  wbioh  the  escaping  ttuid  enters  the 
Irrigator. 

in  twelve  to  fourteen  inches.  Usually  a  ]iint  and  often  a 
quart  will  be  introduced  before  any  water  returns.  The 
water  is  evacuated  from  time  to  time  alongside  the  cathe- 
ter and  often  with  considerable  force:  hence  a  towel 
should  be  spread  to  fall  like  a  screen  over  the  anus  to 
protect  the  operator.  The  washing  sho\ild  be  continued 
until  the  water  returns  (juite  clean.  (Jentle  kneading  of 
the  abdomen  should  be  empl<)ye<l  during  the  early  part 
of  the  irrigation  to  facilitate  the  passage  of  water  into  the 


upper  part  of  the  colon.  The  tempeiuture,  in  most  cases, 
should  avei-age  101  F.  At  the  end  of  the  irrigation,  the 
tube  of  the  fountain  syringe  is  detached  and  the  tiuiil 
which  remains  allowed  to  escape  through  the  catheter 
before  removal  of  the  latter.  The  colon  of  a  six -mouths' 
infant  holds  a  pint  without  distention,  and,  at  the  age 
of  two  years,  two  to  three  pints." 


Fio.  1916.— Author's  Irrigating  Tubes,  a.  Flexible  irrigator ;  h  and  r, 
more  rei'ent  models;  </,  glass  irrigator,  with  side  opening  (closed 
by  a  corii)  for  cleansing  purposes. 

A  convenient  moditication  of  the  operation  is  shown  in 
the  accoiupaiiying  illustration  (Fig.  19171. 

Enteuoclvsis  WITH  A  Double  CoKTiNrocrs CiRREST. 
— The  principle  of  doublecurrei\t  irrigation  is  quite  old: 
the  inslruinent  of  Bodenhamer  was  probably  the  first 
d(iul)le  current  rectal  irrigator  demised  (see  Fig.  191.5). 
Many  other  irrigatore  have  lieen  employed,  such  as  two 
tubes  or  catheters,  or  a  large  double-current  catheter, 
etc.  When  it  is  uecessitry  to  improvise  a  double-current 
irrigator,  this  may  be  accomplished  in  the  following 
manner:  Take  two  cathetei-s — the  smaller  one  for  the  en- 
tering current,  the  larger  for  the  outflow — and  pass  them 


Fig.  IftlT.— Enteroclysls  in  the  .semi-recurabent  Position. 

through  a  perineal  pad  of  gauze  and  cotton,  covered  with 
oiled  "silk,  or  through  a  dress-shield,  or  a  piece  of  oil 
cloth,  marble  clotli,  or  rubber  sheeting. 
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In  the  accompanying  fignrcs  are  shown  seveml  of  the 
author's  latest  patterns  of  irrigating  tubes  (see  Fig.  1916. 
a.  b.  c.  d). 

Pnr<(  1(1  ions  to  he  Olmerred  hrfore  Iiintitiiig  Qie  T'l/ic. — 
Allow  the  irrigating  fluid  to  flow  from  the  tube  until  all 


Fig.  191S.— Enteroclysis  in  Diirsal  Position  on  the  Bed  Pan. 

the  air  has  been  expelled;  then  check  the  flow.  As  the 
tip  of  the  iustriimeut  passes  through  the  sphincter,  start 
the  flow  in  order  to  force  the  mucous  membrane  away 
from  the  irrigator  and  from  its  fenestra'.  Attach  the 
fountain  syringe  to  the  central  tube  and  the  carry-oft'  tube 
U)  the  larger  curved  lateral  tube.  By  alternately  pinch- 
ing this  and  the  tube  of  the  fountain  syringe,  the  quan- 
tity of  fluid  entering  and  escaping  can  be  regulated.  As 
the  outflow  is  larger  than  the  inflow,  unless  the  outflow 
is  checked  no  fluid  will  pass  up  the  bowel. 

Insertiijii  <if  the  InMrumi  lit. — The  tube  should  be  well 
lubricated  and  inserted  with  a  gentle  rotary  motion,  and 
not  forced  in.  The  tip  of  the  instrument  should  be 
directed  slightly  backward  toward  the  sacrum,  and  the 
fluid  allowed  to  flow  at  the  moment  when  the  tip  jiasses 
the  sphincter.  If  the  flow  ceases,  rotate  the  tube  slightly 
or  withdraw  it  slightly  while  rotating,  and  push  it  back. 
If  the  outflow  seems"  to  be  obstructed,  stop  the  inflow 
and  then  fiuce  fluid  back  through  the  outflow  lube  with 
a  small  hand  syringe,  or  detach'the  fountain  syringe  and 
force  the  flow  "back  through  the  outflow  tube  for  an  in- 
stant. Sometimes  "milking"  the  outflow  tube  with  the 
fingers  will  start  the  flow.  Avoid  pressing  the  tip  of  the 
instrument  against  the  wall  of  the  bowel,  or  directing  the 
current  against  it,  as  either  of  these  procedures  is  irri- 
tating. 

Distance  to  wJiich  the  Irrigator  ahoiild  he  Pushed  up  into 
ilie  Boirel.—yhe  rectal  tube  should  be  inserted  for  a  dis- 
tance of  from  one-third  to  one-half  its  length  in  imistatic 
cases,  etc..  and  in  its  entire  length  when  high  irrigation 
is  to  be  carried  out.  In  actual  practice  it  is  found  that 
the  introduction  of  the  short  tube  to  its  fidl  length,  pro- 
vided the  patient's  hips  are  elevated,  gives  as  good  re- 
sults in  hiirh  irrigation  as  does  the  colon  tube. 

Withdrnirtd  tif  the  Ii)striiment.—Do  not  withdraw  the 
instrument  like  an  ordinarv  tip.  lest  the  nnicous  mem- 
brane catch  in  the  fene9tra\  but  rotate  it  slightly,  first  in 
one  direction  and  then  in  the  other,  as  it  is  being  with- 


drawn. By  observing  this  precaution  the  physician  will 
not  be  likely  to  experience  the  accident  just  ((escrilM-d. 

CleniiKtiiri  the  Irrif/iilorK. — To  ch-an  ihi-nlilf  tubes,  un- 
screw the  centml  tube  and  withdraw  it.  To  clean  tho 
flexible  tube,  un.scnw  tin'  aeccs-sory  cap  anil  loown  tlio 
main  cap.  nicanwhile  Imlding  the  rnbliir  fitting  of  tin; 
central  tubi-  tirinly,  tii  pievent  twisting  the-  central  linen 
catheter;  jiusli  the  caps  along  the  central  lube  to  nearly 
the  end,  IhiMi  withdraw  the  hardrublier  tip  from  the 
main  outer  tube  and  with  it  about  half  an  inch  of  the 
central  linen  tube:  next  unscrew  the  tip,  hiilding  thecath- 
eler  firmly  just  below  it;  and  finally  withdraw  the  cen- 
tral tulie.  as  in  the  hard  rubber  instrument.  If  ihi' at- 
tempt were  made  to  unscrew  the  flexible-  lulie.  it  would 
readily  tear.  The  llixible  tubes  should  not  be  alloweil 
to  remain  in  any  solution  exceiH  for  a  moment,  as  the 
central  tube  readily  softens  an(l  colla|ises.  Should  this 
occur,  a  wire  pas-sed  through  it  generally  remeilies  the 
ilifficulty.  The  central  tube  is  often  made  of  a  linen 
catheter.  The  flexible  English  catheter  (such  as  has  the 
stylel)  is  much  more  dundile;  the  ends  do  not  fray  s<» 
readily,  nor  does  it  cnick  so  easily,  and  it  is  cheap.  No. 
7  is  a  good  si/.e;  it  can  be  cut  in  li-ngths  to  suit,  and  the 
hard-rubber  fittings  will  cut  their  own  thread  on  it.  A 
fresh  central  tube  can  thus  be  u.sed  in  every  cose,  and  the 
outer  tube  and  fittings  can  be  disinfected. 

Eiiteroe/j/Ki!!  in  the  t's'ini-obliyiie  (Ihilf-Sitting)  Posture. 
— Dr.  William  H.  Thomson's  method.  This  has  been 
employed  in  pulmonary  (edema  and  in  pleurisy  witli 
elTusion.  when,  because  of  respimtory  ililliculty,  the  pa- 
tient was  unable  to  lie  down  (s<.-e  Fig.  1".M7>. 

The  Different  Positions  of  the  liody  in  irhieh  Jlif/h  Irrf- 
f/iition  niiiy  l>e  Prnetised. — The  first  position  is  that  in 
which  the  jiatient  lies  upon  his  liack,  with  his  hi|)S  ele- 
vated and  his  shoulders  at  a  lower  level.  A  bed  pan. 
preferably  a  douche  pan,  is  placed  beneath  his  buttocks 
(see  Fig.  1918).  This  receptacle,  however,  may  be  dis- 
pensed with,  as  a  rubber  sheet,  if  properly  adiusted.  will 
answer  sutficientlv  well  (see  Fig.  191!li.  The  jiatient, 
may  also  lie  on  either  side,  with  the  hi])s  elevated  and 
the  shoulders  at  a  lower  level  (see  Fig.  192t)i.  Instead 
of  a  rubber  sheet,  a  Kelly's  pad  may  be  employed. 


FIG.  1919.— Enteiwlyste  In  Dorsal  Position  without  Bed  Pan. 

^Vhat  is  known  as  the  nnthnl  hy  rotnlion  (see  New 
"V'ork  Medical. hiurnnt.  March  13th,  l»97)may  be  described 
as  follows:  The  patient  is  placed  on  the  left  side,  with 
the  hips  elevated,  and  about  a  pint  and  a  half  of  the  solu- 
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tion  is  allowed  to  flow  into  the  descending  colon:  the 
outflow  tube  is  then  innrlied  and  the  patient  is  gradually 
rotated  first  to  the  dorsal  position  and  then  to  the  riglit 
side.  As  the  ne.xt  step  in  the  proce<lure  the  shoulders 
are  elevated  above  the  level  of  the  hips  (the  patient  still 


Fig.  1930.— Enteroclysls  In  the  Sims  Position. 

being  on  the  right  side),  in  order  that  tlie  fluid  may 
gravitate  into  the  caput  coli.  Then  the  steps  just  de- 
scribed are  reversed,  the  outflow  tube  is  released,  and  the 
fluid  is  permitted  to  escape.  This  niilhod  resembles 
KussMiaul's  leilini(|ue  for  irrigations  with  oil. 

The  indicatiiiMs  for  employing  doulile  ( urrcnt  entcro- 
clysis  may  be  dedticed  for  the  most  part  from  the  follow- 
ing iiaragraphs  on  the  "Quantity  and  Temperature  of 
the  Solution," 

Quniitiiy  and  Temperature  of  the  Solutiun. — In  colitis, 
dysentery,  typhoid,  intestinal  dyspepsia,  tlie  various 
forms  of  diarrhcea,  constipation,  faecal  impaction,  etc.,  a 
quantity  e()Ual  to  from  six  ounces  to  one  pint  and  a  half 
may  be  allowed  to  flow  into  the  bowel  before  c.sca|)e  is 
permitted.  Euteroclysis  may  be  employed  once  or  twice 
daily,  and  the  total  amount  of  fluid  used  at  each  sitting 
should  not  be  less  than  two  iiuarts.  In  some  cases  as 
much  as  several  gallons  has  thus  been  utilized.  If  there 
are  no  special  contraindieating  circumstances  the  flow 
should  be  kept  up  until  the  escaping  fluid  is  quite  clear. 
The  tem|)erature  of  the  fluid  used  should  be  from  101° 
to  10-5  F.  On  the  other  hand,  in  sthenic  cases,  if  there 
be  a  high  temperature — as  in  dysentery,  gastroenteritis 
in  infants,  etc. — irrigation  with  a  solution  at  fr(]m  00  to 
75°  F.  may  be  employed,  to  aid  in  the  reduction  of  tem- 
perature. Cold  should  be  used  cautiously,  and  I  believe 
that  it  is  contraindicated  if  there  are  renal  complications. 

For  the  relief  of  the  spasm  which  accompanies  renal, 
biliary,  or  intestinal  colic,  it  is  a  good  plan  to  allow  from 
six  otmces  to  one  pint  of  a  hot  fluid  (s;iline  solution  at  a 
temperature  of  from  101°  to  103°  F. )  to  remain  continu- 
ously in  the  bowel  for  flftecn  minutes  or  longer.  At  times 
a  solution  having  a  still  higher  temperature  (from  110°  to 
120°  F,)  acts  better.  This  is  often  the  ease  in  intestinal 
colic,  in  which  condition  the  hot  solut  ion  aids  in  expelling 
flatus. 

In  all  conditions  in  which  it  is  desirable  to  stimulate  the 
circulation,  to  increase  renal  secretion  when  insufficient, 
or  to  eliminate  toxins  through  promotion  of  diuresis,  etc.. 


the  quantity  of  the  solution  to  be  kept  continuously  in 
tlie  bowel  should  average  from  a  pint  to  a  quart;  "and 
the  euteroclysis  should  be  kept  up  for  from  half  an  hour 
to  an  hour.  If  we  wish  to  secure  the  best  results  tinder 
the  conditions  referred  to,  we  should  employ  normal  salt 
solution  at  a  temperature  somewhere  between  110°  F. 
and  130°  F.  In  addition  to  the  conditions  last  named 
and  to  those  enumerated  in  the  earlier  jiart  of  the  article, 
the  following  may  be  named:  se])sis  due  to  any  cause, 
as  from  peritonitis,  sejitic  endocarditis,  cholera,  typhoid, 
diphtheria,  etc.:  malarial  poisoning  (to  cheek  or  abort  a 
chill):  the  various  dropsical  conditions,  etc. 

Enteroclysis,  as  may  readily  be  su]iposed,  has  proved 
to  be  of  use  in  gynaecology.  Thus,  for  example,  its  use- 
fulness in  the  case  of  an  unmarried  woman,  as  a  substi- 
tute for  vaginal  douching,  deserves  special  mention.  It 
may  be  emiiloyed,  in  the  form  of  hot  enemata  of  normal 
saline  solution  (at  a  temperature  of  from  110°  to  120°  F.), 
for  promoting  the  absorption  of  pelvic  exudations,  for  the 
relief  of  leucorrhojas,  of  ovaritis,  of  shock,  etc.,  and  la 
many  other  conditions  (C.  Reginald  Hyde). 

In  genitourinary  and  rectal  affections — such  as  inflam- 
mation of  the  prostate  or  bladder,  retention  of  urine, 
spasmodic  stricture  of  the  urethra,  chronic  or  acute  iu- 
flamniation  of  the  urethra,  internal  hemorrhoids,  etc. — 
enteroclysis  often  affords  great  relief.  In  cases  of  intes- 
tinal paresis  and  of  intestinal  olistruc  I'on  injections  of 
oxygen  have  been  found  useful  by  Dr.  Clement  Cleve- 
liuid.  of  New  York.  (See  New  York  Medical  Record, 
January  5th,  1901.) 

Soi.rTIONS  TH.\T  M.W  15E  UsED  IN  Entehoclysis. 

Flaxseed  tea.  made  thin  and  oilv,  of  \-alue  in  catiirrhal 
conditions  of  the  intestine,  especiiilly  if  accompanied  by 
constipation :  also  aids  absorption  of  exudations. 


Fig.  1921.— Enteroclysis  with  Double  Tube.    Case  of  an  infant. 

Sormal  salt  solution,  a  drachm  of  salt  to  a  pint  of 
water;  useful  for  cleansing  purposes;  bland  and  espe- 
cially safe  for  children ;  useful  as  a  circulatory  stimulant; 
as  a  diuretic,  and  to  eliminate  toxins. 

Oil  of  peppermint  or  cinnamon  (Hve  to  fifteen  minims 
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(n  tlic  pint)  may  be  aiUled  to  tlu-  suit  solulioii  for  cleans 
iuii  purposes  (VVilliam  H.  Thomson). 

lli'ihil  irater,  with  boric  acid  (from  half  a  drachm  to  a 
drachm  to  the  quart,  or  even  stronjrer).  or  with  iierman- 
ganate  of  potassium  (from  three  to  ten  grains  or  more  to 
two  quarts  of  water);  useful  when  there  is  marlu'd  fermen- 
tation or  foul  odor,  A  similar  solution  of  bichloride  of 
mercury  (1  to  10,000)  has  been  successfully  emidoyed  (i  wo 
quarts  at  each  irrij^atiou  daily )  in  membranous  (croupous) 
colitis  of  a  septic  type.  In  dysentery  it  is  also  of  service. 
Stronger  solutions  do  not  ajjpcar  to  he  necessary.  Solu- 
tions of  carbolic  acid  and  of  camphor  have  bc"en  found 
to  be  irritating.  Rovacs  and  others  emiiloy  quinine 
solutions  (1  to  1,000)  in  amcebic  dysentery.  Solutions 
of  tannin  (one  to  two  per  cent.)  are  valual)le  in  cholera. 
Tannic  acid,  tannin,  witch  hazel,  and  other  astringents, 
are  useful  in  dysentery.  In  chronic  con<lilioiis  injections 
of  silver  nitrate  solutions  (gr.  x.-xx.  to  the  ([uart  or  even 
tlie  pint),  to  be  followed  by  normal  saline  solution  to 
prevent  overaction,  are  of  service.  Finally,  solutions 
containing  listeriue,  borolyplol,  borax,  bicarbonate  of 
soda,  or  powdered  alum  (a  drachm  of  the  latter  to  the 
quart  of  water,  orevenastrongcrsolution),  areof  .service. 

Hubert  C.  Kemp. 

ENTEROL  is  a  mixture  of  three  isomeric  creosols  said 
to  represent  three  bodies  from  the  intestinal  tract  in 
normal  proportion.  It  is  slightly  soluble  in  water,  lias 
an  unplea.sant  odor,  and  is  used  as  an  intestinal  antiseptic. 
It  is  given  in  pill  or  capsule,  or  in  a  solution  of  one  grain 
to  an  ounce  of  water,  usually  combined  with  a  laxative. 

ir.  .1.  BiiMedo. 

ENTODERM,  also  called  entoblast,  and  occasionally 
hypoblast,  is  the  innermost  laj'er  of  cells  in  the  embrj-o; 
it  is  an  epithelium  which,  in  the  adult,  lines  the  diges- 
tive canal  and  its  appendages,  lungs,  liver,  pancreas,  etc. 
(See  Germ  Lriyers.)  O.  .S,  M. 

ENURESIS  {h  =  in,  and  oipov  =  urine)  isacondition  in 
which  the  urine  is  passed  involuntarily  oi  unconsciously. 
It  is  not  so  much  a  disea.so  as  a  svmptoni  comiuon  to 
many  diseases  and  disorders.  In  childhood,  however,  it 
may  be  considered  a  separate  malady,  since  it  is  often 
■found  at  thisage  without  any  other  accompanying  symp- 
tom or  lesion;  in  infants,  up  to  about  three  3'ears  of 
age,  it  is  physiological. 

Media II ii'iii. — The  bladder  is  a  fibromuscular  sac  which 
acts  as  a  temporary  reservoir  for  the  urine.  The  urine 
does  n:it  normally  escape  as  it  falls  into  the  bladder,  and 
without  the  know  ledge  of  the  individual;  but,  slowly  and 
constantly  secreted,  it  gradually  accumulates  in  the  blad- 
der until  it  can  be  expelled.  It  is  retained  in  the  bladder 
by  the  sphincter  vesica?;  it  is  expelled  by  the  muscular 
contraction  of  the  coats  of  the  bladder  and  the  detrusor 
urin;e,  assisted  by  the  diaphragm  and  abdominal  mus- 
cles. Normal  micturition  is  a  reflex  act.  As  the  urine 
gradually  tlows  into  the  bladder  the  intravesical  pressure 
increases,  until,  on  a  sullieieut  quantity  being  present, 
afferent  imjjulses  are  sent  from  tlie  bladder  to  the  centre 
for  micturition  in  the  lumbar  enlargement  of  the  spinal 
cord;  from  thiselTcrcnt  impidses  are  sent  down  strength- 
ening the  inhibitory  force  at  the  neck  of  the  bladder,  and 
thus  causing  delay  in  the  act  of  urination.  Further, 
there  exist  a  motor  tract  and  an  inhibitory  tract  from 
the  brain  to  the  centre  in  the  cord;  and,  as  the;  intra- 
vesical tension  continues  to  ri.sc,  impulses  are  sent  to  the 
brain,  an<l  other  iiupulse.s,  now  conscious,  are  remitted 
to  the  neck  of  the  bladder,  causing  either  relaxation  or 
further  tightening  till  a  suitable  time  and  place  i)resent 
themselves.  Tli<5^act  of  urination  is  then  brought  about 
by  the  relaxation  of  the  sphincter  and  the  combined 
action  of  the  detrusor  urina?  and  the  abdominal  muscles. 
Any  interference  with  this  mechanism  may  cause  enu- 
resis. 

Etiology  is  frequently  ob.scure,  and  many  conditions 
that  are  considered  causes  are  often  probably  only  co- 
existing and  not  causal. 


Ally  interference  with  the  normal  mechanism  of  mic- 
turition, as  given  above,  will  cause  enuresis;  such  inter- 
ference can  take  place  at  the  lumbar  centre,  or  in  the 
alfcient  or  elTerent  nerve  tracts,  or  in  the  brain.  Other 
causesare;  1.  In  the  wm«' .•  increase  in  (|iiantily  oracid- 
ity.  2.  In  the */«(/</<■)■.■  malfoinialioii,  increased  irritabil- 
ity, muscular  spasm  of  the  detrusor  uriiae,  non  devel- 
opment or  im]ierfect  innervation  of  sphinctiT  veslcje, 
calculus.  3.  In  the  jieiiin:  phimosis,  pamphimosis. 
elongated  or  adherent  i>repuce,  balanitis.  4.  Stricture 
of  urethra  and  enlarged  prostate  in  ailvanced  aiie.  5. 
Fissure  or  eczema  of  idiiik,  and  worms,  (i.  U'sions  of 
the  nervous  system— shock,  hy.steiia,  locomotor  ata.xia, 
apiqilexy. 

In  (  hildreu  this  distressing  condition  is  generally  due 
to  want  of  development  of  the  muscles  of  the  bl.adder, 
chiefly  the  sphincter  vesicie,  and  to  lack  of  proper  I  min- 
ing. It  must  be  remembered  that  up  to  about  three 
years  of  age  enuresis  is  physiological,  anil  thai,  after  that 
age  proper  education  can  do  much  toward  inculcating 
gocHl  habits.  Often,  too,  there  may  be  a  diminished 
sensibility  of  the  nerves  of  the  bladder,  when  the  sensn. 
tioiis  are  not  sulficicntly  strong  to  awaken  the  patient, 
or  else  the  sleep  is  abnormally  deep  and  prolonged. 
Children  with  a  neurotic  tendency  are  often  alllictecl  with 
enuresis.  The  trouble  generally  disappears  at  or  about 
puberty. 

Sy.mptoms. — Enuresis  may  be  mistaken  for  the  "over- 
flow "  or  retention  of  urine  common  in  enlarged  prostate, 
but  a  catheter  will  settle  the  diagnosis.  Otherwise  the 
diagnosis  is  clear  from  the  statement  of  the  patient  or 
parent. 

In  children  the  disease  is  classified  as  (1)  enuresis  noc- 
turna.  (i)  enuresis  diurna,  and  (3)  enuicsis  conlinua.  Of 
these  the  commonest  is  the  nocturnal  variety,  in  which 
the  patient  is  troubled  only  at  night,  but  regularly  every 
night,  and  this  in  spite  of  the  fact  that  he  has  emptied 
his  bladder  before  being  put  to  bed.  Thi^  child  is  apt  (o 
be  gloomy  and  downcast,  and  apjiarently  much  troubled 
al)out  this  sad  condition  which  is  in?leed  his  misfortune 
and  not  his  fault  In  some  cases  the  trouble  continues 
even  when  the  patient  is  aroused  every  few  hours. 

The  diurnal  variety  is  caused  by  muscular  contraction, 
chiefly  in  laughing  and  coughing,  and  is  apt  to  persist 
longer  than  enuresis  nocturna:  when  found  after  the 
age  of  puberty  it  is  more  common  in  the  female. 

Prognosis. — In  children  the  trouble  genenilly  disap- 
pears at  puberty.  In  any  case  it  is  well  to  make  a  thor- 
ough examination  and  if  possible  remove  the  cause. 

Tre.\tmext. — \Vhene\'er  possible  remove  the  cause  or 
apparent  cause.  Look  after  the  general  condition  of  the 
patient.  In  the  case  of  children  punishment  and  reproach- 
es are  reprehensible ;  the  little  patient  |>robal)ly  siilTers 
considerably  from  the  knowledge  of  his  alllielion.  Many 
remedies  have  been  tried,  some  with  a  little  success. 
Raising  the  foot  of  the  bed,  .so  that  the  iiiine  does  not 
rest  on  the  base  of  the  bladder,  has  been  recommended; 
so,  too,  has  electricity — the  faradic  current, — one  elec- 
trode in  the  rectum,  the  other  on  the  perineum. 

Drug  medication  is  largely  empirical,  but  cures  have 
been  reported  from  the  use  "of  stjychnine,  fluid  exlnict 
of  ergot,  iron,  atropine;  also  nitrate  of  silver  applied 
locallv. 

In  the  MeiUcal  and  Surgical  Tli]wrter  for  March,  1S98, 
is  reported  the  case  of  a  boy  who  liy  mistake  took,  four 
times  a  day,  a  pill  of  extr.cannabis  indica,  gr.  i;  hyos- 
cyamine,  gr.  ^■.  zinc  phosphide,  gr.  i;  and  was 
"cured."  in  three  days,  of  enuresis,  R.  J.  E.  Scott. 

ENZYMES.— Enzyme  (Gr.  h;  in.  and  Ch"!.  leaven),  a 
name  given  to  a  class  of  chemically  active  substances 
widely"  distiibiited  through  the  animal  and  vegetable 
kingdoms.  They  are  chiefly  of  interest  in  medicine  from 
the  part  they  jilay  in  digestion,  most  of  the  chemical 
changes  in  this  proces.s  being  due  to  their  agency. 

In Iheir  action,  enzymes  present  many  points  of  strik- 
ing resemblance  to  ordinary  ferments,  such  as  liacteria, 
yeast,  moulds,  etc.     For  example,  both  classes  work  best 
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at  about  the  same  temperature,  viz..  that  of  the  human 
bodv,  or  a  few  degrees  above  it ;  each  is  destroyed  by 
boiling;  each  will  cause  insoluble  substances  to  be  trans- 
formed so  that  they  pass  into  solution.  This  similarity 
caused  earlier  observers  to  classify  the  enzymes  as  a 
special  group  of  ferments.  To  distinguish  them  from 
the  micro-organism  ferments,  they  were  called  "  unorgan- 
ized ferments."  "^soluble ferments.''  " formless  ferments. " 
•'unfomied  ferments.''  etc.  All  of  these  names  are  still 
in  use  at  present,  but  the  term  en:)/me  has  been  the  most 
favored  one  since  the  classical  work  of  Kiihne  (1878).  as 
it  avoids  confusion  with  ordinary  fermentation.  The 
advantage  of  this  lias  been  pithily  expressed  by  Sheridan 
Lea.  in  "Foster's  Phy.siology.''  iis  follows:  "It  appears 
advisable  to  use  the  term  '  (Mizyme  '  to  denote  the  soluble 
unorganized  ferments  generally,  reserving  the  older  name 
of  "  ferment '  for  the  oi'ganizcd  agents  such  as  yeast  to 
which  it  was  lirst  applied.  If  this  be  done  it  will  be 
convenient  to  use  the  expres.sion  '  zyniolysis  '  to  denote 
llie  changes  produced  by  the  enzymes  in  their  action  on 
other  substances  and  to"  apply  the  term  "  fermentation  " 
to  the  action  of  the  organized  femients.  In  this  way 
■  zyniolysis  '  corresponds  to  the  German  '  Ferment -Wirk- 
ung.'  aiid  ■  fermentation  '  to  •  Giihrung.'  " 

In  1874,  Musculus  showed  that  an  enzyme  could  be  ob- 
tained from  urine  which  contained  the  Micrococcus  ure«, 
and  that  the  enzyme  would  produce  the  same  decomposi- 
tion of  urea  that  was  brought  about  by  the  living  micro- 
coccus. In  1885  Sheridan  Lea  found"  that  this  enzyme 
could  be  isolated  from  the  micrw-occi.  A  number  of 
similar  discoveries  have  been  made  with  other  micro- 
organisms and  moulds.  Even  the  ordinary  alcoholic 
fermentation  produce<l  by  yeast  has  been  brought  within 
this  category  by  the  classical  researches  of  Buchner;  so 
that  it  is  by  no  means  improbable  that  the  decomposition 
])rocesses  of  fermentation  may  yet  be  shown  to  be  those 
of  zymolysis.  the  living  inic"ro"-organism  producing  the 
enzyme,  and  the  enzyme  bringing  about  the  chemical 
changes  (see  article  •fei-imiitnti-oi). 

CiiKMir.M,  Composition"  of  TirE  Exzymes. — It  is  ex- 
tremely diflicult  to  get  any  of  the  enzynieseven  apiiroxi- 
mately  pure,  and  it  is  doubtful  whether  an  absolutely 
pure  specimen  has  ever  been  obtained.  For  this  rea-son 
the  cheniical  nature  of  the  enzymes  is  still  uniletermincd. 
it  is  generally  admitted  that  they  contain  nitrogen,  and 
they  iiave  usually  been  clas,sified  as  jiroteids.  The  pur- 
est specimens  obtained  a  decade  or  more  ago  gave  a 
number  of  reactions  common  to  proteids.  but  it  must  be 
lemembeied  that  they  are  always  obtained  from  close 
association  with  proteids  in  the  cells  fri>m  which  they  arc 
derived,  and  the  question  has  arisen  whether  or  not  the 
proteid  did  not  cling  to  them  as  a  contamination.  As 
methods  for  their  puiifieation  have  improved,  specimens 
have  been  obtained  which  gave  fewer  and  fewer  of  the 
proteid  reactions,  until  now  tlic  trend  of  opinion  is  away 
from  the  old  theory  of  their  proteid  nature — but  we 
have  found  nothing'detinitc  to  take  its  place. 

Theories  widely  different  from  the  above  find  a  place 
even  in  the  most  recent  literature,  the  enzymes  being  re- 
garded by  some  as  imponderalile,  immaterial  forms  of 
energv  "clinging  to  changing  chemical  substances,  like 
electricity  to"a  conductor "'  (Arthus,  These,  Paris,  18i)6). 
The  latest  writer  whose  nionosraph  has  appeared  on  the 
subject  (Oppeuheimer.lSOO)  (leflnes  enzymes  as  follows: 
"  An  enzyme  is  the  material  substratum  of  a  peculiar  foi-m 
of  energy,  which  is  produced  by  living  cells  and  which 
clings  t^tliem  more  or  less  tenaciously  without  their  ac- 
tion'being  bound  up  with  the  life  process  as  such.  This 
energy  is  able  to  bring  about  the  freeing  of  the  potential 
energy  of  cheniical  substances,  and  to  tninsform  this  into 
kinetic  energy  (heat,  light).  The  chemical  substances  arc 
altered  in  such  a  way  ,  .  .  that  the  products  of  the  de- 
composition shall  collectively  represent  less  potential 
energy  than  is  represented  in  the  original  substance."  etc. 
He  explains  that  he  uses  the  term  -material  substratum" 
"because  we  are  absolutely  in  a  fog  as  to  our  knowledge 
concerning  their  chemical  nature." 

>IoDE  OF  Action  of  Enzymes. — Temperature. — Each 


enzyme  has  a  temperature  at  which  it  acts  best.  This- 
varies  with  the  enzyme:  at  a  definite  point  of  low  tem- 
perature its  action  is  suspended,  but  the  enzyme  is  not 
destroyed ;  at  a  higher  temperature  its  action  is  suspended, 
and  at  a  still  higher  point  the  enzyme  is  destroyed.  In 
the  moist  condition  this  destruction  occurs  at  the  boiling 
point,  or  below  it.  while  some  enzymes  may  be  heated 
dry  to  150°  C.  and  still  be  active  when  placed  again  in 
solutions  at  the  proper  temperature. 

Action  of  Enzymes  Ilindered  t>y  the  Accumulation  of  the 
Products  of  Their  Own  Actiriti/. — Most  enzymes  cease 
acting  when  the  products  of  their  activity  reach  a  cer- 
tain concentration.  If  pepsin  be  made  to  digest  fibrin  it 
stops  acting  when  the  jiroteoses  and  peptones  reach  a 
certain  concentration,  but  will  begin  acting  again  if  the 
mi.xture  be  simply  diluted  with  water  or  with  some  other 
appropriate  liuid. 

Ilt'ldtion  of  Qtiiintity  of  Enzymes  to  Vt'orl'  irhich  1h(y  Do. 
— The  quantity  of  enzyme  will  determine  the  rapidity  of 
actionbut  not  the  amount  of  action.  One  .urain  of  pep- 
sin will  dissolve  as  much  proteid  as  an  ounce,  but  it  will 
require  a  longer  time. 

EnzyinfH  yot  l'K(d  Up. — This  is  one  of  the  most  remark- 
able pro])erties  of  enzymes.  After  causing  an  enzyme 
to  ti-ansform  a  large  amount  of  substance  on  which  it 
acts,  there  is  still  so  nearly  as  much  enzyme  present  as 
there  was  at  the  beginning  that  it  may  be  regarded  as 
practically  the  sjinie. 

Natirk:  of  Action  of  Enzvmes. — A  discussion  of 
the  nature  of  zymolysis  would  lead  us  back  to  the  cla,ss- 
ical  discussion,  between  Liehigand  Pasteur,  of  the  action 
of  ferments  in  general  (see  article  Fermentntion).  The 
predominant  action  of  the  digestive  enzymes  is  one  of 
hydrolytic  cleavage:  that  is, "the  enzyme  will  cause  the 
substance  acted  upon  to  take  up  water  and  then  split 
into  two  (lifterent  substances,  usually  of  the  same  class. 
This  is  well  illustrated  by  the  enzyme  "invertin  "  of  the 
intestinal  juice  in  its  aetiiui  on  cane  sugar.  The  cane- 
sugar  molecule,  in  the  presence  of  invertin,  takes  up  a 
molecule  of  water  and  then  splits  into  dextrose  and  levu- 
lose  as  follows: 


j^    levulose 
+    C,H„0. 


Cane  su^rar      i^     water     _     dextrose 
C,.JI„0,,      +      H,0      -     CJI.O, 

It  will  Vh-  noticed  that  the  enzyme  is  not  shown  in  the 
reaction,  as  studied  by  its  end  prixluct-s,  and  yet  the  reac- 
tion will  not  take  i>lace  in  simple  aqueous  solution  with- 
out the  presence  of  the  enzyme;  moreover,  the  enzyme  is 
not  used  up,  no  matter  how  much  cane  sugar  it  converts. 
The  exact  mode  of  its  aetitm  is  not  understood.  The 
most  plausible  theory  which  has  been  advanced  and  the 
one  which  meets  with  most  acceptance  is  that  theenzynie 
acts  as  a  go-between  or  carrier  for  water  very  mueli  in 
the  same  way  that  XO  acts  for  oxygen  in  the  manufac- 
ture of  sulphuric  acid.  Here  sulphur  is  burnt  in  the  air 
forming  SOj.  which  readily  combines  with  water  (.steam) 
to  fonn  snlplnnous  acid.  II^SOs.  Suliihurous  acid  will 
unite  with  oxygen  to  form  sulphuric  acid: 


Sulphurous  acid 

HaSO, 


j^     oxvgen     _     sulphuric  acid 
+         "O         ~  IIjSO, 


but  the  jirocess  is  too  slow  to  he  practicable.  If,  how- 
ever, nitric  oxiile  and  air  be  introduced  the  action  be- 
comes rapid  and  continuous  in  the  following  way:  The 
nitric  oxide,  NO.  takes  up  oxygen  from  the  air  and  be 
comes  nitrogen  peroxide.  NO^.  This  NOa  readily  gives 
up  part  of  its  O  to  the  II.SOj.  and  is  transformed  back 
to  NO. 

sidphuric  acid 


Sulphurous  acid 


+ 


+ 


NO 


H,SOj  ~r    XO.     "  H,SO, 

As  soon  as  it  l)ecomes  NO  it  takes  a  fresh  supply  of  O 
from  the  air.  only  to  be  robbed  of  it  promptly  again  by 
1  a  fresh  supply  of  II.SOs.  so  that  the  process  goes  on 
continuouslv.  "  the  IIjSOj  becoming  transformed  into 
HjSO,  the  NO  acting  as  an  o.xygen  rarrier  and  not  being 
used  up.  In  practice  the  process  is  even  more  striking : 
SO.   from  burning  sulphur.  H2O  (steam)  and  NO2  ar& 
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sent  into  a  common  receptacle  where  tliey  mix  with  air 
and  witli  each  other.     The  reactions  are  then  as  follows: 

(1)  SO.,  +  HaO  +  XOj  =  H,SO,  +  NO 

(2)  NO  +  O  =  NOj 

and  so  on  continuovisly. 

Sulphur  and  water  are  transformed,  together  with 
o.xygeu  from  the  air.  and  the  end  product  is  sidphuric 
acid.  A  st\id_v  of  the  end  product  does  not  show  the  in- 
temiediate  product  HjSOs.  nor  the  action  of  the  NO  and 
NO2  as  a  carrier  of  tlie  o.xygen.  In  the  case  of  the  en- 
zj-mes  we  have  been  able  to  study  ssitisfactorily  only  the 
substance  transfonned  and  the  end  products.  The  inter- 
mediate reactions  have  not  all  been  detennined.  so  we  can 
reason,  as  to  the  role  of  enzymes,  only  by  analogy  with 
better  known  cases,  such  as  the  example  chosen  of  sul- 
phuric acid. 

DETt-:nMiN.\TioN  of  the  Activity  of  Exzvmes. — The 
various  preparations — most  of  them  proprietary — depend- 
ing for  their  action  on  the  enzymes  which  they  contain, 
are  mostly  mixtures  of  enzymes  with  a  certain  amount 
of  foreign  matter.  This  is  notably  tme  of  jireparations 
from  the  stomach  (pepsin)  and  from  the  pancreas.  Much 
has  been  claimed  for  and  against  the  relative  merits  of 
certain  of  these  preparations.  The  method  of  investiga- 
tion depends  upon  the  enzyme  which  is  lieing  investi- 
gated, and  for  the  details  of  standard  methods  the  reader 
ts  referred!  to  works  on  physiological  chemistry.  All 
methods,  however,  involve  one  fundamental  procedure. 
Tiz. :  to  determine  the  amount  of  substance  transformed 
by  a  given  amount  of  enzyme  in  a  given  time;  or  to  de- 
termine the  amount  of  enzyme  necessary  to  transform  a 
given  amount  of  substance  in  a  given  time:  or  to  deter- 
mine the  time  required  for  a  given  amount  of  enzyme  to 
transform  a  given  amount  of  substance:  in  other  words, 
there  are  three  factors  in  the  process:  time,  strength  of 
enzyme,  and  amount  of  substance  transformed ;  if  two  of 
these  are  known  the  third  can  bf-  determined.  It  must 
never  be  forgotten  that  all  comparisons  of  enzyme-activ- 
ity must  be  made  under  rigidly  the  same  conditions  as 
to  the  physical  state  of  tlie  substance  acted  on.  the  fluid 
medium  in  which  it  is  placed,  temperature,  cleanliness 
of  vessels,  etc.  Slight  differences  in  these  conditions, 
especially  the  physical  condition  of  the  substance  acted 
on,  will  give  results  which  are  absolutely  incompar- 
able. This  point  should  never  be  overlooked  in  com- 
paring the  results  of  one  series  of  experiments  with  those 
of  another. 

Oricis  of  ExZTifES. — In  the  vegetable  kingdom,  en- 
zymes inav  be  extracted  from  the  lower  organisms  such 
as  bacteria,  yeast,  moulds,  etc.,  while  higher  in  the  scale 
they  play  an  important  pait  in  the  plant  economy,  caus- 
ing the  solution  of  stored-up  foods  such  as  starch  and 
even  cellulose.  This  is  especially  well  marked  in  germi- 
nating seeds.  In  some  of  the  highest  forms,  such  as  cer- 
tain pitcher  plants  (Nepenthes)  there  are  well-developed 
cells  resembling  gland  cellswhich  secrete  enzymes  capa- 
ble of  digesting  insects  Avhich  the  plant  catches. 

In  the  animal  kingdom  observations  have  been  made 
which  suggest  that  even  in  the  lowest  forms,  such  as  the 
amadia,  digestion  is  carried  on  by  enzymes  made  by  the 
cell  and  collected  in  vacuoles.  Fredericq  has  isolated  a 
digestive  enzyme  from  sponges;  and  certain  worms  and 
cephalopods  ("snails)  have  been  sufficiently  well  studied 
to  leave  little  doubt  that  digestion  is  carried  on  by  en- 
zymes secreted  by  glands,  "in  the  higher  vertebrates, 
practically  all  the  digestive  enzymes  are  secreted  by 
glands,  and  the  preparation  of  these  enzymes  appears  to 
be  the  chief  work  for  which  the  glands  are  set  apart. 
The  enzymes  do  not  exist  as  such  in  the  glands,  as  is 
shown  by  the  following  experiments:  If  the  stomach  or 
pancreas"  of  an  animaf  be  cut  out.  immediately  after 
death  and  thrown  into  alcohol,  it  will  yield  very  little 
enzyme.  If,  however,  it  be  allowed  to  stand  for  several 
hours  (twelve  to  twentv-four).  the  yield  of  enzyme  will 
be  considerable;  hence  we  suppose  that  the  living  gland 
cells  contain,  not  enzyme,  but  a  substance  which  can 
readily  be  transformed"  into  enzyme.     To  this  substance 


the   general   name  zymntjen   is  given.     In   the  case   of 

s]H'citic  enzymes,  we  use  the  specific  name  of  the  zymogen : 
thus,  ])epsinogeu  is  the  zymogi'U  from  wliieli  p<'psin  is 
formed,  trypsinogen  is  the  zymogen  from  whicli  trypsin 
is  formed,  etc. 

Microscopic  investigations  on  the  gland  cells  give 
still  further  support  to  the  zymogen  theory.  If  tlicccll» 
of  a  gland  bi'  examined  when  the  gland  has  been  at  rc-st 
for  some  tinii — that  is,  wlieii  it  has  not  poured  out  an 
aluMidant  serntion  for  several  hums — the  cells  will  be 
found  to  be  i>a(ked  full  of  granules,  so  as  to  obscure  the 
inielei  and  the  boundary  between  the  cells.  After  the 
gland  has  been  actively  pouring  out  its  secretion,  these 
granules  disiippear  to  a  cimsiderable  extent,  but  the  cell 
fills  up  with  granules  again  on  resting.  These  changes 
in  the  activity  of  the  gland  and  in  its  histological  appear- 
ance may  be  brought  about  by  stiuudaling  certain  nerves 
to  the  gland,  and  thosv  nerves  which  cause  the  greatest 
disjippearance  of  granules  make  the  gland  proiiuce  a 
secretion  richest  in  enzyme.  This  has  been  well  demon- 
strated for  the  Sidivary  glands  for  a  nundier  of  years, 
and  recent  observations  have  contirmed  the  same  for  the 
stomach  anil  the  pancreas. 

F.\TE  OF   THE    EXZV.MKS   IN    THE    HCTlfAS   BoDY. — The 

urine  contains  a  small  amount  of  pepsin,  ainylolylic  fer- 
ment, and  rennin.  (The  occurrence  of  trypsin  in  nurmal 
mine  is  doubtful.)  A  certain  amount  of  these  ferments 
may  therefore  be  regarded  as  gotten  rid  of  normally  in 
this  way,  but  it  is  at  best  of  secondary  importance,  as 
shown  by  Uechampsand  Ralthus  for  amylolytic  ferments 
and  by  Schna])])auf  for  pepsin.  These  observers  injected 
the  enzymes  in  cpiestiou  into  the  blood  and  found  that 
there  was  no  such  increase  of  them  in  the  urine  as  should 
have  been  produced  if  the  kidneys  had  been  active'  in  ex- 
creting them.  ^lost  of  the  di.irestive  enzymes  are  ren- 
dered inert  or  actually  destroyed  in  the  alimentary  canal, 
and  they  or  their  residues  pass  o\it  with  the  fafces.  En- 
zymes are  not  dialyzable,  so  we  should  not  expect  them 
to  get  into  the  blood  in  any  considenddc  quantity,  and 
who'll  injected  into  the  blood  they  are  destroyed  in  the 
system  (probably  to  some  extent  in  the  blood  itself). 
This  process  is  probably  a  slow  one  as  shown  by  the  in- 
teresting researches  of  Hildebrandt.  The  enzyme  emul- 
sin  breaks  iqi  the  glucoside  amygdalin  from  bitter  al- 
monds, with  prussic  acid  as  one  of  the  decomposition 
products.  Hildebrandt  injected  emulsin  subcutaneously 
into  rabbits,  and  found  that  it  gradually  disappeared 
from  the  blood  without  being  excreted  by  the  ki<lneys. 
At  different  intervals  after  injecting  the  emulsin  he  ad- 
ministered amygdalin,  and  the  presence  of  the  emulsin 
was  indicated  by  symjitoms  of  prussic-acid  poisoiung. 
He  got  this  effect  as  long  as  six  hours  after  injecting  the 
emulsin.  showing  that  the  enzyme  had  not  all  been  de- 
stroyed in  this  interval.  After  the  blood  had  ceased  to. 
give  the  reaction  for  the  enzyme,  it  was  still  found  in  the 
spleen  an<l  jiancreas.  and  especially  in  the  liver  and  in 
the  lymph  glands  in  the  region  where  the  Iiypodermic 
injection  was  made — -showing  that  certain  organs  out- 
side the  blood  could  bind  andliold  the  enzyme  (and  ulti- 
matelv  destrov  it). 

Ci..\ssiFiCAriox  OF  Exzv.\tES.— Enzymes  are  classified 
in  two  different  ways : 

A.  From  a  cheiiiical  standpoint,  according  to  the 
kind  of  action  thev  induce. 

B.  According  to  the  class  of  substances  on  which 
thev  act. 

Classification  A  is  the  more  logical,  but  classification 
B  is  luore  convenient,  and  is  by  far  the  more  generally 
used. 

From  a  chemical  standpoint,  as  above.  Hoppe-Seyler 
gives  the  following  classification  (quoted,  modified, 
from  Halliburton); 

(ti)  Ferments  lehiek  Act  Like  Dilute  Mineral  Aeidf  at 

100°  C:  .        .        J 

I.  Change  of  starch  or  glycogen  into  dextnn  and  grape 

sugar:       "  ,        .  , 

starch  dextnn        glucose 

(C,H,.06).  +  3H,0  =  C.H,„0>  +  8C.H„0, 
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II.  Change  of  cane  sugar  into  dextrose  and  levulose 
{inversion) : 

cane  sugar  dextrose     levulose 

C12H22O11  -\-  HaO  =  CuHiaOe  -|-  CeHiaOe 

III.  Changes  of  various  benzoyl  glucosides  into  sugar, 
and  simpler  benzol  derivatives  by  the  action  of  emulsin. 
Example : 


salicin 


saligenin 
CH2OH 


CisHifOi  -\-  HjO  =  CeHijOe  +  CeH,  J  Qti 

IV.  Decomposition  of  sulphur-containing  glucosides 
into  glucose,  sulphuric  acid  (acid  sulphates)  and  oil  of 
mustard  by  the  action  of  myrosin.     Example : 

potassium  mvronate    glucose  mustard  oil 

CoH.sNSab.oK  =  CeHnO.  +  HKSO4  +  C.HsNS 

(b)  Ferments  which  Act  Like  Cavetic  AlK-nlies  at  a 
Hinher  Teiiipertitiire.     Fermentntire  Saponifcntiuti : 

i.  Decomposition  of  esters  (fats)  into  an  alcohol  (glyc- 
erin) and  an  acid  (fatty  acid) : 

tristearin  stearic  acid         glycerin 

CaHsCCeHssOa),  +  3H2O  =  3(C,sH3e02)  +  C3Hb(0H)s 

II.  Decomposition  of  amido  compounds  witli  absorp- 
tion of  water.     Examples: 

urea  ammonium  carbonate 

CO(NIl2)2  +  H2O  =  i'SH,hCO, 
hippuric  acid  glvcine  benzoic  acid 

CoHaNOa  +  H>0  =  CalUNOj  +  CHoOa 

The  decomposition  of  proteids  and  albuminoids  with 
the  formation  of  leucin  and  lyrosin,  as  effected  by  the 
ferment  trypsin  from  the  pancreas,  belongs  in  the  above 
category.  The  proteids  are  in  all  iHobability  amido 
bodies,  but  the  formula'  are  too  complicated  and  the  reac- 
tions too  little  understood  to  illustrate  them  as  was  done 
with  the  simpler  compounds  above. 

The  chemical  classiticalion  given  above,  while  classical, 
is  difficult  of  general  aiiplication.  for  in  many  instances 
our  knowledge  of  the  changes  produced  by  enzymes  is 
not  sufficiently  accurate  to  justify  a  direct  comparison 
with  well-determined  chemical  reactions.  Again,  in  tlic 
biological  field  (whether  animal  or  vegetable),  wliere  we 
meet  enzymes,  we  have  our  attention  concentrated  on  the 
substance  affected  (usually  food)  rathcf  than  on  the 
chemical  action  of  the  enzyme.  This  has  led  to  a  some- 
what mixed  classification,  based  jiartly  u]ion  the  char- 
a<'terof  the  substance  acted  on  by  the  enzyme,  ami  partly 
upon  the  grosser  and  more  ajuiarent  changes  produced 
rather  than  tipoii  delicate  resemblances  of  chemical  action. 

In  practice,  therefore,  biologists,  almost  imiversally, 
adopt  some  such  classification  as  the  following : 

(1)  Proteolytic  enzymes. 

(2)  Amylolytic  enzymes. 

(3)  Fat-splitting  enzymes. 

(4)  Sugar-splitting  enzymes. 

(5)  Coagulating  enzymes. 

(6)  Oxidizing  enzymes. 

(7)  Glucoside-splitting  enzymes. 

(1)  Proteolytic  enzymes.  Those  which  acf  on  insoluble 
proteids  transforming  them  into  soluble  ones.  In  this 
group  belong : 

I.  Pepsin  in  gastric  juice. 

II.  Trypsin  in  pancreatic  juice. 

And  these  are  often  used  gencrically  for  a  whole  group 
of  enzymes  resembling  them.  Thus  one  often  hears  of 
vegetable  pepsins  and  vegetiible  trypsins  according  as 
the  ferment  in  question  resembles  pepsin  or  trypsin  in 
its  final  action.  Pepsin  (and  the  pepsins)  transform  in- 
soluble proteids  into  peptone  as  the  final  stage  of  its  ac 
tion;  peptone  is  a  proteid.  So  pepsin  never  goes  beyond 
the  proteid  class.  Trypsin  goes  a  step  furtherand  breaks 
the  peptone  down  into  a  group' of  amido  decomposition 
products  of  which  leucin,  tyrosin,  and  asparagin  are  the 
best-known  examples. 


III.  Proteolytic  enzymes  in  the  vegetable  kingdom. 
These  are  very  widespread  and  various.  They  may  be 
extracted  from  the  lowest  forms  (bacteria)  and  in  some 
cases  produce  the  lii(Ucfaction  of  gelatin  cultures. 
They  are  found  in  many  stems,  roots.  Teaves,  and  fruits 
of  higher  plants,  and  in  certain  pitcher  plants  they  are 
secreted  by  a  gland-like  structure,  and  have  the  function 
of  dissolving  insects  and  other  proteid  food  which  the 
plant  catches. 

Two  of  these  vegetable  proteolytic  enzymes — papain 
from  the  pawpaw  and  bromelin  from  the  pineapiile — 
have  been  very  thoroughly  investigateil  by  Chittenden 
and  his  pupils,  and  may  be  said  to  be  among  the  best 
understood  of  the  enzymes. 

(2)  Amylolytic  [diastatie]  enzymes.  Those  which  act 
on  starch  and  carbohydrates  of  the  starch  group  trans- 
forming them  into  soluble  carbohydrates. 

In  this  group  belong:  ' 

I.  Ptyalin  in  saliva. 

II.  Amylopsin  in  pancreatic  juice. 

III.  Diasta.se  in  malt.  This  is  one  of  the  oldest  and 
best-known  members  of  the  group  and  from  it  the 
name  diastatie  is  derived  as  a  generic  term  for  the 
group. 

IV.  Enzymes  of  the  diastase  class  have  been  discov- 
ered widely  spread  in  the  vegetable  kingdom  from  bac- 
teria to  the  highest  plants.  Among  the  organisms,  of 
interest  in  medicine,  w  Inch  transform  starch  into  sugars 
probably  through  the  action  of  such  an  i-uzyme  may  be 
mentioned,  the  sjiirillum  of  elmlera,  l>a(  illiis  uiesentericus 
vnlgatus,  and  the  moulds  Penicillium  glaucmn,  and  As- 
pergillus niger.  Some  of  the  vegetable  diastases  are  on 
the  market  in  medicines  to  aid  digestion. 

V.  Amylolytic  enzyme  in  the  liver.  It  is  well  known 
that  the  liver  stores  uj)  carbohydrate  food  in  the  form  of 
glycogen,  and  that  it  gives  this  out  to  the  blood,  as 
needed,  in  the  form  of  glucose.  It  is  also  well  known 
that  after  death  glycogen  rajiidly  dis;i]ipears  from  the 
liver,  glucose  being  found  in  its  place.  Some  authoiities 
attribute  this  transforniaiioii.  bolli  during  life  and  after 
death,  to  an  amylolytic  enzyme  in  the  liver.  This  point 
is  still  in  dispute. 

VI.  Digestive  juices,  indicating  by  their  action  the 
presence  of  amylolytic  enzymes,  have  been  found  in  the 
animal  kingdom  as  low  as  rotifers.  The  enzyme  has 
been  isolated  in  secretions  from  insects.  In  man,  and 
in  the  mammalia  generally,  such  ferments  occur  in  ap- 
preciable quantities  in  the  intestinal  juice  (succus  enteri- 
cus),  the  liver,  and  the  muscles.  In  all  these  situations 
they  have  a  role  more  or  less  important.  Blood  and 
lymph  also  contain  thera,  as  do  nearlj-  all  the  fluids  and 
tis.sues  ot  the  body.  Just  how  much  of  this  is  made  in 
the  tissues  and  how  much  is  carried  to  them  by  the  blood 
is  an  open  (piestion. 

It  is  still  a  disputed  point  whether  the  animal  and  the 
vegetable  amylolytic  enzymes  are  the  same.  The  weight 
of  authority  seems  to  be  in  favor  of  the  view  that  they 
are  different. 

(3)  Fat-splitting  [steatolytic]  enzymes.  Those  which 
break  up  fats  into  glycerin  and  fatty  acid.  The  prin- 
cipal member  of  this  class  is — 

I.  Steapsin  [pialyn,  lipase].  This  enzyme  is  found  in 
pancreatic  juice. 

II.  Enzymes  similar  to  steapsin  in  their  effects  are 
found  in  the  vegetable  kingdom,  especially  in  certain 
seeds  which  contain  stored-up  fatty  substances.  The 
enzymes  bring  these  into  solution  at  the  proper  time. 

lil.  Fat-splitting  enzymes  are  present  in  invertebrates 
as  low  as  sponges  (Fredericq).  The}'  are  also  found  in 
the  eggs  of  ceitain  Crustaceans. 

IV.  Fat-splitting  enzymes  in  the  blood:  Hcnriot  has 
desciibed  an  enzyme  of  this  class  in  the  serum.  Cohnstein 
and  Michaelis  think  such  an  enzyme  exists  in  the  red 
blood  corpuscles. 

V.  Some  observers  claim  to  have  found  a  fat-splitting 
enzyme  in  the  stomach.  This  has  not  yet  been  generally 
accepted. 

(4)  Sugar-splitting  enzymes.      Those    that    split    di- 
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sacclmridcs.  like  cane-sugar,  into  nionosaccharidi.'S,  like, 
dextrose  anil  k-vulose. 

I.  Invertin  [invcrta.se],  found  in  the  intestinal  juice, 
splits  cane  sugar  into  dextrose  +  levulose.  Found  also 
in  plants,  certain  bacteria,  and  moulds. 

n.  Another  enzyme  [nialtas<'],  also  found  in  the  intes- 
tine, splits  maltose  into  dextrose.  Found  also  in  plants, 
bacteria,  ^-easts,  and  moulds. 

III.  Lactase.  Found  in  the  intestine  (?).  Found  also 
iu  the  kephir  organism.  It  splits  milk  sugar  (lactose) 
into  dextrose  +  galactose. 

IV.  Rattinase  [melil)ia.se],  melizitase.  trehala.se.  These 
are  all  new  enzymes  discovered  and  described  within  the 
last  few  years.  They  are  found  in  yeasts  and  moulds, 
and  have  characteristic  actions  on  rare  sugars.  They 
throw  light  on  the  composition  of  these  sugars  by  break- 
ing them  up  into  well  known  forms,  and  it  is  possible 
they  may  become  of  conniiercial  value  in  connection  with 
special  forms  of  fermentation. 

(5)  Coagulating  enzymes.  Those  whose  action  is 
marked  by  the  production  of  a  coagulum.  curd  or  jelly. 
There  are  four  well  known  members  of  this  group: 

I.  Rennin  [rennet,  ch_vmosin],  found  iu  the  mucous 
membrane  of  animals,  especially  young  sucking  animals; 
and  iu  the  pancreatic  juice  of  many  animals,  including 
man.  It  is  also  found  iu  the  vegetalile  kingdom.  It 
produces  a  sweet  curd  iu  milk  which  is  different  physi- 
«illy  and  chemically  from  the  curd  which  is  formed  when 
milk  sours.  It  is  used  to  curdle  milk  in  cheese  manufac- 
ture. The  rennin  for  this  purpose  is  usually  obtained 
from  calves'  stomachs,  but  it  is  interesting  to  note  that 
in  some  rural  districts  plants  (galium  verum)areput  into 
the  milk  to  produce  the  curd,  and  in  this  case  the  action 
is  due  to  vegetable  rennin. 

II.  Fibrin  ferment  [thmmbin,  thrombase].  Found  iu 
■shed  blood  during  and  after  coagulation — absent  from 
blood  circulating  in  living  blood-vessels.  It  causes  the 
fibrinogen  of  blood  to  unite  with  calcium  salts  and  to  form 
a  jelly-like  clot  which  later  becomes  fibrous  (fibrin).  The 
origin  and  nature  of  fibrin  ferment  are  still  much  disputed. 
Some  deny  that  it  should  be  classed  with  enzymes  at  all. 
Schmidt,  who  discovered  it  and  described  it  (1872), 
classed  it  with  the  enzymes  and  said  it  was  derived  from 
the  white  corpuscles  of  the  blood.  Hayem  ( 1878)  and 
Bizzozero  (1.881),  in  classical  researches  on  blood  plates, 
claim  that  the  blood  plates  break  down  when  blood  is 
shed  and  that  the  white  corpuscles  do  not.  The  majority 
of  observers  who  have  studied  coagulation  under  the 
microscope,  with  the  greatest  precaution,  agree  with 
Hayem  and  Bizzozero.  On  the  other  hand,  those  who 
have  attacked  the  problem  from  a  chemical  .standpoint 
particularly,  tend  to  class  fibrin  ferment  with  the  nucleo- 
proteids  and  to  derive  it  from  leucocj'tes,  because  it  maj' 
be  so  manufactured  from  tissue  rich  in  these  corpuscles. 
This  fits  several  cleverly  conceived  theories  of  coagulation 
which  are  far  from  proved,  and  is,  on  the  whole,  attrac- 
tive, but  it  should  not  outweigh  the  opinion  of  the  ma- 
jority of  direct  observers,  viz. ,  that  in  normal  coagulation 
the  leucocytes  do  not  break  down.  It  is  commonly 
taught  in  text  books  that  fibrin  ferment  is  derived  from 
blood  plates  and  leucocytes,  both  of  these  elements  break- 
ing down  when  the  blood  is  drawn,  but  this  is  at  best  an 
unsatisfactory  compromise.  The  whole  question  must  be 
settled  by  further  research.  (For  fuller  details  on  fibrin 
ferment  see  Cunr/iilotioii.) 

III.  ^Myosin  iferment.  may  be  isolated  from  muscles 
which  have  gone  into  n'gor  mortix.  It  causes  the  plasma 
of  muscle  to  coagulate  as  it  does  in  >-igor  inoi-tis,  with  the 
production  of  death  still'cning.  This  enzyme  is  found 
onlv  in  the  animal  kingdom. 

IV.  Pecta.se.  Found  only  in  the  vegetable  kingdom. 
It  has  to  do  with  the  fonnat'ion  of  many  of  the  vegetable 
jellies  which  may  be  made  from  fruits.  It  probably 
plays  an  iraportaiit  part  in  the  plant  economy,  acting  on 
pectose,  a  substance  found  associated  with  cellulose  in 
the  cell  wall. 

(6)  Oxidizing  enzymes  [oxidases].  This  class  of  en- 
zymes was  one  of  the  latest  to  be  discovered  and  investi- 


gated. A  numlK-r  of  phencmiena  hitherto  unexplained 
are  now  being  attributed  to  oxidizing  enzymes.  The 
role  of  certain  oxidizing  enzymes  in  the  vegetable 
kingdom  ha.s  been  fairly  well  studied.  In  the  manu- 
facture of  wine,  for  instance,  certain  proces.ses  which 
were  thought  to  be  due  exclu.sively  to  bacterial  fermen- 
tation are  now  known  to  be  produced  by  enzymes 
which  can  be  extracted  from  tli<'  bacteria,  and  which  can 
work  independently  of  them.  It  has  I'ven  been  claime(l 
that  the  delicate  boui|uets  of  certain  wines  may  be  pro- 
duced in  this  way,  without  the  presence  of  the  micro-or- 
ganism. 

In  the  animal  kingdom  the  presence  and  function  of 
oxidases  arc  not  well  determined.  It  has  long  In-en 
known  that  a  certain  amount  of  oxidation  takes  place  in 
blood  shortly  after  it  is  drawn.  Certain  reducing  sub- 
stances, such  as  dextrose,  diSHl)pear;  and  less  oxygen  can 
be  recovered  in  rnfuo  after  the  blood  has  stood  free  from 
exposure  to  the  air.  Within  the  last  decade  this  lia.s  been 
shown  to  be  due,  in  great  probability,  to  an  enzyme 
which  oxidizes. 

Removal  of  the  pancreas  causes  a  marked  dialietcs,  and 
much  can  be  said  for  Lepine's  theory — that  the  pancreas 
manufactures  an  oxidizing  enzyme  which  is  taken  up  by 
the  blood,  and  that  when  this  is  present  It  keeps  the  per- 
centage of  sugar  in  the  blood  so  low  that  it  does  not  ap- 
pear iu  the  urine.  Abclous  and  Biarnes  found  that  sugar 
was  also  destroyed  by  the  testis,  thyroid,  liver,  kidney, 
lungs,  and  spleen.  Spitzer  (1897)  thinks  these  tissues 
owe  their  oxidizing  power  to  nucleo-proteids. 

Hammersten  has  described  an  enzyme  (oxidase)  in  the 
stomach  mucous  membrane  which  oxidizes  milk  sugar 
(lactose)  to  lactic  acid. 

(7)  Glucoside  splitting  enzymes.  Those  which  break 
up  glucosides  into  glucose  and  various  otiier  substances 
depending  on  the  glucoside.  This  group  of  enzymes  is 
one  of  the  most  interesting,  from  a  cliemical  standpoint, 
of  all  the  enzymes.  Some  of  its  mendjers  were  the  first 
to  be  discovered  and  investigated.  My  rosin,  as  the  active 
principle  of  mustard  seed,  was  pointed  out  by  Lefebre  in 
l(j(!(),  and  again  by  Boerhave  in  177.1.  while  the  clas,sic 
researches  of  Robiquet  and  Boutron  C'halard  (1S3())  and  of 
Liebig  and  \V  older  ( 18;57)  on  my  rosin  and  on  emulsin  were 
epoch-making  in  our  knowledgeof  the  action  of  enzymes 
in  general.  In  later  years  they  have  jilayed  a  no  less 
important  part  in  the  work  of  K.  Fi.scher  on  the  synthesis 
and  structure  of  sugars,  which  has  led  to  some  of  the 
most  brilliant  and  valuable  discoveries  of  modern  linu>s 
in  the  field  of  organic  chemistry.  These  enzymes  <lo  not 
occur  in  the  himian  body,  so  they  will  not  be  dcscrilied  iu 
detail.     The  members  of  the  group  are : 

I.  Emulsin — long  known  to  exist  in  bitter  almonds, 
found  also  widely  in  the  vegetable  kingdom  from  lldw- 
ering  plants  to  mosses,  where  it  plays  an  im|)orlant  part 
in  plant  economy.  Its  presence  in  liaeteria  is  disputed. 
It  breaks  up  amygdalin.  in  bitter  almonds,  into  glucose, 
prussic  acid,  and  oil  of  bitter  almonds.  It  also  acts  on  a 
number  of  other  glucosides. 

II.  Myrosin,  found  in  mustard  seed.  It  breaks  up 
potassium  myronate  in  the  seed  and  liberates  mu.stard  oil. 

III.  Gaultherase,  found  in  wintergreen.  It  liberates 
oil  of  wintergreen  from  the  glucoside  gaultherin  found  in 
the  plant. 

IV.  Other  enzymes  of  this  group  are:  erythrozynie  in 
madder  root,  rhamuase  in  Pei-sian  berry,  and  a  new  en- 
zyme lately  discovered  in  connection  with  the  manu- 
facture of  iudigo.  It  was  formerly  thought  that  bacteria 
were  necessary  for  the  decomposition  of  the  glucosiiie 
indican  in  the  manufacture  of  indigo,  but  the  researches 
of  Lookeren-Campagne  (18!)4)  and  of  Breaudat  (1898) 
niakeit  appear  probable  that  the  artion  is  one  of  zynioly- 
sis.  Breaudat  gives  the  reaction  in  two  stages:  (n)  the 
formation  of  iudigo  white  by  a  hydrolytic  enzyme,  and 
(A)  the  oxidation  of  indigo  white  to  indigo  blue  by  the 
action  of  an  oxidizing  enzyme.  He  obtained  these  reac- 
tions in  chloroform  water  which  stops  the  activity  i^f 
bacteria,  but  does  not  interfere  with  the  action  of  enzymes 
(see  article  Fermentation). 
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Tl)e  adequate  treatment  of  tlie  subject  enzymes  would 
nalurally  include  a  detailed  account  of  tlie  digestive 
enzymes  and  tbeir  action,  but  as  this  has  already 
been  given  in  the  article  Digestion  in  this  handbook,  it 
it  will  not  be  repeated  here. 

Relation  of  Enzyjies  to  Seiu  m  Tiier.\py  and  to 
I>na-NITY. — There  is  no  subject  in  the  medical  world  at 
]! resent  which  arouses  greatcrinterest  than  serum-therapy 
and  immunity,  and  from  the  innncnse  amount  of  work 
done  in  this  lield  the  following  facts  (among  man}'  others) 
are  regarded  as  demonstrated ; 

(«)  That  the  serum  of  certain  animals  destroys  the  red 
blood  corpuscles  of  certain  others  (globulicidal  action). 

(b)  That  the  serum  of  certain  individuals  has  the 
power  to  destroy  bacteria  introduced  into  tlie  system. 

((■)  That  the  blood  (serum)  of  certain  individuals  has 
the  power  to  destroy  the  toxic  products  of  bacteria  when 
injected  into  the  system. 

(rf)  The  most  potent  factors  in  immunitj'  from  disease 
are  (b)  and  (c) — especially  (b). 

The  substances  which  confer  this  activity  on  blood 
serum  have  generally  been  regarded  as  proteid  in  nature, 
and  these  active  jiroteids  in  (/<)  and  (r)  arc  commonly 
called  " ihfensire  pmtiiiln.'"  Two  of  the  most  prominent 
authors  who  have  written  on  this  subject  are  Rucliner 
and  Ilankin.  Buchner  called  these  active  substances 
ak.vins.  while  Hankin  divided  them  into  two  classes: 
sozins  and  phylaxins,  and  these  names  arc  in  general  use 
at  present. 

Quite  recently,  in  a  series  of  articles  in  the  MUnchener 
mediciniache  Worlieiinf/irift  (1809  and  1900),  Buchner  has 
come  out  for  the  tlieorj'  that  his  alexins  are  jiroteo- 
lytic  enzymes,  and  he  has  advanced  certain  explanations 
of  their  action,  involving  the  theory  of  immunity.  Part 
of  his  theory  has  been  disputed  by  Klirlich.and  an  interest- 
ing discussion  of  the  subject  lias  followed,  the  details  of 
wiiich  would  be  out  of  -place  here.  It  is  interesting  to 
note,  however,  that  the  increasing  sco]>e  of  zymolysis 
has  extended  to  giving  enzymes  a  possible  place  in  this 
most  advanced  line  of  medical  research. 

George  T.  lump. 

EOSOLATES  are  salts  of  sulpho-acids  of  the  aliphatic 
creosote  esters,  representing  twenty-tive  per  cent,  of  creo- 
sote. Caleium  eosolate  [Ca3(C«H,S20ij)3|  is  a  .gray,  gritty 
powder  like  pumice-stone,  with  a  slightly  pungent, 
rather  ethereal  odor,  and  a  sfmiewhat  acrid  and  leatherc 
taste.  It  is  soluble  in  eight  to  ten  jiarts  of  cold  water, 
seven  of  hot  water,  slightly  in  alcohol  and  acetic  acid, 
and  freelj'  in  the  presence  of  hydrochloric  or  citric  acid. 
It  is  insoluble  in  chloroform  or  tur])entine.  H.  Stern 
recommends  it  in  dose  of  0.35-0.7  gm.  (gr.  iv.-x.)  three 
or  four  times  a  day  for  diabetes  mellitus,  diabetes  in- 
sipidus, and  phthisis.  In  larger  dose  it  may  cause  diar- 
rho'a  and  griping. 

Eosolate  of  silver  has  been  tised  in  gonorrhoea,  and  eoso- 
late  of  quinine  in  malaiia  and  influenza. 

ir.  A.  Battedo. 

EPHEDRA  ANTISYPHILITICA.  — .W«f<H?«m  livi'l. 
Cctmitillo.  Mormon  Tea.  Grease  Wood.  Whorehouse  Ten. 
The  twigs  of  Ephedra  nntisyphilHicii  C.  A.  Meyer  (fam. 
Gnctaeece).  This  peculiar  shrub,  and  various  other  species 
of  the  genus  used  similarly,  are  found  in  great  abun- 
dance over  the  arid  regions  of  our  great  plains.  The  plant 
reaches  a  height  of  two  or  three  feet  and  iiroiluces  a  dense 
mass  of  erect,  green,  leafless  branches,  half  the  thickness 
of  a  lead-pencil  and  striate  or  chaiuielled,  with  membra- 
naceous scales  at  the  joints.  AVherever  it  is  known,  it 
bears  a  liigh  repute  in  the  treatment  of  venereal  diseases, 
which  are  seldom  differentiated  in  the  reports.  It  is  both 
bitter  and  astringent.  The  latter  propeily  might  give  it 
some  value  in  gonorrhoea,  while  the  former  would  render 
it  tonic  and  perhaps  alterative.  No  systematic  study  of 
its  properties  has  been  made,  and  we  can  only  conclude 
that  it  probably  has  some  merit.  It  is  chiefly  given  in 
decoction;  the  dose  employed  representing  one  to  two 
drachms  of  the  drug.     The  remedy  ma}'  also  be  admin- 


istered in  the  form  of  a  fluid  extract.  The  drug  contains 
a  giucoside.  ephedrin.  E.  monostachye  L.,  of  Asia,  has  a 
similar  reputation.  Henry  H.  liusby. 

EPHEDRINE  (CoH.sNO).— An  alkaloid  derived  from 
Ephedrn  mlynris  Rich,  and  E.  helretiea  C.  A.  Meyer.  It 
is  crystalline,  colorless,  and  soluble  in  alcohol.  It  is  used 
in  the  form  of  the  hydrochloride,  which  is  solulile  in 
water.  It  is  poisonous,  resembling  atropine  in  some  re- 
spects. While  it  lowers  the  blood  pressure,  it  causes  the 
temperature  to  rise  and  the  pupil  to  dilate.  It  is  used 
like  atropine  for  the  latter  purpose,  one  to  two  minims 
of  the  ten-percent,  aqueotis  solution  being  instilled.  It 
usually  requires  nearly  an  hour  to  obtain  the  desired 
effect,  but  when  once  obtained  it  usually  lasts  for  from 
a  half  a  day  to  one  daj',  but  accommodation  is  not 
affected. 

Ephedrine,  Pxeydo-.  has  the  same  composition  as  the 
above  and  its  hydrochloride  has  the  same  properties  and 
is  used  in  the  same  way.  Henry  H.  liusby. 

EPICARIN  (Cr,H»COOH.OH.CH,.C,„H.OH)  is  a  con- 
densiition  ]iroduct  of  creosotinic  acid  and  beta-na])litliol 
and  is.  chemically,  oxynaplithyl-o-oxytoluylic  acid.  In 
its  crude  form  it  is  a  reddish  powder,  much  used  in  vet- 
erinary jiractice,  and  called  •'Epicarinum  veterinarium." 
PYom  this,  pure  cpicarin  is  obtained  by  recrj'stallizing 
from  glacial  acel  ic  acid,  and  removing  the  excess  of  acetic 
acid  by  hearing  to  120'  C  or  by  recrystallization  from  al- 
cohol or  benzol.  It  occurs  in  colorless  or  yellowish  needles 
of  a  strong  acid  reaction,  melts  at  199°  C,  dissolves  read- 
ilv  in  alcohol  and  ether,  and  forms  easily  soluble  neutral 
salts. 

This  remedy  was  introduced  l\v  Dreser  as  a  nontoxic 
substitute  for  beta-naiihthol,  and  was  at  once  taken  up  by 
Euro]iean  dermatologists.  Frick  and  Miiller  believe  it  to 
be  slightly  toxic,  tlumgh  others  say  it  is  harmless  even 
to  children.  It  is  of  especial  value  in  scabies,  for,  though 
less  destructive  to  the  acarus  than  tar,  lysol,  carbolic  acid, 
or  creosote,  it  relieves  the  itching  promptly,  and  is  not 
unpleasant.  Kajmsi  uses  it  in  teuper-cent.  ointment,  or 
in  solution  with  alcohol  and  glycerin.  He  has  had  good 
restilts  in  certain  eczemas,  in  scabies,  prurigo,  and  herpes 
tonsurans.  PfeifTenberger  rubs  in  every  evening  with- 
out i)reliminary  batliing  the  following: 

R  Epicarin 7.5  gm.  (  3  ij.) 

Cret.   prep 2.0    "     (5ss.) 

Vaselin.  alb 30.0    "     (Ji.) 

Lanolin 15.0    "     (Jss.) 

Adipis 45.0    "     (  %  iss.) 

In  his  experience,  epicarin  is  well  borne  by  delicate 
skins;  but,  as  the  skin  tends  to  become  red  and  dry  from 
continued  use,  he  follows  its  application  with  diachylon 
ointment.  In  eczema  pure  and  simple  it  does  more  harm 
than  good.  Some  writers  recommend  epicarin  highly  in 
ringworm  and  other  mycotic  skin  diseases.  A  good  lo- 
tion would  be : 

R  Epicarin 10.0  gm.  (  3  iiss.) 

Glycerin 10.0    "  (  3  iiss.) 

Tr".  lavand 30.0    "  (1  i.) 

Ether 30.0    "  ( =  i.) 

Alcohol ad  120.0    "  (liv.) 

For  scabies  the  following  is  useful: 

R  Epicarin 15.0  gm.  ( |  ss.) 

Sulphur 4.0    "     (3i.) 

Ungt.  zinci  oxidi ad  90.0    "     (  3  iij.) 

Sig :  Rub  in  every  second  day.  IF.  A.  Bastedo. 

EPIDEMIOLOGY.     See  Infectious  JHseMcs. 

EPIDERMIN  is  made  by  mixing  equal  parts  of  melted 
white  wax  anil  powderedacacia,  adding  the  same  weight 
each  of  water  and  glycerin  while  boiling,  and  stirring 
until  cold.     It  is  used  as  a  vehicle  for  skiu  medication. 

IV.  A.  Bastedo. 
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EPIDIDYMITIS.    Sec  Te^hx,  Dm,i.tesnf. 
E  P I G  E  A .     Si'o  Ericiieea: 

EPILEPSY.— (Synouvms:  L'EjiilifKiie.  Falhiieht.  Epi- 
iepniii.  Fiilliinj  Siekmux,  Hal  C'lidticeu,  Morbus  Ileivu- 
leuH.) 

DKriKiTiox. — A  disease  in  which  sudden  losses  of  cou- 
sciousiK'ss  are  attended  by  more  or  less  couvulsive  mus- 
cular action. 

The  seizures  of  epilepsy  have  been  called — because  of 
their  varyinj;:  degrees  of  severity — epilepsiii  f/nifinr,  or 
grand  inal,  and  epilepsia  initior,  or  petit  iiutl.  The  tirst  is 
charactcrizeil  usually  by  the  .severe  attack,  which  con- 
sist.s  ordinarily  of  marked  loss  of  cousciousn<'ss  and  com- 
plete violence  of  niuscidar  movement;  while  the  lat- 
ter is  manifested  by  a  tiitlinj;  seizure,  with  transitory 
mental  obsciu'ation  and  lillle  or  no  uuiscular  convulsion. 
There  are  irregular  varieties  which  have  been  called 
maxked  ov  ahurted  epilepsy,  owing  to  the  imperfect  de- 
velopment of  the  more  familiar  symiitoms.  In  these 
masked  cases  the  attack  takes  the  form  of  a  psychical 
derangement  without  definite  luotorial  expression.  An 
attack  of  this  clmnicter  is  known  as  the  "  psyihical  cijuiva- 
lent "  of  an  epileptic  seizure.  There  are,  besides  these, 
a  form  known  as  fepiUpsie  pariielle.  or  hemi-epilepsy, 
which  is  always  dependent  upon  cortical  degeneration  or 
unilatei-.il  disease,  and  another  to  which  I  have  given  the 
term  semu/ri/.  in  which  more  or  less  disturljance  of  the 
.special  senses  exists  with  imperfect  mental  and  molorial 
symptoms.  A  number  of  siiecial  names  have  l)een  ap- 
plied to  epilei)sies  with  reference  to  their  etiology,  "gas- 
tric ejiilepsy  "  being  a  familiar  illnstratiou. 

The  lighter  form,  or  petit  i/ial.  may  consist  simply  of  a 
luomentary  loss  of  consciousness,  during  whiih  the  pa- 
tient becomes  suddenly  very  pale,  while  the  color  recedes 
from  his  lips  ami  cheeks,  and  the  respiration  for  the 
moment  is  temporarily  arrested  and  then  afterward  ac- 
celerated. The  eyes  may  remain  open  and  be  rolled  up- 
ward; less  often  the  lids  are  closed.  AVhile  in  the  midst 
of  some  occupation  the  patient  may  be  taken,  and  the 
particular  act  is  interrupted  in  its  performance.  The 
glass  or  spoon  droiis  from  the  hand,  the  pen  is  arrested 
in  the  middle  of  a  lialf-writteu  word,  and  oftentimes  the 
patient's  trouble  is  .so  transitory  as  to  escape  notice,  he 
himself,  as  a  rule,  being  utterly  imconscious  of  it.  Then 
afterward  the  sentence  is  tiiiished,  and,  beyond  an  occa- 
sional residual  dizziness,  nothing  remains  to  remind  the 
patient  of  the  attack. 

In  other  cases,  or  at  other  times,  the  seizure  is  more 
grave,  as  regards  both  the  unconsciousness  and  the  sever- 
ity and  extent  of  the  spasms.  The  patient  may  become 
rigid  and  then  agitated  by  limited  twitchingsand  cramps 
of  the  tingers.  The  color  leaves  the  face,  and  the  pupils 
are  widely  dilated.  In  a  few  seconds  he  is  able  to  arise 
and  go  about  his  business.  Delasiauve  '  and  other  French 
writei's  speak  of  a/ineiiees.  terlir/es  and  aeeix  iiitennediaires 
as  forms  of  petit  mal.  while  Reynolds  divides  the  light 
attacks  into  those  without  evident  muscular  spasm  and 
those  with  spasm.  The  light  attack  may.  according  to 
writers  generally,  consist  simply  in  an  interruption  of 
speech  or  the  act  of  writing  such  as  I  have  detailed:  or 
of  a  sudden  deviation  of  the  eyes  or  head ;  or  of  a  mo- 
mentary confusion  of  ideas.  The  moulh  is  drawn  to  one 
side  or  the  other,  or  widely  opened,  and  there  is  a  rapitl 
alternate  contraction  of  the  mu.scles  of  the  neck,  so  that 
the  head  executes  movements  backward  and  forwartl  with 
great  rapidity:  or  the  chin  is  thrust  forward  and  upward 
to  one  side,  giving  the  individual  the  appearance  of  a  per- 
son suffering  from  torticollis. 

These  attacks  may  simply  consist  in  a  temporary 
aphasia,  the  so-called" f/xVc/y^/^  aphasia,  during  which  the 
patient  is  speechless  or  substitutes  words. 

The  pettt  mal  is  either  found  alone,  or  the  attacks 
occur  in  association  with  those  of  a  more  grave  charac- 
ter. There  are  numerous  cases  in  which  light  seizures 
alone  exist,  or  for  many  years  precede  a  mnn-  dianiatic 
manifestation. 


The  fully  developed  attacks  (.<■/;•<>»</;««/)  are  fre(iuently 
preceiled  by  certain  iraniiii;/s  or  annr.  which  may  I'Xist 
in  a  simple  or  coniplicaleil  form.  These,  in  their  order 
of  arrangement  as  regards  friijuency  and  constancy,  are 
sensory,  psychical,  motorial. 

The  seiisuri/  proifniiiies  of  an  attack  are  of  the  most 
diverse  character,  and  the  patiiMit  complains  of  such 
transient  subjective  sensatimis  as  tickling  or  tingling 
in  the  cutaneous  surface,  chielly  conmuiKing  in  the  ex- 
tremities, on  one  111-  liiith  sirles.  and  ciiitripetal  in  char- 
acter, the  morbid  sensjition  appearing  to  a<lvance  toward 
the  head  from  some  distal  point.  This  is  a  pecidiarity  of 
what  is  known  as  the  epiijaxli-ie  aura,  which  consists  of  a 
very  disagreeable  sense  of  pressure  beginning  below  the 
sternum  and  ascending.  Patients  complain  of  constric- 
tion of  the  throat,  of  a  sensation  as  if  ants  weri'  nimung 
or  wind  was  lilowing  over  the  surface,  of  fugitive  pains, 
and  of  a  great  number  i>f  sensory  troubles.  Certain 
visual  warnings  are  complained  of  as  innniiliale  precur 
sors  of  thealtack.  The  epileptic  isoccasioiially  apprised 
of  the  coming  onof  anattack  by  the  perception  of  colored 
rings,  .spots,  or  broad  lields  of  color,  in  which  red  or  blue 
most  commoidy  preilominates.  Scintillation  and  iiiimca 
rolita iites  itmsX'WwW  the  aura'  in  some  eases.  The  exist- 
ence of  these  latter  is  of  miu-h  shorter  duration  than  the 
distal  sensory  warnings  referred  to  above,  and  so  suihlen 
is  their  onset  that  the  patient  is  freipiently  unable  to  de- 
scribe them.  Sometimes  the  optical  illusion  is  likened  to 
the  recession  of  obiectsor  their  advance  ;  or  again,  the  pa- 
tient alludes  to  his  being  environed  by  a  cloud.  It  is  by 
no  means  nneonunon  for  patients  to  coin]ilaiu  of  douhfc 
vision  and  of  hemiopia.  and.  as  a  rule,  this  accompanies 
a  grave  form  of  the  malady  dependent  upon  coarse  cere- 
bral disea.se.  There  are  sometimes  auditory  hallucina- 
tions, such  as  rushing  soinids,  the  ringing  of  bells,  or  the 
whistling  of  the  wind.  In  some  instances  the  soiuid  of 
the  ordinary  conversation  carried  on  by  the  persons  who 
are  in  the  same  room  with  the  patient,  may  be  greatly 
intcnsitied  in  pitch.  Pxi/e/iieal  irarniia/s  of  a  more  com- 
plex nature  take  the  form  of  ima.sinary  vcjices  which 
speak  imperatively  or  give  conunan<ls;  and  in  rare  ca.ses 
a  visual  hallucination  is  the  inunediale  precursor.  Foul 
odors,  such  as  that  of  smoke  or  of  ordure,  or  those  of 
aromatic  substances,  are  sometimes  perceived  by  the  epi- 
leptic. Vile  tastes  of  nauseating  substances  are  spoken 
of  occasionally.  In  such  cases  the  individual  often  car- 
ries his  hand  to  his  nose,  or  smacks  his  lips,  or  makes 
eJforts  at  expectoration.  Seusjilions  of  great  heat  or  cohl 
are  mentioned  (Champier,  Delasiauve).  Among  the  rare 
prodromes  may  be  mentioned  a  desire  to  defecate,  to 
urinate,  or  to  vomit,  and  certain  palieiUs  belch  forth 
large  (luantilies  of  gas.  The  patient  in  some  ca.ses  talks 
viniutelligibly  or  utters  meaningless  cries,  occasionally 
with  something  like  regularity  in  expression. 

There  are  many  ]uemonitorv  laolur  flistiirbanrca.  such 
as  limited  trembling  of  thesm;ill  muscles,  blepharospasm. 
or  twitchings  of  the  facial  nuiscles  or  of  the  tingers. 
Some  epile])tics  present  automatic  disorders  of  motility 
which  are  continued  for  some  seconds. 

The  condition  of  the  patient  may  be  such,  for  seveml 
days  preceding  the  attack,  as  to"  indicate  impending 
trouble.  There  may  be  despondency  of  manner,  list- 
lessness,  malaise,  or  a  sense  of  danger  ahead.  The  eyes 
are  often  injected,  and  the  temporal  vessels  stand  out 
rather  prominently.  There  may.  on  the  other  hiuul, 
be  a  state  of  unusual  vivacity  or  excitement,  possibly 
headaches,  tremor  of  the  lips  or  tongue,  and  varied 
subjective  disturbances,  which  in  some  cjises  are  very 
peculiar. 

Aur.t  are  by  no  means  constant ;  in  fact,  the  majority 
of  patients  cannot  give  a  satisfactory  account  of  any 
special  warning. 

Of  519  ca.ses  collected  by  Delasiauve.  of  which  229 
were  personal,  but  half  presented  any  history  of  aunt. 
Of  the  writer's  ca.ses.  oidy  4(1  per  cent,  gavi-  the  history 
of  anvthing  that  could  be  called  a  true  and  distinct  pro- 
dromal symptom.  Oowers'  experience.  base<l  upon  l.tKK) 
cases,  is  "that  a  special  warning  "was  always  absent  in 
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495,  -(vhile  some  aura  existed,  at  least  occasionally,  in 
oOo  ";  this  is  a  very  large  sliowiug. 

The  major  attiiek  consists  of  three  stages,  viz. :  tlie 
stage  of  tonic  miwiihiun  ;  the  stage  of  ehinirmiiruhionn  ; 
and  the  star/e  of  stihieidericc.  The  first  of  these  is  much  tlie 
shortest,  and  is  sometimes  merged  in  the  second.  The 
last  stage  includes  the  condition  after  the  subsidence  of 
convulsive  movement;  during  this  stage  the  patient  re- 
gains consciousness  or  sinks  into  a  more  or  less  profound 
sleep. 

The  attack  may  or  may  not  be  preceded  by  a  warning, 
but  it  generally  is  by  some  exclamation  or  cry.  The 
epikptic  cry,  -wliich  is  a  purely  psychic  feature,  is  loud, 
shrill,  and  terrible,  and  may  cither  bo  the  result  of  an 
unconscious  cerebral  effort  or  the  direct  expression  of 
fright.  It  lasts  sometimes  but  a  few  seconds,  and  is 
rarely  repeated  before  the  actual  ili-lmt  of  the  convulsion. 
In  other  cases  the  noise  made  by  the  patient  is  alone  due 
to  mechanical  causes,  tlie  tonic  sjiasm  of  tlie  muscles  of 
the  thorax  forcing  the  air  suddenly  tlirough  the  unpre- 
pared vocal  cords.  A  coarse,  gurgling  noise,  of  low 
pitch  and  short  duration,  is  the  result.  Then  we  see  the 
developiiicnt  of  the  seizure.  The  victim  usually  falls 
to  the  ground  rigid  and  helpless.  The  fall  is  onliuarily 
backward,  though  sometimes  he  pitches  forward  or  to 
one  side,  and  this  may  be  preceded  by  throwing  U|>ward 
of  the  arms.  Sometimes  the  head  is  thrown  back,  the 
forearm  and  hands  being  rigiilly  flexed ;  and  then  more 
conspicuous  appearances  are  beheld.  When  recumbent, 
the  patient  is  in  a  position  of  pleurothotouos  or  opisthot- 
onos, the  body  perhaps  being  laterally  curved  one  way, 
while  the  head  isdrawn  in  tbeothcr  direction.  The  eyes 
are  usually  widely  opened,  the  whites  of  the  cveballs  ex- 
posed, there  being  perhaps  some  tendency  to  conjugate 
deviation,  or  strabismus.  The  mouth  is  lirinly  clo.sed  or 
opened,  or  if  the  onset  of  the  attack  be  sudden  and 
severe,  the  tongue  or  lips  may  be  caught  between  the 
teeth,  oftentimes  to  their  severe  injury.  The  arms  and 
legs  may  be  extended  very  violently,  the  dorsal  surfaces 
of  the  hands  approximated,  and  the  lingers  flexed;  the 
feet  overlap  each  other,  and  the  toes  arc-  often  extended; 
the  abdominal  muscles  arc  tlatly  contracted,  and  for  a 
moment  breathing  seems  to  be  suspended:  the  patient's 
face,  which  at  first  was  momentarily  pale,  becomes  livid, 
and  the  lips,  ears,  and  linger  nails  show  how  imperfect 
is  the  decarbonization  of  the  blood;  the  skin  of  the  hands 
is  purplish,  wrinkled,  and  cold,  and  all  about  the  mouth 
is  a  dusky  ring  fading  off  to  white  at  tlie  points  where 
pressure  is  made  against  the  teeth. 

The  rigidity  is  so  great  that,  if  there  be  time  to  make 
such  a  test,  it  will  be  found  that  the  exhibition  of  ordi- 
nary force  will  not  enable  the  observer  to  overcome  the 
extension.  According  to  Mercier,  who  studied  the  dis- 
ease very  closely  in  an  interesting  case,  "the  rigidity  is 
greatest  in  the  hands,  less  in  the  wrists,  still  less  in  the 
elbows,  and  not  very  great  in  the  shoulders.  It  is  less  in 
the  legs  than  in  the  amis  or  neck;  the  head  being  re- 
tracted with  a  force  approximating  to  that  which  im- 
mobilizes the  elbows."  The  inequality  of  this  rigidity, 
which  may  sometimes  be  unilateral,  suggests  certain 
structural  cerebral  defects,  either  due  to  previous  disease, 
or  to  hemiatrophy,  or  to  traumatism.  Sometimes  the 
mouth  is  drawn  to  one  side,  the  head  being  turned  to  the 
other;  this  result  is  due  to  the  fact  that  the  cramp  of  the 
muscles  of  one  side  is  distinctly  more  pronounced  than 
that  of  the  muscles  of  the  other  side.  The  pupils  are  now 
found  to  be  widely  dilated,  insensitive  to  light  and  touch. 
The  face  becomes  engorged,  and  with  such  a  change  the 
breathing  is  noisy  and  rapid.  The  lips  flap  loosely  with 
each  inspiiation  and  expiration,  churning  the  froth,  which 
is  perhaiis  tinged  with  the  blood  that  may  come  from  a 
wounded  tongue.  As  Mercier  has  ot)served  in  his  case, 
the  s]>asm  of  the  oral  muscles  may  be  synchronous  with 
the  respiratory  movements.  The  niovemcnts  of  a  clonic 
nature  now  occur,  and  these  may  be  more  or  less  violent. 
There  is  little  regularity  in  their  hap]iening.  though  I 
find  it  the  rule  for  a  succession  of  jactitations  to  mark 
the  discharge  emanating  from  fresh  groups  of  cortical 


cells;  the  spasms  in  one  extremity  disappearing  as  those 
in  another  extremity  become  more  prominent.  The 
spasms,  as  a  rule,  are  disorderly,  and  in  no  sense  rhyth- 
mical. There  is  in  some  cases  a  tine  tremor  which  is 
more  or  less  pronounced,  and  this  takes  the  place  of 
active  spasm.  Jlercier  observed  a  patient  in  whom 
the  tremor  began  in  the  periphery  and  spread  toward 
the  trunk.  The  clonic  spasms  of  "the  upper  extremities 
consist  sometimes  of  alternate  pronation  or  supination, 
flexion  and  extension  of  the  hands,  the  thumbs  being 
doubleil  under  the  fingers,  which  are  strongly  flexed. 
The  movements  which,  as  a  rule,  affect  the  extremi- 
ties at  first,  finally  become  so  general  that  the  trunk 
is  involved,  and  a  diversified  number  of  contortions 
take  place,  the  pelvic  movements  being  veiy  marked. 
These  clonic  convulsions  are  so  severe  that  tlie  patient 
very  often  throws  himself  from  the  beil  upon  which  he 
may  be  lying,  and  in  severe  cases  it  requires  the  exhibi- 
tion of  much  force  to  keep  him  from  injuring  himself. 
This  stage  continues  for  a  variable  time,  which  usually 
seems  much  limger  than  it  really  is.  There  may  be  a  fresh 
accession  of  clonic  spasms,  but  ordiuaiily  the  attack  is 
short-lived,  and  the  person  gradually  becomes  nioie  quiet ; 
the  color  returns  to  the  face;  there  are  .some  signs  of 
subsidence,  for  the  breathing  grows  regular  and  perhaps 
sighing;  the  pulse  is  more  regular  and  less  full,  the  rigid- 
ity (lis:ippears,  and  the  subject  makes  movements,  espe- 
cially of  the  mouth,  which  are  semi-volitional.  The  head 
may  now  be  rolled  uneasily  from  side  to  side,  and  some 
effort  to  arise  may  be  attempted.  The  patient  may  open 
his  eyes  and  look  vacantly  about,  or  niurnnir  indistinctly. 
Sometimes  the  confusion  of  ideas  which  attends  the  glim- 
mering return  to  consciousness  may  manifest  itself  in  in- 
coherent talk  and  transposition  of  words. 

During  the  convulsive  stages  the  patient  often  has  in- 
voluntary discharges  from  his  bowels  or  bladder,  and  it 
hajiiiens  that  seminal  emissions  even  may  occur.  This  is 
true  especially  of  the  nocturnal  attacks,  and  is  often  a 
valuable  diagnostic  point  to  observe,  and  in  adults  noc- 
tuinal  incontinence  of  urine  often  exists  with  unsus- 
pected epilepsy. 

The  cutaneous  reflexes  are  lost  during  the  attack,  but 
after  the  subsidence  of  theclonic  stage  we  find  that  there 
is  a  return,  and  that  the  deep  reflexes  are  very  much  ex- 
aggerated, this  being  particularly  true,  in  some  cases,  of 
the  ankle  clonus.  In  one  instance,  elsewhere  reported,  I 
found  that  an  epirotulian  blow  would  produce  a  re- 
sponse in  the  opposite  leg.  The  patient  gradually  re- 
gains his  normal  state  and  arises,  or  more  commoniy  he 
sinks  into  a  deep  slumber,  from  which  he  awakens  ex- 
hausted and  with  headache. 

The  temperiitnre  and  puhe  of  the  epileptic  undergo 
very  important  changes.  In  the  status  epilepticns  there 
may  be  a  decided  increase  of  the  former,  but  during  the 
attack  there  are  but  slight  variations.  The  pulse  is  quite 
thread-like,  especially  during  the  first  stage;  while  dur- 
ing the  stage  of  clonic  convulsion  it  is  much  more  full 
and  rapid. 

The  urine  pas.sed  after  the  attack  is  found  to  contain 
urea  and  the  phosphates  in  inerea.sed  amount,  iiidican, 
and  occasionally  albumin.  Iluppert  holds  that  the  pres- 
ence of  the  latter  is  constant,  and  I  am  fully  able  to  con- 
firm his  statement.  Hert<'r  and  Smith  found  that  there 
is  often  a  change  in  the  proportion  of  sulphates  in  the 
urine,  the  ethereal  sulphates  being  inerea.sed  to  an  exces- 
sive degree. 

Innnediate  Results  of  the  Attack. — After  the  attack  we 
sometimes  find  a  variety  of  disturbances  of  the  nervous 
system.  These  are  exceedingly  variable,  and  may  consist 
of  sensorial  or  motorial  manifestations,  and  in  the  former 
I  include  the  immediate  mental  derangement.  I  have 
already  alluded  to  the  headache,  which  is  dull  anil  ver- 
tical or  frontal.  Of  course  the  injuries  the  patient  may 
have  sustained  are  quite  apt  to  leave  behind  their  jiainful 
effects,  but  there  are  disturbances  which  are  connected 
with  the  fit  itself  which  are  exceedingly  annoying.  Ex- 
cessive muscular  violence  may  give  rise  to  fibrillary  rup- 
ture, and,  in  rare  cases,  to  dislocation  of  the  large  bones. 
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Spots  of  cutaneous  an;i'sthesia  are  complained  of  some- 
times, and  tile  skin  is  covered  with  petechia'. 

The  ijostejiileptic  mental  state  lias  been  studied  liv 
Jackson,  and  is  of  especial  interest  in  liirhtor  imperfeclly 
developed  attacks.  The  aphasic  state  has  been  spoken 
of,  and  I  will  add  only  that,  when  there  is  a  disturbance 
of  speech  of  a|)precial)le  duration,  the  licjjinnin.ir  of  re- 
covery is  marked  by  the  use.  first,  of  words  conlainin!^ 
vowel  sounds,  and  then  only  later  of  those  coiitainini; 
consonants.  This  fact  was  lirst  observed  by  Jackson  anil 
formulated  in  his  ruli — that  simple  and  (piasi  automatic 
processes  sutTer  least,  and  are  soonest  recovered,  while 
complex  arrangements  suiter  most,  and  are  more  tardily 
recovered  from.  The  post-mental  state  is  often  ex- 
pressed by  peculiarities  in  the  behavior  of  the  individ- 
ual, by  autoinatisni.  and  occasionally  by  violence  or 
the  commission  of  p:iri)o.scless  acts.  The  patient  may 
be  dull,  forjrelful,  or  slow  in  all  lie  does  or  says,  Sonx'- 
times.  however,  the  attack  acts  as  an  apjiarent  vent,  for 
the  epileptic  who  is  dull  before  I  he  iiaro.xysm  is  after- 
ward exceptionally  bright,  lu  certain  eases  a  binnlin,!! 
of  th(!  moral  sense,  with  impulsive  promptings,  is  shown 
in  the  performance  of  various  mischievous  and  dangerous 
acts. 

The  motor  disturbances  are  chiefly  paralysis  and  sub- 
sidiary spa^m.  A  condition  known  as  post  eiiileplic 
paralj'sis  is  an  occasional  sequence  of  hemi-epilepsy.  and 
may  last  for  some  time.  In  some  instances  tlierc  may  be 
simply  a  loss  of  power,  which  is  present  for  a  few  hours 
or  daj's,  while  in  others  the  paralysis  is  permanent,  and 
perhaps  is  indicative  of  the  commencement  of  widespread 
coarse  cerebral  disease.  In  some  ea.ses.  snbsequentlv  to 
the  attack,  convulsions  may  begin  in  the  paralyzed  mem- 
bers. In  still  other  cases,  although  rarely,  a  vesical 
weakness  ma.y  follow  an  unusually  severe  attack,  or.  as 
a  result,  a  peripheral  parah-sis  may  follow  the  injury 
of  some  nerve  trunk,  either  in  connection  with  disloca- 
tion or  as  a  result  of  violence  connected  with  the  patient's 
fall.  Some  diagnostic  interest  is  connected  with  these 
cases. 

liemoie  Effects  of  Epili  pui/. — The  epilejitic  whose  dis- 
ease is  deep-seated  presents  certain  conspicuous  indica- 
tions of  his  disorder.  His  expression  is  dull,  the  eyes 
lacking  lusire,  and  the  lines  of  his  face  are  by  no  means 
well  marked.  His  facial  mu.scles  may  be  the  seat  of  a 
low  grade  of  paresis,  or  an  hemiatrophy  may  give  rise  to 
an  easily  recognizable  asymmetry.  Fibrillary  tremors 
are  by  no  means  uncommon,  and  the  lips  are  puffed  and 
rather  inclined  to  present  a  purplish  tinge.  Acne  is 
common,  even  when  bromides  are  not  used  to  excess, 
and  the  tongue  ofteu  presents  old  scars,  the  evidence  of 
former  attacks.  The  patient's  movements  are  not  char- 
acteiTzed  liy  vigor,  ilentally  he  may  present  evidences 
of  great  weakness,  especially  if  the  form  of  attack  has 
been  that  of  the  petit  nial.  but  it  does  not  follow  that  epi- 
lepsy should  bring  in  its  train  any  decided  degeneration 
of  this  nature.  Many  epileptics  who  have  occasional 
grave  attacks  preserve  their  original  strength  of  intellect. 
There  are  many  epileptics  whose  paroxysms  are  purely 
the  expressions  of  the  insane  neurosis,  and  this  is  true 
especially  of  children  with  deformed  crania  and  irregu- 
lar teeth,  and  who  are  imbeciles  or  idiots.  The.se  sub- 
jects are,  perhaps,  able  in  a  weak  way  to  perform  acts 
requiring  little  intellectual  energy,  or  the}'  grow  up  pre- 
senting characteristics  which  are  overlooked  by  fond  pa- 
rents. The  "strange"  child  does  unlooked-for  things,  is 
vicious,  or  unduly  mischievous;  applies  itself  to  certain 
studies,  learning  with  great  ease,  while  it  is  hopelessly 
deficient  in  others.  Such  a  chiUl  mav  display  exceptional 
smartness  in  mastering  some  limited  "accomplishment." 
Born  of  drunken  or  insane  parents,  at  ten  it  becomes 
epileptic.  Its  "queerness"  increases,  and  its  fits  are  not 
cured;  dementia  follows,  or  the  type  of  di.sease  changes, 
and  the  infantile  attacks  are  substituted  by  epileptic  in- 
sanity; the  latter  developing,  if  the  subject  is  a  female, 
in  connection  with  some  menstrual  derangement,  or  a 
trying  pregnancy,  or  at  the  menopause. 

EpTleptic  attacks  may  be  divided  into  three  classes  as 


regards  their  time  of  occurrence — nuitntiniil,  diurnal,  and 
norliinuil.  The  mode  of  occurrence  may  be  regular  or 
irregular.  So  far  as  my  experience  .u'nes.  the  greatest 
number  of  severe  attacks  occur  in  (he  early  morning,  or 
during  the  night,  while  attacks  of  petit  mal  may  occur 
alone  during  the  day.  The  attacks  may  be  very  nu- 
merous, several  hnnilred  perhaps  occurring  within  the 
tw-entyfour  hours.  Axenfeld  reports  a  case  in  which 
one  hundred  .-iiid  fifty  occurred  in  one  day,  and  New- 
ingliam  another  in  which  no  less  than  six  hundred  and 
twenty  two  convulsions  were  counl<cl  in  the  sjime  time. 
Such  ea.ses  are.  of  course,  very  unusual.  In  point  of 
rarity,  I  have  had  several  patients  who  have  had  well- 
defined  at  talks  as  farajiart  as  Iwoyeai-s;  and  one  gentle- 
man comes  to  me  almost  yearly  to  report  that  he  has  had 
one  or  two  attacks  within  on('  week  after  an  infc-rval  of 
many  months,  liy  far  the  greater  nunilx'r  of  patients 
have  attacks  every  two  or  three  weeks,  and  women  have 
them  chielly  at  the  catamenial  period,  or  shortly  after- 
ward. Of  course,  if  the  disease  becomes  established  the 
intervals  become  shorter,  and  in  hospitals  for  the  epilep- 
tics the  castf-books  show  that  most  of  the  patients  have 
from  one  to  a  dozen  attacks  daily.  Attacks  of  petit  mal, 
when  the  di.sease  is  well  established,  are  of  course  much 
more  frcipient. 

There  is  a  tendency  in  epileptic  attacks  to  occur  in 
groups.  Isolated  attacks,  as  Gowers  very  propcrlj-  says, 
are  more  common,  and  when  the  attacks  occur  in  cycles 
there  is  little  regularity,  so  far  as  number  is  concerned. 

Young  children  are  very  apt  to  have  one  or  two  con- 
vulsions, which  are  looked  upon  simply  as  eclamptic,  and 
and  then  they  remain  entirely  free  from  any  return  until 
the  eighth  or  tenth  year,  when  several  entirely  unex- 
pected seizures  make  their  appearance.  In  many  cases 
there  is  no  antecedent  history  of  trouble,  but.  without 
any  cause  whatever,  one  or  more  paroxysms  appear.  The 
possibility  of  further  trouble  keeps  the  patient's  friends 
in  a  state  of  doubt  and  uncertainty. 

The  risk  of  a  second  attack  within  one  month  is  con- 
siderable, and  such  risk  does  not  disappear  for  a  long 
time.  Too  great  caution  cannot  be  exercised  as  regards 
the  giving  of  an  opinion,  and  while  it  will  not  do  to  say 
that  all  early  eclamptic  attacks  are  suggestive  of  subse- 
quent epilepsy,  it  is  a  fact  that  the  early  spasms  of  child- 
hood, occurring  perhaps  at  the  third  or  fourth  year,  be- 
tween the  periods  of  the  first  and  second  dentition,  are 
quite  likely  to  bo  the  precursors  of  others  in  regard  to 
the  character  of  which  there  can  be  no  po.s.sible  doubt. 

The  status  e/n'/eiifiriis  is  a  condition  which  marks  the 
occurrence  of  a  great  number  of  attacks,  and  when  con- 
sciousness does  not  return  between  ihem,  the  patient  be- 
comes increasingly  comatose,  the  body-temperature  rises 
to  a  considerable  height  (105'  to  107'  F.),  and  death  soon 
follows.     Recovery,  however,  is  not  impos.sible. 

Sensnri/  Epilepsy. — Under  the  cjiption  of  "thalamic 
epilepsy,"  Dr,  William  A.  Hammond'  desc-ribed  a  form 
of  the  disease  in  which  sensory  dislfirbanees  predomi- 
nated, and  which  he  believed  to  be  due  to  a  lesion  of  the 
optic  thalamus.  The  attacks,  which  belong  to  nothing 
more  nor  less  than  a  sensory  epilepsy. '  are  characterized 
by  a  few  or  no  disorders  of  motility,  but  by  the  oc- 
currence of  hallucinations  of  a  more  or  less  elaborate 
character,  and  by  hemiopia.  With  these  are  commonly 
associated  some  iieadache  of  a  migrainous  type,  anil  oc- 
casionall.v  aua'sthesia.  or  the  loss  of  the  volitional  power 
of  speccii.  Jackson,''  in  his  earlier  articles,  freely  and 
fully  explains  the  pathology  of  various  sensory  aura-  and 
minor  attacks.  The  symptoms  which  I  have  observed 
in  these  cases  all  Iielon.L'ed  to  Exner's  third  group  of  hal- 
lucinations of  sight  ((resiehtxhalliii-iiKitiinien)''  and  are 
undoubtedly  of  cortical  and  not  of  thalamic  origin. 

The  lack  of  space  will  not  allow  me  to  give  an  account 
of  more  than  one  case  of  the  kind  whicli  has  just  been 
under  discussion.     The  details,  in  brief,  are  as  follows: 

Miss  J.  I) .  a.ced  '29.  comes  of  a  neurotic  stock;   a 

brother  and  sister  both  suffer  from  incomplete  epilepsy, 
and  her  mother  has  had  headache  and  incident  hystero- 
epilepsy.     The  maternal  grandfather  was  extremely  ec- 
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centric,  and  possibly  insane,  and  there  are  other  instances 
of  neurotic  disease  in  the  famil}'  history. 

Since  lier  early  childhood  she  has  siiilered  from  vertigo 
and  headache,  and  at  the  commencement  of  menstruation 
she  became  hysterical.  She  is  at  jireseut  a  healthy-look- 
ing woman,  somewhat  nervous  and  excitable  in  manner, 
but  clever,  intelligent,  and  possessing  an  unusual  memory. 
Her  present  attacks  became  quite  marked  three  or  four 
years  ago,  and  during  the  past  eighteen  months  they 
iiave  occurred  every  three  or  four  weeks — without  any 
apparent  relation  to  menstruation.  Occupation  and  ex- 
citement alone  seem  to  pos.sess  the  power  of  diminishing 
the  frequency  of  their  recurrence. 

As  the  first  symptom  of  any  disturbance  of  her  vision 
she  noticed  a  imilateral  dinuiess  of  sight,  and  afterward 
a  blindness  which  was  sudden  and  absolute;  she  invari- 
ably "lost  half  of  the  object  at  wliich  she  was  looking." 
Her  first  attacli  of  this  kind  was  in  a  railway  station,  and 
while  looking  at  the  clock  the  figures  from  "Xn,"  to 
"VI. "  disappeared.  This  partial  abolition  of  sight  lasted 
for  a  period  of  ten  oi'  fifteen  minutes,  and  shortly  after 
its  occurrence  she  noticed  a  numbness  of  the  tongue,  and 
pain  on  the  left  side.  This  numbness  next  appeared  in 
the  fingers  of  the  left  hand  and  slowly  extended  up  to 
tlie  elbow,  ivhen  it  stopped.  The  right  hand  next  l)e- 
came  involved,  and  after  a  "  furry  feeling  "  of  the  tips  of 
the  tluimb  and  forefinger  her  liaud  became  "dead  and 
without  feeling  "  as  far  as  the  wrist.  From  five  to  fifteen 
minutes  after  this  had  occurred  she  lost  consciousness, 
and  whih'  in  this  unconscious  stale  she  made  qiia.si-con- 
vulsive  movements  which  were  undoubtedly  psychical, 
as  she  riiljbed  the  liaiids  over  each  other,  and  made 
attempts  to  remove  her  rings.  She  stateil  that  her  fingere 
were  swollen,  and  that  considerable  ditlieuUy  was  ex- 
I^erienced  in  removing  the  rings  from  her  fingers.  (Her 
sister  corroborated  this  statement,) 

As  reganls  the  subse<iuent  attacks,  the  patient  states 
that  two  or  three  minutes  after  the  development  of  the 
amesthesia  there  is  often  exquisite  pain  over  the  right 
eye,  which  augments  in  severity  anil  extends  over  the 
entire  head.  This  lasts  sometimes  for  an  hour  or  so  after 
the  attack,  and  is  not  relieved  by  any  application. 

During  the  unconsciousness,  which  is  complete,  .she  nei- 
ther breathes  stertorously,  nor  bites  her  lotigue,  nor  sliows 
any  epileptic  !ii>pearance,  except  it  may  jierhaiis  be  a 
slight  pallor  and  <lilatation  of  the  pupils.  It  is  impossible 
.  to  arouse  her  for  several  minutes.  The  attacks  ari'  often 
aborted  by  strong  mental  effort,  or  by  diffusible  stinui- 
lauts.  U]«)n  several  occasions  she  has  been  siiddeid}- 
deprived  of  the  power  of  S|>eecli,  and  could  not  express 
her.self,  but  this  is  exceptional.  Such  mutism  was  coin- 
cident with  the  hemiopic  stage,  and  did  not  develop  sub- 
sequently to  the  loss  of  consciousness. 

At  the  time  when  she  first  consulted  me  she  had  neither 
menstrual  nor  other  disturbance  of  the  pelvic  organs. 
She  slept  soundly,  and  had  dreams  nearly  every  night, 
but  she  was  not  a  somnambulist.  After  the  attacks  she 
passed  large  quantities  of  clear  urine.  There  was  no 
color  blindness. 

Physieal  <:riiminfi1ii>n  revealed  almost  nothing  except 
it  may  perliaps  be  a  suspicious  bulging  of  tlie  left  optic 
disc,  and  a  tortuous  ami  enlarged  condition  of  the  veins. 
The  tongue  pointed  slightly  to  the  right. 

Masked  Epilfjixi/. — There  are  many  forms  of  irregular 
seizures  which  present  interesting  features.  In  some 
there  may  be  a  few  of  the  ordinary  manifestations  of  the 
familiar  attack  in  association  with  others  which  are  quite 
bizarre.  In  several  cases  which  have  come  under  my 
observation  the  patients  began  to  run  violently  about 
the  room,  and  finally  became  convulsed.  In  others  the 
whole  attack  consisted  in  continued  running,  the  siibject 
being  unconscious  throughout.  In  two  or  three  patients 
there  was  a  tendency  to  remove  all  their  clothing,  with- 
out the  least  appreciation  of  what  they  were  doing.  A 
form  of  the  disease  in  which  the  epileptic  remains  in  a 
species  of  trance  is  occasionally  presented.  Sometimes 
the  attack  will  take  place  without  attracting  attention. 
1  have  recently  had  under  my  care  a  clergyman  who  wan- 


dered in  an  aimless  sort  of  way  aljout  tlie  country,  and 
when  afterward  found  could  give  no  account  of  himself 
for  the  week  previous  to  his  discovery.  While  in  this 
dual  state  the  patient  will  get  into  altercations  with 
strangers,  or  commit  purposeless  acts.  Such  cases  are 
of  great  interest  from  the  standpoint  of  medical  jurispru- 
dence. As  a  rule,  the  reiirehensible  acts  are  motiveless, 
and  are  not  remembered  after  conmiission. 

The  iiiterpiiroj'yiiinKl  stute  may  be  one  free  from  any 
nervous  trouble  whatever,  the  patient  remaining  jierfect  ly 
well  until  a  new  explosion  takes  place.  At  i>lher  times, 
oia  the  ajiproach  of  the  paroxysm,  there  will  be  a  change 
in  the  patient's  manner  which  betrays  itself  in  an  appre- 
hensive melancholy,  that  may  still  later  .give  way  to  a 
condition  of  great  irritability.  Occasionally  an  aphonia 
may  exist  during  the  entire  interparoxysmal  period,  but 
this  is  rare.  Itomberg  speaks  of  dysphagia,  tympanites, 
trismus,  and  ischuria  as  possible  sequela",  which  may 
last  a  long  time.  Romberg  believes  that  epileptic  indi- 
viduals are  less  likely  to  contract  contagious  diseases, 
but,  as  Axenfeld  very  properly  says,  these  observations 
lack  sufficient  proof.  The  pupils  during  the  interpar- 
oxysmal period  are,  as  a  rule,  very  mobile,  and  act  too 
readily  to  light  stimulation,  Tlie  pulse  during  the  inter- 
paroxysmal state  is  usually  soft,  slow,  and  compressible; 
the  cutaneous  circulation,  especially  in  old  epileptice,  is 
poor,  and  the  hands  are  inclined  to  be  livid  and  dry. 
Hangnails  and  other  evidences  of  malnutrition  are  quite 
common. 

The  influence  of  pregnancy  has  been  the  subject  of 
much  controversy.  The  burden  of  proof  goes  to  show 
that  epilepsy  does  not  interfere  with  the  process  of  gesta- 
tion in  any  serious  way,  and,  as  a  rule,  does  not  induce 
miscaniage.  Pregnancy,  on  the  other  hand,  seems  to 
aggravate  the  epileptic  state  itself,  though  (juite  e.\cep- 
tional  cases  are  reported  in  which  a  cure  was  effected 
through  the  establishment  of  tins  condition.  Such  cases 
arc  mentioned  by  Landre,  Beauvais,  and  Delasiauve. 
Suppression  of  the  menstrual  flow  is  apt  to  precipitate 
the  convulsions. 

In  certain  rare  cases  the  course  of  epilepsy  is  greatly 
modified,  if  not  cured,  by  the  occurrence  of  one  of  the 
eru])tive  fevers.  Elinor  attacks  may  be  transformed  into 
major  fhrougli  the  agency  of  an  illness  which  may,  per- 
hai)S,  be  of  this  character. 

Etiology. — If  is  an  uudenialile  fact  that  heredity  plays 
file  most  extensive  part  in  the  causation  of  epilepsy.  Of 
the  !tyO  cases  no  less  than  43.")  jiresented  some  family  his- 
tory of  neurotic  or  inilmonary  trouble,*  Thirty-five  per 
cent,  of  Gowers'  cases  were  characterized  by  the  same 
state  of  things,  and  with  other  authors — among  them 
Reynolds  and  Echeverria — the  iiropf>rtion  of  cases  in 
which  there  is  a  neurotic  inheritance  varies  from  thirty- 
five  to  forty  per  cent.  As  the  result  of  such  inheritance 
we  find  that  female  cases  rather  preponderate.  Of  very 
young  subjects  this  is  the  rule,  but  when  the  disease  be- 
gins after  twenty  it  appears  that  there  are  more  males 
who  become  epileptic  than  females.  In  the  greater  part 
of  all  cases  the  disease  first  manifests  Itself  before  the 
twentieth  year. 

Of  980  collected  ca.ses  in  which  the  beginning  of  tlie 
disease  was  known,  there  were — 


Females. 

Males. 

Total. 

103 
1-1 
14.5 
81 
11 

95 
97 
92 
136 
49 

198 

Between  ten  and  twenty  years 

Between  twenty  and  thirty  .years 

Between  tliirty  and  fifty  years 

Over  fitly  years 

288 

237 

217 

60 

511 

169 

980 

Cranial  defin-miiies.  especially  microeephalus,  are 
foimd  with  epileijsy,  and  cliildren  whose  crania  have  un- 
dergone ]n-e-ossification  are  quite  apt  to  suffer  from  irreg- 
uliir  forms  of  epilepsy.     Ten  or  fifteen  per  cent,  of  chil- 

*  Drunkenness  Included. 
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ilreii,  acoordiiij;  to  Delasiauve,  present  tpiUpsy  conjointly 
witli  iiliwy.  Tlie  convulsions  aro  quite  apt  to  Ix' asso- 
ciatcil  with  sonic  curious  fonn  of  intclUctual  perversion. 

'I'lic  IrnuiiMtic  ciiitKiiliiiii.  of  tlu«  illscasc  is  cxccH.'dinj.'lv 
interesting,  because  of  tlie  occasional  slranne  character 
of  tlu'  injuries.  Asa  rule,  blows  which  leave  onlv  sli!;lil 
or  no  external  signs  of  their  violence  are  apt,  after  the 
lapse  of  years,  to  be  followed  by  the  outburst  of  epilepsy. 
Depressions  over  the  i)aracenli-!il  lobes  may  b(>  found  in 
connection  with  luiilateral  paroxysms.  Bullet  wounds 
which  pcihaps  have  caused  extensive  erosion  of  bone  nuiy 
also  be  mentioned  as  causes.  In  one  case,  for  exampUv 
the  patient  presented  a  large  excavation  in  the  , petrous 
and  niast(ii<l  iiortioiis  of  the  temporal  bone,  and  this 
wound,  which  had  exciteil  a  meningeal  inllamniation, 
also  gave  rise  to  a  very  severe  epihpsy  w  ith  maniacal 
outbursts.  Blows  producing  fracture"  of  the  internal 
table  of  the  skull  freipiently  ncc(uint  for  the  disease. 
A  .scar  left  from  a  head  injury  may  be  the  starting  jioint 
of  a  painful  aura  which  is  the  precursivr  of  an  attack, 
and  various  writers  allude  to  injury  of  the  ni'rve  trunks, 
the  sciatic  especially,  as  an  important  though  rare  factor. 

Sj/p/iilix.  in  either  ils  secondary  or  its  tertiary  stages, 
but  mnreidtcnin  the  latter,  may  give  origin  loan  epilepsy 
of  a  peculiar  type.  The  seiziire,  as  a  rule,  is  preceded 
by  headache,  and  is  often  associated  with  (\ihcr  neurotic 
changes  and  monoplegia'.  The  iuterparoxysnial  slate  is 
(|uite  apt  to  be  characterized  by  more  or  less  loss  of  mem- 
ory, intellectual  weakness,  and,  in  some  cases,  a  great 
desire  to  sleep  at  odd  times  and  jilaces,  such  a  tendency 
being  apparently  irresistible.  In  many  cases  there  is  dis- 
ease of  the  cranial  bones  as  an  intermediate  factor. 

Fouruicr  says  that  when  epilepsy  manifests  itself  for 
the  first  lime  in  a  patient  of  twenty  or  thirty  it  is  of 
specific  origin  in  eight  or  nine  cases  out  of  ten. 

The  exitntlieiuata  may  be  followed  by  the  development 
of  e|)ileptic  attacks  which  are  often  very  intractable, 
Esiiecially  true  is  this  when  it  is  scarlet  fever  that  has 
preceded  the  paroxysms.  Xot  onlj-  may  this  disease 
have  such  an  intlvience,  but  measles,  smallpox,  diidilhe 
ria,  and  a  numberof  maladies  of  like  nature,  may  direelly 
cause  the  epilepsy. 

Jletallic  iioisouing  is  a  rare  cause,  and  when  we  tind 
epileptic  courulsious  in  such  cases  it  is  usually  sympto- 
matic of  some  advanced  encephalopathy.  The  use  of  ab- 
sinthe and  alcohol,  when  excessive,  is  q\iite  apt  to  give 
rise  to  convulsions,  which  are  usually  of  a  violent  tyjie. 
The  latter,  as  a  nde,  are  imperfectly  formed,  and  the 
loss  of  consciousness  is  |>eeuliar.  In  some  the  mental 
derangement  is  of  the  nature  of  a  trance,  and  the  pa- 
tient's seiziu'cs  resenible  the  form  of  the  disease  known 
as  "masked  epilepsy." 

Malarial  poisoning  may  underlie  an  epilepsy  which  is 
seemingly  iieriodic  and  attended  by  great  ri.se  of  tem- 
perature; it  may  be  cured  by  large  doses  of  ijuinine. 

In  certain  cases  (/;■(<(?  and  njiKilKl  Ihmoi  nf  hhnKl  will 
give  rise  to  epilepsy..  In  some  cases  there  is  an  initial 
migraine,  which  exists  for  some  time  before  the  occur- 
rence of  the  seizures.  Sunstroke  occasionally  is  the  ex- 
citing cause  of  a  series  of  convulsion.s,  which,  however, 
can  rarely  be  called  epil(i)tic. 

It  is  not  uncommon  for  an  epilepsy  to  develop  at  the 
time  when  the  menstrual  function  is  established.  Iler- 
pin  reports  the  case  of  a  girl  whose  convulsions  ap- 
peared at  the  menstrual  epoch,  and  recurred  with  each 
succeeding  period;  Maisonneuve  reports  similar  cases. 
The  supfU'essiou  of  vaginal  fluxes  is  naturally  a  deter- 
mining etiohigical  influence. 

Sexual  excesses  are  too  often  supposed  to  give  rise 
to  epilepsy,  and  masturbation  especially  is  given  great 
prominence  as  a  cause.  Onanism  is  very  common  among 
epileptics  of  low  moral  ,;j:auge,  with  physiial  anomalies 
of  development,  but  it  can  hardly  be  considered  in  the 
light  of  a  cause.  Excessive  copulation  and  lustful  ex- 
cesses are  mentioned  by  Continental  writers  as  playing  a 
part  in  the  creation  of  the  clisea.se. 

Of  feiir  and  mentitl  irony  and  ((HmV^i/.  many  authors 
«rc  disposed  to  speak  as  important  exciting  or  predispos- 
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ing  causes.  Tliere  Is  nodoubt  of  the  luid  intlueiici-ol  the 
latter,  but  the  imporlaneeof  the  former  Is  lo  bi-  admitted 
Willi  some  reluctance,  allhougli  il  cannot  be  denieil  that 
a  suihh'U  .shock  or  fright  has  eausetl  attacks. 

Various  exciting  causes  an- ipiile  likely  to  be  disoov. 
ered,  especially  among  young  subjwis.  Many  mi  <alle<l 
ecliunplic,  or  rather  epiieplic,  seizures  are  citused  hv  in- 
Imtiiinl  iroriiis.  or  by  the  presence  of  uniligestiil  fooij  and 
the  absorption  of  ptomaiiis. 

Intestinal  worms,  while  they  are  often  responsible  for 
infantile^  eclampsia,  rarely  proiluee  epilepsy  in  adults. 
Luykx  and  Michel  report  ea.sis  in  which  Ihe  disease 
se<Mne<l  lo  be  dependent  on  benia,  anil  in  I  hat  reportwl 
by  .Michel  llie  seizures  occnrreil  during  live  years,  und 
ceased  with  the  expulsion  iif  the  worm. 

.Muscrofl'  iiporls  a  ca.se  of  stone  in  Ihe  bladder  which 
gave  rise  to  epiieplic  convulsions.  The  successful  re- 
moval of  the  stone  elVccted  a  cure  of  II pilep.sy. 

Irritalionof  the  auditory  apparatus  is  likely  lo'produre 
ejiilepsy,  and  the  paroxysms  may  follow  such  simple  ex- 
citation as  blowing  into  the  I'ar.  The  attacks  from  such 
a  cause  may  even  be  very  violent  and  geneml. 

So  far  as  the  intluence  of  diet  is  concerned,  we  find 
that  continued  or  excessive  indulgence  in  animal  foixl  is 
likely  to  predis|io,setothe  disease  in  some  persons.  JIany 
lirst  attacks  may  !)<■  daleil  back  to  an  engorgi'inent  of  llie 
stomach  or  to  some  act  of  gluttony,  ami  in  many  ca.ses 
immiMlerale  indulgence  in  food  often  const ilutes  "an  ex- 
citing factor.  Portal  speaks  of  .several  subjeels  who  be- 
came epileptic  after  ghitlonous  indulirencein  beans  ( Flehl- 
siauvel,  and  the  older  writers  also  refer  to  cases  in  which 
the  ingi'stion  of  poisonous  fiuigi  or  of  ergot  has  iK'en  the 
assigned  cause. 

Alounin  An.vtomv  and  P.\Tnoi.o«Y. — There  is  nothing 
that  <'an  be  called  constant  or  eharacterislic  in  the  way 
of  a  morbid  anatomical  appearance  in  the  epileptic  bmiii. 
This  disease  has  existed  in  connection  with  almo.st  every 
variety  of  pathological  change.  Meningeal  or  os.seous 
thick<>inng,  <<xostoses,  vascular  dilatation  anil  sclerosis, 
cerebral  atrophy  and  hyiiertropliy,  llu^  presence  of  tu- 
mors— all  these  lesions  have  been  found  lo  exist  in  epi- 
leptic cases.  Epilepsy  is  found  among  children  whose 
sutures  have  closed  prematurely,  and  I  have  seen  a  num- 
ber of  s\ich  cases  in  which  the  tits  have  appeareil  between 
the  fifth  and  tenth  years— which  is  due,  as  I  suppo,se,  to 
the  fact  that  the  bniin  rapidly  develops  at  the  liflli  year, 
but,  owing  to  preossiticalion,  and  Ihe  resulting  lindtation 
of  Ihe  space  alforded  by  the  cranial  cavity,  this  organ  is 
denied  svitlicient  mom  for  expansion.  In  traumatic  cases 
we  find  all  varieties  of  fracture  and  depression,  and  occa- 
sionally the  existence  of  old  subilnral  cysts, 

l-unier*  found  that  the  crania  of  many  epileptics  pre- 
sented various  abnormalities.  In  some  he  found  a  lialiiess 
or  depression  of  the  frontal  bone ;  in  ollur  cases  an  a.sym- 
metry  between  the  lateral  halves  of  Ihe  skull,  which  was 
the  result  of  undue  iirominence  of  the  parietal  bone  of 
one  side.  Lasi'gue  calknl  attention  to  a  frontofacial 
asynnnelry  which  was  the  resultof  a  consolidation  of  tlie 
sutuivsat  the  base  of  the  skull,  tlu'  union  bi'ing  a  slow 
one,  and  usually  requiring  for  ils  accomplishment  the 
space  of  eighteen  years,  at  the  end  of  which  period  the 
attjicks  would  appear.  The  cerebnd  deformily  resulting 
from  Ibis  asymmetry  consisted  in  an  ine(|ualily  in  the 
size  of  the  two  frontal  hibc'*.  Ihe  depression  being  most 
often  noticed  upon  the  right  side  (Axenfelil).  Certain 
facial  |)eculiarities,  as  well  as  deformities  of  Ihe  vault  of 
the  palate,  were  associated  with  tlii.s. 

Echeverria,'  Van  dcr  Kolk.'"  Luys  and  Voisin."  and 
others,  have  observed  morbid  a|>pear!inces  in  the  medulla: 
the  presenco  of  amylaceous  cells,  an  I'xudalion  of  a  gran- 
nlo. albuminous  nature,  cell  degeneration  and  pi.irmenta- 
tion,  as  well  as  destruction,  in  |mrl.  of  ciTtain  important 
nuclei,  notably  of  the  hypoglii,>isus  and  pneuinogastric 
nerves.  Echeverria  foimd  lesions  of  that  portion  of  the 
great  sympathetic  which  is  locateil  in  the  neck. 

Ogle  and  Jackson  have  reporleil  many  cases  in  which 
tliere  was  cortical  degeneration,  espi'cially  of  the  pani- 
central  lobule.     In  eases  in  which  dementia  or  other  men- 
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tal  troubles  are  found,  and  especiallj'  in  those  in  wbicb 
the  mental  disturbance  takes  the  form  of  general  paresis, 
■we  may  expect  to  find  a  well-diffused  cortical  sclerosis. 

Some  years  ago  Delasiauve,  Bouchet  and  Cazauvieihl, 
Meynert.  Sommers,  Bournevillc,  and  others,  found  in 
many  epileptic  brains  a  peculiar  induration  of  the  cornu 
ammonis,  which  they  regarded  as  peculiar  to  epilepsy. 
I  have  repeatedly  found  this  appearance,  and  certainly 
it  is  worthy  of  consideration,  though  it  cannot  be  regarded 
as  pathognomonic.  Sommers  found  tliis  induration  in 
thirty  per  cent,  of  his  cases,  while  Bourneville  found  it 
in  only  seventeen  per  cent.  The  other  authors  whom  I 
have  mentioned  regard  it  as  au  almost  constant  lesion. 
Kussmaul  and  Xothuagcl.  on  the  other  hand,  disbelieve 
in  tlie  importance  of  this  lesion. 

Epilepsy  has  been  experimentally  produced  in  various 
ways.  Kussmaul  and  Tenner.  Astley  Cooper,  and  others, 
have  by  ligation  and  compression  of  the  carotid,  given 
rise  to  seizures  wliich  disappeared  when  the  constriction 
was  removed.  Other  experimenters  have,  by  ligation  of 
the  superior  and  inferior  vensB  cavae  in  animals,  obtained 
the  same  result. 

Nothnagel  foiuid  that  by  tapping  the  lieads  of  guinea- 
pigs  an  epilepsy  was  established,  and  various  mechanical 
means  of  jarring  the  cerebral  contents  have  been  devised 
for  the  experimental  production  of  epileptic  convulsions. 

The  theory  enunciated  by  Brown-Sequard  was.  in  ef- 
fect, that  epilepsies  might  be  provoked  by  irritation  of 
certain  sections  of  the  cord  in  the  lumbar  region :  that  in- 
jury of  the  sciatic  in  certain  animals  (guinea-pigs  chiefly) 
would  give  rise  to  convulsions;  that  the  progeny  of  ani- 
mals thus  mutilated  were  the  possessors  of  certain  so- 
called  epileptiginous  zones,  which,  when  irritated,  would 
give  rise  to  genuine  epiU-plic  paroxysms.  These  epilep- 
tiginous zones  were  located  al)out  the  face  and  neck,  and 
irritation,  especially  of  certain  branches  of  the  fifth — the 
suboccipital  chiefly — would  produce  the  lit.  In  man  such 
zones  arc,  as  a  rule,  not  to  be  found. 

Injury  of  the  n.eduUa  oblongata  has  been  followed  by 
epilepsy,  and  electrical  or  mechanical  irritation  of  the 
cortex  cerebri,  cerebral  peduncles,  or  lestiform  bodies 
produces  the  same  effect. 

Finally,  experiments  have  been  made  with  certain  toxic 
agents,  among  them  alcohol  and  absinthe.  Poidet  found, 
for  example,  that  the  subcutaneous  injection  of  the  salts 
of  ammonia  gave  rise  to  epilepsy. 

The  existence  of  epilepsy  depends,  uudoubtedlj",  upon 
an  instability  of  the  celhdar  elements,  and  when  a  lesion 
exists  it  is,  as  Jackson  h;is  shown,  lu'idoubtedlj-  of  an 
"irritative "  character.  The  starting-point  of  the  con- 
vulsion is  probably  ])rimarlly  in  the  cortex  cerebri,  and 
secondarily  in  the  mednlhi.  The  view  of  Van  der  Kolk, 
which  has  been  accepted  with  modifications  by  Reynolds 
and  others,  is  that  the  focus  of  the  disease  is  in  the  me- 
dulla oblongata.  In  the  established  form  of  epilepsy  this 
centre  is  in  a  condition  of  excitability,  and  through  the 
receipt  of  reflex  impressions,  either  from  higher  parts  of 
the  cerebrum  or  from  the  periphery,  an  altered  inhibitory 
vascular  state  ensues,  the  parts  lying  at  the  floor  of  the 
fourth  ventricle  become  the  seat  of  liypeRcmia,  and  then 
follow  various  pathological  changes,  viz.,  a  secondary 
anaemia  and  hypenemia  of  tln^  cerelinnn,  and  irritation 
of  convulsive  centres.  Asa  residt  of  these  pathological 
changes  there  will  be  tonic  and  clonic  convulsions  of 
muscles  supplied  by  the  nuclei  of  the  lower  cranial 
nerves,  with  consequential  disturbances  in  the  domain 
of  the  spinal  accessory  and  other  nerves.  Spasms  of 
muscles  of  the  neck,  asphyxia,  compression  of  jugulars, 
secondary  stupor,  tongue  biting,  etc..  are  among  the 
phenomena  observed  in  these  ca.ses.  Van  der  Kolk  be- 
lieves that  the  biting  of  the  tongue  is  due  to  irritation  of 
the  nucleus  of  the  hypoglossus. 

Di.iGNOSis. — The  diagnosis  of  the  ordinary  epileptic 
attack  is  not  a  difficult  matter.  The  seizure  is  of  such  a 
dramatic  and  pronounced  character  that  it  is  scarcely 
possible  to  err  in  regard  to  its  true  nature.  The  minor 
seizures  are  sometimes  confounded  with  attacks  of  syn- 
cope, but  when  we  exclude  the  disorders  of  motility, 


which  do  not  belong  to  the  latter,  there  should  be  no 
chance  for  mistake.  It  must  be  remembered  that  seizures 
of  petit  mal  do  not  occur  in  an  isolated  form,  but  that 
there  is  a  historj-  of  numerous  previous  attacks. 

It  is  important  to  diagnose  whether  or  not  the  parox- 
ysm is  the  manifestation  of  coarse  disease  of  the  brain; 
and.  in  such  cases,  limited  or  rather  extensive  paralysis 
will  often  be  found,  as  well  as  optic-nerve  atrophy,  "dis- 
turbed reflexes,  and  distal  sensorj-  trouble. 

Hysterical  epilepsy  is.  as  a  rule,  a  complaint  of  women, 
and  the  attacks  seem  to  bear  some  relation  to  the  occur- 
rence of  the  menses.  Charcot  speaks  of  the  hysterical 
modifications  of  epilepsy  as  follows;  1.  A  form  in  which 
hysteria  is  engrafted  upon  primary  epilepsj'.  2.  A  form 
of  primary  epilepsy  which  is  complicated  after  marriage 
by  hysteria.  The  hysterical  influence  is  destroyed  by 
pregnane}'.  3.  Primary  Insteria  with  superadded  epi- 
lepsy at  a  later  date.  4.  Convulsive  hysteria  with  co- 
existent petit  mal.  .5.  An  epileptic  attack  with  residual 
hysterical  contraction  and  hemiancesthesia. 

I  have  observed  another  form,  viz..  that  in  which  an 
epileptic  patient  was  seized  with  hystero-epileptic  par- 
oxysms at  tlie  menstrual  period. 

In  some  instances  the  diagnosis  must  be  made  between 
the  grand  attack  and  the  convulsions  of  vrmiiia  or  aleo- 
hoUsm.  The  unemic  convulsion  is  usually  preceded  by 
a  history  of  mental  obscuration  with  perhaps  some  ataxic 
aphasia  and  headache.  The  presence  of  oedema,  albumi- 
nous urine,  casts,  and  the  skin  pallor,  furnish  confirma- 
tory indications. 

The  alcoholic  convulsions,  unless  due  to  chronic  alco- 
holism, are  preceded  by  a  debauch.  If  the  urine  be  ex- 
amined it  will  be  found  that  the  bichromate  of  potash 
test  will  reveal  the  presence  of  alcohol  by  a  very  peculiar 
and  striking  change  of  color  to  green. 

Sometimes  we  may  confuse  the  lighter  attacks  with 
auditory  vertigo,  or  with  litluvmic  or  gastric  vertigo,  but 
the  rotary  character  of  the  disturliance  in  the  former,  and 
the  connection  of  tiie  latter  with  digestive  disturbance, 
are  to  be  borne  in  mind. 

It  is  of  the  utmost  importance  that  the  medical  man, 
especially  if  he  be  called  upon  to  treat  and  inspect  soldiers, 
prisoners,  or  the  iinuates  of  the  paujier  asylums,  shoidd 
be  on  his  guard  in  regard  to  the  simulation  of  epilepsy. 
This  form  of  imposture  is  common  enough,  and  is  very 
difficult  of  detection.  Various  authors  upon  medical  ju- 
risprudence have  recorded  a  number  of  cases  in  which  a 
malingerer  kept  up  the  deception  for  a  period  of  several 
years.  The  case  of  "Clegg,  the  Dunun\- Chucker,"  re- 
ported by  Carlos  MacDonald.  is  of  this  kind.  The  subject 
was  an  liabitual  criminal  who  repeatedly  threw  himself 
from  high  ]ilatforms  in  the  jail  to  the  stone  floor  below, 
and  liore  many  self  inflicted  injtiries  without  a  murmur, 
that  he  might  escape  certain  duties  or  punishments.  He 
was  finally  detected  by  JhicDonald.  The  impostor  cannot 
change  the  size  of  his  pupils,  nor  can  lie  counterfeit  the 
color  of  the  skin  which  belongs  to  the  real  fit.  The  epi- 
leptic, as  a  r\de,  doubles  his  thumb  imder  his  otfier  fingers, 
wliich  are  strongly  fiexed — a  thing  neglected  by  the  im- 
postor. The  latter  is  ordinarily  on  the  alert  to  see  how 
his  behavior  will  impress  the  bystander,  and  an  occasional 
suggestion  from  an  outsider  will  be  acted  upon  by  the 
designing  person,  who  will  thus  betray  his  consciousness 
as  well  as  his  anxiety  to  make  an  impression. 

Prognosis. — Epilepsy  is  certainly  one  of  the  most  dis- 
couraging of  all  diseases  of  the  nervous  system  so  far  as 
the  hope  of  cure  is  concerned,  but  the  prognosis  is  much 
less  bad  at  the  jiresent  time  than  it  was  before  the  intro- 
duction of  the  bromides.  Those  forms  of  epilepsy  which 
are  of  idiopathic  origin,  or  which  are  dependent  upon 
coarse  cerebral  disease,  osseous  lesions,  or  advanced 
syphilis,  are  wellnigh  hopeless,  but  of  those  cases  which 
owe  their  genesis  to  less  profoimd  causes,  a  few  are  modi- 
fied or  cured  by  treatment.  It  is  impossible  to  give  sat- 
isfactory statistics  of  cures,  from  the  fact  that  most  of 
the  cases  are  imperfectly  watched.  Sex  seems  to  have 
little  or  nothing  to  do  with  the  patient's  chances.  The 
cases  in  which   the  disease  develops  before  the  tenth 
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year,  or  after  adolescence,  are  more  readily  helped  than 
those  in  which  it  begins  between  the  tenlliand  twentieth 
years  (Gowers);  and  this  is  probiibly  (hi<'  to  Ihi'  fact 
tliat  the  idiopathic  causation  is  more  common  before 
twenty.  The  form  wilh  grave  attuclis  alone  is  more 
easily  cured  than  tlial  in  which  pciit  mal  is  a  feature: — 
and  uncomplicated  petit  mal  is  perhaps  the  least  hopeful 
of  any  form.  The  curability  of  the  disease  depends 
much  upon  its  duration  and  the  numl)er  of  attai-ks,  and 
one  author  believes  that  all  casi'S  in  which  live  JMindred 
attacks  have  occurred  are  absolulely  lieyond  the  reach  of 
any  treatment.  Cases  of  hereditary  origin  are  conunonly 
regarded  as  the  least  amenable,  but  (Jowcrs  is  not  of 
this  opinion.  Fifteen  per  cent,  of  Gowers'  successful 
cases  were  those  in  which  heredity  existed.  My  own 
experience  does  not  confirm  this.  Those  cases  in  which 
the  fits  are  sei)arated  by  long  intervals  are  most  readily 
cured,  but  if  the  attacks  be  severe  and  if  they  recur  at 
short  intervals,  the  prospects  of  a  cure  are  poor.  At- 
tacks which  seem  to  be  connected  witli  disordered  men- 
strual function  are  sometimes  very  readily  aliolislied. 
The  existence  of  an  aura  rendei's  prognosis  slightly  more 
unfavorable,  although  in  some  instances  the  aura  enables 
the  patient  to  abort  the  fits.  Cases  in  which  cranial  de- 
formities exist  are  u.sually  bad,  and  the  attacks  are  ir- 
regular and  eccentric.  Tlie  existence  of  mental  iminiir- 
nient  or  aberration  of  any  kind  is  always  unfavorable. 

Fatal  cases — that  is,  ca.ses  in  which  the  patient's  death 
has  been  directly  due  to  the  disease — are  rare.  When 
death  occurs,  we  find  that  asphyxia  is  usually  the  im- 
mediate cause.  It  occasionally  happens  that  epileptics 
are  suffocated  from  the  lodgment  of  a  piece  of  meat  in 
the  air  passages,  while  a  number  of  accidents,  among 
them  falls,  are  apt  to  lead  to  death  by  drowning,  by 
cmnial  fracture,  or  by  siifTocation  caused  by  the  un- 
natural i>osition  in  which  the  patient's  head  has  been 
placed  as  a  result  of  the  fall.  In  several  instances  of 
which  I  know,  the  patients  fell  into  an  open  fire-place 
or  against  a  hot  stove.  I  have  already  alluded  to  the 
danger  of  rupturing  a  muscle  or  dislocating  a  joint. 
Another  rare  accident  is  the  amputation  of  the  tongue 
that  may  occur  when  it  happens  to  get  between  the 
teeth. 

According  to  Axenfeld  and  other  French  writers,  the 
complication  of  epilepsy  with  hysteria  is  one  calculated 
favorably  to  modify  the  prognosis  of  the  former. 

Tre.\tment. — In  our  management  of  epilepsy,  we  are 
to  avoid  everything  that  smacks  of  routine  treatment. 
The  mere  administration  of  a  much  recommended  drug. 
without  studying  the  indications  for  its  use,  will  do  little 
or  no  good.  The  epileptic  paroxysm,  after  all,  is  but  a 
discharge  from  over-excited  and  vuistable  nerve  cells, 
and  is  a  sympt<imatic  condition  of  a  great  variety  of 
pathological  states.  As  a  general  plan  of  treatment  it 
should  be  the  earnest  of  our  endeavors  to  maintain  a 
condition  of  circulatory  equilibrium,  so  that  the  cerebral 
blood  pressure  shall  not  undergo  very  rapid,  sudden,  or 
great  changes.  Cardiac  slimidants  or  sedatives  shoukl. 
perhaps,  form  a  part  of  the  treatment  in  different  cases, 
and  these  may  be  combined  with  remedies  having  specific 
neurotic  or  alterative  effects.  In  some  ca.ses  the  use  of 
digitalis  is  almost  a  necessity,  and  in  others — those  more 
particularly  in  which  there  is  a  tendency  to  cerebral  liy- 
pera-mia — remedies  of  an  opposite  class  are  required.  In 
what  the  older  writers  called  ansmic  epilepsy,  the  use  of 
digitalis  is  absolutely  important,  or  we  may  lise  a  remedy 
which  was  first  recommended  by  the  writer  a  few  years 
ago,  viz.,  nitroglycerin,  in  doses  of  gr.  y^j  to  ,'j  thrice 
daily. 

There  are  a  great  number  of  remedies  which  have  been 
used  empirically  almost  from  time  inunemorial.  In  many 
cases  no  intelligent  idea  is  entertained  as  to  their  physio- 
logical action.  It  is  not  proposed  to  refer  to  many  of 
them,  except  in  the  most  superficial  way,  or  not  at  all, 
for  but  few  possess  any  virtues. 

No  geneial  remedies'have  been  of  so  much  service  as 
the  bromides,  especially  those  of  sodium,  ammonium, 
and  potassium,  and  since  their  introduction,  about  twenty 


years  ago,  the  numlxr  of  cure.s  has  greatly  increased. 

The  prognosis  has  also  improved,  as  our  knowledge  de- 
rived from  experimenlal  therapeutics  has  broadened.  In 
lS(!.')-7(),  live  or  ten  grains  of  the  broniidi' of  potas.sium 
in  divided  doses  was  considered  a  niaxinuim  c|iniiitity,  but 
already  a  few  years  laler  certain  .Vmerieun  physicians  ad- 
vocated inimensedoses — even  an  ouncedaily.  Maximum 
doses  of  twenty  grains,  repeated  thrice  daily,  control  the 
convulsions  in  cases  which  are  amenable  to  treatment, — 
cases  in  which  the  attack  has  perhaps  been  previously 
aggravated  by  very  large  doses. 

in  most  cases  of  this  grave  disea.se  it  is  of  the  first  im- 
portance to  ascertain  thi'  length  of  the  intervals  Ixlween 
the  attacks,  the  time  of  day  at  which  they  usually  occur, 
and  the  patient's  general  condition.  The  amount  of  hro- 
mide  to  be  given  ilaily,  say  of  the  .sodic  salt,  which  is  the 
best,  may  be  fixed  at  from  one  to  two  drachms,  to  bo 
given  in  divided  doses,  the  largest  on(?  just  before  Iheex- 
pi'cted  attack.  Sho\dd  I  lie  latter  occur  iti  the  early  morn- 
ing, it  is  best  to  administer  the  remedy  at  night,  anil  per- 
haps to  reinforce  the  ipianlity.  In  some  ca.>ies  in  which 
the  peiiodicily  of  the  paroxysm  can  be  definitely  deter- 
mined thedo.se  may  be  increased,  and  the  drug  used  more 
freely  for  several  days  before  the  expected  exiilosion. 
-Many  practitioners  commene<>  by  inducing  a  mild  bro- 
minism,  which  is  manifested  by  ana'sthesia  of  the  fauces, 
and  by  some  appearance  of  acne  upon  the  forehead,  or 
liy  the  briiniic  breath.  It  is  exceedingly  injudicious  to 
go  lieyond  this  point,  for  when  the  nutritive  proees.sesare 
interfered  with,  the  meilicini-  does  harm  instead  of  pood. 
The  bromic  salts  should  always  be  given  in  plenty  of 
wati'r,  and  Vichy  is  a  decided  improvement  over  simple 
water,  because  of  its  advantagi'  in  securing  tolerance  of 
th(?  drug  by  the  stomach.  When  epilepsy  is  dependent 
upon  organic  changes,  either  syphilitic  or  other\vis<-,  a 
saturated  solution  of  the  iodide  of  jiota.ssium  or  sodium 
may  be  used  separately  and  eilher  of  these  .salts  given  in 
milk,  or  Vichy  should  be  used  in  large  quantities.  The 
so  called  "  American  System  "  should  be  followed,  in  the 
administration  of  the  iodide,  and  even  half  an  ounce 
or  more  sliotild  be  given  daily.  In  cases  in  which  the 
attack  is  preceded  by  headache,  the  iodide  is  especially 
serviceable.  The  bromides  may  be  given  in  combina- 
tion with  tincture  or  infusion  of  digitalis,  and  small 
cpiantilies  of  arsenic  may  be  incorporated  for  the  purpose 
of  preventing  skin  troubles.  In  other  ca.ses  the  combina- 
tion of  chloral  hydrate  or  aconite  is  advi.^iable.  The 
bromic  treatment  should  be  continued  in  a  modified  form 
for  at  least  two  or  three  years  after  the  attacks  disajipear. 
It  will  be  found,  in  some  cases,  that  the  combination  of 
the  three  luincipal  hromides  sometimes  acts  more  ener- 
getically and  efficaciously  than  either  .singly.  The  use 
ijf  fats," especially  cod  liver  oil,  is  often  of  the  greatest 
.service  when  the  bromides  fail  alone.  I  have  been  en- 
abled in  this  way  to  hel|)  many  cases  in  which  the  bromides 
had  been  used  "before  wifhoi"it  any  considerable  success. 
The  administration  of  the  bromides  in  combination  with 
opium  or  morphine  constitutes  the  so-called  Flechsig 
treatment.  The  patient  is  svibjected  to  a  continued  treat- 
ment with  opium  or  its  alkaloid  in  inerea.sing  doses,  and 
afterward  when  the  toxic  cffi'Cts  are  mildly  produced 
this  ilrug  is  discontinued,  and  a  course  of  bromides 
ordered.  "  Rectal  injections  of  a  prepai^ation  of  the  sub- 
stance known  as  bromopin.  has  been  in  use  in  Germany 
in  doses  of  irixv.  The  patient  is  forbidden  to  use  any 
S!»lt  in  his  food.  The  nightly  enemala  of  this  substance 
must  be  increa.sed  until  3  or  4  gni.  are  taken. 

The  hypophosphitesact  adnurahly  where  there  is  weak 
digestion,  and  if  the  bromic  state  becomes  too  jirofoimd 
it  will  be  found  that  .some  preparation  of  iron,  strychnine, 
and  quinine  will  dispel  the  symptoms.  Great  care  should 
be  taken  not  to  push  the  latter  too  far. 

Delasiauvc  refers  to  no  less  than  eighty-nine  ren\e<Iies 
or  forms  of  treatment,  and  this  is  but  a  small  numlHT 
when  we  consider  that  his  book  appeared  nearly  half  a 
centurv  ago,  and  that  new  remedies  arc  constantly  being 
recomiiien^ded.  The  discovery  of  the  bromides,  as  I  have 
already  stated,  constitutes  the  only  real  advance.     As  to 
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the  other  remedies  it  will  suffice  if  I  enumerate  chloride 
of  potassium,  sulphate  of  zinc,  oxide  of  zinc,  sulphate  of 
copper,  chloride  of  gold,  nitrate  of  silver,  and  phosphorus, 
as  remedies  'ivhich  have  had  their  day  and  which  are  still 
occasionally  of  service;  while  the  list  of  vegetable  reme- 
dies is  simply  legion.  Valerian,  camphor,  the  camphor 
monobromate,  asafoetida,  musk,  castor,  opium,  bella- 
donna, aconite,  indigo,  turpentine,  and  conium  are  among 
the  most  prominent  of  these. 

In  many  cases  of  epilepsy,  espcciall_y  when  it  is  sus- 
pected that  the  attacks  are  due  to  the  absorption  of  toxic 
material  from  the  intestines,  it  will  be  found  that  persist- 
ent and  systematic  antisepsis  will  do  much  good.  The 
benetit  obtained  from  the  administration  of  salicylate  of 
soda,  naphthalin,  and  calomel,  and  from  intestinal  flush- 
ing is  often  very  great. 

Galvanism  is  the  only  form  of  electricity  that  ever 
does  any  good,  and  this  only  in  exceptional  cases.  The 
current  from  no  more  than  ten  or  fifteen  Leclauche  cells 
should  be  used,  one  electrode  being  placed  anteriorly  and 
the  other  posteriorly  upon  the  head.  Static  electricity  is 
useless;  chloroform  and  ether  may  be  resorted  to  when 
the  status  epilepticus  is  found,  but  unless  the  convulsion 
be  very  severe,  I  prefer  to  administer  nitroglycerin  or  the 
amyl  nitrite. 

The  lighter  attacks  are  very  obstinate,  and  are  not 
helped  to  the  Siime  extent  as  are  the  more  severe  ones. 
Belladonna,  ergot,  and  hyoscyamus  liave  all  been  tried 
with  various  degrees  of  success.  I  have  found  nitroglyc- 
erin to  be  of  great  benefit  in  some  ca.ses,  and  it  should 
be  prescribed  with  the  idea  of  producing  a  continued  state 
of  moderate  cerebral  hypeiTcmia. 

An  important  indication  is  the  provision  of  remedies 
for  the  abortion  of  attacks.  'When  the  aura  is  of  a  sen- 
sory character  and  begins  in  an  extremity,  the  use  of  an 
encircling  blister  or  ligature  about  the  arm  will,  if  the 
paroxysms  are  frequent,  or  if  the  iiaticiit  has  time  to  take 
preventive  measures,  stop  the  progress  of  an  attack. 
One  of  my  patients,  whose  aura  often  begins  in  the  arm, 
provides  himself  with  a  rubber  band  which  he  hastily 
slips  over  his  hand.  Brown -Sei|uard  recommends  forcible 
flexion  of  the  wrist.  The  inhalation  of  ammonia  or  oi 
nitrite  of  amyl,  or  the  prompt  resort  to  a  tablet  cont4iin- 
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the  fits.  A  glass  of  sherry  or  some  alcoholic  stimulant 
will  also  often  act  very  promptly.  It  is  well  for  the  pa- 
tient to  keep  such  a  draught  by  )iis  bedside,  to  take  as 
soon  as  he  awakens,  if  he  has  morning  seizures. 

The  diet  of  the  epileptic  should  be  of  a  vegetiible  na- 
ture. Meats  are  highly  injurious,  but  the  nwdernte  use  of 
game,  poultry,  fish,  and  oysters  is  to  be  advisi<l.  Fresh 
vegetables,  fruit — except  grapes. — milk  and  cold  bread, 
should  form  the  chief  articles  of  diet.  Stimidants  are, 
of  course,  out  of  the  question  in  most  cases,  but  coffee, 
which  is  usually  denied  the  patient,  is  (if  mild)  by  no 
means  so  hurtful  a  thing  as  it  is  ordinarily  supposed  to  be. 

Friction,  cold  baths,  and  exercise  are  to  be  insisted 
upon,  and  mild  intellectual  labor  is  good  for  the  subject. 
Steam  or  furnace  heat  is  responsible  as  an  exciting  cause 
in  many  cases,  and  if  possible  open  fires,  properly  guarded, 
should  be  placed  in  the  patient's  room. 

Surgical  measures  have  been  of  avail,  if  we  are  to  be- 
lieve all  the  reports ;  yet  the  exptTiencc  of  man}'  success- 
ful surgeons,  who  have  watched  their  cases  for  a  long 
time,  is  against  their  efficacy.  If  they  are  to  be  used  it 
should  only  be  in  cases  in  wliich  the  evidence  of  a  trau- 
matic origin  is  very  clear. 

Dr.  W.  Briggs'-  seems  to  have  had  extraordinarily 
favorable  results  from  trephining,  for  of  30  cases  of  the 
traumatic  variety  in  which  he  performed  the  operation. 
2.5  were  cured,  3  relieved,  1  was  not  helped,  and  1  died. 
Walsham's"  results  were  not  quite  so  favorable.  Of 
130  cases  of  traumatic  epilepsy  operated  upon,  7.5  were 
cured,  18  improved,  T  not  helped,  and  30  died. 

In  some  examples  it  will  be  found  that  the  aura  pro- 
ceeds from  a  cicatrix  upon  the  scalp,  and  the  exsection 
of  this,  even  if  no  removal  of  bone  is  imdeitaken,  may 
be  sufficient.     In  such  cases  as  those  reported  by  Lande,  '^ 


in  which  a  neuritis  was  the  cause  of  the  convulsion,  ex- 
section  or  nerve-stretching  might  do  good,  but  of  course 
such  hopeful  results  are  problematical. 

Dr.  Frederick  Petersen  has  summed  up  his  conclusions 
relative  to  the  care  and  colonization  of  epileptics  as 
follows: 

"  All  are  to  be  treated  in  accordance  with  the  usual 
regulations  as  to  diet,  hydrotherapy,  and  luedicinal  agen- 
cies, with  the  hope  that  in  this  way  bewecn  one  and  six 
per  cent,  of  them  may  be  cured,  and  the  disorder  in  a 
larger  percentage  ameliorated. 

•'Out-of-door  employment  in  agriculture  and  kindred 
pursuits  is  to  be  provided  in  abundance.  All  manner  of 
trades  and  occupations  are  to  be  carried  on  in  an  epileptic 
community,  organized  on  the  village  plan.  Facilities 
for  education  are  to  be  afforded  to  almost  every  extent. 

"Amusement  and  entertainment  and  the  enjoyment  of 
social  intercourse  are  to  be  privileges  from  which  no  epi- 
leptic will  hereafter  be  debarred. 

"  In  this  way  the  happiness  of  a  large  number  of  these 
miserable  creatures  will  be  materially  increased,  in  spite 
of  the  distressing  disease  which  they  are  called  upon  to 
suffer,  usually  for  the  whole  of  their  lives;  and  though 
remedial  agents  applied  to  their  malady  may  prove  in- 
efficient, their  fate  can  never  be  as  wretched  or  hopeless 
as  it  has  been  throughout  the  world  heretofore." 

Allan  McLane  Hamilton. 

'  Traite  (le  t'Epliepsie,  p.  .55. 

'  Anliives  of  Meilji-ine,  Iv.,  1, 1880,  p.  1. 

'  N.  Y.  Mi-il.  Jciir.  ami  Ol)steI.  Review.  June,  1882. 

»  \VestRi.liiii;l!.-i«.rls.  vol.  iii..p.:il.5;  vl..  p.  268;  Brain,  UI., 2,  p.  192. 

^  t'nterMiriiiMi^''-?!  iiberdie  L+iiialisation  der  Functionen  tier  Gross- 
liimrinde  des  .Mfni>ilji.'n.  p.  t>J. 

'  LiK.  cit.,  p.  11. 

'  .Archives  of  Praetioal  and  Scientiflc  Medicine  and  Surgery,  Pbila- 
delpliia  and  New  Yorli.  1H7;1.  i.,  ;JtiO. 

»  .\nnales  Med.-I>svch.,  1852, 

»  On  Kpilepsv,  etc..  187(1. 

'"  The  Medulla  Oblongata,  ete. 

"  Archives  de  Mcrt.,  Dec,  18U9. 

"  American  I'raclilioner,  .lulv.  1884. 

'=  St.  Bartholomew's  Hospital  Ueporls,  vol.  xlj. 

"  Mem.  et  Bulletin,  Societe  de  Med.  et  Chirurgle  de  1874, 1.,  56-65. 

EPITHELIOMA.     See  Varciiwma. 

EPITHELIOMA  OF  THE  SKIN,  MULTIPLE,  BENIGN, 
CYSTIC. — (Synonyms:  Epithelioma  adeuoides  eysticum 
[Brooke] ;  Acanthoma  adeuoides  eysticum  [I'nna].) 

Symi'tomatoi.oov. — The  affection  is  characterized  by 
the  presence  of  numerous  pale-yellow,  pearly,  or  pinkish- 
colored  nodules,  from  the  size  of  a  pins  head  to  that  of 
a  pea.  The  small  growths  are  quite  firmly  embedded  in 
or  project  above  the  skin.  Some  of  the  tumors  are  trans- 
lucent and  closely  resemble  vesicles,  while  others  are 
made  up  of  miliumlike  bodies  and  are  traversed  by  mi- 
ntite  capillaries.  The  face,  scalp,  neck,  upper  parts  of 
the  back  and  chest  are  the  sites  of  predilection.  In  gen- 
eral the  growths  are  discrete,  but  they  tend  to  group 
themselves  about  the  root  and  ala;  of  the  nose,  the  eye- 
brows, and  the  mouth.  The  confluence  of  several  nodules 
has  been  noted. 

In  the  majority  of  cases  heretofore  reported  the  affec- 
tion has  been  observed  at  or  before  the  age  of  puberty. 

The  stuall,  pinhead-sized  growths  increase  slowly  in 
size  until  they  attain  the  size  of  a  split  pea,  seldom  larger, 
and  in  very  exceptional  eases  they  only  undergo  ulcera- 
tion or  disappear  spontaneously. 

They  impair  in  no  way  the  general  health  nor  do  they 
give  rise  to  subjective  sensations  of  any  kind.  The  en- 
tire course  of  the  disease,  except  in  the  case  reported  by 
Dr.  White.'  is  so  free  from  any  evidence  of  malignancy 
that  the  word  Ijeiiir/ii  has  been  employed  to  qualify  the 
term  epitlitihiiia  used  to  designate  this  singular  eruption. 
White's  patient,  in  addition  to  numerous  small  nodules 
of  the  usual  type,  presented  three  or  four  open  epithe- 
liomatous  ulcers  involving  the  entire  thickness  of  the 
skin. 

.Single,  hemispherical,  brownish-red,  or  translucent 
nodules  have  been  removed  from  the  ala  of  the  nose,  the 
eyelids,  or  other  parts  of  the  face  and  have  been  found 
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to  have  a  structure  uleutical  witli  or  closely  allied  to  that 
of  the  multiple  benigu  tumors  in  question.     They  may 


scribed  by  me.'    Similar  observations  have  been  made 
by  Brooke"  and  by  Bowen  {in  \\'hile's  ca.se). 

The  epithelial  masses 
and  tmcLs  on  their  outer 
side  are  usually  sur- 
rounded or  iletlned  by 
a  well  marked  layer 
of  eylimlrical  cells,  u 
condition  which  iliar- 
aclerizcs  many  b<-niv;n 
epithelial  trr.iwths. 
Atypical "  pearl  bodies," 
enclosini;  horny  or  col- 
loid ti.ssue  as  well  as 
colloid  dcfrencration  of 
individual  e)ii  t  lielial 
cells,  have  also  been  met 
with.  The  connective 
tissue  between  (be  new 
cell  Krowlhs  is  some- 
what condensed  and  the 
seat  of  a  m<Klerate  intil- 
tnition  of  lvni]ihoid 
c<lls. 

Tkk.vtmk.nt.  —  Some 
of  the  small  tumors  can 
be  removed  by  incisinj^ 
the  overlyinir  ••pidermis 
and  e.\pre.s.sing  them  by 
moderate  pressure.  If 
this  metlKMi  is  not  suc- 
cessful tile  dermal  cu- 
rette may  be  employed. 
The  resultinj:  wound 
readily  heals  with  a 
small  depressed  scar. 

The  use  of  caustics  is 
not  advocated,  as  it  is 
possible  by  their  im- 
proper use  to  evoke  a 
latent  malifrnaucy. 

Jiihii  A.  Fofdyce. 


¥ 


FIG.  1932.- 


-Multiple  Beniffn  Cystic  Epiibeli'niiii  sho.mul'    li.uM  \u"\ 
one  Incti ;  ocular,  one  inoL  and  one-quarter. 


lu  of  Surface  Epitbeliuni.    Spencer, 
(Original.) 


develop  in  early  adult  life  or  in  older  individuals,  but 
they  pursue  a  relatively  benign  course. 

The  cause  of  the  affection  is  obscure.  In  Brooke's- 
and  my  own  cases  ^  a  distinct  hereditary  history  was  ob- 
tained. The  onset  of  the  affection  at  the  age  of  puberty 
may  depend  in  some  manner  on  the  general  stimulus  to 
which  all  epithelial  tissues  are  subjected  at  this  time. 
The  view  has  been  held  by  some  that  these  tumors  de- 
pend on  misplaced  embryonic  epithelial  cells  which  re- 
main latent  until  puberty  or  later  in  life. 

P.^TtioLOGV  AND  MoRisiD  AxATOMV. — In  the  earlier 
descrijitions  of  the  atfcctiou  the  cases  described  by  .lac- 
quet and  Darier ^  as  "  Hydradenomes eruptifs, ''  by  'I'iiiiik  ' 
as  syringocystadenoma,  and  by  other  writers  with  desig- 
nations of  similar  meaning,  were  considered  to  be  of  the 
same  general  nature. 

Uiuia'  has,  however,  wisely  separated  the  class  of 
cases  described  by  Jacquet  and  Darier.  Torok  and  others 
from  those  of  Balzer,  Brooke  and  myseU':  the  tirsi  group 
of  cases  being,  in  his  opinion,  adenomata  of  the  coil  ducts, 
to  which  he  gives  the  name  "syringadenomata."  while 
the  second  group  undoubtedly  originate  in  the  epidermis 
and  are  called  by  him  "acanthoma  adenoides  cystieum." 

The  microscope  shows  these  benign  epithelial  growths 
to  be  nnule  up  of  proliferating  masses  and  narrow  tracts 
of  small  epithelial  cells  corresponding  to  those  in  the 
lowermost  laver  of  the  epidermis  and  e.vternal  root  sheath 
of  the  hair  follicles.  The  origin  of  the  new  growth  from 
the  epidennis  and  hair  follicles  is  shown  in  Fig.  1922, 
which  represents  a  section  from  the  original  rase  de- 


'  Jour.  rutane<»us  and  (ien.- 
I'rln.  DIs.,  p.  i~.  ISW. 

'British  Journal  of  Derma- 
tolopy.  p.  :^1.  \>VZ. 

'ji'uru.    Cutaneou:^    and 
Gen.-rrin.  DIs..  p.  459,  ll»3. 
I       •  .Ann.  de  Keruiat.  et  de  Sypli..  p.  317.  1«<7. 
I       '  Monatslieft  f.  prakt.  Dermat..  p.  111).  Bd.  vlll. 
*  Histopattioioiry  of  Diseas*>s  of  the  Skin,  p.  11". 
■  Jnur.  luianeiius  and  (ien.-frin.  Dis..  p.  459.  ICft.'. 
-  Brit.  Juur.  ..f  l)enn;U.,  p.  am.  \f»i. 

EPITHELIUM.— Epithelial  tis-sue  is  composed  of  cells 
])laeed  do.se  to  each  other,  the  intercellular  substance 
being  reduced  to  a  minimum. 

The  cells,  as  a  rule,  are  soft,  yielding  readily  to  press- 


FiG.  ItCi.— simple  Squamous  Epithelium.    Seen  on  the  eigv  and  on 
the  dat. 
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ure,  and  consequently  they  show  a  great  diversity  in  their 
shapes.  The  cytoplasm  may  he  either  clear,  orflnely  or 
coarsely  granular.  Each  cell  has  a  nucleus,  which  is 
embedded  in  the  cytoplasm.  There  are  a  few  instances 
in  which  the  cells  are  without  nuclei. 

All  epithelium  rests  on  a  structureless  membrane,  the 
ba^al  membrane  or  membrana  yrapria.     This  membrane 


Fig.  1934.— stratified  Squamous  Epithelium.    Section  ol  epithelium 
lining  the  cBsophagus. 

is  believed  to  be  of  connective-tissue  origin,  though  by 
some  it  is  considered  a  product  of  the  epitlielial  cells. 

The  free  surface  of  some  ci>ithelial  cells,  especially 
those  of  the  cylindrical  type,  shows  a  sharp  differentiation 
from  the  remainder  of  the  cytoplasm.  This  appears  as  a 
thickened  free  border  and  is  known  as  WwcntirnUi.  The 
cuticulsE  of  adjoining  cells  form,  through  fusion,  the 
cuiicular  meiiibrnne  (Fig.  1927,  A).  In  .some  cells  the 
cuticula  shows  a  longitudinal  striation,  which  is  caused 
by  prolongations  of  tine  proces.ses  of  the  cytoplasm  into 
it.  This  striation  is  especially  well  marked  in  the  epi- 
thelial cells  on  the  surface  of  the  mucous  membrane  of 
the  small  intestine. 

As  a  rule  blood-vessels  are  not  present  in  epithelial 
tissue.  Recently  they  have  been  fotmd  in  the  epithelium 
of  some  of  the  lower  animals,  and  they  are  known  to  be 


Fig.  1925.— Spine  or  Prickle  Tells.  A,  Spines  projecting  from  the 
edges  ot  the  cells ;  B,  dlaments  of  the  cytoplasm  passing  from  cell 
to  cell. 

present  in  one  place  in  the  body  of  the  higher  animals — • 
the  stria  vasculaiis  of  the  cochlea.  The  nerve  supply  is 
rich. 

Classification.  — The  epithelia  are  classified  as  follows : 

1.  Simple — consisting  of  one  layer  of  cells, 
(a)  Squamous. 

(6)  Cylindrical  or  columnar. 

2.  Stratified — consisting  of  several  layers  of  cells, 
(a)  Squamous. 


(*)  Transitional. 

U)  Cvlindrical  or  columnar. 

3.  Modified. 
(</)  Ciliated. 

(b)  Mucous. 

(c)  Pigmented. 

4.  Specialized. 

ia)  Glandular  epithelium. 

(b)  Neuro-epithelium. 

Simple  Squiiiiioui!  EpitheUum. — The  cells  of  this  form 
of  epithelium  are  thin,  scale-like,  irregular  in  shape,  and 
are  laid  down  in  a  single  layer.  A  surface  view  (Fig. 
1923)  shows  them  arranged  in  the  form  of  an  irregular 
mosaic :  when  seen  on  the  edge  they  show  a  bulging  of 
the  cytoplasm  at  the  situation  of  the  nucleus,  with  a  thin- 
ning out  of  the  same  at  the  edges  of  the  cell  (Pig.  1923). 

This  type  of  epithelium  occurs  as  a  lining  tothe  cap- 
sule of  Bowman  in  the  glomerulus  and  in  the  descending 
arm  of  Henle's  loop  in  the  kidney;  also  as  non-nucleated 
cells — respiratory  epithelium — in  the  terminal  bronchi, 
infundibula,  and  air  vesicles  of  the  lung. 

Sini/h  ('///iiiilricdl  Ejiitlidiiim. — The  cells  of  this  form 
of  epithelivim  arc  long  and  narrow,  with  the  base  of  the 
cell  rounded  off  (Fig.  192T,  .4).  The  nucleus,  oval  in 
shape,  is  embedded  in  the  cytoplasm  near  the  base  of  the 
cell.  The  cuticula  is  well  developed  in  the  cells  of  the 
small  intestine.  The  height  of  the  cells  varies  in  differ- 
ent situations,  sometimes  being  high,  sometimes  low.  In 
some  instances  the  diameters  of  the  cell  are  about  equal. 
Such  cells  when  seen  in  section  have  the  appearance  of 


FIG.  1936.- 


-Transitional  Epithelium.    Section  of  the  epithelium  lining 
the  bladder. 


small  squares,  with  the  nucleus  embedded  in  the  central 
portion  of  the  cytoplasm.  This  form  of  epithelium  is 
known  as  cuboidal. 

Simple  cylindrical  epithelium  occurs  on  the  surface  of 
the  mucous  membrane  of  the  stomach,  of  the  small  and 
large  intestines,  and  of  the  membranous  and  penile  por- 
tions of  the  male  urethra,  in  tubular  glands,  in  |)ortions 
of  the  uriniferous  tubules,  and  in  the  ducts  of  compound 
glands.  Cuboidal  epithelium  is  seen  in  the  small  bronchi, 
in  portions  of  the  uriniferous  tubules,  and  in  the  smaller 
ducts  of  compound  glands. 

Stratified  Sfiiininmis  Epithelium  (Fig.  1924). — In  this 
type  of  epithelium  the  cells  are  laid  down  in  two  or  more 
la\ers,  the  cells  of  the  various  layers  differing  greath'  in 
shape.  The  cells  of  the  deep  layer  are  cuboidal  or  low 
cylindrical;  those  of  the  middle  layers  polyhedral;  those 
of  the  surface,  alone,  flat  or  scale  like. 

The  large  cells  of  the  middle  layers  give  off  short,  fine 
processes,  which  join  similar  processes  of  adjoining  cells 
(Pig.  192.5,  -1).  the  siiine  tn  jirirkle  rells.  These  spinous 
processes  are  also  known  as  the  interrellulnr  hridgeK,  and 
they  enclose  spaces  in  the  intercellular  substance,  the 
intercellular  spaces.  It  is  through  these  spaces  that  the 
fluids  for  the  nourishment  of  the  cells  circulates.  By 
some  these  intercellular  bridges  are  believed  to  be  fila- 
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ments  of  the  cytoplasm  which  puss  from  cell  to  cell  (Fie 

1925.  B).  '' 

Stratified  squanioiis  epithelium  rests  on  a  connective 

tissue  which  is  thrown  up  into  conical-shaped  projections 


Fig.  \92!.—A.  Simple  Oyljndrical  Epithelium ;  B.  stratiBed  cyllndrl- 
oal  epitheliiuii. 

— the  papilhe — which  arc  covereil  by  the  basal  membrane. 
These  papilla>  project  into  the  epithelium  in  such  a  man- 
ner as  to  form  a  scries  of  hills  anil  valleys.  The  papilUe 
contain  a  rich  capillary  network  of  l)rood-ves.sels  from 
which  the  nourishment  of  the  overlying  epithelium  is 
derived. 

The  cells  of  the  deeper  layers,  receivinjr  the  greatest 
amount  of  nourishineut,  inciease  rapidly  by  mitosis,  and 
pushing  outward  they  replace  the  cellsof  "the  outer  lay- 
ers, the  surface  cells  being  thrown  off. 

In  the  epidermis  of  the  skin,  where  the  surface  cells 
are  horny,  there  are  developed,  beneath  these,  cells  which 
pass  through  the  intermediary  stages  of  cornitication. 
This  type  of  epithelium  is  found  on  the  surface  of  the 
skin,  and  on  the  surface  of  mucous  membranes  which 
become  continuous  with  the  skin,  as  that  of  the  buccal 
cavity,  vagina,  etc. 

Triinsitiimiil  EpithcUnm  (Fig.  1926). — Transitional  epi- 
thelium is  stratified,  consisting  of  from  four  to  si.x  layers 
of  cells,  and  lies  on  connective  tissue  which  is  unpro- 
vided with  papilla-.  The  surface  cells  are  large  and 
flat,  with  a  conve.\  free  border,  their  under  surface  being 
pitted.  This  pitting  is  caused  by  the  underlying  cells 
pushing  their  heads  into  the  soft  cytoplasm  of  the  sur- 


Fig.  1928.— Stratified  Cylindrical  Ciliated  Epithelium.    Section  of  the 
epithelium  lining  the  trachea. 

face  cells.  The  cells  of  the  deeper  layers  are  irregularlj- 
cuboidal ;  those  of  the  middle  layers  pyriform  or  polyhe- 
dral in  shape. 

This  type  of  epithelium  is  found  on  the  surface  of  the 
mucous  membrane  of  the  urinary  bladder  and  of  the 
pelvis  of  the  kidney. 

atratijiid  Cylindrical Epithelium{mS.  1927,  B).— In  this 


type  of  epithelium  the  surface  cells  alone  are  cylindrical 
m  shape,   their  ba.sal  ends  being  pointed  or  branched. 

The  cells  of  the  deeper  layers  are  irregiilur  in  shape, 
and  those  of  the  basjil  layer  cuboidal  or  low  cylindrical. 
In  most  instances  the  cuticula  is  well  developeil. 

This  form  of  epithelium  is  found  llniMi;  the  largest 
ducts  of  glands:  it  covers  the  palpebral  lonjuucliva, 
portions  of  the  mucous  nicmbrane  of  tin  male  urethra, 
ami  the  mucous  membrane  of  the  vas  deferens. 

Ciliated  A>»i7//(7iw hi.— Ciliated  epithelium  occurs  in 
both  the  stratified  and  the  simple  fi.rni.s,  the  ciliated  cells, 
in  m,in.  being  of  the  cylindrical  type.  In  the  stratified 
fonn  the  arrangement  of  the  cells  is  similar  to  that  of 
stratltii'il  cylinilrical  epitheliinu:  in  the  simple  form  it 
consists  of  a  siniile  layer  of  ciliated,  cylindrical  ci-lls. 
_  The  free  surface  of  ciliated  cells  lias"a  well  marked  cu- 
ticula, from  which  seem  to  spring  hair  like  siruetures— 
the  cilia  (Fig.  192K).  The  length  of  th.'  eilla  varies  with 
the  situation  of  the  cell.  In  thi- trachea  and  bronchi  they 
arc  short,  while  in  the  epididymis  thiy  are  long,  about 
ten  times  the  length  of  tlioM-  "in  the  tm"ch<a.  The  num- 
ber of  cilia  to  a  cell  also  varies,  being  from  twelve  to 


Fig.  ItGB.— .>furous  "r  Goblet  Cells.  A.  F.arly  stare  of  the  formation 
of  the  niurin :  I?,  ciloplasm  nearly  all  oonvcrltHl  Into  mucin ;  r, 
cell  dischanrine  its  contents:  D.  collapse  of  the  mucous  cell;  E, 
regeneration  of  the  cell. 

twenty-five.  They  are  now  regardeil  as  filamentous  pro- 
longations of  the" cytoplasm  which  pass  through  and 
project  iK-yond  the  cuticida. 

The  movement  of  the  cilia  isaiitoinatic,  not  Ix-ing  under 
the  control  of  the  nervous  system.  The  movement  of  a 
single  cilium  res<'rables  that  of  a  whip  lash,  the  niMnb<'r 
of  vibrations  being  estimated  at  ten  per  second.  The 
beat.s  of  the  cilia  do  not  take  place  at  the  same  time  in  all 
cells,  one  cell  after  another  taking  up  the  movement, 
which  passesthrough  a  seriesof  cells  in  successive  waves. 
The  rapidity  of  the  vibrations  is  increiLscd  by  warmth, 
up  to  a  certain  point.  Cold,  chloroform,  and  an  incrcji-se 
of  temperature  up  to  50°  C.  may  c-ause  the  movement  to 
cea.se. 

Mucous  Epithelium. — The  mucous  epithelial  cell  is  re- 
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gardcd  liy  some  as  an  unicellular  gland.  It  is  found  dis- 
tributed througliout  the  cpitlieliiunof  the  intestinal  trart, 
trachea,  and  bronchi.  Owing  to  its  shape  it  is  cummoulj' 
called  a  goblet  cell. 

Mucous  cells  are  formed  from  cylindrical  epithelial 
cells,  the  most  of  the  cytoplasm  of'  which  is  gradually 
converted  into  mucin,  'The  process  begins  at  the  free 
surface  of  the  cell  (Pig.  1929,  A  \.  and  progresses  until  the 
cytoplasm,  excepting  a  small  ]iortinu  containing  the 
nucleus,  is  cluuig<'d.     The  latter  becomes  crowded  to  the 


^^^i^^ 


FIG.  1930.— I'igliientea  Epillieliul  Cells  fnmi  the  IleUna, 

base  of  the  cell.  The  ceil  increases  in  volume  (Fig.  1929. 
B),  fiiiallv  it  ruptures  at  its  free  surface  and  ils  contents 
are  discharged  (Fig.  1929,  (/).  The  cell  then  collapses 
(Fig.  1929.  I)),  and  from  its  basal  part  which  contains  the 
unchanged  cvtoplasm  and  nucleus,  a  new  cell  is  formed 
(Fig.  1929,  E). 

Pigme/ited  Jijiit/icHirm. — In  some  parts  of  the  body 
there  occurs  an  epithelium,  the  eytoiilasm  of  which  is 
more  or  less  tilled  with  granules  of  pigment.  These 
granules  may  be  spherical  or  rod-like  in  shape  and  of  a 
color  varying  from  light  brown  to  bhick. 

This  type  of  cpitlielinm  forms  one  of  the  layei's  of  the 
retina  (Fig.  1930)  and  is  also  found  in  tlu'  deep  lay<'r  of 
the  epidermis  of  the  colon-d  niees. 

O'liinili/liir  Ejiit/icliiiiii.—TMs.  form  of  cpitheliam  lines 
the  alveoli  or  secreting  portion  of  glands.  The  shape  of 
the  cells  varies  in  different  glands,  in  some  being  cylin- 


PlG.  1931.— Glandular  Kplthelium.  Muomis  acini  fruni  buman  sub- 
maxillary gland.  The  light  central  cells  are  the  raucous  cells;  the 
dark  cells  form  the  crescents  of  Gianuzzi. 

drical,  in  others  polyhedral  or  irregular.  In  some  glands 
two  types  of  cells  occur.  Many  of  the  mucous  glands 
have  an  internsd  layer  of  cylindrical  cells  with  a  moder- 
ately clear  cytoplasm,  and  between  these  and  the  mem- 
braiia  propria  a  second  type,  viz.,  granular  cells  (Fig. 
1931).  These  granular  cells  form  the  crescents  of  Qia- 
nuzzi  or  demilunes  of  Heidenhain.  The  cardiac  glands 
of  the  stoiuach  also  contain  two  types  of  cells,  the  inter- 


nal or  chief  cells  and  the  large  granular  peripheral  cells — 
the  acid  cells. 

The  microscopic  appearance  of  gland  cells  varies  with 
their  state  of  activity.  The  resting  cell  is  generally 
granular  and  dark  in  appearance,  the  granules  staining 
intensely,  and  the  volimie  of  the  cell  is  reduced.  As  the 
cell  passes  into  the  activestate  its  granules  cease  to  stain; 
small  vacuoles  apiiear  in  the  cytoplasm,  which  becomes 
clearer;  ami  Ihe  volume  fif  the  cell  increases.  After  the 
cell  has  discharged  its  secretion  the  cytoplasm  may  be- 
coiuc  nearly  clear  and  the  cell  returns  to  the  resting  .state. 
In  some  glands  (for  exaiuple,  the  mammary  gland)  a  por- 
tion of  the  external  part  of  the  cytoplasm  is  useil  up  in 
the  process  of  the  formation  of  the  secretion,  the  basal 
part  with  the  nucleus  remaining  unaltered.  From  this 
portion  the  cell  is  reconstructed.  In  other  glands  the 
entire  cytoplasm  is  used  up  and  a  new  cell  takes  its 
place. 

Many  gland  cells  discharge  their  secretion  not  only 
from  tiieir  free  surfaces,  but  also  from  all  sides.  In  such 
cases  the  cells  are  surrounded  by  a  network  of  caualiculi. 
which  take  up  the  secretion  and  convey  it  to  the  luiuen 
of  the  gland  by  a  "duct." 

JS'eiim-epit/ie'lium. — Neuro-cpithelium  is  a  highly  dif- 
ferentiated tyije  and  occurs  in  the  sense  organs.     The 


Fi«.  1932,— Neuro-epithellum.  A,  Cone  from  the  retina  ;  B,  hair  cell 
from  the  crista  acuslica ;  C,  hair  cell  from  the  organ  of  Cortt  of  the 
co<:hlea. 

rolls  and  cones  (Fig.  19;)2.  .1)  of  the  retina ;  the  hair  cells 
of  the  organ  of  Corti  of  the  cochlea  (Fig.  1933,  C);  and 
the  hair  cells  of  Ihe  macula  and  crista  acusticte  (Fig.  1932, 
B)  are  examples. 

Neuroepithelial  cells  consist  of  two  portions ;  the  basal, 
containing  the  nucleus,  and  which  is  in  close  contact  with 
the  nerve'terminations;  and  the  outer  or  perceptive  por- 
tion, which  iisttally  terminates  in  the  form  of  thick,  hair- 
like processes. 

Meniitlu'lhnii  niiil  Eiidothelinm. — These  two  types  of 
cells,  on  accmuit  of  their  characteristics,  are  now  classitied 
by  many  as  simjile  e|)itheliimi.  If  we  trace  them  back 
to  their'origin  in  the  blastoderm  it  is  found  that  they  are 
both  derived  from  the  mesodeim  or  middle  layer,  but 
from  different  cells.  Mesothelium,  which  lines  the  cavi- 
ties of  the  peritoneum,  pleura,  and  pericardium,  is  de- 
rived from  the  cells  which  line  the  original  body  cavity 
— the  ctt'lom.  At  the  suggestion  of  Minot  the  term  meso- 
thelium has  been  applied  to  them. 
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C'ells  of  a  similar  type  form  the  capillaries,  and  line 
the  iuterior  of  blooil  and  lymph  vessels,  synovial  spaces, 
bui-sae,  tendou  shejilhs,  and  the  anterior  chamber  of  the 


FIG.  1933.- 


-..4,  Mesothelium  roveriup  the  Surface  of  a  Serous  Mem- 
brane ;  li,  endothelium  lining  a  blood-vessel. 


eye.  These  are  differentiated  mesochymal  cells  (Minot) 
and  the  term  endothelium  is  alone  applied  to  them. 

Me.^othelial  cells  (Fig.  1933,  .1)  are  thin,  tlat  cells,  the 
cytoplasm  of  which  is  slightly  cranuUir.  Their  nnclei 
may  be  either  oval  or  spherical  in  shape  and  they  project 
above  the  surface  of  the  cytoplasm.  The  general  shape 
of  the  cells  is  polyhedral  with  more  or  less  wavy  edges. 
and  they  are  united  by  an  exceedingly  slight  anioimt  of 
intercellular  substance. 

Endothelial  cells  (Fig.  1938,  JS)  are,  as  regards  structure, 
like  the  mesothelial.  Their  shape  is  an  irregular  oblong 
one  with  markedly  serrated  edges. 

These  two  types  of  cells  are  always  laid  down  in  a 
single  layer.  George  C.  Freelxirn. 

EPULIS.    See  Sarcoma. 

EQUILIBRIUM  AND  EQUILIBRATION.— The  term 
equilibrium  is  used  to  indicate  a  state  in  which  all  the 
muscles  of  the  body  are  imder  such  nervous  control  that 
when  called  upon  they  can  execute  some  coordinate 
movement  or  resist  the  foi'cc  of  gravity.  Equilibrium  is 
of  great  importsince  in  animal  life,  as  can  be  readily  un- 
dei>;tood,  and  it  is  by  no  means  a  simple  phenomenon. 
That  the  motor  apparatus  may  act  properly  it  is  necessary 
that  it  should  receive  sensory  impressions  informing  it 
of  the  position  of  the  body  "at  any  moment,  and  every 
known  sense  appears  to  contribute  the  necessary  infonna- 
tion.  A  combination  of  these  sensations  constitutes  the 
sense  of  equilibrium. 

Before  discussing  equilibriurn  and  equilibration  with 
regard  to  its  nervous  control  or  how  it  is  maintained  in 
the  human  body,  it  is  noces.sary  that  we  should  have  a 
clear  idea  of  the  position  of  the  centre  of  gravity  of  the 
body  and  how  the  position  of  this  centre  may'xarv  in 
different  postures.  It  is  mainly  owing  to  the  researches 
of  tlioWebiM-  brotliers.  Barellns,  Harless.  and  Meyer,  and 
more  recently  Braune  and  Fischer,  that  tJic  position  of 
the  centre  of  gravity  of  the  bmly  has  been  determined. 

In  the  ereet  pmture.  roughly  speaking,  the  centre  is 
situated  between  the  pubes  and  buttocks,  and  is  farther 
from  the  sole  of  the  foot  than  from  the  crown  of  the 
head.  A  variation  may  be  pointctl  out  here.  viz..  that 
the  position  of  this  centre  will  viiry  according  to  a  man's 
build.  A  man  heavily  built  in  his  shoulders  and  arms 
will  naturally  have  his  centre  of  gravity  higher  than  a 
man  with  narrow  shoulders,  light  arms,  but  powerful 
legs  and  buttocks.  Meyer's  method  for  determining  the 
centre  of  gravity  in  the  antero-iwsterior  plane  was  as 
follows: 

A  soldier  standing  at  "  attention  "  leaned  forward  so  as 
to  throw  the  weight  of  the  body  upon  the  front  of  his 
feet.  A  line  plumb  to  this  point  would  |>ass  through  his 
centre  of  gravity.  The  man  then  extended  his  limbs  at 
the  ankle-joint  until  he  nearly  lost  his  balance  back  war<l. 
A  vertical  line  from  his  heels  again  pa.s.sed  through  his 
centre  of  gravity  which  lay  naturally  where  these  two 


lines  crossed  one  another.  This  was  found  to  be  in  Uie 
region  of  the  body  of  the  .se<-onil  siicral  vertebra. 

Braune  and  Fischer's  method  was  more  complex  and 
thi'ir  experinjents  were  ])erfornied  upon  the  (iMlaver. 
For  a   fidl  account  of  this   I   woidd   refer  the  n  uder  to 

their  original  articles,     .\ccording   to  Ihi-ir  Iljod  the 

centre  of  gravily  for  the  whole  bodv  was  about  4..-)  cm. 
above  a  horizontal  line  joining  the  centres  of  the  heads 
of  the  two  femora,  or  on  a  level  with  the  Ihiril  sacral 
ve,-tel>ra  (upper  t(order). 

These  otiservei-s  have  claimed  that  the  centre  of  prtiv- 
ity  of  the  body  is  found  lo  fall  in  the  same  frontal  plane 
as  that  in  which  all  the  axes  of  rotation  of  the  joints  lie. 
It  can  he  renilily  understoo4l  from  this  that  analonucnl 
variations  will  very  consideral)ly  alter  this  statement,  this 
being  particularly  true  of  women  in  pregnancv  or  of  ab- 
normally stout  men.  In  such  persons,  when  in  the  en-ct 
position,  the  centre  of  gravity  must  lie  well  away  from 
the  plane  containing  these  jtii'uts.  the  alMlominal  weight 
necessitating  an  arching  of  the  spine,  the  .shoulders  being 
thrown  back,  bringing  the  centre  posterior  to  the  normal 
plane. 

It  has  been  pointed  out  by  the  Wel)er  brothers,  that  the 
fact  tliat  the  various  centres  of  gravily  of  the  IwKly  form 
a  vertical  line  when  the  body  is  in  an  erect  position,  is 
sullieient  to  maintain  the  body  in  an  erect  position  with- 
out any  muscular  effort.  ("According  to  Braune  and 
Fischer  the  centre  of  gravity  for  the  head  was  plumb 
aliove  the  atlanto-occipital  joint.)  Aeeoiding  to  Ihem 
the  centre  of  gravity  iilumbs  behind  llii'  hip.  in  liunt  of 
the  knee  and  through  theankle-joint.  Meyer  claims  Ihat 
the  centre  plumbs  in  front  of  theankle-joint.  If  this 
is  so  the  c^lf  muscles  would  have  to  act  toward  the  .sup- 
port of  the  liody.  In  bending  forward  or  backward  the 
centre  of  gravity  will  fall  eithi^r  forward  or  backward, 
as  the  ease  may  be  (see  Fig.  l'.)34). 

In  the  most  comfortable  standing  position  the  centre 
jilumbs  really  in  front  of  the  ankle.  When  it  falls  farther 
forward  than  this,  as  for  instance  when  it  falls  over  the  hall 
of  the  great  toe  as  in  the  military  position  of  "attention," 
there  is  a  sensation  of  straining  and  this  posture  cannot 
be  long  supported.  In  fact  there  is  no  erect  position  of 
the  body  which  can  be  maintained  for  many  minutes 
without  exhaustion,  although  it  has  been  claimed  Ihat 
muscular  action  is  not  necessary  to  maintain  the  body  in 
the  erect  position.     It  may  be  noted  that  we  instinctively 


Tic.  IflfM.— Tlie  Position  of  the  Centre  of  Gravily  l.s  Indl<<aied  hy  a 
Dot  In  Cuoli  of  the  Postures  a.  h,  and  c.  ID  a  and  c  It  lies  oui^de 
the  body  altogether. 

and  frequently  change  our  position  anil  so  ea.se  the  vari- 
ous sets  of  muscles  when  standing  for  any  length  of  time. 
Wiilkiri'i  iiinl  Rininiiif/. — In  these  modes  of  progressi<m 
there  are  certain  forces  which  have  to  Ih'So  balaiicfxl  that 
the  speed  of  progres-sion  is  neither  diminished  nor  in- 
creasetl.  and  also  that  during  liK^omolion  the  body  shall 
remain  erect.  Three  forces  may  la- consiilered :  first,  the 
weight  of  the  body  to  be  supported:  second,  atmospheric 


857 


Eqailibrlam. 
Eqalllbrlum. 


REFERENCE  HANDBOOK   OF  THE   JIEDICAL  SCIENCES. 


resistance,  ■which  naturally  varies  with  tlie  speed  of  pro- 
gression and  the  size  of  the  surface  presented  to  the  air; 
and  thirdly,  the  friction  of  the  ground  on  which  locomo- 
tion Is  performed.     Against  these  forces  we  liave  the 


no.  1935.— Diagram  showine  a  Jinn's  Movements  whi-n  Walking.    Read  Iruui 
left  to  right.     ( From  a  chronoptiotograph.  after  Marey.) 


muscular  force  of  the  body,  whidi,  by  altering  its  posi- 
tion, raises  the  centre  of  gravity  by  shortening  the  legs 
and  so  gives  it  naturally  a  forward  impetus. 

During  locomotion  the  centre  of  gravity  constantly 
and  rhythmically  changes  its  position  as  tlic^  body  changes 
its  shape.  The  centre  of  gravity  is  moved  not  only  on  a 
horizontal  plane  forward  through  the  median  sagittal 
plane  of  the  bod_v,  but  also  from  side  to  side.  This  side- 
to-side  movement  is  uatuially  due  to  the  fact  that  a  dif- 
ferent leg  is  supporting  the  weight  of  the  body  every 
moment. 

Figs.  1935  and  1936  give  Marey"s  chronophotographs 
of  a  mans  movements  when  walking  and  running.  In 
these  it  can  be  seen  that  the  idunib  from  tlie  centre  of 
gravity  falls  through  different  portions  of  the  leg  and 
ankle  at  different  stages  of  progression.  Should  the 
body  progress  forward  in  a  perfectly  erect  i)osition  and 
no  muscular  exercise  be  reijuired  to  keep  the  body  erect, 
the  resistance  of  the  air  would  be  (juite  suflicient  to  cause 
the  body  to  tumble  backward,  but  to  correct  this  the 
body  is  bent  forward  so  that  t!ie  centre 
of  gravity  shall  be  thrown  in  front  of 
the  hip-joint. 

The  nature  of  the  ground  over  which 
progression  is  taking  place  hardh'  needs 
to  be  considered  here,  as  it  can  readily 
be  understood.  t 

We  now  have  to  consider  the  various 
sensory  impressions  which  are  concerned 
in  maintaining  the  body  in  the  stale  of 
equilibrium.  These  may  be  classified  as 
visual,  tactile,  muscular,  and  labj-rinth- 
ine. 

The  importance  of  the  eye  in  equi- 
librium can  be  very  easily  demonstrated. 
If  one  tries  to  walk  while  looking 
through  a  prism,  the  position  of  objects 
is  so  distorted  that  improper  co-ordina- 
tion of  the  various  muscles  results: 
where  under  normal  conilitions,  know- 
ing the  position  of  objects  to  be  deter- 
mined b}' the  sense  of  sight,  we  would 
have  perfect  co-ordination.  Again,  when 
we  look  at  rapidly  moving  objects,  wrong  ideas  of  equi- 
librium are  commonly  fonned  through  the  visual  sense, 
and  there  may  be  a  strong  tendency  for  the  bod)'  to  move 
itself  in  one  direction  or  another.  These  phenomena  may 
])rimarily  be  due  to.  we  might  say,  deceiving  educated 
senses,  for  the  reason  that"  people  born  blind  are  not 


troubled  with  incoordination  of  the  muscles  and  neither 
are  people  from  whom  the  ej'es  have  been  removed. 

The  tactile  sense  also  plays  an  important  part  in  the 
sense  of  equilibrium.  The  contact  of  the  soles  of  the 
feet  with  the  ground  or  of  various  parts  of 
our  body  with  surrounding  objects  conveys 
to  us  consiilerable  knowledge  with  regard  to 
the  position  of  the  body.  We  see  a  remark- 
able e.\ample  of  the  value  of  this  sense  in  the 
disease  known  as  "locomotor  ataxia"  in  which 
the  muscular  power  of  the  lower  limbs  is  not 
impaired,  but  sensory  impressions  are  pro- 
foundly altered.  The  inco-ordination  in  this 
disease  results  from  the  false  tactile  impres- 
sions and  not  from  any  disease  of  the  muscles, 
which  retain  their  original  strength.  We  can 
see  this  same  phenomenon  in  persons  who  have 
had  the  soles  of  their  feet  frozen.  Here  their 
tactile  impressions  are  not  received  by  the  sen- 
sory end  organs,  consequently  do  not  reach  the 
higher  centres,  and  so  incoordination  will  re- 
sult. Attention  has  been  called  to  a  peculiar 
tactile  phenomenon  in  the  fact  that  air  waves 
exert  an  influence  upon  the  tympanic  mem- 
brane ('!),  and  so  we  are  capable  of  appre- 
ciating the  presence  and  to  some  extent  the 
character  of  near  objects  (irrespective  of 
sound).  Whether  this  involves  the  nerves 
of  common  sensibility  or  those  distributed  to 
the  internal  ear  is  disputed. 

The  muscular  sense,  whether  our  bodies  are  moving 
or  not,  is  another  active  factor  in  determining  the  condi- 
tion with  regard  to  the  tension  and  position  of  our  muscles. 
That  the  various  skeletal  muscles  are  acting  retlexly 
more  or  less  all  the  time  is  shown  by  the  fact  that  from 
a  jM'i'son  with  the  eyes  closed,  standing  in  an  erect  posi- 
tion and  having  a  writing  point  attached  to  the  head. 
a  graphic  record  may  lie  obtained  showing  a  peculiar 
swayingmolion  of  the  body.  Evidently  different  groups 
of  muscles  are  .successively  contracting.  A  peculiar  sen- 
sation which  has  been  experienced  by  almost  every 
one  is  that  of  going  up  stairs  in  the  dark,  miscalcu- 
lating the  number  of  stairs,  an  1  taking  an  extra  step 
at  the  top  of  the  stairs.  The  sense  of  loss  of  e(|uil- 
ibrium  is  at  once  experienced.  A  patient  with  failure 
of  tictilc  or  muscular  sen.se,  as  in  the  above  luentioned 
disease,  locomotor  ataxia,  is  luiable  to  stand  with  the 
eyes  closed.  Here  we  see  the  importance  of  the  com- 
bined loss  of  the  visual,  tactile,  and  mu.scular  sen.se. 


FIG.  1886.- 


Diagram  of  the  Movements  of  a  Man's  Leff  m  Running.    Read  from  right 
to  left.    (From  a  chronophotograph,  after  Marey.) 


A  normal  combination  of  all  these  senses  gives  us  our 
idea  of  position.  Should  the  impressions  arising  from 
any  of  them  clash  with  our  conscious  perception  formed 
through  the  other  senses,  a  disturbance  of  equilil)rium 
results  and  the  usual  result  of  this  disturbance  is  tlie  sen- 
sation of  nausea  or  dizziness.     An  example  of  this  clash- 
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Fig.  19o7.  DiiiL'raiiuimtir  Hori- 
zontal Setiii'ii  tlil'misrti  tlie  Hfad 
l<i  Illuslrale  the  Planes  (.)i-('u- 
pied  by  the  SemiciR-ular  Canals. 
S.  Superior ;  H,  horizontal ;  P, 
posterior.    (After  Waller.) 


ing  with  the  resulting  dizziness  is  seen  in  people  on  the 

top  of  a  high  building.     The  tactile  organs  of  the  sole.s 

of  the  feet  and  the  muscular  sense  organs  of  the  limbs 

,  are  originating  perceptions 

!  which  indicate  that  one  is 

standing  on  tlie  solid  earth. 

Yet  the   eyes   at  the  same 

time   originate   perceptions 

that  indicate  that  the  solid 

earth  is  far  below. 

We  see  from  the  above 
that  the  sense  of  e(|uilib- 
rium  is  served  by  various 
special  .senses,  however, 
we  have  good  reason  for 
believing  tliat  there  is  one 
special  sense  organ  which 
determines  the  position  and 
direction  of  the  movements  of  the  head,  and  consequently 
of  the  whole  body.  This  organ  consists  of  the  system 
of  .semicircular  canals  in  the  internal  ear  (anterior,  pos- 
terior, and  external). 

Various  experiments  performed  on  liirds  show  that  a 
motor  disturbance  invariably  follows  division  of  any  of 
these  canals.  The  animal  shortly  after  operation,  when- 
ever it  is  disturbed,  undergoes  peculiar  forced  movements 
with  rolling  of  the  eyes.  When  at  rest  the  animal  does 
not  maintain  its  perfect  erect  position,  its  legs  spreading 
farther  apart  than  normal  and  its  body  coming  closer  to 
the  ground.  The  clTect  of  this  operation  varies,  of 
course,  very  considerably,  it  depending  altogether  on 
the  number  of  the  canals  cut.  Some  observers  have 
claimed  that  it  is  the  activity  of  the  hair  cells  on  the 
cit'stce  acvsticff  of  the  ampulUe  of  the  semicircular  canals, 
which  are  irritated  by  the  increased  or  diminished  pressure 
of  the  endolymph  in  them,  which  gives  rise  to  a  nervous 
impulse  and  so  originates  various  ideas  of  position. 

The  anatomical  position  and  relationships  of  these 
canals  in  the  human  being  have  been  very  extensively 
studied  by  Crum  Brown,  who  pointed  out  that  the  three 
canals  of  each  side  la\'  in  the  three  dimensions  of  space 
and  that  the  canals  of  each  side  are  aliuost  at  right  angles 
to  one  another  (.see  Fig.   1937).     Any  movement  of  the 


Fig.  1938.— Left  Bunv  Lahvrinth.  Viewed  from  Outer  Side.  The 
figure  represenl.s  the  appearance  produced  hy  removine  the  petrous 
bone  down  to  the  denser  laver  inimediatelT  surrounding  the  laby- 
rinth. 1,  2.  3,  The  Brst  and  second  turns  of  the  cwhlea.  and  the 
cupola :  4,  fenestra  rotunda  ;  5.  foot-plate  of  the  stapes :  7,  the  vesti- 
bule; 8,  II,  12.  the  ampulla  of  the  semicircular  canals;  9,  U,  12, 
semicircular  canals. 

head  will  constantlv  produce  an  increase  of  pressure  in 
the  ampulla  of  a  c.inal  of  one  side,  with  a  corresponding 
decrease  of  pressure  in  the  same  canal  on  the  opposite  side, 
and  this  by  exciting  the  hair  cells  in  them  originates  the 
sense  of  movement.     This  assumption  can  be  considera- 


bly strengthened  by  experiments  on  man.  A  person  with 
the  eyes  bandaged,  tactile  and  muscular  sense  eliminate<I, 
supporteil  on  a  rotating  table,  can  determine  very  cor- 
rectly in  what  direction  and  through  how  great  anangle 
he  may  be  rotated.  It  will  be  found  in  the  .same  experi- 
ment that  after  being  rotated  for  a  few  moments  and 
then  the  table  brought  to  a  suindstill,  the  person  will  ex- 
perience the  sensation  of  rotation  in  the  opposite  direction. 
Patients  with  some  disease  of  the  internal  car  arc  very 


Fro.  1939.— Interior  View  of  Left  Bony  Ijjhyrlnth  After  Removal  of 
the  Superior  and  E.xternal  Walls,  it,  /j,  i.  The  suiHTlor.  ifwterior, 
and  horizontal  semicircular  canats:  a.  fi,  a,  ampulhe;  av.  oiH*nin(f 
of  the  aqueduct  of  the  vestibule;  T.  vestibule;  ac,  openlnp  of  the 
anueduct  of  the  cochlea;  .vr,  scala  vestilnill ;  9f,  scala  tynipanl ;  o. 
fenestra  ovalis:  r,  fenestra  rotunda. 

seldom  subject  to  dizziness  caused  by  rapid  rotation  or 
the  motion  of  a  swing.  James  has  pointed  this  out  in 
deaf-mutes  who  are  subject  to  this  and  to  another  well- 
known  peculiarity.  Should  a  deaf-nuite  ilive  into  deep 
water  when  bathing,  the  presstire  of  the  water  surround- 
ing the  body  is  nearly  equal  and  so  eliminates  localized 
pressure ;  the  mute  may  then,  insteail  of  sw  iintning  to  the 
surface  of  the  water,  continue  his  progress  toward  the 
bottom — in  short,  he  cannot  distinguish  whether  he  is 
going  up  or  down.  In  support  of  this  fact  it  may  be 
mentioned  that  in  birds  and  fishes  whose  environment  is 
such  that  muscular  and  tactile  senst-  can  contribute  little 
to  the  sense  of  equilibrium,  the  semicircular  canals  are 
very  greatly  developed.  We  tin<l  also  that  in  cases  of 
disease  of  the  semicircular  canals  in  which  the  pressure 
in  them  is  considerably  altered  wv,  have  well-marked 
symptoms  of  vertigo  and  incoordination.  Disease  of  the 
cochlea  does  not  produce  this.  According  to  Lee,  section 
of  these  canals  in  fish  produces  no  forced  movement,  but 
section  of  the  nerves  supplying  the  ampulla'  invariably 
gives  rise  to  forced  movements.  This  observer  also  found 
that  when  a  fish  is  placed  in  different  positions,  there  is 
an  opposite  movement  of  the  dorsal  fin  ami  of  the  optic 
axes  determined  by  the  semicircular  canal  in  whose  plane 
the  movement  is  made.  Lee  iilaces  great  importance 
upon  the  presence  of  otoliths  in  the  vestibular  sacs  of  the 
nerve  terminals  and  the  ninlii'  aniKtica.  These  lK)dic3 
form  large  nia.sses  in  the  ears  of  fishes  and  they  undoubt- 
edlv  exert  considerable  pressure  on  the  hair  cells. 

The  semicircular  canals  are  not  entirely  necessary  for 
the  preservation  of  e(|uilibrium.  yet  the  muscular,  tactile, 
visual,  and  other  sen.ses  supplying  their  qimta  of  infonna 
tion  regarding  the  position  of"  the  body  may.  no  doubt,  to 
a  considerable  extent,  take  the  place  of  the  semicircular 
canals  when  these  are  destroyed  by  either  operation  or 
disease. 

The  first  suggestion  of  the  importance  of  the  semicir- 
cular canals  in  maintaining  the  body  equilibrium  may  be 
traced  to  the  two  important  researches  by  Purkinje  in 
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1820,  and  auotlier  by  Flourens  in  1838.  Against  the  usu- 
all}'  accepted  theory  tliat  the  semicircular  canals  are  the 
organs  for  ilcterniiiiiug  the  spatial  relations  of  the  head, 
Cyon  contends  that  tlie  semicircular  canals  only  assist 
indirectly  in  this  function.  He  maintains  tliat  really  our 
knowledge  of  the  position  of  the  bodies  in  space  depends 
more  upon  t  he  nerve  impulses  coming  from  the  contracted 
ocular  muscles,  pointing  out  that  the  oculomotor  cen- 
tres are  in  close  relationship  with  the  centres  recci^"ing 
the  stimuli  from  the  semicircular  canals.  Consequently 
on  excitation  of  tlie  semicircular  canals  oscillatory  spasms 
of  the  ocidar  muscles  occur  at  the  rate  of  from  twenty  to 
one  hundred  and  fift3'  per  minute.  And  this  view  of 
Cyon's  that  the  semicircular  canals  influence  the  move- 
ment of  the  eyes  has  been  partially  supported  bj'  Lee 
(.see  above).  Ewald  has  divided  the  laliyrinth  function- 
ally into  two  parts,  one  concerned  with  hearing  and  the 
other  with  nuiscle  toue.  The  former  is  the  cochlea,  and 
the  latter  the  semicircular  canals  of  the  vestibule.  He 
states  that  if  tlic  labyrinth  of  an  animal  be  injured  and 
then  the  animal  killed,  rigor  mortis  does  not  in  most 
cases  occur.  Sewall  carried  out  a  series  of  experiments 
on  young  sharks  and  skates  and  claimed  that  cutting 
thii)\igh  the  canal  on  one  .side  produced  no  alteration  in 
ei|uilil)rium.  But  should  the  utricle  be  injured  and  the 
oldliths  be  removed  tln'  fishes  usually  dived  and  swam 
toward  the  injured  side.  Ewald  claims  that  the  sjiccide 
is  more  concerned  in  the  equilibrium  than  any  other  jior- 
tion  of  the  internal  ear. 

Anatomical  evidence  clearly  points  to  the  fart  that  the 
funetionof  the  semicircular  canals  and  thai  of  the  co(  lilea 
are  dilTerent.  It  is  true  that  the  eighth  nerve  supjilies 
them  both  ;  but  it  is  also  tme  that  the  eighth  lu'rve  really 
consistsof  two  divisions,  a  vestihidar  and  a  cochlear  por- 
tion, which,  although  running  together  in  the  iuunan  sub 
ject  (in  the  horse  they  are  separate  and  distinct  nerves), 
on  entering  the  internal  auditory  meatus  tliey  separate 
and  are  distributed  as  named. 

The  (juestion  may  now  be  asked.  In  what  part  of  the 
brain  are  these  imprcs.sions  from  the  semicircular  canals 
and  otiier  senses  reei'ived  and  elaborated  int<i  the  sense 
of  equilibrium?  We  have  seen  aliove  that  nearly  all  the 
special  sen.ses  are  concerned  in  maintaining  equilihriuni 
ami  that  the  semicircular  canals  are  of  jjrimary  impor- 
tance. 

The  cerebellum  has  long  been  regarded  as  the  nervous 
centre  for  equilibrium  and  co-ordination  of  muscles. 
Certainly  pathological  evidence  points  to  the  fact  that 
the  cerelielluin  is  concerned  in  this  fiuu'tion,  giddiness 
being  a  well  marked  .symptom  of  cerebellar  disejtse,  al- 
though it  is  not  so  well  marked  as  in  lahyrinthine  or 
eighth-nerve  lesions. 

Should  a  large  portion  of  the  cerebellum  be  destroyed, 
we  have  well-marked  inco-ordination  ))henoniena,  and 
here,  although  ,sensation  may  remain  good,  the  inco-ordi- 
nation  must  V)e  ascribed  to  a  loss  of  impulses  which 
regidale  l)ody  movements  withotit  being  on  their  way  or 
in  tlie  cerebellum  elaborated  to  conscious  sen.sjitions. 

Experimental  work  on  the  cerehelluni  seems  to  point 
to  the  fact  that  the  organ  "  functions  "  as  a  whole,  not  in 
"areas"  as  the  cerebrum,  because  it  is  so  largely  con- 
cerned in  the  innervation  of  the  muscular  .systi  m  of  the 
whole  body,  and  this  fact  led  Flourens  and  Bouillard, 
early  observers,  toexpressthe  opinion  that  the  cerebellum 
was  the  organ  of  '^((uilibriuni."  The  cerehelluni,  ac- 
cording to  I.,ussana  and  Carpi'nter,  receives  impressions 
oilginating  in  the  sense  organs  of  muscles,  joints,  liga- 
ments, and  tendons,  and  it  also  is  intimately  connected 
with  the  vestibular  nerve,  consequently  destruction  of 
one  side  of  the  cerebellum  greatly  lowei's  the  muscular 
tone  of  that  side.  Removal  of  one-half  of  the  ceri^belhnn 
gives  well-marked  symptoms  of  incoordination  and 
partial  loss  of  equilibrium.  Compltte  removal  of  the 
organ  (iocs  not  give  such  marked  symptfniis.  but  pro- 
found lassitude  is  marked,  following  execution  of  move- 
ments which  should  he  ordinarily  quite  unfatiguing.  In 
unilateral  .ablation  the  animal  usually  lies  on  the  side  from 
which  the  portion  of  the  cerebellum  is  being  removed  and 


with  the  trunk  often  curved  concavely  to  the  same  side. 
The  four  limbs  are  usually  extended,  the  one  on  the  oper- 
ated side  more  than  the  other.  There  is  conjugate  de- 
viation of  the  eyeballs  to  the  opposite  side.  As  a  rule, 
the  animal  cannot  stand  and  has  a  great  tendency  to  fall 
to  the  injured  side.  Shouhl  it  try  to  move,  it  will  move 
around  in  the  long  axis  of  its  body  toward  the  injured 
.side.  In  a  few  days,  the  majority  of  these  symptoms 
disapiiear.  However,  entire  disappearance  of  the  symp- 
toms has  not  been  obtained. 

Although  an  enormous  mass  of  work  has  been  done  on 
the  cerebellum,  veiy  little  definite  knowledge  has  been 
obtained.  It  appears  that  this  organ  is  concerned  in  a 
particular  class  of  phenomena,  rather  than  in  a  particu- 
lar sense.  It  is  more  intimately  concerned  in  receiving 
impulses  from  the  various  senses,  more  esiieciall)'  of 
those  concerned  with  equilibrium  and  muscular  sen.se. 
Through  it  habitual  posture  is  supported  and  it  is  imme- 
diately associated  with  the  movements  depending  prin- 
cipally on  the  lower  cerebral  sense,  that  is,  walking  and 
running,  and  not  with  those  elaborated  with  the  highest 
technical  movement. 

From  the  foregoing  description  we  can  see  that  the 
sense  of  e(|uilibiium  is  one  of  the  most  complex  phe- 
nomena in  the  body.  As  already  mentioned,  it  is  made 
lip  from  imjircssions  deriveil  from  nearly  all  the  six-cial 
senses.  Experimental  evidence  clearly  points  to  the  fact 
that  the  semicircvilar  canals  are  of  primary  importance, 
that  they  tran.smit  their  impulses  to  the  cerebellum 
through  the  vestibular  nerve,  and  the  cerebellum  in  turn, 
acting  through  the  vermis,  may  react  upon  the  cerebello- 
spinal and  vestiliulo-spinal  cfTcn-nt. system  and  so  through 
these  contribute  a  factor  to  the  normal  tonus  of  the  spinal, 
cranial,  and  motor  cells. 

lu  conclusion  it  may  be  mentioned  that  although  we 
have  si-en  that  the  semicircular  canals  and  vestibule  are 
primarily  concerned  in  eciuilihrium,  yet  iiathological 
cases  have  been  found  in  wliich  a  slowly  progressive  af- 
fection of  the  internal  ear  ultimately  left  these  structures 
triinsformed  into  a  bony  mass  in  which  no  trace  of  tlie 
original  soft  structures  remained.  And  in  tliese  cases 
there  was  no  perceptible  disturbance  of  cfpiilibrium, 
nystagmus,  or  giddiness.  We  must  therefore  admit 
that  these  organs  are  not  indispensable  for  e(|uilibriu!n. 
but  that  some  other  organ  or  combination  of  organs  can 
vicariously  carry  on  their  funclion. 

The  question  may  also  be  asked.  Are  the  seniieireular 
canals  concerned  in  hearing V  Certainly  injury  to  these 
canals  in  animals  does  not  appear  to  cause  dcarncss.  but 
it  must  be  reniembeied  that  it  is  cxlreiiicly  ilillicult  to 
substantiate  any  of  tlie  speciid  senses  in  animals.  In  the 
human  subject  it  is  doul)tful  if  any  of  these  structures 
are  ever  affected  without  causing  deafness;,  but  it  must 
here  be  noted  that  these  structures  are  seldom  alTeeted  in 
the  human  being  without  the'  cochlea  becoming  involved 
in  the  disease,  so  that  deafness  may  be  cifustfd  by  disease 
of  the  semicircular  canals,  which  disease  would,  in  all 
probability,  also  involve  the  cochlea. 

Allen  M.  VUiihorn. 

EQUINOX  SPRING.— B<'nnington  (Joiinty,  Vermont. 

Post  ( IMTCK. — Manchester.  E(iuinoxa,nd  other  hotels 
in  Manchester. 

Access. — Via  Bennington  and  Rutland  Railroad,  a  link 
in  the  Central  Vermont  line  between  Montreal  and  New 
York  aii<l  50  miles  northeast  of  Saratoga,  Manchester- 
in-the-Mountains,  a  charming  village  in  the  southwestern 
part  of  Vermont,  is  situated  on  a  plateau  about  300  feet 
above  the  Battenkill  River,  and  1,000  feet  above  tide- 
water, in  a  valley  between  the  Green  and  Taconic  ranges. 
For  nearly  half  a  ccnitury  it  has  been  one  of  the  principal 
resorts  of  New  England,  famed  alike  for  its  beautiful 
scenery,  fine  drives,  healthful,  invigorating  air,  pure 
water,  and  numerous  brooks,  alive  with  trout.  The 
place  has  been  properly  termed  a  model  village,  the 
main  street  being  bordered  by  wide  lawns,  overarched 
by  century-old  elms  and  maples.  Shaded  by  these  trees 
are  marble  side-walks,  and  back  of  them  the  cottages  in 


860 


REFERENCE  HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


ICqiilnox  S|>rlnz. 
■■:<|hIiiox  Niirlii:;. 


thoir  setting  of  enieniUl,  tlie  entire  absence  of  fences  on 
the  street  giving  tlie  effect  of  a  jjurU.  The  village  con- 
tains a  beautiful  new  library  building,  charming  drives 
in  all  directions,  a  strictly  lirst-class  hotel  (the  E(|uinox) 
and  other  desirable  features  too  numerous  to  menlion 
here.  In  the  immediate  vicinity  is  an  unending  variety 
of  natural  attractions.  Away  olT  on  Mount  Eciuino.x. 
1,500  feet  above  the  village  and  2..")00  feet  above  the  level 
of  tlie  sea  and  far  from  any  haliilalinu.  is  located  the 
spring  which  supplies  the  Kiiuino.v  muieral  water.  An 
analysis  of  this  water  in  1IS9'.3  by  Messrs.  Chandler  anil 
Pellew,  of  New  York,  showed  the  following  ingredi- 
ents: 


Onk  I'MTKI)  Statks  (i,ti,i.iiN  foXTAixs:  Sndlum  lilrnrlionntp,  gr. 
0.."i.'i;  siKliuiii  c-liiciriilc,  Ki.  .4S;  |)ntii.s.sluni  siil|>liiUe.  gr.  .(«;  nilchiin 
sHl|iliiite,  (ir.  .l.'i:  niUtiiiii  lilciirlKHiule.  ^r.  l.iW:  iiiiiKMeHiiiiii  liiiiirlio- 
tiaie.  vi\  .T<i:  iron  n.\i<li'  aiul  aliiiiilMa.  ^t.  .01 ;  hIIU-u,  t!T.  .IH;  nr^ulc 
and  VdlaiiU'  mincer.  Iniiv.    Tiitul  siilUl.s.  ifr.  4.111. 

This  waler  lias  become  well  known  for  its  purity  and 
softness,  ll  is  wiih'ly  used  in  the  hcilels.  clubs,  and 
private  residences  of  nmny  of  our  large  cities  as  a  drink- 
ing-water. It  is  very  lightly  mineralized,  as  shown  by 
tlie  analysis,  yet  it  is  reciiiiiiin  iided  by  numerous  medical 
men  as  being  useful  in  the  treiUment  of  gout,  rlleumalisin, 
dyspepsia,  and  diseased  conditions  generally  wliicli  arc 
traceable  to  the  uric-acid  diathesis.        Jamta  K.<'r'>"k. 
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